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The Tauride block (southern Turkey) is a Cadomian type 
terrane rifted from NE Gondwana during the opening of the 
Neo-Tethys Ocean. This  is supported by the Paleozoic 
stratigraphy of the Tauride block that is comparable to the 
Arabian plate, Ordovician glacial deposits found in the 
Taurides, and common Triassic fauna found in the Taurides 
and Afro-Arabia. The Tauride Neoproterozoic basement 
however, differs greatly from that of North Gondwana, as it is 
made mostly of low grade greywackes intruded by late 
Ediacaran magmatism, much like most Cadomian basement 
outcrops in Europe. In the Karacahisar dome in the southern-
central Taurides, Neoproterozoic basement metasediments and 
intrusive rocks are overlain by Cambro-Ordovician, 
Carboniferous and Triassic sediments. We studied U-Pb-Hf in 
zircons from Karacahisar in order to constrain the Cadomian 
crustal evolution of the Taurides, to evaluate their sedimentary 
provenance, constrain the paleogeography, and to assess the 
Tauride-Gondwana linkage. We show that the Tauride 
basement includes mostly detritus derived from Pan-African 
orogens, but also a noticable amounts of ancient detrital 
zircons (1.0 and 2.5 Ga) for which there is no recognizable 
source in North Gondwana. As only minor exposures of 1.0 
and 2.5 Ga crustal vestiges are currently known in North 
Africa and Arabia, we infer that terranes that hosted pre-
Neoproterozoic rocks were dispersed within the peripheral 
Cadomian realm itself, and may be currently hidden beneath 
Anatolia and the East Mediterranean. Cover sediments of the 
Taurides, from the Cambrian through to the Upper Triassic, 
portray a detrital zircon U-Pb-Hf signal much like typical 
North Gondwana sediments. Our results show that the Tauride 
basement evolved in a proto-Cadomian back-arc basin adjacent 
to the North Gondwana active margin during the 
Neoproterozoic, and was accreted to the supercontinent prior 
to the onset of Cambrian sedimentation on the North 
Gondwana platform.  
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The neodymium isotope (εNd) signature of sedimentary 
solid phases is used as a circulation tracer in 
paleooceanographic studies.  The accurate application of the 
εNd tracer depends on an understanding of the sources and 
processes that influence the ocean’s εNd signature. Recent 
observations of a substantial benthic source of Nd (a rare earth 
element; REE) to the ocean raises questions of (1) whether the 
sedimentary solid phases are recording the overlying water 
mass or a diagenetically altered marine pore fluid signature, 
and (2) what are the broader implications of a significant 
benthic Nd source on εNd interpretations?  To address these 
questions we attempt to constrain the environmental, 
geological, and chemical factors that control the elemental and 
isotopic characteristics of the benthic REE source in the North 
Pacific.  Here, we present the REE concentrations and εNd for 
these sediment, pore water, and overlying water samples from 
the Oregon margin (U.S.A.) sites at depths of 200, 500, 1200, 
and 3000 meters. 

Specifically, we measured εNd and REE concentrations of 
the bulk sediment (εNd  of -2.8 to -0.5; 13-22 μg Nd g- 1 sed), a 
strong sediment leach (oxides; εNd  of -2.1 to -0.4; 2100-8200 
ng Nd g-1 sed), a weak sediment leach (labile component; εNd  
of -2.3 to 0.8; 700-3700 ng Nd g-1 sed), pore water (εNd  of -3.6 
to -0.8; 130-790 pM), and overlying water (εNd  of -3.2 to -0.8; 
10-43 pM). REE concentrations indicated an increasing source 
(from 13 to 32 pmol cm-2 yr-1 at 500 m and 3000 m 
respectively) with increasing water depth that was apparently 
unaffected by the presence of the oxygen minimum zone.  
Additionally, REE patterns indicated complex interactions 
between the sediment and the leachable coatings. We used the 
εNd of the pore water and overlying water in conjunction with 
the εNd of the bulk sediment and sediment leaches to examine 
the influence of benthic recycling processes on the εNd of oxide 
coatings and overlying water. These data suggest the benthic 
source of Nd may be a primary control on the εNd of the marine 
record.  We further argue that our findings, while adding 
complexity, do not invalidate the use of εNd for 
paleocirculation reconstructions. 
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The south Um Mongul area is covered by dacite (773±6.9 
Ma), hornblende gabbro (603±3.5 Ma) and monzogranite 
(558±4.6 Ma). The dacite chemistry is comparable to high-K I-
type granitoids and its trace element patterns show negative Nb 
anomalies and enrichment in LILE, Th and U over HREE and 
HFSE, which indicates a subduction-related tectonic setting. 
The high La/Yncn (7.2-30.9) ), Nb/Yb (2.63-4.41) and Th/Yb 
(2.07-3.04) ratios of the dacite are analogous to continental 
rather oceanic arc systems. Its low Sm/Yb ratios (1.84-3.13) 
support the primitive nature of the crust beneath the 
continental arc and derivation of the magma from a lower 
crustal source devoid of garnet. The trace element patterns of 
the post-collisional suite show subduction-related geochemical 
signature. However, the gabbro is characterized by Th/Ta 
ratios (3.4-14.5), which indicate its formation in a within-plate 
tectonic setting. Thus, the subduction geochemical signature is 
probably inherited from a previous subduction event. Both the 
gabbro and monzogranite are characterized by high Ba (404-
590 and 936-1590 ppm, respectively) and Sr (611-708 and 
624-793 ppm, respectively) contents, which are reminiscent of 
the Caledonian appinite-high Ba-Sr granite assemblage. They 
formed through an Ediacaran slab break-off process. Then, 
asthenospheric upwelling caused partial melting of lithosphere 
previously metasomatised by subducted slab hosting carbonate 
sediments impregnated with hydrothermal barite. Melting of 
such lithosphere led to the formation of the gabbro. The 
monzogranite in the area was formed by partial melting of the 
lower crust, which was induced by underplating of the mafic 
magma. The high Sm/Yb (2.94-4.19) ratios of the 
monzogranite may indicate the presence of garnet in the 
melted amphibolitic lower crust 
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Seismic ambient noise surface wave tomography was 
applied to estimate Rayleigh wave empirical Green’s functions 
to study crust and uppermost mantle structure beneath the 
Makran region in south-east Iran. 12 months of continuous 
data from January 2009 through January 2010, recorded at 
broadband seismic stations were analysed. Group velocity of 
the fundamental mode Rayleigh-wave dispersion curves were 
obtained from the empirical Green’s functions. Multiple-filter 
analysis was used to measure group velocity maps at periods 
from 10 s to 50 s. Using group velocity dispersion curves, 1-D 
Vs velocity models were calculated between several station-
pairs. The final results demonstrate significant agreement with 
known geological and tectonic features. Our tomography maps 
display low-velocity anomaly with south-western north-eastern 
trend, comparable with volcanic arc settings of the Makran 
region, which may be attributable to the geometry of Arabian 
Plate subducting overriding lithosphere of the Lut block. At 
short periods (<20s) there is a pattern of low to high velocity 
anomaly in northern Makran near the Sistan Suture Zone. 
These results are evidence that surface wave tomography based 
on cross correlations of long time-series of ambient noise 
yields higher resolution group velocity maps compare to 
surface wave tomography based on traditional earthquake-
based measurements. Group velocity maps provide a 
significant improvement especially in those areas with low 
level of seismicity or those regions with few documented large 
or moderate earthquake. 
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Oceanic crust samples were successfully taken from 
several dredge stations at the edge of the Mesozoic Pacific 
Plate subducting along the Izu-Bonin Trench during the 
RR1412 cruise aboard R/V Roger Revelle in 2014. The main 
objective of the cruise was to test the hypothesis that the 
altered oceanic crust (AOC) is a major source for the volcanic 
rocks erupting along the Izu-Bonin arc. The compositions of 
volcanic rocks that have formed in the Izu-Bonin arc since 
about 42 Myr ago are distinctly different from those that 
formed earlier and this may have been due to compositional 
change in the subducting AOC along the trench [1]. The 
samples were collected through dredging of the active, vertical 
fault scarps along the subducting plate from 27.5 N to 34.5 N, 
roughly between the Ogasawara Plateau in the south and 
Honshu Island in the north. The samples were taken along a 
nearly 700 km trench transect and, thus, are useful for 
determining any latitudinal compositional variation of the 
AOC. The major element chemistry of the whole rock basaltic 
samples varies from tholeiitic to alkaline, with high K2O (up to 
4.2 wt%) and TiO2 (up to 2.96 wt%) contents. Significantly, 
the alkaline basalts are mainly from the northernmost part of 
the area near the T-T-T triple junction in the mid-Cretaceous 
Quiet Zone of the Pacific Plate, where a propagating ridge was 
discovered [2].  
 
[1] Straub et al. (2009) Nat Geo 2, 286-289. [2] Nakanishi 
(2011) Modern Approach. Solid Earth Science 8, 
doi:10.1007/978-90-481-8885-7_1. 
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The Atlantic meridional overturning circulation (AMOC) 
has a major impact on ocean thermal structure, carbon cycle, 
oceanic ecosystem, and climate. Here we use compilations of 
benthic δ18O and δ13C isotopes, and Nd isotopes from the 
Atlantic Ocean and the Southern Ocean (Atlantic sector), as 
well as comparison between δ18O gradients and profiles of 
temperature and salinity previously obtained from modeling of 
AMOC. Accordingly, we show that the onset of 
interhemispheric northern-sourced circulation cell, similar to 
the modern AMOC, was concomitant with the isotopic event 
of the Eocene-Oligocene transition (EOT) or slightly earlier. 
We also show the EOT onset of anti-estuarine circulation 
between the Nordic seas and the North Atlantic, triggered at a 
critical threshold during the enhanced rate of tectonic 
subsidence of the Greenland-Scotland Ridge (GSR). Therefore, 
based on various observations, we argue that while the shallow 
proto-Antarctic circumpolar current (ACC) supplied the energy 
for deep ocean convection in the Southern Hemisphere during 
the late Eocene, the significant EOT intensification of 
deepwater formation in the North Atlantic by the Nordic anti-
estuarine, triggered the onset of the interhemispheric northern 
circulation cell. The correlation between the circulation and 
climatic proxies at the EOT raises the plausibility that this 
onset of the biologically productive circulation cell promoted 
global cooling by decreasing atmospheric CO2, as well as 
transferring heat northward which in turn cooled the Southern 
Hemisphere, hence promoting Antarctic glaciation.  
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Reconstructing the composition of primary kimberlite melt 
is highly problematic due to processes of magma 
contamination and degassing, and post-magmatic alteration of 
kimberlite rocks. These processes greatly affect the initial 
concentrations of volatiles (H2O, CO2) and alkalies (Na, K). 
Melt inclusions trapped within primary magmatic minerals 
provide snapshots of pristine kimberlite melt(s) possibly prior 
to the modification processes listed above. This study 
examines the mineralogy and melt inclusions of an archetypal 
(or Group I) hypabyssal kimberlite from Venetia, South Africa 
to constrain the composition of the parental kimberlite. In this 
sample (BI9883), olivine is extensively serpentinised and the 
groundmass is dominated by calcite, Cr-spinel, perovskite, 
apatite, ilmenite, phlogopite, monticellite and sulphides along 
with abundant alteration phases (i.e. serpentine, talc and 
secondary calcite). Primary polyphase inclusions were studied 
in Cr-spinel and, for the first time in kimberlites, perovskite, 
apatite and calcite. All the inclusions contain polycrystalline, 
heterogeneous mineral assemblages of alkali-carbonates (e.g., 
fairchildite K2Ca(CO3)2), shortite Na2Ca2(CO3)3)), chlorides 
(Na, K), phosphates (bradleyite Na3Mg(PO4)(CO3), apatite), 
sulphides, Fe-Ti oxides and phlogopite. These primary 
inclusions probably host the crystallisation products of a 
carbonate melt enriched in alkalis and poor in Si. We interpret 
this melt to be a pristine example of a kimberlite melt. 
Furthermore, for the first time in southern Africa kimberlites, 
shortite (Na2Ca2(CO3)3) and Na-chlorides have been detected 
as primary inclusions in magmatic calcite. This evidence 
supports previous inferences that kimberlite magmas host 
higher sodium concentrations than shown in bulk rock 
analyses. The melt inclusions in magmatic minerals of the 
Venetia kimberlite are analogous with the ones reported for 
kimberlites in the Siberian (Russia), Slave (Canada) and North 
Atlantic Cratons (Greenland). We therefore propose that 
kimberlite kimberlite melts are carbonatitic and rich in alkalis, 
halogens and sulphur on a global scale [1]. 

 
[1] Kamenetsky et al. (2014) Earth Science Reviews 139, 145-
167. 

7



 Goldschmidt2015 Abstracts  

 8 

Cadmium and lead isotopes in high 
temperature hydrothermal vents on 

the Mid-Atlantic Ridge 
WAFA ABOUCHAMI12*, ANDREA KOSCHINSKY3,  
KATHRIN HAßLER4 AND STEPHEN J. G. GALER1 

1Max Planck Institute for Chemistry, P.O. Box 3060, 55020 
Mainz, Germany (*correspondence: 

wafa.abouchami@mpic.de; steve.galer@mpic.de) 

2Federgrasweg 54, 55122 Mainz, Germany 

3School of Engineering and Science, Jacobs University 
Bremen, 28759 Bremen, Germany (a.koschinsky@jacobs-
university.de) 

4Leibniz Center for Tropical Marine Ecology, 28359 Bremen, 
Germany (kathrin.hassler@zmt-bremen.de) 

 
Deep-sea hydrothermal vents act as sources, as well as 

significant sinks, for trace metals in the oceans. Vents are also 
important ecological niches, and a possible setting for the 
”cradle of life“ on the early Earth. Recent Cd isotope studies 
indicate that Cd depletion in O2-deficient zones may be caused 
by Cd sulphide precipitation [1] and, further, that hydrothermal 
sulphides are isotopically ”light“ in Cd [2]. 
We report the first Cd and Pb isotope data on high temperature 
hydrothermal fluids collected on the Mid-Atlantic Ridge, at 
water depths of ~3000 m, from the ultramafic-hosted 
Logatchev field  (350°C) at 14°45′N [3] and the young 
volcanic systems Turtle Pits (407°C) and Sisters Peak 
(>400°C) fields at 5°S [4].  
The stable Cd isotopic compositions, expressed as ε112/110Cd 
relative to NIST SRM-3108, range from +2.4 in the diffuse 
fluid to lighter values of -0.49 in the hot fluids, with 
corresponding Cd contents of 0.36 and 29 nmoles/kg, 
respectively. This negative correlation reflects mixing between 
Atlantic deep waters (~+2.4) and a fractionated "light" Cd pool 
(~0) represented by the oceanic crust. Pb isotopic compositions 
span a large range, overlapping those of Atlantic MORB, with 
the most radiogenic compositions found in the Logatchev and 
least radiogenic in the Sisters Peak fluids. These results show 
that hydrothermal vents have little impact on the modern 
oceanic mass balance of Cd and Pb which are removed 
efficiently near the vents in sulphide precipitates. The 
significance of hydrothermal sources for the trace metal budget 
of Cd and Pb might have been, however, different in the Early 
Precambrian oceans. 
 
[1] Janssen et al. (2014) Proc. Nat. Acad. Sci. 111, 6888-6893. 
[2] Schmitt et al. (2009) Earth Planet. Sci. Lett. 277, 262-
272.[3] Schmidt et al. (2007) Chem. Geol. 242, 1-21. [4] 
Koschinsky et al. (2008) Geology 36, 615-618. 
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We report W isotope compositions for surface scrapings of 
13 globally distributed hydrogenetic ferromanganese (Fe-Mn) 
crusts and a time-series for an Atlanitic Ocean Fe-Mn crust. 
Hydrogenetic Fe-Mn crusts precipitate directly from seawater 
and have been used as paleoceanographic recorders of 
temporal changes in seawater composition [1]. Tungsten has a 
~61ka residence time in seawater, mainly as WO4

2- [2]. Water 
depth profiles show conservative behaviour. During adsorption 
on Fe-Mn crusts, W species form inner-sphere complexes in 
the hexavalent state [3]. Double-spike MC-ICP-MS results are 
expressed relative to NIST 3136 as δ186/184W (‰). Surface 
scrapings display δ186/184W from +0.08 to +0.22‰ (±0.03‰, 
2sd). A trend toward heavier δ186/184W exists with increasing 
water depth (~1500 to ~5200m) and W concentration. One 
hydrothermal Mn-oxide crust sample is anomalously heavy 
and Mn nodules are both heavy and light relative to Fe-Mn 
crusts. The time-series (Alvin 539, Atlantic) shows an inverse 
correlation between δ186/184W and 187Os/188Os isotopes, 
increasing in δ186/184W from the crust surface to the base +0.08 
to +0.32‰ (±0.03‰, 2sd). This might reflect a variable 
mantle-like hydrothermal component. A preliminary analysis 
of surface seawater gives δ186/184W=+0.17 (±0.03‰, 2sd). This 
resembles the isotope composition of shallow-water crusts 
indicating little or no isotopic fractionation during formation.  
 
[1] Hein, Koschinsky, Halbach, Manheim, Bau & Kang 
(1997), Geol. Soc. Spec. Publ. 119, 123–138, edited by 
Nicholson et al., doi:10.1144/GSL.SP.1997.119.01.09. [2] 
Sohrin, Isshiki, Kuwamoto & Nakayama (1987), Mar. Chem. 
22, 95-103. [3] Kashiwabara, Takahashi, Marcus, Uruga, 
Tanida, Terada & Usui (2013), Geochim. Cosmochim. Ac. 106, 
364-378. 
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Alunite (KAl3(SO4)2(OH)6) and basaluminite 

(Al4SO4(OH)10·4-5H2O) are two of the main minerals 
controlling the mobility of aluminium in natural systems and 
especially in mining environments and soils under acidic 
conditions. Despite their importance, the dissolution rates and 
mechanisms of alunite and basaluminite under typical 
conditions in such environments are still unknown. In this 
work, the dissolution of both aluminium phases under acidic 
conditions (pH between 3 and 4.8) and at temperatures similar 
to the ones commonly found in surface environments (between 
6 and 40oC) was studied by means of batch stirred dissolution 
experiments. In all the cases, the solutions were prepared by 
adding H2SO4 to the desired pH value. 

The obtained results show that both alunite and 
basaluminite tend to dissolve incongruently under the target 
conditions. Released aluminium concentrations, compared 
with K and SO4 for alunite and with SO4 for basalumite, are 
clearly lower than the ones corresponding to the mineral 
stoichiometries. This can be partly attributed to the 
precipitation of Al-secondary phases (e.g., diaspore; AlO(OH), 
gibbsite; Al(OH)3). 

Dissolution rates within the studied range are between 10-10 
and 10-11 mol·m-2·s-1 for alunite and between 10-7.6 and 10-9 
mol·m-2·s-1 for basaluminite. This is consistent with the much 
lower crystallinity of basaluminite. The dissolution rates for 
both minerals seems to increase with both the increase of pH 
and temperature within the studied range. However, the 
dependence of the alunite dissolution rate from both 
parameters seems to be much weaker than in the case of 
basaluminite. 

Atomistic computer simulations for alunite show that Al is 
rarely exposed at the most stable solvated surfaces, which 
suggests that the detachment of aluminium is probably rate-
limiting.  The observed increase of dissolution rates for both 
minerals with pH decrease can be attributed to the parallel 
increasing formation of AlSO4

+ dissolved complexes, which 
would help aluminium to be detached from the mineral 
structure.  

10
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France). 
 
Recent studies underline the potential of U series nuclides 

to quantify the regolith production rate in weathering profiles 
(Chabaux et al, 2013; Dosseto et al, 2011; Dequincey et al, 
2002). However, the quantification of regolith production rate 
in climatic temperate context encountered a certain number of 
limitations when analyzing only superficial samples in the first 
meter of soil (Rihs et al, 2011). In this work, we propose to 
combine the analysis of Uranium-Thorium-Radium isotopes 
with the cosmogenic in situ Beryllium in a weathering profile 
extending from the top soil to the granitic fractured bedrock at 
2 m depth to better estimate both production and denudation 
rate of regolith. The data confirm that the Uranium series 
isotopes in the surface of the profile are difficult to interpret in 
term of weathering rate, while the disequilibria in the deeper 
weathered bedrock show a smooth trend. The consistency 
between the calculated regolith production and denudation 
rates suggests therefore that in such a temperate context, the 
long-term mass balance of soil developed on granitic bedrock 
would be close to a steady state. 
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The Bohemian Massif hosts numerous historical (e.g., Sn-

W, Pb-Zn-Ag), but also present-day important (Au and U) ore 
mineralizations. Beside these, there are a few occurrences of 
Ni-Cu mineralizations bound to (ultra)mafic rocks (peridotite, 
gabbroic rock) which are locally associated with subeconomic 
platinum-group element (PGE) enrichment. The most 
important is that found in the Ransko gabbro-peridotite massif 
[1] in the Eastern Bohemia, but elevated PGE contents were 
also previously reported from Rožany-Kunratice Ni-Cu 
mineralization hosted by dolerite dykes cross-cutting the 
Lusatian Pluton of the Cadomian age (~570–540 Ma) in the 
Northern Bohemia [2]. 

Here, we present new constraints on PGE concentrations 
together with osmium and sulfur isotopic data for Ni-Cu 
massive ore from Rožany. The ore is characterized by the 
predominance of pyrrhotite over chalcopyrite with minor 
presence of Ni-Fe sulfides (violarite, pentlandite). The 
pyrrhotite-dominated ore contains high Os-Ir-Ru and Re 
contents (up to ~70 ppb in total and 61 ppb, respectively)  
paralleled by elevated Pd (up to 67 ppb). On the other hand, 
chalcopyrite-dominated ore is characterized by enrichment of 
Pd+Pt (up to 177 ppb) over Os-Ir-Ru (up to 12 ppb in total). 
Disseminated Ni-Cu mineralization within dolerites shows 
generally similar PGE and Re distribution to chalcopyrite ore. 
Barren dolerite primitive mantle-normalized PGE distribution 
shows enrichment in Pd and Pt, but in comparison to common 
basaltic rocks, no fractionation among Os, Ir and Ru. Osmium 
isotopic compositions of all analyzed ore types yield rather 
homogeneous 187Os/188Os ratios between 0.2073 and 0.3645 
with the highest values found in pyrrhotite-rich ores. This low 
variability is paralled with homogeneous δ34S values of 
separated pyrrhotite and chalcopyrite in the range of –2.7 and 
+0.1 ‰. Such combined Os–S isotopic systematics suggest 
homogeneous, dominantly mantle-derived source of PGE with 
only negligible role of crustal contamination. 

 
[1] Pašava et al. (2013), Mineralium Deposita 38, 298-311. 
[2] Pašava et al. (2001), Proc. of 6th SGA meeting, 627-633. 
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Crystal/melt partitioning of volatile 
and non-volatile elements during 

peridotite melting: Implications for 
mantle fractionation 

JOHN ADAM1, MICHAEL TURNER1, ERIK H HAURI2 AND 
SIMON TURNER1 

1Department of Earth and Planetary Sciences, Macquarie 
University, Sydney 2109, Australia 

2Carnegie Institution of Washington, 5424 Broad Branch Road, 
Washington, D.C. 20005, USA 

 
Mineral/melt D values for the partitioning of H2O, F, Cl, C, 

P and S between experimentally-produced peridotite minerals 
and basanitic melts (produced at 1025-1190 °C and  
1.0-3.5 GPa) were determined by a combination of secondary 
ion mass-spectrometry (SIMS) and mass balance relationships 
between melts and starting materials. D values for H2O are 
0.0064-0.0164 for clinopyroxene, 0.0046-0.0142 for 
orthopyroxene, 0.0015-0.0016 for olivine, and 0.0016-0.0022 
for garnet. Although less information was obtained for the 
other volatiles, F is significantly more compatible than H2O in 
peridotite minerals, whereas Cl and C are significantly less 
compatible. S also has small but appreciable solubilities in 
amphiboles and micas, but not in pyroxenes, olivine or garnet. 
DH2O for pyroxenes correlates positively with ivAl but 
negatively with H2O concentrations in melts.  The latter effect 
is consistent with popularly accepted speciation models for 
dissolved H2O in silicate melts. DH2O/DCe for clinopyroxene 
increases as the radius of the M2 site decreases. Because the 
latter decreases with increasing pressure and temperature, 
relatively hot and/or deeply derived melts should be enriched 
in Ce relative to H2O when compared to melts from cooler and 
shallower mantle sources. When combined with previously 
published D values for non-volatile elements (obtained for the 
same experiments) our data are consistent with previously 
inferred compatibilities of volatile and non-volatile elements 
during peridotite melting and related mantle fractionation. 
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The genesis of silicic magmas in 
shallow crustal cold zones 

JOHN ADAM1, SIMON TURNER1 AND TRACY RUSHMER1 
1Department of Earth and Planetary Sciences, Macquarie 

University, Sydney 2109, Australia 
 

A number of currently popular models for the genesis of 
silicic arc magmas invoke repeated intrusion and partial 
melting and differentiation at the base of the crust. However a 
number of observations suggest that this may be the exception 
rather than the norm: (1) geobarometry  often indicates shallow 
pressure (typically 0.1-0.3 GPa) evolution; (2) incongruent 
melting of amhibolite at elevated pressures should yield 
magmas in equilibrium with high pressure phases like garnet, 
but rare earth element patterns almost ubiquiously preclude 
this; (3) compositionally zoned caldera forming erptions 
suggest differentiation at near surface depths; (4) U-series data 
most commonly indicate differentiation over millennia which 
requires rapid cooling that in turn is most easilly explained by 
crystallisation and differentiation by cooling of relatively small 
magma volumes in the shallow (i.e. cool) crust. 

In order to further test these ideas, we combined new and 
published experimental phase equilibria for appropriate silicic 
arc magma compositions. When projected on ternary sections 
of the basalt tetrahedron (including diopside-quartz-olivine and 
plagioclase-quartz-olivine) recent data for Tongan andesitites 
and dacites plot either on or close to 1 atmosphere cotectics for 
the rock’s phenocryst phases, suggesting low pressure 
differentiation. This is consistent with new experimental 
results for a Tongan andesite. Using our own and published 
data from arc volcanoes around the world we find that the 
majority are consistent with differentiation at low pressures. 
We conclude that evidence for the genesis of silicic arc 
magmas at higher pressures is generally lacking. 
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Paired carbon isotope from three key 
intervals of the Turee Creek Group, 

Pilbara Craton, Australia 
M. ADER1*, C. THOMAZO2, F. BATON1, E. MULLER1,  

C. CHADUTEAU1, P. CARTIGNY1, E. VENNIN2,  
J.F. BUONCRISTIANI2, M. VAN KRANENDONK3 AND  

P. PHILIPPOT1 
1IPGP, Paris, France (*correspondence: ader@ipgp.fr) 
2Université de Bourgogne, Dijon, France 
3University of New South Wales, Sydney, Australia 
 

Although strong links between the carbon biogeochemical 
cycle, the oxygen cycle and the climate are expected through 
Earth history, in the case of the Great Oxydation Event (GOE) 
and its succeding global glaciation, these links remain poorly 
constrained. The Turee Creek Group (TCG) has been 
identified as one of the best sedimentary sequence to study 
them because it is the only continuous stratigraphic 
sedimentary section worldwide hosting both the GOE and the 
first putative global glaciation. 

Paired carbon isotope data (Δ13Ccarb-org = δ13Ccarb − δ13Corg) 
together with organic and inorganic contents were measured on 
three drill cores collected in key stratigraphic horizons of the 
TCG. They are from bottom to top: the transition between the 
Kungarra Fm. and underlying BIFs of the Boolgeeda Iron Fm. 
(TCDP1); the base of the Meteorite Bore Member glacial 
diamictites (TCDP2); the transition of the carbonate-bearing 
Kazput Fm. and underlying quartzites of the Koolbye Fm. 
(TCDP 3).  

In a δ13Ccarb versus δ13Corg diagram, samples from the 
different formations plot in distinct areas. δ13Ccarb values are 
comprised between -14 and 0.5‰. The carbonate-bearing 
Kazput Fm. (upper TCDP3) with δ13Ccarb ~ 0‰ (and δ13Ccarb~ -
27‰) is probably recording primary δ13Ccarb values. All other 
formations are terrigeneous and carbonate-poor, and their 
δ13Ccarb seems to be diagenetic (Δ13Ccarb-org values are lower 
than 24‰ and strongly controled by δ13Ccarb).  

δ13Corg values in the BIF (lower TCDP1) and in Kazput and 
Koolbye formations (TCDP3) range from -30 to -25‰, and are 
typical of photosynthesis from a dissolved inorganic carbon 
close to 0‰. In the diamictite (TCDP2) δ13Corg values range 
from -31 to -36‰ and decrease with increasing TOC, pointing 
towards variable contributions in chemosynthesis derived 
organic matter. In the Kungarra Fm. (upper TCDP1), δ13Corg 
values are close to -32‰ but do not show any relationship with 
strongly variable TOC, leaving open the possibility that it may 
record a minor global negative excursion in the immediate 
afterwath of the BIF deposition. 
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Matching circulation theory and 
geochemical tracer data for the 

glacial deep ocean 
JESS F. ADKINS1 

1MS 131-24, Caltech, 1200 E. California Blvd., Pasadena, CA, 
91125 USA 

 
The crucial role of the deep ocean circulation in glacial-

interglacial climate change has been recognized for severeal 
decades.  Recent advances in the theory of deep ocean 
ventilation and stratification gives new insight to the 
distribution of tracer in the deep sea.  We have been working 
to match conservative tracer and radiocarbon data from the 
glacial ocean to the model of a ‘residual circulation’ in the 
Southern Ocean.  In this theory it is the bouancy forces at the 
surface, rather than the winds, that play the most important role 
in setting the deep ocean stratification and overturning 
circulation strength and pattern.  New and existing data can be 
matched to this theory to show that the Last Glacial Maximum 
(LGM) ocean was separated into two deep circulation cells that 
opperated largely independently of each other.  This is in 
contrast to the modern ocean where waters that sink around 
Greenlend are dense enough to penetrate deeply into the 
Southern Ocean and contribute to the abyssal sinking in this 
region too.  We will trace how the ocean might have gotten 
into this LGM circulation state from the previous interglacial 
and what may have happened during the last glacial 
termination to transition back to the modern arrangement. 
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Catalysis of CO2 sequestration by 
reaction with limestone can keep up 
with global anthropogenic emissions 
JESS F. ADKINS1, ADAM SUBHAS1, NICK ROLLINS2 AND 

WILLIAM BERELSON2 
1MS 131-24, Caltech, 1200 E. California Blvd., Pasadena, CA, 

91125 USA 
2Dept. of Geology, USC, Los Angeles, CA 
 

We have developed a new technique to sensitively measure 
the dissolution rate of carbonate minerals.  13C labeled solids 
are placed in undersaturated solutions and the rate of d13C 
increase of the dissolved inorganic carbon provides a direct 
meausre of mass loss with time.  Adding the bovine form of 
Carbonic Anhydrase greatly increases the rate of carbonate 
dissolution indicating that direct attack of carbonic acid at the 
mineral surface is probably an important part of the dissolution 
mechanism. 

The increased rate can be driven to the diffusion limit.  If 
this works at the industrial scale, the reaction of CO2 and 
limestone can be used to neutralize anthropogenic emissions.  
Running the reaction in seawater provides a way to ‘fix’ CO2 
before returning it to the environment.  As the reaction 
produces alkalinity and total carbon in a 1:1 ratio, there will be 
minimal impact on the inorganic carbon chemistry of the 
surface ocean.  We have built a prototype reactor that bubbles 
CO2 into either DI or seawater and passes the CA inoculated 
solution through a bed of calcium carbonate.  Initial 
experiments show that this appartus opperates at the predicted 
rate increases determined from the 13C based lab experiments.  
Our new work provides a feasible way to safely store all of the 
human emited CO2 in the oceans and bring atmospheric CO2 
levels down to preindustrial values. 
 

17



 Goldschmidt2015 Abstracts  

 18 

Orogenic volcanism in Kurdistan 
Province of Iran  

SAMUELE AGOSTINI1, BAHMAN RAHIMZADEH2, 
ELEONORA PETRICCA3, FARIBORZ MASOUDI2 AND 

MICHELE LUSTRINO3 
1Institute for Geosciences and Georesources-CNR, Pisa, Italy, 

s.agostini@igg.cnr.it 
2Department of Geology, Earth Science Faculty, Shahid 
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3Earth Science Department, La Sapienza University, Roma, 

Italy 
 

Late Miocene volcanic rocks largely outcrop north of 
Dehgolan and east of Qorveh, in Kurdistan province of Iran. 

These rocks belong to the UDMA (Urumieh-Dokhtar 
Magmatic Arc or Urumieh-Dokhtar Magmatic Assemblage), a 
2000 km-long and 20-100 km-wide volcanic belt, running 
parallel to the Zagros belt in NW-SE direction and crossing 
most part of Western Iran. The UDMA spans in age from 
Eocene to Quaternary, and it is mainly made up by calc-
alkaline and shoshonitic products, but tholeiitic lavas and 
alkali basalts are also found. 

We collected 27 rocks samples belonging to intermediate-
acidic domes with associated lava flows: Dehgolan samples are 
dacites and trachytes, whereas Qorveh rocks may be classified 
as trachy-andesites, trachytes and rhyolites, with SiO2. All of 
the samples belong to a high-K calc-alkaline association, with 
the exception of 3 Dehgolan trachytes, caracterized by a 
markedly higher K content, and falling in the field of 
shoshonitic series. 

Trace element distribution of samples from Dehgolan and 
Qorveh are quite similar, PM-normalized spider diagrams are 
typical of orogenic rocks, with deep Nb-Ta, P and Ti trenches, 
and LILE enrichments, and Pb positive spykes. 

Samples are generally porphyritic, and most frequent 
phenocrist are oligoclase to labradorite plagioclase, frequently 
showing reversal or oscillatory zoning, and pargasitic 
amphibole, rimmed by orthopyroxene and oxides. 

Sr, Nd and Pb ratios vary in a quite narrow ranges 
(87Sr/86Sr ≈ 0.7061-0.7072, 143Nd/144Nd ≈ 0.51247-0.51254, 
206Pb/204Pb ≈ 18.88-19.00), with the exception of the K-
Trachytes, characterized by markedly higher Sr and lower Nd 
isotopes (0.7111 and 0.51226, respectively). 

The petrological and geochemical features of studied rocks 
point out a mantle source modified by slab related fluids, and 
magmas evolved in complex and shallow magma chambers, 
where crustal contamination was negligible for all the samples, 
but the K-Trachytes. 
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Geochemical record of the descent 
into a Snowball?  

A-S. C. AHM12*, C. J. BJERRUM1, P. F. HOFFMAN34,  
F. A. MACDONALD3, A. C. MALOOF2, C. V. ROSE5 AND  

J. A. HIGGINS2 
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1350 Copenhagen, Denmark (*correspondence: 
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2Department og Geosciences, Princeton University, Guyot 
Hall, Princeton, NJ 08544, USA 

3Department of Earth & Planetary Sciences, Harvard 
University, Cambridge, MA 02138, USA 

4University of Victoria, BC V8W 2Y2, Canada 
5Department of Geology, Trinity College Dublin, Ireland 
 

Extreme negative carbon isotope (δ13C) excursions below 
the canonical mantle value are found globally in carbonate 
rocks from the Neoproterozoic Era. One of the more 
spectacular is the 16-18‰ negative excursion in carbonate 
sediments, observed on 5 continents, which precede the 
younger of the two Cryogenian glaciations. Recent research 
suggests that coupled measurements of δ44Ca and δ26Mg 
values in marine carbonates (limestones and dolomites) can 
provide unique constraints on diagenesis in carbonate 
sediments [1-3]. Here we present 330 δ44Ca and 120 δ26Mg 
measurements of pre-Marinoan carbonate sediments from 
Australia, Namibia, and North America. We show that the 
δ44Ca, δ26Mg, δ18O, and δ13C co-vary and that the large range 
in Ca and Mg isotope values are unlikely to be due to changes 
in global Ca and Mg cycles. We explore alternative 
explanations which invoke post or syn-depositional water-rock 
interaction and recrystallization associated with sea-level 
change during the descent into a global glaciation. 
  
[1] Fantle, M. S., Higgins, J. A. (2014) Geochim. Cosmochim. 
Acta 142 458–481; [2] Husson et al. (2015) Geochim. 
Cosmochim. Acta in Press; [3] Blättler et al. (2015) EPSL 419 
32-42 
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The Baft ophiolite mélange, located along the northern 
edge of the Sanandaj-Sirjaz Zone, contains numerous 
serpentinite bodies with patches of vein-like chromite ore 
deposits including the Gushk mine. The serpentinite bodies 
contains various spinels, including chromite, Cr-spinel, 
ferritchromite, and magnetite. Spinel compositions and 
textures are used to interpret the evolution history of this 
ophiolite sequence with respect to magmatic origin and 
alteration. The composition of chromite (Cr# of 0.82-0.85 and 
Mg# of 0.61-0.65) from the massive ore deposit is 
characteristic of podiform chromitite and crystallization from 
boninitic magma. The chemical composition of disseminated 
Cr-spinel (average 39.8 wt. % Cr2O3 and 26.6 wt. % Al2O3) 
classifies the serpentinized harzburgite and dunite as Alpine 
type mantle residual peridotites that formd in a 
suprasubduction zone. Ferritchromite that is mantled by 
chlorite, is formed by alteration of Cr-spinel during the main  
serpentinization event. The main serpentinization event, 
characterized by mesh-textured serpentinites containing 
lizardite and chrysotile, likely occurred during seafloor 
metamorphism. Overprinting of the mesh texture by 
ferritchromite reveals that formation of ferritchromite might be 
associated with dissolution-reprecipitation after the main 
serpentinization event. Following the main serpentinization, 
infiltration of fluids caused the dissolution of ferritchromite 
and releasing Al3+ that reacted with serpentine and precipitated 
chlorite. Two generations of secondary magnetite can be 
recognized: syn-serpentinization magnetite that formed along 
lizardite, bastite, and chrysotile fibers and are associated with 
the main serpentinization event, and post-serpentinization 
magnetite that formed along antigorite blades and in the 
vicinity of Cr-spinel grains as idiomorphic magnetite. It seems 
that the formation of the later is associated with deformation 
and migration of Fe-rich fluids that occurred after the main 
serpentinization event.  

20

mailto:hahmadi@uk.ac.ir
mailto:nadia.mohammadi@unb.ca
mailto:dlentz@unb.ca
mailto:travis.mccarron@unb.ca


 Goldschmidt2015 Abstracts  

 21 

Investigation of biogenic chelators, 
microenvironments and weathering 

processes in soil 
ENGY AHMED* AND SARA HOLMSTRÖM 
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(*Correspondence: engy.ahmed@geo.su.se) 

 
The interplay between geology and biology has shaped the 

Earth during billions of years. Microbe-mineral interactions are 
prime examples of this interplay and underscore the 
importance of microorganisms in making Earth a suitable 
environment for all forms of life. The present study addresses 
how the composition and distribution of biogenic chelators 
(siderophores) differ with regard to soil horizon and mineral 
type in situ, what siderophore type soil microorganisms 
produce under laboratory conditions and what role microbial 
surface attachment plays in mineral weathering reactions. 

Podzol, the third most abundant soil in Europe, was chosen 
for a field experiment, where three mineral types (apatite, 
biotite and oligoclase) were inserted in the organic, eluvial and 
upper illuvial soil horizons. The study started with an 
investigation of the siderophore composition in the bulk soil 
profile and on the mineral surfaces, which was followed by a 
study of the siderophore producing capabilities of 
microorganisms isolated from the soil profile under laboratory 
conditions. Subsequently, a study was done on the impact of 
microbial surface attachment on biotite dissolution.  

The major findings were that the concentration of 
hydroxamate siderophores in the soil attached to the mineral 
surfaces was greater than those in the surrounding bulk soil, 
indicating that the minerals stimulate the microbial 
communities attached to their surfaces to produce more 
siderophores than the microorganisms in the bulk soil. Each 
mineral had a unique assemblage of hydroxamate siderophores 
that makes the mineral type one of the main factors affecting 
siderophore composition in the natural environment. 
Siderophore production varied between the microbial species 
originating from different soil horizons, suggesting that the 
metabolic properties of microbes in deep soil horizons function 
differently from those at upper soil horizons. Microbial surface 
attachment enhanced the biotite dissolution, showing that 
attached microbes have a greater influence than free living 
populations on weathering reactions in soil. In conclusion, our 
findings reflected that the complicated relationship between 
microorganisms and mineral surfaces reinforces the central 
theme of biogeochemistry that the mineral controls the 
biological activity in natural environments.  
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Groundwater as occurrences in 
Bangladesh and mitigation options 

KAZI MATIN AHMED 
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Elevated arsenic in groundwater from natural sources has 

been known to occur over most of southern and parts of 
northern Bangladesh for more than 20 years, posing a serious 
health threat to the millions of the rural population that is 
totally dependent on groundwater for its potable needs. 
Arsenic mobilizes into groundwater from the reductive-
dissolution of arsenic-containing amorphous iron-
oxyhydroxides. The arsenic-bearing sediments were 
transported from the Himalayas during the last glacial maxima 
when the sea level was about 130 m below the present day 
level. The major rivers were deeply incised causing erosion of 
the arsenic bearing rocks. Arsenic minerals were first released 
into water followed by adsorption on the amorphous sediment 
coatings on the transported sediments. The adsorbed arsenic 
has been released into the groundwater when bacteria 
consumed the oxygen and conditions became reducing.  

About 5 million of the country’s more than 10 million 
hand-pumped wells have been tested. About 30% of the tested 
wells exceed the Bangladesh standard of 50 µg/L. A good 
number of regional to local studies have been conducted to 
obtain a better understanding the geochemical release 
mechanism and also to identify the safe aquifers. Efforts have 
also been made to come out with easily recognisable field 
criteria for targeting arsenic-safe aquifers. Despite various 
efforts made so far, more than 20 million people are drinking 
water above the allowable limit. This remains a major public 
health challenge for scientists and policy makers. Available 
scientific data will be critically reviewed in order to propose an 
achievable arsenic mitigation plan for Bangladesh. 
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Organic aerosols make up a significant fraction of the 
atmospheric particulate matter. They affect urban air quality, 
visibility, and global climate. What makes the representation of 
organic aerosols in air pollution models especially challenging 
is their highly-dynamic nature. They continuously change their 
chemical composition and physical properties as a result of 
various “aging” processes, including reactions of aerosol 
compounds with reactive oxygen species, direct photolysis, 
oligomerization reactions, hydrolysis, etc. This presentation 
will discuss the effects of particle-phase and aqueous-phase 
photochemical aging processes on the molecular level 
chemical composition and optical properties of secondary 
organic aerosols (SOA) and aqueous SOA (aqSOA) 
investigated with state-of-the-art methods of high resolution 
mass spectrometry. These photochemical processes occur on 
atmospherically relevant time scales ranging from minutes to 
days, and significantly affect important properties of SOA 
compounds. Examples of the effects of exposure of SOA 
compounds to actinic radiation include: (a) formation of 
previously-unrecognized types of organic compounds in aged 
SOA; (b) fragmentation of oligomeric SOA compounds; (c) 
changes in absorption coefficient of SOA; (d) creation of 
photoexcited species and free radicals in the condensed phase.  
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The main purpose of this work consists on petrographic, 

geochemical, petrophysic and technologic characterization of 
slates of Nozelos in order to promote its exploitation and use 
as a natural stone. Nozelos is located in Trás-os-Montes e Alto 
Douro region, NE of Portugal, in the NW sector of the 
Hesperian Massif of the Variscan Chain. 

The studied site is located in Central Iberian Zone 
corresponding to an Autochthonous terrain of Variscan 
Orogeny and belonging to Desejosa Formation, included in the 
Douro Group. 

The lithologies are fine grained and present a dark gray 
colour. Petrographicaly the samples present granoblastic to 
granolepidoblastic texture and are composed by quartz, white 
mica, biotite, plagioclase, chlorite, calcite, epidote, zircon, 
hematite, sphene and opaque minerals.  

The content of major elements, particularly Al2O3 and trace 
elements such as V, discriminate the relative abundance of 
pelitic component on the rock. Higher values of Al2O3 

(19.67%) and V (108 ppm) correspond to a significant 
involvement of a clay matrix. Petrographic and geochemical 
studies allow classifying the lithologies as chlorite phyllites. 

The magnetic susceptibility is 461×10-6 SI, which is a 
value typical of a paramagnetic behaviour due to the presence 
of iron minerals. Magnetic lineation dip to N and magnetic 
foliation strikes NW-SE with strong dips to NE, being parallel 
to the bedding. The magnetic lineation is parallel to the 
intersection lineation. The magnetic susceptibility ellipsoid 
shape is prolate and points out the pencil structures observed in 
the field. 

For settling the recommended applications, European 
standards for natural stone products were considered. The 
results of the physical and mechanical tests as compressive 
strength (78 MPa), flexural strength (40.1 MPa), apparent 
density (2740%), open porosity (1.3%), water absorption 
(0.6%), abrasion resistance (24.5 mm) and resistance to ageing 
by thermal shock (resistant) determined that the stone can be 
applied on rustic masonry units, resistant masonry units/pillars, 
on paving (moderate traffic) and on cladding and lintels. 

 
SFRH/BD/86641/2012 a FCT grant financially supports Sílvia 
Aires. 
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Introduction and Methods 
The drainage structures in Ibadan Metropolis are 

depocenter for both industrial and domestic wastes/effluents 
[1] contributing  potentially harmful elements (PHE) into 
stream sediments. This study examine the trace metal content 
in the sediments and evaluate their origin, pollution status and 
their bioavailability in the environment. Two hundred and 
thirty three (233) samples from Agricultural, Industrial; Old 
city, and new city zones (zone 1,2,3,4) respectively; were 
analyzed using XRD and inductively coupled plasma-mass 
spectrometry (ICP-MS) and sequential leaches.  

Discussion of Results  
Kaolinite, illite, montmorillonite and quartz were the 

dominant minerals. The PHEs concentrations for Cu (18.30-
513.00), Pb (40.30-5140.00), Zn (80.90-2450.00), As (0.20-
7.10), Cd (0.08-24.40), Cu-Pb-Zn-Cd revealed highest 
concentrations in the old city (densely populated) and 
industrial areas of the city respectively. Pollution Load Index 
(PLI) values for zones 1 to 4 include PLI-127, 471, 582, 512, 
respectively indicating polluted sediments and metal sources 
link to human and landuse activities. Percentages of Pb, Zn and 
Cd ranged correspondingly from 26.4-43.5; 25.5-36.9 and 
17.0-51.0 in the exchangeable phase indicating their 
bioavailability in the environment. Cu, Pb, Zn, Cd and Ni 
concentrations in all the zones exceeded the threshold values in 
the sediment quality guidelines (SQGs) suggesting that the 
sediments were polluted [2].  

  
[1] Camusso, M., Galassi, S. and Vignati, D. 2002. Assessment 
of river Po sediment quality by micropollutant analysis Water 
Res 36: 2491-2504. [2] Singh, M., Muller, G. and Singh, I.B. 
2002. Heavy metals in freshly deposited stream sediments of 
rivers associated with urbanization of the Ganga Plain, India 
Water Air, and Soil Pollution, 141, 35-54. 
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Investigation of the twilight zone 
between aerosols and clouds using 
active and passive remote sensing 
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Consiglio Nazionale delle Ricerche, Istituto di Metodologie 

per l'Analisi Ambientale, C.da S. Loja - Zona Industriale, 
I-85050 Tito Scalo, Italy (correspondence: 
nicolae.ajtai@imaa.cnr.it), (fabio.madonna@imaa.cnr.it), 
(marco.rosoldi@imaa.cnr.it), (aldo.amodeo@imaa.cnr.it)  

 
One of the main key uncertainties in the assessment of the 

Earth’s radiatve balance and in the modeling climate is the 
aerosol indirect effect (AIE). A relevant part of the study of 
AIE is related to the effect of the twilight zone. The twilight 
zone is described as a distinct zone characterized by 
intermediate conditions associated with evaporating cloud 
fragments and enhanced aerosol [1, 2]. The twilight zone has 
been observed both close to the edge of visible cloud layers or 
also in apparently clear skies [3]. 

In order to better characterize the twilight zone a synergy 
of active and passive remote sensing instrumentation has been 
used to find evidence of the presence of liquid water in visible 
clear skies. We analyzed microwave radiometer data from the 
CNR-IMAA site in Potenza, Italy [4] along with co-located 
LIDAR retrievals and sky camera imagery. 

Several scenarios near clouds or in broken cloud fields has 
been found which exhibit an increase in the brightness 
temperatures (Tb) measured at the 30 GHz by the microwave 
radiometer which is the most sensitive radiometer channel to 
liquid water. Co-located simultaneous LIDAR observations 
and images from the sky camera allow to classify these 
scenarios as “clear sky”. 

This behaviour is consistent with previous twilight zone 
scenarios described in literature by Madonna et al. [3] and 
Koren et. al. [5]. At the present stage, an asseement of the 
effect on the twilight zone on the Tb measurements is under 
development using radiative transfer modelling and Large-
eddy simulation models. 
 
[1] Koren et al. (2007) Geophys. Res. Lett. 34, L08805. [2] 
Charlson et al. (2007) Tellus B 59, 715-727. [3] Madonna et al. 
(2009) Geophys. Res. Lett. 36, L18802. [4] Madonna et al. 
(2011) Atmos. Meas. Tech. 4, 1191-1208. [5] Koren et al. 
(2009) Geophys. Res. Lett. 36, L14805. 
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M. NAGASHIMA4, K. MAKINO5AND T. EJIMA6 

1Dept. Geosci., Shimane Univ. (akasaka@riko.shimane-
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2Grad. School of Social and Cultural Studies, Kyushu Univ. 
3Dept. Earth Sci., Kanazawa Univ.  
4Dep. Goesphere Sci., Yamaguchi Univ. 
5Dep. Geological Sci., Shinshu Univ. 
6 National Inst. Advanced Industrial Sci. and Tech. 
 

X-ray single-crystal and infra-red spectral studies of 
vanadium-bearing garnets from the Menipa mountain mass, 
central part of the Sør Rondane Mountains, East Antarctica 
(Osanai et al. 1990) were carried to determine crystal 
structures and examine existence of OH-group. 

 Occurrences of V-bearing garnet are 1) large 
porphyroblast (type-1); 2) fine crystal (type-2) in kelyphite rim 
around type-1 garnet; 3) fine-grained porphyroblast (type-3) in 
matrix. 

Chemical compositions of garnets studied in this study are 
as follows: type-1  (Ca2.90Mg0.05Mn0.02)(Fe0.01V0.08Cr0.02Ti0.03 

Al1.86)Si3.02O12; type-2  (Ca2.65Mg0.12Mn0.05)(Fe0.21V0.69Cr0.18 

Ti0.03Al0.99)Si3.01O12; and type-3  (Ca2.65Mg0.18Mn0.07) (Fe0.20 

V0.96Cr0.23Ti0.03Al0.68)Si2.98O12. 

   The structure refinements of type-1 and type-3 garnets 
with the space group of Ia-3d were reduced with R1 of 0.0278 
and 0.0689, respectively. The site occupancies determined 
using both X-ray diffraction data and electron microprobe 
analysis data are: VIII[Ca0.976Mg0.017M0.007] and 
VI[Al0.930V0.040 Cr0.01Ti0.015 Fe0.005] for type-1 garnet, 
and VIII[Ca0.885 Mg0.027M0.057Fe0.030] and 
VI[Al0.315V0.520Cr0.10 Ti0.015Fe0.05] for type-3 garnet. 

Mean interatomic distances are: type-1  <X-O> = 2.407(1) 
Å, <Y-O> = 1.931(1) Å, <T-O> = 1.651(1) Å, and type-3  <X-
O> = 2.426(2) Å, <Y-O> = 1.989(2) Å, <T-O> = 1.655(2) Å. 
The increase of <Y-O> distances is caused by the substitution 
of V3+ for Al3+. By the expansion of the octahedral site with 
this substitution, the unit-cell parameters increase from  a = 
11.8686(8) Å of type-1 garnet to a = 11.9694(6) Å of type-3 
garnet. The mean <T-O> distances of 1.651-1.655 Å are longer 
than ordinary Si-O distances in silicates. 

OH absorptions in the wave number region 3500-3700 cm-

1 were confirmed in the infrared spectra of type-1, -2 and -3 
garnets. 
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Effects of terrestrial nutrient inputs 
on particulate organic matter (POM) 
concentrations, composition (C/N/P 

ratio) in water and surface sediments 
of the Mersin Bay (Northeastern 
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The coastal ecosystem of NE Mediterranean, one of the 

world’s oligotrophic seas, is highly fueled by nutrient inputs by 
the major rivers and wastewater discharges. In this study, 
eutrophication-related chemical parameters were measured in 
surface waters in April & September 2014. Surface POM and 
surface sediments at 31 stations of eutrophic and less 
influenced area of the bay were sampled for POC, PON and 
TPP analyses. The results presented in the table show POM 
enhancement in the nutrient-fed coastal waters. Though POM 
enrichment in the surface sediments has remained very limited, 
terrestrial inputs of less labile organic-C and particulate-P have 
accumulated altered C/N/P ratio in the more productive coastal 
zone fed by terrestrial inputs.  
 

 
This study was supported by TUBITAK within 111G152 

(Dredging Applications and Environmental Management of 
Dredged Material) project. We would like to thank METU-IMS 
technical personnel for helping chemical sampling and 
analyses. 

Matrix / Parameters Coastal area Central basin 

Surface seawater

POC (µM) 39.59±21.24 8.48±2.19
PON (µM) 5.69±2.90 1.20±0.35
TPP (µM) 0.251±0.115 0.044±0.013

chl-a  (µg/L) 0.34-4.40 0.08-0.14
POC/PON 6.0-8.3 6.1-9.4
PON/TPP 11.1-37.2 17.8-55.6

NO3 (µM) 0.06-67.70 0.05-2.88

PO4 (µM) 0.05-0.34 0.02-0.06

NO3/PO4 1.0-199.1 1.0-96.0
Surface sediments

TOC (mmol/g dw) 0.57±0.40 0.60±0.03
TON (mmol/g dw) 0.05±0.04 0.05±0.01

TP (µmol/g dw) 13.95±3.74 16.27±0.25

TOC/TON 10.1-27.6 10.3-13.6
TON/TP 1.0-8.4 2.9-3.7
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Adsorption behavior of silicic acid on 
anion exchange resin with trimethyl 

ammonium groups consisting of 
cellulose framework 

M. AKINAGA1*, K. EGUCHI1, Y. OKAUE1 AND T. 
YOKOYAMA1 

1Kyushu Univ., Fukuoka 812-8581, Japan 
(*correspondence:akinaga@chem.kyushu-univ.jp) 

 
Diatoms, known as the unicellular eukaryotes microalgae,  

capture silicic acid selectively to form the complex cell wall 
consisting of silica. The bio-deposition of silica by diatom is 
important for understanding of geochemical silicon circulation 
on the surface of earth.  Therefore, the elucidation of the 
mechanism is in geochemistry an attractive investigation.   
Silaffin, which is a protein in diatom, has been confirmed to 
play an important role for the aggregation of silicic acid in 
vitro.  In this study, we focus on the trimethylammnonium 
group in the silaffin A1 (a kind of silaffins) because of the main 
functional group in strong base anion exchange resins which 
can adsorb effectively silicic acid.  We selected an anion 
exchange resin having trimethylammonium groups on 
cellulose framework which is bio-related substance and 
examined kinetically the adsorption behavior of silicic acid.  In 
addition, we also investigated whether the adsorbed silicic 
acids polymerize to form silica by 29Si MAS NMR.   

Swollen OH type anion exchange resin (Cellufine Q-500, 
JNC Corp., 5 cm3) was added into pure silicic acid solution 
(500 cm3) without coexisting ions with various concentration 
(8.48 ~ 151 ppm as Si).  At adequate intervals, the suspended 
solution was filtered with a 0.45 μm membrane filter.  Si 
concentration in filtrates was determined by spectrophotometry 
to estimate the amount of silicic acid adsorbed.  The 
polymerization state of the silicic acid adsorbed on the anion 
exchange resin was measured by 29Si MAS NMR. 

Silicic acid was adsorbed vigorously and concentrated on 
the anion exchange resin.  Despite that silicic acid 
concentration in solution was lower than the solubility of 
amorphous silica, the adsorbed silicic acids polymerized.  
From the kinetic analysis, the adsorption of silicic acid was 
classified into two kinds of reactions: (1) anion exchange 
reaction between OH- on the resin and silicate ion in solution 
and (2) polymerization of silicic acid.  In conclusion, the 
adsorption of silicic acid on the anion exchange resin having 
trimethylammonoium group as a functional group is 
considered to be a model reaction for bio-deposition of silica 
by diatom. 
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Niobium and tantalum in 
hydrothermal systems: 

Thermodynamic description of Nb 
and Ta hydroxo- and fluoride 

complexes over a wide range of 
temperatures and pressures 

N. N. AKINFIEV1*, E. V. LUKYANOVA1,  
V. S. KORZHINSKYA2, N. P. KOTOVA2 AND A. V. ZOTOV1 

1IGEM RAS, Staromonetny per., 35, 119017, Moscow, Russia 
(*correspondence: akinfiev@igem.ru) 

2IEM RAS, 142432, Chernogolovka, Russia 
 

Despite tantalum (Ta) and niobium (Nb) are essential 
metals in modern society their geochemical behaviour, 
especially in hydrothermal fluids is still poorly known. The 
goal of this study is to identify stoichiometry of Nb and Ta 
aqueous species and to estimate stability of their complexes’ 
formation in a wide range of temperatures (0 – 600 °С) and 
pressures (0.1 – 300 МPа). 

The whole set of the available experimental data on Nb2O5 
[1] [2] and Ta2O5 [3] solubility in hydrothermal HF-NaF-KF-
NaOH fluids were processed by the OptimA program [4] to 
estimate Gibbs free energies, g(T,P), of aqueous species at 
given T, P point. It was assumed that solubility of metal oxides 
in the near neutral fluids is characterized by the 
hydroxocomplex MeO2(OH)(aq), while under acid conditions 
of HF bearing fluids the dissolution reactions are defined by 
two species, namely MeO2F(aq) and MeO(OH)F2(aq), where 
Me stands for Nb or Ta. The fluoride negatively charged 
complex, MeO2F2

– is significant in alkaline fluoride-bearing 
solutions. 

The estimated g(T,P) values for hydroxide and fluoride 
complexes were then used to generate the HKF model (Tanger 
and Helgeson, 1998) parameters of these species by use of the 
OptimB [4]. As a result thermodynamic description of Nb and 
Ta aqueous species is available to perform various 
thermodynamic models of hydrothermal transport and 
accumulation of these metals in a wide range of temperatures 
(0 – 600 ºC), pressures (0.1 – 300 MPa) and fluid 
compositions. 

 
Acknowledgements: The study was financially supported 

by the RFBR grants 14-05-91750_AF and 14-05-00424. 
 

[1] Kotova (2013) Experimentalnaya geochimia 1 (3) (in 
Russian). [2] Timofeev et al. (2015) Geochim. Cosmochim. 
Acta (in press). [3] Zaraisky et al. (2010) Miner Petrol 99, 
287-300. [4] Shvarov (2014) Applied Geochemistry 55, 17-27. 
[5] Tanger & Helgeson (1988) Am. J. Science 288, 19-98. 
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xenoliths of Isparta (Gölcük) 

EFE AKKAŞ1*, LUTFIYE AKIN1 AND H. EVREN ÇUBUKÇU1 

1Hacettepe University, Department of Geological Engineering, 
06800 Beytepe, Ankara, Turkey (*correspondence: 
akkasefe@hacettepe.edu.tr) 
(lutfiye_akin@hacettepe.edu.tr, 
ecubukcu@hacettepe.edu.tr)  

 
Patchy zoned clinopyroxenes have been observed in 

ultramafic-felsic plutonic xenoliths (pyroxenites, diorites, 
monzonites, syenites) in to the potassic-ultrapotassic volcanic 
units (ignimbrites, hydrovolcanics) of Gölcük volcano (Isparta, 
Turkey). Patchy zones have been characterized by irregular, 
diffusive/sharply bounded, compositionally discrete zones 
which have been observed as bright and dark areas in 
backscattered electron (BSE) view of SEM. Generally bright 
(Fe-rich) patches have surrounded darker (Mg-rich), irregular 
and resorbed cores of the crystals.  

EPMA results revealed that the dark zones have lower 
Al[IV] (<0.15 p.f.u.) and higher Ca (up to 0.9 p.f.u.) with high 
Mg#  (80-96). On the other hand, the bright patches have been 
characterized by higher Fe+2 (c. 0.35 p.f.u.), Na (c. 0.1 p.f.u.) 
and broad range Mg# ( 32-83) with high Al[IV]/ Al[VI] ratios (up 
to 2.1). Low Al[IV] and high Mg# values indicate that dark 
patches have crystallized from primitive magma under 
considerable higher pressure conditions (c.11±2.0 kbar) [1, 2]. 
Higher Fe+2, Na and Al[IV]/Al[VI] contents of bright patches 
point out that their crystallization have been controlled by 
lower pressure conditions (c.9±0.6 kbar) [3, 4]. Clinopyroxene 
thermobaromety from amphibole and plagioclase bearing 
series (xenoliths and volcanics) have demonstrated a wide 
range of pressure conditions between pyroxenites (11.7±1.0 
kbar) and volcanics (2.9-5.7±2.2 kbar). These results have 
showed that patchy zoned clinopyroxenes have been affected 
by decompression and also re-equilibriation processes during 
the ascend of magma from sub-continental depths (c.36 km). 

 
[1] Wass (1979) Lithos 12, 115-132. [2] Platevoet (2014) 
Asian Earth Science 92, 53-76. [3] Choi & Kim (2012) Island 
Arc 21, 101-117. [4] Humphyres et al. (2006) Journal of 
Petrology 47, 2303-2334. 
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Influence of subsurface microbial 
communities on unconventional 

natural gas development 
DENISE M. AKOB1 

1U. S. Geological Survey, Reston, VA USA (*correspondence: 
dakob@usgs.gov) 

 
Subsurface unconventional natural gas (UNG) resources, 

e.g., shale gas and coalbed methane (CBM), contain ~ 42% of 
worldwide gas reserves. Development of these resources is of 
high importance as they play a key role in the clean energy 
future and there is a high level of concern about the 
environmental impacts of UNG production. Recent research 
has focused on characterizing the microbial ecology of UNG 
systems in order to assess the effects of subsurface microbial 
communities on natural gas development. Microorganisms are 
typically thought to negatively impact energy production 
through well souring or corrosion, but subsurface microbial 
populations can also play an important role in enhancing UNG 
resources. In this talk I will highlight what is known about 
shale and CBM microbial ecology and our recent findings on 
microbial impacts on the geochemistry of shale gas systems 
and enhanced CBM.  

Shale gas development has expanded rapidly in the past 
decade due to the advancement of new hydraulic fracturing 
technologies. The process results in large volumes of produced 
water returning to the surface, containing a mixture of injected 
fluid and formation water. Despite the addition of biocides 
during fracturing, microbial communities are recovered over 
the lifetime of a gas-producing well with diversity decreasing 
in parallel with increasing salinity and Ra and Ba 
concentrations. Halophilic, anaerobic fermentative 
Halanaerobium species typically dominate at the later stages 
of production. We recovered novel Halanaerobium strains 
from Pennsylvania shale gas wells and are studying their 
potential to degrade organic fracturing fluid additives, and to  
contribute to well souring and barite dissolution. These 
processes could have important implications for disposal or 
spills of wastes associated with shale gas production.  

Microbial communities in CBM reservoirs are of particular 
importance for resource recovery as these subsurface 
communities can be exploited to convert coal to methane, 
thereby enhancing UNG reserves. We show that subsurface 
microbial communities in unproductive coals can be 
successfully stimulated to convert coal to methane via the 
addition of organic compounds that shift communty structure 
towards hydrocarbon degrading and methanogenic 
populations. Microbial populations in shale may be good 
targets for similar enhancement strategies.  
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Mn oxides are ubiquitous in natural environments, ranging 
in pH from acidic to alkaline conditions, and their formation in 
neutral environments is typically attributed to biological 
activity. Many microorganisms, including bacteria and fungi 
are known to readily oxidize Mn(II) and precipitate Mn oxides 
at pH ~7 under oxic conditions. However, little is know about 
the ability of Mn(II)-oxidizing bacteria (MOB) to precipitate 
Mn oxides under acidic conditions. We isolated 3 novel MOB 
isolates at pH 5.5 from an acidic, metalliferous uranium mine, 
where natural attenuation of heavy metals is associated with 
Mn oxide rich soils. Our isolates, Duganella spp. strain AB_14 
and Albidiferax ferrireducens strain TB-2 were only able to 
oxdize Mn at acidic pH, whereas, our isolate Mesorhizobium 
australicum strain T-G1, was able to oxidize Mn at both acidic 
and neutral pH. M. australicum strain T-G1  utilizes different 
pathways for Mn oxidization depending on the pH, with 
multicopper oxidase expression and reactive oxygen species 
(ROS) associated with acidic and neutral pH oxidation, 
respectively. AB_14 and TB-2 produced Mn oxides with 
similarities to todorokite and birnessite, whereas, at acidic pH, 
T-G1 produced bixbyite-like Mn oxides. We demonstrate that 
MOB can be involved in the formation of biogenic Mn oxides 
in both moderately acidic and neutral pH environments and 
utilized different Mn oxidation pathways depending on the 
environmental conditions.  This suggests that biological 
processes have an even larger influence on Mn biogeochemical 
cycling than previously identified. 
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The aim of this study is to investigate a polymetallic 
hydrothermal type Pb-Cu-Zn (±Au, Ag) mineralization found 
Gümüşhane state located in southern zone of Eastern Pontide, 
which is one of the major tectonic units of Turkey. 
Mineralization is developed within and around the NW-SE and 
NE-SW trending fractures and veins cutting Late 
Carboniferous age Gümüşhane Granitoid in Akçakale area. 
The mineralized veins have N60W/35SW and N70E/80SE 
bearings and their length and width changes between 75-125 m 
and 4-12 cm, respectively. The width of silicification zone, 
including mineralized veins, ranges from 30 cm to 75 cm. 

The mineral paragenesis of mineralization is determined as 
pyrite, sphalerite,  chalcopyrite, galena, fahlores (tetrahedrite?) 
and gold. Hematite, limonite, malachite and azurite are the 
common oxidation minerals. Quartz, being the most abundant, 
calcite and ankerite are present as gangue minerals.  Observed 
ore textures include cataclastic textures between pyrite 
minerals, replacment textures between sphalerite and galena, 
and intergrowths texture of sphalerite with chalcopyrite,  

According to the mineral chemistry results, galena 
minerals are fairly to be pure, and not contain trace elements. It 
is determined that pyrite minerals comprise Cu and Zn as trace 
elements and some chalcopyrites show enrichment of Mn. 
Based on the chemical analysis results of sphalerite minerals 
Zn/Cd ratio changes between 117.87-119.16 and this indicate a 
magmatic origin for the occurrence of mineralization. Among 
the trace elements within sphalerite Fe  bear characteristics of 
the most compatible element with the Zn (r = -0.60), that is the 
major component of sphalerite. This negative correlation 
between Fe and Zn shows that Fe replaced the Zn as a function 
of temperature. According to the mineral chemistry results, 
gangue mineral containing carbonate is determined as ankerite. 
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Biochars are proven to be effective in the removal of 

inorganic contaminants from water1. Although extensive 
modeling study of metal adsorption at the surface of biochars 
has been performed using empirical approaches, few studies 
have employed surface complexation modelling (SCM)4. 
Employing SCM to biochar-containing systems will contribute 
to a mechanistic understanding of the adsorption of metals at 
their surface.  

In this study, specific surface area, pore volume, pore 
diameter and elemental composition of two biochars produced 
from wheat straw and sewage sludge were determined. 
Potentiometric titrations along with Boehm titrations were 
carried out to measure the proton (H+) reactivity of biochars. 
Equilibrium constants and site concentrations were calculated 
using Fiteql 4.03. Ni(II) and V(V) adsorption experiments were 
carried out as a function of pH, ionic strength and sorbent-to-
Ni and -V ratios. The adsorption data along with pKa and 
biochar surface functional group concentrations were used to 
calculate the metal binding stability constants. Three different 
SCM approaches including the non-electrostatic model 
(NEM), diffuse double layer model (DDLM) and triple layer 
model (TLM) were tested. Preliminary results show that 
biochars have substantial proton reactivity, and uptake 
significant amount of Ni+2. Thus, SCM may be an effective 
method of predicting metal removal to biochars from water 
with elevated concentrations of  heavy metals. 
 
[1] Ahmad et al. (2014) Chemosphere, 99: 19-33. [2] Borrok et 
al. (2005) Am. J. Sci., 305(6-8): 826-853. [3] Herbelin and 
Westall (1999) Rept. 99-01, Dept. Chem., Oregon State Univ. 
[4] Vitanaga et al. (2015) J. Environ. Manage., 151: 443-449. 
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The S-isotopic composition of the Earth’s mantle 

(δ34S=0±2‰) has been found to be chondritic [1,2]. Such 
composition satisfies the paradigm that chemical composition 
of the whole Earth should be ‘chondritic’ and provide support 
to the ‘late veneer’ hypothesis which is otherwise supported by 
a broadly chondritic abundances of the highly siderophile 
(HSE: Os, Ir, Ru, Rh, Pt, Pd, Au, Re) and chalcogenides 
elements (S, Se, Te) and 187Os/188Os. However in details, 
mantle data show large variability (-7≤ δ34S <10‰) and a 
strong dichotomy between in one hand peridotite xenolith 
showing mostly δ34S>0 [4] and on the other hand sulfide from 
orogenic massifs showing δ34S<0‰ [2]. These differences 
could be related to: (i) sampling processes (magmatic vs. 
tectonic); (ii) sulfide weathering; (iii) the strong contrast 
between sulfide mineralogy (mss vs. pn); (iv) mantle 
heterogeneities; or (v) analytical techniques.  

Coupling EMP, SIMS, LA-ICPMS and LA-MC-ICPMS, 
major elements, δ34S, siderophile and chalcophile trace 
elements, and Os isotopes have been obtained in-situ on 200 
sulfide grains from ≥30 mantle samples.  

Almost all sulfides from xenoliths or orogenic massifs 
have δ34S<0 (-7≤ δ34S ≤ 0.5‰). These results do not support a 
contrasted composition between massif and xenoliths, but still 
indicate a significant level of heterogeneity within the SCLM. 
Preliminary results unfold broad correlations between δ34S and 
HSE and/or chalcogenides abundances and fractionations  
and/or 187Os/188Os. Thus, as for Os isotopes and HSE 
abundances [4,5], δ34S is fractionated during mantle processes. 
These results are in agreement with recent data obatined on 
lavas [6,7] and sugget alltogether that S isotopic composition 
of the modern earh mantle is not chondritic.  

 
[1] M. Chaussidon, F. Albarede, S.M.F. Sheppard, Earth 
Planet. Sci. Lett. 92 (1989) 144-156. [2] M. Chaussidon, J.P. 
Lorand, Geochim. Cosmochim. Acta 54 (1990) 1-12. [3] D.A. 
Ionov, J. Hoefs, K.H. Wedepohl, U., Earth Planet. Sci. Lett. 
111 (1992) 269-286. [4] Alard et al., Nature 407 (2000) 891-
894. [5] Alard et al. Earth Planet. Sci. Lett. 203 (2002) 651-
663. [6] R.A. Cabral, et al., Nature 496 (2013) 490-493. [7] J. 
Labidi, P. Cartigny, M. Moreira, Nature 501 (2013) 208-211. 
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Volatility, gravitational escape, and 
abundance of lunar water  

FRANCIS ALBARÈDE1 
1Ecole Normale Supérieure, Lyon, France  

(albarede@ens-lyon.fr) 
 

In a series of landmark papers, Hauri and Saal (Nature and 
Science, 2008-2013) presented data on water concentrations 
measured in melt inclusions in olivine from the pyroclastic 
‘orange’ and ‘green’ glasses that compare with contents in 
terrestrial MORB. A number of moderately volatile elements 
such as F, Cl, and S have been outgassed from lunar basalts, 
but this observation is not in itself evidence that water was 
present. So far no conclusive evidence has been found that 
other types of lunar basalts ever contained such high water 
contents. Whether high water contents reflect the processes 
associated with pyroclastic glass emission rather than being an 
indication that the lunar mantle is wet is therefore a valid 
question. Comparing elemental abundances in the Moon and 
the Earth requires addressing the relative importance of 
gravitational loss from the disk and intrinsic volatility, which is 
the topic of the present talk. Gravitational loss should strongly 
fractionate elements with comparable chemical properties and 
different atomic masses, typically halogens and alkali 
elements, among themselves, which is not what current 
compositional models of the Moon show. The proto-lunar disk 
lacked hydrogen, which makes significant hydrodynamic 
entrainment unlikely. Given the very fast accretion of the 
Moon, Jean’s loss from the exobase and up must have 
remained a minor phenomenon. Hauri’s (EPSL, 2015) pattern 
of lunar abundances based on Lodders’ (ApJ, 2003) H-
dependent volatility scale is extremely chaotic. In contrast, the 
pattern based on Albarede et al.’s (MAPS, 2014) bond-energy 
scale is smooth for both the Moon and the Earth. What makes 
the latter scale useful is the possibility of inter/extrapolating 
the abundance of a particular element from those of 
neighboring elements. This plot predicts that the abundance of 
water in the Moon is in the sub-ppm range. The observed level 
of depletion of moderately volatile elements in the Moon with 
respect to BSE such a F and Rb (1/10), Zn and I (1/100), 
makes the postulated nearly terrestrial H abundance unlikely. 
This conclusion is consistent with the conclusion reached from 
Cl isotopes (Sharp et al., Science, 2010). The lingering puzzle 
is why Earth and Moon received such different volatile 
endowments. Embedded in this question are the modes and 
extent of late veneer delivery and the age of the lunar impact. 
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Biomineralization pathways of 
regenerated sea urchin spines 

M. ALBÉRIC1, L. BERTINETTI1, W. HABRAKEN1,  
P.U.P.A GILBERT2, PETER FRATZL1 AND Y. POLITI1* 

1Max Planck Institute of Colloids and Interfaces, Potsdam-
Golm 14476, Germany (*yael.politi@mpikg.mpg.de) 

2University of Wisconsin–Madison, Madison WI 53706 USA 
 

Biomineralization of marine carbonates play an important 
role in the carbon cycle, which contributes to both climate 
change and ocean acidification. In order to understand better 
the impact of biomineralization on the environment, first we 
need to understand crystallization pathways. Here, we propose 
to study the crystallization mechanism of sea urchin (SU) 
spines. SU’s are good marine fossil records, which are 
successfully survived to present, and are therefore widely 
studied. It has been recently shown that SU are able to resist 
long-term moderate ocean acidification [1]. SU spines are 
Mg2+ rich single crystals of calcite, which regenerate after 
fracture. Regenerated SU spine formation starts with the 
acquisition of the inorganic ions from the seawater, which then 
form a disordered hydrated amorphous calcium carbonate 
(ACC). Finally it transforms into calcite, possibly via a 
transient ACC [2-4]. However, the nature of the transient ACC 
and the interface between amorphous, crystalline and organic 
fractions are yet unknown. Here, we address these questions by 
using cryo-scanning electron microscopy observations of the 
evolving spine morphology and x-ray photoemission electron 
microscopy to determine the chemical and structural nature of 
the transient ACC. Small angle x-ray scattering analysis was 
used to investigate the structure of the amorphous-crystalline-
organic interface.  
 
[1] Moulin et al. (2015) Mar Environ Res 103, 103-114. [2] 
Weiner and Addadi (2011) Annu. Rev. Mater. Res. 41, 21-40. 
[3] Politi et al. (2004) Science 306, 1161-1164. [4] Politi et al. 
(2008) PNAS 105 (45), 17362-17366. 
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The trace element and U-Pb 
systematics of metamorphic apatite: 
Implications for provenance studies 

I. A. HENRICHS*, D. CHEW AND M. BABECHUK 

Department of Geology, School of Natural Sciences, Trinity 
College Dublin, Ireland (*correspondence: albertii@tcd.ie)  

 
Apatite has strong potential as a provenance indicator in 

sedimentary rocks due to its widespread occurrence, its ability 
to accept a wide variety of trace elements into its crystal 
structure and its ability to provide reliable U-Pb and low-
temperature thermochronological age information. However 
the lack of a comprehensive database on of apatite 
compositions in metamorphic rocks remains a stumbling block 
to the routine application of apatite geochemistry in 
provenance studies.  This research aims to improve the 
metamorphic apatite compositional database.  

Eleven whole rock samples (pelites and metabasites) from 
the Dalradian Supergroup of Ireland and Scotland were 
analysed by solution-ICPMS for trace elements and REE.  
Apatite grains from the same samples were dated by the U–Pb 
LA–ICPMS method combined with simultaneous acquisition 
of trace elements and the REE. Preliminary results demonstrate 
that Th and the LREE in metamorphic apatite are typically 
significantly depleted compared to magmatic apatite 
compositions from the literature, and this is attributed to 
metamorphic apatite growth in equilibrium with epidote or 
monazite.  Pelitic apatites are typically more enriched in U, Th, 
the REE and Y, and As compared to apatite in metabasites. 
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UV-fs-LA-ICP-MS analyses of fluid 
inclusions: Insights into the formation 

of tin ore deposits  
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The transport and enrichment of metals in the earth crust is 

under control of magmatic and hydrothermal fluids. LA-ICP-
MS analyses of fluid inclusions from ore deposits and 
controled HP/HT experiments may provide information about 
the mechanisms resulting in metal enrichment in ore forming 
fluids.[1] With a novel analytical method composed of a UV-fs-
LA-SF-ICP-MS in combination with a heating-freezing cell [2], 
accurate and precise analyses of small fluid inclusions (>8µm) 
have been conducted. The inclusions have been analysed in the 
frozen state, which resulted in a high succes rate (>90%) due to 
a very good control during the opening procedure of the 
inclusions. Here, we present data of  inclusions from different 
tin-bearing granites.  

The transport of Sn and W in hydrothermal fluids is 
assumed to occur as chlorides (SnCl2) or fluorides (SnF4).[3] By 
comparing samples from tin granites of the Altenberg-Teplice 
caldera (Erzgebirge), representing F-rich fluids, and Cornwall 
(UK), representing Cl- and B-rich fluids [4], we expect to get 
new insights about both transport mechanisms. We 
investigated fluid inclusions from the granites and the 
mineralized veins of each location to gain new information 
about both, the magmatic pre-enrichment of metals and the 
hydrothermal evolution of ore forming fluids. 

Fluid inclusion trace element data from a miarolitic quartz 
of the Zinnwald Sn-W deposit (Erzgebirge) show a continuous 
depletion of metals during the hydrothermal stage. Genetically 
older inclusions (330 µg/g Sn, 150 µg/g W) have higher metal 
contents than younger inclusions (< 5 µg/g Sn, < 1 µg/g W). 
Hypersaline primary inclusions in the associated granite show 
up to 700 µg/g Sn and 200 µg/g W. These findings indicate 
that initial fluids were capable of leaching Sn-W pre-enriched 
zones. The  results will be compared to ongoing studies on tin 
granites from Cornwall. 

 
[1] Heinrich et al. (2003), Geoch Cosmoch Ac, 67, 3473-3496. 
[2] Albrecht et al. (2014), J Anal Atom Spectrom, 29 (6), 1034-
1041. [3] Duc-Tin et al. (2007), Geoch Cosmoch Ac, 71, 3323-
3335. [4] Müller et al (2006), Eur. J. Mineral., 18, 429-440. 
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Are radicals the carriers of D in 
IOM? 
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Branch Rd. NW, Washington DC 20015, USA 
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Champaign, 506 S. Mathews St., Urbana, IL 61801, USA 
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3GL, Carnegie Institution of Washington, 5251 Broad Branch 
Rd. NW, Washington DC 20015, USA 
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4Dept. Earth and Atmospheric Sciences, Univ. Alberta, 1-23 
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Canada (herd@ualberta.ca). 
 
Traditionally, the large D enrichments in IOM have been 

taken to indicate that the IOM or its precursors formed in the 
cold protosolar molecular cloud. However, in a series of 
papers, focused primarily on EPR studies of Orgueil, 
Murchison and Tagish Lake, it has been argued that the IOM 
grains formed in the warm inner Solar System and the D 
enrichments are the result of exchange with D-rich H3

+ that 
formed at ~40 K [e.g., 1]. In this model, a significant fraction 
of the D is associated with highly exchangeable biradicals and 
biradicaoids concentrated in clusters that are associated with 
D-rich hotspots. There are a number of potential problems with 
this model: the abundance and deuteration of H3

+ is expected 
to be low in disks [2], and ice coatings and negative charge on 
the grains may hinder IOM-H3

+ exchange. Also, there is not 
the expected correlation between radical concentration and D 
enrichment in IOM in the published data. 

We have analyzed by EPR IOM from a suite of 10 CMs, 
3CRs, Orgueil and four lithologies from Tagish Lake that 
cover the range of petrologic types in these groups. As in 
earlier work, we find low T1T2 values, consistent with 
clustering of radicals, and temperature dependent radical 
concentrations, consistent with the presence of biradicaloids, 
although we have not ruled out other possible mechanisms for 
producing these phenomena. However, we find a much 
narrower range of radical concentrations and, despite almost a 
factor of four range in D/H, we see no overall correlation 
between radical concentration and D/H. Alteration may have 
modified the IOM, but radical concentrations only correlate 
with petrologic type in Tagish Lake, where they increase with 
increasing aromaticity and decreasing D/H. Our preliminary 
results appear to be inconsistent with the model of [1]. 

 
[1] Delpoux et al. (2011) GCA 75, 326-336. [2] Cleeves et al. 
(2014) Science 345, 1590-1593. 
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The ratio of Ta and Nb in fluorine-
rich granitic melts 

Y. O. ALFERYEVA1, E. N. GRAMENITSKIY AND  
T. I. SHCHEKINA 

1YanaAlf@ya.ru 
 

The ratio of clarke contents of niobium and tantalum Nb / 
Ta in the acidic rocks is approximately equal to 7. In most 
differentiated varieties Li-F granites it reaches a value of 0.5, 
corresponding to a significant predominance of tantalum. Such 
ratio of these metals observed in the apical parts of the rare-
metal granite massifs and in the marginal areas of subvolcanic 
ongonites. 

Increasing the amount of tantalum with respect to niobium 
in the final portion of the magmatic melt is possible in: 1) 
crystallization differentiation, 2) the interaction of silicate melt 
and aqueous fluid, and 3) the distribution of these metals 
between immiscible silicate and salt aluminofluoride melts. 

Region of silicate and salt melts coexistence  
experimentally established in the system Si-Al-Na-Li-HFO at 
T = 700-800˚S and P = 1 kbar. The composition of the 
aluminosilicate melt immiscibility region varies from quartz to 
nepheline-normative with Ka=(Na+Li)/Al=0.6-1.3. 
Aluminofluoride melt occupies an intermediate position 
between the cryolite (Na3AlF6) and hyolithids (Na5Al3F14) 
and contains in small quantities Li, Si, and water. Under 
equilibrium conditions, the fluorine content in the 
aluminosilicate melt vary from 4 wt.% in acidic melts to 15 
and above wt.% in nepheline-normative aluminosilicate melts. 

In conditions of equilibrium coexistence of the two melts 
tantalum and niobium have statistically significant differences 
in the values of the partition coefficients between these phases. 
Tantalum more efficiently accumulated in the silicate melt than 
niobium. 

On the basis of the distribution of tantalum and niobium 
between two melts and data on their distribution between the 
aqueous fluid and the silicate melt, as well as tantalite and 
columbite solubility in silicate melts at temperatures 700-
800˚C shown that all three processes lead to reducing the ratio 
Nb / Ta in the final portion of the magma. The greatest impact 
on reducing the value Nb / Ta, apparently, has a melt 
crystallization differentiation and the formation of the 
immiscible salt melt. 
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Poás and Turrialba are active volcanoes located in the 

Central America Volcanic Range, Costa rica. The Turrialba 
volcano is a 3340 m high basaltic-dacitic stratovolcano that in 
the southwest end of has a summit depression with three 
craters. The Poás is 2700 m with three calderas and an crater 
bordered by two cones. 

Fumarolic gases were collected from the west crater of the 
Turrialba volcanoe, at 70-278ºC,  between August 2004 and 
August 2009. And in the Poás, at 93-200ºC, between June 
2009 and May 2009. A characterization of these gases has 
been previously reported [1]. Here The δ34S values of 
dissolved, H2S and SO2 and total sulphur were determined.  

In the Turrialba volcanic gas the H2S content increases 
with the temperature and δ34S values of total sulphur range 
between +3.1 and +7.5‰. In the Poás The The SO2/H2O ratio 
decreases with the temperature and δ34S values are from -3.1 to 
+4.5 ‰. This composition is consistent with that of other total 
sulphur of volcanic gases, with some values heavier than the 
mantellic sulphur. 

In the Poás, there is a negative correlation between  δ34SH2S  
values (-15.2 to -8.2‰) and δ34SSO2 values (+1,2 to +9.0‰) 
whereas in the Turrialba δ34SH2S  values (-23.2 to -8‰) and 
δ34SSO2 values (+5.2 to +12.4‰) are not related. However, 
there is a good correlation for  values of gases at low 
temperatures and for gases of values at high temperature.   

These results suggest a dual source of fumarolic fluids, 
specially in the Turrialba case. According to Martini et al. [2] 
the fumarolic gases from the Turrialba volcano were originated 
from gases of mantellic origin and from a hydrothermal 
aquifer.  
 
[1] Vaselli et al. (2010) Bull. Volcanol 72, 397-410. [2] 
Martini et al. (2010) J. Volcanol. Geotherm. Res 198, 416-432. 
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Late Neoproterozoic ophiolitic serpentinites occur as 

elongated mountainous ranges in the Central and Southern 
Eastern Desert of Egypt, following mainly the regional ductile 
shear zones. They were derived from peridotite/harzburgite 
protolith and represent obducted oceanic crustal slices onto 
island-arc successions. These ultramafic, Mg-rich rocks had 
been acted as a natural CO2 sequestration feedstock, where 
enormous quantities of talc–carbonate rocks are distributed in 
intimate spatial and genetic association with them. The  talc–
magnesite rocks represent in  situ fissure-fed metasomatic 
products of serpentinite precursors via extensive rock–fluid 
interactions. The main fluids involved in the transformation 
processes of serpentinites to talc–magnesite were SiO2aqueous 
solutions and CO2. The deposits located along the fault 
systems cutting the serpentinite-host are magnesite-rich, 
whereas those located at the contacts between serpentinites and 
the more siliceous country rocks are typically talc-rich. They 
could serve as possible natural magnesia source for a wide 
spectrum of industrial applications such as metallic, chemicals 
and refractories. 
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We performed CaCO3 precipitation experiments following 

the setup of Lemarchand et al. (2004) at 12.5°C, 25°C and 
37.5°C. Supersaturation was controlled by the decomposition 
rate of (NH4)2CO3 and the diffusion rate across a membrane 
and precipitation of either calcite or aragonite by varying the 
Mg-concentrations in the solution. Samples were measured for 
Sr/Ca ratios, Δ44/40Ca- and Δ88/86Sr-isotope ratios. We confirm 
that for calcite and aragonite the Δ44/40Ca values become more 
positive as a function of rate for 12.5 and 25°C but become 
more negative for 37.5°C. The two lower temperatures confirm 
earlier observations whereas the higher temperature agrees 
well with the Tang et al. (2008) measurements. In contrast, 
Δ88/86Sr values become more negative as a function of rate 
independent of temperature. At constant rate for both calcite 
and aragonite as well as for Sr and Ca isotopes their 
fractionation factors tend to be larger as temperatures 
decreases. We speculate that the Ca isotope fractionation as a 
function of rate depend on the complexation with either H2O or 
NH3 switching between kinetic and equilibrium isotope 
fractionation. In contrast Sr isotope fractionation is controlled 
by kinetic processes only. 
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last 250 years inferred from 

speleothem geochemistry 
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Natural Sciences, Jennerstreet 13, 1000- Brussels, Belgium 
 

Lead concentrations and isotope ratios from two 
speleothems from the Han-sur-Lesse cave in southern Belgium 
were measured in order to study the ability of speleothems to 
act as archives of atmospheric pollution. To address this aim 
we analyzed trace elemental Al and Pb compositions by LA-
ICP-MS and ICP-MS as well as Pb isotopes by MC-ICP-MS. 
The results help to identify three Pb-enriched intervals: from 
1880 to 1905 AD, from 1945 to 1965 AD, and from 1975 to 
1990 AD. The speleothem record is consistent with the 
evolution of atmospheric pollution in Belgium. Lead isotope 
ratios confirm that coal and gasoline combustion, combined 
with regional metallurgical activities, were the predominant Pb 
pollution sources in the stalagmites during the last 250 years. 
This research underscores the importance of speleothems as a 
valuable tool for the discrimination between anthropogenic and 
natural lead contributions in the environment and consequently 
for quantifying the anthropogenic contribution or determining 
natural background values in continental settings.  
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Tuffs provide regional stratigraphic markers that aid in 

coal seam correlation for exploration and assessent of resoures 
and their character. Although viewed as instantaneous time 
markers of regional scale, tuffs can be numerous and when 
deposited in peat mires, they are highly altered.  TIMS 
instrumentation can give highly precise and accurate U-Pb 
zircon ages and SHRIMP and LA-ICP-MS can be accurate at 
the 1-2% level but zircon composition itself has been 
overlooked as a correlation indicator.  Whereas the eruption 
age of young, unaltered tuffs can be precisely dated by 
40Ar/39Ar, for instance, zircon chronology has the nagging 
problem of zircon over-robustness; they can survive partial 
melting events, and can persist in magma systems for time 
scales on the order of TIMS precision. Pristine, young tuffs 
have glass and major mineral compositions that are unique to 
each tuff and when compared to those in a stratigraphic 
section, mineral compositions suggest an overall evolution 
among tuffs on the time scale of ~0.3 Ma as demonstrated by 
the very large volume ancient Yellowstone systems.  

LA-ICP-MS technology allows measurement of a dozen 
elements other than those necessary for U-Pb geochronology in 
a single zircon ablation. We tested 8 zircon populations from 
tuffs in coals thought to be “the same age” knowing one to be 
“more mafic” to see how well trace elements and derived 
parameters work for correlation along with age.  One would 
expect that the following indicators would be controlled by 
source(s), melting conditions, and magma evolution: Ti and P 
content of zircon, the slope of the heavy to middle REE 
patterns and Eu and Ce anomalies. Results of tip ablations 
indicate that the tuffs are the same age with an average 
uncertainty of 3 Ma (2σ) when each population was analysed 
16 times in a round robin of one ablation from each population, 
then standards. This is except one sample which is 8 Ma older 
than the sample from one meter below it in the same drill hole, 
in the same unit. Ignoring the “more mafic” tuff that was 
compositionally distinct, this older population has the highest 
Ti, P and Th/U, smallest Ce and Eu anomalies and lowest REE 
slope, all suggesting that it is different.  
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A 21st century northward tropical 
precipitation shift caused by future 
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The tropical rain belt is a narrow band of clouds and 
showers near the equator, where the most intense rainfall on 
the planet occurs.  On seasonal timescales, the rain moves back 
and forth across the equator following the sun, resulting in wet 
and dry seasons in the tropics.  The position of the tropical rain 
belt also varies on longer time scales.  Through the latter half 
of the 20th century, for example, shifts in tropical rainfall have 
been associated with severe droughts, including the African 
Sahel and Amazon droughts.  Here, I show that climate models 
project a northward migration of the tropical rain belt through 
the 21st century, with future anthropogenic aerosol reductions 
driving the bulk of the shift.  Models that include both aerosol 
indirect effects yield significantly larger northward shifts than 
models that lack aerosol indirect effects.  Moreover, the rate of 
the shift corresponds to the rate of the decrease of 
anthropogenic aerosol emissions across different time periods 
and future emission scenarios.  This response is consistent with 
relative warming of the Northern Hemisphere, and a 
concomitant northward shift in the Hadley cells, along with 
weaker northward cross-equatorial energy transport.   
Although aerosol effects remain uncertain, I conclude that 
future reductions in anthropogenic aerosol emissions may be 
the dominant driver of a 21st century northward shift of the 
tropical rain belt. 
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Assessing the biogenicity of Archean carbonaceous 

microstructures is challenging because of the inevitable 
degradation of biosignatures occurring during fossilization [1]. 
Decoding the molecular fossil record requires experimental 
simulations to investigate the degradation pathways of 
biogenic molecules during fossilization. Intriguingly, a number 
of Archean organic microstructures has been found in silica-
rich cherts. Althought some recent experimental studies 
investigated the influence of biomineral matrices during burial 
[2] [3], little is known regarding the influence of such silica 
matrices on molecular biosignatures. 

We conducted ‘fossilization’ experiments with two micro-
organisms (prokaryotic cyanobacteria and eukaryotic algae). 
After entombment within a silica gel, we submitted these 
analogues of microfossiliferous chert precursors to pressure 
and temperature conditions mimicking burial (250°C, 250 
bars) for different durations (1 to 100 days). ‘Blank’ 
experiments have also been performed under the same 
conditions in the absence of silica. 

All experimental residues have been characterized using 
synchrotron-based XANES and NMR spectroscopies. Results 
demonstrate that the entombment within a silica matrix 
significantly delays the chemical degradation of both 
precursors. In the absence of silica, significant aromatization 
and concomitant defunctionalization are observed even after 
short-time experiments. In contrast, initial molecular signatures 
of the investigated micro-organisms are only slightly modified 
in the presence of silica, even after long-term experiments. 
Mechanistic pathways that may be invoked to explain such 
differential behaviour will be discussed. 

Although, further work appears required to properly 
extrapolate the results of such experiments to natural settings, 
the present approach appears valuable to help decoding the 
Archean fossil record in a uniformitarian perspective. 

 
[1] Bernard and Papineau (2014) Elements 10, 435-440. [2] Li 
et al. (2014) Earth Planet. Sci. Lett. 400, 113-122. [3] Picard et 
al. (2015) Nat. Commun. 6, 6277. 
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To investigate the relationships between the pH of 
seawater, coral skeletal δ11B and the pH of the coral 
extracellular calcification fluid (ECF) we cultured a series of 
Porites spp. corals over a range of seawater pCO2 ranging from 
the last glacial maximum (180 ppm) to levels projected by the 
end of this century (750 ppm). Multiple coral genotypes were 
cultured in each treatment. The skeleton deposited after a > 5 
month acclimation period was identified and analysed for δ11B 
and B/Ca. ECF pH was estimated from skeletal δ11B. Our data 
confirm that the magnitude of pH upregulation in coral is 
dependent on seawater pH. Coral cultured at high seawater pH 
increased the pH of the calcification fluid by less than ambient 
corals while corals at low seawater pH increased calcification 
fluid pH by more than ambient corals. ECF pH varied 
significantly between genotypes cultured at the same seawater 
pCO2 in all treatments but was significantly higher in corals 
cultured at 180 ppm. There was no significant difference in 
ECF pH between the datasets for corals cultured at 400 and 
750 ppm but this reflected the performance of two coral 
genotypes which maintained a high ECF pH even at high 
seawater pCO2. The high skeletal δ11B (ECF pH) variability 
between corals cultured at the same pH is likely to hamper any 
estimate of past seawater pH from fossil coral δ11B. 
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The Juturnaíba Lake is an important tropical water 

reservoir, with 43 km2 of wetland, located in north of Rio de 
Janeiro, Brazil. For about 30 years, the sludge generated by 
two Water Treatment Plants were systematically discarded in 
two restricted areas in the reservoir edges. These sludge are 
rich in Al compounds, and in direct contact with water may 
have been spread throughout the reservoir, affecting water and 
sediment quality. The aim of this work was coupling the 
sequential extraction and a geostatistical model, for assess the 
contamination of the reservoir. Sediment samples were 
collected in 25 different sites distributed in the reservoir. 
Pseudo-total trace metal contents were assessed using EPA 
3051A methods. The BCR sequential extraction procedure was 
applied, and the quality control was accomplished by 
analyzing the certified reference materials (BCR 701). The 
metals were determination by ICP-OES. The results obtained 
showed that only the sediment located near sludge discharge 
areas presented higher Al total concentrations (67,3 gKg-1 and 
70,3 gKg-1). Also, the highest Al content in BCR phase 1 was 
observed near sludge area. The highest percentages of Al, Zn, 
Fe and Cu were found in the BCR residual phase, meaning that 
these metals were strongly bound to the sediments. The highest 
percentages of Mn was found in the BCR phase 1, results in 
the great mobility of this metal. Further, a geostatiscal 
approach is present, the attenuation of concentrations models, 
proposed by [1, 2], which aims to estimate metal mobility in 
sediment. The models showed high attenuation values only for 
Al, indicating that the mobility of these metals is low in the 
reservoir, which is in good agreement with the results obtained 
by BCR sequential extraction.  

 
[1] Ribeiro, et al. (2013), Marine Pollution Bulletin , 33, 55 – 
63. [2] Wasserman & Queiroz (2004) Rev. Quim. Nova 27, 17- 
21. 
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The Sellafield nuclear fuel reprocessing plant in northwest 
England is the dominant source of anthropogenic radioactivity 
to the Irish Sea. Permitted discharges of a complex mixture of 
radionuclides from Sellafield to the Irish Sea in low level 
effluents have occurred since 1951. These discharges have 
changed considerably from 1951 until present, with a 
maximum in the mid-1970s and a significant decline 
thereafter. A proportion of the historical discharges has been 
retained in offshore sediments which act as a long-term 
secondary source of soluble and particle associated artificial 
radionuclides. Natural uranium is, in general, soluble in 
seawater and any uranium released from Sellafield to the 
environment is diluted with the natural uranium background 
and historical, non-nuclear discharges. However, 236U (t1/2 2.3 x 
107 years) is a unique marker for irradiated, and hence 
Sellafield-derived, uranium and could be used as a tracer to 
study its transport and accumulation.  

This study investigates the transport and accumulation of 
radionuclides and stable metals and any connections between 
them in two sites: Loch Etive and Anglesey, north and south of 
Sellafield respectively. Particle-reactive radionuclide profiles 
(Pu and Am) were approximately uniform in the Loch Etive 
sediment cores suggesting a homogeneous secondary source of 
Sellafield-derived radionuclides, whereas Cs, less particle-
reactive, shows a peak reflecting the Sellafield historical 
maximum discharges and hence  solution input. By contrast, 
Pu and Am in the Afon Goch core in Anglesey show peaks 
responding to the historical maximum discharges from 
Sellafield with a lag time of about 10 years with a similar 
behaviour of Cs and that may suggests more important 
particulate input of Cs in this core. The anthropogenic 236U 
shows a clear response to the redox chemistry at both sites. 
The 236U data in Anglesey also show how 236U could be used as 
a signature of Sellafield releases of uranium. 
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Cloud and rain formation depend on the enviromental 

thermodynamic conditions. On the other hand the aerosol 
properties determine how efficient the cloud will be in using 
this thermodynamic potential. In a very clean environment the 
clouds are aerosol-limited, meaning there is a missing surface 
area for efficient condensation while the individual droplets are 
sparse and large and hence removed fast from the cloud by 
rain. On the other hand higher aerosol concentration may 
enhance suppressing processes like efficient entrainment and 
accumulated drag forces that can inhibit the cloud 
development. These opposing trends suggest there is an 
optimal aerosol concentration [1]. The optimal value is a 
function of the thermodynamic conditions and cloud size. 
Examination of the conditions that support a maximal rain 
production, leads to an aerosol loading that drives similar times 
to maximal cloud development and to maximal collection in 
the cloud.  In this talk numerical simulations of warm clouds 
will be presented. The trend in clouds and rain properties as a 
function of aerosol loading will be discussed in light of the 
thermodynamic conditions. 

 
[1] Dagan, G., I. Koren, and O. Altaratz (2015), Competition 
between core and periphery-based 381 processes in warm 
convective clouds – from invigoration to suppression, Atmos. 
Chem. Phys., 15, 2749-2760, doi:10.5194/acp-15-2749-2015. 
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We use reactive-transport models patterned after the 
multibarrier KBS-3 spent fuel repository design developed by 
Posiva, Finland and SKB, Sweden to determine critical 
parameters affecting sulphide fluxes and thus the corrosion of 
the copper canisters encapsulating spent nuclear fuel. The 
swelling clay materials used as tunnel backfill and as buffer 
surrounding the copper canisters contains accessory gypsum 
and organic carbon. Gypsum dissolves over time owing to 
concentration gradients between the porewater in the bentonite 
and the natural groundwater thereby releasing sulphate. 
Sulphate reducing bacteria may utilize sulphate and organic 
carbon for energy production and growth thereby releasing 
sulphide. Bacterial activity is expected to occur primarily in 
the less compacted backfill and in the excavation damaged 
rock along the contact between the backfill and the rock. Thus 
predicting transport rates of sulphate and organic carbon 
towards the contact zone is essential for reliable estimates of 
sulphide fluxes towards the canister. Reactive transport 
simulations suggest that 1) the transport properties of the rock 
(i.e. the diffusivity of the rock matrix, the size and distribution 
of fracture zones), 2) the concentration of Fe in the porewater 
that, if sufficiently high, may lead to the precipitation of Fe-
sulphide minerals and 3) the distribution and size of bacterial 
communities and their rate of metabolism are all important 
factors affecting the magnitude of sulphide fluxes.  
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The Atacama region in northern Chile hosts the driest 
desert on Earth and is the world’s premier iodine production 
province. The origin of iodine enrichment in Atacama is 
controversial, and recent studies have provided evidence that 
groundwater has played a key role in the remobilization, 
transport and deposition of iodine (e.g., nitrate-iodine and 
supergene Cu deposits), although little data is available for 
natural waters in the region. In order to constrain the natural 
and potentially anthropogenic iodine inputs in the Atacama 
Desert and their association with geological and climatic 
processes, we explore the halogen chemistry and iodine 
isotopic signature of natural waters in the region. 

Iodine and bromine concentrations of surface and ground 
waters vary from 0.25 µM to 48 µM and from 1.28 µM to 
87.38 µM, respectively, showing a strong iodine enrichment 
when compared to seawater concentrations (I = ~0.4 µM, Br = 
~600 µM). In contrast, no bromine enrichment is detected, 
suggesting the influence of an organic-rich source. On the 
other hand, the 129I/I ratios are indicative of different natural 
and anthropogenic sources for iodine in the studied area. 
Samples with the lowest isotopic ratios (129I/I from ~215 to 
~1000 x 10-15) strongly suggest mixing between an organic-
rich deep fluid and pre-anthropogenic meteoric water, while 
samples with higher values (>1500 x 10-15) indicate the input 
of anthropogenic iodine in meteoric water and/or seawater. 

Considering the geological, hydrological and climatic 
conditions of the Atacama Desert, we propose two different 
contributions to explain the anthropogenic 129I signal. The first 
source is associated with 129I releases during nuclear weapon 
tests carried out in the Pacific Ocean (129I/I = ~12000 x 10-15); 
and the second contribution is related to 129I releases in 
reprocessing nuclear plants in the Northern Hemisphere (129I/I 
= ~93700 x 10-15). Both sources reflect rapid redistribution of 
129I on a global scale as previous studies have suggested. Our 
results strongly point towards a long-lived continental iodine 
cycle in the hyperarid margin of western South America, 
which is driven by local hydrological conditions, producing 
iodine enrichment and subsequent remobilization and transport 
in surficial reservoirs. 
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Asphaltenes play a key role in the oil production and 

exploration. However, even their structure, precitation and 
deposition processes are not fully understood. These molecules 
can be the primary adsorbing species in oil mixtures, reducing 
the oil recovery process. The attractive forces that cause 
asphaltenes to associate and agglomerate can be induced due to 
asphaltene−rock surface interactions. In carbonate reservoirs, 
calcite (10-14) surface is regarded for retaining asphaltenes. 
Here, we use first principles calculations to study the 
asphaltene-surface interactions with calcite (10-14). The 
calculations are based on density functional theory (DFT) 
within GGA functional with van der Waals (vdW) dispersion 
correction. Asphaltene and resin models were obtained from 
previous studies [1]. These large molecules impose a very 
challenge description at this level. Our results suggests that 
although there is steric hindering in interaction of the aromatic 
ring region on the surface, the organic chains in asphaltene 
molecule plays a significant role on the adsorption process, 
mainly through vdW interactions.  The adsorption energies 
were found to be favorable (~2.40 eV). With adsorption, a 
significant charge rearrangement was observable in the non-
aromatic sites compared with the isolated molecules. The 
calcite (10-14) surface selectively adsorbs the most polar 
asphaltenes from oil and our studies provide a much needed 
description of these interactions at molecular level.  

 
Charge density difference for asphaltene adsorbed on 

calcite surface relative to the isolated systems. Red (positive) 
and Blue (negative). 

 
 
[1] T. F. Headen, et al., Energy & Fuels 2009, 23, 1220. 
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The Paulistana Complex, located in the Internal Domain of 
the Neoproterozoic Riacho do Pontal Fold Belt, corresponds to 
a metaplutono/volcanic-sedimentary sequence composed of 
metamorphic rocks at greenschist to amphibolite facies. 

Geochemical analyses revealed the predominancy of 
alkali-basaltic and high Fe tholeiitic composition for the 
amphibolites, and alkaline to sub-alkaline for the metagabbros. 
The Rare-Earth Elements (REE) and the multi-elementary 
diagrams for the volcanic samples show enrichment in both 
LREE and HREE, positive anomalies of Ba, Ta, Nb, P and 
discrete negative anomalies of Th, K and Sr. Amphibolite 
display decrease in LREE and HREE, with compositions 
closer to the primitive mantle, with negative anomalies of K, 
La and Ce. The chemical analyses of the metagabbros reveal 
an enrichment in LREE and HREE and positive anomalies of 
Ba, Th and P with discrete negative anomalies of Rb and K.  

The results presented in this study combined with available 
data in the literature [1] suggest that the mafic rocks of the 
Paulistana Complex were formed in extensional setting related 
with Tonian (ca. 890 Ma) mantle plumes. Additionally, 
preliminary isotope data and field evidence indicate that part of 
these rocks could have been generated in an intra-plate or 
back-arc environment during the collision of the Riacho do 
Pontal Fold Belt with the São Francisco Craton at ca. 620 Ma. 
 
[1] Caxito, F.A., et al., 2014. Neoproterozoic oceanic crust 

remnants in northeast Brazil. Geology 42, 387-390. 
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Soil chemical weathering intensity is controlled by 

denudation rate, which increases with tectonic uplift. However, 
at low uplift (< 200 mm/kyr) and denudation rates, this 
relationship is not well defined. While silicon stable isotopes 
have been sucessfully applied to assess weathering intensity of 
well-developed soils, their use for assessing weathering 
intensity under low denudation rates has not yet been tested. 

Here we apply silicon isotopes to soils from the Internal 
Zone of the Betic Cordillera, southeast Spain. Three 
catchments (CAB, FIL and EST) with similar bedrock 
(micaschist), climate (semi-arid) and vegetation characteristics, 
were selected along a gradient of increasing denudation rates 
(20-250 mm/kyr) from EST to CAB.  

For each catchment, two soil profiles were described and 
sampled on ridgetops down to the bedrock. Traditional 
weathering indexes such as the Total Reserve in Bases (TRB), 
Cation Exchange Capacity (CEC) and presence of Fe-oxides 
(Fed) were combined with mineralogical analyses to assess the 
soil weathering degreee. Our data support the idea that the 
higher the denudation rate, the weaker the chemical weathering 
intensity. 
The Si isotope composition of the soil’s clay- and sand-size 
fractions and bedrock was measured by MC-ICP-MS (Nu 
Plasma II).  Our preliminary data indicate that the Si isotope 
composition of the sand fraction is similar to that of the 
bedrock while clay fraction shows a comparatively lighter Si 
isotopic composition. This is in agreement with previous 
studies which show preferential incorporation of light Si 
isotopes in clays during weathering. Thus, Si isotopic 
compositions in soils may record the impact of denudation rate 
on chemical weathering in this low uplift rate environment. 
Our results also suggest that silicon isotopes can provide 
reliable information on paleoenvironments which were subject 
to a range of weathering conditions. 
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Compound-specific radiocarbon (14C) dating has been 

attracted attention for the last two decades, because the method 
is potentially useful for constructing chronologies of sediments 
that are sparsity in datable materials such as carbonates. For 
example, sedimentary short-chain (C14, C16, and C18) saturated 
and unsaturated fatty acids (FAs) and pheopigments (i.e., 
chlorophyll derivatives) provide a reliable chronology of the 
sediment with eliminating significant older age biases from 
relict organic carbon in the Southern Ocean [1, 2, 3]. In this 
study, we obtained sediments from eastern Japan Sea in which 
few foraminiferal shells are found in the Holocene section. 
Thus we apply this method to conduct high-resolution 
paleoceanographic studies in this area. 

We are currently measuring 14C dates of short-chain FAs 
and pheopigments purified from the sediments. So far, several 
pre-Holocene sections are selected to evaluate the applicability 
of the method by comparing them with concurrent 
foraminiferal dates. We will report our preliminary results and 
discuss perspectives. 

 
[1] Ohkouchi et al. (2003) Radiocarbon 45, 17-24. [2] 
Ohkouchi & Eglinton (2008) Quaternary Geochronology 3, 
235-243. [3] Yamane et al. (2014) Radiocarbon 56, 1009-
1017. 
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Major and trace elements in forsteritic olivine from mafic 

igneous rocks have been shown to be a valuable tool to infer 
on mantle mineralogy and on metasomatic processes that affect 
the mantle-source of magmas prior to melting. The deviation 
of some trace elements (e.g. Ni, Co, Ca) and of their ratios to 
major elements (Fe, Mg) from the concentrations in olivine 
from Middle Ocean Ridge Basalts (MORB), has been used to 
assess the contribution of an olivine-free mantle source to the 
origin of some Ocean Island Basalts (OIB)[1] and subduction-
related lamproitic rocks [2].  

Here we present a comprehensive dataset of major and 
trace elements in high-Mg olivine from the Plio-Quaternary 
alkaline magmatism of the Italian Peninsula. Samples have 
been selected from the two major petrographic groups, silica-
saturated and -undersaturated rocks, based on their primitive 
character and the presence of olivine. Through modelling of 
Ni-Fe-Mg partitioning between melt-olivine pairs, we show 
that i) bulk rocks approximate the composition of parental 
melts in equilibrium with olivine cores, and ii) partition 
coefficients are well within the range (KdNi

ol-liq 10-20) of 
medium-Mg melts (4-8 wt.% MgO). 

Such olivine crystals display a range of trace elements 
contents which encompasses the whole spectrum of olivine 
worldwide. Olivines from the silica-saturated samples have 
remarkably high Ni (up to 5'000 ppm) and Cr, and low Ca and 
Mn/Fe, suggesting contribution from a mantle source that has 
undergone silica- and K-rich metasomatism, causing olivine 
consumption in favour of orthopyroxene [2]. Conversely, 
olivine from the silica-undersaturated rocks have variably high 
Ca (up to 4'000 ppm) and Mn/Fe, and sistematically low 
contents of compatible elements (e.g. Ni below 2'000 ppm). 
This is compatible with a metasomatic reaction in the presence 
of excess Ca, that would stabilize olivine and clinopyroxene at 
the expenses of orthopyroxene. 

 
[1] Sobolev et al. (2007), Science 316, 412-417. [2] Foley et 
al. (2013), EPSL 363, 181-191. 
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Volcanic ash consists of silicate glass and crystalline 

minerals in various proportions. Both ash components contain 
ferrous (II) and ferric (III) iron in variable concentrations and 
ash has been shown to release Fe and other metals upon 
contact with seawater. Metals, including Fe, are vital elements 
for numerous processes in marine phytoplankton. However Fe 
is in limited supply in high-nutrient-low chlorophyll oceanic 
(HNLC) waters. The long range transport and subsequent 
deposition of ash to the open ocean surface has been linked to 
enhanced phytoplankton growth. Previous studies have 
attributed such fertilization effect primarily to rapid dissolution 
of iron sulfate and halide salt deposits present on ash surfaces, 
although such compounds have never been observed directly. 
In this study we performed new experiments aimed at 
confirming the ability of volcanic ash to act as a source of 
bioavailable Fe.  

An unicellular microalgal strain (Dunaliella tertiolecta) 
commonly found in HNLC waters was cultivated in a Fe-
depleted synthetic seawater medium. A known amount of Fe-
containing ash was then added to the starved culture and the 
cell photosynthetic activity, number, size, and morphology 
were monitored with time. Nitrate consumption was also 
determined. All together, these measurements indicated a 
positive response of phytoplankton to ash addition. The same 
experiment was repeated but using a powdered silicate glass of 
known composition. Similar to the ash treatment, the algae 
responded positively to glass addition. Further, this effect 
could be sustained for up to 168 hours. This result strongly 
suggests that the glassy component of ash is a source of 
bioavailable Fe for phytoplankton and therefore, the presence 
of Fe salts on ash may not be necessary to trigger growth in 
HNLC areas. 
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Very little marine Cr-isotope data has been published to 

date, but values from the S. Atlantic appear to show that 
seawater is isotopically heavy[1]. Isotopic compositions of 
dissolved chromium in seawater are here reported from across 
the Arctic Ocean, a predominantly stratified water body, as 
measured by TIMS and using a well constrained and optimized 
double spike of 50Cr and 54Cr[2]. All Cr-isotope values are 
reported relative to NIST SRM 979 [3]. Values among the sub-
basins of the Arctic Ocean: the Canadian basin and the three 
Eurasian basins, Makarov, Nansen and Amundsen, show 
significant variations with depth. For example the Amundsen 
Basin varies from δ53Cr ~ 0‰ in near surface waters in the 
Cold Halocline Layer to δ53Cr ~ +0.45‰ in the Atlantic layer 
and Upper Polar Deep Water.  It is unclear whether variations 
in Cr-isotope values can be attributed to water mass, water 
column processes, particle scavenging on the shelf, or riverine 
input into the basins or a combination of all of these factors.  

Initial values for the Canadian basin show even more 
extremes with a near surface water Cr-isotope value of δ53Cr ~ 
-0.76‰. Again it is unclear whether this low value originates 
from Pacific water inflow across the Chukchi Sea, water 
column processing or riverine input from the McKenzie River.  

Thus it appears there is considerable complexity in marine 
Cr-isotope values that has implications for their use as a 
palaeo-redox indicator. 

 
[1] Bonnand et al, (2013), EPSL, 382, 10-20. [2] Galer, 
(2007), GCA, 71 (15S), A303. [3] Shields et al.,(1966), J. Res. 
Nat. Bur. Standards – A, Phys and Chem, 70A (2), 193 – 197. 
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Magnetite (Fe3O4) is a widespread iron oxide found at the 
Earth surface. Some magnetite natural samples have been 
proposed to represent magnetotactic bacteria (MTB) fossils. 
MTB perform biomineralization of intracellular magnetite 
nanoparticles under a controlled pathway. These bacteria are 
ubiquitous in modern natural environments. However, their 
identification in ancient geological materials remains 
challenging. Together with physical and mineralogical 
properties, the chemical composition of magnetite was 
proposed as a promising tracer for bacterial magnetofossil 
identification, but this had never been explored quantitatively 
and systematically for many trace elements. In the present 
work, we determined the incorporation pattern of 34 trace 
elements in magnetite in both cases of abiotic aqueous 
precipitation and of production by the magnetotactic bacterium 
Magnetospirillum magneticum strain AMB-1. We show that, 
in biomagnetite, most elements are at least 100 times less 
concentrated than in abiotic magnetite. In contrast, 
molybdenum and tin are preferentially enriched in magnetite 
produced by MTB relative to abiotic magnetite. The difference 
in incorporation patterns between abiotic and biotic magnetite 
can be explained by a biological control of chemical element 
transfer from the external aqueous solution to magnetite. The 
interior of cells is usually characterized by elemental 
concentrations very different from those in the outer medium. 
Elements with important physiological functions are actively 
regulated in the cytoplasm, while those being too concentrated 
and/or toxic are pumped outward from the cell. We propose 
that the strong relative depletions in most trace elements and 
specific enrichments in Mo and Sn can be used as a reliable 
chemical biomarker to test the origin of magnetite potentially 
produced by MTB. 
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Measured concentrations of polychlorinated biphenyls 

(PCBs) in the Arctic remain high despite an international ban 
on chemical production in 2004.  Some PCBs are carcinogenic 
and they have also been associated with impaired 
neurocognitive development and immune health in children of 
fish consumers. Recent work has hypothesized that the ocean 
buffers the temporal response of ecosystems to declines in 
anthropogenic releases through sustained re-emissions of PCBs 
that have accumulated in the ocean from historic sources. 
Preferential deposition of these compounds in the Arctic means 
this region is most vulnerable to these sustained releases.  Here 
we quantify the lifetime of PCBs in the global oceans and 
effects on deposition in the Arctic using a couple atmospheric-
oceanic simulation forced by historic emissions.  We have 
developed global three-dimensional simulations of PCB 
transport and cycling in the atmosphere (GEOS-Chem v9-01-
03)[1] and ocean general circulation model (MITgcm, ECCO 
v4) [2][3] which includes organic carbon and marine plankton 
ecosystem dynamics (DARWIN)[4]. Using this coupled 
framework, we simulate accumulation of PCBs in the global 
oceans from 1930 to present, with a particular focus on relative 
trends in the atmosphere and ocean and implications for the 
Arctic Ocean. Model results are evaluated against measured 
surface and depth profiles of PCBs across the Atlantic and 
Pacific Ocean collected using passive samplers. We present 
mass budgets for the major ocean basins, quantify storage of 
PCBs in shelf sediment and deep waters, and evaluate the role 
of air-sea exchange as a driver for observed trends in the ocean 
and atmosphere. We use information about lifecycles as a tool 
for anticipating future trajectories of environmental 
concentrations. Our modeling framework can be readily 
extended to understand the environmental cycling and 
persistence of other semi-volatile global contaminants. 

 
[1]Friedman et al., 2015, in prep. [2]Forget et al., 2015, in 
review. [3]Zhang et al., Global Biogeochem. Cycles, 2015, in 
review. [4]Dutkiewicz et al., Global Biogeochem. Cycles, 
2009. 
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The accurate biogeochemical cycle of major and trace 

elements at various scales has been widely investigated, but 
has provided a paradigm for metals and metalloids. While most 
of the lighter elements (C, N, S) are involved in the basic life 
processes in the environment and the production of “biogenic” 
gases, the atmospheric transfer of the heavier elements is less 
recognised. Metal(loid)s can form volatile species mainly after 
reduction and/or alkylation processes. These pathways are a 
consequence of biological activity or indirect abiotic reactions. 
Here we discuss and synthesize several field and laboratory 
biogeochemical studies performed on the formation natural 
alkylated species of mercury (Hg), selenium (Se), tin (Sn) and 
other miscellaneous elements.  

Investigations in marine and estuarine environments, but 
also in pristine or polluted continental ecosystems suggest that 
volatilisation of metal(loid)s through natural processes can be a 
major pathway in their biogeochemical cycles [1] [2]. Like 
dimethyl sulfide (Me2S), all heavier chalcogenides (Se, Te, Po) 
have volatile alkyl species [1] [3]. In aquatic ecosystems, 
formation and volatilsation of dimethyl selenide (Me2Se), 
dimethyl mercury (Me2Hg) or methylated butyltin (Bu3SnMe), 
respectively, can be an efficient process to remobilise these 
elements via the atmosphere [2]. In this context, the recent 
development of non-traditional isotope investigations allows 
now to provide an isotopic constrain on the biogeochemical 
reactivity of some trace elements (Hg, Se, …) and their 
biogenic volatilization pathways [4].  
 
[1] Amouroux, Liss, Tessier, Hamren-Larsson & Donard 
(2001) Earth & Planetary Science Letters 189, 277-283. [2] 
Tessier, Amouroux & Donard (2003) ACS Symposium Series 
835, 151-165. [3] Bahrou, Ollivier, Hanson, Tessier, 
Amouroux & Church (2012) Environmental Science & 
Technology 46, 11402-7. [4] Perrot, Jimenez-Moreno, Bérail, 
Epov, Monperrus & Amouroux (2013) Chemical Geology 355, 
153-162. 
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Fresh mantle xenoliths captured by alkaline basalts, 
kimberlites, and lamproites can provide direct information on 
the Mg and Fe isotope composition of the upper mantle. 
Previous studies have focused on samples derived from 
shallow upper mantle (<60km) such as basalts and spinel 
peridotities. Mg and Fe isotope data on deeper mantle samples 
(e.g., garnet peridotites) are still scarce. Therefore, it is 
important to measure mantle rocks equilibrated at higher 
pressure to broaden our understanding of the isotopic 
composition of the upper mantle. Here, we present high-
precision measurements of Mg and Fe isotopic compositions of 
whole-rock powders and mantle minerals including olivine, 
cpx, opx, garnet, and phlogopite in well-characterized garnet 
lherzolites and harzburgites from the Kaapvaal and Siberia 
Cratons, derived from depths of 130 – 180 km [1].  

There is no clear discrepancy in δ26Mg of garnet 
peridotites between the Kaapvaal and Siberia Cratons. δ26Mg 
of whole rocks vary from -0.243‰ to -0.204‰ with an 
average of -0.223 ± 0.035‰ (2SD, n = 20), and δ56Fe from -
0.038 to 0.060 with an average of 0.007 ± 0.063‰ (2SD, n = 
8). Both Mg and Fe isotope compositions of these whole rock 
samples are indistinguishable from the fertile upper mantle 
represented by spinel lherzolite, indicating that there is no 
significant Mg-Fe isotopic offset between the shallow and deep 
upper mantle. Our study also suggests that cpx from Kaapvaal 
Craton xenoliths probably is in isotopic disequilibrium with 
other minerals, consistent with petrological and geochemical 
observations. Garnet shows large Mg isotope fractionations 
(>0.4‰) with ol and opx, reflecting equilibrium fractionation 
between minerals with different CN of Mg [2]. Finally, Fe 
isotopic variations in these samples may record later 
metasomatic processes [3].  
 
[1] Griffin et al. (2004) CG 208, 89-118. [2] Huang et al. 
(2013) EPSL 367, 61-70. [3] Polyakov and Mineev (2000) 
GCA 64, 849-865  
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The Eocene (56 -33.9 Ma) is characterized by a transition 
from a greenhouse climate state of the Early Eocene Climatic 
Optimum (EECO, ~51 Ma), to the icehouse of the Oligocene 
(~ 34Ma). However, the role of atmospheric carbon dioxide 
(CO2) in driving Eocene warmth and the subsequent long-term 
cooling is uncertain (current CO2 reconstructions: 500-3000 
ppm).  Here we utilise recent analytical and methodological 
developments to generate a record of surface seawater pH 
(pHsw) and CO2 using the boron isotope composition of 
planktonic foraminifera from the Tanzania Drilling Project, 
ODP 865, and ODP 1258/1260, and revisiting previous 
estimates.  We show that pHsw during the EECO was 7.65 ± 
0.06 and CO2 was 1400 ± 420 ppm, in agreement with the 
presence of nahcolite in Early Eocene [1].  Subsequently, pH 
levels increased and CO2 declined through the Eocene and into 
the early Oligocene (pHsw = 7.87 ± 0.05, CO2 = 560 ± 140 
ppm).  Given a knowledge of the latitude dependency of sea-
surface temperature change for a given climate forcing [2] we 
suggest that this CO2 decline was the likely driver of the 
recently documented high and low latitude cooling that 
occurred through the Eocene.  Additionally, the EECO and late 
Eocene exhibit an Equilibrium Climate Sensitivity on average 
2.4 - 4.3 oC per CO2 doubling, well within the canonical range 
of the IPCC (1.5 - 4.5 oC), indicating that a large fraction of the 
warmth of the Early Eocene greenhouse was caused by CO2 
concentrations.  
 
[1] Lowenstein & Demicco (2006), Science 313, 1928. [2] 
Rohling et al. (2012), J. Clim 25, 1635-1656.  
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The high latitude surface ocean has been considered a key 
player in Glacial/Interglacial (G/IG) atmospheric CO2 change 
because nutrient and CO2 rich waters, stored in the deep ocean, 
mix along isopycnals to the surface and then sink to the 
subsurface before nutrients are fully utilized by phytoplankton.  
During glacials it is suggested that polar surface waters were 
nutrient depleted (e.g. [1]) either because of a more efficient 
biological pump driving CO2 drawdown, or because of salinity 
stratification or reduction in wind-driven upwelling of nutrient-
rich deep waters [2]. To date there is ambiguity as to changes 
in nutrient distributions in polar oceans over G/IG transitions.  
Here we use the P/Ca proxy in U-series dated deep-sea corals 
Desmophyllum dianthus [3] to reconstruct seawater phosphate 
concentrations (PO4) during the last G/IG in the Southern 
Ocean, south of Tasmania.  We observe glacial depletion of ~ 
50% relative to modern PO4 at ~1000-2000m depth.  During 
the deglaciation, PO4 progressively increased towards higher 
than modern values at Heinrich Stadial 1, while being more 
dynamic during the Antarctic Cold Reversal and fully 
recovering in the modern.  Our results provide quantitative 
constraints on glacial nutrient drawdown and subsequent 
recovery, with implications for the mechanisms of atmospheric 
CO2 variation.  Results will be discussed in the context of 
seawater carbonate system reconstructions based on the same 
corals, using the boron isotope and U/Ca proxies. 
 
[1] Sarmiento & Orr (1991), L&O 36, 1928-1950. [2] Sigman 
& Boyle (2000), Nature 407, 859-869. [3] Anagnostou et al. 
(2011), GCA 75, 2529–2543.  
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The paper aims to provide new X-ray powder data on skarn 

with mineralization in the upper basin of Mraconia Valley, 
Almaj Mountains. The skarn is mainly andraditic, but, beside 
andradite can occur in significant proportion scheelite, 
molydenite, pyrite, chalcopyrite, sphalerite,  galena. Andradite 
is generally isotropic, but optically anomalous garnet can 
occur; both sectorial and lamellar “twinning” was described by 
Marincea (1992) [1]. The X-ray powder data recorded for six 
representative samples were used for the least-squares 
refinement of the unit-cell parameters. The obtained values [a 
= 12.006(4) Å – 12.066(3) Å] compare well with the values 
reported by Marincea (1992) i.e. a = 11.984(3) Å – 12.041(3) 
Å, being indicative for andradite. Scheelite is the mean 
exponent of the high-temperature hydrothermal phase. As 
observed by Marincea (1992) the UV response colour is 
characteristic for two different generations of scheelite, as 
follows: (1) a first generation, with yellow fluorescence, 
characteristic for a Mo-bearing scheelite, associates only with 
andradite, and (2) a second generation, that fluoresces in blue-
violet tints, contains minor powellite and associates with 
sulphides, pistacite, quartz and calcite. The cell parameters 
obtained as mean of those obtained the scheelite samples, as 
refined by least-squares analysis of the X-ray powder data, are: 
a = 5.242(3) Å, c = 11.370(7) Å and V = 312.5(4) Å3. 
Molybdenite is widespread in the association from Mraconia. 
The mineral occurs both on fissures affecting the granodiorite 
mass, near the contact, where it associates with quartz, pyrite 
and chalcopyrite. 
 
[1]Marincea, Ş. (1992): Metasomatite occurrences in the upper 
basin of the Mraconia Valley (Almăj Mts.) and th superposed 
mineralization. Rom. J. Mineral Deposits, 75, 45-53.  
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The cause of the progressive oxygenation of Earth’s 

biosphere remains poorly understood. The problem is bounded 
by the interplay of three irreversible, secular changes: (1) the 
escape of H to space, which makes the planet more oxidized; 
(2) the evolution of  photoautotrophy – which converts solar 
energy into redox disequilbrium – and related metabolisms; 
and (3) the cooling of the planet, which affects the exchange of 
material between Earth’s reduced interior and relatively 
oxidized surface through a variety of processes. 

The first of these changes is quantitatively considered 
elsewhere, and is connected to the other two because H escape 
depends on atmospheric H2 and CH4 contents.  

The second of these changes is an area of vigorous 
research, particularly over the past decade. Important work 
included efforts to constrain the timing of key evolutionary 
events using organic geochemical and genomic records, and to 
understand the timing and tempo of environmental oxidation, 
particularly preceding the “Great Oxidation Event” (GOE) at 
~2.4 Ga. As the community sorts through various debates, 
evidence is accumulating that the pre-GOE period was a 
dynamic era of transient “whiffs” of oxidation, most likely due 
to small amounts of biogenic O2 that appeared as early as ~3.0 
Ga. The implication is that O2 sinks generally overwhelmed 
substantial O2 sources through the first half of Earth history, 
and that a decrease in sink strength and/or increase in source 
strength could have resulted in increasing instability of trace 
pO2 in the runup to the GOE.  

The most likely sinks are coupled to reductants in Earth’s 
interior, which leads us to the third major change—secular 
cooling of the planet. It is almost certain that this cooling led to 
changes in mantle dynamics, rates of plate motion, and melting 
behaviors, which in turn affected volcanism, crust 
composition, hydrothermal and metamorphic alteration, ocean 
nutrient budgets, and recycling at subduction zones. These 
factors have all been considered as possible drivers of surface 
redox evolution, but typically in isolation. We are tackling the 
grand challenge of developing an integrated theory of Earth 
evolution, grounded in the physics of a cooling planet, and 
motivated by the implications for chemical evolution of the 
biosphere. The framework of such a theory will be presented.  
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 Near-real-time monitoring of bone metabolism in 
metabolic bone diseases such as osteoporosis and multiple 
myeloma (MM) would help clinicians detect disease onset 
earlier than is currently possible. A biomarker detecting 
asymptomatic bone destruction would also help evaluate the 
efficacy of bone-specific therapies. We are developing 
naturally occurring Ca isotope ratios (δ44/42Ca) in serum and 
urine as such a biomarker.  

We previously reported that natural changes in δ44/42Ca of 
urine provide quantitative information on short-term changes 
in net bone mineral balance, information unavailable from 
conventional biochemical measures of bone metabolism. The 
basis of this biomarker is that blood and urine are enriched or 
depleted in light Ca isotopes as a consequence of net bone gain 
or loss, respectively. In our studies of bed-rest induced bone 
loss, a net bone mineral loss rate of about <4%/year is 
detectable, consistent with results of X-Ray densitometry. 

Here, we report data in clinically relevant populations. 
Bed-rest induces bone loss due to unloading, and so is used to 
model the effects of space flight on bone metabolism. Hence, 
we examined Ca isotopes in urine samples from 30 astronauts 
on International Space Station missions. We find a systematic 
shift toward preferential excretion of lighter Ca isotopes during 
flight, correlated with increased Ca excretion. The results are 
consistent with expectations from bed-rest. 

Extending into populations with active bone disease, we 
examined Ca isotopes in serum collected from 71 adult 
patients diagnosed with either MM or asymptomatic precursor 
diseases. Samples of patients with active disease had 
statistically significant lower mean δ44/42Ca than those with 
non-active disease, regardless of diagnosis. The significant 
relationship between δ44/42Ca and myeloma activity is likely 
due to a myeloma-induced increased level of bone resorption.  
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The mobility of uranium (U) under oxic conditions and its 

enrichment in the oceanic crust has long led to speculations 
about the importance of this low-tempeature process on the 
distribution of U in the mantle.  Notably, the return flux of U 
from surface to mantle, via subduction, is potentially sufficient 
to perturb the mantle U abundance. This mechanism has been 
used as a mean to explain the distinctive U-Th-Pb systematics 
of mid-ocean ridge basalt (MORB) (e.g. [1]).   

Advances in MC-ICPMS have allowed high-precision 
measurements of the 238U/235U ratio providing new constraints 
on this cycle. Recent work has shown that the U in the near 
surface environment can be fractionated at the permil-level 
(e.g. [2] [3]). Therefore, recyling of significant amounts of 
isotopically fractionated U from the surface to the mantle has 
the potential to perturb not only its U abundance but also its 
isotope ratio. We have obtained precisions of ~0.02‰ on 
238U/235U of mantle-derived samples, a sufficient resolution to 
detect the influence of recyled U in the mantle [4].  

We have determined that the net effects of alteration and 
subduction leave the deep recycled slab with isotopically 
heavy U.  The preferential return of this U into the upper 
mantle has driven the MORB mantle isotopically heavy [4], 
consistent with the anomalously low Th/U of MORB (e.g. [1]). 
In constrast, we find the 238U/235U signature of a range of ocean 
island basalts (OIB) to be similar to the chondritic reference. 
These differences are interpreted to reflect the age of the U 
addition from surface to mantle and different low-temperature 
U isotope fractionation processes in the altered oceanic crust. 
We will discuss the importance of these changing surface-
processses in relation to the 238U/235U signatures in OIB and 
MORB and their implication for the time-scales of mantle 
convection and geochemical heterogeneity.  

 
 [1] Elliott at al. (1999) EPSL 169 p129-145 [2] Stirling et al. 
(2007) EPSL 264 p208-225 [3] Weyer et al (2008) GCA 72 
p345-359 [4] Andersen et al. (2015) Nature 517 p356-359 
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Detrital zircon from sedimentary rocks of the Karoo 

Supergroup of eastern South Africa comprises three main 
fractions (1000-1100 Ma, εHf≈ 0 to + 10, 500-700 Ma, εHf≈  -
12 to +10 and ca. 260 Ma, εHf≈ -5 to +5). Archaean zircon is 
very scarce, and 500 to 2000 Ma zircon with distinctly more 
negative εHf is a minor component. The Proterozoic fractions 
are also found in rocks of the Cape Supergroup. The main 
Karoo Basin of South Africa formed as a retroarc foreland 
basin in response to the develoment of the Cape Fold Belt 
(Gondwanide Orogen) in the late Palaeozoic. Detrital zircon 
data support the idea that recycled material from the Cape 
Supergroup within the fold belt made a major contribution to 
the Carboniferous to Jurassic Karoo sediments The material 
filling the Cape basin in Cambrian to Devonian time was 
mainly derived from the continental surface of southern Africa 
and neighbours in the Gondwana supercontinent. Detrital 
zircon in the Karoo sediments thus reflect the source of a 
precursor, and a transport regime much older than its own 
deposition. 

U-Pb and Lu-Hf data from detrital zircon have been used 
with considerable success to trace continental evolution. If we 
were to use the data from the Cape and Karoo Supergroups 
blindly to work out a crustal evolution history for the 
protosource terrane(s), we would find that the earliest crustal 
growth event was of Palaeoproterozoic age. Mesoproterozoic 
(Namaqua-Natal belt) and Neoproterozoic (East Arrican 
Orogen, Damara Orogen, Saldania Belt) events are also 
obvious from the data. However, this analysis would fail to 
detect the Archaean Kaapvaal craton as a major feature of the 
continental crust of southern Africa.  

The scarcity of Archaean zircon may reflect 
palaeogeographic features in the early Palaeozoic that 
prevented southwards transport of detritus from the Kaapvaal 
craton. A general point to be learned from this experiment is 
that a crustal history based only on detrital zircon data may be  
dangerously misleading. Detrital zircon may be a less robust 
indicator of large-scale processes of crustal evolution than 
commonly thought, which should always be used with utmost 
care and support from geological understanding. 
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Concentrations of dissolved 230Th, 231Pa and 232Th 

measured along the US GEOTRACES Eastern Pacific Zonal 
Transect between Peru and Tahiti illustrate the enhanced 
scavenging of trace elements by particles derived from the 
hydrothermal plume that spreads westward from the East 
Pacific Rise (EPR). Concentrations of dissolved 230Th and 
230Th increase linearly with depth in the upper 2 km of the 
water column, consistent with their removal by reversible 
scavenging. The intensity of scavenging by plume particles is 
quantified by comparing the predicted (extrapolated) 
concentration of dissolved 230Th at the core depth of the plume 
(30 to 35 fg/kg) with measured concentrations. Within the core 
of the plume, measured concentrations of dissolved 230Th are 8 
fg/kg at a distance of approx. 1200 km to the west of the EPR, 
and 12 fg/kg at a distance approx. 2500 km to the west of the 
ridge, much less than the predicted value. Measured 
concentrations of particulate 230Th and 231Pa represent only a 
few percent of the total, so concentration minima in the 
profiles of dissolved 230Th and 231Pa reflect removal from the 
water column, not simply the transfer of Th and Pa from 
solution onto suspended particles.  Particles derived from the 
EPR plume potentially impact the scavenging and removal of 
many trace elements from the deep ocean over a broad area of 
the eastern tropical South Pacific. 
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Transient adjustment of hillslopes in response to fluvial 
incision provides an opportunity to examine the evolution of 
the weathering-sediment delivery system.  In the Colorado 
Front Range, upstream propagating knickzones have cut 
bedrock canyons into a low-relief crystalline rock surface (Fig. 
1).  Below the knickzone, the canyons widen and the walls are 
etched by steep debris flow channels.  

 
Fig. 1 Front Range canyons in low relief surface (after [1]).   

 
Debris flows triggered by an extreme storm in 2013 

stripped ~15 mm from steep basins lining Boulder Creek [2].  
Based on lowering rates deduced from 10Be concentrations, 
this represents ~400 years of mobile regolith production by 
weathering in the basins that failed.  This sugests that canyon 
rock walls evolve into steep, mobile regolith mantled basins.  
In these basins, a two-step sediment delivery system operates.  
Weathering of debris from bedrock slowly loads low order 
channels, which are then evacuated by debris flows triggered 
by rare storms.  The evolution from rock to soil-mantled slopes 
implies that weathering proceeds faster than stripping.   

 
[1] Anderson, SP et al. (2012) CR Geoscience 344: 586-596. 
[2] Anderson et al. (2015), Geology doi:10.1130/G36507.1.  
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Metamorphic rocks investigated across orogenic provinces 

in the southern Baltic Shield (ca. 150 samples) provide an 
extensive data set recording the orogenic footprints in zircon 
from the Paleoproterozoic to Neoproterozoic. Field relations, 
petrography and bulk rock geochemistry of the rocks, 
combined with in situ U-Th-Pb geochronology and detailed 
textures of zircon, form the basis for an evaluation of first 
order trends for the formation of zircon in response to high-
grade metamorphism. Importantly, in the absence of partial 
melting, crystalline protolith zircon, or metamorphic zircon 
from a previous orogenic episode, is overall well-preserved  
showing no significant Pb-loss, recrystallization, or growth. 
This also applies for very high temperature (800-850°C) 
metamorphism. By contrast, zircon resorption and reworking is 
substantial in migmatitic rocks. Two principal types of 
secondary zircon are distinguished, both with low Th/U ratios 
(<0.1): (1) Cathodoluminiscent (CL)-dark transgressive 
domains enriched in U (commonly >>500 ppm) preserving 
remnants of the primary igneous zoning. The transgressive 
domains may pass over into unzoned rims. (2) CL-brighter 
(commonly < 100 ppm U), unzoned, sector or fir-tree zoned, 
distinct overgrowths with sharp discordant contacts to the 
protolith zircon and non-complex newly crystallised grains. 
Syn-anatectic granites typically have zircon indistinguishable 
from the metamorphic zircon in the migmatitic rocks that they 
intrude. Metamorphic zircon is common and in places 
voluminous in mafic rocks (eclogite, mafic granulite and 
garnet amphibolite) in the south-westernmost shield area. Type 
2 zircon dominates in these rocks, but the crystals are 
chemically, isotopically and texturally complex showing 
several stages of growth. Trace element data indicate HREE-
depletion in garnet-rich lithologies and lack of Eu-anomalies in 
eclogite zircon. 
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This project was initiated in 2011 in order to create a 
harmonized countrywide database with modern baseline 
geochemical data and resulted in the recent publication of the 
Geochemical Atlas of Sweden. The work has been based on till 
samples from the SGU archive as well as on new sampling of 
till conducted mainly in the mountainous areas of western 
Sweden. When the last ice sheet melted about 10 000 years 
ago, large parts of the bedrock in Fennoscandia were covered 
by several generations of glacial deposits with till as most 
important. Till reflects best the underlying bedrock with its 
billion years old history and records soil-formation processes 
such as weathering style during variable climate conditions.  

Chemical analyses (aqua regia digestion by ICP MS) were 
carried out at the ALS laboratory in Luleå and at the SGU 
laboratory in Uppsala following strict quality control routine 
which included sample randomization and use of various in-
house and international standards. As a result, 67 maps of 
elements and pH in till were produced. In addition, 53 element 
maps of grazing land soil chemistry (from the GEMAS 
project), and 14 biogeochemical maps (based on geochemistry 
of aquatic plants from earlier SGU campaigns) have been 
included in this project. 

The interpretation of the elemental maps and statistics has 
revealed several groups of factors influencing the observed 
spatial trends in the geochemical patterns with the most 
important being bedrock geology, the presence of ore deposits, 
the soil type and its properties, and climate zone controlled by 
the latitude and altitude.  

The results of this survey are freely available to the public 
(http://www.sgu.se/en/products/data/use-data-from-sgu/) and 
may be used for university education, mineral exploration, 
environmental monitoring, in forensic studies and 
epidemiology as well as for policy making and spatial planning 
by local authorities. The geochemistry of till in northern 
European countries is an excellent proxy for groundwater 
quality assessments and risk evaluations. To allow broad use of 
the Atlas both on the national and international level, Swedish 
and English languages have been used simultaneously 
throughout the book. 
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In spite of the simple composition of calcite, CaCO3, its 

growth rate over a range of supersaturation levels and Ca/CO3 
ratios cannot accurately be simulated with existing models. If 
mineral growth could be described at the molecular level, it 
would help the interpretation of biomineralization processes 
and aid in the design of mineral growth inhibitors. 

We made a microkinetic model for calcite growth, based 
on concepts from heterogeneous catalysis. First, we assumed 
that step growth occurs by addition of single ions or ion pairs 
and that kink nucleation is the rate limiting step. We obtained 
an excellent fit to our experimental data for low saturation 
index (SI) (Fig. 1, top). The parameters are easily interpreted 
in terms of ion free adsorption energies on the steps and 
dehydration free energy barrier. The results are consistent with 
complimentary density functional theory calculations.  

We then extended our model by assuming the presence of 
polynuclear clusters [1], which have recently been called 
prenucleation clusters or DOLLOPS, which join the surface in 
the same way as ion pairs. This addition reproduces the 
experimental data for higher SI (Fig. 1, bottom). Our results 
imply that polynuclear clusters contribute to regular calcite 
growth, through kink nucleation on steps. 

Figure 1. Experimental growth rates for calcite acute steps 
(y axis, data points) and the best model fit (lines) at various SI 
and log r (log(Ca/CO3 ratios)) (x axis). 

 
[1] Sillen, L. G. Acta Chem. Scand. 8, 299-317, 
doi:10.3891/acta.chem.scand.08-0299 (1954).  
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Aromatic biomarker analysis is performed in sediments 
from the Goguel (OAE1a), Jacob, Kilian, Paquier (OAE1b), 
Breistroffer (OAE1d) and Thomel (OAE2) levels in the 
Vocontian Basin, SE France. C21 Aryl isoprenoids are 
abundantly detected in sediments from the Jacob, Kilian and 
Paquier levels. Moreover, long chain aryl isoprenoids such as 
1-(6,10-dimethylundecan-2-yl)-4-methyl-2-(3, 7, 11, 15-
tetramethyl-hexadecyl)-benzene (DMTB) are particularly 
identified from the Paquier sediments. Adam et al. (2006) [1] 
reported that the DMTB was likely to be formed by 
degradation of lycopene skeleton from freshwater microalgae 
Botryococcus braunii race L. The DMTB was presumably 
experienced cyclisation and aromatization after cleavage from 
tail-tail linked isoprenoids such as lycopenes cross-linking 
within geomacromolecule. The long chain aryl isoprenoids 
including C21 are presumably originated from DMTB. Kuypers 
et al. (2002) [2] and Okano et al. (2008) [3] suggested that 
marine ecosystem in the OAE1b was characterized by archaea-
dominant production from higher abandance of aliphatic 
isoprenoid hydrocarbons (PMI, TMI and ETMI). Also, the tail-
tail linked aryl isoprenoids including C21 can be formed from 
the PMI-like isoprenoid skeletons within geomacromolecule. 
We point out two possible origins of the PMI (TMI and ETMI) 
in the Kilian and Paquier samples; 1) archaeal lipids, and/or 2) 
fragments from lycopene skeletons within geomacromolecule. 
Carbon isotope ratios of PMI are higher in black shale layers 
of the Paquier level. This result may be attributed to high 
production of PMI-producing algae with blooming rather than 
archaeal production.  
 
[1] Adam et al., 2006, Organic Geochemistry 37, 584-596. [2] 
Kuypers et al., 2002, Palaeo3 185, 211-234. [3] Okano et al., 
2008, Organic Geochemistry 39, 1088-1091. 
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Our knowledge on the Earth's deep interior remains limited 
by a poorly contrained temperature profile. Significant 
temperature uncertainties disable a precise refinement of the 
lower mantle mineralogy based on the seimic profiles. It also 
raises questions about the nature of the seimic anomalies in the 
D"-layer and its potential control on the mantle dynamics. 

In the upper mantle, the seismic discontinuities provide 
precise anchor points for the temperature (i.e. [1]). Then, an 
adiabatic temperature gradient is classically extrapolated from 
these anchor points into the lower mantle. Accordingly, the 
temperature accuracy decreases with depth. Major 
uncertainties arise in the lowermost mantle. The bridgmanite 
(Bg) to post-Bg transition has been tentatively used to contrain 
the temperature profile above the core-mantle boundary 
(CMB) [2]. However, it does not solve adequatly all seismic 
features, in part due to the complex crystal chemistry of the 
(Al,Fe)-bearing Bg [3] [4].  

In this presentation, we will use recent reports on the 
melting behavior of different silicates [5] [6], pure Fe [7] and 
Fe-alloys [8] to refine the temperature at the CMB. Based (i) 
on the seismic features pointing out partial melting in the D"-
layer and (ii) using an appropriate mixture of light elements for 
the Fe-alloy in the outer core, we will show that all arguments 
converge to a CMB temperature of 4000+/-300 K. It yields a 
temperature change of ~1300 K in the D"-layer. 
 
[1] Katsura et al. PEPI 183, 212-218 (2010). [2] Hernlund et 
al. Nature 434, 882-886 (2005). [3] Andrault et al. EPSL 293, 
90-96 (2010). [4] Catalli et al. Nature 462, 782-785 (2009). [5] 
Andrault et al. Science 344, 892-895 (2014). [6] Nomura et al. 
Science 343, 522-525 (2014). [7] Anzellini et al. Science 340, 
464-466 (2013). [8] Morard et al. CRAS-Geoscience 346, 130-
139 (2014). 
 

80



 Goldschmidt2015 Abstracts  

 81 

Composition, evolution and sources of 
magmas of Changbaishan Tianchi 

volcano (China-North Korea) 
O. A. ANDREEVA1*, I. A. ANDREEVA1 AND  

V. V. YARMOLYUK1 
1IGEM RAS, Staromonetny, 35, 119017, Moscow, Russia 

(*correspondence: oandreeva@igem.ru), 
(andreeva@igem.ru, yarm@igem.ru)  

 
Based on original geochemical data on the rocks of 

Changbaishan Tianchi volcano, China-North Korea, and 
results obtained by studying melt and fluid inclusions, we 
present characterization of the composition of the parental 
magmas that participated in the formation of Changbaishan 
Tianchi volcano and estimate the differentiation of the 
magmas. 

It was determined that the lavas composing the shield 
platform of Changbaishan Tianchi volcano are weakly 
differentiated basic rocks whose geochemical characteristics 
are generally similar. All the alkaline salic rocks composing 
the cone of the volcano are characterized by conformable 
normalized trace element patterns. The concentrations of rare 
earth elements in these rocks are high and amount up to 1000 
ppm. The character of the distribution of trace elements in the 
basic rocks of Changbaishan Tianchi volcano is close to that in 
the OIB–type basalts. Within the series from basalts to 
pantellerites, the rocks are enriched in REE and Zr, but 
depleted in Ba, Sr, and Eu. 

According to our geochemical data, it was shown that the 
rock series of Changbaishan Tianchi volcano, varying from 
basalts to trachytes and pantellerites, comprises compositions 
geochemically interrelated by the processes of crystal 
fractionation. The parental magma for the rocks of the volcano 
was derived from plume sources of the same type as those of 
OIB and sources of the Late Cenozoic intraplate province of 
East Asia. 

Study of melt and fluid inclusions in minerals from 
trachytes of the volcano indicated that intermediate 
evolutionary episode of the magmatic system corresponded to 
profoundly differentiated alkaline melts significantly enriched 
in Hf, Nb, Zr, Ta, Th, Rb, Y and REE. These melts evolved in 
the temperature range of 1020-1060°C. The concentrations of 
H2O, F and Cl there amounted 0.1-0.5 wt. %, 0.2-0.5 wt. %, 
and 0.2-0.3 wt. % respectively. Crystallization of melts was 
accompanied by the degassing process in response to an 
external pressure decrease.  

Changbaishan Tianchi volcano thus represents a natural 
model of an ore-magmatic system in which the evolution of 
melts led to the accumulation of concentrations of trace 
elements sufficient to produce ores during the magmatic 
process. 
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We are developing molecular mechanics force fields based 

on a new way of conceptualizing molecular geometries—using 
a multipole expansion of the bond valence incident to each 
atom.  Along with accompanying energy cost functions, this 
description is mathematically compact, easily incorporates 
multi-body interactions, and is capable of addressing reactions 
involving coordination number changes.  

One of our main objectives is to use such force fields to 
simulate mineral-water interfacial chemistry, so it is important 
to test how well such a force field could be made to work on 
the aqueous phase.  Therefore, we are testing a force field for 
the H-O system on liquid water, using molecular dynamics 
(MD) simulations.   

Specifically, we are modifying the  LAMMPS (Large-scale 
Atomic/Molecular Massively Parallel Simulator) software 
package to handle the new force fields.  Next, we will run MD 
simulations to see if the model can successfully predict the 
structure, dynamics, and thermochemistry of water.  If it is 
successful, the model will use many fewer adjustable 
parameters than existing reactive force fields for water. 
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Water plays a major role in virtually all critical zone 
processes, including climate change, continental weathering, 
and the sustainability of life. The distribution of water on Earth 
and the movement of water between near-surface (exosphere) 
reservoirs have varied during the past 600 Ma in response to 
changing physical, chemical and biological conditions. For 
example, the amount of water in the continental biosphere has 
increased from essentially zero at the beginning of the 
Phanerozoic to ~3.2x1015 kg [1]. Previous workers have 
investigated variations in individual hydrologic reservoirs and 
processes over relatively short time scales (ka-Ma), but none 
have linked those investigations to variations in the whole-
Earth hydrologic cycle. 

We describe a numerical model to assess variations in the 
hydrologic cycle over the past 600 Ma. This model describes 
the amount of H2O in the exospheric water reservoirs 
(atmosphere, biosphere, glacial and polar ice, surface water, 
groundwater, and oceans) and the fluxes of H2O between them 
[1]. Starting from modern values, we examine how the amount 
of H2O in a given reservoir or a flux of H2O between any two 
reservoirs varies with respect to some environmental change, 
e.g., global average temperature, or polar ice surface area. For 
example, the growth in continental biomass during the 
Phanerozoic has led to an ~18% decrease in the flux of water 
between the continents and the oceans via runoff (see Figure), 
and also has led to an ~1.7% decrease in the flux of water 
between the oceans and atmosphere. Thus, the growth of the 
continental biosphere has had a relatively small impact on the 
overall water cycle. 
 
 
 
 
 
 
 
 
 
 
 
[1] Bodnar et al. (2013). Geol. Soc. Am. Sp. Paper 500. 
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Chemostratigraphy of the Jacadiogo group BIF was more 

complex than previously recognized. The BIF precipitated in a 
redox-stratified seawater basin influenced by upwelling 
hydrothermal fluids from deeper parts and continental solutes 
from melting glaciers and rivers. The various BIF facies (lower 
and upper dolomite-rich and intermediate chert-rich, with 
intercalated diamictites) were formed in response to sea level 
and redoxcline changes, and multiple fluid sources, all induced 
by the juxtaposing glacial advance/retraction cycle and glacial 
isostatic adjustment. The carbonate-rich BIF facies (~30-45 
wt% Fe) show strong negative Ce-anomalies, hence the 
precipitation from oxygenated waters. Abundant microbial 
activity (fractionated δ 57Fe <0 in hematite) accommodated 
CO2 sequestration in Ca-Mg-Fe-Mn-carbonate as spheroids 
and layers (mats). The chert-rich BIF facies (~35-55 wt% Fe) 
was less diluted with terrigenous water and recorded better the 
signatures of anoxic hydrothermal (sub-) seafloor alteration of 
mafic and felsic crust fertilizing the seawater with Fe, Si, trace 
metals (Ni, Pb, U, Zn, Co, with increased Zn/Co). This BIF 
shows no or weak Ce anomalies, thus deposition was at or 
below the redoxcline, and oxidizing microbial activity was 
limited (δ 57Fe ~0). The prominent middle diamictite and 
associated layers of hematite cherts were sedimented in mostly 
anoxic (probably deepest) water coinciding with the maximum 
of glacial advance and/or transgression by glacial isostatic 
adjustment. Active graben tectonics may have caused episodic 
gravity flows with diamictite sedimentation. The tectonic 
setting may have been a continental back arc basin of the 
Brasiliano collision (~590 Ma), suggesting the Jacadigo group 
to be associated with the suite of Ediacarian glaciations.  
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We herein present two field examples documenting fluid 

flow along the subduction interface during high pressure 
metamorphism associated with the subduction of the Tethyan 
seafloor during Eocene times. Both localities, now exposed in 
Western Alps (Dent Blanche massif and Monviso ophiolite), 
exhibit exhumed subduction interface segments of ca. 35km 
and ca. 75km depth, respectively. In the Dent Blanche region, 
petrological and geochemical evidence points to the infiltration 
of a sediment-derived fluid along interface-parallel fluid 
pathways, only few meters within the subduction interface 
hanging wall. The Monviso case represents an almost 
continuous fragment of eclogitized upper oceanic lithosphere. 
Fragments of mylonitic mafic eclogites were dragged along 
eclogite-facies shear zones and disseminated within 
serpentinite schists where they grew metasomatic rinds formed 
during lawsonite-eclogite facies metamorphism. Chemical and 
isotopic arguments point to a massive, fluid-mediated element 
transfer along with deformation, possibly originating from 
deeper antigorite breakdown fluids.  

These two field examples, which exhibit striking depth-
independent similarities in terms of fluid transport properties, 
constitute precious natural analogues to understand how 
volatiles are moving and redistributed in the subduction 
factory. 
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The storage of soil organic matter (SOM) in forest soils is 

thought to be mainly driven by rhizodeposition. Root-derived 
particulate organic matter (POM) is commonly excluded from 
the analyses of rhizodeposits. Additionally, the organic carbon 
(OC) contents and the chemical composition of root-derived 
POM and other functional soil fractions in rhizosphere soil 
have not been directly elucidated and quantified. 

In our study we investigated SOM fractions of rhizosphere 
soil regarding their carbon contents and chemical composition 
and compared the results with SOM fractions of non-
rhizosphere soil. 

The soil samples, taken in a Podzolic Cambisol under 
European beech, were subjected to a combined density and 
particle size fractionation. Besides carbon and nitrogen 
contents, we determined the chemical composition of bulk soil 
and soil fractions using solid state nuclear magnetic resonance 
spectrometry. 

Bulk rhizosphere soil had twice as high OC contents, 
higher OC contents in the clay fractions and a six times higher 
abundance of POM compared to non-rhizosphere soil. 
Notably, rhizosphere POM was drastically less processed than 
the POM from non-rhizosphere soil. This altogether points 
towards a high and frequent supply of the rhizosphere-soil with 
POM. 

Until now, root exudates have been considered to be the 
largest and most important contributor of OC inputs to soils 
from roots. Our results suggest that root derived POM also 
contributes considerable amounts of OC to the soil C pool. 
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As a northern extremity of the Indochina block, the middle 
Paleoproterozoic Deo Khe granites (DKG) in the Phan Si Pan 
zone (PSPZ) of northern Vietnam is one of the oldest basement 
in the Indochina block. A suite of petrographic investigation, 
zircon U-Pb geochronology, and Hf-isotopic analysis were 
carried out. In particular, U-Pb zircon ages and Hf isotope data 
of middle Paleoproterozoic age in Vietnam is unprecedented, 
providing valuable first order constraint on the tectonic 
evolution of the Indochina block. Analysis of trace elements 
indicates that the DKG is enriched in large ion lithophile 
elements but is depleted in high field strength elements. It is 
likely that the DKG is a product of recycled Archean crustal 
rocks, possibly linked with the transition in tectonic setting 
from syn-collisional metamorphism to post-collisional 
magmatism during the assembly of Columbia supercontinent. 
Magmatic crystallization of DKG and emplacement of 
tonalite-trondhjemite-granodiorite (TTG) gneiss within the 
Phan Si Pan zone provide clues to the issue that the Yangtze 
block and the northern Indochina block might share a similar 
orogenic evolution path. 
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Shelf seas, such as the Celtic Sea, are shallow, highly 

productive and rich in macro- and micro-nutrients. Further, 
shelf sea sediments can act as a source of trace metals to the 
overlying water column and, via advection, to the open ocean. 
This is an important mechanism delivering essential 
micronutrients such as iron (Fe) to low-Fe open ocean waters. 
However, the magnitude of this Fe source remains poorly 
constrained. 

Along with micronutrients, sediments also release radium 
(Ra), produced from the radioactive decay of thorium. Radium 
occurs naturally as four isotopes with half-lives spanning a 
range of scales from days to years, and can be used to evaluate 
the extent and rate of advection of waters influenced by 
interaction with sediments. We present short-lived Ra isotope 
activities measured in waters above the Celtic Sea shelf and in 
off-shelf transects to deep (2500 m) water to investigate the 
fate of this sedimentary Ra signal. 

Both short-lived isotopes display higher activities toward 
the sediment-water interface at multiple shelf locations. In 
addition, excess 224Ra revealed three distinct plumes of Ra 
enrichment extending into the Atlantic at depths of ~400, 800 
and 1600 m. The shallowest of these plumes extends over 40 
km away from the shelf, and suggests a time scale of 1-2 
weeks since contact with the sediment at the shelf break. The 
data show a clear signal of shelf sediment input advected 
towards the open ocean, tracing a pathway for Fe and other 
trace metals into intermediate Atlantic waters. 
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The microstructure and evolution of pore space is an 
important factor controlling fluid flow in geological 
formations. The size, distribution, and connectivity of these 
confined geometries dictate how fluids migrate into and 
through these environments, wet and react with the surfaces. 
These properties are, in turn, modified by changes in the 
geological and geochemical conditions to which the rock is 
exposed. In order to interpret the history of any geological 
system, the “fingerprints” of this evolution must be explored 
over widely different length scales. 

We have experimentally investigated the multiscale effects 
of dissolution on carbonates as a function of fluid reactivity 
and flow. The nature of dissolution depends on the values of 
the Péclet and Damköhler numbers. Variations in these 
parameters lead to either diffuse or compact reaction fronts, or 
“wormholing”. Experiments were performed on slit-fractured 
and unfractured Indiana limestone and Carthage Marble with 
initial permeabilities ~ 70 and 2E-06 mD respectively. HCl 
solutions, initial pH 2 and 4, were flowed through 1.5” OD x 
6” long cores at 0.1 and 10 cc/min. For the solid cores neutron 
CT images documented the flow regime. Cores were then 
sectioned at several positions perpendicular to flow. The pore 
structures of each section were analyzed using (ultra) small 
angle neutron and X-ray scattering and imaging techniques. 
Significant differences were observed in the pore structure of 
the rock as a function of dissolution type. 
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Acid mine drainage (AMD) constitutes a serious 

environmental problem in mining areas due to acidification 
and to the release of toxic metals to soils and aquatic systems. 
Many of the pollutants that occur in AMD display a high 
affinity for the amorphous iron oxides that are typically present 
in the environmental settings affected by AMD. This binding 
affinity reduces the mobility of trace metals and metalloids, 
such as copper and arsenic, thus helping to mitigate 
contamination of aquatic systems.  

Weathering of the iron sulphide minerals present in mining 
areas produces large amounts of secondary iron precipitates. 
The nature and composition of the secondary iron precipitates 
occurring in AMD systems is mainly determined by the 
concentration of sulphate ions and the pH of the aqueous 
phase. Acidic pH values, together with the presence of high 
amounts of sulphate, will favour the formation of 
schwertmannite which is a metastable iron oxide that will be 
transformed within weeks or months to goethite under oxic 
conditions. 

In the present study, water samples and iron-rich bed 
sediments were collected in areas affected by copper mining 
activities. The iron precipitates collected at the sites affected 
by AMD occurred as mixtures of varying proportions of 
schwertmannite-, goethite-, and ferrihydrite-like particles. The 
dominant mineralogy of the precipitates changed through the 
sampling sites due to the differences in the water chemistry 
and the overall AMD affection. The stability and reactivity of 
the iron precipitates was established in the presence of arsenate 
and copper to determine their ability to reduce the 
concentration of these ions in solution and how these 
properties affect the cycling of trace elements.  
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The mining and processing of gold and silver in the 

Mojave Desert has generated large quantities of exposed mine 
wastes containing elevated levels of arsenic (As), a known 
carcinogen. Currently, regulatory agencies primarily rely on 
bulk As concentrations to determine potential human exposure, 
even though concentration can vary dramatically, and often 
inversely, as a function of particle size.  

To determine their potential for human exposure and the 
effects of physicochemical characteristics on As 
bioaccessibility, processed mine tailings and unprocessed 
waste rock from five mines were analysed for initial 
concentration, particle size, and surface area. Size-separated 
samples were then exposed to simulated gastric fluid (SGF) 
and water leach extractions.   

Expressing bioaccessibility as percent As released 
displayed a positive correlation with surface area (R2 = 0.47-
0.85), but when expressing bioaccessibility as total released As 
concentrations only initial concentration had a strong 
correlation (R2 = 0.19-0.94). In both analyses, measured 
variables could not fully explain the observed differences in 
bioaccessibility, but waste rock and mine tailings samples 
exhibited fundamentally different bioaccessibility trends.   

Extended X-Ray absorption fine structure (EXAFS) 
spectroscopy analysis of samples before and after SGF 
extraction was applied to determine mass changes in As 
species post-extraction and assess how speciation in individual 
samples may account for additional variations in 
bioaccessibility. 
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Salt marshes are highly productive coastal wetlands that 

serve a critical role in carbon sequestration and nutrient 
trapping. In contrast to marine sediments that accumulate 
slowly over many thousands or millions of years, salt marshes 
are highly dynamic transitional environments between the 
terrestrial and the marine realms. Because salt marshes are 
flushed daily or monthly with seawater (with high 
concentrations of sulfate), our understanding is that the 
oxidation of organic carbon in salt marsh sediments is 
dominated by microbial sulfate reduction, similar to deeper 
marine sediments. These high sulfate concentrations either 
inhibit methanogenesis or anaerobically oxidize any methane 
produced; thus salt marshes are not currently a large source of 
methane to the atmosphere, unlike terrestrial wetlands.  

We present pore fluid geochemical results from salt marsh 
sediments in eastern England. The subsurface geochemistry 
can be divided into two types; ferruginous-sediments with very 
high ferrous iron concentrations (up to 2.5mM) and sulfidic-
sediments with high dissolved sulfide concentration (up to 
8mM) and methane.  These two types of sediment are found as 
close as a few meters apart and are remarkably different in 
both geochemistry and sediment type and texture. We suggest 
that spatial variation in the ferrous-iron-rich saline 
groundwater creates two geochemically distinguishable 
sediments within the salt marsh. Where this saline water body 
is close to the surface, the supply of ferrous iron allows 
bioturbation by scavenging sulfide that would otherwise be 
toxic. This bioturbation enhances bioirrigation through which 
oxygen is supplied from the overlying oxygenated water 
mixing with iron from the saline water body below. In the 
aftermath of the bioturbation, the sediment becomes organic-
matter poor but sulfate- and iron-oxide rich.  In contrast, in 
locations where the ferrous iron is depleted, the sediment 
becomes toxic with excess dissolved sulfide and bioturbation is 
prevented. The end result in this case is sediment that is 
methane and sulfide rich and iron and sulfate poor.   
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Recent studies have demonstrated that measurable 

equilibrium and non-equilibrium (kinetic) Ca isotope 
fractionation can occur at high temperatures in magmatic 
systems. Ca isotope differences between orthopyroxene and 
clinopyroxene in mantle xenoliths (Δ44Ca of +0.3 to +0.7‰) 
[1] are attributed to equilibrium fractionation and modeled 
with DFT [2]. Higher δ44Ca is predicted for mineral sites with 
lower coordination and shorter Ca-O bond lengths.  

Kinetic isotope effects may also occur at the mineral 
surface or during diffusion in magma [3, 4, 5]. As up to 2% 
diffusive fractionation of 44Ca/40Ca can occur in silicate liquids 
[3], substantial Ca isotope effects are possible for high-Ca 
minerals if crystal growth rate (R) is fast relative to diffusion 
(R/D > 1 cm-1) [5].  

We report δ44Ca for phenocrysts with variable Ca partition 
coefficients (K) (plagioclase, clinopyroxene, hornblende and 
olivine), and groundmass in six basaltic to rhyodacitic samples. 
Minerals with K >> 1 are expected to have negative kinetic 
isotope effects due to diffusion; those with K << 1 could show 
small positive effects. All phenocrysts measured thus far have 
δ44Ca within +0.3 and -0.1‰ of groundmass. Plagioclase (K = 
2 to 5) has Δ44Ca ≈ 0 to -0.1‰ relative to groundmass in both 
basalt and rhyodacite, suggesting growth rates of about 0.05 - 
0.5 cm/yr. Cpx phenocrysts (K ≈ 2 to 4) are isotopically heavy 
(Δ44Ca = +0.3‰) which indicates equilibrium Δ44Ca probably 
≥ +0.4‰.  Olivine (K ≈ 0.03) shows small positive Δ44Ca 
values of ~0.1‰, consistent with near-zero equilibrum Δ44Ca. 
Hornblende in rhyodacite (K ≈ 3) has Δ44Ca of  +0.2‰, also 
suggesting positive equilibrium Δ44Ca. Our results suggest that 
Ca isotopes, especially if combined with trace element 
analyses, will allow for delineation of equilibrium and kinetic 
effects and the estimation of crystal growth rates in a variety of 
settings. 

 
[1] Huang et al. (2010) EPSL 292, 337-344. [2] Feng et al. 
(2014) GCA 143, 132-142. [3] Watkins et al., GCA 75, 3103-
3118. (2011) [4] Richter et al. (2009) GCA 73, 4250-4263. [5] 
Watson & Muller (2009) Chem.Geo. 267, 111-124. 
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Computational thermodynamics (CT) underlies many 
models used to interrogate equilibria in the deep Earth. Ideally, 
users should be able to create custom CT models within an 
internally consistent framework [1]. In the shorter term, 
development of ‘base’ models, like xMELTS [2], needs a 
flexible calibration scheme that accommodates new data as 
they become available, automatically assesses measurement 
quality, and handles interlaboratory calibration differences. In 
[3] we used a Bayesian approach to develop a molar volume 
model for (Ca,Fe,Mg,Mn)3(Al,Cr,Fe3+)2Si3O12 cubic garnets. 
Here we add three majorite-related end members, and extend 
the calibration scheme to use robust fitting. 

The volume model calibration is broken into two main 
stages: (1) estimation of end-member thermodynamic 
properties from volumes, heat capacities, ultrasonic sound 
speeds, ab initio equations of state and/or cation size 
systematics; (2) fitting of standard state volumes (Vo) and 
excess volume parameters (Wij) to binary and mixed 
composition volume data. Observational uncertainties are 
determined empirically using intrinsic scatter in the data, 
which removes dependence on reported uncertainties (and 
provides preliminary estimates for the Vo and Wij), or data 
weights are adjusted based on factors like starting material 
type and compositional analysis method. The fitting cost 
function incorporates weighted model residuals, allowance for 
outliers, and model parameter priors. Uncertainties and 
correlations are propagated through each calibration step.  

Best-fit Wij are generally small and similar to published 
values. A few of the Wij are large and positive, but well 
constrained. The model compares well with an earlier version 
obtained by singular value analysis and manual filtering of the 
data ([4] and unpubl. work). The new scheme reduces the 
overhead for creating physically reasonable solution models 
from mixed data sources, provides realistic model uncertainty 
estimates, and allows for rapid assimilation of new data or 
constraints, including experimental phase equilibria. 
 
[1] Ghiorso (2014), V21C-02, AGU FM14 [2] Ghiorso et al. 
(2007), V31C-0608, AGU FM07 [3] Antoshechkina et al. 
(2013), V13A-2584, AGU FM13. [4] Hamecher et al. (2012),  
V53A-2795, AGU FM12 
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The Atlantic Meridonial Overturning Circulation (AMOC) 
is a major component of the earth`s climate system and affects 
the heat distribution and carbon cycle at higher latitudes. 
Therefore, it is important to understand the underlying 
processes that change its strength and structure. This study 
focusses on how excessive freshwater input through abrupt 
melting of continental ice sheets may affect its overturning 
vigor. This can be tested by investigating its behavior during 
extreme iceberg discharge events into the open North Atlantic, 
the so called Heinrich-Events [H. Heinrich 1988; S. R 
Hemming 2004]. 

Sedimentary 231Pa/230Th has been increasingly used as a 
kinematic circulation proxy in the Atlantic Ocean over the past 
decade [McManus et al. 2004; Bradtmiller et al. 2014; Boehm 
et al. 2015]. In general, a 231Pa/230Th signal close to the 
production ratio of 0.093 points to a weakened or suppressed 
AMOC, while ratios below indicate export of 231Pa out of the 
Atlantic and hence an active AMOC. 

Here we present a compilation of  231Pa/230Th measurement 
results from numerous sediment cores across Heinrich Stadials 
1 and 2 (approx. 17 ka BP and 24 ka BP respectively). 

Since 231Pa has a pronounced affinity to biogenic opal, 
231Pa/230Th ratios above the production ratio may indicate the 
influence of particle flux composition. Therefore our data set is 
accompanied by measurements of biogenic opal 
concentrations. 

Preliminary qualitative results from the new data set point 
to a different  AMOC strength during Heinrich Stadial 1 and 2. 
The impact of iceberg discharges on the North Atlantic deep-
water formation appears stronger during Heinrich-Stadial 1 
compared to Heinrich-Stadial 2.  
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Inclusions in diamonds may provide direct samples from 

the otherwise inaccessible Earth’s lower mantle, as was first 
suggested almost thirty years ago. Nevertheless, it is only in 
the last two decades that diamonds of a deeper origin have 
been identified as minor components from a number of 
kimberlitic and alluvial diamond deposits worldwide [1, and 
references therein]. These so-called super-deep diamonds may 
originate between 300 and 800 km depth and thus provide 
important natural evidence on phases and phase compositions 
that allow unique insights into the processes and states in the 
extreme depths of our planet. They mainly contain 
ferropericlase, enstatite (believed to be derived from MgSi-
perovskite) and CaSiO3-walstromite (believed to be derived 
from CaSiO3-perovskite). 

In order to obtain some information on their depth of 
origin, two alluvial diamonds coming from São Luiz (Juina, 
Brazil) were investigated both by in-situ microRaman 
spectroscopy and in-situ single-crystal X-ray diffraction. In 
total we analyzed more than sixty inclusions and we found 
evidence of CaSiO3-walstromite, larnite, CaSi2O5-titanite, 
perovskite, orthoenstatite, siderite, phase EGG and probably 
ferropericlase; other phases are present but they still need to be 
identified. In particular, at least one inclusion showed the 
coexistence of CaSiO3-walstromite, larnite and CaSi2O5-
titanite, indicating that CaSiO3-walstromite can effectively 
form in sublithospheric conditions from the back 
transformation of larnite + CaSi2O5-titanite. Our preliminary 
thermodynamic calculations, however, suggested us that single 
inclusions of CaSiO3-walstromite cannot derive from CaSiO3-
perovskite. This is due to the high volume change from the 
high-pressure to the low-pressure polymorph, that would 
require ~30% of expansion in the host. Further analyses are in 
progress in order to determine the unit-cell of ferropericlase 
and phase EGG. 

 
[1] Kaminsky (2008) Earth Sc Rev 110, 127-147. 
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Microbial sulfate reduction (MSR) is one of the most 

ubiquitous metabolisms on Earth [Canfield, 1998]. Aoyama et 
al. (2014) showed MSR takes place not only in quiescent 
seafloor (i.e. non-hydrothermal), but also in active 
hydrothermal system. On the other hand, the oldest evidence of 
MSR has been reported from ca. 3.5 Ga Dresser Formation, 
Western Australia by using quadruple sulfur isotopes of sulfate 
and sulfide minerals related to hydrothermal environment 
[Ueno et al., 2008]. The activity of MSR below seafloor is, 
however, still poorly understood. Here, we report 
quadruple sulfur isotopic compositions of small pyrite grains 
(<40 µg) within seafloor basalts by using newly developed 
micro-fluorination technique. The observed variations within 
each hand specimen have positive correlations between the 
δ34S and Δ33S and negative correlations between the δ34S and 
Δ36S. Sulfides within adjacent viens penetrating into the basalts 
show distinctive isotopic compositions and thus cannot be an 
end-member mixing component of the pyrites in the basalts. 
Based on the Δ36S/ Δ33S ratio and large δ34S variations within 
small volume rocks (~10‰) suggest MSR took place in 
Archean hydrothermal systems. 
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Widespread occurrences of sphalerite±calcite±dolomite± 

galena mineral assemblages in Paleozoic carbonate rocks in the 
U.S. mid-continent record the passage of saline hydrothermal 
fluids with temperatures typically between 80-150° C.  Most of 
these occurrences consist of no more than traces of 
mineralization.  However, in a few occurrences, mineralization 
has accumulated into great ore bodies that have defined the 
Mississippi Valley-type (MVT) deposit class.  What factors 
govern the growth of large MVT ore deposits?  Recent 
research has sought to answer this question by studying the 
composition of ore fluids trapped as fluid inclusions in major 
MVT ore districts like the Southeast Missouri, Tri-State, 
Northern Arkansas, Central Missouri, and Illinois-Kentucky 
districts.  This research has shown that the ore fluids most 
likely were sedimentary basinal brines that were highly 
dolomitizing, chemically reducing, and rich in methane, but 
compared to typical sedimentary brines were enriched in 
potassium and possibly lead.  Current research on trace 
occurrences of MVT mineralization shows systematic 
differences in the compositions of fluids that formed trace 
mineralization and those that formed ore-grade mineralization.  
Compared to fluid inclusions in MVT ore deposits, fluid 
inclusions in trace MVT mineralization tend to have slightly 
lower homogenization temperatures, salinities, and potassium 
concentrations, but higher magnesium concentrations.  Fluid 
inclusions in trace MVT mineralization do not contain 
detectable methane whereas fluid inclusions in MVT ore 
deposits contain hundreds of parts per million (ppm) methane.  
As for MVT ore deposits, some fluid inclusions in trace MVT 
mineralization contain high apparent lead concentrations on 
the order of hundreds to thousands of ppm.  Lead isotope 
compositions of trace MVT occurrences are significantly less 
radiogenic than those of MVT ore deposits.  The results of the 
present study suggest that the fluids that formed trace MVT 
mineralization in the U.S. mid-continent were compositionally 
distinct from the fluids that formed MVT ore deposits and 
acquired less of their lead from the Precambrian basement.      
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The Philippines is one of the world’s largest sources of 

nickel from laterites. Ultramafic rocks in tropical areas 
typically comprise heavily serpentinized peridotites and 
pyroxenites overlain by Ni-rich laterites. How the topmost 
iron-rich laterite and the relatively Ni-rich saprolite 
intermediate horizon develops with time is modelled using 
reactive transport module in Geochemist’s WorkBench. A 
hypothetical 5m-thick lherzolite with predefined properties 
(i.e. porosity, dispersivity) was reacted with a) ultramafic-
draining river water and b) hyperalkaline groundwater in a trial 
span of 130 years. Chrysotile, talc, clinochlore, hematite, 
goethite, magnetite, tremolite and quartz were allowed to 
precipitate in the system. The modeling broadly replicates the 
typical zonation within a laterite profile consisting of an 
uppermost limonite layer rich in Fe-hydroxides and 
oxyhydroxides and a middle saprolite layer rich in hydrated 
Mg silicates represented here by talc. The temporal downward 
migration of talc results in the thickening of the limonite layer 
and the enrichment of Nickel in garnierites. Serpentine and 
chlorite remained undersaturated, implying that the abundance 
of these minerals is not due to weathering but probably to 
emplacement history. 

99

mailto:%7bkarminaaquino@gmail.com
mailto:emmanuelcodillo@gmail.com


 Goldschmidt2015 Abstracts  

 100 

Heterogeneity of the lithospheric 
mantle beneath the western part of 

the Pannonian Basin 
LÁSZLÓ ELŐD ARADI1*, KÁROLY HIDAS2,  

RITA KLÉBESZ3 AND CSABA SZABÓ1 
1Lithosphere Fluid Research Lab, Eötvös University, Hungary 

(*correspondence: aradi.laszloelod@gmail.com, 
cszabo@elte.hu) 

2Géosciences Montpellier, CNRS & Université Montpellier, 
France (karoly.hidas@gmail.com) 

3MTA CSFK Geodetic and Geophysical Institute, Hungary 
(klebesz.rita@csfk.mta.hu) 

 
Alkali basaltic volcanism occurred across the Carpathian-

Pannonian Region (CPR) during Plio-Pleistocene times, 
resulting in five distinct volcanic fields, where upper mantle 
xenoliths can be found.  Although several lava and pyroclastic 
deposits contain xenoliths in the westernmost Styrian Basin 
Volcanic Field (SBVF; Eastern Austria and Slovenia) too, so 
far only a few volcanic centres have been studied in details 
from here.  This has led to the conclusion that the upper mantle 
beneath the region is composed of dominantly high 
temperature and texturally homogeneous spinel lherzolite.  In 
this study we present petrographic, crystal preferred orientation 
(CPO) and mineral chemistry data from 14 less-known 
localities across the SBVF. 

The studied xenoliths are predominantly lherzolite, but 
harzburgite and pyroxene-rich websterite lithologies also 
appear.  Amphibole is a common constituent phase that 
replaces pyroxenes and attests for modal metasomatism. 
Phlogopite is also present in one sample.  Besides, spinel often 
occurs with clino- and orthopyroxenes in rounded clusters that 
resemble former garnets.  The texture of the peridotites is 
usually coarse-grained and annealed with very low abundance 
of subgrain boundaries in both olivine and pyroxenes.  In a few 
xenoliths, however, spinels are elongated and mark the plane 
of the foliation.  Olivine mostly displays orthogonal CPO with 
[010]-axes in the pole of the foliation and [100]-axes 
subparallel to the lineation.  The CPO of pyroxenes is usually 
coherent with coeval deformation with olivine, but in the 
modal metasomatised peridotites the CPO of clinopyroxene 
and that of amphibole is postkinematic. 

Supported by geothermobarometric calculations, we 
conclude that the lithospheric mantle beneath the SBVF is not 
as homogeneous as it was thought previously.  The shallower 
part contains peridotites, where localized melt percolation 
postdates pervasive deformation and subsequent recovery of 
the mantle domain. 

100



 Goldschmidt2015 Abstracts  

 101 

Weathering of continent-scale 
volcanic ash deposit: Geochemical 

and climatic implications 
C. F. ARAGÓN-TOBAR1, Y. GODDÉRIS2, S. OPFERGELT1 

AND P. DELMELLE1 
1Earth & Life Institute, Université catholique Louvain, 

Belgium (*correspondance: carlos.aragon@uclouvain.be, 
sophie.opfergelt@uclouvain.be, 
pierre.delmelle@uclouvain.be)  

2 Géosicence Environnement Toulouse (GET), CNRS-
Université de Toulouse III, Observatoire Midi-Pyrénées, 
Toulouse, France (yves.godderis@get.obs-mip.fr) 

 
Continental weathering of silicate rocks is an essential 

component of global geochemical cycles. Previous studies 
have shown that weathering of basaltic rocks emplaced during 
Large Igneous Provinces events accounts for a significant 
portion of the total continental silicate weathering flux and 
atmospheric CO2 withdrawal. In contrast, little is known about 
the short- and long-term influence on weathering flux and CO2 
consumption of extensive continental ash deposits, blanketing 
areas of up to several millions of km2, which can be emplaced 
by Plinian volcanic supereruptions.  

Here we apply the geochemical box model WITCH [1] to 
simulate mineral dissolution/precipitation in a modern-day 
continent-sized ash deposit. The model results are then used to 
estimate the weathering fluxes and the comsumption of 
atmospheric CO2. Our case study is based on the modeled ash 
deposit from the 0.64 Ma eruptions of Yellowstone volcano, 
USA, covering much of North America. The temperature and 
drainage conditions required in the weathering calculations are 
derived from a glocal climate model. The simulations are run 
for one, 100 and 1000 years. The main findings of our original 
study will be presented.  

 
[1] Godderis, François, Probst, Schott, Moncoulon (2006), 
Geochimica et Cosmochimica Acta 70, 1128-1147.  
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Chromitites (aggregates of chromite or chromian spinel) 
inform us of various mantle processes, including magmatism, 
magma/peridotite reaction and mantle dynamics [1]. They 
typically form as magmatic cumulates from chromite-
oversaturated melt within conduits in the mantle peridotite [2]. 
They are usually enveloped by replacive dunite [1]. In Oman, 
both concordant and discordant chromitites are of low-P (upper 
mantle) magmatic origin [3] [4]. Their chromite grains contain 
inclusions of pargasite, aspidolite and pyroxenes, which 
suggest low P. Mineral chemistry suggests involvement of 
MORB for the concordant chromitite, and of arc-related 
magma for the discrodant one. This is consistent with the 
switch of tectonic setting, from MOR to SSZ, for the Oman 
ophiolite magmatism. Only the concordant chromitite shows 
metamorphic characters, i.e. exsolution of diopside in chromite 
and outward diffusion of Ni (< 30 cm)  in the dunite envelope 
[5], indicating its longer residence in the mantle.  

Ultra-high pressure (UHP) chromitites have been reported 
from the Tibetan and Polar Ural ophiolites [6] [7]. Most of 
their petrographic characteristics can be explained by UHP 
“metamorphism” of low-P magmatic chromitites above [8]. 
This may suggest recycling of low-P chromitite as deep as the 
transion-zone mantle [9]. The UHP chromitite is, however, still 
highly enigmatic: some characteristics, e.g., the amount and 
origin of carbon as diamond, are difficult to explain. 

High-T aqueous fluids containing Cl, S and C, can 
mobilize Cr and precipitate chromite in the mantle [10]. 
Chromite was dissolved and precipitated in/from high-T fluids 
which formed diopsidites in Oman. Chromite was concentrated 
to form thin “hydrothermal chromitite”. Sub-arc 
metasomatized peridotites contain secondary chromite closely 
associated with fluid inclusions, indicating Cr mobility via 
fluids within the mantle wedge. Hydrothermal chromitites are 
expected in the mantle where fluid circulation is avalable. 
 
[1] Arai & Yurimoto (1994) Econ Geol 89, 1279-1288. [2] 
Lago et al. (1982) J Petrol 23,103-125. [3] Ahmed & Arai 
(2002) Contr Min Petrol 143, 263-278. [4] Miura et al. (2012) 
J. Asian Earth Sci 59, 52-61. [5] Miura (2015) PhD thesis, 
Kanazawa Univ. [6] Yamamoto et al. (2009) Lithos 109, 314-
322. [7] Xu et al. (2015) Gondwana Res 27, 686-700. [8] Arai 
(2013) Earth Planet. Sci. Lett 379, 81-87. [9] Ishii et al. (2015) 
Am Min 100, 59-65. [10] Arai & Akizawa (2014) Am Min 99, 
28-34.  

 

102



 Goldschmidt2015 Abstracts  

 103 

Lithium isotopic behavior during 
water-rock interaction at high-

tempareture deduced from submarine 
hydrothermal systems 

DAISUKE ARAOKA1*, YOSHIRO NISHIO2,  
TOSHITAKA GAMO3, KYOKO YAMAOKA1 AND  

HODAKA KAWAHATA3 
1Geological Survey of Japan, National Institute of Advanced 

Industrial Science and Technology (AIST), Japan 
(*correspondence: d-araoka@aist.go.jp) 

2Research and Development Center for Submarine Resources, 
JAMSTEC, Japan 

3Atmosphere and Ocean Research Institute (AORI), The 
University of Tokyo, Japan 

 
The Li concentrations and its isotopic compositions (δ7Li) 

of submarine vent fluids are excepted to be a good tracer for 
investigating hydrothermal systems deep under the seafloor 
because of significant differences in Li concentrations and δ7Li 
values between seawater (0.026 mmol/kg and +31.0 ‰) and 
MORB (0.94 mmol/kg and +3.7 ‰). Although several 
geochemical studies on Li of vent fluids at MOR sites have 
been reported, there were no systematic data on δ7Li values in 
hydrothermal systems at arc and back-arc basins with various 
geological settings compared to MOR. Therefore, we 
determined Li concentrations and its isotopic compositions of 
11 end-member vent fluids from 5 arc/back-arc hydrothermal 
systems in the western Pacific to understand Li behavior 
during water-rock interaction at high-temperature and high-
pressure situations in different geological settings. 

In sediment-starved hydrothermal systems (e.g. Manus 
Basin, Izu-Bonin Arc, and Mariana Trough), based on the mass 
balance calculations, Li concentrations and δ7Li values of end-
member fluids were mainly dominated by seawater-rock 
interactions at high-temperature in an equilibrium state. There 
were small variations in Li due to host rocks, temperature-
related portioning of rock Li into fluid phase, and isotopic 
fractionation during incongruent formation and dissolution of 
secondary minerals. In phase-separated hydrothermal systems 
(e.g. North Fiji Basin), lower Li concentrations and similar 
δ7Li values of vapor-rich end-member fluids indicated that the 
phase separation process caused depletion of Li in vapor phase 
with no isotopic fractionation. In sediment-hosted 
hydrothermal systems (e.g. Okinawa Trough), significantly-
high Li concentrations and lower δ7Li values of end-member 
fluids were predominantly-derived from marine sediments. 
Moreover, our mass balance calculation indicated that Li in 
sediment-hosted hydrothermal fluids were determined by Li in 
marine sediments and the degree of fluid-sediment interaction. 
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The Sepetiba Bay is a coastal lagoon system located in Rio 
de Janeiro State (Brazil), which has been impacted by smelting 
and metallurgic plants over the last decades. This area is a 
perfect setting to study the trace metal cycling in estuaries 
under these impacts and to test the application of metal stable 
isotopes to identify metal sources and fates. Sediment cores, 
suspended particulate matter and rocks from the study area, 
and willemite ores samples (used for Zn refining) were 
collected for the determination of Zn isotopes by MC-ICP-MS. 
The results show a relatively wide range of isotope ratios 
(δ66/64Zn) for the natural samples from Sepetiba Bay, ranging 
from +0.21 to +1.15‰ relative to JMC-Lyon 
reference standard.  Sediments directly impacted by a 
large metallurgic tailing source showed heavier δ66/64Zn values 
(0.68 to 1.15‰). Willemite ores showed lighter compositions 
(-0.10 to 0.14‰), indicating high fractionation induced by 
industrial processes. Sediments collected close to the mouth of 
the major freshwater source and near the open sea showed 
lighter isotope signatures and lower Zn concentrations in 
deeper layers, with heavier isotope signatures and higher Zn 
concentrations in top layers. The δ66/64Zn values and Zn 
enrichment factor in relation to local background are highly 
correlated in four of five cores. A two end members mix model 
was used to estimate the relative contributions of the major 
anthropogenic Zn source. It was observed a decrease of 
electroplating waste contributions to Zn input in the last years. 
Zinc isotopic data provided support to (i) identify and quantify 
different sources and fates of Zn in the study area; (ii) 
reconstruct the temporal evolution of the anthropogenic Zn 
input and (iii) undestand the influence of hydrodynamics on 
anthropogenic Zn dispersion in the bay. 
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The Woranso-Mille area in the west-central Afar rift of 

Ethiopia contains numerous Pliocene volcanic emplacement 
units, including basalt flows, ignimbrites, fall-out tuffs, and 
reworked fossiliferous volcaniclastic horizons. We present 
whole rock major- and trace-element data including REE, and 
Sr-Nd-Pb isotope ratios from a suite of basalts to better 
characterize their geochemistry and mantle sources. Six basalt 
groups (I-VI) are distinguished in the Woranso-Mille area. 
40Ar/39Ar dating of the basalts and associated tuffs constrain 
the age of Group I to >3.78 Ma, Group II to between 3.57 and 
~3.8 Ma, Group III to >3.57 Ma, Group IV to between 3.4 and 
3.6 Ma, Group V to >3.4 Ma and Group VI to <3.4 Ma. Group 
I and V basalts show intermediate concentrations of elements 
such as Nb, Zr, Ba, Y, TiO2, P2O5 and K2O. Group II and VI 
and Group III and IV basalts have higher and lower 
concentrations, respectively. The geochemistry of Group I and 
V basalts is similar to E-type MORB whereas that of the 
Group II and VI basalts is akin to within-plate basalts. Group 
III and IV basalts have compositions most similar to N-type 
MORB. Chondrite-normalized REE patterns vary from 
relatively flat with (La/Lu)N of 1.6 in the NMORB-like Group 
III and IV basalts to LREE enriched with (La/Lu)N of 5.6 in the 
within-plate type Group II and VI basalts. Accordingly, the 
∑REE varies between 76-94 ppm for the Group I and V 
basalts, 136-172 ppm for the Group II and VI and 45-50 ppm 
for the Group III and IV. Initial 87Sr/86Sr ratios for the 
Woranso-Mille basalts vary from 0.70354 (Group I) to 0.70509 
(Group VI) and display a typical inverse relationship with 
143Nd/144Nd ratios that range from 0.512902 to 0.512793 for all 
but one outlier from Group III (0.70447 and 0.512677). Pb 
isotope ratios display limited ranges (e.g. 206Pb/204Pb = 18.36-
18.74; 206Pb/208Pb = 0.479-0.483) with subtle between group 
variations. The previously mentioned Nd isotope outlier also 
possesses a distinct 206Pb/208Pb ratio of 0.451. 

The Woranso-Mille basalt elemental and isotopic data 
support assertions that Pliocene basalt magmatism in west-
central Afar resulted from variable contributions from Afar 
plume, depleted mantle, and continental lithospheric sources. 
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Madagascar occupies an important location in the East 

African Orogen, which involves a collection of Neoproterozoic 
microcontinents and arc terranes lodged between older cratonic 
units during the final assembly of Gondwana. Prior to the 
discovery of the Stenian-Tonian (1035 - 982 Ma) Dabolava 
suite, magmatism of this period was not recognised in 
Madagascar. The Dabolava suite combined with coeval rocks 
of the Ikalamavony Group represent a magmatic arc and 
marginal volcano-sedimentary sequence within a continental 
arc/back-arc tectonic setting based on geochemical 
characteristics. Tucker et al. (2014) postulated that the 
magmatic arc was built mainly on oceanic crust produced 
when the Androyen-Anoysen and Antananarivo domains rifted 
apart during Stenian time. Here we present new U-Pb zircon 
data that extends the period of magmatism to ~1090-960 Ma. 
Oxygen and hafnium isotopes in dated zircon and whole-rock 
geochemical data constrain possible tectonic settings for the 
Dabolava suite. We then incorporate these new geochemical 
data into the broader story of Madagascar’s Meso- to 
Neoproterozoic palaeotectonic development. 
 
[1] Tucker, R.D., Roig, J.Y., Moine, B., Delor, C., Peters, S.G., 
(2014) A geological synthesis of the Precambrian shield in 
Madagascar. Journal of African Earth Sciences 94, 9-30. 
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Thirty-five years ago, the view prevailed that the upper 
mantle sources of basalts is homogenous lherzolite with a 
constant oxidation state, close to the values defined by the 
synthetic fayalite-magnetite-quartz (FMQ) oxygen buffer. 
Trace element and isotopic geochemistry  has demonstrated in 
the intervening years that the mantle is heterogeneous 
geochemically consequent to melt extraction, lithosphere 
recycling via subduction zones, and variable extents of 
subsequent whole-mantle mixing and exchange. Subduction of 
supracrustal materials for example raises the possibility that 
the mantle could be, at least locally, oxidised. Measured 
Fe3+/Fe2+ of island arc compared with mid-ocean ridge basalts 
in combination with much higher S abundances in the former 
than the latter have been interpreted to reflect more oxidised 
sources of convergent (FMQ + 1 to 2 log10 units fO2) versus 
divergent magmas. Sulfur for example is much more soluble in 
basalt as sulfate at these oxidised conditions than the sulfide 
prevailing at FMQ. Oxidised mantle sources in the 
asthenospheric wedge overlying subducted lithosphere seem to 
be confirmed by thermobarometric calculations of redox 
conditions reflected in wedge-derived olivine-orthopyroxene-
spinel (peridotite-harzburgite) assemblages. The similarity of 
V/Sc ratios of arc and ridge basalts on the other hand has been 
interpreted to reflect a mantle source redox constancy 
independent of tectonic environment, given the relative 
incompatibility during peridotite partial melting of higher 
valence states of V compared with V3+ and redox-invariant 
Sc3+. However, an assumption of compositional similarity of 
mantle sources is likely incorrect; the ensemble of island arc 
wedge sources is more depleted (i.e., lower V/Sc) than those 
tapped beneath ridges because of the fluxing potency of slab-
derived fluids. A coincidence of V/Sc ratios reflects a 
combination of lower V/Sc in relatively refractory arc sources 
allied to increased incompatibility of V during partial melting 
of these sources due to the influx of an oxidised slab-derived 
component. The nature of this component and its redox 
characteristics are currently a matter of debate.  While H2O 
alone seems inadequate, the possibility that low-Fe, sulfate-
rich, slab-derived fluids interacting through redox-exhange 
with mantle wedge peridotite could be the oxidising agent has 
acquired considerable observational support over the past few 
years. A corollary is that the redox state of convergent margin 
magmas has undergone secular change with consequences for 
base and precious metal occurrences. 
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In the late 1960s, Mike O’Hara published a couple of 

papers [1] [2] which inter alia, addressed the problem of 
identifying primary (directly mantle-derived) basalts, the 
significance of experimentally-discovered thermal divides in 
phase equilibria, and the failure of ubiquity and volumetric 
abundance of basalt types as qualifiers for primary status. 
Among many later seminal petrological contributions, these 
observations have all stood the test of time. Also in his 1965 
paper, O’Hara pointed out the andesitic character of wet 
melting of peridotite at low (<1 GPa) pressures, and suggested 
oxidising conditions and crustal contamination were likely 
contributors to the development of the calc-alkali (sic) series, 
i.e., basalt-andesite-dacite-rhyolite. In 1968, he offered a 
pedagogically terse instruction in the abstract for the reader to 
pay attention given “figures and captions contain material and 
arguents not duplicated in the text”, and examined 6 
hypotheses for the origin of the arc-associated calc-alkali 
series: 1. Melting of sediments; 2. Assimilation of wet crust by 
dry tholeiitic basalt; 3. H2O-saturated melting of peridotite at 
low (<1 GPa) pressure; 4. Fractional crystallisation of high-
alumina basalt under high PO2; 5. Partial melting of dry 
eclogite; 6. Partial melting of basalt (pods/streaks) in the 
mantle. He noted that hypothesis (4) advocated by E. F. 
Osborn and co-workers “appears to suffer from the least 
objection in the present state of knowledge”. There is general 
agreement now that arc magmas, at least in the low pressure 
range of development of the calc-alkali series, are oxidised 
compared with mid-ocean ridge and ocean island basalts. In 
addition however, there is evidence at least in some modern 
arcs, that partial melting of  eclogite/garnet amphibolite in the 
formation of high-Mg andesite is important. Likewise, wet 
partial melting of refractory (harzburgitic) peridotite 
lithologies at relatively low pressures is known to be uniquely 
restricted to subduction zone settings. A significant role of 
amphibole fractionation in wet arc basalt for andesite 
generation was subsequently developed by Mike’s PhD 
student, R. Grant Cawthorn [3], and a role for amphibole is 
now widely accepted for many arcs. 
 
[1] O’Hara (1965) Scot. J. Geology 1, 19-40. [2] O’Hara 
(1968] Earth-Science Reviews 4, 69-133. [3] Cawthorn and 
O’Hara (1976) Am. J. Sci. 276, 309-329. 
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This study investigates the distribution and speciation of 
molybdenum (Mo) at various thermal maturities in the Upper 
Ordovician Utica Shale from southern Quebec, Canada. 
Samples display maturity ranging from peak oil window (Ro ~ 
1%) to dry gas zone (Ro ~ 2%). While our data show 
significant correlation between total organic carbon (TOC) and 
Mo (R2 = 0.45, n = 43) at lower thermal maturity, this 
correlation gradually deteriorates with increasing thermal 
maturity. Certain intervals within the thermally over-mature 
Utica section contain higher levels of Mo (20 – 81 ppm). 
Surprinsingly, these Mo-rich intervals are characterized by co-
variance with calcium (Ca). Petrographic evidence suggests 
these intervals have undergone thermal sulfate reduction (TSR) 
along with production of recrystallized pyrite.  

We used x-ray absorption fine structure spectroscopy 
(XAFS) to determine the oxidation state and molecular 
coordination environment of Mo in samples from these 
intriguing intervals ([Mo] > 30 ppm) [1]. Our results show that 
the average oxidation state of Mo is +V, and that Mo is 
distributed between two phases: molybdenite Mo(IV)S2 (30±5 
%) and Mo(VI)-Organic Matter (70±5 %) [2]. 

This new evidence suggests that at higher thermal 
maturities, sulfide released by TSR triggers a series of 
processes (e.g. organic matter oxidation, Mo remobilization, 
molybdenite formation). These processes could potentially co-
precipitate with later stage TSR-derived carbonate and change 
the original Mo signal in sedimentary records, challenging its 
use as a paleo redox proxy in some black shales where Mo 
speciation is not investigated. 

  
[1] Dahl et al. (2013) GCA 103 213-231, [2] Chappaz et al. 
(2014) GCA 126 112-122. 
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Particulate Matter (PM), including that emitted from 
biomass combustion, is considered harmful to public and 
environmental health. PM2.5 (<2.5 µm across) can penetrate 
into the deep parts of the respiratory system. The EU-funded 
BIOCOMBUST project assesses the possible link between 
physical and chemical properties of PM2.5 and effects on 
human lung cells. 

PM2.5 was sampled by using a Dekati Gravimetric Impactor 
(DGI) at four different biomass combustion sites equipped 
with small- and medium-scale boilers (40 kW and 400 kW). 
The fuel types were Miscanthus, beech wood chips and a 
mixture of wood chips from soft wood, mainly spruce. 
Reference materials were coal fly ash (CFA) and diesel 
exhaust particulate (DEP) matter. PM2.5 from biomass burning 
is a heterogeneous mixture of mineral and carbonaceous 
matter. Mineralogical characterizations were performed by 
Scanning Electron Microscopy with Energy Dispersive X-ray 
spectroscopy, X-ray Diffraction, Atomic Absorption 
Spectroscopy, X-ray Fluorescence, and Ion Chromatography. 
The carbonaceous content was characterized in terms of 
residual carbon, Water Soluble Organic Carbon (WSOC), 
HUmic LIke Substances (HULIS), and Polycyclic Aromatic 
Hydrocarbons (PAH). Possible health impacts were evaluated 
in human lung cells (A549, BEAS-2B) in terms of cytotoxicity 
(WST-1 assay), genotoxicity (DNA-Alkaline Unwinding 
Assay), necrosis/apoptosis (flow cytometry using Annexin V-
FITC/PI staining) and cellular uptake of PM using confocal 
microscopy. 

Results reveal strongest effects on lung cells for PM2.5 from 
softwood chips, low effects for PM2.5 from beech wood chips, 
and no effects for PM2.5 from Miscanthus. 
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Humans are rarely environmentally exposed to single toxic 

substances but more commonly to complex mixtures. In order 
to evaluate the health risks posed by these mixtures of 
chemicals understanding their mode(s) of action is critical for 
accurate risk assessment. Exposure to diesel exhaust material 
is linked to the development of lung cancer and the 
International Agency for Research on Cancer (IARC) recently 
classified diesel engine exhaust as carcinogenic to humans 
(Group 1) [1]. A US study in non-metal miners included a 
cohort study and a nested case-control analysis adjusted for 
tobacco smoking. Both showed positive trends in lung cancer 
with increasing exposure to diesel exhaust, a 2-3 fold increased 
risk in the highest categories of cumulative or average 
exposure. However, the mechanisms of diesel exhaust 
carcinogenesis and the precise identity of the critical 
carcinogenic components of diesel exhaust are still not fully 
understood, as is the magnitude of the carcinogenic risk from 
environmental exposure. The particulate phase of diesel 
exhaust contains carcinogenic polycyclic aromatic hydro-
carbons (PAHs), nitro-PAHs and metals. Although environ-
mental levels of nitro-PAHs are lower compared to 
unsubstituted PAHs, it has become clear that certain nitro-
PAHs (e.g. 1-nitropyrene, 3-nitrobenzanthrone, 6-nitro-
chrysene, 1,8-dinitropyrene) are highly genotoxic. However, 
the biological activity of nitro-PAHs depends mostly on 
reactive intermediates generated in the course of metabolic 
activation. Nitro-PAHs can be reduced by nitroreductases to 
hydroxylamino and amino metabolites, and the hydroxyl-
amino intermediates have been shown to bind to DNA to form 
pre-mutagenic DNA adducts. There is strong evidence that the 
ability of diesel exhaust to induce cancer in humans is through 
genotoxicity including those induced by nitro-PAHs. 
Considering that exposure to diesel emissions is at least partly 
unavoidable, it is crucial to understand the host factors that are 
involved in mediating the carcinogenic response. For targeted 
hazard/risk assessment of nitro-PAHs a broader monitoring of 
environmental levels of nitro-PAHs is required.  

 
[1] IARC (2013) IARC Monogr. Eval. Carcinog. Risk. Hum. 
105. 
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During its path of rise a magmatic body may experience a 

significant degassing whose effects are recorded by its crystal 
population due to the strong control exerted by volatile content 
on the liquidus temperature.  At Mt Etna we can rely on 
precise evaluations of initial water contents and on accurate 
models of water solubility: this offers a key to investigate the 
relationship between ascent rate of magma and the Size 
Distribution of its populations of crystals.    

The main steps of pressure , water contents and 
temperature (P-XH2O-T) are estimated from mineral-liquid 
thermobarometry, the link between the velocity of rise v and  
P-T-time  conditions is made 
explicit by the relation  , where ρ 
is magma density and g is the 
acceleration of  gravity. This allows to model the dependence 
of the evolution of melts undercooling with time for recent Mt. 
Etna lava flows in wich both dP/dT and dT/dt have been well 
characterized based on clinopyroxene thermobarometry and 
clinopyroxene CSDs. 

 Deep-level (>20 km) magma ascent rates range from 
practically 0 (where clinopyroxene P-T estimates form a 
cluster, and so dP/dT ≈ 0), to about 10 m/hr for flows that yield 
very steep P-T trajectories. Many lava flows at Mt. Etna yield 
P-T paths that follow a hydrous (about 3% water) 
clinopyroxene saturation surface, which closely approximates 
water contents obtained from melt inclusions.  

In these conditions the number of crystals of given size L ( 
N(L) ) is controlled by the ratio between  the nucleation 
density J and the growth rate G  experienced at the time when 
crystal of size L were formed:  N(L)= J(L)/G(L)  where both J 
and G depend on undercooling.   In this work it will be shown 
how to use the condition that all the minerals occurring on the 
liquidus experience the same variation of undercooling to 
derive the values of the thermodynamic constants that explicit 
the dependence of J and G from undercooling (ΔT).  Results 
will be used to decipher Crystal Size Distributions  in terms of 
magma path of rise  (P-T-t) trough  explicit forms of the  
equation that provide the crystal size : 
𝐿 = 𝐺 ∆𝑇(𝑋𝐻!!(𝑃(𝑡)) 𝑑𝑡𝑡
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Nd and Sm isotopic composition of 
ordinary chondrites 

R. M. G. ARMYTAGE* AND V. DEBAILLE 
Lab. G-Time, Université Libre de Bruxelles, Bruxelles, 

Belgium. (*correspondence: rarmytag@ulb.ac.be) 
 

Using radiogenic chronometers to constrain early 
differentiation on planetary bodies requires precise knowledge 
of the initial conditions, i.e. the composition of material that 
accreted to form the Earth. For the radiogenic lithophile 
chronometers 176Lu-176Hf and 147Sm-143Nd, a chondritic 
uniform reservoir composition or CHUR [1] is used for the 
reference parameters. For 147Sm-143Nd CHUR is well defined 
as there is limited variation in Sm/Nd and 143Nd/144Nd for 
different chondrite groups or petrographic type [2]. However, 
the composition of CHUR for Lu-Hf systematics has been 
shown to be dependent on degree of  thermal metamorphism 
experienced by chondrites in the “uniform” reservoir [2].  

For 142Nd, the product of the short-lived radionuclide 146Sm 
(t1/2  =103 Myr [3]), a 20 ppm offset in 142Nd/144Nd has been 
measured between chondrites and the convecting mantle [4-6]. 
This could be the result of a superchondritic Sm/Nd ratio in the 
convecting mantle, balanced by a hidden reservoir; a non-
chondritic Sm/Nd for the BSE; or nucleosynthetic variation the 
distribution of 146Sm and/or 142Nd. Constraining the cause and 
the magnitude of this offset is key in the application of  146Sm-
142Nd systematics to differentiation in the early Earth. Isotopic 
variability of 142Nd/144Nd  on the ~ 40 ppm scale has been 
observed in carbonaceous chondrites [6], and based on 
observed deficits in the p-process nuclide 144Sm [5] proposed 
ordinary chondrites as a better reference value.  However, with 
the example of Lu-Hf, the degree of variation in Nd isotopic 
composition resulting from thermal alteration on the parent 
body needs to be constrained for ordinary chondrites. 

Current ordinary chondrite data for 142Nd/144Nd are limited 
to analyses of 12 ordinary chondrites with a range of ~15 ppm 
[4-7]. In addition, not all the petrologic types of ordinary 
chondrites are sampled. We will present Nd and Sm results 
from a suite of ordinary chondrites spanning the range of 
petrologic types.  

 
[1] DePaolo & Wasserburg (1976) Geophys. Res. Lett. 3, 249–
252. [2] Bouvier et al. (2008) EPSL 273  48-57 [3] Meissner 
(1987) Z. Physik A. 327, 171-174. [4] Boyet & Carlson (2005) 
Science, 309, 576-581. [5] Andresaen and Sharma (2006) 
Science, 314, 806-809. [6] Carlson et al. (2007) Science 316, 
1175-1178. [7] Gannoun & Boyet (2011) PNAS 108 7693-
7697 
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The well-known “peak and trough” distribution of U-Pb 
zircon ages of rocks from the continental crust is interpreted in 
two ways: 1) the peaks represent times of preferential 
preservation of crustal material; 2) they represent periods of 
accelerated crustal growth. Behind the first interpretation is the 
observation that there is little net crustal growth in subduction 
zones, which leads to the hypothesis that crust is preferentially 
preserved only during continent-continent collisions, as during 
the assembly of supercontinents. This hypothesis fails, 
however, because 1) supercontinent assembly is a long (200-
500 m.y.) drawn-out process comprising numerous continent 
collisions, not the short, sharp events represented by the age 
peaks, and 2) unlike peaks younger than 1 Ga, the large peaks 
from 2.7 to 1.0 Ga do not correlate with periods of 
supercontinent assembly. The older peaks correlate instead 
with times of LIP emplacement and this supports the 
hypothesis that they are related to accelerated mantle 
convection. During periods of major mantle plume activity 
from 2.7 to 1 Ga, transfer of large volumes of material from 
lower to upper mantle increased the rate of return flow; i.e. 
subduction. In the Archean, as now, granitic magma formed in 
subduction zones (models invoking melting of thick basaltic 
crust are implausible because the anhydrous olivine-pyroxene 
cumulates in the lower parts of such crust cannot produce 
voluminous granitic magma). The acceleration of subduction 
led to an increased rate of granite production and thus a peak in 
the rate of continent growth. 
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Modeling CO2 and carbon isotope 
dynamics in a floodplain aquifer 

B. ARORA1*, M. E. CONRAD1, N. F. SPYCHER1 AND  
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Although carbon fluxes in soils and groundwater are 

critical components of the global carbon budget, soil CO2 
dynamics are difficult to predict because of the presence of 
multiple sources and sinks as well as different biogeochemical 
processes that affect its uptake and release. Stable carbon 
isotopes provide a useful tool for quantifying soil CO2 fluxes 
and for constraining the extent and rates of different abiotic 
and biotic reactions. The objectives of this study are to: (1) 
quantify the relative contribution of different pathways 
(atmospheric exchange,  precipitation/ dissolution of carbonate 
minerals, and biotic  heterotrophic and as well as 
chemolithoautotrophic reactions) on carbon fluxes in the 
subsurface of the Rifle site, CO (an alluvial aquifer bordering 
the Colorado River), and (2) associate δ13C –CO2 variations 
with the seasonal rise and fall of the floodplain water table and 
the observed temperature gradients. 

A 2-D reactive transport model has been developed for the 
Rifle floodplain that includes a biogeochemical reaction 
network with multiple terminal electron acceptor processes, 
kinetic and equilibrium mineral precipitation and dissolution, 
as well as spatially distinct pools of Fe and S minerals and 
functional microbial populations. Equilibrium isotopic 
fractionation between inorganic carbon species and kinetic 
fractionation associated with organic carbon transformations 
are included in the model.  

Results indicate that observed CO2 fluxes cannot be 
explained by abiotic reactions alone, but require contributions 
from microbial activity (e.g., heterotrophic respiration, 
chemolithoautotrophy). The simulated CO2 concentrations are 
also strongly affected by subsurface temperatures, which vary 
significantly over time and space at this site. δ13C profiles in 
the unsaturated zone point to spatially-variable sources for the 
locally high CO2 concentrations. An important conclusion 
from the study is that it is necessary to account for seasonal 
water table variations and temperature gradients to reasonally 
interpret lateral and vertical δ13C-CO2 profiles and fluxes. In 
summary, measuring and modeling cabon isotopes at this site 
is proving to be useful to distinguish different pathways of CO2 
production. 
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U-series dating is a major tool in geochronology and 

paleoclimatology. In recent years, precisions have reached the 
sub-‰ level [1, 2] which provide unique timing for climate 
studies of speleothems or corals. The key to high precision is 
the progress in mass spectrometry (i.e. multi-cup 
measurements), but also the samples itself.  Here, we explore 
the possibility to improve the timing of speleothem growth in 
two alpine cave settings (Spannagel and Bettenhöhle) to 
ultimately reach sub-‰ -precision of ages. Both caves offer 
secondary carbonate with particular high U-contents and short 
growth periods spanning several glacial – interglacial cycles. 
Our preliminary results demonstrate that the growth of a 
flowstone during the penultimate deglaciation (~135 ka) 
occurred over less than half the time initially determined [3].  
 
[1] Cheng et al. (2013) Earth Planet. Sci. Lett., 371-372, 82-
91. [2] Andersen et al. (2008) Earth Planet. Sci. Lett. 265, 
229-245. [3] Spötl et al. (2002), Geology, 30 - 9, 815-818.  

116

mailto:jennifer.arps@iup.uni-heidelberg.de
mailto:jennifer.arps@iup.uni-heidelberg.de
mailto:norbert.frank@iup.uni-heidelberg.de


 Goldschmidt2015 Abstracts  

 117 

Stromatolitic carbonates and cherty 
dolomites from Chitradurga 

greenstone belt of Western Dharwar 
Craton, India: Geochemical evidence 

for Archean biogenic activity and 
paleoenvironmental conditions 

KHELEN C. ARUBAM1*, MANIKYAMBA, C.1,  
SOHINI, G.2, RAMBABU, S.1, ABHISHEK, S.3 AND 

DHANAKUMAR, TH.1 
1National Geophysical Research Institute, Hyderabad-500007. 

(correspondence author 
email*:khelenachanu@gmail.com,) 
(cmaningri@gmail.com)(sramg19@gmail.com) 

(dhanakr.08@gmail.com) 
2Department of Geology,Andhra University,Vishakhapatnam, 

India (sganguly.geocal@gmail.com) 
3National Institute of Oceanography, Vishakhapatnam, India. 

(asahangri@gmail.com) 
 

The sedimentary sequences of Archean greenstone belts of 
Western Dharwar Craton, India are marked by signatures of 
ancient biogenic activity preserved in stromatolitic carbonates, 
carbonaceous shales, manganese and banded iron formations. 
Stromatolitic carbonates are primarily composed of sediments 
formed by trapping and binding of ambient sediment or from 
the precipitation of authegenic mineral particulates. Trace 
element and rare earth element (REE) signatures of the studied 
samples show depletion in LREE, positive La and Gd 
anomalies and negative Ce anomalies with chondritic Y/Ho 
ratios. These geochemical features collectively point towards 
their deposition in marine conditions. The negative Ce 
anomalies reflect on the oxidation of Ce trivalent to tetravalent 
state and its desorption from the mineral particles. Low Th 
concentrations suggest that these carbonates contain few fine 
terrigenous materials and reflect on minor role of trapping and 
binding activity. These geochemical signatures of the 
stromatlitic carbonates and cherty dolomites characterize the 
Archean depositional environment in which they precipitated 
and provide understanding on the paleo redox conditions that 
promoted the evolution of the Earth’s earliest biota. 
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Miri City is the northern gateway of Sarawak and it is the 

birthplace for the Malaysian oil industry and has very dynamic 
coastal area which is mainly controlled by the Baram and Miri 
Rivers, supply significant load of fine sediment and heavy 
metals respectively to the coastal area. The present study area 
covers 74 km stretch between Baram River mouth and Bungai 
Beach, Sarawak, Malaysia. The characteristics of beach sand 
in this region are mainly controlled by the rivers apart from the 
coastal processes. Intensive sedimentation by the Baram River 
and excessive trace metal load by the Miri River are the 
significant environmental concerns in the study area. Thus, in 
order to investigate the mobility and enrichment of trace 
metals in the collected beach sands (n=57; 26 during monsoon; 
31 during post monsoon season; POM), modified BCR 
sequential extraction procedure was adopted and elements 
associated with different fractions are reported. Among the 
studied elements (Cu, Cd, Co, Cr, Fe, Mn, Ni, Pb and Zn), Cd, 
Cu, Pb, and Zn were mainly associated with non-residual 
fractions while rests are associated with residual fraction 
during both seasons. Fe, Co and Ni are mainly associated with 
residual fractions indicating their natural source while Cu 
(97%), Zn (92%), Cd (70%) and Pb (69%) concentrations are 
highly associated with non-residual fraction, indicating high 
mobility for these metals due to anthropogenic input, which 
may negatively impact on the coastal ecosystem. Mn and Cr 
also associated in residual fraction except some sampling 
locations where these are associated with mobile fractions. The 
average total concentration (residual + non residual fractions) 
was compared with standard environmental guideline values 
and was noted that Cu (both seasons); Cd and Zn 
concentrations (POM season) exceeded effective range low 
(ERL) values. Similarly Cu during POM exceeded ERM 
values, indicating that these elements may have an adverse 
effect on the living organisms of the studied coastal region. 
However, enrichment of elements in the non-residual fractions 
is not uniform over the entire stretch, instead, partly controlled 
by the local influences which are clearly demarcated by the 
statistical analysis. 
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The environmental significance of cement is well known, 

and attempts to reduce CO2 and collateral impacts underwrite 
the need to understand the primary reactions governing the 
early hydration of cementitious materials. This understanding 
also facilitates the development and use of inorganic 
(aluminate, sulfate) and organic additives to control basic 
properties and performance. However, in comparison to 
natural silicates such as quartz and feldspar, direct observation 
of the dissolution of tricalcium silicate, the primary component 
in Portland cement, and the coupled development of various 
hydrate phases, is relatively new, and the surface reaction 
kinetics that orchestrate these complex processes are poorly 
understood. Here we provide results from ongoing research 
designed to illuminate the dynamics of Ca3SiO5 dissolution 
using in situ surface microscopy (vertical scanning 
interferometry, fast scanning AFM), and kinetic Monte Carlo 
simulations (Fig. 1). 

 

 
Figure 1: Triclinic Ca3SiO5 surface prior to (A) and after 30 m 
(B) reaction in pure water (TAFM); (C) Evolution of nascent 
etch pits on Ca3SiO5 surface using kMC model. 
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Volcanic rocks along the Cameroon Volcanic Line (CVL) 
show characteristics akin to OIB, HIMU, and MORB. Lavas 
with high radiogenic 206Pb/204Pb (>19.5) have been reported in 
the continent/ocean boundary (COB) and the Biu Plateau at the 
northern end of the chain. The localization of lavas with 
HIMU signature (206Pb/204Pb >19.5) in particular areas of the 
CVL is highly contestable because of the lack of adequate Sr–
Nd–Pb isotopic data in all the volcanic centres of the chain. 
Thirty five new mafic volcanic rock samples (MgO > 4 wt.%) 
collected from Mt. Oku were analyzed for major (XRF) and 
trace elements (ICP–MS), and Sr–Nd–Pb isotopes (TIMS). 
Results indicate the coexistence of lavas with typical FOZO 
(87Sr/86Sr = 0.7030–0.7035, 143Nd/144Nd = 0.51286–0.51294, 
206Pb/204Pb = 19.5–20.7) and MORB (87Sr/86Sr = 0.7033–
0.7036, 143Nd/144Nd = 0.51272–0.51290, 206Pb/204Pb = 17.9–
19.45) composition. We report the highest value of 206Pb/204Pb 
(20.7) so far measured along the CVL. Like the COB and Biu 
Plateau lavas, the Mt. Oku high radiogenic 206Pb/204Pb lavas 
show some similarities with the St. Helena HIMU lavas. Trace 
element characteristics indicate a recent (~108 years) intra–
mantle metasomatic enrichment of the SCLM by small degree 
partial melts. This increases the (U, Th)/Pb ratios that decay to 
produce the HIMU signature in the lavas. Geochemical data 
suggest melting of the asthenospheric and SCLM mantle 
sources in the petrogenesis of the lavas. Contribution of 
DMM–HIMU– EM1 in different proportions can explain the 
isototope variations observed in the lavas. Modelled results 
using trace elements and isotopes indicate that lavas with 
206Pb/204Pb <19.5 could be derived from those with HIMU 
signature by addition of <10% EM1 component. Based on the 
new results, alongside result from the the Biu Plateau, we 
suggest that the HIMU signature is a common component in 
the COB and the continental CVL.  
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It is generally accepted that atmospheric oxygen levels 

remained consistently below 10-3 % PAL throughout the 
Archean Eon. However, a growing number of geochemical 
studies suggest that transient periods of atmospheric/surface 
oxygenation occurred as early as ca. 3 Ga. Here, we present 
Mo isotope compositions of black shales from the 2.63 Ga 
Jeerinah Formation, in order to test whether the Mo isotopic 
system may have recorded Archean oxygenation. Using the Fe 
speciation criteria for euxinic conditions (FeHR/FeT > 0.38 and 
FePy/FeHR > 0.8), several euxinic samples were identified with 
weak Mo enrichments (5.5 ± 2.1 ppm) and higher TOC levels. 
Following a correction for the detrital Mo contribution (based 
on Mo/Al ratios), our samples yielded an estimate for 
contemporaneous seawater of δ98MoSW = 1.1 ± 0.1‰ (relative 
to the Rochester Mo standard).  

Calculation of the Mo residence time in the late Archean 
ocean, based on estimates for the Mo riverine input (3.6x 109 
g/yr) and seawater Mo concentrations (<5nM), gives a range of 
17 to 140 ky. This is considerably longer than the ocean 
mixing time, assuming it was similar to the modern ocean 
(t=1.6 ky). Thus, we suggest that the oceans were homogenous 
with respect to Mo at this time and, hence, Mo isotope 
compositions derived from euxinic black shales may be used 
as a paleo-redox proxy for the global oceans. 

Considering that the Mo source (igneous and Archean 
sedimentary rocks) show δ98Mo = 0 ± 0.5‰, our seawater 
estimate of δ98MoSW = 1.1 ± 0.1‰ indicates that surface 
sulfide oxygenation, delivery of molybdate (MoO4

2-) to the 
ocean and Mo fractionation during Mo removal must have 
occurred at this time. Moreover, this occurrence of Mo 
enrichment and the positive isotope signature suggests that 
enhanced surface sulfide weathering could have generated 
sufficient sulfate flux to overwhelm the oceanic hydrothermal 
Fe flux and promote the development of euxnic conditions 
while maintaining the mass-independent fractionation of 
sulfur.  
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Komatiites are ultramafic volcanic rocks that represent 
high melting degree of the mantle (>30%) and hence are best 
indicators of the composition of their sources. In order to 
estimate composition of komatiitic melts including contents of 
volatiles we used melt inclusions in olivine from two 2.7 Ga 
sample suits, one from Abitibi greenstone belt, Canada and the 
other from the Belingwe greenstone belt, Zimbabwe. 

Fresh olivine grains 0.2-0.5 mm across were heated for 5 
minutes and quenched at 1350°C in a C-O-H atmosphere with 
QFM buffer. Exposed melt inclusion were analyzed by 
electron and ion microprobes for concentrations of Mg, Si, Ti, 
Al, Fe, Mn, Ca, Na, Cr, P, K, Cl, S, F, H2O and CO2. The 
contents of volatile components were obtained for the first 
time for Abitibi komatiites melt inclusions. 

Corrected for iron loss melt inclusions from Abitibi range 
from 22.3 to 27.3 wt.% MgO and from 19.9 to 23 wt.% MgO 
for Belingwe. All elements except K, Cl and H2O show strong 
negative correlation with MgO following the olivine control 
line. K/Ti, Cl/Ti and F/Ti ratios of Abitibi melt inclusions show 
negative correlation with host Fo and the most Fe rich olivines 
(Fo91) contain >600 ppm of Cl. Since all of these elements are 
highly incompatible in olivine their ratios cannot be affected 
by its fractionation. We thus interpret these ratios being result 
of fractional crystallization and assimilation process (AFC), 
which likely occurred during the early stage of melt evolution 
at shallow crustal depth. 

The highest H2O contents are observed in melt inclusions 
from the most MgO rich olivines in Abitibi samples (Fo 94.3-
94.7) and reach 0.9 wt.%. These olivines are considered to be 
the most primitive and yet unaffected by the AFC process 
because of the lowest Cl contents and Cl/Ti ratios in their melt 
inclusions. The primary melt for Abitibi komatiite calculated 
from the most primitive melt inclusions contains 28 wt. % 
MgO, 0.80 wt% H2O, 30-40 ppm of Cl, and 25 ppm of F. If 
these volatiles are primary, for 40-50 % of melting this 
suggests significantly elevated concentrations of H2O (3000-
4000 ppm) and Cl (12-20 ppm) in the mantle source of Abitibi 
belt komatiites. 
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1Vernadsky Institute of Geochemistry RAN, Moscow, Russia, 
aalex06@inbox.ru  

2GNTs FGUGP Yuzhmorgeologiya, ul. Krymskaya 20, 
Gelendzhik, 353461 Russia, melnikov@ymg.ru 

3Far Eastern Branch, RAS, pletnev@poi.dvo.ru 
 

History of the Fe-Mn crusts on the Pacific ocean 
seamounts gets to maximum about 100 million years. One of 
the most ancient samples were discovered from the drillhole on 
the guyot Butakova. Paleontological analysis of plankton 
foraminifera showed age - senoman, 99.6 mln. (species –
Rotalipora, Praeglolobotruncana, Whiteinella, Dicarinella, 
Hedberella, Globigerinelloides, trace Planomalina, 
Clavihedbergella, Schackoina).  

We have carried out electron microprobe and laser ablation 
ICP-MS analyses Fe-Mn crust in cross section of microlayers. 
The variation of composition is insignificantly. The result 
demonstrated on Figure: upper – concentration normalised on 
chondrite (Sun 1980) and down – normalised on Australian 
Archey shale (PAAS Taylor & McLennan 1985). 

Our results show that major and trace element 
compositions of substance is very specific. Uniform shape 
level REE spectra, high P2O5 and Ba concentration, Th/U 
ratio about 1-2. This is the evidence of the strong difference 
between start conditions to form Fe-MN crust and  situation in 
the ocean during Cenozoic. 

The project has been sponsored by RSF grant No. 14-17-
00200. 

123



 Goldschmidt2015 Abstracts  

 124 

Bioweathering in natural rocks and 
heritage stones  

C. ASCASO1*, J. WIERZCHOS1, M. CASTILLEJO2,  
M. OUJJA2, R. FORT3, M. ALVAREZ DE BUERGO3,  

S. PÉREZ-ORTEGA1, V. SOUZA-EGIPSY4, B. CAMARA3 
AND A. DE LOS RÍOS1 
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2Instituto de Química Física Rocasolano - CSIC, 28006 
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3Instituto de Geociencias – CSIC - UCM, 28040 Madrid, 
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3Instituto de Ciencias Agrarias - CSIC, 28006 Madrid, Spain. 
 

In order to investigate aspects of weathering that 
transforms rocks into soil, it is necessary to study the 
bioweathering at the interface between living organisms and 
minerals. In the case of granite colonized by lichen thalli, 
depletion of potassium from mica was observed [1]. In 
addition to potassium, other elements can be removed up to 
nearly 10% of the mineral material [2]. The physical 
exfoliation of the biotite and the interlayer ionic exchange of K 
and subsequent vermiculite formation were also observed [3]. 
While many of these processes occur in the presence of water 
in temperate habitats, we have also studied endolithic 
colonization inducing bioweathering in the hyper-arid Atacama 
Desert. These bioweathering processes have also been 
described in cultural heritage stones. For example, lichen 
biomobilization of magnesium in dolostone from city churches 
[4]. The Bioweathering phenomena is so important in 
monumental stones that it continually launches new protocols 
for stone conservation and restoration. A recent investigation 
has determined the effect of laser irradiation. A comparative 
study was carried out by applying infrared  (1064 nm) and 
ultraviolet (355 nm) nanosecond and sequential pulses of the 
two wavelengths using a Q-switched Nd:YAG system. The 
study showed that optimal conditions for removal of the 
colonization crust, while ensuring no weathering of the lithic 
substrate, were obtained for dual infrared-ultraviolet sequential 
irradiation.  

 
Acknowledgements: Geomateriales 2 (S2013/MIT-2914) 
 

[1] Ascaso et al. (1995) Bot. Acta 108, 474-481. [2] Wierzchos 
& Ascaso (1996) Clays and Clays Minerals 44, 652-657. [3] 
Wierzchos & Ascaso (1998) Clays and Clay Minerals 46, 446-
452. [4] de los Ríos et al. (2004) IBB 54, 113-120.  
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Nitrogen chemistry and speciation in 
geothermal waters, Iceland 

RAGNHEIDUR ÁSGEIRSDÓTTIR, ANDRI STEFÁNSSON, 
HANNA KAASALAINEN AND EYDÍS S. EIRÍKSDÓTTIR 

Institute of Earth Sciences, University of Iceland, Sturlugata 7, 
101 Reykjavík, Iceland (rsa2@hi.is) 

 
Nitrogen is an element of biogeochemical importance, and 

may occur in various oxidation states in geothermal fluids 
including gaseous and aqueous dinitrogen (N2), gaseous or 
aqueous ammonia (NH3), aqueous nitrate (NO3

-), aqueous 
nitrite (NO2

-) and organic nitrogen. Overall redox 
disequilibrium is generally observed for various redox species 
in geothermal waters, such disequilibrium serving as a 
potential inorganic energy source for chemosynthesis. 

Considerable focus has been made on the speciation and 
reaction energies associated with H, O, S, Fe and C 
compounds whereas N-containing compounds have received 
less attention. The object of this study was to determine the 
distribution and the main reactions among the various nitrogen 
species in geothermal surface- and ground waters in Iceland, as 
well as to quantify the inorganic energy sources deriving from 
these chemical reactions and potentially available for 
microorganisms in their metabolism. 

Samples of geothermal water were collected from 
geothermal springs and wells at various locations in Iceland 
and analysed for their major dissolved element composition 
including various redox sensitive elements like H2S, SO4, H2, 
O2, CH4, CO2 and DOC as well as aqueous nitrogen species 
including N2, NO2

-, NO3
-, NH4, and Ntotal.  The sampled waters 

ranged in temperature from 2 to 125°C and pH of 2.48 to 9.72. 
The concentrations of various nitrogen species were in the 
range <0.1 – 204 µmol/L, <0.1 – 0.66 µmol/L and <0.1 – 8.51 
µmol/L for ammonia, nitrite and nitrate, respectively. The 
redox potential for various redox pairs differ by up to 1200 mV 
indicating redox disequilibrium, with the N-compounds also 
being at disequilibrium. Aqueous speciation and calculations 
of excess chemical energies (chemical affinity) involving 
nitrogen species were further carried out. These results indicate 
that the many nitrogen bearing reactions provide positive 
excess energy (chemical affinity) to its surrounding, both 
acting as e- acceptors and donors as well as being linked to 
other redox pairs including H, O, S and C containing 
compounds. Examples of possible nitrogen containing 
compound reaction paths and their associated excess chemical 
energies will be demonstrated. 
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Monomineral mantle elcogite CPx 
and Garnet thermobarometry 

ASHCHEPKOV, I.1, LOGVINOVA, A.1, SPETSIUS, Z.2 AND 
STEGNITSKY, YU. B. 2 

1IGM SD RAS , Novosibirsk, Russia, igor.ashchepkov@igm.nsc.ru 
2Alrosa Stock Company, Mirny, Russia, SpetsiusZV@alrosa.ru 

 
The universal equation of monomineral clinopyroxene 

barometer, which reproduces very good the pressure estimates 
of the experimental runs in eclogite (311) and peridote (520) 
systems. KD=Na/AlCr*Mg/Ca, where AlCr=(Al-0.01)*((ToK-
600)/700)**0.75+Cr*(ToK-100)/1000 +(4*Ti-0.0125)/(ToK-
801)*650+0.55* ((Fe-0.23)* (ToK-900)/10000) (in oxides 
wt%).  Equation of barometer: 
P=0.26*(5+12*(Al+0.30*Na)*KD*ToK**0.75/(1+Fe+Fe* 
(ToK-600)/1000)-ln(1273/ToK))*40*(7*Na-Al-15*Ti+ 10*Cr 
+Mg/4)+7.5*Si-20*(Al*Na*Mg/Ca/(Al-2*Ti+Na-Fe/(Fe 
+Mg))+50*(Na+0.1*Al-2*Ti+0.05*Mg-0.22*Ca-.7*Na)/Ca). 

Preliminery eqution of monomineral garnet barometry 
based on the version fore peridotite Gar barometry 
(Ashchepkov et al., 2010) with correction P1=P0+ 
Na/Ti*8+11*Ca/Mg)*1.22+5*Na/Ca+7*Na/Fe)+Ti/Na*3-
102*Mn*Na-80*Fe#   and     P=P1-20/(85-P)*Ca/Mg gives 
also coinsiding PT estimates referring to cold branches of 
mantle geotherms sometimes lower 35mWm-2 locating well in 
accord with the geotherms determined for the for sub –Ca  
pyrope diamond  inclusison from Udachnaya kimberlite. 
Garnet geotherms for Mir pipe is hoter then those for 
Komsomolskaya an Sytycanskaya pipes. This euations were 
checked for most kimberlites localities in Siberia and 
worldwide. Grants: RFBR 11-05-00060, 11-05-91060-PICS. 
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An experimental study of partial 
melting and fractional crystallization 

on the HED parent body 
H. O. ASHCROFT* AND B. J. WOOD 

Department of Earth Sciences, University of Oxford, South 
Parks Road, Oxford, OX1 3AN, UK 

(*correspondence: helen.ashcroft@earth.ox.ac.uk) 
 

The Howardite-Eucrite-Diogenite (HED) suite is a suite of 
basalts, gabbros, orthopyroxenites, harzburgites and impact 
breccias believed to originate from Vesta. The two main 
models proposed for their formation are through magma ocean 
crystallization ([1], [2]) and serial magmatism (e.g. [3]). As 
Vesta is the only known intact differentiated protoplanet, the 
HEDs provide an invaluable snapshot into the early conditions 
and planetary forming processes occuring in the early solar 
system. We performed a series of one-atmosphere experiments 
between 1150 – 1650 oC, at an appropriate fO2 on synthetic 
HED compositions in order to investigate the phase relations 
and the major and trace element geochemistry of the main rock 
forming phases (olivine, orthopyroxene and feldspar) during 
partial melting and fractional crystallisation paths. The 
experimental results were combined with MELTS models, 
testing the applicability of the MELTS algorithm to the Fe-
rich, reduced, low pressure HED system. The MELTS 
algorithm is good at predicting the crystallization sequence and 
phase compositions observed experimentally, but 
overestimates the temperature at which orthopyroxene starts to 
crystallize. The error between models and experiments is 
similar to those observed for terrestrial and martian systems.  
Two-stage models of equilibrium crystallization or partial 
melting followed by melt extraction and fractional 
crystallization are capable of producing eucrite and diogenite 
compositions experimentally. Further investigation using 
MELTS to investigate the range of starting compositions 
capable of producing the HED meteorites suggests that the 
mantle of the HED body needs a Mg# (= 100*(Mg/Mg+Fe), 
atomic) between 75 -80 and greater than 43 wt. % SiO2.    

 
[1] Righter and Drake (1997), Meteoritics and Planetary 
Science 32(6), 929-944. [2] Mandler and Elkins-Tanton 
(2013), Meteoritics and Planetary Science 48(11), 2333-2349. 
[3] Beck and McSween (2010), Meteoritics and Planetary 
Science 45(5), 850-872.  
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Trachyte petrogenesis 
LEWIS D. ASHWAL 

lewis.ashwal@wits.ac.za 
 
Trachytes are typically interpreted in terms of extreme 

fractional crystallization from basaltic magmas. Data from 
Mauritius suggest otherwise. Here, intrusive, nepheline-
bearing trachytes are associated with Older Series basalts (9.0-
4.7 Ma), as confirmed by a U-Pb zircon age of 6.8 Ma. Major 
elements cluster at ~63 wt% SiO2 and Na2O+K2O ~12 wt%, 
forming a prominent Daly Gap when plotted with the basalts. 
Incompatible trace elements are enriched in all trachytes, 
except for Ba, Sr and Eu, which show prominent negative 
anomalies. REE patterns have variable abundances, prominent 
negative Eu anomalies and shapes that differ markedly from 
the basalts. Initial εNd values cluster at 4.03 ± 0.15 (n = 13), 
near the lower end of the range for basalts (εNd = 3.70 – 5.75), 
but initial Sr is highly variable (ISr = 0.70408 – 0.71034) 
compared to the relatively constant ISr of 0.70411 ± 19 for the 
basalts. Fractional crystallization models, using PELE, starting 
with a primitive Mauritian basalt parent (P = 1 kbar, fO2 = 
QFM-3) fail, because when plagioclase joins olivine in the 
crystallizing assemblage, successive liquids become depleted 
in Al2O3, do not produce nepheline, and do not approach 
trachytic compositions. Plutonic xenoliths from Mauritius do 
not fill the Daly Gap as in some other occurrences (e.g. 
Hawaii, Pantelleria, Azores, Kerguelen). Fractional 
crystallization is not the operative process in Mauritius. 
Likewise, liquid immiscibility is excluded because the 
compositions do not fall at the ends of known miscibility gaps. 
What remains as plausible is some type of partial melting 
process, although the source cannot be Precambrian 
continental crust, as suggested to exist under Mauritius 
(Torsvik et al., 2013, Nature Geosci. 6, 223) because such 
material should not yield nepheline-bearing melts, and would 
not account for the Sr-Nd isotopic compositions. Partial 
melting of extant gabbroic bodies, either from the oceanic crust 
or from Réunion plume-related magmas should yield quartz-
saturated melts different from the critically undersaturated 
Mauritian trachytes. A remaining possibility is that the 
trachytes represent direct, small-degree partial melts of fertile, 
perhaps metasomatized mantle. This is supported by the 
presence of trachytic glasses in many mantle xenoliths, and 
experimental results show that low-degree trachytic melts can 
be produced from mantle peridotites even under anhydrous 
conditions (e.g. Falloon et al., 1997, EPSL 152, 149). If some 
feldspar is left behind as a residual phase, this would account 
for the negative Ba, Sr and Eu anomalies observed in 
Mauritian trachytes. These considerations may also apply to 
other trachyte occurrences worldwide. 
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Petrologic insights from graphical 
analysis of two-component systems 

P. D. ASIMOW*, P. M. ANTOSHECHKINA AND  
E. M. STOLPER 
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Mike O’Hara bridged the petrological divide between 

natural systems and simplified ones amenable to treatment 
with phase diagrams. He understood the importance of using a 
phase diagram in the right model system, with the right 
independent variables, to understand a problem. Our paper 
with Mike on solidus “cusps” and isentropic decompression [1] 
was a prime example, where one-component entropy-pressure 
(S-P) and two-component entropy-composition (S-X) diagrams 
showed that results from the MELTS model [2] were 
reasonable and explained the underlying principles. 

Thermodynamic constraints other than fixed temperature 
(T), P, and bulk composition are in fact common in petrology. 
During adiabatic decompression, S (or, arguably, a modified 
from of enthalpy, H [3]) rather than T is conserved and H is 
minimized at equilibrium. Nearly all assimilation, mixing, and 
recharge problems are best treated using H conservation to 
infer the evolution of T [5], as S is maximized at equilibrium. 
Reactions in in rigid containers such as melt or fluid inclusions 
(and diamond anvil cells) are properly treated using volume 
(V) as a constraint [5], with phase equilibria determining the 
evolution of P, as Helmholtz free energy is minimized at 
equilibrium. Sometimes an activity or fugacity is imposed 
rather than a closed system. Although the thermodynamic 
models and equations of state needed to realize such 
constraints in natural systems are complex and uncertain, in 
each case suitable phase diagrams can reveal the systematic 
underlying principles. When processes are visualized in the 
right space, they become simple and the results are apparent by 
inspection. 

Extending our treatment of one-component systems [6], we 
will look at cases where static or animated phase diagrams of 
two-component systems with appropriate choice of axes 
matching the independent variables reveal the range of 
outcomes of significant petrological processes. 

 
[1] Asimow, Hirschmann, Ghiorso, O’Hara & Stolper (1995) 
GCA 59(21):4489-4506.  [2] Ghiorso & Sack (1995) CMP 
119:197-212. [3] Ganguly (2005) GRL 32(6):L06312. [4] 
Zhang (1998) EPSL 157:209-222. [5] Glazner (2007) Geology 
35: 319-322. [6] Stolper & Asimow (2007) AJS 307:1051-
1139.  
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Structural nanoheterogeneity of melts 
and their surface tension  

ASKHABOV, A. M. 
Institute of Geology of Komi SC UB RAS, Syktyvkar, Russia 
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Many experimental and theoretical data testifying of 

ultramicroheterogeneous structure (nanohenerogeneity) of 
crystal-forming media has been accumulated by this time [1] 
[2]. In particular, formation in crystal-forming media of 
specific nanoclusters of “hidden phase” (quatarons) is the key 
idea of the concept of cluster self-organization of matter at 
nanolevel in nonequilibrium conditions, developed by us [2]. 
However the question on whether there is any connection 
between structured of medium and such a fundamental its 
characteristic as surface tension (specific surface energy) was 
not discussed yet. This problem is discussed in presented work. 
The question theory is given in our earlier published work [3]. 
As a result we obtained the data that evidence of 
nanoheterogeneity of crystal-forming media even near to 
equilibrium. According to the calculations made under the 
obtained formulas with use of known values of surface tension 
of melts, the quataron structures characterizing structural 
nanoheterogeneity of crystal-forming media, close to melting 
temperature represent cluster formations consisting of a small 
number of atoms. In geometrical interpretation, despite the 
non-rigid structure and oscillating character of bonds between 
atoms, the quatarons in most cases can be characterized in 
terms of simple polyhedrons - from an octahedron with 
number of surface atoms (n=6) to truncated icosahedron 
(n=60). It is also obvious that these areas of structural 
nanoheterogeneity in melt can be considered as an area of 
short-range order. 	  

 
The work is done with support of Scientific 

School-4795.2014.5 and RFBR № 14-05-90403.  
 

[1] D. Gebauer, H. Cöffen. Nano Today, 2011, N 6, pp. 564–
584. [2] Askhabov A.M. Zapiski Russian Mineralogical 
Society, 2004. № 4, pp. 108–123. (in Russian). [3] Askhabov 
A.M. Doklady Earth Sciences, 2011. Vol. 436. P.1. pp. 73-75. 
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In addition to its importance for the study of cultural 

evolution, the Central American tropics play an important role 
in global climate dynamics. Annual rainfall there is controlled 
by the seasonal meridional migration of the inter-tropical 
convergence zone in the background of both and periodic 
climate modulators of varying frequencies, originating on both 
the Atlantic (NAO) and Pacific Ocean sides (ENSO and solar). 
Here, we present one thousand years near bi-monthly δ13C and 
δ18O time-series from precisely uranium-series dated 
stalagmite (YOK-G) from Yok Balum Cave, Belize, to 
examine the persistence and modes of ENSO and solar 
influence on tropical Central American rainfall.  Spectral and 
wavelet analysis show significant (> 95% CI) periodicities 
associated with solar and ENSO spectral peaks that don’t fit in 
the Medieval Climate Anomaly (MCA) and Little Ice Age 
(LIA) framework.  The driest period within the last 1000 years 
was associated with strong ENSO during MCA to LIA 
transition (ca.1200-1400 CE). The results suggest coherence 
between ENSO and solar variability that may be causal. 
Detailed results will be presented. 
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The 1.1 Ga gabbroic Duluth Complex in Minnesota hosts 

numerous Cu-Ni-PGE deposits. Recent work has shown 
significant Ni isotopic variations of up to 1.1 ‰ in high-
temperature magmatic rocks associated with sulfide 
mineralization [1,2]. Till, surface material, primary 
mineralization, and unmineralized rock were analyzed for 
whole-rock geochemistry and Ni isotopes. Results are 
evaluated for Ni isotopic fractionation between early 
cumulates, primary mineralization, and weathering products. 

Samples were analyzed using the double-spiking method 
outlined in [1]. Ni isotope ratios are reported relative to the 
NIST SRM 968 standard with conventional delta notation and 
2σ error of 0.06 ‰. Results show a spread of δ60/58Ni values 
from -0.97 ‰ to +0.21 ‰, comparable to Ni isotopic values 
reported previously [1,2]. Least fractionated values come from 
unmineralized mafic intrusives (-0.07 ‰), while olivine 
associated with sulfide mineralization exhibits values between 
0.22 ‰ and -0.08 ‰. With increasing sulfide content, in-situ 
Ni isotopic ratios become progressively lighter, ranging from 
0.15 ‰ to -0.97 ‰. Weathered outcrop material with variable 
amounts of sulfide and Fe-oxide shows values between -0.23 
‰ and -0.87 ‰. Till samples record intermediate values 
ranging from -0.02 ‰ to -0.77 ‰. 

Results suggest isotopic fractionation from initial bulk 
silicate earth values close to zero for early phases to 
significantly fractionated Ni-bearing sulfide mineralization, 
accumulated at a later stage. This isotopic spread of up to 0.81 
‰ suggests that Ni was fractionated during sulfide formation 
by incorporating preferentially lighter Ni into the accumulating 
sulfide melt and resulting Ni sulfides. Surface samples also 
record lighter Ni isotope values with increasing degree of 
weathering, which is explained by the preferred adsorption of 
lighter Ni onto Fe-oxides as suggested by [3]. Ni isotopic 
values of surface samples, and their correlation with known 
mineralization, may be useful in distinguishing regions 
associated with Cu-Ni-PGE mineralization from barren areas.  
 
[1] Gueguen et al. (2013) Geost. and Geoana. Res. 3, 297-317. 
[2] Hiebert et al. (2014) GSA Abst. 46, 467. [3] Wasylenski et 
al. (2015) Chem. Geol. 400, 56-64 
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Earth and Environmental Sciences, Theresienstraße 41, 
80333 Munich, Germany, d.assbichler@lmu.de 
 
Sanidinites are rare rocks of igneous origin and are mostly 

found as ejecta of explosive volcanoes. They are observed in a 
small number of localities, including Laacher See in Germany, 
the middle Italian volcanic province, Mt. Vesuvius, and the 
Azores. It is suggested that they are formed as magmatic 
cumulates from gas-rich, SiO2-undersaturated melts. They 
have to be distinguished from xenoliths in magmatic rocks, 
which are formed during the metamorphic sanidinite facies. 

The geochemistry of sanidinites is comparable to that of 
syenites or phonolites, but with a higher content of Cl and SO4. 
Main minerals are sanidine and sodalite group minerals. 
Remarkable are large sanidine crystals with mostly 
interlocking fabric, creating large cavities. Within these pores 
euhedral crystals are observed, indicating the solvothermal 
formation of the mineral phase from a gaseous magmatic 
phase. Characteristic minerals are zircon (ZrSiO4), baddeleyite 
(ZrO2) (Fig. 1), and other mineral phases with high contents of 
incompatible HFS elements like thorite (ThSiO4).  

 

 
Figure 1: Solvothermally formed baddeleyite in a 

sanidinite from Laacher See (Germany); photo by Christian 
Rewitzer 
 

Preliminary results obtained from whole rock analysis 
from sanidinites from Laacher See (Germany) show a positive 
correlation between LOI, sulfate, Cl, and Na with the HFSE 
like Zr. Together with the observed phase relationship we 
conclude the formation of an exceptional gas phase within the 
magma chamber enriched in incompatible elements, like HFSE 
and light volatile elements, in addition to CO2, H2O; sulfate 
and Cl. 
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Arsenic, which is a potent carcinogen, is present as a 
groundwater contaminant in many countries in South and 
Southeast Asia. In these areas, it is estimated that millions of 
people are chronically exposed to As by the consumption of 
contaminated groundwater. The mechanisms involved in As 
mobilization are not thoroughly understood and still debated 
[1] [2]. Most researchers attribute As mobilization to the 
reductive dissolution of As-bearing Fe-(oxyhydr)oxides [3] 
[4]. Although Fe cycling is undeniably an important driving 
force for As release, depending on the environmental 
conditions, S can also exert an important influence on As 
speciation and mobility. In this study, the anoxic groundwater 
of the An Giang province in the Vietnamese Mekong Delta has 
been analyzed to identify the processes controlling arsenic 
mobilization. The An Giang aquifer waters are characterized 
by circumneutral pH values in the range of 6.4 to 8.3, high As 
(average: 8.3 µmol/L; range: 0.3-17.2 µmol/L), S (range: 0.8-
309 µmol/L)  and Fe (range: 26-309 µmol/L) concentrations 
and with Na, Ca and Mg as dominant cations. Preliminary 
results suggest that arsenic release into An Giang groundwaters 
may not be linked to Fe cycling but S cycling, supported by the 
fact that there is no correlation between As and Fe 
concentrations. Groundwater As levels could be controlled by 
microbially-mediated sulphate reduction that could generate 
highly mobile thioarsenate species [3] [4], These species have 
been identified as the dominant species in other sulphidic 
systems [5]. In addition, seasonal variations were observed in 
groundwater Eh and pH values, in dissolved organic carbon 
(DOC) and sulphate concentrations suggesting that they might 
be induced by river water infiltration to the aquifer during 
monsoonal flooding. 

 
[1] Seddique, et al. (2008). Appl. Geochem. 23:2236–2248; [2] 
Phuong et al. (2012). Environ. Monit. Assess. 184:4501–4515; 
[3] Buschmann&Berg (2009). Appl. Geochem. 24:1278-1286; 
[4] Burton, et al. (2013). Chem. Geol. 343:12–24; [5] Planer-
Friedrich, et al. (2007). ES&T 41:5245–5251. 

134



 Goldschmidt2015 Abstracts  

 135 

The role of amphiboles in the 
formation of Malanjkhand Porphyry 

Cu-deposit 
D. ASTHANA1, H. KUMAR1, S. KUMAR1 AND Q. XIA2 

1Indian School of Mines, Dhanbad, India; (*Correspondance: 
dasthana@hotmail.com); (harshafossils@gmail.com); 
(sirish.geo@gmail.com) 

2CAS Key Laboratory of Crust-Mantle Materials and 
Environments, School of Earth and Space Sciences, 
University of Science and Technology of China (USTC), 
Hefei 230026, China; (qkxia@ustc.edu.cn) 

 
The mineralogy, petrology and geochemistry of the early 

Cretaceous Lower Yangtze River Belt (LYRB) granitoids, 
central-eastern China, that host porphyry Cu deposits are 
similar to the ~2.5 Ga Malanjkhand Cu mineralized granitoids. 
The LYRB porphyry Cu deposits belong to the Western 
circum-Pacific metallogenic belt of the Eurasian active 
continental margin. The relict amphibole chemistry of the  
~2.5 Ga Malanjkhand granitoids hosting the large Cu deposit 
in central India reveals "porphyry mineralizing trend" and two 
distinct stages of formation/crystallization at relatively high 
and low pressures (P), respectively. High-P amphiboles 
represent extensive crystallization at T, log f O2, and H2Omelt 
(wt. %) at ~ 850oC, NNO + 0.3 and ~ 6, respectively. In 
contrast, low-P amphiboles formed at T, log f O2, and H2Omelt 
(wt. %) at ~ 750oC, NNO + 1.6 and ~ 4.5, respectively. 
Employing Greisen’s mass balance equation for equilibrium 
crystallization of low-P amphibole results in exsolution of 
magmatic supercritical aqueous fluids enriched K and Cu from 
the Malanjkhand batholith that can give rise to the porphyry 
Cu mineralization and potassic alteration. Accordingly, 
exsolution of magmatic supercritical aqueous fluids enriched K 
and Cu during low-P amphibole formation may be an 
important mechanism for the formation of porphyry Cu 
deposits. 
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Geochemical studies on minerals provide precious 

knowledge in igneous petrology. However, mineral chemistry 
studies are too scarce in petrological description of ophiolitic 
units of İzmir-Ankara-Erzincan-Suture-Zone (IAESZ) that is  
derived from the northern branch of the Neotethyan Ocean. In 
this study, basalts and dykes from Ankara Ophiolitic Mélange 
outcropping in Çorum (Turkey) region are described in terms 
of their field, petrographical and geochemical signatures.  

In the study area, ophiolitic mélange units of IAESZ are 
tectonically overlied by metamorphics of Sakarya Composite 
Terrane (SCT), and they are unconformably covered by Upper 
Neocene sediments. Pillow structured basalts are mostly fresh 
but show low grade metamorphism restricted to tectonic 
contact with units of SCT. Mafic dykes are doleritic.  

Collectively, all of mafic rocks are characterized by 
feldspar and abundant pyroxene. Reddish augitic pyroxene is 
the first crystalizing phase. Moreover, both augite and 
plagioclase commonly show compositional zoning, twinning, 
corrosion, resorption with spongy cellular texture, reaction rim 
and tailing properties, and overgrowth of finer grained augite 
crystals around the phenocryts in matrix.  

Whole-rock geochemistry with Sr-Nd isotope data infer 
that the rocks display features of alkaline character generated 
in a transitional environment between E-MORB and OIB. 
They are evolved from a magma of DMM and EMI mixture.  

Detailed Electron Microprobe (EMP) data revealed that 
phases are augite and albite±K-feldspar. Moreover, minerals 
show similar compositions among different rock types. 
Elemental plots for pyroxenes broadly display at least three 
trends. Pyroxene rims and microcrysts in matrix are 
characterized by enrichment in Al-Mg. The data also indicate 
that the mafics have a transitional character from subalkaline 
to alkaline, and generated in a non-orogenic environment.  

Collectively, the present data strongly infer evolution of 
rocks from similar enriched source and  at least three melt 
influxes into magma chamber during crystallization. The last 
replenishment,  mainly observed as glassy matrix,  is Mg-rich 
with alkaline affinity that control the whole-rock chemistry. 
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Organic molecule interaction with calcite surfaces is of 

broad interest, because calcite is common in nature: as a 
biomineral, as the main constituent of limestone and chalk, 
where significant quantities of oil and drinking water reserves 
are found, and it is widely used in industrial products and 
found in everyday life, for example, as scale in pipes and tea 
kettles. A vast literature on organic molecule adsorption on 
calcite exists but unfortunately, each study reports on only a 
few molecules so the picture is fragmented and the data are of 
limited applicability. Our aim was to present the big picture, 
with a comprehensive study, covering a range of organic 
molecules, to answer two fundamental questions: How do the 
common functional groups of organic molecules interact with 
calcite? And what effect have the side groups? 

We derived adsorption energies and geometries for 38 
molecules on calcite {10.4}, using density functional theory 
(DFT). Our results show that carboxylic acids (R-COOH) have 
the strongest interactions, followed by primary amines (R-
NH2) and alcohols (R-OH). Thiols (R-SH), nitriles (R-CN) and 
aldehydes (R-CHO) have the weakest interactions (Figure 1). 
We also investigated the effects of replacing the H atom with 
methyl (-CH3), ethyl (-C2H5) and phenyl (-C6H5) side groups. 
From the adsorption energies, we derived desorption 
temperatures and these agree well with measurements from 
temperature programmed X-ray photoelectron spectroscopy 
(XPS). 

 
 
Figure 1: 
Adsorption 
energies of organic 
molecules with 
various functional 
groups, where an H 
atom is replaced by 
side groups, i.e. 
methyl, ethyl and 
phenyl. 
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The Norra Kärr rare metal deposit in Southern Sweden 

represents one of the largest resources of rare earth elements 
(REE) in Europe. The mineralization is hosted by deformed 
agpaitic nepheline syenites covering an area 350 by 1100 m in 
size. REE-bearing minerals include eudialyte-group minerals 
(EGM) and minor mosandrite and britholite-group minerals. Zr 
is hosted by catapleiite and EGM. 

The intrusion was emplaced between 1.55-1.40 Ga within 
the Transscandinavian Igneous Belt in an anorogenic (post 
Svecofennian) environment and deformed and metamorphosed 
during the Sveconorwegian (Grenvillian) orogeny between 
1.25-0.85 Ga (e.g. [1]). Microtextures and compositional 
variations in clinopyroxene and EGM are used to distinguish 
magmatic and metamorphic processes during the evolution of 
this rare metal mineralization. 

Clinopyroxenes are invariably sodic and are characterized 
by early magmatic Zr-rich cores, euhedrally overgrown by 
presumably late magmatic aegirine, anhedrally overgrown by 
metamorphic Al-rich aegirine (jadeite). Similarly, EGM show 
complex distribution patterns of major and minor elements 
suggesting multiphase influence of fractional crystallization, 
recrystallization, fluid-induced re-mobilization and late 
alteration. 
 
[1] Andersson, Rutanen, Johansson, Mansfeld & Rimša 
(2007), Characterization of the Paleoproterozoic Mantle 
beneath the Fennoscandian Shield: Geochemistry and Isotope 
Geology (Nd, Sr) of ~ 1.8 Ga Mafic Plutonic Rocks from the 
Transscandinavian Igneous Belt in Southeast Sweden, 
International Geology Review 49, 587-625. 
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Enhanced dissolution is thought to be an important 

physico-chemical process that can strongly affect overall mass 
fluxes from organic pollutant source zones and the rate at 
which they deplete. The process has been validated in several 
laboratory column studies and, although scarsely, also in the 
field. Numerical modelling studies suggest that the 
enhancement is induced by the increase of concentration 
gradients at the mm-scale. However these models were so far 
unable to closely reproduce observations from laboratory 
column experiments and, on the other hand, have never been 
applied to assess data from field-experiments. 

In this study we present a detailed analysis of a field-scale 
remediation experiment for a PCE contaminant source zone 
and provide clear evidence for the occurrence of enhanced 
dissolution.    We demonstrate that NAPL dissolution mostly 
occurred within thin layers of silts in conjunction with 
subsequent mass transfer towards interbedded, more 
permeable, sandy layers.  

As a first objective of this study an analytical solution for 
the enhanced dissolution of a single NAPL component from 
the interbedded thin silt layers was developed and validated by 
mm-scale numerical simulations. For an extension to the case 
of a sequential degradation of PCE to VC and ethene in the 
presence of organic matter a semi-analytical solution that 
relates the dissolution rate to the average local pollutant 
concentration was derived. With the solution being scale-
independent it is directly applicable to field-scale simulations.  

In the analysis of our field data we used conservative 
transport simulations to estimate the precise thickness of the 
silty layers and local permeabilities. This step was followed by 
reactive transport simulations in which the enhanced 
dissolution rate considers the local concentration, sand layer 
thickness, local flow velocities and degradation rates. 
Incorporating the results of the conservative transport 
simulations the degradation rate was adjusted until a 
satifactory agreement with measured data was achieved.  

Overall, this step-wise analysis allowed to differentiate 
between the individual effects of degradation and dissolution 
on the source depletion rate. For the studied case the results 
suggest that the dissolution was enhanced by a factor >3. The 
calibrated model allowed to undertake long-term scenario 
simulations that were then used to identify the most efficient 
remediation approach. 
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Based on geological evidence it has been proposed that the 

ore-forming melts and fluids of Climax-type porphyry Mo 
deposits contained up to weight percent levels of Mo. 
However, melt inclusions analyzed from Pine Grove contain 
only a few µg/g Mo [1]. Based on the latter  observation, [2] 
proposed that Climax-type deposits formed by circulation of 
large volumes of evolved, volatile-rich melts through the 
underlying porphyry stocks.   

The aim of this presentation is to review fluid and melt 
inclusion data that have been gained since the pioneering work 
on Pine Grove. Data on Mo concentrations in silicate melts 
and/or magmatic fluids are now available from Questa (NM), 
Climax (CO), Henderson (CO), Mt. Emmons (CO), Cave Peak 
(TX), and Anticlimax (AK). At four locations, intermediate-
density fluid inclusions representative of a supercritical, single-
phase fluid prior to vapor-brine separation have been 
documented, all showing salinities of 6-20 wt% NaClequiv and 
Mo concentrations ≤100 µg/g. Ore-related silicate melts 
typically contained 5-20 µg/g Mo, although the ones at Pine 
Grove contained only 2-3 µg/g Mo, and some extremely 
evolved residual melts at Climax contained up to 100 µg/g Mo. 
Overall, these results strongly support the model of [2], i.e., 
metal extraction from large volumes of relatively Mo-poor 
melts and fluids.  

A key question with regard to the mineralization potential 
thus is: What factors promote segregation of residual melts 
into the apical parts of plutons/batholiths and the formation of 
apophyses? Based on the close genetic link between porphyry 
Mo-forming magmas, topaz rhyolites and A-type granites it is 
proposed that high degrees of melt fractionation and efficient 
melt segregation are ultimately caused by the relatively dry 
nature and low production rate of within-plate silicic magmas, 
with fluorine potentially driving a runaway effect once it 
reaches concentrations at the weight percent level. 

 

[1] Lowenstern (1994), Geology 22, 893-896. [2] Shinohara, 
Kazahaya & Lowenstern (1995), Geology 23, 1091-1094. 
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Kimberlite-borne eclogite xenoliths with Archaean and 

Proterozoic ages have complex histories that can be unravelled 
using their major- and trace-element relationships. Low-
pressure protoliths are identified by flat HREE and positively 
correlated Y-TiO2, sometimes accompanied by Eu anomalies. 
Incompatible element abundances relate to melt fraction during 
protolith generation, revealing a similarity to basalts or 
picrites. The melt fraction lost from rutile eclogite that induced 
low LREE/HREE upon metamorphism in some samples can be 
approximated by modelling. Excluding metasomatised samples 
and accounting for the effects of eclogitisation, these rocks can 
be employed together with orogenic eclogites and 
(meta)basalts from allochtonous greenstone belts to constrain 
some characteristics of the convecting mantle sources from 
which their protoliths were ultimately derived.  

We use the V/Sc of eclogites that only fractionated olivine 
± plagioclase and that have low-pressure protoliths which 
separated from a garnet-free peridotite source to unravel the 
redox history of the convecting mantle [1] [2]. Because of 
higher mantle potential temperatures in the Archaean, low 
V/Sc results in part from deeper average melting pressures and 
decreasing fO2 with depth. After accounting for this effect, 
Archaean convecting mantle can be shown to have been more 
reducing than its modern equivalent, as previously suggested 
[3], with ΔFMQ as low as -1.5 and Fe3+# of 0.08±0.04. This 
has several consequences for the carbon cycle, including (1) 
the locus of the peridotite solidus and the composition of 
fluids/melts that can be generated along the mantle adiabat; (2) 
the viability of redox melting in decompressing mantle as a 
precursor to continental rifting in the presence of thick cratonic 
lithospheric keels, and (3) the stability of graphite/diamond vs 
CO2-bearing melts upon recycling of reducing Archaean 
oceanic crust [4]. 
 
[1] Canil (1997) Nature 389, 842-845. [2] Lee et al. (2005) 
JPet 46, 2313-2336. [3] Foley (2011) JPet 52, 1363-1391. [4] 
Stagno et al. (2015) CMP 169, 16. 
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Trace elements are used as tracers of ocean circulation and 

biogeochemical cycles in the oceans. They are removed from 
the water column by reversible scavenging onto particles. 
Insight into these processes is important for the transfer of 
matter in the ocean, including organic and inorganic carbon. 
The trace elements Th-230 and Pa-231 are especially useful as 
paleoproxies. Its ratio in the water column and in the sediments 
gives information on both adsorptive scavenging and ocean 
circulation. 

Biogeochemical general circulation models are used to 
arrive at an integrated view of these processes. The 
biogeochemical model PISCES had been used to model  
Pa-231/Th-230, but the simulation needed an unrealistically 
strong scavenging [1] because of an underestimation of particle 
concentrations. For our study we use an updated version of 
PISCES [2] with an improved parameterisation of particle 
dynamics.  To this end we used the so called « lability 
spectrum ». Instead of assuming a constant rate of 
remineralisation, this parameterisation uses a continuum of 
remineralisation rates, accounting for the whole spectrum from 
very reactive to refractory particles.  We will present our first 
results with the lability spectrum. The particles will be 
compared with measurements from the recent U.S. 
GEOTRACES North Atlantic cruise [3].  The Th-230 and  
Pa-231 measurements from Hayes et al. [4] from the same 
cruise will be used as a comparison with the modelled 
concentrations. 
 
[1] Dutay et al. (2009) Geochem. Geophys. Geosyst., 10, 
Q01011 [2] Aumont et al. (2015) Geosci. Model Dev. 
Discussions, 8(2), 1375–1509 [3] Lam et al. (2015) Deep-Sea 
Res. Pt II, in press [4] Hayes et al. (2015) Deep-Sea Res. Pt II, 
in press 
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Ilmenite in mafic rocks (both gabbros and granulites) is 
typically surrounded by coronas of zircons ranging in 
diameters from a fraction of a micron to 10 micron across. 
Such zircons are inert during subsequent metamorphism 
(prehnite-pumpellyite to eclogite facies) and metasomatism 
(albitiszation and scapolitization) and can be found as trails in 
the new formed silicates. The trails link up to form polygons in 
the altered rocks outlining the former oxide grainboundary. We 
exemplify how this 3-dimensional framwork of zircons can be 
used to (a) recognize metasomatic origin of rocks, (b) quantify 
the mobility of elements during mineral replacement (c) 
establish the growth direction of reaction fronts and (d) to 
identify the reaction mecahnism. 
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We report improvements for the simultaneous 

determination of multiple sulfur isotope compositions for both 
δ33S, δ34S and δ36S on the SF6 molecule (m/z: 127, 128, 129, 
131) for quantities down to 0.4 micromoles, and δ33S, δ34S for 
quantities down to 20 nanomoles. Multiple analyses of two 
international Ag2S standards, IAEA-S1 and IAEA-S3, yield a 
narrow range of δ34S values vs CDT, with a standard deviation 
of ± 0.2‰. This ultimately allows the determination of the 
Δ33S with an accuracy of ± 0.03‰ (1σ), Δ36S from IAEA-S3 
measurements still show larger variations with a standard 
deviation of ±1‰ (1σ). 

This technique was applied to aerosols which are the main 
sources of urban pollution in order to better understand their 
formation conditions. Sulfur multi-isotope analysis of 
atmospheric emissions from the major S sources in the urban 
environment (road traffic, waste incinerators, heating, thermal 
plants and cement factories) shows that they can 
unambiguously be discriminated when their δ34S, Δ33S, and 
Δ36S compositions are coupled.. We are currently analyzing 
PM10 (aerodynamical diameter <10µm) samples collected by 
the Ville de Montreal within the Montreal island since 1969 at 
6 stations typical of distinct environments  including road 
traffic, harbor, downtown, and natural background to elucidate 
the isotope shift associated with secondary aerosol formation 
process.  
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The fate of deeply subducted oceanic crust and overlying 
sediments is of great importance for its role in the generation 
of magmas in subduction-related geodynamic settings. Italian 
volcanoes, and Vesuvius in particular, are good laboratories to 
investigate these processes due to their strong enrichment in K 
and incompatible trace element that requires a significant 
amount of sediment material recycled into the mantle. 
Volcanic rocks from Vesuvius display ubiquitous 238U excesses 
(up to 27%), a feature that is unusual in such enriched 
subduction-related magmas. In addition they have among the 
highest (231Pa/235U) and (226Ra/230Th) reported for arc rocks. 
These characteristics require a recent addition of a high-U 
component to the mantle beneath the Italy. In order to 
constrain the origin and nature of this slab-related component 
we present new data on non-traditional stable isotopes (Mo, 
238U/235U) on both volcanic rocks and possible sedimentary 
end-members. Non-traditional isotope systems such as Mo and 
238U/235U are sensitive to redox-related isotopic fractionation 
on the Earth’s surface, hence they may provide key 
information on the type of material recycled from the 
subducting slab to the mantle wedge.  

The combined use of these different isotope systematics 
will provide a wider picture of the mechanism and timescales 
of the processes occurring from slab subduction to magmas 
generation and ascent above subduction zones.  
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Mantle xenoliths transported to the surface by alkaline 

mafic and ultramafic rocks are important source of information 
about processes in the Earth interior. In most cases CO2 is the 
dominated constituent of fluid inclusions in xenoliths (Berkesi 
et.al., 2012; Bergman S.C., Dubessy, 1984). However, 
cryometric measurements of phase transitions often reveal 
deviations from monophase fluids, indicating presence of 
additional components. We report results of investigation of 
partially decripitated primary fluid inclusions from garnet-
spinel xenoliths of east Antarctica (Oasis Jetty) using Raman 
micro spectroscopy and thermobarometry. 

According to the Raman data the fluid has complex 
composition. Peaks at 2610, 2329, 1388 and 1282 cm-1 
indicates presence of pressurised CO2, N2, H2S. Molar fractions 
of the components estimated from integral areas of 
corresponding peaks are: CO2/N2/H2S = 0.7/0.2/0.1. Similar 
ratio were identified by cryometry. Crystallization of gas-
hydrates in the inclusions suggests also presence of H2O.  

Primary fluid pressure is estimated based on the position of 
the CO2 line. Calculated PT-parameters of the mantle 
peridotites formation is 1270-12800C and ~2.2GPA. 
 

Fig.1 Raman spectra of fluid. 
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Recent studies have demonstrated that old atmospheric 
xenon trapped in fluid inclusions of Archean samples is 
isotopically intermediate between potential primordial end-
members (chondritic or solar) and the modern atmosphere [1] 
[2]. These preliminary results have been interpreted as 
resulting from a prolonged escape of Xe atoms from the 
atmosphere to the outer space [3]. This escape might be due to 
the ionization, isotopic fractionation and trapping of Xe atoms 
in organic matter [4] and could have lasted until the 
oxygenation of the Earth’s atmosphere.  

We have analyzed noble gases (Ne, Ar, Kr & Xe) and N2 
in fluid inclusions trapped in quartz of a wide range of ages 
(3.5 Ga to present) in order to get the precise evolution of Xe 
fractionation through geological periods of time, and to 
estimate the time when the current isotopic composition was 
established. 

In quartz from the Barberton area (South Africa), the 
Archean (≈3.3 Gyr) Xe isotope ratios indicate an isotopic 
fractionation of 10.4 ± 0.78 ‰.amu-1 in favor of the lighter 
isotopes for the Archean atmosphere relative to the modern 
one. The fractionation is less severe for 2.7 Gyr-old quartz 
from the Fortescue Group (Australia) and reaches 8.5 ± 1.3 
‰.amu-1. Finally there is almost no resolvable isotopic 
fractionation of Xe in 2.0 Gyr-old quartz (West Africa) with a 
value of 1.1 ± 0.9 ‰.amu-1. More recent quartz contains Xe 
isotopically similar to the modern atmosphere for non-
fissiogenic isotopes. Kr analysed precisely in all samples is 
isotopically normal. Neon (and N2) isotopes do not reveal any 
mantle contribution. 

We demonstrate in this study that there was a specific 
atmospheric process occuring in the Archean atmosphere that 
was responsible for the escape and isotopic fractionation of Xe 
isotopes. The curve of the evolution of the isotopic 
composition of atmospheric Xenon is now well established and 
might help to understand the long-term evolution of the 
atmosphere. 

 
[1] Pujol et al. (2009) GCA 73, 6834-6846 [2] Pujol et al. 
(2011) EPSL 308, 298-306 [3] Marty (2012) EPSL, 313-314, 
56-66. [4] Hébrard & Marty (2014) EPSL 385, 40-48. 
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The sulfur isotopic record of Archean and Paleoprotero- 
zoic sedimentary rocks places important constraints on the 
timing of atmospheric oxygenation. However, many of these 
ancient rocks have endured several post-depositional processes 
(e.g., diagenetic, magmatic, hydrothermal, and metamorphic) 
over geological time so that the original isotopic signature 
from the early atmosphere and biosphere is now largely 
overprinted. 

In situ SHRIMP-SI measurements of multiple sulfur 
isotopes (32S, 33S, 34S, 36S) in pyrite now allow Δ33S to be 
determined with internal errors better than 0.05‰ (2SE) and 
reproducibility about 0.1‰ (2SD). Charge mode 
measurements [1] of 36S− allow Δ36S values to be determined 
with internal precisions of ± 0.2‰ (2SE) and reproducibility 
better than 0.25‰ (2SD). This level of precision permits 
identification, at the micron scale, of preserved isotopic 
signatures of ancient atmospheric chemical and biological 
activity, as well as overprinted secondary processes. 

Multiple sulfur isotope analyses carried out in pyrites from 
Archean and Paleoproterozoic sedimentary successions in 
Brazil (Jacobina Basin) and Australia (Turee Creek Group) 
provide isotopic evidence for multiple generations of pyrite, 
represented by distinct Δ33S and Δ36S signatures among 
individual pyrite crystals and within single grains with 
overgrowth textures. The level of precision and spatial 
resolution achievable with SHRIMP-SI even allows distinction 
of small but isotopically distinct pyrite populations that would 
otherwise  not be resolved with bulk isotope data. 
 
[1] Ireland et al (2014) Int. J. of Mass Spect. 359, 26-37. 
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A nucleation and growth pathway for Zn sulfides that 

involves amorphous precursors to the crystalline products has 
been established in experiments [1] but so far not in a natural 
environment. We present results on a colloform phase from the 
Grieves Siding metal-rich peat deposit in western Tasmania, 
which is hypothesized to be an amorphous predecessor of 
sphalerite. 

The colloform phase consists of Zn, S as well as O (up to 
18.5 wt. %), Al (up to 8.5 wt. %), Pb (up to 2.9 wt. %), Si (1.7 
wt. %) and Fe, Cd, Cu, Ag, Sb, As, and also lighter elements 
such as H and C.  Brighter bands in backscattered electron 
images correspond to highest concentration of Zn and S, 
whereas the darker bands contain more O, Al, Si and C.  Lead 
and other trace metals display no correlation with the bands. 
The colloform phase lacks any electron backscatter pattern, 
which indicates that the phase is amorphous or non-crystalline. 
Infrared spectra have distinctive signatures matching that of 
water, aluminosilicate and in some cases, organic molecules.  

The amorphous and non-equilibrium state, the 
compositional heterogeneity, i.e. the occurrence of non-
stoichiometric ZnS, and the Al-Si-O-C phase resembling the 
substrate, strongly suggest that colloform Zn-S-O-Al-Pb-Si is a 
precursor phase, possibly in colloidal form, that ultimately 
transforms into crystalline sphalerite following the Ostwald 
Step Rule [2]. Significant influence of microorganisms and its 
organic products are also postulated to be involved in the 
mineral formation process. 
 
[1] Luther, Theberge & Rickard (1999) Geochim.  Cosmochim. 
Acta 63, 3159-3169. [2] Ostwald (1897) Zeitschr. Phys. Chem. 
22, 289-330. 
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Petrogenesis and geodynamic setting of the late Cretaceous 
volcanic rock series in the Eastern Blacksea region, NE 
Turkey, play a critical role in determining the nature of the 
continental crust and mantle dynamics during late Mesozoic 
subduction processes. The late Cretaceous time in the region is 
characterized by two bimodal (mafic and felsic) volcanic 
activity that occurred in the Cenomanian-Santonian (100-85 
Ma) and Santonian-Late Campanian (85-75 Ma) periods. The 
mafic rocks in the two volcanic periods generally include 
basalt, basaltic andesite and minor andesite whereas their felsic 
members mainly consists of dacite and rhyolite. The basaltic 
and andesitic rocks exhibit subaphyric to porphyritic textures 
with phenocrysts of calcic plagioclase and augite in a 
hyalopilitic matrix of plag+cpx±amph. The dacitic and 
rhyolitic samples commonly show a porphyritic texture with 
predominant Na-rich plagioclase, K-feldspar, quartz and lesser 
biotite phenocrysts. 

The studied volcanics have almost completely a 
transitional to tholeiitic character and show typical arc 
geochemical signatures. N-MORB-normalised multi-element 
patterns show that all rock samples are enriched in LILEs (e.g. 
Rb, Ba, Th) but depleted in Nb and Ti. The chondrite-
normalized REE patterns are nearly concave shapes with low 
to high enrichment in LREEs from mafic to felsic members 
and do not exhibit any significant negative Eu anomaly for the 
mafic samples while those of the felsic rocks clearly display 
negative Eu anomalies.  

All geochemical results reflect a genetic relationship 
between the mafic (metasomatized mantle-derived) and felsic 
volcanic rocks through fractional crystallization processes with 
minor crustal contamination.  

 
This research was funded by the TUBITAK (grant 

112Y365). 
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The Temrezli uranium deposit in Central Anatolia is one of 
the large-scale sedimentary rock-hosted uranium deposits of 
Turkey. Uranium ore bodies occur as lenses and are hosted 
within the Eocene shallow marine sedimentary rocks. These 
rocks are overlying the granite – granodiorite of Kırsehir 
Massif where located at the basement and consisting of coarse 
to fine grained sandstones, siltstones and claystones. These 
units are locally covered by Late Eocene volcanism. Plioecene 
lacustrine sediments and Quaternary alluvium are at the top of 
the succession. Uranium has been washed away from the 
acidic granitic rocks and deposited by the meteoric and 
underground waters and then were concentrated as lenses in 
the Eocene sedimentary rocks. Mineralization is controlled by 
organic carbon through the oxidation – reduction boundaries. 
Up to date in total 101,435m of drilling completed at 601 sites 
in the deposit area. The mineralized lenses are found in 25m 
shallowest and in 225m in deepest in the drill holes. The main 
structural trend of the mineralized lenses is SW – NE direction 
which complies with the geological structure of the Great 
Cankiri basin. According to the resource estimation in both 
indicated and inferred 17,4million pounds of U3O8 have been 
determined. The deposit is considered as the first in-situ 
recovery uranium mine of Turkey. 
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Whole-rock geochemistry, mineral chemistry, the 40Ar-39Ar 

age, and Sr-Nd isotopic data are presented for the Early 
Eocene non-adakitic volcanic rocks on the eastern corner of 
the Eastern Pontides orogenic belt (NE Turkey). The tectonic 
setting of the Eastern Pontides during the Late Mesozoic to 
Early Cenozoic remains a topic of debate. Here, for the first 
time, we describe the Early Eocene non-adakitic volcanic 
rocks from the Eastern Pontides [1]. 

These rocks contain plagioclase, hornblende phenocrysts, 
and magnetite / titanomagnetite and apatite microphenocrysts. 
Geochronology studies based on the 40Ar-39Ar ratio of the 
amphibole separates reveal that the non-adakitic porphyritic 
volcanic rocks have a crystallization age of 50.04 ± 0.10 to 
50.47 ± 0.22 Ma (Ypresian). The volcanic rocks show 
tholeiitic to calc-alkaline affinities and have low-to-medium K 
contents. They are also enriched in large ion lithophile 
elements (LILE), light rare earth elements (LREE), and 
depleted in high field strength elements (HFSE), with a no 
negative Eu anomaly (Eun/Eu* = 1.03–1.08) in mantle-
normalized trace element spidergrams. The samples 
(Lacn/Lucn=2.60-4.28) show low-to-medium enrichment in 
LREEs relative to HREEs, in chondrite-normalized REE 
patterns indicating similar sources for the rock suite. These 
rocks display a range of ISr (50 Ma) values from 0.70451 to 
0.70485, and ƐNd (50 Ma) 2.9 and 3.7. The main solidification 
processes involved in the evolution of these volcanics consist 
of fractional crystallization, with minor amounts of crustal 
contamination [1]. 

All of our evidence supports the conclusion that the 
parental magma of the rocks probably derived from an 
enriched mantle, previously metasomatized by fluids derived 
from the subducted slab, in a post-collisional, geodynamic 
setting. 
 
[1] Aydınçakır (2014) Lithos 208, 361-377 
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Acid Mine Drainage (AMD) is an unwanted pollution that 
is expected to flow out from coal and sulfide mines for 
hundreds of years. AMD hosts Rare Earth Elements and 
Ytrium (REY) concentrations up to two orders of magnitude 
higher than those in continental waters and oceans. AMD 
passive remediation systems neutralize AMD with a calcite, 
leading to a sequential precipitation of Fe(III) and As as 
schwertmannite and Al and Cu as hydrobasaluminite. 
Practically all REY are concentrated in the Al-rich precipitate. 
Sorption onto amorphous hydrobasaluminite (Kd between 100 
and 150 kg/L) is the major process postulated for REE 
retention.  A preliminary survey from the Iberian Pyrite Belt 
AMD treatments shows that the REY rates in the residues 
range between 0.03 and 8% REY2O3. Therefore, AMD 
remediation systems may provide a new and almost 
inexhaustible natural source of REY that is sustainable and 
beneficial for the environment. 
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Large explosive volcanic eruptions inject vast quantities of 

silicate ash particles and co-erupted volatiles including H2O, 
SO2 and HCl, into the stratosphere. Stratospheric SO2 and HCl 
loadings may perturb global climate and the abundance and 
speciation of trace gases (e.g., O3). However, the fate and 
impact, of erupted SO2 and HCl may be altered by scavenging 
processes acting within the cooling eruption plume (>200ºC) 
or cold volcanic cloud. The significance of scavenging within 
cooling plumes, namely of gas adsorption onto silicate 
surfaces, has been largely neglected due to the presumed 
brevity of high temperature exposure. However, recent models 
show that large eruption plumes sustain high temperatures for 
10’s – 100’s seconds. Our anhydrous adsorption experiments 
imply that this window permits significant uptake of SO2 and 
HCl on glassy consituents of silicate surfaces, forming CaSO4 
and NaCl deposits, sustained by Ca2+ and Na+ diffusion to the 
gas-glass interface. We also identify glass compositional 
controls on Ca2+ and Na+ mobility, which in turn limit 
adsorption. For both gases, we also invoke temperature-
dependent chemical reactions which reduce the rate of uptake 
via impeding salt formation or ionic diffusion. However, new 
adsorption experiments conducted in H2O-bearing atmospheres 
demonstrate that such reactions are a facet of complex 
compositional controls on adsorption imparted by eruption 
plume chemistry. We present the results of these experiments, 
and discuss their implications for in-plume processes, and 
specifically for large explosive eruptions. 
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We report our new U-Pb zircon dating, major and trace 

element data, mineral chemistry and Sr–Nd isotopic analyses 
of the mafic – intermediate dykes in the İstanbul zone. Mafic 
dykes are represented by calc-alkaline to alkaline 
lamprophyres (mainly vogesite) and diabases. Intermediate 
dykes are represented by the calc-alkaline andesitic to dacitic 
subvolcanic rocks and small granodioritic stocks. New zircon 
U–Pb LA-ICP-MS dating yield ages from 72.49±0.79 to 65.44 
±0.93 Ma (i.e. Upper Cretaceous) for the intermediate dykes. 
87Sr/86Sr initial values of the mafic and intermediate dykes span 
a range from 0.703508 to 0.706311, while their initial 
143Nd/144Nd values vary between 0.512614 and 0.512812 and 
eNd(T) values between 5.09 and 1.24. Nd TDM model ages 
range between 0.46 and 0.77 Ga. 

These dykes are enriched in LILEs and LREE and depleted 
in HFSEs, indicating that the melts were derived from a mantle 
source modified by subducted slab-derived melts. N type 
MORB-normalized multi-element spidergrams of mafic and 
intermediate dykes display a distinct subduction signature. The 
mineral chemistry on amphiboles is used to constrain the 
pressure (P), temperature (T), oxygen fugacity (logƒO2) and 
water contents (H2Omelt) during the crystallization of the 
magmas in studied dykes. Amphibole temperatures for studied 
rocks are in a range of 769 – 991 oC (mean = 843oC). The 
crystallization depths are estimated to be in the interval of 3.0 
– 20.2 km and they show polibaric crystallization. The mafic-
intermediate dykes can be considered to have been 
equilibriated at oxygen fugacities of amphiboles (logƒO2) 
between −9.4 and −13.1 bars (mean = −11.8 bar) and at 
H2Omelt contents changing between 4.8 % and 7.5 % (mean = 
5.8 %) respectively. Calculated values indicate that all dykes 
were emplaced at mid - shallow crustal levels. In summary, in 
this study, dyke complexes are interpreted as emplaced in a 
volcanic rifted margin related to the rifting of the Black Sea 
during the Late Cretaceous. 
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In the Urals VMS deposits, tube worms and bacterial 
filaments were found near black smoker chimneys and also in 
hematite-rich ferruginous sedimentary haloes around sulfide 
mounds. The tube microfossils ~100 μm across and up to  
1 mm long consist of the rim made up of fine-disperse 
hematite and internal channel filled with hematite, hematite-
quartz aggregates, leucoxene, rutile, sulfides, apatite, Fe-
chlorite, Mn-calcite, REE-carbonates. In comparison to 
sulfidized vent fauna depleted in trace elements, the hematite-
rich tube worms and bacterial filaments contain high contents 
of biogenic P (up to 1.4 wt %) and V (up to 779 ppm) and also 
hydrothermal Mn (up to 9393 ppm) and As (up to 1872 ppm), 
and also high values of Ti (up to 1493 ppm), W (up to  
1091 ppm), and U (up to 9 ppm), probably, derived from 
seafloor altered hyaloclasts. The high As contents are related to 
oxidation of sulfides. The habitat polluted by highly toxic 
arsenic is characterized by the presence only of the tube worms 
and bacterial filaments and display no abundance of other 
macrofauna.  This work was supported by the Russian Science 
Foundation (project no. 14-17-00691). 
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Most domains of Archaean continental crust formed by 

initial accretion of a sodic (TTG) crust, followed by reworking 
of this crust and formation of potasic granites. This results in 
the formation of a stable cratonic nucleus. In the North-Eastern 
Superior Province (Canada, NESP), this pattern is observed in 
the late Archaean. 

Crustal-scale partial melting is commonly observed in 
many post-collisional modern crust, or in most of the Archaean 
crust. Melting affects all but the uppermost crust, with a 
melting front possibly as shallow as 5-10 km below the 
surface, resulting in flow of the partially molten crust, 
decoupling of the brittle upper crust and thin-skinned tectonics. 
Melts can be extracted from the molten layer and emplaced as 
upper crust plutons; alternately, the partially molten layer can 
be exhumed in domes raising between portions of shallower 
crust. As a result, a partially molten crust undergoes bulk 
differentiation and chemical separation in different layers: an 
upper brittle crust that may be intruded by plutons; a mid-
crustal partially molten layer, with net melt gain or loss in 
different domains; a typicallly melt-depleted lower crust. 

The NESP is made of a variety of TTG intrusive, TTG 
gneisses, migmatites, granites and granulites. Using the 
existing database of gneisses compositions compiled by the 
MERN of Québec in the NESP, we identified different types of 
rocks and propose a model of bulk crustal accretion and 
differentiation by (1) formation of a ca. 2.74—2.72 Ga TTG 
crust, by polybaric melting of a mafic precursor, and (2) 
melting and melt segregation within this crust, resulting in the 
formation of migmatites, melt-depleted gneisses and granites 
that follow regional discontinuities. Furthermore, we identified 
key geochemical indicators that allow to map different crustal 
domains in identify region of melt-depelted/enriched crust, or 
high/low pressure TTGs. These domains correlate with known 
mineral indices.  
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Seafloor massive sulphides (SMS), chimneys, enclosing 
rocks (peridotites and basalts) and crusts were analysed for 
REE’s on ore fields Ashadze- 1 (12o 58.4’ N, 44 o 51.8 W) and 
Ashadze-2 (12o 59.5’ N, 44o 54.5 W) at MAR. Maximum 
values of REE sum (∑REE) in Ashadze-1 ore field, in 
accordance to different types, were distributed in the following 
manner (ppm): in peridotites – 10.40; in basalts – 16.63; in 
chimneys – 12.27; in SMS – 12.72; in crusts – 168.75. 
Maximum values of ∑REE in Ashadze-2 ore field: in 
peridotites – 15.31; in basalts – 26.39; in SMS – 7.72; in crusts 
– 218.46.

In all types one can see a positive europium anomaly Eu(a).
Peridotites of Ashadze-1 and Ashadze-2 have maximum Eu(a) 
of 7.36 and 2.83 respectively. Enhanced Eu(a) (2.25) is also 
discovered in SMS and chimneys of Ashadze-1 ore field. 

In Figure 1 vertical lines illustrate the ratios (minimum and 
maximum values) of light and heavy REE’s (LREE/HREE) for 
all the analysed types (rocks, SMS, chimneys and crusts) of ore 
fields Ashadze-1 (blue arrows and circles) and Ashadze-2 (red 
arrows and circles).  

Maximum concentration of ∑REE in crusts is determined 
by their mineralogical and structural and textural peculiarities.  

The enhanced Eu(a) in SMS is inherited from rocks. 
A significant fractionation of LREE/HREE in all types was 

discovered in Ashadze-1 ore field in comparison with 
Ashadze-2 ore field. The difference in fractionation of REE’s 
can be related to the peculiarities of hydrothermal activity and 
the age of ore fields.  

158



 Goldschmidt2015 Abstracts  

 159 

Do Cr isotopes really fingerprint 
Precambrian surface oxidation? 

MICHAEL G. BABECHUK1*, RONNY SCHOENBERG2,  
ILKA C. KLEINHANNS2, ELIZABETH D. SWANNER2, 

SAMUEL M. WEBB3 AND BALZ S. KAMBER1 
1Department of Geology, Trinity College Dublin, Ireland 
2Department of Geosciences, University of Tübingen, 

Germany 
3Stanford Synchrotron Radiation Lightsource, USA 
*(correspondence: babechmg@tcd.ie) 
 

Oxidation of Cr(III) to Cr(VI) by Mn oxides in soils and 
subsequent Cr reduction cause isotope fractionation. Isotopic 
excursions of Cr relative to the narrow and consistent ratio of 
igneous rocks have been reported for Precambrian paleosols 
and banded iron formation. Significantly, this includes strata 
older than the Great Oxygentaion Event (GOE) [1]. At face 
value, Cr isotopes in these latter deposits imply Cr(III) 
oxidation on continental land well before the GOE. This view 
has been challenged, however, based on the high atmospheric 
O2 and kinetic requirements of surficial Mn oxide formation 
[2], and because it contradicts other sensitive redox indicators 
such as Fe speciation and pyrite preservation. 

Here, we present a detailed Fe-Mn-Cr study of the ca. 1.85 
Ga Flin Flon paleosol – one of the best preserved and 
unambiguous Proterozoic subaerial weathering profiles known. 
It shows progressive upwards alteration, formation of 
spheroidal weathering textures, and depletion of mobile 
elements. Consistent with its formation after the GOE, the 
paleosol shows Fe retention with systematic upward oxidation 
of Fe(II) to Fe(III) preserved in hematite. In clear contrast to 
Fe, however, following observations imply mobility of Mn and 
Cr in reduced state. 

Upward Mn depletion in the profile suggestes negligible 
Mn oxide formation. This is supported by in situ redox 
analysis of the paleosol failing to detect any Mn(III) or Mn(IV) 
compounds. Furthermore, the heavy isotopes of Cr become 
enriched in the oxidised, hematite-bearing horizons of the 
paleosol, opposite to modern weathering profiles. We propose 
that this heavy isotope enrichment occurred during Cr(III) 
interaction with pedogenic smectite and/or Fe oxides. 

Regardless of the mechanism that led to the observed Cr 
isotope signature, our study shows that Cr isotope excursions 
in Precambrian surface deposits may have multiple origins and 
are not unique fingerprints of high levels of atmospheric O2.  

 
[1] Crowe et al. (2013), Nature 501, 535-539; [2] Konhauser et 
al. (2011), Nature 478, 369-374 
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Interactions between circulating seawater and basalt in the 

flanks of mid-ocean ridges are key in controlling ocean 
chemistry and subcrustal life. But geochemical investigations 
of ocean-basement exchange are difficult when the basement 
has been sealed and rock compositions were partially reset by 
close-system processes of little relevance to ocean fluxes. 

We report geochemical compositions (majors, traces, H2O, 
CO2, S, Fe(iii)/Fe,total) and Sr isotope ratios of sixty whole 
rock samples collected from drill core (to 335 m subseafloor) 
retrieved during IODP Expedition 336 to the North Pond area 
at 22°45’N and 46°06’W on the western flank of the Mid-
Atlantic Ridge.  The basement age is about 8 Ma at this site, 
where off-axis circulation of seawater continues vigorously 
today and removes about 100 mW/m2 of heat from a 8x15 km 
sedimented area. Because the basement has been ventilated by 
oxygenated seawater throughout its lifetime, the North Pond 
area is a much needed reference cite for assessing geochemical 
exchange fluxes in a prolonged period of a key hydrological 
state, in which crust-basement exchange is unobstructed by 
sediment sealing. 

The basement is heavily oxidized (Fe(iii)/Fe,total ratios 
increase from 0.1 to 0.8) and hydrated (H2O concentrations go 
up to 3.7 wt.%).  Water contents and iron oxidation state are 
correlated very well for samples from the uppermost 200 m of 
basement; whereas deeper samples appear less oxidized.  
87Sr/86Sr ratios increase from 0.7024 to 0.7040 as water 
contents go up.  These tights correlations attest to steady 
oxidative alteration affecting basement composition at the site.  
The associated geochemical changes include losses of silica 
(<10%), Mg (<50%), and S (<80%) and gains in alkalies 
(K>Rb>Cs>Li>Na), Ba, P, and U (up to 20 times enriched).  
CO2 uptake is overall minor, although carbonate veins and 
void fill in the lower basement are observed in rare intervals 
(up to 2.3 wt.%).  Quantitative flux estimates, using weighted 
averages that make use of downhole geophysical logging and 
systematic documentation of alteration features in drill core 
samples are underway and will be presented at the meeting. 
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High-SiO2 rhyolites are extremely viscous magmas, which 
tend to move slowly in the crust, and would be expected to be 
trapped as granitic plutons. However, it has long been noticed 
that granites sensu stricto are typically less abundant in the 
rock record in comparison to their volcanic counterparts. A 
possible explanation for this observation is that such magmas 
are highly eruptible because: (1) they are produced by melt 
extraction from large upper crustal mushes, shielding them 
from rapid thermal death, and (2) that they accumulate 
exsolved volatiles, which increases the potential energy of the 
magma before an eruption. The possibility that such pools of 
rhyolitic melts are produced within the wombs of large crystals 
mushes is supported by a number of observations, including 
the ubiquitous presence of silicic cumulate fragments in large 
crystal-poor rhyolitic ignimbrites. Using fluid dynamics 
simulations and laboratory experiments, we show that the 
second criteria, the accumulation of exsolved volatites in 
crystal-poor lenses, is met for reservoirs including a mush 
zones transitioning fairly abruptly to melt-rich lenses. In the 
mush zone, an efficient transport of exsolved volatiles is made 
possible by crystal confinement which enhance the formation 
and preservation of stable « gas channels ». However, upon 
entering the crystal-poor environment, those channels break 
up, and lead to the generation of a bubble suspension where 
bubbles slow each other down as they ascent buoyantly. 
Hence, bubbles have a tendency to accumulate in the crystal-
poor magma, affecting the stress state in the cap and promoting 
large eruptions. The multiphase fluid dynamics we study here 
provides an explanation for the efficiency of the exsolved 
volatile transport in crystal-rich magmas and the 
devolatilization of plutons. 
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Experiments have been carried out to investigate the 

aqueous durability of nuclear waste glasses in high-pH 
environments. These experiments focused on two main areas; 
1) the dissolution behaviour of UK simulant waste glasses and 
the ISG reference glass, and 2) the unique role of Ca and Mg in 
the formation of alteration layers at high-pH. 

The former area has been investigated through long-term 
durability experiments, up to 2 years in duration, conducted on 
three relevant glasses; MW-25%, a waste-loaded simulant of 
UK High-Level Waste vitrified product, International Simple 
Glass (ISG), a reference glass used for comparison with 
borosilicate nuclear waste base glasses, and G73, a waste-
loaded simulant of a potential glass composition for 
vitrification of Iintermediate-Level Waste (ILW). These 
experiments utilised the MCC-1 protocol, at 50 °C in saturated 
Ca(OH)2 solution (pH50 11.6). Alteration layers and crystalline 
precipitates were observed for each glass at each time interval, 
the structures and compositions of which are elucidated here 
through analysis by SEM-EDX, TEM with electron diffraction 
and geochemical modelling using PHREEQC. The formation 
of these layers is related to the observed dissolution behaviour 
of the three glasses.  

The role of Ca and Mg in forming surface alteration layers 
on borosilicate glasses under high-pH conditions was 
investigated through PCT-B type durability experiments at  
50 °C. These glasses contained varying CaO and MgO 
contents, ranging from 0 to 10 mol.%, with Ca(OH)2 and 
KOH/KCl solutions (pH50 11.6) used as leachants. Aqueous 
analytical data up to 112 days show greater dissolution of all 
glasses in KOH/KCl than in Ca(OH)2, and a decrease in the 
residual rate of dissolution with increasing CaO and MgO 
contents. SEM-EDX of altered samples suggests that an 
alteration layer is only formed in the presence of Ca or Mg. 
The presence of Ca or Mg at high-pH, whether in solution or 
within the glass matrix, leads to a reduced level of glass 
dissolution due to the formation of a protective alteration layer 
on the glass surface, which impedes further leaching. 
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Electrical conductivity (EC) is useful as a general measure 

of stream water quality and can be utilized to compare and 
detect influence of contaminant sources. Mine water 
discharges to recipient stream affect not only the flow rate in 
the river but also water quality and conductivity. In natural 
stream waters, the depth and the shape of the river changes 
constantly and influences the water flow and behavior of 
contaminants.  

The aim of the study was to test the utility of hydrological 
profiling device, CastAway-CTD (SonTek Inc) to indicate the 
influence of mine water discharges, as well as mixing and 
dilution in a stream affected by treated dewatering and process 
effluent waters from a Finnish gold mine. Seasonal CastAway-
CTD measurements were conducted during 2014 to measure 
EC and water temperature in vertical and horizontal cross-
sections of the stream. Also flow rate and velocity profiles of 
the cross-sections were measured by River Surveyor M9 
device (SonTek Inc) in pursuance of CastAway-CTD 
measurements. Water and chemical balances were calculated 
for the stream catchment based on the measured field data and 
detailed water quality analyses.  

Combination of hydrological and flow velocity profiling of 
stream channel cross-sections is a promising tool to pinpoint 
how contaminants behave and locate. The method describes 
how changes in the stream morphology and flow velocity 
affects to behavior, mixing and dilution of contaminants. The 
results show that in small tributary streams mixing and dilution 
of mine water discharges depends on both the discharge 
method and the location of discharge point as well as salinity 
of the mine water discharges.  
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The study of melt and fluid (FI) inclusions in quartz from 
the differentiates of rare-metal granite massifs from 
Transbaikalia showed that crystal fractionation process is 
accompanied by multiple occurrence of liquid immiscibility 
during the temperature decrease [1]. The ongonitic stage in the 
evolution of the melt leads to accumulation of volatile and F 
(wt.%: H2O = 10, F = 2,8, B2O3 = 2,1) and completes by 
"geochemical inconsistencies": the sharp decrease of the stable 
association of elements - Na, Al, F, Li, Ta in the melt vs. 
whole rocks. This suggested their separation from 
aluminosilicate melt in the form of water-silicate-salt 
substances. Three types of inclusions were detected in quartz 
from Ta-bearing amazonite granites: (1) salt-melt inclusions 
with Al, F, K (with topaz), (2) salt-melt inclusions with Na, Cl, 
(without topaz) and FI CO2-H2O-rich with Bi, Zn, As. 
Inclusions were studied by Raman spectroscopy and scanning 
electron microscopy of solid phases. These results are in good 
agreement with previous studies of type-A and type-B melts 
inclusions (after R.Thomas) in beryl from Orlovka endocontact 
massif [2].  Identified inclusions are typical only for Ta-
bearing volatile-rich granite massifs: Etyka, Orlovka 
(Transbaikalia), Yichun (Southeast China).  

 
This study was supported by the Russian Foundation for 

Basic Research (grants 13-05-01057-a) and performed at 
Geomodel Research park of SPb State University. 
 
[1] Badanina E.V. et al. (2006)  Can Min 44, 667-692. [2] 
Thomas R. et al. (2009) Miner Petrol 96, 129-140. 
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The mid-Pleistocene climate transition (MPT), is a 

complex climatic change which brought about the Late 
Pleistocene ice age around 0.9Ma and shift in the dominant 
periodicity of glacial- interglacial oscillations from 41 to 
100kyr. The MPT marks a change in the climate system in 
response to external forcing, bringing about changes in the 
deep water circulation, long term global cooling and decline in 
CO2 in response to the Northern Hemisphere ice sheets and 
sea-ice development. Here we examine the changes in 
productivity in the central equatorial pacific during the MPT 
by applying the lipid biomarker approach. Sediment core from 
the central equatorial Pacific (5º 55' N, 177º 26' W, 557 cm 
long and 4136 m water depth) spanning a period of ~1Ma was 
studied. We focused on the time interval from 405,000 yrs to 
~1Ma, largely coinciding with the MPT when the dominant 
period of the Earth’s climate variability shifted from 41 to 
100kyr. Down-core profile of marine lipid biomarkers 
(alkenone, brassicasterol and dinosterol) showed different 
profile, with an increase in concentration of brassicasterol and 
dinosterol in contrast to alkonone concentration during the 
MPT. The shift from the phytoplankton markers is said to be as 
a result of the oceanographic condition (physical properties of 
the water column). Sea surface temperatures (SSTs) 
reconstructed showed a fall in SSTs during the MPT (~ 2 ºC), 
indicating a history of intensified Walker Circulation. Our 
observation indicates that the changes in deep-water 
circulation, long-term global cooling and sea ice development 
could be a major factor controlling the productivity in the 
central equatorial Pacific Ocean during the MPT. 
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Deep crustal xenoliths (metadiorites, metatonalites and 
metasediments), hosted by Lower Carboniferous magmatism, 
provide unique insight into Early Palaeozoic (Caledonian) 
tectonics of the Scottish Midland Valley (SMV) and its 
transition from an active plate margin to an intracontinental 
setting.  

Metatonalite xenoliths have a protolith age of 454±8 Ma 
(εHft=454 from +7.4 to +9.0) and originated from a juvenile 
magmatic arc not currently exposed. Metasedimentary xenolith 
protoliths accumulated in a fore-arc setting, on the southern 
margin of the SMV after c. 450 Ma, during the final stage of 
subduction of the Iapetus Ocean. Two detrital zircon 
populations are present: the older is interpreted to have a 
Laurentian provenance whereas the younger originates from 
the Late Ordovician Midland Valley arc. Metadiorite xenoliths 
(c. 416 Ma, εHft=416 from -0.6 to +7.8) represent unexposed 
“Newer Granite” plutons, an extensive granitic suite intruded 
after closure of the Iapetus Ocean, previously considered as 
rarities within the SMV.  

An early metamorphic phase affected the metatonalites and 
metasedimentary xenoliths at c. 420-400 Ma, likely due to 
tectonic burial of the southern margin of the SMV, and also 
marking the minimum depositional age of the metasediments. 
The metasedimentary xenoliths record PT conditions of  
c. 5-7 kbar and c. 620-780°C, although these cannot be 
unambiguously assigned in time since all xenolith types were 
affected by later metamorphism at c. 395 Ma (corresponding to 
the Acadian Orogeny).  Because of their younger protolith age, 
the metadiorites experienced only this younger metamorphic 
event, and hence the PT conditions derived from them  
(c. 5-11 kbar and c. 825-858 ºC) are confidently dated at  
395 Ma.  
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In east-central China’s multi-stage Qinling-Dabie Orogen, 
(U)HT metamorphics formed in four periods that encompass 
variable plate-tectonic settings. Among other localities in the 
orogen's western part, the youngest and least-studied 
migmatites and granulites crop out in the Foping Dome 
addressed in this communication by thermodynamic 
modelling, conventional thermobarometry, and U/Pb zircon 
dating. The data reveal the rocks’ PT path and deepen the 
knowledge of the orogen’s evolution. 

In the Foping Dome, granulites (Di-Grt-Pl-Kfs-Bt-Amp-
Qtz) occur as stratiform layers and boudins in felsic migmatite 
(Grt-Pl-Kfs-Bt-Qtz). Peak metamorphic conditions could not 
be obtained from the granulites given a severe retrogression, 
which widely destroyed clinopyroxenes and reequilibrated 
garnet. For two migmatites, garnet isopleth thermobarometry 
and phase equilibria modelling estimates peak metamorphic 
conditions of 819 °C, 1.02 GPa and 833 °C, 0.93 GPa; these 
pressures and temperatures are a bit higher than values 
previously estimated from Opx-Cpx-Pl-Qtz equilibria [1]. For 
the retrogression of the granulites, conventional methods 
calculate 515-550 °C, 0.7 GPa. LA-ICPMS analysis of non-
luminescent zircon rims yields a series of concordant ages of 
250-193 Ma. 

Evolved along a clockwise PT-path, the Foping Dome HT 
metamorphics are genetically related to the early Mesozoic 
collision of the Sino Korean and the Yangtze Craton: In the 
timeframe given by the zircon ages, UHP eclogites in the 
Dabie Shan (~ 244-220 Ma [2]) indicating proceeding 
subduction formed and syn-collisional granitoids intruded 
(207-201 Ma [3]); the youngest grains are a bit older than the 
post-collisional (~ 190 Ma) magmatism [3]. The youngest 
zircon ages might reflect cooling and beginning of the post-
orogenic collapse. 

 
[1] Wei et al. (1998) Chin. Sci. Bul. 43, 1358-1362. [2] Hacker 
et al. (2006) Tectonics 25, TC5006. [3] Dong et al. (2012) J. 
Asian Earth Sci. 41, 213-237. 
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Although methane is a critical greenhouse gas (GHG), 
there are no proxy methods for reconstructing its ancient 
atmospheric concentration. This is especially important 
because biogenic methane emissions are controlled by 
environmental conditions, such as temperature and 
precipitation, such that methane could be a significant positive 
or negative feedback on global climate. Understanding how 
methane emissions and cycling acted in the high pCO2 
greenhouse worlds of the Paleogene potentially bridges the gap 
between our understanding of other, better (although arguably 
still poorly-) constrained GHGs and global temperature.  

We apply an advanced three dimensional global modelling 
strategy to the problem of Eocene trace GHG concentrations 
and show how important these may be in high-CO2 worlds, 
with as much as 2.7 ºC of global warming contributed by 
increased trace GHGs.  

We compare the model results to an indirect proxy for 
Paleogene methane cycling afforded by the distributions and 
carbon isotopic compositions of hopanoid lipid biomarkers 
with 13C-depleted isotopic compositions indicative of enhanced 
methane cycling. Examination of literature-derived and new 
hopanoid carbon isotopic analyses supports the spatial 
relationships between temperature, precipitation and methane 
cycling observed in the biogeochemical model. 

Together, the biogeochemical model and organic proxy 
data apply new constraints on ancient methane emissions in 
high-CO2 worlds. 
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Magmatic rocks containing economic concentrations of 

iron, titanium, vanadium and phosphorous are comonly 
associated with gabbro and related rocks. Apatite is a nearly 
ubiquitous accessory phase in igneous rocks due to the low 
solubility of P2O5 in silicate melts and the limited amount of 
phosphorus incorporated into the crystal lattices of the major 
rock-forming minerals [3]. Apatite is an important carrier of 
many trace elements, and can control the budget of Sr and 
REE, especially in rocks with high apatite contents. This study 
presents apatite LA-ICP-MS trace element concentrations data 
from layered gabbro and disseminated apatite-titanomagnetite 
ores from Arsentyev intrusion, Transbaikalia [1]. Apatite is 
one of the main REE carriers in this simple and exhibit flat 
REE patterns. The apatite crystals from the all gabbro and ores 
samples can be classified as apatite-(Ca, F) with 2 - 3.5 wt % 
of F. In the layered gabbro apatite crystals are 0.1 to 0.8 mm 
long and 0.1 - 0.2 mm wide. No zonation was noted. Sr 
contents ranges from 835 to 1095 ppm (mean value 920 ppm). 
Chondrite (C1)-normalized REE patterns of apatite are 
dominated by strong REE fractionation  
(LaN/YbN = 0.66 - 12.20), weak negative Eu anomalies  
(Eu/Eu* = 0.65 - 0.79).The content of REE in apatite from 
gabbro find out usual for basalts character of distribution. 

Equant apatite-(Ca, F) crystals from apatite-
titanomagnetite ores are 0.1 to 0.6 mm long and up to 0.7 mm 
wide. They are unzoned. Analysed crystals show moderate and 
relatively consistent Sr contents (819 - 2064 ppm; mean value 
1100 ppm). REE patterns are characterized by very strong 
fractionation (LaN/YbN = 1.45 - 20.96). At the same time, 
apatite from disseminated apatite-titanomagnetite ores in 
comparison with apatite from gabbro does not find out 
europium minimum (Eu/Eu* = 0.62 - 0.98).  

A range of magmatic processes may be responsible for the 
formation of this deposit. Fractional crystallization is an 
efficient mechanism that adequately explains compositional 
variations in this deposit [2]. 

 
[1] R.A. Badmatsyrenova and M.V. Badmatsyrenov (2011) 
Rus. Geol. Geoph., 52, 571-580 [2] B. Charlier, E. Sakoma, M. 
Sauvé, K. Stanaway, J. Vander Auwera and J.-C. Duchesne 
(2008) Lithos, 101, 359–378 [3] P.M. Piccoli and P.A. Candela 
(2002) Review in Min. Geoch., 48, 255–292. 
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Serpentine minerals [Mg3Si2O5(OH)4] consists of various 
and useful cations. Consequently, this minerals have a 
potential for the production of Mg, Si, and carbonate minerals. 
The objectives of this study were to synthesize nano- and 
carbonate-minerals using serpentine via acid dissolution and 
pH swing processes. 

Serpentine collected from LAB Chrysotile mine in Canada 
was pulverized (≤ 75 µm) and then dissolved using various 
acids such as HCl, H2SO4, HNO3. Acid treated serpentine was 
recovered from the solution (step 1). And then the residual 
solution containing dissolved serpentine was titrated using 
NH4OH. And pH of the solution increased up to pH=8.6 to 
obtain precipitates (step 2). After recovery of the precipitates, 
the residual solution reacted with CO2 and then pH increased 
up to pH=9.5 to precipitate carbonate minerals (step 3). The 
mineralogical characteristics of the original sample and 
harvested precipitates were examined by XRD, XRF and 
TEM-EDS analyses. ICP-AES analysis was also used to 
investigate solution chemistry. 

The serpentine mineralogy was an ortho-chrysotile 
consisting of SiO2 (44.9 wt. %), MgO (42.5 wt. %), Fe2O3 (9.9 
wt. %). The concentration of Mg in the acidic solution 
dissolved serpentine was about 1,280 mg/L and concentrations 
of Si and Fe were about 10% compared to Mg. The chrysotile 
was changed to noncrystalline silica after acid treatment (step 
1). The precipitate at pH=8.6 was mainly amorphous iron 
oxide, which ranged from 5 to 20 nm and consisting of Fe, O 
and Si (step 2). At pH=9.5, nesquehonite 
[Mg(HCO3)(OH)∙2(H2O)] was formed after reaction with CO2 
(step 3). The crystal size of carbonate minerals was ranged 
from 0.5 to 5 µm. 

These results indicate that the acid treatment of serpentine 
and pH swing processes can synthesize silica, iron oxides and 
magnesium carbonate. Therefore, these methods may be 
applicable for recovery of useful materials from minerals and 
carbon sequestration. 
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The granitoids of Indertinskiy massif contains rare metal 
Тi-Nb-U and Be mineralization. The ore mineralization is 
connected with pegmatite veins. Specific elements amounts 
ratio in biotite indicates the change of pH conditions of mineral 
formation, and allows to assess the temperature of mineral 
crystallization. Biotite relates to annite-phlogopite rank. 
Distinct inverse relation of phlogopite and annite minals 
ammount in biotite is distinguished. An amount of Mg 
molecule in biotite increases at its later generations. Granites 
crystallization occurs along with decrease of fusion alkalinity 
from the first stage (biotite porphyric granites) to the second 
one (fine grained leucocratic two-mica granites). It is reflected 
on changes of Si/Al – (Mg+Fe)/Al in biotite due to  
SiO2+(Fe, Mg)O – Al2O3 isomorphism. According to decrease 
of alkalies activity in mineral formation conditions the 
pegmatites biotites are being enriched with aluminium  
(Al minal 8-15 % up to 18 %). There is a tendency of biotite 
ferousity increase in granitoids from early to later generations. 
It points out the crystallization temperature decrease of later 
granitoids stages. The increase of phlogopite molecule amount 
in biotite indicates considerable growth of residual fluid-liquid 
alkalinity. TiO2 value in biotites ranges widely (1,66-2,64 % in 
granites) and (1,79-2,72 % in pegmatites). Titanium and 
ferousity of biotite of granitoids and pegmatites are 
characterized by direct positive relation that points out 
inconsiderable change of the first and second stages fusion 
crystallization temperature along with general tendency of 
slight temperature decrease. Mica has relatively equal titanium 
values. This fact argues about partial pressure consistency in 
granite phases fusions and equivalence of oxygen activity 
indices. According to amount of Ti and Fe in biotites the depth 
of granitoids formation corresponds to meso-abyssal depths. 
Geochemical evolution of fusion is observed due to increase of 
Mn, Rb и F amount in granitoids of the first and second stages. 

 
This study  was funded by the Tomsk State University  D.I. 

Mendeleev Program (grant No 8.1.41.2014).  
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It is generally established that Early Eocene climate was 
characterised by persistent warmth punctuated by abrupt global 
warming events that were associated with perturbations in the 
global carbon cycle. The distribution of O2 in the oceans would 
have been profoundly affected but the timing and extent of any 
fluctuations in global ocean oxygenation during these events 
are still poorly constrained. 

Records of seawater Mo isotope compositions derived 
from marine sediments from the Arctic Ocean suggest that 
euxinic areas were slightly more widespread in the Early 
Eocene ocean than they are at present [1,2]. Here, we present 
δ238/235U data from the same location. By comparing these new 
U isotope data with complementary δ98/95Mo data, we assess 
their capacity to provide additional constraints on the 
variations of global ocean oxygenation during this period. The 
residence times of Mo and U in the oceans differ from one 
another, and their isotope fractionations display different 
sensitivities to dissolved oxygen concentrations. By combining 
information from both isotope systems, we should therefore be 
able to better constrain the onset and the severity of the 
episodes of seawater anoxia during the Eocene, and to improve 
our understanding of the processes that control ocean 
oxygenation.  

Our analyses of Arctic Ocean mudrocks show that where 
δ98/95Mo likely records a global redox signal, δ238/235U has more 
complicated variations that appear to be related to changes in 
the nature and/or the flux of detrital material. Our observations 
highlight the importance of quantifying continental inputs and 
local sedimentation rates, as well as understanding the 
processes controlling U isotope fractionation, before δ238/235U 
data can be used reliably for paleo-environmental 
reconstructions.  

 
[1] Dickson, Cohen & Coe (2012), Geology 40-7, 639-642. [2] 
Dickson & Cohen (2012), Paleoceanography 27, PA3230. 

 
  

172



 Goldschmidt2015 Abstracts  

 173 

Reconstructed microbial metabolic 
networks in the deep terrestrial 

subsurface  
A. BAGNOUD1, K. CHOUREY2, R. L. HETTICH2,  

I. DE BRUIJN3, A. F. ANDERSSON4, N. DIOMIDIS5,  
O. X. LEUPIN5, B. SCHWYN5 AND R. BERNIER-LATMANI1 

1Ecole Polytechnique Federale de Lausanne, EPFL, Lausanne, 
Switzerland. 

2Oak Ridge National Laboratory, Oak Ridge, USA. 
3Bioinformatics Infrastructure for Life Sciences, Stockholm, 

Sweden. 
4Science for Life Laboratory, Stockholm, Sweden. 
5National Cooperative for the Disposal of Radioactive Waste,  

Wettingen, Switzerland. 
 

While microbial biomass is present in deep subsurface 
strata, there is little known about the metabolic activity in 
those environments. Opalinus Clay rock is a low porosity rock 
whose mineralogy and physical characteristics have been 
extensively studied. The lack of pore space inhibits microbial 
activity, even though organic carbon sources (i.e., acetate, 
fossilized carbon) and electron acceptors (i.e., sulfate) are 
available. Another likely source of energy and electrons in this 
system is H2, known to be produced by the weathering of ferric 
mineral species, which are present in this rock.  

When porosity alone is increased (by drilling a borehole 
into which porewater flows), microbial activity is detectable 
through the accumulation of sulfide. Based on a metagenomic 
analysis, the corresponding microbial community comprises 
two main organisms representing 85% of the biomass: a 
Pseudomonas sp. that breaks down and ferments organic 
macromolecules and a Peptococcaceae that oxidizes these 
compounds to CO2 and reduces sulfate. 

When H2 is added, the microbial activity increases along 
with the complexity of the community. Metaproteomic 
analysis highlighted two autotrophic organisms oxidizing H2: a 
sulfate-reducing Desulfobulbaceae representing 42% of 
community, and a Rhodospirillaceae reducing Fe(III). They 
actively release acetate and other organic molecules, feeding 
heterotrophic sulfate-reducing bacteria, which oxidize these 
compounds to CO2. A Hyphomonas sp. is the only organism 
able to utilize organic macromolecules, oxidizing them to CO2 
by transferring the electrons to Fe(III). No fermenting 
organism could be detected . 

This work provides unique insights into deep subsurface 
microbiology and significantly expands our knowledge of 
microbial metabolism on these environments. 
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The Ordovician Majiagou formation in Ordos basin 
develops a very typical symbiotic gypsum-salt and carbonate 
system.The first,the third and the fifth member of Majiagou 
formation are mainly dominated by evaporates.The second,the 
fourth and the sixth member are mostly carbonates.Among the 
members, the fifth member is the most prolific natural gas-
producing zone in the Lower Paleozoic. In order to 
quantitatively evaluate the influences caused by supergene 
kartisfication on the pores in gypsum-salt and carbonate 
reservoirs,the author selects four rock types including salt-
bearing dolomite,dolomite-bearing gypsum,dolomitic gypsum 
and gypsum-bearing dolomite to carry out seven groups of 
supergene kartisfication experiments under real geological 
condition.uAccording to the fact,conditions of the supergene 
experiment are set as normal pressure, CO2-saturated 
water(15%-3%) and a temperature of 30℃.vTo accomplish 
the physical supergene dissolution simulation experiment, 
seven samples should be firstly weighed at 50 grams, 
respectively. Then deionized CO2-saturated water is put in. 
Later, the containers should be put into an oven together, with 
a constant temperature at 30℃ for continuous 120 hours.wThe 
pore characteristics before and after the dissolution of gypsum-
salt and carbonate reservoir show that pore diameter increases 
from 2µm to 700~3000µm in salt-bearing dolomite, from 1µm 
to 6.6~21µm in dolomite-bearing gypsum and from 0.582µm 
to 23µm in gypsum-bearing dolomite.The supergene 
kartisfication experiment on Majiagou formation in Ordos 
basin shows that the porosity can be promoted by at most 6%-
20% after supergene karitisfication.This further explains why 
the dolomitic flats facies in Majiagou formation develops large 
scales of good-quality reservoirs and lays the experimental 
foundation for illustrating the formation mechanism of karst 
reservoirs in symbiotic carbonate-evaporate systems and 
predicting their locations. 
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Directly dating the ore minerals is the most potential way 
to precisely determine the mineralization ages of deposits. In 
order to investige the possibility of dating wolframite directly 
by 40Ar/39Ar progessive crushing, the paragenous wolframite 
and biotite were separated from a hand specimen 09ZB05 from 
the Xialong tungsten deposit, and three K-feldspars were 
selected from small Kfs veins in the Piaotang tungsten deposit, 
13 kilometers away from the Xialong deposit. 

The biotite and K-feldspars by laser stepwise heating 
yield flat age spectra. The biotite obtains concordant plateau 
and isochron age of 152.0 ± 0.8 Ma (1σ), and three Kfs plateau 
ages are 83.0, 82.2, and 82.3 Ma with errors of 0.4 Ma, 
respectively. 

The 40Ar/39Ar dating result of wolframite by crushing 
forms a declining age spectrum marked by abnormal old 
apparent age at the first stage, then the apparent ages decline 
step-by-step, and finally a plateau appears with an age of 150.5 
± 1.2 Ma in the last 7 stages (about 54.4% of the total 39Ar ). 
On the inverse isochron diagram the data points of the 
wolframite clearly distribute into two groups corresponding to 
secondary and primary fluid inclusions. The secondary ones 
contain excess 40Ar and their data points define isochron line 
with initial 40Ar/36Ar ratio of 486.7, higher than the ratio of the 
modern atmosphere, corresponding to age of 83.4 ± 5.9 Ma 
(MSWD = 0.04), concordant with the ages of the K-feldspars 
veins. The primary ones do not contain excess 40Ar and their 
data points yield a well-defined isochron line with age of 150.7 
± 2.5 Ma (MSWD = 0.02) concordant with the age of the 
paragenous biotite by stepwise heating, indicating that 
mineralization occurred at ~150 Ma, coeval to the Late 
Jurassic large scale tin-tungsten mineralizations in South 
China. Thus the age of ~80 Ma should respresent a 
hydrothermal pulse far after mineralization. 

This study reveals that wolframite is a suitable mineral for 
40Ar/39Ar stepwise crushing, we expect progressive crushing 
technique will become an effective approach to determine the 
ages of geofluids. 
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Paleoclimate and paleotectonic reconstructions rely heavily 

on the elemental and isotopic compositions of shell-carbonates. 
Minor and trace elements are incorporated into the carbonate 
crystal lattice by replacement of calcium during 
biomineralization. Littoraria are diverse and abundant across 
the Indo-West-Pacific region in mangroves and rocky shores 
[1] and have numerous shell architectures and foraging 
patterns, uniquely adapted to the tropical and subtropical 
habitats [2].  

We investigate whether species specific adaptations cause 
differences in the partitioning of trace elements from seawater 
in two species of gastropods: Littoraria Undulata which live 
only in rocky shores and Littoraria Scabra which live only in 
mangroves. These species, both with cone lengths between 1 to 
2 cm, were captured alive along the 250 km long coastline of 
Maharashtra in western India along with seawater samples 
from the same locations. The concentrations of REEs are 
enriched by 2-3 orders of magnitude in the shells compared to 
the seawater. La/Yb ratio ranges from 1-5 in rocky shore 
seawater to 17–48 in the shells of L. Undulata and from 3-7 in 
mangrove seawater to 6-31 in the shells of L. Scabra. 
However, the Sm/Nd ratio in the shells (0.27-0.47) is higher 
than the ambient seawater (0.1-0.29). Shells of both species 
show a positive Eu anomaly (Eu/Eu* = 1.4-2.3) in contrast to 
the negative Eu anomaly (Eu/Eu* = 0.2-0.7) observed in the 
seawater samples. The negative Ce anomaly, characteristic of 
seawater, is however, retained in the shells. Concentrations of 
Mn and Y in the shells are positively correlated with that in the 
seawater samples, whereas Sc and Co concentrations are 
constant in the shells and independent of their concentrations 
in the seawater samples. This suggests that Sc and Co are 
regulated by the gastropod biology. Zirconium, Th and U 
concentrations are found in the ppb range in the seawater 
samples, but are depleted in the shells to below detection limits 
(ppt) of our ICPMS, suggesting regulation by gastropod 
biology and possible accumulation in soft tissue.  

 
[1] Reid et al. (2009) Mol. Phylogenet. Evol. 55,185-
201.[2]Reid, D.G (1989)Phil. Trans. R. Soc. Lond. B 324, 1– 
110. 
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Sulfur-oxidizing bacteria of the family Beggiatoaceae are 

lithotrophs that generally live at redox interfaces between 
hydrogen sulfide and oxygen or nitrate. In sulfidic sediments 
such as those found at methane seeps and oxygen minimum 
zones, sulfur bacteria are thought to be important for the 
geochemical cycling of carbon, sulfur, nitrogen, and 
phosphorous. Bacteria of the genus Thiomargarita are the 
largest of these sulfur bacteria with individual cells attaining 
millimetric diameters.  Thiomargarita-like bacteria remain 
uncultivated and their metabolisms and physiologies are 
incompletely understood. Despite the current inability to 
maintain growth of Thiomargarita in the lab, culture 
independent approaches have the potential to provide new 
insights into the physiologies and ecologies of these enigmatic 
organisms and shed new light on their geobiological roles in 
diverse ecosystems.  

For example, the hydrolysis of polyphosphate by 
Thiomargarita and the resulting release of orthophosphate into 
pore waters, has been linked to the formation of 
phosphorites[1]. Metagenomic investigations of Thiomargarita 
nelsonii show the presence of genes involved in polyphosphate 
metabolism in the Thiomargarita genome, as well as genes 
involved in coupling sulfur oxidation to both denitrification 
and nitrate-reducing ammonification. Interestingly, in a 
separate metatranscriptomic analysis of Thiomargarita-like 
bacteria (Ca. Thiopilula) from Barbados seep sediment 
incubations shows gene expression related to sulfide oxidation 
linked to nitrate reduction [2], but no polyphosphate-related 
transcripts from Ca. Thiopilula were recovered [3]. Phosphate 
was released in the incubation, potentially from 
polyphosphate-metabolizing bacteria outside of the family 
Beggiatoaceae. These results illustrate the metabolic 
complexities of natural environments and some of the 
challenges inherent in linking genomes to geobiological 
processes.  
 
[1] Schulz, H.N., Schulz, H.D., (2005), Science 307, 416-418. 
[2] Jones, D.S. et al., (In press) Applied and Environmental 
Microbiology [3] Jones, D.S. et al., (In review), ISME Journal. 
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The spatial separation of substrate, microbes, and 

extracellular activity is an important mechanism of soil organic 
carbon (SOC) protection in soils. Macropore networks and 
their connectivity control microbial access to physically 
protected soil C. Under conditions of partial to full water 
saturation, potentially labile compounds can diffuse from 
micropore domains to macropore networks to locations 
accessible to microorganisms. Therefore, the quality of the 
SOC in pore waters held with different tensions is a key 
characteristic needed to differentiate physical and chemical 
SOC protection mechanisms. The decomposability of this C is 
needed to determine the potential contribution of this protected 
C pool to net greenhouse gas fluxes as the protection 
mechanism breaks down through changing local environmental 
conditions.  

We studied intact soil cores collected from the Disney 
Wilderness Preserve, FL. These soils are dominated by sandy 
textures, and depending local topographic position, show 
moderate to high levels of SOM accumulation at the surface. 
Samples of soil pore water held at two different water tensions 
(15, 500 mb) were collected from three continuous-depth soil 
cores (0-30, 30-60, and 60-90 cm), from three transect 
locations (dry, intermittently wet, and wet). The more tightly 
held pore waters (500 mb) had significantly more condensed 
hydrocarbons and tannins compared to the loosely held water 
(15 mb), which had more lipids. These differences were 
consistent for all transect positions and soil depths. These pore 
waters were then used as growth substrates for cultivation of 
selected bacteria (Streptomyces cellulosae, Cellvibrio 
japonicus) and fungi (Trichoderma reesei). For all organisms, 
significantly more CO2 was respired from the higher-tension 
pore waters with the more complex C compounds. Our 
findings indicate that fine pore associated-C may be more 
chemically complex than C in larger pores, yet these C 
compounds are highly decomposable. If mobilized, this fine-
pore associated SOC would contribute to the net greenhouse 
gas fluxes we currently seek to minimize. 
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Bentonite from the Jelšovy Potok in Slovakia has been 

used in the experiments. The material was subjected to 
technological processing and the clay-size fraction (< 2 μm) 
was separated from bentonite by a sedimentation procedure. 
The separated smectite concentrate consisted only of Ca-
montmorillonite (XRD). The ion-exchange capacity was 104 
meq/100 g (barium chloride method). The specific surface area 
was 79.66 m2/g. The total pore, micropore and mesopore 
volumes were 0.109, 0.035, and 0.036 cm3/g, respectively.  

Sodium smectite was prepered by introducing sodium ions 
into the ion-exchange positions. Subsequently, Na-smectite 
was modified by surfactants: 

DDTMA – dodecyl trimethyl ammonium bromide; 
DDDDMA – didodecyl dimethyl ammonium bromide; 
HDTMA – hexadecyl trimethyl ammonium bromide; 
DHDDMA – dihexadecyl dimethyl ammonium bromide 
in amounts of 0.5, 1.0, 1.5 and 2.0 of smectite cation 

exchange capacity (CEC).  The experiments of tungstate 
sorption on smectite and organo-smectites were conducted 
with a range of concentrations of W(VI) (0-20 mM) and in the 
full range of pH (1-13). Based on the results it was possible to 
define the impact of various surfactants, its amount and the 
organo-smectites’ properties order on the sorption capacity, the 
sorption mechanism, sorption kinetics, the pH effect and 
immobilization durability.  

The smectite modification by quaternary ammonium salts 
causes a conversion of its sorption properties from the cation 
exchange for anion exchange. The amount and the type of 
surfactant used for modification affects the sorption properties 
of resulting organo-smectite and can be arranged in the series: 
(least efficient) DDTMA – HDTMA – DDDMA – DHDDMA 
(most efficient). The sorption efficiency increases with an 
increasing concentration of W(VI) in the solution. The most 
tungstates are removed from the solution at a pH about 7, at 
low pH (1-3), the sorption process is inefficient. 
 
The research was financed by the AGH University of Science 
and Technology statutory grant no 11.11.140.319. 
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Brominated organic compounds are widespread pollutants 
in air, water, soil and sediments. In order to determine whether 
these compounds are biodegraded in the environment, we 
tested the application of multi-dimensional compound-specific 
isotope analysis (CSIA) combining carbon (13C/12C) and 
bromine (81Br/79Br). Testing isotopic fractionation of carbon 
and bromine under controlled biodegradation experiments 
following isotopic analysis of field samples will enable to 
assess the transformation processes of these compounds in the 
environment. Two brominated compounds were used as model 
compounds: Dibromoneopentyl-glycol (DBNPG) and 
tribromoneopentyl-alcohol (TBNPA), both found in the 
groundwater underlying the Neot Hovav industrial site in the 
northern Negev, Israel.  

In laboratory batch experiments, both compounds were 
aerobically biodegraded by indigenous bacterial consortia 
enriched from contaminated groundwater. Complete 
debromination of both compounds was observed within a few 
days, suggesting that bromine-containing intermediates do not 
accumulate in the medium. Abiotic hydrolytic degradation 
under alkaline conditions was also observed for both 
compounds albeit at slower rates.  

The isotopic fractionation of 13C/12C and 81Br/79Br revealed 
that the biotic and abiotic degradation mechanisms are 
different. While debromination was assumed to be the rate 
limiting step in both processes, only in the abiotic degradation 
isotopic fractionation of both carbon and bromine was 
detected, with a ɛBr of -0.4 ± 0.1‰ and ɛC of -10.4‰ for 
TBNPA. In the biotic degradation an isotopic fractionation of 
only carbon was observed with ɛC = -8.9 ± 1.5 ‰ for TBNPA, 
and ɛC = -5.8 ± 0.6 ‰ for DBNPG.  

Microbial consortia were identified using MiSeq next-
generation sequencing. The main genuses found were 
Paracoccus; Brevundimonas; Pseudomonas; Delftia; 
Sphingobacterium; Flavobacterium; and Ochrobactrum. In 
both consortia’s the dehalogenation gene dehI was detected.  

This work provides the basis for the development of an 
isotopic fractionation based tool for assessing the 
biodegradation of brominated organic compounds in 
contaminated environments. These results set a firm basis for 
data interpretation in our planned field study. 
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The formation of carbonate in aerobic culture experiments 

by using two different mix aerobic halophilic cultures isolated 
from hypersaline lake Acıgöl , SW Turkey were studied under 
various aqueous Mg/Ca ratios (0.05 to 5) in addition to salinity 
(4.5-15 %). These two different mix halophilic cultures were 
able to promote the precipitation of similar mineral phases 
(aragonite, monohydrocalcite, huntite, dypingite, struvite and 
hydromagnesite) that were undersaturated in the media or 
kinetically inhibited. Aragonite, monohydrocalcite, huntite, 
dypingite and struvite were only precipitated in liquid culture 
experiments in different proportions and at different times 
whereas dypingite and hydromagnesite precipitated in solid 
media and hydromagnesite even become single mineral with 
time and increasing Mg ratios. δ13C composition of the 
carbonates showed differences between liquid and solid culture 
experiments. Carbonates rich in Mg enriched in 13C 7 ‰ 
relative to carbonates rich in Ca. Furthermore, carbonates 
precipitated in solid media enriched in 13C compared to those 
from liquid cultures that reflected δ13C value of atmosphere. 
The 13C isotope values of the recent sediment at (0-10 cm) and 
20 cm are -10.2 ‰ and -12.6 ‰ at 20 cm, respectively and 
correlated well with δ13C values of Ca rich carbonates from 
liquid culture experiments. Carbonates mineral assemblages 
identified in the experiments seem to be independent of type of 
microorganisms whether is controlled by the chemical 
composition and physical conditions of the media. The relative 
amounts of monohydrocalcite, hydromagnesite, and dypingite, 
are controlled by varying the media sulfate concentration from 
0 to 56 mM. This demonstrates a kinetic effect that could 
similarly affect the mineral assemblage in the lake. Also the 
spherical morphology of hydromagnesite points to growth of 
these minerals under partial inhibition in the brine under high 
concentrations of ions and organic polymers produced by the 
microbial communities. As reproduced by the culture 
experiments, the authigenic carbonate mineral assemblage of 
Lake Acıgöl most likely results from interplay of ionic 
composition of the brine and microbial effects. 
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The formation of modern non-stoichiometric and highly 
disordered (proto)dolomite occurs mainly in evaporitic and 
marine-anoxic, organic-rich sediments dominated by bacterial 
sulfate reduction (BSR). The dissolution and subsequent 
recrystallization of the metastable (proto)dolomite into more 
stoichiometric and well-ordered dolomite during burial 
diagenesis results in the reset of their orginal (micro)textural 
and (isotope) geochemical signatures. Here, we investigated a 
succession of Upper Jurassic partly dolomitized limestone and 
dolostone deposited on a stable carbonate platform at Oker 
(Central Germany) in order to elucidate the role of trace 
elements (S, Sr, Fe, Mn, Na) and BSR during the formation, 
maturation and burial of dolomite in ancient marine settings.  

The δ18O, δ13C and δ34SCAS isotope data set (+1.4 to +2.9‰ 
for δ18O, V-PDB, -0.1 to +2.0‰ for δ13C, V-PDB and +17.9 to 
+19.7‰ for δ34SCAS, V-CDT) and the trace element 
distribution (300-400 ppm of Na, ~200 ppm of Sr and  
100-900 ppm of Fe+Mn) of the Oker dolomite suggest that 
dolomitization progressed by the early diagenetic replacement 
of pre-existing magnesian calcite at moderate temperatures 
between 28°C and 39°C. The dolomitization fluid was a 
pristine-marine to slightly evaporitic and reducing seawater. 
The anti-correlation between decreasing carbonate-associated 
sulfate (CAS) contents in dolomite, from 1950 to 1050 ppm, 
and increasing ordering ratio, from 0.34 to 0.50, of the 
dolomite lattice structure indicates the important role of BSR 
during the formation and maturation of the dolomite. Thus, it is 
suggested that the CAS content of modern (proto)dolomites 
predefines its (meta)stability during burial diagenesis.  
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The Siebengebirge Volcanic Field (SVF) forms part of the 

Cenozoic Central European Volcanic Province (CEVP). SiO2 

undersaturated mafic rocks from the SVF carry xenocrystic 
sapphire megacrysts. The trace element composition and the 
mineral inclusion suite, supported by experimental work, 
strongly indicate an origin from highly evolved Fe-Mg free 
carbonatitic melts. LA-ICP-MS U-Pb dating of a syngenetic 
columbite (Mn,Fe)2(Nb,Ta)2O6 inclusion revealed that the 
sapphires have the same age (24.76 ±0.23 Ma) as the alkaline 
basalts from the same location that have an Ar-Ar age of 
between 25.2 and 23.3 Ma [1]. It is therefore most likely that 
the carbonatite parental to the sapphires, and the alkaline mafic 
magmas from the SVF were contemporaneously extracted 
from the same mantle source. A likely candidate for a common 
mantle source is carbonated peridotite. Such a mantle source 
has also been proposed by [2] for intra-plate alkaline basalts 
from Shandong, China. A carbonated peridotite source for the 
undersaturated alkaline mafics from the SVF is well in accord 
with the variations in Na2O + K2O vs. TiO2 [3] [4] that follows 
exactly the experimentally determined carbonated peridotite 
melt trend [5]. 
 
[1] Przybyla, MSc thesis. (2013) [2] Zeng et al. (2010) 
Chemical Geology 273, 35-45. [3] Kolb et al. (2012) J. Petr. 
53, 2349-2379. [4] Jung et al. (2012) J. Petr. 53, 2381-2409. 
[5] Dasgupta et al. (2007) J. Petr. 48, 2093-2124. 
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Hydrothermal solutions at submarine hydrothermal vents 
can be quite acidic. At mid-ocean ridges, pH values typically 
range around 3-5. In hydrothermal systems in back arc 
environments pH values appear to be more variable and are 
typically more acidic, likely reflecting the greater chemical and 
petrologic diversity of back arc environments compared with 
MORB settings. The lowest reported pH values, all from the 
Western Pacific region, range around 1 to 2 [1] [2]. 

Several reaction mechanisms are identified in being pH 
effective in hydrothermal solutions, including the degassing of 
SO2 from a sub-surface magma source and its 
disproportionation in seawater; the exchange of cations in 
seawater by H3O+ with lithologies of the oceanic lithosphere by 
wall rock alteration; and the hydrolysis of salts with retrograde 
solubility that precipitate poorly soluble hydroxides during 
heating and extract hydroxyl from the solution. 

To assess the role of hydrolysis of NaCl in acidifying 
hydrothermal solutions on the ocean floor, experiments are 
being carried out in titanium metal autoclaves along the two-
phase curve of seawater, as well as in brines of the H2O-NaCl 
system. Temperatures range from 250 to 390°C, Pressures are 
constrained by the two-phase curve and are a function of run 
temperature and electrolyte concentration of the brine. Brine 
and vapor are sampled in-situ separately and analyzed for pH 
and the major cations and anions in solution. Solid precipitates 
are identified by XRD. In both bulk compositions, the pH at 
25°C of condensed vapor phases (pH25) falls with increasing 
temperature and increasing electrolyte concentration in the 
brine, to as low as 2 in condensed vapor phases at 350°C in 
equilibrium with seawater. Apparently, NaCl hydrolyses 
significantly at elevated temperature. The HCl molecule is 
quite volatile and fractionates in the gas phase when 
hydrothermal solutions boil, while NaOH and NaCl remain in 
the brine. Na/Cl and Cl/Br ratios in vapor phases correlate 
stringently with pH25. In seawater, the fractionation of HCl in 
the vapor phase is more pronounced than in the simple H2O-
NaCl system because seawater contains a number of other 
electrolytes that also undergo hydrolysis, precipitating solid 
hydroxides and adding to HCl in the vapor phase. Hydrolysis 
of NaCl is most effective in acidifying hydrothermal solutions 
when solutions boil within a hydrothermal vent, and probably 
the main reason why hydrothermal solutions can be so acidic. 
 
[1] Gamo T. et al. (1997) Geology 25, 139-142. [2] Reeves et 
al. (2011) GCA 75, 1088–1123. 

184



 Goldschmidt2015 Abstracts  

 185 

Copper and sulfur isotope variations 
in liver cancer 

VINCENT BALTER1*, ANDRE NOGUEIRA DA COSTA2, 
VICTOR PAKY BONDANESE1, KLERVIA JAOUEN3,  
ALINE LAMBOUX1, SULEEPORN SANGRAJRANG4, 

NICOLAS VINCENT1, FRANÇOIS FOUREL1,  
PHILIPPE TÉLOUK1, MICHELLE GIGOU5,  

CHRISTOPHE LÉCUYER16, PETCHARIN SRIVATANAKUL4, 
CHRISTIAN BRÉCHOT57, FRANCIS ALBARÈDE1 AND 

PIERRE HAINAUT8 
1UMR 5276, Laboratoire de Géologie de Lyon. École Normale 

Supérieure de Lyon, CNRS, Université de Lyon1. France 
(*correspondence:Vincent.Balter@ens-lyon.fr) 

2Mechanistic Toxicology & Molecular Pathology Department 
of Non-Clinical Development UCB BioPharma, SPRL 
Chemin du Foriest, 1 B-1420 Braine L'Alleud, Belgium 

3Department of Human Evolution, Max Planck Institute for 
Evolutionary Anthropology, Deutscher Platz, 6, 04103 
Leipzig, Germany  

4National Cancer Institute, Bangkok, Rama VI road, 
Ratchathewi, Bangkok 10400, Thailand  

5Unité 785, Pathogénèse et Traitement de l'Hépatite 
Fulminante et du Cancer du Foie. Inserm, Université Paris-
Sud, Villejuif, France  

6Institut Universitaire de France 

7Institut Pasteur. 25-28 rue du Docteur Roux. 75015 Paris, 
France 

8Institut Albert Bonniot, UJF INSERM 823 Grenoble and 
Strathclyde Institute of Global Public health, International 
Prevention Research Institute, 69006 Lyon, France. 
 
In cancer, copper concentrations increase in the blood and 

in tumor cells, leading to deleterious side effects. The 
mechanisms of this copper accumulation and the source of 
extra copper burden are still poorly understood. We show that 
in hepatocellular carcinoma (HCC) patients, blood copper is 
enriched in 63Cu compared to control subjects and demonstrate 
that this isotopic signature is not compatible with a dietary 
origin. It rather reflects the massive reallocation in the body of 
copper immobilized within cysteine-rich proteins such as 
metallothioneins. We also show that the blood of HCC patients 
is enriched in 32S compared to control subjects, an enrichment 
compatible with the notion that at least 6% of blood sulfur 
originates from tumor-derived sulphides. We will discuss how 
the hypoxic conditions of the tumor microenvironment can 
impair the metabolism of copper and sulfur, notably by 
changing their redox state and, as a consequence, their ability 
to bind specific molecules. 
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The predictive models for describing the removal of heavy 
metals in the soil, which are based on the ‘atmosphere-plant-
soil’ system and reflect the complicated physico-chemical 
nature of the heavy metals’ migration, expressed by 
coefficients obtained in long-term observations in natural 
conditions, allow for evaluating long-term concentration of 
heavy metals in the soil. 

The model BALANS evaluates the removal of heavy 
metals from the arable soil, taking into account the uptake of 
heavy metals of aerogenic origin by the soil together with the 
popular soil amendment, their physico-chemical migration and 
the type of microrelief determining its intensity as well as the 
absorbed biomass of crops and the removal of heavy metals 
with crops. 

The removal extent of heavy metals (Ni, Cr, Pb, Zn and 
Cu) from the arable soil in the long-term perspective of up to 
200 years was evaluated providing the sustainability 
projections. 
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The Mbuji-Mayi Supergroup is a sedimentary sequence in 

DRC unaffected by regional metamorphism [1]. It consists of 
two distinct successions: a lower, ~500 m thick siliciclastic 
sequence of the BI Group (dated at 1125 Ma [2] or between ca. 
1175 Ma and 882 Ma [3]) and an upper, ~1000 m thick 
carbonate sequence with stromatolitic build-ups and black 
shales of the BII Group directly overlain by basaltic lavas 
dated at 948 ± 20 Ma [4]. Five boreholes from Sankuru – 
Mbuji-Mayi region have been sampled in detail. Siliciclastic 
rocks were investigated for microfossils. The typical late 
Mesoproterozoic - early Neoproterozoic acritarch, 
Trachyhystricosphaera aimika, is reported herein for the first 
time in central Africa, and co-occurs with other eukaryotes and 
prokaryotes forming an exceptionally diverse (55 taxa) and 
well-preserved microfossil assemblage. However the absence 
of the pre-Sturtian index species Cerebrosphaera buickii [5] 
and of other taxa typical of pre-Ediacaran Neoproterozoic 
deposits such vase-shaped microfossils VSM [6] suggest that 
the Mbuji-Mayi Supergroup was deposited before ca. 820 Ma. 
Moreover, δ13 Ccarb positive and negative excursions in the BIe 
- BIIc interval [3] are similar to variations in late 
Mesoproterozoic - early Neoproterozoic carbonate successions 
[7] [8], with no evidence so far for the Bitter Springs Stage as 
previously suggested [3] [9]. This is consistent with the 
previous age constraints and with the preliminary results on 
dating diagenetic monazites from the BI Group, which gave an 
age of ca. 1155 Ma [10].  
	  
[1] Raucq (1957) Ann. MRAC, série 8, Sc. géol. 18, 427. [2] 
Cahen & Snelling (1966) Publ. C., Amsterdam. [3] Delpomdor 
et al. (2013) Pal.3 389, 4–34. [4] Cahen et al. (1984)	  
Clarendon Press, Oxford. [5] Grey et al. (2011) Geol. Soc. of 
London Mem. 36 113-134. [6] Strauss et al. (2014) Geology, 
42, 659-662. [7] Bartley & Kah (2004) Geology 32, 129-132. 
[8] Halverson et al. (2010) Prec. Res. 182, 337-350. [9] 
Baludikay et al. (2014) Geoph. Res. Abstract 16. [10] François 
et al. (2015) Goldschmidt Conf. Abstracts, this volume.  
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Cd sulfide and selenide pigments have been used for 

artists’ paints due to their  lightfastness, opacity and tinting 
strength for more than 200 years. More recently they raised 
concern if their usage may pose a risk to the environment. The 
pigments are possibly introduced into waste water and 
subsequently to sewage sludge after cleaning of used brushes 
with water.  Since sewage sludge is often applied as fertilizer 
in agriculture the pigments may be transferred to agricultural 
soils. If mobilized, they may be transported to groundwater 
and be introduced in the human food chain after up take by 
plants. This raises the question if the usage of these pigments 
should be banned according to annex XV of the REACH 
regulations.  

Cd sulfide is hardly soluble, but may be mobile in soils in 
oxidizing or acidic conditions, which results in free Cd ions. 
Column percolation tests in laboratory scale are a good 
comprosise between effort and gained information  in view of 
simulating realistic environmental conditons. 

The results of such percolation test under different redox 
conditions are presented. As test materials soils containing 
different amounts of organic matter were mixed with sewage 
slude spiked with Cd pigments.The columns were filled and 
percolated in up-flow direction using artificial rain water. The 
redox potential was measured on-line directly at the column 
outflow. All other parameters as pH-value, condutivity, 
turbitidy, DOC concentration and Cd concentration were 
measured in the collected eluates. The total Cd content in solid 
matter was determined by aqua regia digestion and subsequent 
ICP-OES analysis.  

The observed release of Cd increases with increasing 
redoxpotential, but even for the most oxidizing conditions no 
more than 1 % of the Cd is mobilized. Taking into account that 
approx. 0.14 % of the Cd introduced to agricultural soils 
originates from pigments, while mineral fertilizer is the most 
important source, the ban of usage of this pigments would have 
only negligible effect on soil quality. 
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Carbonatites are unique magmatic rocks with more than 

50% modal carbonate minerals, enrichments in LREEs, and 
superchondritic whole-rock Nb/Ta (~35) and Zr/Hf ratios  
(~ 60) [1]. Trace element, isotopic studies and models based on 
experimental petrology have provided insights into the genesis 
of carbonatites and suggest that these rocks are formed either 
by partial melting of a metasomatised mantle, liquid 
immiscibility, or crystal fractionation of a carbonated parental 
melt [2]. It has also been proposed that the trace element and 
isotopic compositions of the carbonate fraction better represent 
the original carbonatite magma composition [3]. To obtain 
deeper insights into the origin of carbonatites, we analyzed 
major, trace element compositions as well as Nd, Sr isotopic 
compositions of whole-rock, as well as the carbonate and non-
carbonate fractions of carbonatites of different ages 
(Paleoproterozoic to recent).  

We experimented with different acids  
(10% acetic acid, 1N HCl and 2.5N HCl) to separate the 
carbonate component; our results suggest that acetic acid is 
best suited for extraction of the carbonates as HCl also leaches 
out some of the non-carbonates (e.g. oxides) in carbonatites. 
REE concentrations are much higher in the non-carbonate 
component, which also shows more LREE fractionated 
patterens in chondrite-normalized plots compared to the 
carbonate component. In primitive-mantle normalized multi-
element plots, the carbonates show overall lower 
concentrations of elements with relative enrichments in Ba, U, 
and Sr and depletions in Th, Nb, Ta, Zr, and Hf. In contrast, 
the non-carbonate component shows relative depletions in Sr 
and Pb. Zr/Hf is relatively high in the non-carbonate fraction 
(close to bulk-rock values) while Nb/Ta is very high in the 
carbonate fraction (~200). The Rb/Sr and Sm/Nd ratios are 
strikingly different between the carbonates and non-
carbonates. However, the measured 87Sr/86Sr and 143Nd/144Nd 
ratios of bulk rock, carbonate and non-carbonate fractions do 
not show any isotopic differences which is in contrast to an 
earlier study [3].  
 
[1] Chakhmouradian, (2006) Chem Geol. 235, 138-160. [2] 
Bell & Tilton, (2001) J. Petrol. 42, 1927-1945. [3] Bizmis et 
al., CMP. 145, 281-300. 
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The aim of this work is to unfold the discharge of river 

Ganges comparing seasonal isotopic record preserved in the 
incremental growth of oyster shell from modern sediments as 
well as retrieved from the well dated sedimentary record.  
Present day Oyster shell sample was collected from Ganga 
Sagar Island while overbank sedimentary piles at Hendry 
Island yielded fossilized Oyster shell for this investigation. 
Fossilized Oyster was dated 2765±130 year BP using 
conventional Beta counting technique at PRL, Ahmedabad.  
Carbonate powder derived from close spaced (1mm) sampling 
of growth bands using microdrill was analysed for δ13C and 
δ18O.  The oxygen isotopic compositions at the confluence of 
river Ganges (Kakdweep) have a large range, from -8.6‰ 
during wet season to -3.4‰ during the dry season [1]. 
Clumped temperature estimated for the modern shell showed a 
larger range (45°-18°C) while palaeo samples yielded smaller 
temperature range (22°-36°C) (Using Ghosh et al. 2006 eq. 
[2]). The calcite precipitated at equilibrium with host water at 
the temperature range suggests that shell grew in a water with 
δ18O composition ranging between -4.8‰ to 1.2‰ for modern 
sample, while δ18O  in growth bands of paleo Oyster ranges 
between -2.37‰ and 0.82‰.   

The inference drawn based on our study suggests process 
of sea water incursion in the region during past, while river 
discharge is prominently registered in the shell of present day. 
The study can be extended in understanding the  variability of 
river discharge at seasonal time scale for the past.  
 
[1] P. Ghosh et al. (2013) Chemical Geology 335; [2] Ghosh et 
al., (2006) GCA, 70  
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We investigated the origin of a carbonate deposit 

crosscutting "tuff-like" friable (host) rocks, possibly 
representing the basal part of the Paleocene Matanumadh 
Formation [1]. The carbonate body hosts Fe and Mn rich 
nodules consisting of Jacobsite which also occur within the 
host rocks.  In order to understand the genesis of the 
carbonates, closely-spaced samples (few mm apart) were 
retrieved using handrill and microdrill techniques and were 
subjected to geochemical and isotopic investigation.  

PAAS normalized REE plots of the carbonates show 
negative Ce anomalies, HREE-enriched patterns; these rocks 
also preserve depletions in HFSE, enrichments in Pb, Sr and U 
in primitive-mantle normalized multi-element plots and 
87Sr/86Sr of 0.709881.In contrast, the Fe-Mn nodules 
displayLREE depleted but flat-HREE patterns in PAAS 
normalized REE plots, and although they also preserve 
depletions in HFSE and enrichment in Pb in the mantle-
normalised plots, Sr is depleted rather than enriched. 
Compared to the carbonates, the nodules contain more 
radiogenic 87Sr/86Sr (0.711224) as well as εNd(0)(~+4). The 
host rock REE patterns are similar to the nodules although the 
absolute concentrations of HREE are lower. In contrast to both 
the nodules and carbonates, the host rock displays enrichment 
in HFSE.87Sr/86Sr of the host rock (0.711555) is similar to the 
nodule composition whereas their εNd(0)(+1.8) is slightly less 
radiogenic. Δ47 shows a clumped temperature range of 50°C to 
160°C (Using eq. by Kluge et al.[2]) with covariation in δ13C 
(7.9 to 21.5‰) and δ18O (-7.81 to -4.30‰) consistent with 
decarbonation involving heating of the primordial carbonate in 
the absence of fluid.  

We used closed- and open-system models to constrain the 
composition of initial carbonate. The inference drawn is that 
the original carbonate must have been highly enriched (20‰ 
w.r.t PDB) and was later metamorphosed to yield depleted end 
members. Elevated carbon isotopic values together with the 
characteristics of the REE pattern is suggestive of microbial 
carbonate precipitation in reducing conditions. The role of 
methanogenic bacteria in carbonate precipitation is not 
discounted. 
 
[1] Biswas (1992), JPSI, 37 [2] Kluge et al., (2015) GCA, 157  
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The terrestrial subsurface is a major reservoir of carbon 
compounds and life. Microbial processess in such regions have 
the potential to significantly impact many of earth’s 
biogeochemical cycles as well as the form and distribution of 
contaminants. New genome-resolve metagenomic approaches 
applied to a variety of subsurface systems are providing new 
insights into the diveristy and metabolic potential of microbial 
communties that reside there. The findings indicate the 
operation of processes that are not necessarily evident from 
geochemical data, suggest the widespread importance of 
symbiotic associations and are reshaping our view of the 
structure of the tree of life.  
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Clay minerals are critically important components of 

weathered rocks and sediments as well as valuable industrial 
materials. Smectites are swelling clays that exhibit major 
changes in interlayer thickness as a function of solution 
chemistry. Previous high-resolution transmission electron 
microscope (TEM) studies of smetite have been limited by 
sensitivity to beam damage and the dependence of the structure 
on environmental conditions. Here, we adopted cryogenic 
TEM methods to enable morphological and structural analyses 
of smectite in aqua. Under appropriate conditions it was 
possible to resolve basal spacing information and, to a limited 
extent, cross fringes that provided information about stacking 
order.  The approach was applied to investigate the nature of 
smectite in a range of solutions, including low ionic strength 
solutions that promoted formation of osmotic hydrates and 
single layer particles. The combination of high-resolution 
imaging, cryogenic preservation and 3D electron tomographic 
reconstructions is providing new insights into the nature and 
behavior of clay minerals in solutions of relevance under a 
wide range of earth surface conditions. 
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Redbeds are extensively used as a proxy for atmospheric 
oxygenation in the Paleoproterozoic. Redbeds in ~2.15 Ga 
unmetamorphosed FA Formation of the Franceville Basin, 
Gabon were geochemically, petrologically, and 
mineralogically characterized to constrain the processes and 
timing of the redbeds formation and the rise of atmospheric 
oxygen. Petrographic observations indicate that ferric oxides 
are dispersed in clay filling intergranular pores and along platy 
cleavage in altered phyllosilicates. Grain-coating hematite is 
absent. The data suggests that hematite precipitation probably 
started shortly after sediment deposition and continued during 
early diagenesis. The ferric iron was likely sourced internally 
by alteration of ferromagnesian minerals in sediments. 
Enrichment and depletion of Fe in the rocks is suggested by 
variations in Fe/Mg ratio. Good correlation between Fe/Mg 
ratio and δ56Fe composition suggests hematite formation in 
sediments during early diagenesis. Relationships among Fe2+, 
Fe3+, FeT, and iron isotope (δ56Fe) compositions suggest that 
the isotopically heavy iron oxide was present in the rocks 
during early diagenesis, and that green (reduced) facies likely 
replaced red facies later during diagenesis or burial. Large 
range of δ56Fe values in the rocks extending towards positive 
values, up to 1 per mil, is similar to that observed in 
Paleoproterozoic and Archean iron formations, suggesting 
partial oxidation of Fe under mildly oxidizing or suboxic 
conditions during early diagenesis. In addition, positive 
correlation between Cr/Fe ratios and δ56Fe values, especially in 
the fine-grained sandstone and mudstones facies, is an 
evidence for authigenic Cr enrichment under oxidizing 
conditions in a fluvial setting during early diagenesis at the 
early stage of the Great Oxidation Event.  
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Numerous reservoirs for direct use geothermal energy 

production have been identified in the Western Canadian 
Sedimentary Basin.  This presentation provides a preliminary 
assessment of scaling risks present during the production of 
geothermal brines from 9 of these reservoirs in the Edmonton, 
Alberta area.  The criteria for selecting these reservoirs were 
(1) measured bottom-hole tempertures ≥ 60 °C, (2) 
porosity/permeability suitable for non-EGS fluid production 
and (3) availability of robust chemical data sets. 

We used equilibrium thermodynamics to classify the 
nature of the in-situ fluids, identify the primary scaling 
forming minerals in these waters and determine the extent of 
their oversaturation in the selected reservoirs.  For comparison, 
both the B-dot and the Pitzer speciation models were used to 
construct the models, which describe systems with production 
temperatures of 65 °C and reinjection temperatures of 10 °C. 

The most prominent scale forming minerals in these 
reservoirs are hematite (Fe2O3), which is thermodynamically 
overstatured in all nine of the studied reservoirs, and barite 
(BaSO4), which is oversaturated in 8 of the 9 reservoirs.  
Hematite oversaturation is largely temperature independent. 
The extent of hematite oversaturation ranges from 10-4 g/kg of 
brine to 10-1 g/kg of brine, depending on initial iron 
concentration.  Barite oversaturation is temperature dependant, 
with the mineral becoming progressively more oversaturated 
with decreasing temperature.  At lower measured 
concentrations of barium (Ba2+), barite is undersaturated above 
50 °C.  Similar to hematite, barite oversaturation ranges from 
10-4 g/kg of brine to 10-1 g/kg of brine.  Strontianite (SrCO3) is 
oversaturated (~ 10-3 g/kg of brine) in 2 reservoirs.  This study 
is limited by the lack of fluid chemistry data for silicon and 
aluminum.  Even at low concentrations, these two species may 
oversaturate a variety of zeolites and (ferro-) aluminous clays.  
Precipitation kinetic data for the identified minerals are 
required to further quantify the true scaling risks in these 
systems.  
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Selenium (Se) is an essential nutrient but also a toxin that 
enters the human body mainly via the food chain which makes 
the Se cycle in plants very important. The determination of Se 
stable isotope ratios is a promising tool to investigate Se 
related processes in plants. We therefore set up cultivation 
experiments with rice plants on phytoagar as growth medium 
doped with Se in varying amounts and species.   

Se stable isotope analyse with MC-ICP-MS requires 
efficient sample preparation and purification, which is 
particularly challenging with organic-rich plants and semi-
solid phytoagar containing long-chain hydrocarbons. For plant 
digestion we implemented a microwave based method using 
quartz inlays. This method results in quantitative Se recovery 
and a mineralization rate of >99%, which is up to 20 times 
more efficient than other methods used for plants. Phytoagar 
digestion gave non-reproducible Se recoveries around 74%, 
whereas vacuum induced liquid extraction yields at average 
103% with very good reproducibility, validity and 
independence on Se species and concentrations. Unlike 
digestion, it conserves Se species.  

For Se purification from sample matrices we tested and 
optimized two chromatographic methods in flow through 
columns packed with anion exchange resin (A) and thiol 
cellulose powder (B). Thereby, several matrices with varying 
metal, organic and Se contents were used. Where (A) gave 
badly reproducible Se recoveries ranging from <10 to 100% 
with huge matrix effects, (B) resulted in more reproducible Se 
yields of 70-80% for any matrix and Se concentration used. 
Despite of few exceptions (Cr, Cu, As), residual element 
concentrations were <1% for both methods and did not 
influence the measurements at all. However, the analytical 
method including double spike correction turned out to react 
sensitively on residual organics that seem to inhibit sample-
spike equilibration. Therefore we tested hydride generation and 
trapping - in order to extract Se from the organic matrix - 
combined with (A). For each method we performed validation 
tests by doping Se free plant and phytoagar with isotopically 
certified Se at a very early sample preparation stage.  
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A Preliminary assessment of heavy metal contamination in 
soils was carried out in Raichur Industrial Development Area 
to determine the spatial distribution of heavy metals in soils 
and to assess the extent of pollution. The study area consists of 
various small and large scale industries like Steel plant, Cotton 
mills, Rice mills and Chemical manufacturing units. Around 
20 soil samples were collected to assess the status of 
potentially toxic heavy metals like As, Cr, Co, Ni, Pb, and Zn. 
The samples were analyzed for their heavy metal 
concentrations using Wavelength Dispersive - X-ray 
fluorescence spectrometer (WDXRF). The results indicate that 
distribution of As was from 2.9 to 6.8 mg/kg, Cr 49.9 to 96.6 
mg/kg, Co 6.7 to 31.7 mg/kg, Ni 2.3 to 27.5 mg/kg, Pb12.2 to 
45.8 mg/kg, Zn 77.4 to128.5 mg/kg. The results were 
compared with soil quality guidelines to know the extent of 
toxicity in the study area. Overall the study indicates normal 
distribution of toxic metals with concentrations within the 
permissible limits. However, detailed sampling of the study 
area need to be carried out to identify the point source of 
contamination. 
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This communication summarises publications and ongoing 
research of biological weathering of minerals and rock by 
mycorrhizal fungi growing in symbiosis with host plants.  
Mathematical modelling provides formalised description of 
reaction mechanisms and parameter values to calculate the 
rates of biological weathering from nanometric- to planetary- 
scale. 

The results support a biological mechanism of weathering 
whereby photosynthate chemical energy that is produced by 
plants is directed, via roots, to a network of fungal hyphae 
extending to form the reacting solid-biota interface.  Axenic 
microcosms with reacting rock and mineral grains allow 
quantification of element mass transfer by biota from the grain 
surfaces without their immersion in aqueous solution.  

Significant mass transfer is observed in the form of 
calcium oxalate crystals that form on the fungal hyphae. 
Comparison of Ca mass transfer rates with abiotic rates of 
dissolution demonstrates that the biological weathering is  
1-2 orders of magnitude faster. Mathematical modelling of 
mass transfer kinetics is upscaled to the hyphal activity and 
mineral contact area in the soil profile. Accounting for 
geographical variation in plant productivity and parent geology 
provides a mechanistic description of this biological 
weathering mechanism at planetary scale.   
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We present the results from modelling the gravity and 
density structure of the upper mantle for the off-shore area of 
the North Atlantic region. The crust and upper mantle of the 
region is expected to be anomalous: part of the region affected 
by the Icelandic plume has an anomalously shallow 
bathymetry, large igneous province, caused by plume, the 
northern part of the region is characterized by ultraslow 
spreading and ice coverage, Baffin Bay has a complicated 
structure – paleo spreading ridge. In order to understand the 
links between deep geodynamical processes that control the 
spreading rate, on one hand, and their manifestations such as 
oceanic floor bathymetry and heat flow, on the other hand, we 
model the gravity and density structure of the upper mantle 
from satellite gravity data. 

The results demonstrate the presence of strong gravity and 
density heterogeneity of the upper mantle in the North Atlantic 
region. In particular, there is a sharp contrast at the continent-
ocean transition, which also allows for recognising mantle 
gravity anomalies associated with continental fragments and 
with anomalous oceanic lithosphere. According to the recent 
studies, high-MgO lavas, erupted at various locations in the 
North Atlantic, characterize the nature of mantle melting 
during the crust formation process. The presence of large 
igneous province in North Atlantic leads us to the idea of 
strong geochemical heterogeneity and temperature anomalies.  
 
[1] Laske, G., Masters, G., Ma, Z., Pasyanos, M., (2013) 
Update on CRUST 1.0 – A 1-degree Global Model of Earth’s 
Crust. Geophys. Res. [2]Artemieva I.M., (2011) The 
Lithosphere: An Interdisciplinary Approach. Cambridge 
University Press, 794pp [3] Stacey F.D., and Davis P.M., 
(2008) Physics of the Earth. Cambridge University Press, 
532pp. [4] Korenaga J., Kelemen P., Major element 
heterogeneity in the mantle source of the North Atlantic 
igneous province Earth and Planetary Science Letters 184 
(2000) 251-268 
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We examine here the distributions of K/Th abundances at 
various scales in exposed crustal material of the southern West 
African Craton (SWAC). The WAXI geochemical database 
contains about 3000 analyses of volcanic, intrusive and 
sedimentary rocks distributed over the SWAC. The K 
distribution from these data is exponential with frequent K2O 
concentrations < 0.2 wt%. A similar behavior is observed from 
concentrations measured with a portable spectro-radiometer in 
the Sefwi, Bole Nangodi and Bui Belts (Ghana). In contrast, a 
unimodal and skewed right K distribution is obtained from 
airborne surveys at 100 m/pixel. The Th distribution is also 
unimodal but more symmetric than the K distribution. In order 
to explore K/Th distributions at much lower resolution, data 
from the Gamma-Ray Spectrometer on Mars (400 km/pixel) 
were compared to the SWAC craton. K/Th distributions are 
found to be unimodal and symmetric, with a notable lack of 
K2O values below 0.2 wt%. Despite the non-uniform spatial 
sampling scheme for the geochemical database, we postutale 
that the unimodal, more or less right skewed distributions from 
remote sensing data may be explained by exponential 
distributions of concentrations at sub-pixel scales. This would 
imply that pixel values are generally not representative of 
typical K concentrations of the rocks within that pixel, but 
result from spatially dominant K-poor rocks (or regolith) 
combined with spatially minor exposures of K-rich material. 
Documenting the spatial K/Th distribution at scale < 100 m for 
various lithologies is important for the interpretation of 
airborne radiometric data. This proposition sheds new light on 
the apparent discrepancy between K concentrations from GRS 
data and bulk-rock analyses of Martian meteorites [1] which 
could result from the natural sampling of spatially dominant K-
poor rocks, whereas GRS values are influenced by minor 
occurrences of K-rich compositions such as those recently 
identified at Gale crater [2]. 
 
[1] Taylor et al. 2007 JGR doi:10.1029/2006JE002676. [2] 
Sautter et al. [2013] doi : doi:10.1002/2013JE004472. 
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The Bole-Nangodi belt (Ghana) forming part of the 
Paleoproterozoic West African Craton (WAC) contains high-
grade metasediments, which are rare in the craton. Only a few 
metamorphic ages have been determined for the WAC  
(~2.15-2.00 Ga), and little is known about the ages of regional 
metamorphic events. The Sm-Nd system in garnet-bearing 
samples is an effective chronometer in metamorphic rocks [1]. 
>10 ages with a precision of 0<1 million years can be obtained 
from concentric growth zones in >1cm garnet crystals [2]. This 
technique is pushed to new limits with an attempt to derive 
ages from smaller zoned garnets (about 1-2 mm and 5-6 mm in 
size, respectively) from two samples (BN436, BN928) of the 
Bole-Nangodi belt The rim-to-core garnet compositions range 
from Alm77Prp19Grs3Sps2 to Alm65Prp28Grs8Sps1 for BN436 
and from Alm62Prp4Grs21Sps13 to Alm74Prp13Grs9Sps1 for 
BN928. The chemical zoning is associated with a color change 
and variable concentration of mineral inclusions suggesting at 
least two prograde episodes of crystal growth. Garnet rims and 
cores were extracted using a NewWave MicroMill drilling 
apparatus. Thin slabs (1–1.5 mm) were prepared at a microsaw 
and garnet sections were placed on a sample plate for drilling. 
Drilling patterns were defined on the MicroMill using the 
advantage of the visible zoning. Core and rim material were 
processed in the clean lab for partial dissolution (inclusions 
removal) and Sm-Nd extraction. Sm-Nd isotopes were analyze 
using ID-TIMS .At the time of writing, a preliminary bulk 
garnet age of 2101 ± 26 Ma (n=4, MSWD=105) is obtained for 
the sample BN436 and 2104.7 ± 4.7 Ma (n=4, MSWD=3.9) for 
the sample BN928. The high MSWD, especially for BN436, 
likely indicates the presence of significant age zonation in 
these garnets that will be tested by the microsampled core and 
rim chronology. 

 
[1] Baxter and Scherer, 2013, Elements, 
doi:10.2113/gselements.9.6.433. [2] Pollington and Baxter, 
Chem Geol., doi: 10.1016/j.chemgeo.2010.12.014. 
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Time-independent nonlinearities in ion counters (IC) are 
long known. Nonlinear gain (e.g. Richter et al, Int J Mass Spec 
206 (2001) 105) and dead time can be individually charted. 
They must be accounted for in uncertainty estimates. The IC 
gain is assumed constant over time.  

We observed a time-dependent nonlinearity, "slow Wake-
up" (sWu) of our ETP™ multiplier. A similar effect is known 
for photomultipliers (Philips Photonics (1994) Photomultiplier 
tubes - principles and applications, 203 p). Hour-scale drifts 
were reported by Turrin et al (G-cubed 11 (2010) Q0AA09). 
We acquired two ion beams simultaneously, on the Faraday 
cup (F) and the  IC, during 50 blocks, each of 3 s baseline and 
3 on-peak measurements of 1 s each. Total run times for this 
protocol were 900 s. We observed an asymptotic increase of 
the IC/F gain G = g0 + g1*(1-exp(-t/τ)), g1 being 1-7 % of g0, 
and τ between 50 and 200 s. The sWu is slowest (g1 and τ 
highest) after weekends and idle periods; even half-hour breaks 
between runs slow down the sWu. The sWu can be 
misdiagnosed as "normal" tube memory if run times are less 
than 3-4 τ, or IC integration times are >> 1 s, or both.  

These observations were reproduced on a multicollector 
ICP. By measuring the ratio of the 40Ar2 dimer on a Faraday 
cup to the 36Ar40Ar dimer on an ETP IC with a 1 s time 
resolution we found a sWu with g1 = 0.02*g0 and τ ≈ 15 s. This 
is not visible with our usual protocol involving 10 s integration 
time, and/or mistaken as random plasma oscillation. In 
hindsight, the MasCom™ multiplier of a dual-collector MAP 
215 formerly in use in Berne almost certainly suffered from 
sWu, with τ ≈ 10 s. 

To assess the general importance of undiagnosed sWu, we 
simulated zero-time extrapolations for (i) multicollector (F + 
IC), (ii) single-collector, ion-counter-only mass spectrometers. 
Case (i) always gave an inaccurately low regression of the 
isotope measured on the slow IC. Case (ii) always gave 
inaccurately low regressions for all isotopes, but the inaccu-
racy effect on calculated ages is opposite if the measuring 
sequence is decreasing (40 to 36) or increasing (36 to 40). The 
workaround solution to this systematic bias is acquiring long 
runs (t > 5 τ) with 1 s integration times. 
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Establishing genetic links between volcanic and plutonic 

rocks remains elusive, with current models ranging from 
exhaustive eruptive evacuation of magmatic reservoirs to only 
partial extraction of evolved melt from highly crystalline 
networks (“magmatic mushes”). The study of cognate plutonic 
xenoliths in volcanic deposits is uniquely suited for 
establishing volcanic-plutonic connections, but comparisons 
based on whole-rock chemistry are often limited by complex 
crystal origins and the effects of crystal accumulation which 
cannot always be reliably deconvolved. We have thus explored 
high-spatial resolution analysis of zircon in the search for 
direct evidence regarding the plutonic incubation of volcanic 
eruptions, and the link between erupted magma and its plutonic 
residues. 

Volcanic deposits from the Quaternary Lesser Antilles arc 
have provided a remarkable suite of plutonic xenoliths. Here, 
we report SIMS zircon U-Th ages and trace elements from the 
ca. 14 ka Belfond dome, Soufrière, St. Lucia. Zircon rims from 
plutonic xenoliths (n = 7) record protracted crystallization and 
show characteristic differences between age spectra of 
individual xenoliths. Xenolith zircon rim ages range between 
ca. 20 and 200 ka, which in essence matches those from their 
host lava. Trace elements in xenolith and lava zircon rims 
become more variable within ca. 10 ka of the youngest 
zircon’s crystallization which coincides with the last major 
explosive event at Soufrière, the ca. 20 ka Belfond Tuff 
eruption. Temperature-sensitive components in zircon (e.g., Ti, 
Hf) indicate excursions to elevated magmatic temperatures 
between ca. 20 and 30 ka. Collectively, this evidence suggests 
the presence of a long-lived (>200 ka) crystal mush 
undergoing re-heating episodes which possibly triggered 
explosive eruptions. Integrating the high temporal resolution 
record of U-series zircon ages with geochemistry is a powerful 
tool in deciphering the thermal and compositional evolution of 
magmas within a framework of absolute time.  
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The biogeochemistry of iron (oxyhydr)oxides is directly 
associated with carbon mineralization and/or storage during 
redox fluctuations in soils. Our recent work on soils from the 
Luquillo Critical Zone Observatory in Puerto Rico explores 
how fluctuations in redox conditions influence Fe reduction 
rates. Soils from the upper 10 cm of the Bisley Watershed 
valley site were exposed to systematic redox oscillations over 
40 d in 1:10 soil:water slurries. The oxidation events were 
triggered by introduction of 21% O2 and the length of time that 
oxic or anoxic conditions persisted was maintained at  
6:1 (τox/τred) throughout the experiment. After pre-conditioned 
the soil to fluctuating redox conditions for one month, we 
imposed 2.5- and 11.6-day redox oscillations and measured  
0.5 M HCl-extractable Fe(II) every 12 h to 4 days. We found 
Fe reduction rates were substantially higher in the shorter 
frequency treatment, which comprised τox lengths of only 10 h, 
than in the longer frequency treatment, which comprised τox 
lengths of only 40 h. We hypothesize that Fe reducing 
organisms in these soils are either stimulated by the repeated 
pulsing of de novo Fe(III) or that when the length of oxic 
conditions (τox) becomes short enough, the Fe reducers can 
maintain activity. These results highlight how the dynamics of 
redox conditions can constrain rates of Fe reduction and 
influence ecosystem processes that depend of iron behaviour.  
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High volume hydraulic fracturing of unconventional 

deposits has expanded rapidly over the past decade in the US, 
with much attention focused on the Marcellus Shale gas 
reservoir in the northeastern US. We use naturally occurring 
radium isotopes and 222Rn to explore changes in formation 
characteristics as a result of hydraulic fracturing. Gas and 
produced waters were analyzed from time series samples 
collected soon after hydraulic fracturing at two Marcellus 
Shale well sites in the Appalachian Basin, USA. Analyses of 
δ18O, Cl- , and 226Ra in flowback fluid were consistent with 
two end member mixing between injected slick water and 
formation brine. All three tracers indicate that the ratio of 
injection water to formation brine declined with time across 
both time series. There were substantial differences in Cl- 

between the two wells samples with the highest concentrations 
reaching 2 M, while 226Ra activity was similar at both wells. 
On a plot of water isotopes, δ18O in formation brine-dominated 
fluid was enriched by approximately 3 permille relative to the 
Global Meteoric Water Line, indicating oxygen exchange with 
shale. The ratio of 223Ra/226Ra and 228Ra/226Ra in 
produced waters was quite low relative to shale samples. This 
indicates that most of the 226Ra in the formation brine must be 
sourced from shale weathering or dissolution rather than 
emanation due to alpha recoil from the rock surface. During 
the first week of flowback, ratios of short lived isotopes 223Ra 
and 224Ra to longer lived radium isotopes changed modestly, 
suggesting rock surface area per unit of produced water 
volume did not change substantially. The 222Rn/methane ratio 
in produced gas declined with time and may represent a 
decrease in the brine to gas ratio in the reservoir over the 
course of six months after initial fracturing. Naturally 
occurring radium and radon isotopes show promise in 
elucidating sub-surface dynamics following hydraulic 
fracturing plays. 
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Fluids accelerate reaction rates between minerals, growth 
of mineral grains, melting processes, deformations and re-
crystallization in mineral aggregates. The opposite influence, 
i.e. catalytic effects of rocks and minerals on the reactions 
between fluid components, is a poorly studied topic of 
geochemistry related to the fluid-rock interactions. 
Nevertheless, crustal rocks with compositions based mostly on 
SiO2 and Al2O3, modified by the catalytic active “metal” 
components, are good analogue of the catalytic systems used in 
the industrial technologies, while components of the fluid 
fluxes (H2O, CO2, CO, CH4, H2, N2, SO2, NH3), can be 
considered as a raw material for a catalytic generation of a 
wide spectrum of the products. We report results of 
experimental study on the methane conversion by vapor on 
three rocks: (1) massive antigorite-lizardite serpentinite 
(Bogorodskoe deposit, Urals), (2) antigorite-lizardite asbestos 
(Bazhenovskoe deposit, Urals) and (3) oceanic ophitic gabbro 
(Logachev Field, Mid-Atlantic Ridge). Samples were crushed 
to the fractions 0.5-0.71 mm before experiments. The 
experiments were performed using a flow-type quartz glass 
catalytic reactor at ambient pressure and 500-850оС. The 
volume ratio H2O/CH4 in the reaction zone was 8-10/1, 
filtration rate through the rock 1 cm-thick layer was  
0.5-0.6 cm/s, the time of the contact of the H2O-CH4 mixture 
with samples was 1.5-2 s. All the samples are catalytically 
active. However, serpentinite shows the highest catalytic 
effectiveness. The conversion of CH4 to H2 on this rock 
increases with temperature and reaches 14 % at 825ОС. The 
conversion to СО and СО2 at 825ОС is 3 % for both 
components. The reaction products include ethanol and 
methanol, which do not form on standard catalysts. Presence of 
other oxygen-bearing hydrocarbons in the run products cannot 
be excluded. Catalytic activity of asbestos and gabbro is  
2-3 times lower than that of the serpentinite. Nevertheless, the 
experiments inspire testing of the catalytical properties of other 
crustal rocks as potential alternatives for the artificial catalytic 
materials to develop the catalytic geochemistry.  
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High-precision chemical abrasion isotope dilution thermal 

ionization mass spectrometry (CA-ID-TIMS) U-Pb dating of 
single-zircon crystals is preferably applied to tephra beds 
intercalated in sedimentary sequences. By assuming that the 
zircon crystallization age closely approximate that of the 
volcanic eruption and ash deposition, U-Pb zircon 
geochronology is the preferred approach for dating events and 
boundaries (such as the Permian-Triassic boundary mass 
extinction) in the sedimentary record. As tephra from large 
volcanic eruptions is often transported over long distances, it 
additionally provide an invaluable tool for stratigraphic 
correlation across distant geologic sections. Therefore, the 
combination of high-precision zircon geochronology with 
apatite chemistry of the same tephra bed provides a robust  
fingerprint of one particular volcanic eruption. 

We will present new high-precision U-Pb zircon dates for a 
series of volcanic ash beds in deep- and shallow-marine 
Permian-Triassic sections in the Nanpanjiang Basin, South 
China. In addition, apatite crystals out of the same ash beds 
were analysed focusing on their halogen (F, Cl) and trace-
element (e.g. Fe, Mg, REE) chemistry. On the basis of these 
data, including litho- and biostratigraphic correlations, we can 
precisely and accurately constrain the Permian-Triassic 
boundary in an equatorial marine setting, and correlate tephra 
beds over different sections and facies in the Nanpanjiang 
Basin independently from litho-, bio- or chemostratigraphic 
criteria. 
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Nemrut is a historically active Pleistocene-Holocene 

stratovolcano located in eastern Turkey, adjacent to western 
shore of Lake Van and forms part of a chain that includes Mts. 
Süphan, Arrarat and Tendurek.  Many of the volcanic rock 
units around Nemrut have not yet been dated, and most have 
only K/Ar dates.  With the growing interest in and importance 
of the continental paleoclimate archives derived from Lake 
Van cores, efforts to better characterise Nemrut and understand 
it’s regional impact are underway. We have measured ten 
samples using the 40Ar/39Ar, single-crystal technique on 
sanidines liberated from 6 pumices, either falls or flows,  
3 ignimbrites and one trachytic lava flow.  Ages range from 
5.3±1.8 ka to 171.4±3.2 ka (2σ).  The age data are comparable 
to modern 40Ar/39Ar data derived from the literature but extend 
to younger ages and are generally 2-3 times more precise; 
improved precision is due to the greater number of individual 
crystals analysed, typically 20 or more. The youngest age was 
obtained from pumice within pyroclastic flow deposits on the 
caldera rim and yielded an age of 5.3±1.8 ka (2σ, 
MSWD=0.98, p=0.52, n=63).  This unit is potentially age 
correlative with ash layers recognized in Lake Van and varve 
counted to 6005, 6888 and 7192 years BP (tephras C, D & E, 
[1]), a correlation supported by trace element geochemistry of 
pumice [2].  The welded Bitlis ignimbrite, sampled in the town 
of Bitlis some 25 km distant from Nemrut, yielded an age of 
26.8±4.2 ka (2σ, MSWD=0.68, p=0.89, n=27) 
 
[1] Landmann et al. 1996 [2] Landmann et al. 2011 
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Uranium ore extraction and processing has produced 

groundwater contamination globally that is persistent and 
difficult if not impossible to remediate. The behavior of 
uranium at the landscape scale is goverened by a tapestry of 
interdependent biogeochemical reactions that occur in complex 
natural materials at the nanometer scale (1 to 1,000 nm). 
Microbial cells and cellular processes, nanominerals, and 
diffusive processes coexist within these small spaces and 
strongly interact in space and time. Relatively little is known 
about the spatial distributions of biogeochemical reaction sites 
and products at this scale, particularly for contaminant species 
such as uranium. This is due in part to the difficulty of imaging 
the distributions and speciation of metals and sulfur at 
distances of 1 to 1,000 nm in heterogeneous naural samples at 
environmentally-relevant concentrations under hydrated 
conditions.  

Our group has been studying the speciation of U(IV) in the 
contaminated aquifer at the former uranium ore processing site 
at Rifle, Colorado, USA, following amendment of sediments 
with organic carbon (acetate) to promote bioreduction. We 
have also been studying uranium immobilization in organic-
rich sediments naturally present in contaminated aquifers in the 
upper Colorado River Basin, USA.  This work shows that 
uranium binding to organic matter plays a major role in 
uranium speciation, reactivity, and redox transition pathways. 
These nanometer-scale interactions appear to help mediate 
uranium behavior at the scale of the upper Colorado River 
Basin. 
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This paper reveals influence of aqueous sulphuric acid in 

deterioration of lead and alkali glazes. During our previous 
study weathered glazes have been identified in some tiles from 
a building in Budapest. Our goal is to observe how the 
weathering process acts on the surface and chemical 
components migrate. 

Laboratory experiments H2SO4 solutions of pH2 and pH4 
lasted 14 days. XRD, SEM-EDS and Raman spectroscopy 
were used to determine the precipitated phases and EPMA 
analysis was used for quantitative analysis. The recovered 
solutions were measured with ICP-OES to quantify extent of 
the ion exchange. 

Solution of pH2 induced greater ion exchange. Alkali and 
alkaline earth metals exhibit the most intensive dissolution, 
altought newly formed phases composed of these elements 
were not identified on the glazes. On the other hand, although 
lower lead content was detected in the recovered solutions, 
lead sulphate, anglesite, has newly appeared on the corroded 
glaze parts, and 15-200 µm sized pits are clearly seen on the 
surface of the glaze as a sign of the corrosion. 
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The dynamics of magma storage beneath volcanoes is 

fundamental for understanding their behaviour during volcanic 
eruptions. Detailed petrography and mineral chemistry of the 
Nola Seamount, northwest of the Cape Verde archipelago is 
presented with the aim to unravel the pre-eruptive processes 
and thus contribute to our understanding of magma ascent and 
evolution at Ocean Islands.  

The volcanics from Nola Seamount are basanites and 
ankaramites with glassy to microcrystalline groundmass that 
host phenocrysts of clinopyroxene, olivine and ilmenite. 
Clinopyroxene is the dominant phenocryst phase and classifies 
as diopside to salite. Clinopyroxene shows increasing FeO, 
TiO2 and Al2O3 and decreasing MgO content from core to rim. 
Three geochemically different groups of clinopyroxene 
zonation can be distinguish; 1) primitive zones have high MgO 
(12.5 to 15 wt%) and low Al2O3 (3.5 to 7.5 wt%), 2) zones 
with intermediate MgO (9.5 to 13.8 wt%) and Al2O3 (5.0 to 
12.0 wt%), and 3) evolved zones with low MgO (8.3 to  
13.0 wt%) and high Al2O3 (6.5 to 12.9 wt%). 

Diffusion chronometry has been employed to model the 
pre-eruption residence times of clinopyroxene. We obtain three 
timescales: 1 to 3 months; 0.5 to 2.5 weeks; and 2.5 to 4 days, 
which correlate with the groups of zonation. Additionally, the 
growth of the groups of zonation can be traced by 
thermobarometry to 0.6 to 1.0 GPa, 0.2 to 0.5 GPa and 0.1 to 
0.5 GPa, respectively. 

Integrating the compositional, timescale and pressure 
information, we trace the formation of the primitive zones to 
the oceanic lithospheric mantle with residence times of a few 
months. The intermediate composition zones formed near the 
Moho and have residence times of up to a few weeks, whereas 
the evolved zones formed in the crust and were subsequently 
erupted only days later. This pattern of ascent and eruption is 
likely common at Ocean Islands, as these timescales are 
remarkably consistent with observations of seismicity during 
the 2011 eruption El Hierro, Canary islands. 
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Lead (Pb) and antimony (Sb) contamination pose a major 

environmental threat to training land sustainability for areas 
used by the U.S. Department of Defense (DoD). This is a result 
of firing excercises that use soil berms as backstops. Fragments 
of bullets are susceptible to weathering processes in soil 
environments, leading to the release of metal(loid) species into 
solution. Pb and Sb are contaminants of interest because they 
primarily constitute small arms rounds [1]. Pb and Sb are both 
toxic, and Sb is also a suspected carcinogen [2]. Understanding 
Pb and Sb speciation and mobility is essential for identifying 
the potential toxicity of a range soil and for remediating a 
given site.  

As a result, stabilization of metal contaminants is of 
interest, particularly, what types of substrates have potential to 
promote the retention of Pb and Sb from migrating off-site. 
Treating soils with both cationic (Pb) and oxyanionic (Sb) 
components can be difficult due to enhanced mobility of Sb at 
circumneutral/high pHs and enhanced mobility of Pb at low 
pHs [3] [4]. Traditional treatments, such as phosphate or 
carbonate would not be approprite, however, iron (Fe) has 
been shown to be a potentially effective sorbent [5].  

In this study, we added Fe(II) chloride and nanoscale zero-
valent iron (NZVI), in a dispersion, to four types of shooting 
range berm soils in laboratory soil columns in order to study 
the effects Fe has on metal attentuation. The columns were 
flushed with simulated rainwater and monitored using 
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) and 
synchrotron-based X-ray Absorption Spectroscopy (XAS). We 
found significant attentuation of Sb by Fe in certain systems, 
whereas Pb became more mobilized. 
 
[1] Filella, M. et al. (2002) Earth Science reviews 57, 125. [2] 
Gebel, T. (1997) Chemico-biological interactions 107, 131. [3] 
Okkenhaug, G. et al., (2011) Environmental Pollution 159, 
2427. [4] Reddy, K.J. et al., (1995) Plant and Soil 171, 53. [5] 
Okkenhaug, G. et al., (2013) Environ. Sci. Technol. 47, 6431. 
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Radiocarbon and U-Th ages of 21 samples of pristine 

corals recovered from geotechnical cores in Elat port, in the 
north-west Gulf of Aqaba, provide new constraints on the early 
to late Holocene sea-level curve, local tectonics and 
radiocarbon reservoir ages in the northern gulf. The reefs 
drilled transgressed over a pebbly terrestrial section at present 
water depth of ~8.5-27 meter b.s.l. The U-Th ages of the corals 
lie between ~10.3 and 2 ka cal BP. Published U-Th ages from 
corals in the near-shore (tidal-zone) Tur–Yam terrace (5 km 
south of the port) span ~6.7 to 4 ka BP, indicating mid-to late 
Holocene sea-level elevation of ~1-2 meters above the current 
elevation (consistent with global sea-level curves). Comparing 
the elevations of the two reefs indicates that the Elat port reef 
continuously drowned beneath its original growth sites, 
possibly by the combined effect of eustasy and the adjacent 
Elat normal fault. Yet, the relations between the drowned Elat 
port reefs and the stable Tur-Yam reef allow the reconstruction 
of the sea-level curve back from ~7 to 10 ka cal BP. While the 
Elat corals show pristine aragonite mineralogy and textures 
and 234U/238U activity ratios of modern seawater, the 
radiocarbon ages (corrected to reservoir age of 400 years) 
display some variations, which could indicate non-uniform 
reservoir age in the gulf throughout the Holocene. 

 
[1] Weil (2008), M.Sc thesis, The Hebrew University, 
Jerusalem, (in Hebrew, English abstract). 
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We report new Cl isotope and abundance (Cl, F, H2O, S) 
data for apatites from a range of Apollo lunar samples, 
including mare basalts and highlands rocks. The Cameca 
NanoSIMS 50L at the Open University was used to make these 
measurements. Apatites in the mare basalts (both high- and 
low-Ti) are characterised by relatively low abundances of Cl 
(< 0.4 wt.%) that are associated with δ37Cl compositions 
ranging from +2 to +13 ‰. In contrast, apatites in the 
highlands samples studied display a wide range of Cl contents 
(0.7 to 1.4 wt.%) and elevated δ37Cl values > +27 ‰. We have  
combined this new dataset with an existing H-isotopic dataset 
for apatites that were previously analysed in our laboratory 
from the same samples in order to place constraints on the 
processes influencing the volatile inventories of lunar magmas.  

In the case of apatites from the mare basalts, the elevated 
δD values have been attributed by some (e.g., [1]) to be the 
result of H2 degassing from the parental melts. These apatites 
also display low- to moderate δ37Cl values which can be 
ascribed to the loss of isotopically light Cl in the form of metal 
chloride vapour during degassing [2]. In contrast, apatites in 
highlands samples are globally characterised by elevated δ37Cl 
signatures, advocating for additional processes/components to 
explain these unique Cl-isotopic signatures. For example, 
apatites from two lunar samples that are known to have 
undergone metasomatism, display H-isotope and H2O 
systematics that appear to be consistent with H2 degassing, and 
δ37Cl values for apatite in the granulite may indicate apatite 
crystallised during Cl degassing/fractionation [3]. Furthermore, 
apatites in a cumulate norite (78235) which are considered to 
preserve a primordial H-isotopic composition, also display 
elevated δ37Cl values. It is possible, given the petrological 
history of this sample, that both the H and Cl isotopic 
compositions may record the signature of the urKREEP 
component that the parental magma (to this sample) is 
purported to have assimilated.  
 
[1] Tartèse R. et al., (2013), GCA 122, 58-74. [2] Sharp Z.D. et 
al., (2010), Science 329, 1050-1053. [3] Barnes J.J. et al., 
(2015) LPSC XLVI, #1352. 
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Major and trace element concentrations, and radiogenic 
isotopes in peridotite xenoliths can be used to model the degree 
and timing of partial melting/melt extraction in the mantle. 
However, the chemical signature of this primary melt depletion 
event can be obscured by secondary melt or fluid infiltration 
and melt-rock interactions, leading to refertilisation 
(crystallisation of secondary pyroxenes at the expense of 
olivine), modal metasomatism (crystallisation of new hydrous 
phases), or cryptic metasomatism (incompatible trace element 
enrichment without modal changes). Mass balance of 
lithophile trace elements may help to chemically identify any 
metasomatising agent(s), which when removed from the bulk-
rock element budget, may constrain the primary melt depletion 
signature. 

The sample suite is 14 spinel lherzolite and harzburgite 
xenoliths from the volcanic Maar de Borée in the French 
Massif Central, with predominantly protogranular textures and 
no petrographic evidence for modal metasomatism or 
infiltration of the host basalt. Bulk-rock major and 
incompatible trace element concentrations suggest the 
xenoliths are genetically related by varying degrees of partial 
melting/melt extraction, but elevated incompatible trace 
element ratios (e.g. La/YbN)[1] in some samples indicate cryptic 
metasomatism, and there is clear petrographic evidence for the 
presence of a melt phase of up to several modal per cent in 
veins and pockets. The lithophile trace element budgets of bulk 
rocks cannot be reconciled, even taking into account this melt 
phase; some elements remain in deficit while others show a 
surfeit. 

Lithophile radiogenic isotopes (Rb-Sr, Sm-Nd) can be 
similarly perturbed by these secondary enrichment processes 
and provide further evidence for possibly multiple episodes of 
melt extraction and metasomatism, as well as the relative 
timing of these events. 
 
[1] Palme & O’Neill (2004) Treatise Geochem 2(01), 1-38. 

215



 Goldschmidt2015 Abstracts  

 216 

Combining Ge/Si, δ30Si, and δ74Ge to 
unravel controls on weathering and 

solute production in tropical 
catchments 

J. J. BARONAS1*, M. TORRES1, A. J. WEST1,  
D. E. HAMMOND1, K. E. CLARK2, S. OPFERGELT3 AND  

K. W. BURTON4 
1Department of Earth Sciences, University of Southern 

California, Los Angeles, CA 90089 USA  
*(baronas@usc.edu)   
2Department of Earth and Environmental Science, University 

of Pennsylvania, USA 
3Geological Sciences, Université catholique de Louvain, 

Belgium 
4Department of Earth Sciences, Durham University, UK  
 

We have found that river water dissolved Ge/Si, δ30Si, and 
δ74Ge signatures in two pristine catchments are highly 
sensitive to the prevaling weathering regime (kinetic- vs. 
supply-limited), which is governed by local geomorphology 
and hydrology. Our results point to the promise of these 
geochemical tools as proxies for weathering and solute fluxes, 
both in the present day and in the past.  

We have measured Ge/Si, δ30Si, δ74Ge, and trace element 
concentrations in river water of catchments spanning 
geomorphic gradients in the Andes-Amazon (Madre de Dios, 
Peru) and a tropical rainforest (La Selva, Costa Rica). Results 
show that Ge/Si and δ30Si in cation-depleted La Selva soil 
waters are controlled by secondary mineral dynamics, while 
vegetation plays a secondary role. In the Amazon foreland 
flood plain, Ge/Si responds strongly to runoff, implying 
sensitivity to either fluid transit times or dominant fluid flow 
paths in the catchments. In contrast, the Ge/Si ratio in the 
Andes is constant and runoff-independent, reflecting the high 
abundance of fresh bedrock. Preliminary  δ74Ge data indicates 
strong fractionation during secondary mineral formation. This 
suggests that δ74Ge could be a useful proxy for resolving 
changes in weathering intensity in the past. 

Overall, we show that combining multiple isotopic and 
geochemical proxies provides greater insight into weathering 
processes, solute production, and biogeochemical cycling than 
any single geochemical indicator on its own. Such a multi-
proxy approach holds the possibility of disentangling the 
complexity of dependence of weathering on runoff, 
temperature, and erosion rates.  
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The Re-Os isotopic system has been extensively used to 
determine the age and source of metals in a variety of mineral 
deposits.  

Published Re-Os data for Chilean IOCG and IOA deposits 
indicated a radiogenic signature (initial Os ratio of 0.36±0.10) 
for the large Candelaria IOCG [1], suggesting a mixture 
between mantle and crustal components for the source of the 
hydrothermal ores. Additionally, limited Re-Os data on IOA 
show much higher calculated initial Os ratios (1.2 to 8.4) 
which were interpreted as Os derived from leaching of 
sedimentary rocks [1]. This is in contrast with recent work on 
Los Colorados IOA in northern Chile [2] that favors a 
magmatic-hydrothermal origin for the magnetite ore.  

Here we provide new Re and Os data on magnetite and 
sulfides from selected IOCGs and IOA from northern Chile in 
order to evaluate the source of Os and by inference the source 
of metals in these deposits. The Re and Os data could be used 
to discriminate between the magmatic and hydrothermal model 
for Andean IOA and IOCG. Our preliminary Re results 
combined with previously published data indicates that 
magnetite in IOA deposits incorporates low amounts of Re 
during its crystallization, usually <1 ppb, whereas magnetite in 
IOCG deposits show slightly higher contents (0.3-6 ppb) [1]. 
Chalcopyrite from IOCG deposits show similar low Re values, 
whereas pyrite can reach a few tens of ppb. The relatively low 
Re content in magnetite and chalcopyrite could imply a low 
metal contribution from crustal sources, suggesting that metals 
in these deposits are predominantly sourced from the magmas.    

 
[1] Mathur et al. (2002) Age of Mineralization of the 
Candelaria Fe Oxide Cu-Au Deposit and the Origin of the 
Chilean Iron Belt, Based on Re-Os Isotopes. Econ Geol 97, 59-
71 [2]Simon et al. (2014) Iron and oxygen isotope and element 
systematics of magnetite from the Los Colorados IOA deposit, 
Chile: A paradigm shift for IOA deposits? SEG-Keystone, 
Colorado.  
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The Papuan Ultramafic Belt (PUB) was one of the 
archetypes on which the obduction concept was founded back 
in the early 70’s. Several studies have interpreted the PUB and 
associated rocks to be fragments of a supra-subduction zone 
(SSZ) ophiolite complex. However, due to limited outcrop 
accessibility in Papua New Guinea, and an incomplete 
ophiolite stratigraphy, understanding the exact origin and 
emplacement of these rocks is difficult. Located in the 
Northern section of the Owen Stanley Range in eastern Papua, 
the ~60 Ma PUB also forms part of the convergent plate 
margin between the Australian and Pacific plates, and 
potentially documents the subduction related accretionary 
system, which formed along the southeastern margin of 
Gondwana during the Cenozoic. 

This project analyses a unique whole-rock geochemical 
dataset of peridotite and gabbroic rocks from three exposures 
of the PUB (Mt Suckling, Madang, and Kokoda), to provide 
insights on the emplacement mechanisms of the PUB. Some 
peridotites at Mt Suckling display Cr values up to 
~44,200ppm, PGE contents of  ~500ppb, and are characterized 
by a flat REE pattern and Eu/Eu* of 0.7-1.3 when normalized 
to Primitive Mantle (PM). These REE features are similar to 
other Pt bearing complexes such as the Ural Mountains, 
Russia. The Madang and Kokoda peridotites however display 
low Cr values (~3,000 to 3,250ppm), ΣPGEs (~2.0 to 25ppb), 
and they are significantly lower in ΣREE (<0.5ppm), similar to 
other SSZ type ophiolites along the circum-pacific margin, 
such as the Luobusa in Tibet.  

Gabbros and pyroxenites from Mt Suckling formed as 
cumulates, indicated by their mineralogy and strong Zr and Hf 
depletions (3 to 4 times PM values). These rock suites also 
have Nb and Ta depletions (~4 times PM values), reflecting the 
low solubility of Nb and Ta in water-rich fluids at subduction 
zones. The Mt Suckling samples also display positive Sr 
anomalies (~120-1,800 times MORB values) attesting to a 
continental crust affinity. 

Geochemical features of the sample set studied are 
consistent with a SSZ ophiolite. However, the anomalous Cr 
and PGE enrichments in Mt Suckling support a more complex 
origin of the mafic-ultramafic packages in PNG than 
previously thought.  
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Noble gases are primarily introduced into hydrocarbon 
reservoirs through exchange with formation waters. The origin 
and subsequent migration history of noble gases can be 
identified by isotopic characteristics and relative elemental 
abundance ratios. By targeting air-derived noble gas isotopes, 
we can assess the extent of exchange between hydrocarbon 
phases and formation waters that have previously equilibrated 
with the atmosphere. The resulting elemental ratios are 
controlled by phase partitioning, which provide constraints on 
reservoir conditions (e.g., pressure, temperature and salinity) 
and gas to water volume ratios.  

We present compositional and isotopic data for 
hydrocarbon and non-hydrocarbon compounds as well as noble 
gas isotope and abundance data from two distinct Rotliegend 
natural gas fields of NW Germany. These fields produce from 
the Permian Rotliegend sandstones and are sealed by the 
Zechstein salt. The hydrocarbons in this system are thought to 
be sourced from type III coals and carbonaceous shales of the 
Westphalian aged (Carboniferous) Coal Measures [1], with 
vitrinite reflectance between 1-3%. 

Gases are composed of N2 (8-15%) and hydrocarbons (83-
92%), which are predominantly (~98%) methane. Helium 
isotopes (3He/4He) range from 0.042 to 0.084 RA, suggesting a 
negligible mantle contribution, consistent with Ne isotope 
results. We observe systematically higher 20Ne/36Ar, and lower 
84Kr/36Ar and 132Xe/36Ar values relative to air saturated water 
ratios. These data cannot be explained by a simple Rayleigh 
degassing and closed-system mixing model, suggesting that 
samples have been modified by an additional process. 
Accordingly, we have developed a two-stage closed-system 
solubility-controlled degassing and re-dissolution model that is 
consistent with the entire data set. Using this approach we can 
estimate hydrocarbon-gas to water volume ratios in the 
Carboniferous-Rotliegend hydrocarbon system. 
 
[1] Gautier, D.L. (2003) USGS Bulletin 2211. 
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This study presents the results of mineralogical 

characterization of crystalline phases, occuring in binder of 
Baroque mortars. They were sampled from the post-cistercian 
churches in Kamieniec Ząbkowicki and Lubiąż, both located in 
the Lower Silesia (SW Poland). Mortar samples were analyzed 
by means of optical microscopy, thermal analysis (DSC-TG), 
X-ray diffraction (XRD) and scanning electron microscopy 
(SEM-EDS).  

The Baroque mortars have binder composed of calcium 
carbonate phases (calcite) and numerous magnesium carbonate 
phases. The latter are mainly represented by magnesite 
[MgCO3], however various hydrous magnesium carbonates 
occur as well, in different proportions. Typical is 
hydromagnesite [4MgCO3•Mg(OH)2•4H2O], generally 
considered as intermediate phase to formation of 
thermodynamically stable magnesite. Similar phase i.e. 
nesquehonite [MgCO3•3H2O] is uncommon. Its occurence is 
limited to few samples.  

The presence of magnesium-bearing phases indicates that 
the magnesian lime mortars were employed. It is known, that 
they are susceptible to weathering due to formation of 
secondary sulphates. In fact, all of mortar samples contain 
small amounts of secondary gypsum [CaSO4 • 2H2O]. On the 
other hand, no traces of typical weathering product i.e. 
epsomite [MgSO4 • 7H2O] or hexahydrite [MgSO4 • 6H2O] 
were found. Previous studies revealed that formation of 
hydrous magnesium carbonates is related to restricted contact 
of fresh magnesian lime mortar with atmospheric CO2, thus 
inner parts of plasters, renders or joint mortars. However our 
observations showed that in studied materials there is no 
interdependence between amount of  hydrous magnesium 
carbonates and the exact location of sample in the masonry 
structure.  
 
The research was supported by the National Science Centre 
Project, Grant UMO-2012/07/B/ST10/03820 
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A special ecotope is formed under the ice of Lake Baikal 

that includes microalgae, protozoa and bacteria. Bacteria along 
with the microalgae are an important member of the 
community and play a major role in turnover of the organic 
components. Despite the low temperature, bacteria show high 
enzymatic activity [1] [2] and their total abundance is several 
orders of magnitude higher than that in the free ice period [3] 
[4]. This work aims to study bacteria isolated from the 
ice/water interface under the ice cover of Lake Baikal. 

The bacteria were sampled from 3 sites located in Southern 
Baikal during March/April of 2011. Total bacterial abundance 
(TBA) was estimated by direct counting of cells collected on 
0.2 µm polycarbonate filters and stained with a fluorochrome 
DAPI (4′,6-diamidino-2-phenylindole). TBA varied from 
0.6×106 cells/mL to 2.1×106 cells/mL. We isolated 120 stains 
by cultivation on original medium with the algal extract (DA) 
and tenfold diluted fish peptone agar (FPA/10) at 4°С. The 
abundance of bacteria grew in DA medium varied from  
2 to 12584 CFU/mL; in case of FPA the range was 2 – 20176 
CFU/mL. Cultured bacteria differed morphologically: they 
were represented by rod-shaped, cocci and ovoid-shaped cells. 
The isolates were analyzed by sequencing of the fragment for 
16S rRNA gene. The sequences obtained were identified 
against the GeneBank using BLAST search. The majority of 
strains were shown to belong to the genus Pseudomonas. 
Enzymatic activity was estimated qualitatively in 35 strains: 
11% of them showed amylolityc, 49 % - phospholipase and 
63% - casein activity, 57% strains were able to liquefaction of 
gelatin. About 63 % of studied strains demonstrated multiple 
enzymatic activities. Our data suggest that the psychrophilic 
bacteria of under-ice community of Lake Baikal demonstrated 
multiple enzymatic activities, are highly abundant and mostly 
belong to taxa of the genus Pseudomonas known to be able to 
survive at low temperatures. 
 
[1] McConville et al. (1983) J Phycol 19, 431–439. [2] 
Bowman et al. (1997) Appl Environ Microb 63, 3068–3078. 
[3] Bunch et al. (1990) Can J Aquat Sci 47, 1986–1995. [4] 
Smith et al. (1989) Microb Ecol 17, 63–76. 
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The application of Lu-Hf geochronology has steadily 

advanced since MC-ICP-MS instruments became widely 
available. For accurate results, complete chemical separation 
of both elements is required before analysis because the 
radioactive parent (and spike isotope) 176Lu isobarically 
interferes with 176Hf. Recent ion-exchange techniques using 1-
2 column passes through Ln-Spec resin [e.g., 1] allow high 
sample throughput, but are limited by an imperfect purification 
of Hf. This is especially problematic for spiked samples and 
high-Lu/Hf phases such as phosphate minerals and garnet. By 
combining components of [1-3], we developed a rapid and 
efficient ion-exchange chromatography. The method is 
optimized for low-Hf samples such as mg quantities of garnet 
(single porphyroblasts or micromilled growth zones) or 
meteoritic plagioclase and olivine, but is also suitable for up to 
100 mg of mafic whole rock. 

Isotope analysis are carried out on a Thermo Scientific 
Neptune Plus MC-ICP-MS equipped with three 1012 Ω 
resistors. Stable ion beams are acquired using an Aridus II™ 
desolvating nebulizer system and a Cetac C-Flow PFA 
concentric nebulizer at a flow rate of ~80 μl/min. An X-
skimmer and Jet sample cone are installed to enhance the 
sensitivity to ~1800 V/ppm. Replicate analyses of internatio-
nal reference rocks generally yield accurate 176Hf/177Hf that 
reproduce within 20 ppm for 40 ppb solutions and 50-180 ppm 
for 1 ppb solutions (e.g., 0.5 ng Hf in 500 µl).  

 
[1] Münker et al. (2001) Geochem Geophys Geosys 2, 
10.1029/2001GC000183. [2] Patchett & Tatsumoto (1980) 
Contrib Mineral Petrol 75, 263–267. [3] Wimpenny et al. 
(2013) Anal Chem 85, 11258–11264.  

222



 Goldschmidt2015 Abstracts  

 223 

Selenium isotope ratios as novel redox 
proxies to detect the onset of U(VI) 

reduction in groundwater  
A. BASU1, K. SCHILLING1, S. T. BROWN1,  

T. M. JOHNSON2, J. N. CHRISTENSEN1, D. J. DEPAOLO1,  
P. W. REIMUS3 AND J. HEIKOOP3 

1UC Berkeley and Lawrence Berkeley National Laboratory, 
Berkeley, CA. anirbanbasu@berkeley.edu 

2Dept. Geology, University of Illinois, Urbana Champaign, IL 
3Los Alamos National Laboratory, Los Alamos, NM 
 

Dissolved oxidized forms of selenium (i.e., Se(VI), Se(IV)) 
precipitate with uranium (U) after reduction at the redox fronts 
in groundwater systems, which often gives rise to sandstone-
hosted roll-front type economic U deposits. in situ recovery 
(ISR), a commonly used mining technique, extracts U by 
oxidative dissolution of the roll-front U ore that causes 
mobilization of Se and U in their oxidized forms. When 
mining-generated Se-oxyanions encouter the undisturbed 
reduced environments downgradient of the ISR activity, Se 
may be immobilized along with U as a natural attenuation 
process due to similarities in the redox potentials (Eh) for Se-
oxyanion and U(VI) reduction. In such groundwater systems, 
the stable isotopes of Se may be used to detect Se-oxyanion 
reduction, which is a precursor of U(VI) reduction, and thus 
indicative of the onset of U(VI) reduction.  

We measured Se concentrations and δ82Se of U ore and 
groundwater collected from 18 wells located upgradient, 
within and downgradient of a roll-front U deposit, from both 
previously mined and unmined parts of an ISR site at Rosita, 
TX, USA. The Se-oxyanion concentration in Rosita 
groundwater decreases along the hydraulic gradient to below 
the detection limit in most of the downgradient wells, where 
reducing environment is inferred from geochemical and 
isotopic parameters (e.g., Eh, δ238U). The U ore is depleted in 
82Se (δ82Se = -0.40‰ to -1.54‰). In contrast, Se(VI) in Rosita 
groundwater shows various degrees of 82Se enrichment with 
δ82Se up to 6.14‰. The elevated δ82Se of Se(VI) in Rosita 
groundwater suggests Se(VI) reduction in the aquifer. The 
increasing trend of δ82Se accompanied by a decrease in Se(VI) 
in groundwater roughly corresponds to a Rayleigh distillation 
model with an isotopic fractiontion (as ε, where ε = 1000*(α-
1); α = (82Se/76Se)Product/(82Se/76Se)Reactant) of 1.3‰. In the un-
mined part of the site, the progressive increase in δ82Se in 
grondwater suggests that the aquifer is approaching U(VI) 
reducing conditions along the hydraulic gradient. These results 
demonstrate that Se isotope ratios may be used as effective 
sensors to detect Se(VI) and possibly U(VI) reduction in 
groundwater systems.  
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Many concepts for the geological disposal of low- and 

intermediate-level radioactive waste will employ cements both 
in repository construction and within the engineered barrier 
system. Following closure, groundwater will re-saturate the 
repository and leach the cement, producing a hyperalkaline 
plume that will then react with the host rock producing an 
alkali disturbed zone (ADZ). The hyperalkaline cement 
leachate will evolve from an initially K-dominated leachate 
(pH~13), to a Ca-OH fluid (pH 12.5 to 10) buffered initially by 
the dissolution of portlandite (Ca(OH)2) and subsequently by 
the incongruent dissolution of calcium silicate hydrate 
hydrogels. Eventually, the alkaline porewater in the ADZ will 
be displaced by background groundwater, which may then 
react with the secondary alteration products. The chemical 
evolution of the ADZ fluids has been studied in a series of 
flow-through experiments using PEEK columns packed with a 
“model” host rock containing quartz, feldspars, mica, chlorite, 
kaolinite and minor hematite, which were sequentially-reacted 
with: K-Na-Ca-OH young cement leachate (YCL: ≈ pH 13.1), 
followed by; Ca(OH)2-saturated intermediate cement leachate 
(ICL: pH ≈ 12.3), and finally by a dilute (Ca-HCO3-type) 
background groundwater (GW). The columns were reacted at 
50°C, for a total of 900 days.  Samples for fluid chemistry 
were collected throughout the experiment and analysed to 
determine the evolution of the outflowing fluid.  

The pH of the reacted fluids generally reflects that of the 
initial fluids. [Na], and [Cl] are controlled by the initial fluid 
chemistry and remain close to the input concentration to the 
columns.  [Si], and [Al] show large gains in the early YCL 
fluids, but levels then decrease and are below detection in the 
ICL reacted fluids. Both Si and Al reappear at low levels in the 
final GW reacted fluids. This behaviour suggests secondary 
phase formation followed by later reaction. Ca is removed 
from the YCl and ICL fluids, this being most apparent in large 
reductions seen with the ICL fluid but small gains are seen 
with the GW.  Thus, these experimental data show evolution of 
the ADZ fluids is controlled by both primary and secondary 
mineral reaction. 
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Ba/Ca ratios in the tests of benthic foraminifera have been 

used to study palaeoceanographic changes in ocean circulation 
[1-4]. Their use as such requires knowledge of differences in 
Ba/Ca between species, the preservation of the Ba/Ca signal in 
sediments and the effect of the cleaning process (a prerequisite 
to measuring Ba/Ca). Here, we investigate these topics using 
new trace metal data from a 26 cm-long South Atlantic 
sediment core at 1 cm resolution. 

Firstly, we investigate species specific variations by 
presenting Ba/Ca ratios from three species of benthic 
foraminifera from the same sediment horizons: Melonis 
barleeanus, Oridorsalis umbonatus and Uvigerina spp. 
Secondly, we investigate down-core changes caused by post-
depositional effects and those caused by temporal changes in 
seawater barium concentrations, using several X/Ca ratios 
measured in conjunction to Ba/Ca and XRF data. 

Lastly, we present results of cleaning experiments. 
Foraminifera may undergo several stages of cleaning before 
Ba/Ca is measured, including a barite-removal step using 
DTPA. However, the effect of DTPA on benthic foraminfera 
(Uvigerina spp. and Cibicidoides wuellerstorfi) has been 
variable in previous studies [5] [6]. Here, we extend these 
findings by investigating the effect of DTPA on two more 
species of benthic foraminifera: Melonis barleeanus and 
Oridorsalis umbonatus. 

Our results shed light on the processes that influence Ba 
incorporation into benthic foraminiferal calcite, and we discuss 
the implications for the use of Ba/Ca as a palaeoproxy in 
marine sediments. 

 
[1] Lea & Boyle (1990) Nature 347, 269-272. [2] Lea & Boyle 
(1990) Paleoceanography 5, 719-742. [3] Lea (1993) Global 
Biogeochem Cy 7, 695-710. [4] Hall & Chan (2004) 
Paleoceanography 19, PA4018. [5] Lea & Boyle (1993) Chem 
Geol 103, 73-84. [6] Martin & Lea (2002) Geochem Geophy 
Geosy 3, 1-8. 
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The Griesbachian part of the Marmarasar Formation (Kara 
Baglyar) [1] in the Zangakatun (Sovetachen) section 
(Armenia) is characterized by microbial build-ups, spaced 
from 5 to 20m and surrounded by thin-bedded platy lime 
mudstone in a deep ramp environment. Above a basal 
carbonate fan crust follows a succession of thrombolitic domal 
forms, some of them up to 1.5m thick. The synoptic relief of 
the thrombolite head is estimated at 40-60cm above the muddy 
sea bottom. The overturned cone-shaped build-up geometry 
has a top head diameter up to 8m width consisting of numerous 
thrombolite domes, and an usual height of up to 15m. The 
water depth is interpreted below storm wave base and the 
asymmetrical build-up growth hints to a steady bottom current. 
Changes in the paleo-environment at the top of the kummeli 
conodont zone end the thrombolite growth. The overall 
duration of these post-extinction microbial build-ups is 
estimated at 700'000 years. Comparable Late Proterozoic 
Conophyton-Jacutophyton biostromes of the Atar area 
(Mauritania) [2], grown in apparently similar 80-100m water 
depth with quiet conditions, also show a high synoptic relief 
here of more than 2m above sea-bottom and decametric 
columnar branching build-ups. Due to a similarly large 
accommodation space the Zangakatun microbial reefs seem to 
follow the same build-up strategy. 
 
[1] Zakharov et al. (2005), JCUG 16, 141-151. [2] Bertrand-
Sarfati et al. (1999), ASF Bull. 31, 1-103. 
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Hanang is the southern volcano of the East branch of 

the East African Rift and one of the youngest (0.9 Ma) of the 
northern Tanzania, with Oldoinyo Lengai (natrocarbonatite-
phonolite±nephelinite, 0.15 Ma-present) and Kerimasi 
(calciocarbonatite-phonolite-nephelinite, 1.1 Ma) volcanoes 
and is a key volcano to constrain volcanism related to rift 
initiation. Hanang volcano erupted alkaline lava flows with 
clinopyroxene (cpx), nepheline, Ti-andradite, titanite, apatite, 
and pyrrhotite. Lava flows have nephelinite composition with 
low Mg# and high silica content (Mg# =22.4-35.2, SiO2 
=44.15 - 46.66 wt%, respectively) and an alkalinity index 
(Na+K/Al) ranging from 0.93 to 1.29. Nephelinites have high 
trace element concentrations (1920-3630 ppm Sr, 1602-2660 
ppm Ba) and high La/Yb ratio (38.2-56). They are volatile-rich 
with 0.3-3.1 wt% CO2, 1200-4200 ppm F, 150-1060 ppm S, 
and 63-680 ppm Cl. 

Melt inclusions in nepheline have glassy silicate melt 
with trachytic compositions (50.7-65.5 wt% SiO2, 5-12.9 wt% 
Na2O+K2O) and a carbonate-rich phase around gas bubble. 
Silicate melts are CO2-rich (0.13-6.72 wt% CO2) and H2O-free 
and contain F (0.56-2.79 wt%), Cl (0.28-0.98 wt%), and S 
(0.33-1.11 wt%) as volatile elements. S6+/∑S ratios (0.38-0.65) 
of silicate melts indicate relatively oxidized conditions during 
magma crystallization (fO2 = ΔFQM +0.95 to +1.2). Although 
no water has been analysed in silicate melts, cpx phenocrysts 
have 6-21 ppm wt. H2O, indicating that at least 900-3000 ppm 
of water was present at depth during nephelinite crystallization 
(P=330-530 MPa and T=1030-1080°C from cpx/melt 
equilibria). 

Both melt inclusions and bulk rock compositions 
(major and trace elements) indicate that Hanang nephelinites 
evolved to trachytic composition through fractional 
crystallization of nepheline at high pressure. Carbonate-rich 
(+/-Mg) phase (immiscible liquid) together with silicate melt 
suggest that CO2-rich and H2O-poor volcanism dominated at 
early stage of rifting. 
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The texture and mineralogical composition of chondrules 

is usually characterized using optical microscopy and SEM-
BSE-EDS analyses on thin sections. These methods require the 
samples to be cut, polished and/or coated for surface analyses, 
causing a reduction of the available sample size for further 
geochemical measurements. For certain isotope analy-ses of 
individual chondrules, the amount of available material is a 
limiting factor due to the relatively small chondrule size [1]. 
Furthermore, the contamination of the surfaces may obscure 
the isotope signature to be analyzed. Non-destructive high-
resolution CT-scanning (X-ray tomography) enables the study 
of the interior of geological samples [2] and in particular to 
determine the internal structure of chondrules. These in turn 
can be used to distinguish between Type I and Type II 
chondrules (different textures and mineralogical 
compositions). It is also possible to identify the presence of 
metal and sulphide phases, which is important for creating 
representative aliquots for different types of isotope analysis. 
For large chondrite fragments, the knowledge of the internal 
structure including the distribution of cracks and voids 
facilitates the mechanical separation of individual chondrules. 

We scanned several chondrules and chondrule fragments 
that were separated from the ordinary chondrites Tieschitz 
(H/L3.6), Hedjaz (L3.7) and Parnallee (LL3.6) using a 
v|tome|x 240L (GE Sensing & Inspection Technologies Phoe-
nix X|ray) at the Muséum National d'Histoire Naturelle, Paris. 
We used a 240 kV acceleration voltage and 135 µA current. X-
ray transmission was recorded on a 20242 pixel detector panel 
(pixel size 200x200 µm). The scans resulted in a stack of 2000 
slices per acquisition with 6.6 µm resolution.  

Using these parameters, we were able to discern the 
texture, chemical zonations and mineral abundances in single 
chondrules. On the basis of these observations, further isotope 
analyses can be prepared and later interpreted in the context of 
the petrology of the chondrules.  
 
[1] Friedrich et al. (2014) Chemie der Erde, in press [2] 
Ketcham (2005) J. of Structural Geology 27, 1217-1228 [3] 
Elangovan et al. (2012) Computers & Geosciences 48, 323-
329. 
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The chromium isotope composition of marine sediments  is 
emerging as a powerful proxy  for the reconstruction of redox 
changes in the ocean-atmosphere system.  Robust application 
of the proxy requires detailed knowledge of chromium fluxes 
to the ocean. While riverine sources are thought to track the 
extent of oxidative weathering on the continents, the record of 
this weathering in marine chemical sediments may be obscured 
by hydrothermal Cr fluxes at mid–ocean ridges. Here we 
present both the chromium concentration and speciation of 
hydrothermal sediments from the East Pacific Rise. We find 
that reduced chromium (III) is associated with the 
metalliferous component of this sediment specifically iron 
(oxy)hydroxide phases. Additionally we find that chromium in 
the carbonate phase is not present above a concentration of 0.3 
ppm, suggesting these biogenic carbonates include little Cr. 
The Cr:Fe ratio of the metalliferous component decreases 
below the sediment water interface implying diagenetic 
chromium redistribution. Enrichments of manganese in the top 
of the core suggest the presence of manganese oxides, which 
are known oxidants of Cr. We hypothesize that these 
manganese oxides induce oxidative remobilization of Cr from 
the surface sediments. Such redox driven chromium diagenesis 
has the capacity to influence the isotopic fingerprint of Cr near 
the vent locale. Combining our results with those of Feely et 
al., suggests that while iron oxides are an effective sink for Cr 
in the vicinity of hydrothermal vents, diagenesis and 
remobilization of Cr occurs in proximal sediments [1]. 
Determining the quantitative importance of these processes 
will help refine marine Cr budgets and isotope mass-balance 
models. 

 
[1] Feely et al., (1996), Geochemica et Cosmochimica Acta 

60, 2297-2323  
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The biogeochemistry of tungsten (W) in the environment is 

still poorly understood. Tungsten and molybdenum (Mo) occur 
as oxyanion in oxic fresh and seawater. Their ratio in average 
crust is about 1, in river water there is already 10 times more 
Mo than W and in seawater (35 psu) Mo is aprroximately 2000 
times more abundant. 

We studied W and Mo in the Kalix River, the Råne River, 
their estuaries and the Bothnian Bay in the north of the Baltic 
sea and a detailed profile across the redoxcline of the stratified 
Landsort Deep in the Baltic Proper. All water samples were 
filtered (0.22 µm) and analysed by ICP-SFMS for dissolved 
and particulate fraction. 

Tungsten shows different patterns in dissolved and 
particulate form. While dissolved W concentrations increase 
slightly with increasing salinity along the estuaries, particle 
concentrations decrease. The total W concentration is constant 
from the rivers to the sea surface water, just the partition 
between dissolved and particulate fraction differs.  

Our results show 
that dissolved W as well 
as Mo adsorb to freshly 
formed Mn particles in 
the pelagic redox zone 
(Fig. 1). Below the 
redoxcline dissolved W 
is enriched by a factor of 
10 compared to river 
water, while Mo is 
depleated by more than 
15 % relative to salinity. 
A second difference in 
the sulphidic water is the 
increased occurance of 
Mo particles compared 
to W. Differences in 
speciation cause an 
uptake of Mo on 
particles. A com-parable 
mechanism for W was 
not observed. 

 
 

Figure 1: Particulate W follows 
closly particulate Mn in the redox 
zone. 
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The Shergottite meteorites are plume-related Martian 
magmatic rocks that provide detailed insights into element 
partitioning processes between the Martian core, mantle and 
crust [1]. They contain various proportions of igneous 
sulphides, predominately associated with mesostasis interstitial 
to silicate cumulates, and dominated by Ni and Cu bearing 
pyrrhotite solid solutions that rarely contain (sub-) micron-
scale pentlandite and Cu-sulphide exsolutions [2]. We report 
preliminary results of the first in-situ LA-ICP-MS and high-
precision EPMA trace element (including PGE) analyses on 
unaltered sulphide assemblages in several specimens of the 
olivine-phyric (Y980459, Tissint, DAG476, Dhofar019) and 
basaltic (Zagami, Shergotty, Los Angeles) Shergottite sub-
group, and show how these data may aid to further constrain 
the metal and sulphur inventory of Martian magmas.  

The sulphide analyses show subtle to strong correlations/ 
anticorrelations between Ni/Cu, Ni/Co and Pt/Pd sulphide 
ratios, as well as the evolving nature [2] and estimated sulphur 
inventory [3] of the mesostasis they are associated with. Our 
findings show that sulphides in the Shergottites, although 
potentially modified from their igneous state by various post-
magmatic processes (e.g. impact-induced shock heating), 
inherit base and trace element signatures that can be reconciled 
with a magmatic origin. The observed variations in Ni/Cu, 
Ni/Co and Pt/Pd sulphide ratios may be explained by Ni and Pt 
sequestration through crystallising olivine and Pt-rich nuggets, 
as well as the incompatibility of Cu, Co and Pd in fractionating 
silicates and oxides. 

 
[1] Baumgartner et al. (2015), Ore Geol Rev, 65, 400-412; [2] 
Lorand et al. (2005), Met Planet Sci, 40, 1257-1273, Ding et 
al. (2015), 409, 157-167 
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Paleoproterozoic PGE layered mafic-ultramafic intrusions 
are widespread in the N-E part of Fennoscandian Shield and 
belong to two belt: North (Kola) and South (Finland and 
Karelia). Precise isotope-geochemical data using U-Pb (on 
single zircon and baddeleyite) and Sm-Nd (rock-forming and 
sulfides minerals), systematic reflect long magmatic activity 
(with 2.53, 2.50, 2.45, 2.40 pulses) and duration of plume 
mantle event from 2.53 to 2.40 Ga. 

In the Kola belt barren phases were dated in Fedorovo-
Pansky massif with 2.53 Ga for orthopyroxenites and olivine 
gabbro. Main PGE-bearing phases of gabbronorite (Mt. 
Generalskaya), norite (Monchepluton) and gabbronorite 
(Fedorovo-Pansky) massifs have yielded 2.50 Ga on U-Pb and 
Sm-Nd dating. The next PGE-bearing phases with 2.45 Ga 
belong to anorthosite of Mt. Generalskaya, Fedorovo-Pansky 
and Monchetundra intrusions. The same ages have layered 
PGE-bearing intrusions of Finland – Koitelainen, Penikat et. 
set. and Oulanga group in Karelia [Alapieti et.al.,1990, 
Bayanova et al., 2009, 2013]. The final mafic magmatic 
activity connected with dykes of Imandra lopolith with  
2.40 Ga. Isotope geochemical εNd-ISr indicators for layered 
intrusions reflect enriched mantle EM-1 type reservoir with ISr 
values from 0.703-0.704. Isotope 3He/4He data for accessory 
minerals (ilmenite, magnetite et. set.) have significant lower 
and upper mantle contribution. The model Sm-Nd ages of 
protolith lies in 3.2-2.9 Ga and primary magma source as 
fertile (FM) according to [Arndt, 2010]. The geological and 
isotope-geochemistry data for layered paleoproterozoic PGE-
intrusions and dykes from OIB,E-MORB and N-MORB 
reservoirs permit considered Fennoscandian Shield (Arctic 
region) with Superior and Wyoming as a big magmatic plume 
LIP, which related with breakup of oldest Kenorland 
Sypercontitent.  
 
Abstract are devoted to memory of academician PAS, 
professor Mitrofanov F.P. The studies are supported by RFBR 
13-05-00493, OFI-M 13-05-12055, Program of Presidium RAS 
(PRAN № 5) and IGCP SIDA 599. 
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In Precambrian times, the chemistry of the Earth’s oceans 

was characterized by anoxic and Fe(II)-rich conditions. 
Cyanobacteria, who inhabited these oceans, produced oxygen 
through oxygenic photosynthesis. Fe(II) rapidly reacts with 
oxygen at neutral pH to form poorly soluble Fe(III) iron 
(oxyhydr)oxides. Chemical Fe(II) oxidation by O2 produced by 
oxygenic photosynthesis is one possible process that led to the 
production and deposition of Fe(III) minerals from 
Precambrian oceans, the so-called banded iron formations 
(BIFs). Fe isotopes in BIFs can be used to track Fe redox 
processes during deposition and diagenesis. However, there is 
currently no constraint on the Fe isotope fractionation imposed 
during Fe(II) oxidation by cyanobacteria. We therefore 
investigated the Fe isotope fractionation during growth in 
experiments with anoxic, Fe(II)-rich medium and the marine 
cyanobacterium Synechococcus PCC 7002. 

We determined the Fe(II)/Fe(total) ratios and the Fe 
isotope compositions of different aqueous or solid fractions: 1) 
aqueous Fe(II) or Fe(III), 2) precipitated Fe(II) or Fe(III) 
minerals, and 3) Fe(II) or Fe(III) adsorbed to the minerals, 
organic phases, or in colloidal forms. Preliminary 
measurements showed a significant proportion of Fe(III) in the 
aqueous phase. Confocal laser scanning microscopy (CLSM) 
indicates that this dissolved Fe(III) could be stabilized via an 
association with exopolysaccharides (EPS). Fe isotope 
measurements indicate that this organically-bound Fe-fraction 
is isotopically lighter than precipitated Fe minerals. 

Mössbauer spectroscopy indicates that the Fe(III) mineral 
precipitates are poorly crystalline. Synchrotron-based extended 
X-ray absorption fine structure (EXAFS) spectroscopy and X-
ray total scattering are consistent with the presence of Fe(III)-
organic species or colloidal Fe(III) oxyhydroxides. These 
results also show that Fe(III) is present in colloidal forms, 
possibly associated with extracellular polymeric substances 
(EPS), which can serve as a way to avoid cell encrustation by 
complexation. These data indicate a role for organically-
complexed Fe in producing distinct Fe isotope fractionations 
during Fe(II) oxidation. These results may be useful in 
discerning the role of cyanobacteria in Precambrian Fe(II) 
oxidation and BIF formation. 
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Investigation of the controls on glacial-interglacial oceanic 

(234U/238U) variation is important for our understanding of 
continental weathering processes and also U-Th dating 
methods, which provide chronological control for Quaternary 
climate records from the marine realm. When dating marine 
carbonates, the initial (234U/238U) of a sample is commonly 
used as a test of diagenetic alteration. The basis of this test is 
the long-standing assumption that seawater (234U/238U) has 
remained mostly unchanged for the past 600,000 years. 
However, coral data suggest that seawater (234U/238U) varied by 
~ 7‰ between the last glacial period and the Holocene. Open 
questions remain with regards to the controls on the oceanic 
234U budget on glacial-interglacial timescales. 

Using published speleothem records, we have explored the 
possibility that (234U/238U) in vadose waters might exhibit 
changes that can explain glacial to interglacial shifts.  Results 
so far are equivocal, but are biased to mid- and low-latitude 
regions. We suspect physical glacial erosion in higher latitude 
regions to play a dominant role and for this reason we have 
analysed glacial meltwater from a Greenland catchment. Early 
results do not indicate elevated (234U/238U), but this may be 
because the water was sampled at the peak of the summer melt, 
potentially representative of (234U/238U) in melting ice alone 
rather than the effects of release of 234U from glacial grinding 
early in the season. To capture the evolution of (234U/238U) 
during glacial–interglacial cycles, we analysed (234U/238U) at 
high temporal resolution using laser ablation in a speleothem 
from 51⁰N (Ogof Draenen, South Wales, UK). Growth appears 
to be restricted to interglacial periods only, but shows a shift in 
(234U/238U) between interglacials. Future work will include 
analyses of riverine inputs at different times of the year and 
leaching experiments on glacial tills to help constrain models 
of oceanic 234U. 
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Mike O’Hara and Ted Ringwood showed that the major 

element chemistry of MORB was not consistent with it having 
formed as a eutectic melt of peridotite; the melt fractions invovled 
in MORB generations must therefore be large (>10%). However, 
the change in ratios of incompatible trace elements shows that the 
amount of melt in equilibrium with the source must be small 
(<1%).  The cause of this apparent paradox is that the melt fraction 
is high and the porosity is low. Large amounts of melt are 
generated in the melting region, but only small amounts are in 
contact with source region minerals at any one time. 

The incompatible trace element concentrations of basic 
magmas demonstrate that melting occurs at depths where garnet is 
stable, and yet if the mantle were hot enough to generate high 
degree partial melts in the garnet stability field, then there should 
be much more extensive melting higher up the mantle adiabat, 
removing much of the signal of the deep melts. This cause of this 
apparent paradox is that melting higher on the adiabat is prevented 
by the thermal and chemical boundary layers of the lithosphere. 

230Th/238U disequilibrium requires that melting is slow  
(t >> 76ka). Similarly, the chemical equilibrium of trace elements, 
such as the REE, between melts and whole crystals of garnet (not 
just their rims) also requires that melting is slow compared with 
the diffusivity of those elements in garnet (i.e. t ≥ gtDREE).  Olivine 
crystals can deform at these timescales allowing two-phase porous 
media flow and textural equilibrium.  By contrast, 226Ra/230Th 
disequilibrium requires that melting is fast (t << 1.6ka).  Similarly, 
the chemical disequilibrium of trace elements, such as the REE, 
between melts and whole crystals of spinel (not just their rims) 
also requires that melting is fast compared with the diffusivity of 
those elements in spinel (i.e. t ≥ spDREE).  Olivine crystals cannot 
deform at these timescales so flow must be channelised.  This 
paradox is resolved if melting is slow and at chemical equilibrium 
but melt extraction is fast, and occurs by channelised flow. 

Models of mantle convection show that recycled crustal 
materials should be stretched to a thickness at which diffusion will 
homogenise them with the bulk mantle, yet the concentrations of 
incompatible trace elements indicates that the melting regions are 
discrete from those through which the melt travels.  This paradox 
is resolved if recycled crust remains coherent in the melting 
region. 
 

Four paradoxes lost: Four paradigms regained. 
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Sulphur isotopes in volcanic environments have the 
potential to reveal a vast amount of information about 
magmatic source, possible contamination, or degassing 
processes. Olivine-hosted sulphides from Mangaia, which 
represents the "HIMU" mantle end-member, contain mass-
independently fractionated (MIF) sulphur isotopes, interpreted 
as the signature of recycled Archean crust [1].  Here we report 
on SIMS measurements of triple S isotopes in crystal-hosted 
sulphide inclusions from the 2011-2012 eruption at El Hierro, 
Canary Islands, which involved volatile-rich oxidized magma. 
δ34S in sulphides ranges from -9.57 ± 0.13 to 0.99 ± 0.15 ‰, 
while Δ33S clusters around 0 ‰ (± 0.1 ‰), consistent with 
only mass-dependent fractionation. In addition, δ34S 
measurements in silicate melt inclusions and matrix glasses 
show a strong correlation with sulphur content, with S-rich 
inclusions (up to 5080 ppm) having slightly positive δ34S (up 
to 3.57 ± 0.55 ‰) and degassed matrix glasses (~450 ppm S) 
having values down to -7.83 ± 1.15 ‰. These results imply 
that (1) ocean island basalts with HIMU-type signatures do not 
necessarily carry MIF sulphur and (2) degassing strongly 
fractionated S isotopes during the El Hierro eruption, with the 
residual magma depleted in 34S, placing robust constraints on 
sulphur speciation in the melt and gas. Separation of a sulphide 
liquid likely did not cause significant fractionation, since the 
δ34S range of sulphide inclusions mirrors that of the melts.  
 
[1] Cabral et al. (2013) Nature 496, 490-494 
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H2 natural production is reported in different types of 
geological environments : hydrothermal vents at mid oceanic 
ridges, hyperalcaline springs in ophiolite massif, Precambrian 
continental subsurface, including cristalline basements -
covered or not with sediments- and mines. In all cases, the 
valency change of ferrous iron to ferric iron is believed to 
drive dihydrogen production by water reduction. 

The conditions prevailing at the formation of natural 
dihydrogen are different from one geological environment to 
the other, in terms of mineral paragenesis, water chemical and 
physical properties, such as distinct geochemical features are 
recorded by the resulting H2-rich gas mixtures in terms of 
molecular concentrations, stable isotope signatures and noble 
gas concentrations and isotopic ratios. 

We propose to delineate the main features of the different 
geological environments and notably to compare peridotite 
hydration in different contexts to intracontinental H2 
production. Gas and water analytical results obtained in 
ophiolite complexes (Oman, New Caledonia, Philippines and 
Turkey) on one hand and intracontinental contexts (Kansas, 
Sweden) on the other hand will be compared to literature data 
for mid-oceanic ridge hydrothermal vents and mining 
environments.  

While the water chemistry and notably pH and Eh are very 
different and particular to each environments, in all cases, 
naturally produced H2 occurs jointly to CH4 and N2, although 
in varying proportions. The noble gas signatures of the gas 
mixtures record source end-members that are mostly 
atmospheric and crustal, excluding for most cases a mantle 
contribution for dihydrogen genesis. Stable isotope proxies, 
mostly used to infer interaction between gases, depict different 
sources of carbon and hydrogen depending on different 
processes, mineral hydration, Fisher Tropsch type reactions, 
thermal maturation and biological actitvity. These features will 
be further discussed in order to enlight origin and fate of 
natural dihydrogen in these specific reducing environments. 
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It is now well established that sulfide assemblages in 

mantle peridotites were often not fully equilibrated during melt 
infiltration processes at high temperatures. Platinum group 
elements (PGE) provide critical evidence which includes: (1) 
grain- to centimeter-scale heterogeneities in initial 187Os/188Os 
(in cases where the time of melt infiltration is well 
constrained), (2) differences in chalcophile element 
abundances of sulfides on grain boundaries and sulfide 
inclusions in silicates, (3) variations of the PGE in many 
peridotites that are controlled by mixing of different 
populations of sulfides, rather than sulfide-silicate equilibrium 
partitioning. These constraints imply that abundances of 
incompatible chalcophile elements such as Au, Re, Cu, Ag, S, 
Se and Te in bulk rocks also reflect disequilibrium. Detailed 
studies indicate that the budgets of these elements in many 
fertile mantle rocks are controlled by the segregation of sulfide 
melt enriched in incompatible chalcophile elements from 
infiltrating magma. Thus, the composition of the magma 
determines the composition of incompatible chalcophile 
elements in these mantle rocks. Fractional melting signatures 
of lithophile elements in the same rocks suggest that melts 
were extracted nearly simultaneously with melt infiltration. If 
melt infiltration and concomitant sulfide segregation control 
magma and peridotite compositions at depth, what partition 
process controls the chalcophile element patterns of infiltrating 
magmas and primitive basalts? The answer may lie in the 
combined enrichment of incompatible chalcophile elements, 
Pd and Pt in sulfide melt segregated from infiltrating mantle 
magmas. This composition represents a signature of relatively 
high degrees of melting, commonly believed to occur at the top 
of melting columns, e.g. during formation of oceanic crust. At 
high degrees of melting, most sulfides should have dissolved in 
the magma and incompatible chalcophiles + Pd are transferred 
quantitatively into silicate melt. In contrast, lower abundances 
of Pt, Rh, Ru, Ir and Os in such magmas likely reflect retention 
of Pt-Ir and Os-Ir-Ru-rich alloys in the residues. During 
melting of recycled oceanic crust in the upper mantle, 
complete dissolution of sulfide melt may transfer these sulfide 
compositions into primitive magmas that infiltrate overlying 
mantle rock. 
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Biologically produced combustible gas (biogas) has a large 

role to play in the future energy security of humankind. Coal 
deposits globally have great potential for methane generation 
via microbial biogasification. In our project we enhanced 
microbial methane formation from coal-associated 
groundwater through the application of the synthetic phenazine 
neutral red. The amendment was conducted in 80 m deep wells 
penetrating a coal seam in Australia in triplicate. The synthetic 
phenazine neutral red (2-amino-8-dimethylamino-3-
methylphenazine) is a redox active compound that 
substantially increases methane production from anaerobic 
coal-fed cultures through the formation of self-assembling 
neutral-red crystal structures. Results show that the novel 
crystalline structure of neutral red acts as an organic 
semiconductor mediating electron transfer and enhancing the 
conversion of carbonaceous material to methane by rewiring 
the electron flow in favour of methanogenic populations. 
Neutral red is shown to deliver electrons directly to the 
heterodisulfide reductase of Methanosarcina mazei. in situ 
methanogenesis outperformed other proposed enhancement 
methods (nutrient or acetate addition). Furthermore, bacterial 
representatives of the coal-associated groundwater community 
related to Rhizobium, Shewanella, Hydrogenophaga, 
Clostridium, Geosporobacter and Geobacter species were 
stimulated whilst the growth of sulfate-reducing bacteria was 
inhibited favouring methane production. 
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Before the last century, the lithosphere and the biosphere 

were counted as two distinct entities, naturally in physical 
contact, but materially indipendent in their dynamics. Here, we 
present an example of interaction between microbes and 
minerals at Montecastelli site (Tuscany, Italy). 

Montecastelli serpentinites are characterized by a 
spontaneous and intense formation of hydrated carbonate 
crusts, coatings and spherules due to uptake atmospheric CO2.  

Representative hydrated carbonate samples are collected in 
three different studied areas and analyzed to investigate the 
natural process of Montecastelli carbonate precipitation in 
accordance with their petrographic, isotopic and also biological 
characteristics. 

XRD analysis revealed that the carbonate precipitates are 
formed of mainly hydromagnesite and variable amount of 
other metastable carbonate phases (i.e. nesquehonite, 
pyroaurite, brugnatellite and manasseite), consistently with 
precipitation in a Mg-rich solution.  

Stable carbon and oxygen isotope compositions were 
determined for about 120 samples using a Gas Bench II to 
identify the sources of carbon dioxide within these carbonate 
minerals. Samples of Mg-carbonate crusts are characterized  
by δ13C values between -14.11 and 10.41 per mil (VPDB), 
δ18O values between 25.35 and 36.34 per mil (VSMOW). 

Investigation of carbonate crusts at confocal laser scanning 
microscopy (CLSM) combined with Raman 
spectromicroscopy has allowed to discover the presence of 
microbes on the carbonate surface and at the serpentine-
carbonate interface [1]. Microbial types of bacteria discovered 
by amplifying, cloning and sequencing 16s DNA genes from 
Montecastelli carbonates, reveals a large diversity: 
Blastococcus sp., Sphingobium sp., Bacteroides, Legionella 
sp., Gamma proteobacterium and Acinetobacter sp.  
 
[1] Bedini F., Boschi C., Ménez B., Perchiazzi N., Zanchetta 
G. (2014) Geophysical Research Abstracts Vol. 16, EGU 
2014-700 
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Artificial enhancement of the chemical weathering sink for 

CO2 via distribution of pulverized silicate rocks across 
terrestrial landscapes might offer a macro-engineering strategy 
to offset anthropogenic C-emissions.  I will describe recent 
global carbon cycle modelling demonstrating that enhanced 
weathering over one third of tropical land could lower end-of-
century atmospheric CO2 by over 200 ppm depending on 
application rate and rock type. Significant unexploited 
opportunities exist for further deployment of enhanced 
weathering in the biofuel section.  Increased land-ocean 
alkalinity fluxes that arise substantially reverse end-of-century 
anthropogenic ocean acidification, even under a ‘business-as-
usual’ carbon emissions scenario, helping maintain the 
viability of tropical coral reefs.  Enhanced weathering may 
offer a scalable climate change mitigation option, but major 
issues of cost, and social acceptability, should encourage 
urgent efforts to phase-down fossil fuel emissions. 
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The Campine Plateau, situated in the sandy Campine area 

(Belgium and the Netherlands) is considered a classical case of 
relief inversion. As a result of differential uplift, its surface 
altitude dips from 100 m (T.A.W.) in the south to 30 m in the 
north over a distance of ca. 60 km. It is covered by Early and 
Middle Pleistocene erosion-resistant fluvial sediments from the 
Rhine and Meuse and can thus be regarded as a fluvial terrace. 
There is still much debate about the age of this terrace, both in 
terms of deposition and abandonment. We apply the 
cosmogenic radionuclide (CRN) profiling technique that, in 
ideal circumstances, would allow to constrain the exposure 
age, burial age and amount of post-depositional erosion of the 
studied landform. 

Samples were taken from a 3.5 m deep cross-section in 
coarse river sands deposited by the Rhine (Sterksel 
Formation), topped by a thin layer of aeolian sand, in a sand 
extraction pit at an altitude of ca. 50 m near the crest of the 
plateau. Seven of them were prepared for CRN measurements 
according to state-of-the-art techniques. The 10Be 
concentration was measured using accelerator mass 
spectrometry (ETH, Zurich). The resulting in-situ 10Be 
concentrations are 1.5x105 atoms/g (at/g) for the uppermost 
sample (at 0.3 m depth) and 0.9x105 at/g for the lowermost 
sample (at 3.1 m depth), yielding an estimated 0.6x105 at/g of 
radionuclide accumulation following deposition. Assuming 
zero erosion, these concentrations correspond with an apparent 
exposure age of 21.5 ± 1.5 ka, which is a very strong 
underestimate of the anticipated geological age of the 
sediments (between ca. 0.6-1 Ma). Instead, according to 
calculations, the 10Be concentration of the uppermost sample 
would be more in line with scenarios involving erosion rates of 
between 10-20 m/Ma, depending on the assumed age of the 
plateau. More samples are being analysed, also focussing on 
the 26Al concentration, which would help in reducing the 
amount of scenarios for the geological and geomorphological 
evolution of the Campine Plateau. 
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The mid-Proterozoic rock record preserves a relatively 
moderate diversity of early eukaryotes, despite the early 
evolution of fundamental features of the eukaryotic cell [1]. 
Common hypotheses involve the redox state of stratified 
oceans with oxic shallow waters, euxinic mid-depth waters, 
and anoxic and ferruginous deep waters during this time 
period. Mid-Proterozoic eukaryotes would have found suitable 
ecological niches in estuarine, fluvio-deltaic and coastal 
shallow marine environments near nutrient sources [2], while 
N2-fixing photoautotrophs bacteria would have been better 
competitors than eukaryotic algae in nutrient-poor niches [3]. 
Here, we present the first palaeoecological model of the late 
Mesoproterozoic Taoudeni basin, Mauritania, Northwestern 
Africa. Sediments were deposited under shallow waters in 
pericratonic and epicratonic marine environments. Both 
microfossil assemblages and iron speciation were analyzed on 
the same samples, with the aim of better understanding the 
palaeoecology of early eukaryotes. Our study of the 
palaeobiodiversity shows the presence of prokaryotes and 
eukaryotes in the basin. Palaeoredox conditions rapidly 
fluctuated from anoxic to oxic states across the basin, but in 
terms of anoxic episodes, ferruginous conditions dominated in 
epicratonic environments, while euxinia was prevalent in 
pericratonic environments. A relatively higher fossil 
eukaryotic diversity was observed from epicratonic 
environments. 
 
[1] Javaux and Knoll (in press), J Paleontology; [2] Anbar and 
Knoll (2002), Science 297, 1137-1142; [3] Johnston et al. 
(2009), PNAS, 106, 16925-16929.  
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Back-arc lava compositions range from depleted in 

incompatible trace elements, similar to those observed in mid-
ocean ridge basalts (MORB), to arc-like with distinct 
enrichments in fluid-mobile elements (e.g., high Ba/Nb, Ce/Pb 
ratios). Spreading centres formed oblique to an island arc 
afford an opportunity to appraise elemental exchange between 
the arc and back-arc. Well documented decreases in fluid 
signatures with increasing distance from the arc could reflect 
stepwise dehydration of the subducting slab, (sub)vertical fluid 
transport and subsequent melting of the mantle wedge. 
Alternatively, they could result from slab roll-back which 
leaves behind an arc signature in its wake. Re-melting of such 
mantle previously fluxed with subduction zone components 
could also explain the overall observations but does not result 
in the gradients observed in some back-arcs. Here, we use trace 
element data from the Valu Fa and Eastern Lau Spreading 
Centre and the Tonga-Kermadec arc to test between these 
competing models. The back-arc lavas range in Ba/Nb, and 
Zr/Nb ratios that are almost arc-like (~380 and  ~80, 
respectively) at <80 km distance from the arc to MORB-like 
ratios (~5 and 6, respectively) at distances >140 km from the 
arc at ~200 km slab depth. We propose a model in which the 
decreasing fluid signature can be explained by overlap of the 
melting zones between the arc and back-arc at distances <120 
km from the arc. Lateral transport of melt at shallow mantle 
depths from the arc into the upwelling zone beneath the back-
arc is responsible for the observed chemical gradients. Our 
model can explain the depleted HFSE compositions and 
(238U/230Th) >1 in some back-arc lavas. It is also consistent 
with imaging in recent geophysical models [1] and indicates 
that the spatial variability of fluid and depletion-related 
signatures in back-arcs may not reflect dehydration of the 
subducting slab and vertical fluid transport but instead could 
result from shallow overlapping melting zones.  

 
[1]Wei et al. 2015. Seismic evidence of effects of water on 
melt transport in the Lau back-arc mantle. Nature. Doi: 
10.1038/nature14113 
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In natural surface-subsurface systems, areas of 
disproportionately high reaction rates often heavily influence 
total elemental fluxes. These pockets of high reaction rates 
tend to occur at interfaces, such as the capillary fringe or 
hyporheic zone, where a hydrologic flowpath converges with 
either a chemically distinct hydrologic flowpath or a reactive 
substrate. Understanding the affects that these highly reactive 
zones have on the behavior of shallow subsurface systems is 
integral to the accurate quantification of nutrient fluxes and 
biogeochemical cycling. The numerical simulation of many of 
these areas of disproportionately high reaction rates requires an 
integrated surface-subsurface modeling approach. Here we 
present recent developments to the massively parallel reactive 
transport code ParCrunchFlow. This model, previously 
applicable only to steady-state, saturated subsurface flows, has 
been extended to transient, surface-subsurface environments, 
allowing the numerical simulation of reactive transport 
processes in highly-heterogeneous, field-scale systems. Proof-
of-concept simulations involving the biogeochemical cycling 
of carbon (C) and nitrogen (N) in both hillslope and floodplain 
settings are presented.  
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The Cameroon volcanic line (CVL) consists of a linear 
array of Cenozoic volcanoes developed on both the Atlantic 
ocean floor and the continental crust of the African plate 
making it an ideal location to study the influence of lithosphere 
on the genesis of alkaline magmas. Here, a new set of major 
and trace element abundances and high precision Sr, Nd, Hf, 
and Pb isotope data from oceanic and continent-oceanic 
boundary (COB) lavas of the CVL are presented. The variation 
in radiogenic isotopes is well pronounced among geographic 
locations, which suggests local heterogeneity in the source 
region demonstrating the complex nature of the mantle 
components involved in each volcanic center. There exist two 
distinct high 206Pb/204Pb end-member components which are 
identified on the extension lines of oceanic sector and COB 
volcanoes, respectively, from the common low 206Pb/204Pb 
(FOZO-like) component that has not been identified in 
previous studies [1,2]. The high 206Pb/204Pb oceanic sector 
groups (São Tomé and Príncipe) generally display high 
176Hf/177Hf (0.28292-0.28299) and 143Nd/144Nd (0.51287-
0.51301) whereas the high 206Pb/204Pb COB groups (Etinde and 
Mt. Cameroon) display low 176Hf/177Hf (0.28288-0.28293) and 
143Nd/144Nd (0.51276-0.51285). Annobón lavas display 
isotopic peculiarity in 176Hf/177Hf (0.28280-0.28301) and 
87Sr/86Sr (0.70320-0.70428). The obtained geochemical 
features imply the formation of the high 206Pb/204Pb oceanic 
basalts to be attributed to recycling of oceanic lithosphere. 
However, the features pronounced in high 206Pb/204Pb COB 
lavas imply magma generation related to melt-lithospheric 
interaction by the convection of sub-Atlantic mantle at the 
margin of cold and deeply rooted Congo craton. Tectonically 
controlled mantle convection would play an important role to 
form magma from fusible part of the source mantle near the 
oceanic-continental boundary. 

 
[1] Halliday, A.N. et al. (1988) Journal of Petrology 29, 181-
211. [2] Halliday, A.N. et al. (1990) Nature 347, 523-528. 
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Detrital zircons from Jack Hills, Western Australia are the 

best known >4 Ga terrestrial mineral record.  Various aspects 
of their trace element and isotopic geochemistry as well as 
their quartz- and muscovite-dominated mineral inclusion 
assemblage have been interpreted as evidence for their origin 
in relatively low-temperature, hydrous, granitic magmas.  As 
their ca. 3 Ga host quartzite experienced several documented 
Precambrian metamorphic events, it is unsurprising that 
various alteration features have been suggested or identified in 
the zircons, ranging from suspiciously high LREE contents to 
phosphate inclusions with ages <3 Ga.  We have surveyed both 
the mineral inclusion assemblage and the trace element 
geochemistry of the Jack Hills zircons, using a combination of 
literature data and new imaging and analyses of >1000 grains, 
with particular attention to possible alteration features.  
Association with cracks or metamict regions were found to be 
the best predictor of apparent alteration.  Clear alteration 
signals along some cracks include high P, Ti, Fe, and LREE 
and low HREE/MREE; these effects are similar but more 
pronounced in metamict regions.  This likely indicates a 
similar mode of alteration among cracks and metamict regions, 
probably related to fluid ingress.  Some cracks, however, do 
not appear to be altered.  Inclusions filling (secondary), 
intersecting, and isolated from cracks differ in their modal 
mineralogy; selective loss of certain phases (e.g., feldspar, 
apatite) along cracks but only minor inclusion replacement 
away from cracks is seen.  Thus the isolated assemblage 
appears primary.  It is dominated by muscovite and quartz and 
also includes very rare (found in <0.2% of >3.8 Ga zircons) 
graphite.  No diamond was identified.  Better quantification of 
the effects of fluid ingress along cracks and radiation-damaged 
regions will better constrain the primary magmatic chemistry 
of the zircons and may help to identify regions and inclusions 
along cracks that still retain their primary chemistry. 
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The application of stable isotope systems to geological 

problems has led to an immense leap in our understanding of 
earth history. Analytical techniques and our understanding of 
these systems are rapidly improving however as we move 
deeper in time and seek to improve our sample resolution we 
reach a limit due to sample preservation. Carbonates are by far 
the most utilized rock type for geochemical measurements due 
to their preservation of marine geochemistry, however they are 
sensitive to overprint during diagenesis and burial. Multiple 
techniques have been developed to differentiate between 
altered and well preserved samples yet as we attempt to push 
geochemical records deeper in time we will increasingly need 
to use partially altered samples for analysis. 

We have developed a sequential leaching method where 
samples are leached by progressively stronger acids and each 
leachate is analysed separately. Combined with major and 
trace element data for each leaching step, we can separate out 
primary signatures from secondary overprint. We have 
collected a set of carbonate samples through a number of well 
dated Phanerozoic carbonate sections which span from primary 
limestones progressively towards dolomite. Combined with 
major and trace element analysis, we can separate out primary 
signatures and produce Sr isotopes from primary leaches 
identical to the globally recognized curve for partially altered 
sample. 

While measuring highly altered samples will remain 
difficult, this method greatly increases our range of possible 
samples for inorganic geochemical analysis. This will be of 
most use in the early Proterozoic and Archean where well 
preserved and well dated samples are difficult to identify and 
access.  
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The rare earth elements include two radiogenic systems 
with long-lived parents: 138La-138Ce (T1/2= 292.5 Ga) and 
147Sm-143Nd (T1/2= 106 Ga). The inverse chemical behaviour of 
parent/daughter elements during magmatic processes generate 
a linear anticorrelation in a Ce-Nd isotope space. However Ce 
displays a specific behavior in supergene environments 
because of its two valence states (3+ and 4+). The participation 
of sediments with strong negative CeN/Ce* (Ce*=[LaN+PrN]/2) 
anomalies in the generation of subduction zone magmas 
produce lavas with Ce-Nd signatures that lie off the mantle 
array. In this study we report Ce and Nd isotope measurements 
of Mariana arc and backarc volcanics as well as samples 
recovered from the subducted slab assemblages: ODP Site 801 
sediments and serpentinite (blueschist) melanges from ODP 
Site 1200.  

Ce and Nd isotopic ratios were measured by TIMS at the 
Laboratoire Magmas et Volcans. The long-term precision on 
the AMES standard 138Ce/142Ce ratio is 80 ppm (33 months) 
however during the same analytical session the external 
precision is ~40 ppm. Our mean chondritic value is 
0.0225654±7 in agreement with previous studies [1]. 

Mariana arc magmas have eCe between -0.9 to -0.3, similar 
to MORBs, whereas they are less radiogenic in Nd (eNd from 
6.1 to 8.2). Basalts from the arc and backarc  basement 
(Mariana Trough) have significantly lower eCe (-1.8 to -1.6). 
Subducted sediments plot in the bottom right quadrant in the 
eCe-eNd  diagram (eCe: 0.3 to 1.1 and eNd: -8.6 to -0.8). 

Our preliminary results show that in a binary Ce-Nd 
isotopic mixing model the local depleted mantle (pre-arc 
basement and Mariana Trough) are a better mixing end-
member for the arc lavas than the common mantle source of 
MORB. These results will be compared to those measured in 
other oceanic arcs with contrasting geodynamic settings [2, 3]. 

 
[1] Makishima and Masuda, (1993), Chem. Geol. 106, 197-
205; [2]. Shimizu et al., (1992), Contrib. Mineral. Petrol. 110, 
242-252; [3] Bellot et al., Geochim. Cosmochim. Acta, 
submitted. 
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Initial Pb in three enriched Shergottites, two depleted 

Shergottites, Nakhla, Chassigny, and ALH84001 have been 
measured in multiple maskelynite, plagioclase, K-Feldspar, 
and/or sulfide grains by Secondary Ion Mass Spectrometry 
(SIMS) following [1]. These measurements are the least 
radiogenic Pb measured for each individual sample and very 
likely represent the Pb isotopic composition at the time of 
crystallization. As such, these data can be used to construct 
time-integrated models of Pb growth, initial Pb model ages, 
and constrain the m- (238U/204Pb) and k- (232Th/238U) of each 
meteorite’s source region.  

ALH84001 and the Shergottites have been linked to a 
similar source region by Sm-Nd and Lu-Hf isotopic 
systematics, which formed from a chondritic reservoir at  
4.513 Ga e.g., [2]. Using a similar, chondritic model for Pb 
growth and t of mantle differentiation, the depleted and 
enriched Shergottites yield initial Pb model ages of ~170 Ma 
and ~500 Ma, respectively. These model ages challenge any  
>4 Ga ages for the Shergottites calculated from Pb-Pb 
isochrons e.g., [3]. This model, however, cannot explain the 
initial Pb isotopic compositions for Nakhla and Chassigny. 
Initial Pb from Chassigny and Nakhla indicate seperate 
differentiation events at 4 Ga and 3.6 Ga, respectively.   

Using these models for mantle differentiation, m- and k-
values can be determined for the sources of these meteorites. 
The enriched Shergottites source regions with m-values from 
4.1-4.6, which is similar to ALH 84001 (4.3). The depleted 
Shergottites have source m-values of ~1. Nakhla and 
Chassigny have sources m-values of 2.4 and 3.2, respectively. 
When compared to initial source reservoir compositions for the 
other radiogenic isotopic systems measured in these 
meteorites, these new values have negative linear correlations 
with e143Ndi, e176Hfi, and e182Wi and a postive linear correlation 
with g187Osi. All of this evidence together suggests that 
differentiation of the Martian mantle affected all radiogenic 
isotopic systems at a similar time and supports a coherent 
model of differentiation in the Martian mantle and timing of 
crystallization for Martian meteorites.   

 
[1] Bellucci et al., (2015) EPSL 410, 34-41. [2] Lapen et al., 
(2010) Science 328, 347-351 [3] Bouvier et al., (2009) EPSL 
280, 285-295.  
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Laser-induced fractionation during ablation is matrix 
dependent [1] requiring matrix-matched calibration standards 
for quantitative analysis. This is a particular challenge for 
sulphide minerals, as natural and/or fabricated sulphides have 
limited number of elements distributed homogenously. The use 
of powdered sulphide mixes (e.g., MASS-1; [2]) is limited by 
their heterogeneity and lack of long term stability. Lithium-
borate based glasses with dissolved sulphides have been shown 
to be better standards than silicate glasses (e.g., NIST glasses) 
[3], although the heterogeneity of a range of elements 
remained an issue. We have used Li-borate based flux doped 
with a wide range of chalcophile and siderophile trace 
elements, and also elements required for assessing common 
interferences (e.g. Gd, Hf, Ta, W, Zr, Sr). The doped flux was 
fused with a mixture of Fe- and Zn-rich sulphide powders to 
produce a homogeneous glass. A preparation procedure was 
developed to ensure sufficient mixing while retaining volatile 
elements (Se, Tl) and preventing Au and Pt from forming 
micro inclusions. The glass produced can be used as a 
calibration standard for LA-ICP-MS analysis of sulphides, and 
is characterised by improved homogeneity. The homogeneity 
(RSD) at 50 um spatial resolution for most elements are below 
3%, below 5% for Au and Pt, and below 7% for Se. 

Ablation of different sulphide minerals results in a variable 
degree of fractionation between metals and sulphur [4], and 
also between volatile and refractory metals (e.g., Zn, Cd, W 
relative to Fe; [3]). Therefore, correction factors should be 
applied when analysing different sulphides using STDGL-3 as 
a calibration standard. The correction factors for STDGL-3 
were assessed against pressed pellets of finely ground sulphide 
mixes (<5 micron) using nano-second pulse width laser 
ablation systems: a range of 193 nm lasers with variable pulse 
widths, a 213 nm Nd:YAG laser, and a 248 nm excimer laser. 

STDGL3 will be available on demand for use in LA-ICP-
MS laboratories analysing sulphide minerals. 
 
[1] Gunther et al., 2005. TRAC, v.24 (3), pp. 255-265. [2] 
Wilson et al., 2002. JAAS, v.17, pp.406–409. [3] 
Danyushevsky et al., 2011. GEEA,. v.11, pp. 51-60. [4] Gilbert 
et al., 2014, JAAS, v.29, pp.1024-1033. 
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This study focuses on two belts of ophiolitic rocks of the 
Tumut region located in the Lachlan Fold Belt of SE Australia. 
U-Pb, Hf- and O-isotope and trace-element data were obtained 
for zircons from a range of rock types from the Coolac and 
Wambidgee Serpentinite Belts. The integrated data on zircons 
from chromitites, leucogabbro, plagiogranite and rodingite of 
the Coolac Serpentinite Belt indicate that granitoid-related 
melts/fluids, injected into already-emplaced mafic-ultramafic 
rocks, transported pre-existing zircons as well  as possibly 
crystallising  new grains [1].  This provides a new explanation 
for the presence of crustal zircons in some upper mantle rocks. 
In the case of the Coolac zircons, they carry no information on 
the origin of the Tumut ophiolite.  

The Wambidgee Serpentinite Belt comprises more 
deformed and metamorphosed rocks, up to upper amphibolite-
facies regional metamorphism. This belt is located further west 
of the Coolac Belt and at least 10km away from the contact 
with the intruding granitoid batholith. The data collected on 
zircons from the plagiogranite of the Wambidgee Serpentinite 
Belt are consistent with their crystallisation from mantle-
derived melts, in contrast to those from the Coolac Belt. They 
show juvenile Hf-isotope composition (εHf from +7 to +14) 
and δ18O values, ranging from 4.35 to 5.07‰, close to typical 
mantle values and clearly within the range defined for zircons 
from plagiogranites of other ophiolitic complexes worldwide 
(3.9–5.6‰; [2]).  In this case, the U-Pb age of 486± 3.2 Ma 
defined for the Wambidgee zircons constrains the timing of 
crustal extension and formation of oceanic lithosphere in the 
Tumut region of SE Australia. 

 
[1] Belousova et al. (2015) Geology 43, 119-122. [2] Grimes et 
al. (2013) Lithos 179, 48–66.  
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Because of their high reactivity and wide occurrence, 
calcite bearing rocks are good candidates to be used as 
sorbents for removing heavy metals from aqueous solutions, 
and the properties of synthetic calcite are often used to predict 
the properties of these rocks. However, pure synthetic calcite is 
a questionable model for natural material, especially because 
most natural calcite is biogenic and has impurities associated 
with its surface.  

Our aim was to investigate the extent of Ni adsorption on 
synthetic calcite and compare it with results on chalk, rock that 
consists of >96% CaCO3, mostly as <1 µm biogenic crystals. 
Batch sorption experiments were performed in calcite or chalk 
equilibrated solutions at atmospheric CO2 partial pressure, 
ranging pH (7.7–8.8) and 25 °C. To describe the data, a surface 
complexation model was used and Ni surface stability 
constants were calculated with FITEQL 4.0. 

The results showed that Ni uptake by chalk follows 
roughly the same pattern as on calcite. Adsorption increased 
with increasing pH and surface area. However, the difference 
in Ni sorption density (µmol·m-2) for chalk and calcite suggests 
that BET surface area is not a good estimate for reactive 
surface area in porous biogenic carbonates.  

The surface complexation model provides a good fit for the 
data. Although all samples are composed mainly of calcite, 
their stability constants are quite different: log KNi = -0.50 and 
-0.43 for the chalk from two locations compared with  
log KNi = -1.12 for calcite [1]. This can be explained by the 
presence of organic compounds and clay particles on the chalk 
surface, which were detected by XPS for both chalk samples. 
Including montmorillonite into the model resulted in log KNi 
values for chalk closer to those of synthetic calcite. 

The data show that trace amounts of polysaccharides and 
clays on the chalk surface must be considered for accurate 
modelling of heavy metal behaviour and that ideal solids are 
quite probably not trustworthy for predicting the behaviour of 
natural materials. 
 
[1] Belova et al. (2014), J. Contam. Hydrol. 170, 1-9.  
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Various models can explain the formation of subalkaline 

andesitic arc magmas with compositions that most closely 
resemble that of the bulk continental crust. Backed up by large 
but sometimes conflicting sets of high-pressure experiments, 
andesite genesis models can be classified into four main types: 
(i) fractionation of basalt; (ii) partial melting of subducted 
mafic slab lithologies; (iii) partial melting of hydrous mantle; 
and (iv), mixing of basalt with dacite/rhyolite. However, 
excluding (iv), these models are sometimes difficult to 
reconcile with geophysical data and inferences concerning the 
nature of the mantle wedge, and are typically not constrained 
with direct evidence from sub-arc mantle rocks. 

Here we present new petrological and geochemical data for 
refractory mantle wedge-derived peridotite xenoliths in active 
arcs, and on primitive melts trapped within these rocks in veins 
and melt inclusions. The residual mantle samples record a 
restricted pressure-temperature range of formation and bear a 
typical ‘arc signature’, which is not found in other tectonic 
settings. Silica-rich picrites and boninites are ubiquitously 
found in association with these xenoliths. 

We also present results from melting models and 
complementary high-pressure hydrous experiments in piston 
cylinder apparatus targeting the physical conditions 
experienced by the xenoliths. This approach allows us to 
constrain the roles of source petrology and volatiles in the 
genesis of primary arc melts and residual arc mantle. 

We construct a model in which the silica-rich nature of a 
major fraction of primary arc melts derives from the nature of 
arc mantle sources, generated where the melting reaction 
involves production of olivine at the expense of 
orthopyroxene. These sources can form during the interaction 
of refractory mantle with slab-derived agents through porous 
flow. The silica content of primary arc melts is a major factor 
controlling liquid lines of evolution towards andesitic 
composition and that of the upper continental crust. 

254



 Goldschmidt2015 Abstracts  

 255 

Investigating genetic loci that encode 
plant-derived paleoclimate proxies  

AMANDA L.D. BENDER1*, MELANIE SUESS1,  
DANIEL H. CHITWOOD2 AND ALEXANDER S. BRADLEY1 

1Dept. of Earth & Planetary Sciences, Washington University 
in St. Louis, MO 63130, USA (*bender@levee.wustl.edu) 

2Donald Danforth Plant Science Center, St. Louis MO 63132 
 

Long chain (>C25) n-alkanes in sediments predominantly 
derive from terrestrial plant leaf waxes. Hydrogen isotope 
ratios (δD) of leaf wax hydrocarbons correlate with δDH2O of 
precipitation and are commonly used as paleoclimate proxies. 
However, biological variability in the isotopic fractionations 
between water and plant materials also affects the n-alkane δD 
values. Correct interpretation of this paleoclimate proxy 
requires that we resolve genetic and environmental effects. 

Genetic variability underlying differences in leaf wax 
structure and isotopic composition can be quantitatively 
determined through the use of model organisms. Interfertile 
Solanum (tomato) species provide an ideal model species 
complex for this approach. We used a set of 76 precisely 
defined hybrids (introgression lines [ILs]) in which small 
genomic regions from the wild tomato relative Solanum 
penellii have been introduced into the genome of the domestic 
tomato, S. lycopersicum. By characterizing quantitative traits 
of these ILs (leaf wax structure and isotopic composition), we 
can resolve the degree to which each trait is regulated by 
genetic versus environmental factors. 

We present data from two growth experiments conducted 
with all 76 ILs. In this study, we quantify leaf wax traits, 
including δD, δ13C, and structural metrics including the 
methylation index (a variable that describes the ratio of iso- 
and anteiso- to n-alkanes). Among ILs, δD values vary by up 
to 35‰ and 60‰ for C31 and C33 n-alkanes, respectively. 
Many ILs have methylation indices that are discernably 
different from the parent Solanum (p < 0.001). This suggests 
that methylation is a highly polygenic trait. This pattern is 
similar to the genetics that control leaf shape [1], another trait 
commonly used as a paleoclimate proxy. Based on our 
preliminary analysis, we propose candidate genes that control 
aspects of plant physiology that affect these quantitative traits. 

Our results have important implications for uncovering the 
degree to which we can expect environmental versus genetic 
factors to modulate variability in n-alkane δD values. These 
findings can inform the interpretation of the proxy signal 
recovered from the geological record. 

 
[1] Chitwood et al. (2013). The Plant Cell 25, 2465-2481.  

255



 Goldschmidt2015 Abstracts  

 256 

Annual net community production in 
the South Pacific subtropical gyre 

MICHAEL L. BENDER* AND BROR JONSSON 

Department of Geosciences, Princeton University, Princeton, 
NJ 08544 USA (*correspondence: 
bender@princeton.edu, 
bjonsson@exchange.princeton.edu) 

 
Annual net community production (ANCP) is about  

2 moles C m-2 yr-1 in areas where it has been well measured [1]. 
We assess evidence for the rate of ANCP in the South Pacific 
subtropical gyre, which has the lowest chlorophyll 
concentration and deepest nitricline of any oceanic region.  

Raimbault et al. [2] observed exceptionally high DOC 
concentrations in the euphotic zone. The DOC gradients, 
interpreted by applying particle tracking to an ocean 
circulation model, suggest high rates of ANCP. However, 
lower DOC concentrations were found in a subsequent 
CLIVAR cruise crossing the area [3].  

Biological O2 supersaturation, measured in the region on 8 
samples collected during IODP Expedition 329, was  
0.2±0.2 µmol kg-1. The associated ANCP value would be  
~0.2 moles m-2 yr-1.  

Upper ocean vertical profiles of dissolved inorganic carbon 
(DIC) and O2 supersaturation provide additional evidence of 
low regional ANCP. In the core of the low-chlorophyll region, 
the drawdown of DIC in the euphotic zone is smaller than in 
any other geographic area. In some depth profiles from 
CLIVAR P18, salinity-normalized NCP falls to a minimum 
below the euphotic zone. We interpret this feature as indicating 
DIC uptake in the seasonal thermocline (at the level of  
~ 5 µmol kg-1), with negligible drawdown in the mixed layer. 
Interpreted in this way, the DIC data are again compatible with 
ANCP ~ 0.2 mole m-2 yr-1. Finally, O2 is supersaturated in the 
seasonal thermocline, as elsewhere, but generally by the 
magnitude expected from physical processes alone. In 
summary, the current evidence suggests that ANCP in the 
South Pacific subtropical gyre is about an order of magnitude 
less than has been observed elsewhere. However the definitive 
work remains to be done. 

 
[1] Emerson, S. (2014) Annual net community production and 
the biological carbon flux in the ocean, global Biogeochemical 
Cycles 28, 1-12. [2] Raimbault et al. (2008) Biogeosciences 5, 
281-298. [3] Hansell et al. (2009) Oceanography 22, 202-211. 
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Groundwater resources salinization and pollution is one the 
most widespread processes that degrades water quality and 
endangers future water exploitation. The problem is intensified 
in coastal aquifers where human activities result in accelerating 
water quality deterioration in particularly in arid and semi-arid 
regions. The high salinity encountered can also have other 
origins, natural or anthropic, such as dissolution of halite and 
gypsum, concentration by evaporation, etc. In the Sahel region, 
N Tunisia, near the seaside, the water quantity and quality are 
major problems. The Chott Meriem coastal aquifer system is 
no exception. It is located in a coastal saline wetland along the 
Mediterranean Sea in the surroundings of the city of Sousse. 
This water resource is mainly characterized by presenting poor 
quality groundwaters with high salinity content, in comparison 
with surrounding aquifers. In this study, the distinction 
between the different mechanisms of salinization, in order to 
reconstitute the origin of groundwater mineralization, were 
applied. Among the geochemical criteria, that can help to 
identify seawater intrusion as opposed to other sources of 
salinity in coastal zones, various in ionic ratios can be used 
such as Na/Cl, Br/Cl, Ca/Mg, as well as the isotopic signatures 
of 18O, 2H. The Chott Meriem aquifer system consists of a 
main reservoir: a shallow, with thickness between 30 and  
60 m, consisting of the Mio-Pliocene sandstone formations, 
with interbedded gypsum lenses (Segui formation). This 
shallow groundwater aquifer has a flow direction from inland 
towards the coast (SW - NE). Different methods using 
geochemistry (ions Na+/Cl−, Br-/Cl−, Ca2+/Cl-, B-/Cl−) and 
isotopes (18O, 2H) are compared with the hydrodynamic 
information and salinity map for identifying the main 
processes involved in the increase in mineralization. Along the 
coast, and resulting from the groundwater overexploitation, the 
irrigation development that induces the soil leaching is the 
major reason for the mineralization increase is identified, but is 
not the only cause of the qualitative degradation, the salinity of 
the groundwater is also caused by dissolution of evaporate 
rocks (gypsum and halite minerals) in the aquifer. There is no 
indication of presence of water enriched in 18O and 2H and 
indicating a mixing with seawater. 
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The Staten Island serpentinite is a lens shaped NE-SW 
trending body, having a long dimension of 12 km and a width 
of 4.7 km. The ridge of serpentinite, makes up the bedrock in 
the Northeastern section of Staten Island, New York and 
reaches an elevation of approximately 135 meters above sea 
level. The serpentinite body is part of a string of similar 
ultramafic bodies, extending throughout the Appalachians, 
from to Newfoundland to Alabama. Eleven specimens of 
serpentinite from Staten Island, NY were analyzed for major, 
minor and trace elements including REE’s. Averages of major 
oxides (wt. %) are SiO2, 36.03; TiO2, 0.003; Al2O3,  O.32; 
FeO, 6.35; MnO, 0.091; MgO, 39.56; CaO, 0.060; NiO, 0.287;  
Cr2O3, 0.343; and LOI, 16.15. The average MgO/SiO2 ratio is 
1.098. This would indicate a serpentinized harzburgite [1]. The 
Al2O3/SiO2 ratio is 0.009. The variable ratios LREE/HREE 
(0.8 < La/Yb < 5.0) may be related to primary 
orthopyroxene[1]. Mantle normalized spider diagrams [2] 
show an enrichment in Pb. Chondrite normalized spider 
diagrams reveal a positive Eu anomaly. Most of the specimens 
of this study plot (La/Yb vs. Yb; U vs. Yb) in the abyssal 
serpentinite field [1].  

 
[1] Deschamps, Godard, Guillot,  &  Hattori  (2013) Lithos 
178, 96-127 [2] Sun, & McDonough (1989) Geological 
Society, London, Special Publications  42, 313-345 
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Experiments to determine metal-silicate partition 
coefficients (DMet/Sil) can be used to predict the effects of core-
formation on the trace-element composition of primitive upper 
mantle (PUM). Comparison of model predictions with 
estimates of the PUM derived from mantle xenoliths, suggest 
metal-silicate equilibrium occurred at high pressures (P), high 
temperatures (T), and under progressively more oxidising 
conditions (e.g. [1] [2]). These conditions do not, however, 
provide a unilateral explanation for the PUM abundance of all 
siderophile elements. Highly siderophile elements (HSE) are 
elevated in PUM relative to experimental predictions, often 
explained by the addition of chondritic material subsequent to 
core-formation [3]. Although comprising the PUM budget for 
the most siderophile elements, late-accreted material has a 
negligable effect on more abundant moderately and slightly 
siderophile elements. Gold occupies a unique position; 
partitioning sufficiently into silicate melt at high P-T to explain 
it’s PUM abundance, yet remaining sensitive to late-accretion 
[4]. Coupled with the independence of DMet/Sil (Au) on fO2, Au 
is well positioned to constrain the maximum P-T of metal-
silicate equilibrium.  

Reproducing the PUM abundance for some elements 
requires not only high P-T but also a light element component 
in the metal phase [e.g. 5]. The database of experiments done 
at the conditions suggested for metal-silicate equilibrium 
however, remains limited. Interaction parameters that describe 
activity-composition relationships in liquid Fe alloys may 
change significantly at high pressure; suggesting a need for 
experiments performed at >30 GPa to better understand the 
effect of light-elements on trace element partitioning [6]. 

We have performed continuous accretion models, using 
both literature data and the results from new experiments, to 
explore the difficulty associated with recreating the PUM 
abundance of multiple siderophile elements. 
 
[1] Wade & Wood (2005), EPSL 236, 78-95. [2] Siebert, 
Corgne & Ryerson (2011) GCA 75, 1451-1489. [3] Kimura, 
Lewis & Anders (1974) GCA 38, 683-701. [4] Bennett & 
Brenan (2013) EPSL 361, 320-332. [5] Wade, Wood & Tuff 
(2012), GCA 85, 58-74. [6] Siebert, Badro, Antonangeli & 
Ryerson (2013) Science 339, 1194-1197. 
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Background and methods 
Injection into the deep subsurface is a viable approach for 

the long-term sequestration of CO2.  Supercritical CO2 in saline 
aquifers dissolves into water and reacts with solutions and 
reservoir rocks.  We investigated specifically gypsum 
solubility because of the prevalence of gypsum cap rock in 
natural CO2 reservoirs. Gypsum saturated solutions in quartz 
lined reactors were exposed to stepwise increasing CO2 
pressure.  Sample aliquots were withdrawn and Ca 
concentration determined.  At the end of each experiment the 
solid phase was characterized. 

Results and discussion 
Our initial hypothesis was that solubility would increase 

due to sulfate protonation to bisulfate as pH decreases, 
allowing more gypsum to dissolve.  We found however that 
solubility actually decreases with increasing CO2 pressure from 
25-60oC.  The effect was greatest in pure water (almost 50%), 
decreasing with increasing ionic strength.   

 
When plotted against total dissolved CO2, instead of 

pressure, the decrease is linear up to 1.5M dissolved CO2.   
 
Discussion 
These results are opposite our prediction and that of the 

standard geochemical models.  Models using the Pitzer 
equations however more closely approximate the results even 
in distilled water.  We are investigating the role of hydration 
number, and water activity on solution complexes.  These 
results suggest that sequestration in Ca:SO4 type waters may 
precipitate gypsum, decrease porosity or seal the reservoir. 
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The Eoarchean terranes of southwest Greenland comprise 
the most extensive early rock archive in terms of area  
(>10,000 km2) and age range (U-Pb zircon rock ages from  
3.6 Ga to 3.9 Ga) and as such are key for revealing processes 
of early crust formation and chemical differentiation. Our 
integrated geologic, geochronologic and geochemical 
observations, focussing on low strain regions with best 
preserved lithologic relationships and geochemical signatures, 
reveal repeated patterns of formation of juvenile TTG crust 
and associated mafic and ultramafic rocks in convergent 
margin settings followed by formation of more evolved 
granites (e.g. [1]). New zircon Lu-Hf data from rare, youngest 
3.6-3.7 Ga tonalites and quartz diorites and oldest 3.89 Ga 
tonalites, obtained from single component gneisses with simple 
zircon populations and accurate U-Pb ages, now document 
juvenile crust formation from a near chondritic Lu-Hf 
composition mantle source for ~300 myr, between 3.9 Ga and 
3.6 Ga. In contrast, the more evolved, granitic rocks show 
slightly negative initial εHf in accord with crustal reworking of 
the older (3.8-3.9 Ga) gniesses. This is a pattern similar to that 
seen in younger terranes. There is no evidence for Hadean 
material in the sources of the granitoids. The 176Hf isotope-time 
patterns are consistent with juvenile crust production from a 
mantle source that experienced only modest amounts of prior 
crustal extraction and are distinct from those predicted by 
reprocessing of an enriched Hadean mafic crust, as has been 
proposed for this region [2] and for the source of the Hadean 
Jack Hills zircons (e.g., [3]).  

The 142-143Nd isotopic time patterns (from 3.6 - 3.9 Ga) are 
more complex and “decoupled” from 176Hf. This reflects the 
interplay between early Sm/Nd fractionation processes that are 
unrelated to continental crust production, as required by the 
142Nd data and mantle domain mixing. 

Taken together with observations from early Archean 
terranes preserved worldwide, a picture is emerging of 
episodes of earliest Archean and Hadean(?) crust formation in 
arc-like settings, which we further speculate is accompanied by 
continental amalgation and ultimately break-up in a form of an 
early Archean Wilson Cycle [4]. 
 
[1] Nutman, Bennett and Friend, (2013) Amer. Jour. Sci. 313, 
877-911. [2] Naeraa et al., (2012) Nature 485, 627-631. [3] 
Kemp et al., (2010) EPSL 296, 45-56. [4] Nutman, Bennett and 
Friend, Amer. Jour. Sci. in press. 
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Being able to derive molecular level details about complex 
mineral-fluid-microbe interactions at high spatial and temporal 
resolution using conventional and synchrotron-based X-ray 
approaches has fundamentally changed our understanding of a 
whole slew of geological, geochemical or biological processes 
that control many of Earth’s global element cycles. Combining 
such X-ray analyses with complementary high-spatial 
resolution electron micro-spectroscopic measurements shines 
light onto a whole slew of terrestrial and planetary 
geochemical processes that could only be tackled with the 
onset of such high-resolution tools. Interestingly, and 
encouraging however, is the fact that many classic 
geochemical problems are today tackled not solely by 
geochemists but that this happens through intensive 
collaborations between geochemist, physicists, material 
scientist, microbiologist, chemists etc . Our ability to perform 
such high-resolution measurements has lead to impressive 
progress in our understanding of reactions in many aquatic 
environments, soils, sediments, aerosols, interplanetary dusts 
or even radionuclides. Examples include the role of biology in 
rock weathering and soil formation, the effect of interfaces in 
controlling the complexity of intricate carbonate biomineral 
formation reactions, or even the interactions between nutrients, 
organics or toxic metal with minerals in modern or ancient 
geological settings.  

All is not rosy in the nano- X-ray world however. I will 
also address issues related to how and what artefacts such high 
spatial and temporally resolved measurements can introduce. I 
will show also how novel, complementary and thus often more 
and more complex sample handling environments allow users 
to take one (or many) step (s) closer towards better mimicking 
natural environments in analogue laboratory experiments. 
Finally, I will talk about sample preparation and handling. 
Users often tend to forget that despite all our hopes such high-
resolution capabilities can not do magic and non-adequately 
prepared sample will prevent the user from obtaining the 
answer staring them most often in the face.  
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It is often said that water is not necessary to life, "Water is 

simply life"  
Water is also critical in manufacturing processes in any 

industry.  
Water use in a production unit has been greatly reduced by 

cutting waste and by technological advances. The restrictions 
go beyond just saving the water they require for recycling in 
the circuits, fire service and extra cooling.  

We have prepared four types of adsorbents that we used in 
a laboratory facility for the treatment of waste water from the 
cheese Boudouaou. The results are satisfactory. 
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Some cyanobacteria have recently been shown to form 
amorphous intracellular Ca-carbonates [1]. This contradicts the 
usual assumption that Ca-carbonate biomineralization by 
cyanobacteria is extracellular and passive and questions our 
knowledge about involved mechanisms in cyanobacterial 
calcification. Phylogenetically diverse cyanobacterial species 
can biomineralize intracellularly, including all strains 
belonging to the Thermosynechococcus elongatus BP-1 clade 
[2]. A link between biomineralization and cell division is 
obvious in the latter ones. Moreover, several of the species 
known to biomineralize intracellularly can be found in diverse 
aqueous environments around the world [3]. Here, we will 
review the latest results obtained on these bacteria. We will 
show that the stabilization of intracellular amorphous Ca-
carbonates is an active mechanism. We will detail how 
different form of intracellular calcium can be quantified at the 
single-cell scale using scanning transmission x-ray microscopy 
(STXM). Based on these results, we will speculate about some 
potential mechanisms involved in cyanobacterial intracellular 
calcification.  

 
 
 
 
 
 
 
 
 
 
 
 
[1] Couradeau, Benzerara, Gérard, Moreira, Bernard, Brown 
Jr.., López-García (2012) Science 336, 459-462. 
[2] Benzerara., Skouri-Panet, Li, Férard, Gugger, et al (2014) 
Proc. Natl. Acad. Sci. USA 111, 10933-10938. 
[3] Ragon, Benzerara, Moreira, Tavera and López-García 
(2014) Frontiers in Microbiology 5, #331. 
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Central Pontides in Northern Turkey is a key area, 

comprising variably metamorphosed and deformed low-grade 
metavolcanic rocks. In this study we report the geochemical 
characteristics of the Kösedağ metavolcanics (KMV), and infer 
their tectonomagmatic evolution. 

The KMV include blastomylonitic volcanic rocks covered 
by the Cretaceous clastics and carbonates. The chemical 
composition of the KMV ranges from basalt, andesite to 
dacite. The evolved magma compositions reflect fractionation 
of plagioclase, Fe-Ti oxides and ferromagnesian minerals. 
Based on immobile trace element systematics, the KMV are 
subdivided into two groups as Type-1 and Type-2. Both types 
are enriched in Th and LREE  relative to HFSE and display 
negative Nb anomalies. Type-1 exhibits depletion in P, 
whereas Type-2 is characterized by depletion in Zr and Hf. 
Combined with their subduction-related characteristics, the 
relatively high Zr/Nb ratios (Type 1: 38.1-52.9,  
Type-2: 21.8-41.2) of the KMV suggest involvement of a 
depleted mantle source(s) which has been fluxed by slab-
derived components. The KMV appear to have been generated 
from a mantle source(s) in the stability field of spinel, rather 
than garnet, owing to the low Sm/Yb ratios of the volcanics 
(0.9-1.2). The KMV rocks exhibit strong correlation with the 
modern oceanic arcs, such as Greater Antilles and Mariana.  
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Recent research in tectonically active areas demonstrated a 

strong correlation of geochemical anomalies such as CO2, 
Helium and Radon [1] and the spatial distribution of red wood 
ant nests (RWA; Formica spp.) [2]. Statistical techniques were 
applied to a well-based dataset of 10,000 RWA nests and 
correlated with known tectonic structures and new 
geochemical findings in two study areas (Black Forest and 
Bodanrück, SW Germany). 

It could be clearly shown that the spatial distribution of 
RWA nests is strongly correlated with geochemical anomalies. 
Furthermore, RWA nests directly reflect the recent main 
tectonic fault directions and their accompanying conjugated 
shear systems (e.g. dominant Riedel shears in dextral strike-
slip mode in WNW-ESE) in hierarchical succession. 
Additionally, re-activated shear systems from former 
geological epochs modified by multiple overprinting due to 
changes of the main stress field [3] could be identified. These 
new findings complement and confirm the close correlation 
between RWA nests and gas-permeable tectonically active 
fault structures.  

Inferring the occurrence of active faults using RWA nests 
as bioindicators for geochemical anomalies and active 
tectonics is of considerable advantage where tectonic fault 
systems cannot be identified due to vegetation cover, lack of 
information on the active tectonic regime, or if a required 
resolution cannot be achieved by technical means. 

 
[1] Berberich & Schreiber (2013), Animals,	   3, 475-498. [2] 
Berberich et al. (2014). Mitt. Dtsch. Ges. allg. angew. Ent. 
19,45-50. [3] Schwarz (2012) Z. dt. Ges. Geowiss. 163/4, 411-
446. 
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At oxic-anoxic interfaces within the photic zone, microbial 

competition with chemical and photochemical reactions 
governs the cycling of iron. We attempted to disentangle these 
various processes using the chemocline of Lake Cadagno 
(Switzerland) as a model system where coinciding light, 
sulfide, oxygen, and bacteria determine iron chemistry. Often 
cited as an Archean ocean analogue, this meromictic lake is 
characterized by a sulfidic hypolimnion separated from an oxic 
epilimnion by a ~2 m thick layer of anoxygenic purple and 
green sulfur bacteria. The chemocline contains 3-5 umol/l of 
iron, mostly in the reduced FeII form. Although FeIII does not 
accumulate anywhere in the water column, we found evidence 
for light-driven microbial iron oxidation. In enrichment 
cultures from the Cadagno chemocline, we could show that the 
phototrophic bacteria Rhodomicrobium vannieli and 
Thiodyction syntrophicum fixed CO2 in the presence of light 
and added Fe2+ and FeS. Nevertheless, no net iron oxidation 
was observed. Heterotrophic bacteria such as Albidiferrax and 
Geobacter in co-culture with the iron oxidizers presumably 
reduce the FeIII products. A wide diversity of both iron 
oxidizing (i.e. Rhodomicrobium, Ferriphaselus, Sideroxydans) 
and iron-reducing (i.e. Geobacter, Albidiferrax) bacteria were 
identified in 16S TAG sequence libraries from the chemocline, 
supporting the tight coupling of microbial iron oxidation and 
reduction in Lake Cadagno. Photochemical and/or sulfide-
driven iron reduction also likely play a role in transforming 
iron to its more soluble, reduced form, thus maintaining 
bioavailable iron in the water column. Our data suggest that 
the importance of microbial iron cycling may have been 
overlooked in such environments where the oxidative and 
reductive sides are tightly coupled. 
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Looking beyond the practicality of wood as a construction 

material, due to its natural structural hierarchy, wood presents 
an interesting organic scaffold for the study of biomimetic 
mineralization, at the wood cell wall level (below 5nm). Both 
the microscopic scale with vessel and tracheid lumina (for 
water transport in living trees) and the nanoscopic scale with 
nanopores in the hydrated cell wall provide a highly suitable 
and diverse environment for the mineralization under 
confinement. Additionally, the chemistry of the wood 
polymers (i.e. hydroxyl groups of cellulose, hemicellulose, and 
lignin) allows for a tunable surface chemistry with acidic 
binding groups (e.g. carboxyl functionalities). 

Recent reports [1] [2] have demonstrated not only the 
fesability of mineral formation in the wood structure but detail 
how the cell lumina and the native wood polymer chemistry of 
the cell wall can influence the mineral phase, which, in the 
case of calcium carbonate, was the stabilization of less stable 
polymorphs. 

The present work demonstrates through various mineral 
systems (e.g. calcium carbonate, calcium phosphate, and 
magnesium hydroxide) the effect of natural wood structure and 
chemistry, as well as modified wood cell wall surface 
chemistry, on the formation of the various mineral phases. 
Raman spectroscopy and WAXS mapping of wood cell walls 
are used for the observation and identification of mineral 
phases on the sub-micron length scale. 

 
[1] Merk et al. (2014) ACS Applied Materials and Interfaces, 
6, 12, 9760-9767 [2] Merk et al. (2014) Green Chemistry, 17, 
1423-1428 
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The timing of multiple active brittle deformation is 
complex to unravel. Brittle structures in Austroalpine areas 
east of the Tauern Window, Austria, belong to this type [1, 2]. 
Inside damage zones of brittle-hydrothermal faults located at 
the border of the Grauwackenzone, different types of cavities 
have been found, which are mineralized with dolomite ± 
calcite ± quartz and monazite. High precision isotope dating of 
monazites from theses cavities yields 232Th-208Pb crystallization 
ages providing insights into the evolution of such cavities at 
low-grade metamorphic conditions and related brittle 
deformation.  

The age data yields two age groups. A first group gives 
ages of ~90 Ma, and a second age group gives ages around ca. 
80-75 Ma. The spatial distribution of age spots in the analyzed 
monazites, combined with chemical zoning, indicate stepwise 
growth likely linked with dissolution reprecipitation processes.  

Surprisingly, the investigated breccia zones preserve the 
eo-Alpine evolution, despite their proximity to the Salzach-
Ennstal-Mariazell-Puchberg fault (SEMP) showing dominantly 
Neogene activity [3]. Our older ages overlap in time with the 
nappe stacking in the area. Renewed monazite crystallization 
occured during transtensional movements [2] in association 
with sedimentation of the Cretaceous Gosau Group. However, 
the faults investigated link the SEMP with the Mur-Mürz fault 
system, and sedimentary basins document also in the latter 
case Neogene activity. This suggests multiple activity of these 
fault zones.  

The dating of minerals preserved within cavities in 
hydrothermal-brittle systems provides a promising tool to 
reconstruct such multiphase evolution. 
 
[1] Nemes et al (1995) Jb. Geolog. Bundesanstalt 138, 349-
367 [2] Dallmeyer et al (1996) Eclogae geol. Helv. 89, 203-
227. [3] Wölfler et al (2011) Tectonics 30, TC4006 
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Rocks enriched in Ge have been discovered in Gale Crater, 
Mars, by the Alpha-particle X-ray spectrometer (APXS) on the 
MSL rover, Curiosity. Ge is a useful tracer in planetary crusts 
because it is primarily lithophile and varies <20% in basalts 
(~1.6 ppm) [1]. Ge can be concentrated by alkaline, 
hydrothermal, and/or oxidizing fluids (10s – 1000s ppm), thus, 
the occurrence of Ge reflects the fluid chemistry [1]. Here, we 
examine Ge trends to constrain the timing of alteration of Gale 
rocks and the character of the protolith. 

Ge in Gale sedimentary rocks varies widely from below 
the detection limit (20 ppm) up to 250±12 ppm (Figure 1). Ge 
does not correlate with Fe, S, or Si, consistent with the absence 
of widespread Fe oxide-, sulfide-, and silica-rich deposits 
along Curiosity’s traverse. Excluding Kimberley, Ge correlates 
with Zn (R2 = 0.5). In-situ mobilization of Fe, S, and Zn is 
evident, and appears to be independent of Ge. 

The Ge discoveries in Gale (up to sol 833) are consistent 
with a sediment source that was enriched in Ge, likely by 
hydrothermal alteration. Erosion and transport of these 
materials into the crater floor (possibly mixing with less 
altered sediment) has obscured the primary Ge occurrence. In-
situ weathering and diagenesis did not further enrich Ge or 
fractionate Ge from Si. 

[1] L. R. Bernstein, Geochimica et Cosmochimica Acta, vol. 
49, no. 11, pp. 2409–2422, Nov. 1985. 
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We will present work explroing the use of the C/N ratio to 

monitor the delivery of carbon and nitrogen to nascent 
terrestrial worlds.  We will discuss the total elemental C and N 
contents, and their ratio for the interstellar medium, comets, 
chondritic meteorites, and terrestrial planets.  As part of this 
work we present an updated estimate for the Bulk Silicate 
Earth (C/N = 49±9.3). Based on kinetic chemical models of 
disk chemistry we will argue that organics and refractory 
organic material are the likely initial C and N carriers.  Thus, 
chemical reactions in the disk can produce nebular C/N ratios 
of ~1-12, comparable to those of comets and the low end 
estimated for planetesimals. We further discsus the evidence 
for an increase of the C/N ratio between volatile-rich pristine 
bodies and larger volatile-depleted objects subjected to 
aqueous alteration and thermal/accretional metamorphism. The 
C/N ratios of the dominant materials accreted to terrestrial 
planets should therefore be higher than those seen in 
carbonaceous chondrites or comets. During planetary 
formation, we explore scenarios leading to further volatile loss 
and associated C/N variations owing to core formation and 
atmospheric escape. Key processes include relative enrichment 
of nitrogen in the atmosphere and preferential sequestration of 
carbon by the core. The high C/N BSE ratio therefore is best 
satisfied by accretion of thermally processed objects followed 
by large-scale atmospheric loss. These two effects must be 
more profound if volatile sequestration in the core is effective.  
The stochastic nature of these processes hints that the 
surface/atmospheric abundances of biosphere-essential 
materials will likely be variable. We will end with a discussion 
on how current and future ALMA observations can be used to 
set contraints on the initial stages of these processes. 
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Computational materials science is a rapidly growing 
research field. This is because with the continuous increase in 
the availability of computational power, using ab initio 
methods of computational quantum chemistry it is now 
possible to simulate even chemically complex earth materials. 
In our research we are interested in characterization of 
structural and thermodynamic properties of materials, such as 
monazite and pyrochlore, that could be used as a final nuclear 
waste disposal form. With atomistic modeling we contribute to 
the predominantly experimental research effort by providing 
an atomic scale insight into the different materials properties. 
However, Density Functional Theory (DFT), which is 
currently the main method of choice for simulation of 
chemically complex materials often dramatically fails for 
systems containing strongly correlated f-electrons, in particular 
for rare-earth and actinide elements. Computationally intensive 
and usually unfeasible methods (e.g. hybrid functionals, MP2, 
CCSD(T)) are proposed in the literature to compute such 
materials. Even though these approaches give better results 
than DFT, their application significantly limits the size and 
complexity of materials which one could model. We will show 
the performance of simple and feasible modification of DFT, 
DFT+U method, with the Hubbard U parameter value derived 
ab initio, for prediction of the structural and thermodynamic 
parameters of lanthanide and actinide bearing solids 
(monazite-type orthophosphates ((Ln,An)PO4) and pyrochlores 
(A2B2O7)). Excellent results have been obtained for the 
structural and thermodynamic parameters such as formation 
enthalpies, excess enthalpies of mixing and heat capacities of 
these materials [1]. We will demonstrate that with a carefully 
chosen computational approach the reliable computer-aided 
investigations of computationally challenging materials, such 
as f-materials, could be easilly performed on modern 
supercomputing resources.  
 
[1] Beridze & Kowalski, J. Phys. Chem. A, 2014, 118, 11797; 
Blanca-Romero et al., J. Comput. Chem. 2014, 35, 1339.; Li et 
al., J. Solid State Chem. 2014, 220, 137 
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It is known that the majority of the Earth’s recent 

atmosphere consists of nitrogen. It is, however, said that a 
large fraction of nitrogen resides in the mantle. Nitrogen and 
its speciation manner in the mantle has been a subject of many 
studies recently (e.g., [1-3]). The reason is that nitrogen at 
mantle depth exists predominantly in fluids, from which 
degasses easily, playing significant role for instance in the 
Earth’s atmosphere formation and modulation. There are 
different explanations to where the nitrogen can be stored in 
the mantle, nevertheless, fluid phase remain one of the most 
significant containers in the mantle. 

In this study we offer an option to recognize the formerly 
non-detected nitrogen in the deep lithospheric. We show a 
technique by using Raman spectroscopy with high spectral 
resolution.  

Ultramafic upper mantle and felsic granulite xenoliths, 
having CO2-rich negative crystal shaped fluid inclusions, have 
been selected for this study. Raman spectroscopy on these fluid 
inclusions discovered the presence of nitrogen in small amount 
(around 1 mol%) in a way that both the peak of nitrogen from 
the air and from the fluid could be detected.  

In addition, peak position of nitrogen in the fluid has been 
proved to be dependent on the fluid density in the density 
range of 0.13 and ~0.9 g*cm-3.  This study, therefore, offers a 
method to detect even small amount of nitrogen (not less than 
~0.2 mol%) within deep lithospheric fluid inclusions and shed 
lights on a fact that nitrogen could be no longer considered as 
an exotic component in the deep lithosphere. 
 
[1] V. Busigny, G. E. Bebout, Elements 2013, 9, 353-358., [2] 
S. Mikhail, D. A. Sverjensky, Nature Geoscience 2014, 7, 816-
819., [3] Y. Li, H. Keppler, Geochimica et Cosmochimica Acta 
2014, 129, 13-32. 
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Coupled physical and chemical processes occur along the 

injected CO2 pathway in a reservoir (in CCS or CO2-based 
EOR) and may have consequences on its petrophysical 
properties. Among these processes, in near well-bore regions, 
the evaporation of the brine in the supercritical dry CO2 
(“drying out”) can precipitate the salt present in the reservoir 
and then lead to the alteration of the transport properties of the 
porous media. Assessing the extent of these properties 
variations is crucial regarding injectivity and containment 
safety issues during massive CO2 injection into geological 
formations over decades.  

We thus propose to test the possibility that chlorine 
isotopes could be used as a geochemical tool to assess 
petrophysical properties evolution in a reservoir over time. 
Indeed, chlorine is widely assumed to be un-reactive in surface 
and subsurface aqueous environments, and δ37Cl is already 
used as a conservative tracer of mixing processes and solute 
transport, especially diffusion. However, in the context of a 
CO2 injection, other phenomena can occur and may imply a 
fractionation of chlorine isotopes, leading to a modification of 
the chlorine isotopic signature of the brine.  

In this study, we will focus on the drying out phenomenon 
which may cause precipitation of salts in the reservoir pores. 
Peysson et al. [1] have studied the static drying of an initially 
brine-saturated core by RMN, and showed a salt accumulation 
with a salt concentration gradient (Fick’s law) near the 
evaporation surface. We have carried an experiment on a 
Lavoux carbonate plug initially saturated with a 100 g/L NaCl 
brine. The plug was then gently dried in an oven until full 
desaturation was reached and then sliced. Residual fluids and 
salts were extracted by adding pure water before 
centrifugation. Cl concentrations and isotopic composition 
measurements were made in order to characterize isotopic 
fractionation during drying of brine in the porous media. 

 
[1] Peysson et al. (2011) Transport in porous media 90(3), 
1001-1016. 
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The natural presence in near-surface marine sediments of 

elevated levels of C2+ alkane gases has historically served as an 
indicator of migrating thermally-sourced gas, as conventional 
wisdom holds that ethane, propane, the butanes, and the 
pentanes are not locally generated and sustained at more than a 
few ppmV interstitial concentration levels near the seabed. We 
are now finding this premise to be false, as each of these gases 
seems to be produced locally in near-surface marine sediments. 
We have developed a new screening tool that attempts to better 
account for the complexities what we have found in piston-
cored marine sediments in terms of light hydrocarbon gas 
generation, diffusion, consumption, migration, diagenetic 
alteration, and mixing.  

We have first considered the compositions of well gases 
taken as representative of true thermogenic gases.  We observe 
that this group of well gases follows a trend line corresponding 
to the sum of ethane+propane being about 3 times the sum of 
the butanes+pentanes. We have then considered the tens of 
thousands of interstitial gas compositions that we have 
accumulated from piston coring in deepwater basins world-
wide. When these data are plotted on our screening tool, 
ubiquitous background interstitial gas is clearly distinguished 
from anomalous microbial gas, and these are distinguished 
from from samples with trace fractions of thermogenic seepage 
in the seabed core samples.  

We have also recently developed the robust ability to 
measure carbon isotope ratios of individual light hydrocarbons 
at concentrations lower than 1 ppmV in sediments, by 
cryogenically trapping and concentrating the entire volume of 
interstitial gas from 200 mL of sediment. This technique has 
opened the opportunity for direct measurement of stable 
carbon isotopes of microbially/diagenetically generated ethene, 
ethane, propene, and propane that we find below the sulfate 
reducing zone in marine sediments. We are finding the δ13C 
values of such ethane to be lighter than –60 o/oo whereas the 
associated propanes are lighter than -30 o/oo. We can use such 
stable isotope data from individual components of interstitial 
gas to confirm the interpretations indicated by the new 
screening tool as to the thermogenicity of the samples. 
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The 2 Ga old Gunflint cherts (silica-rich rocks) contain 
among the morphologically best preserved Precambrian 
microfossils. Yet, the Gunflint formation has experienced 
intense magmatic-related hydrothermal circulation during the 
Mesoproterozoic continental rifting (ca. 1.1 Ga). 

The present study examines the microstructure and 
molecular signatures of organic microfossils found in Gunflint 
cherts sampled in five different localities. By providing in situ 
microstructural information, Raman spectroscopy has allowed 
to rank these organic microfossils as a function of the 
maximum temperature they experienced. Synchrotron-based 
XANES spectroscopy performed on FIB sections has offered 
submicrometer scale information on the carbon and nitrogen 
speciation and the nitrogen-to-carbon ratio [2], thereby 
allowing estimating their degree of molecular preservation.  

Organic microfossils from four of the five investigated 
samples exhibit a degree of molecular preservation which 
perfectly correlates with their degree of strutural organization, 
i.e. with the maximum temperature each of these samples 
experienced. In contrast, organic microfossils from the fifth 
sample do not appear microstructurally homogeneous and their 
structural and molecular signatures do not match together. The 
only difference with the four other investigated samples is the 
presence of carbonates, confirming that the mineral 
assemblage may constitute a key parameter for the 
preservation/degradation of biogenic signals [3]. 

As illustrated here, the structural and molecular evolution 
of biosignatures of ancient microfossils during hydrothermal 
alteration may be strongly controlled by the temperature, but 
also by the nature of their mineral assemblage. 

 
[1] Schopf (2006) Phil. Trans. R. Soc. B, 361:869–885. [2] 
Alleon et al., (2015), Carbon, 84:290–298 [3] Bernard and 
Papineau (2014) Elements 10, 435–440. 
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Natural fluid compositons are commonly interpreted 
assuming that minerals release their isotopes to the fluid phase 
conservatively while dissolving and do not effect fluid isotopic 
compositons when they are at bulk equilibrium. This study was 
aimed to test the valdity of these assumptions using some 
simple closed-system experiments. 

Natural hydromagnesite (Mg5(CO3)4(OH)2*4H2O) from 
stromatolite precipitates from Lake Salda, Turkey, was 
dissolved in aqueous pH 9 NaHCO3/Na2CO3 buffer solutions 
and at 0.1M ionic strength. Prior to the experiments the 
hydromagnesite was hand milled, cleaned with H2O2 to remove 
organics and oven dried at 50°C for 24 hours. Mg isotope 
compositions of both filtered solutions and solids were 
measured by MC-ICP-MS. 

Bluk fluid-mineral chemical equilibrium was attained after 
two days but sampling continued for 1.5 years. During this 
time the aqueous solution became isotopically heavier – 
isotopic steady state was not attained even after 1.5 years of 
fluid-mineral interactions at bulk chemical equilibrium 
conditions. This isotope fractionation during dissolution and 
equilibrium is interpreted to stem from the two way transfer of 
material to and from the mineral, consistent with the concept 
of dynamic equilibrium. These observations clearly question 
the use of the conservative transfer assumption to interpret the 
isotopic signatures of natural fluids. 
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An instrument for the automatic colorimetric determination 

of reactive silica concentration in geothermal waters has been 
designed and a prototype has been assembled and successfully 
tested. Since high-temperature (250-300 °C) geothermal 
liquids have high silica concentrations (460-760 ppm under 
reservoir conditions), the yellow-colored silicomolybdate 
complex is preferable to the blue-colored complex due to its 
much lower absorbance (peak at 405 nm). The optimum 
working range is between 20 and 60 ppm SiO2 approximately, 
which requires a dilution factor close to 20. The prototype 
comprises a light source, a spectrophotometer, and a flow cell 
(connected through optical fibers), as well as a reactor, three 
peristaltic pumps, five electrovalves, a membrane pump and a 
personal computer (PC). The peristaltic pumps and 
electrovalves are used both for transferring the solutions (i.e., 
either the water to be monitored or the standard silica solution, 
the acidified water used for dilution, and the molybdic acid) to 
the reactor and for conveying the yellow-colored solution from 
the reactor to the flow cell upon completion of the 
complexation reaction. Although the peristaltic pumps provide 
nominally constant fluxes, a high-precision balance is used to 
weigh the amounts of the acidified water, the sample or the 
standard, and the molybdic acid added to the reactor. Thus the 
dilution factor can be computed with the required precision. 
Acidified water is used as diluting agent since the 
silicomolybdate complex forms at pH 2, silica precipitation is 
prevented, and sulfide species are converted to H2S and 
eliminated through air stripping thus suppressing their 
interference [1]. The PC controls all the operations, including 
the calibration of the instrument by using 20, 40 and 60 ppm 
standards, and initiates a new cycle every 20-30 minutes. This 
time interval includes the time needed for silica analysis (color 
development occurs in 10 minutes) and for washing the 
pipelines and the other wetted parts of the instruments.  

 
[1] Berro Jiménez et al. (2014) Min Mag 78, 1417-1422. 

278



 Goldschmidt2015 Abstracts  

 279 

Silica monitoring at the Hellisheidi 
power plant for the mitigation of 

amorphous silica scaling 
F. BERRO JIMÉNEZ1, M. LELLI2, I. MINARDI1,  

I. GUNNARSSON3 AND L. MARINI4 
1West Systems S.r.l. www.westsystems.com (correspondence: 

f.berro@westsystems.com) 
2CNR-IGG, Via Moruzzi 1, I-56124, Pisa, Italy 
3Reykjavik Energy, Baejarhalsi 1, Reykjavik, 110, Iceland 
4www.appliedgeochemistry.it 

 
Hellisheidi is the biggest geothermal power plant in 

Iceland with a total net capacity of 303 MW electric and 133 
MW thermal [1].  

Reservoir temperature varies between 250 and 320ºC [2] 
and silica concentration in reservoir liquids is expected to be 
higher than ~500 ppm, assuming saturation with quartz. 
Monomeric silica concentration attains ~700-800 ppm in the 
separated liquids [2]. These are cooled to 50°C, causing silica 
precipitation in pipelines and other surface equipment [2]. 

Simulations of the kinetics of amorphous silica 
precipitation carried out by means of the SILNUC code [3] 
upon its refurbishing [4] indicate that ∼200 mg SiO2/kg water 
may be precipitated in a period of 60 minutes. Observed silica 
scaling rates are much lower than those predicted by SILNUC. 

To obtain further insights on this matter, silica 
concentration has been monitored in the geothermal liquids of 
the Hellisheidi power plant using the automatic instrument 
described in the companion communication [5]. The obtained 
results are presented and discussed in this communication. 

Further experiments are foreseen to monitor the dissolved 
silica in the laboratory experiments carried out in mixed-flow 
reactors for determining the dissolution rate of silicate minerals 
and rocks. In this case it is necessary to measure the 
absorbance of the blue-colored silicomolybdate complex. Thus 
dilution and suppression of sulfide interference [6] are no 
longer required. 

 
Acknowledgement: This research was supported by the MINSC 
Marie Curie Initial Training Network. 
 
[1] Gunnarsson I. et al. (2011) SGP-TR-191. [2] Gunnarsson I. 
et al. (2010) Proceedings W. G. C. 2010 [3] Weres et al. 
(1980) Kinetics of silica polymerization. Report LBL 7033. [4] 
Berro Jiménez et al. (2013) Min. Mag., 77(5), 694. [5] Berro 
Jiménez et al. (2015) Min. Mag., this volume. [6] Berro 
Jiménez et al. (2014) Min. Mag., 78(6), 1417-1422. 
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The oxidation state of Fe, Fe3+/ΣFe (where ΣFe = Fe2+ + 

Fe3+), in mid-ocean ridge basalt (MORB) glasses reflects the 
oxygen fugacity of the melt and possibly the mantle source.  
Fe3+/ΣFe affects the temperature and composition of 
crystallising phases and the speciation of degassing volatiles.  
One might therefore expect the Fe3+/ΣFe value of MORB, the 
most common rock on the surface of the Earth, to be accurately 
known; this is not the case. 

The mean Fe3+/ΣFe of MORB glasses from a wide range of 
localities was originally determined by redox titrations to be 
0.07(1) (n = 78; [1]).  This value was later re-evaluated, also 
using redox titrations, to be 0.12(2) (n = 104; [2]).  A recent 
determination using Fe K-edge X-ray absorption near edge 
structure (XANES) spectroscopy revised the value further 
upwards to 0.16(1) (n = 103; [3]). 

We find, using XANES, that Fe3+/ΣFe of MORB glasses 
from global sources, is 0.12(2) (n = 41).  Synthetic samples of 
MORB were equilibrated at oxygen fugacities between -4.7 
and +11.1 log units relative to the quartz-fayalite-magnetite 
buffer.  The Fe3+/ΣFe of the standards were determined by 
Mössbauer spectroscopy.  The Fe3+/ΣFe of natural MORB 
glasses were determined relative to these standards using the 
energy of the pre-edge peak (centroid) in the XANES spectra.  
The present study and that of [3] are essentially identical in 
their design and execution.  The anomalously high value of 
0.16(1) in [3] is due to a calibration error arising from the 
fitting of their Mössbauer spectra and a resulting error in the 
Fe3+/ΣFe values of their standards. 

The latest redox titration and XANES results thus agree 
that Fe3+/ΣFe is 0.12 for MORB glasses. 

 
[1] Christie et al. (1986) EPSL 79, 379-411. [2] Bezos & 
Humler (2004) GCA 69, 711-725. [3] Cottrell & Kelley (2011) 
EPSL 305, 270-282. 
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Schorl-dravite tourmaline (Tur) is a striking and pervasive 

feature of the metasedimentary Pfitsch formation in the 
Pfitscher Joch area in the W Tauern Window (Eastern Alps). 
Whereas the age, P-T path, and tectonic history of this area are 
well known, the Tur provides new insight into the 
metamorphic fluid history. Tur is most abundant in a ~ 25 m 
thick unit of feldspathic gneiss, where it occurs in the matrix 
and in feldspar-dominated segregations, the latter hosting the 
largest crystals. Whole rock δ11B values range from -10 to 
values as low as -33 ‰, suggesting a 10B-rich B-source, such 
as metaevaporites. Individual Tur grains record up to three 
growth stages (Fig. 1), distinguished by their major element 
chemistry, inclusion mineralogy, and B isotope signature. 
Sector-zoning thermometry reveals Tur grew on the pro- and 
retrograde path. The Ca/Na of the Tur increases continuously 
with growth, and the δ11B values decrease within the range of -
7 to -20 ‰, reflecting the evolution of the metamorphic fluid 
composition through time.  

 

Figure 1: BSE image of a single Tur crystal showing three 
stages of growth each with distinct inclusions, major element 
chemistry, boron isotope composition, and formation 
temperature.  
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Dissolved silica (DSi) plays an important biogeochemical 

role in the fjords of northern Chilean Patagonia (44–48°S), 
where it drives high biogenic productivity and promotes 
carbon burial. It is generally believed that the DSi riverine 
input to lake and coastal environments is controlled by a 
combination of factors including lithology, climate, 
topography, and meltwater input. In northern Chilean 
Patagonia several authors have proposed that the postglacial 
volcanic ash soils may play a significant role in the high 
supply of DSi to the regional fjords. To assess the influence of 
andosols on DSi concentrations in north Patagonian rivers, we 
mapped andosol thickness and compared our results to river 
chemistry. We also investigated the mineralogical and 
geochemical composition of three representative andosol 
profiles to evaluate the efficiency of weathering processes. The 
andosol thickness map clearly demonstrates that volcanic ash 
was predominantly deposited on the eastern side of the 
regional volcanoes, reflecting the influence of the prevailing 
westerly winds on the distribution of pyroclastic material. 
Mineralogical and geochemical results show that the andosol 
parent material has the typical andesitic basaltic signature of 
the regional volcanoes. Down-profile variations in soil 
mineralogy and geochemistry indicate increased leaching of 
silica with depth, resulting from weathering of the volcanic 
parent material. For the five studied watersheds, a highly 
positive correlation (r=0.99, p<0.001) was found between 
average andosol thickness and DSi concentrations, suggesting 
that andosol thickness is the main parameter affecting DSi 
concentrations in north Patagonian river systems. On seasonal 
timescales, precipitation and glacial meltwater input can 
significantly reduce DSi concentrations. We argue that the 
weathering of andosols constitutes the most important source 
of DSi to the lakes and fjords of northern Chilean Patagonia, 
which explains the particularly high regional rates of biogenic 
silica production.   
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Despite multiple geochronologic studies, there is still a 

debate around the timing of ore mineralization in of one of 
world's biggest tin deposits, Sigo XX mine, Llallagua, Bolivia. 
The deposit is a hydrothermally altered porphyry stock that is 
part of the orogenic Bolivian tin belt. A well-established 
inconsistency exists between ages determined from what 
appear to be primary apatites and monazites from 
hydrothermal cassiterite veins. 

In order to help reconcile this discrepancy and decipher the 
petrogenetic history of Llallagua, spatially resolved analysis of 
REEs and trace elements as well as textures of accessory vein 
monazite, xenotime, and apatite have been studied. Vein and 
altered host rock assemblages were evaluated using optical 
microscopy, scanning electron microscopy, electron 
microprobe analysis, and synchrotron X-ray fluorescence 
microanalysis, to constrain growth conditions and alteration 
history.  

The results show that apparently unaltered euhedral 
crystals of all three accessory phases are associated with quartz 
and the main stage of cassiterite mineralization. Among these 
the presence of pangenetically coeval xenotime and monazite 
allows for application of Y+REE based geothermometry 
suggesting formation at 530°C-350°C. Additionally, distinctive 
monazite and xenotime (but not apatite) crystals have been 
found that exhibit textural and chemical evidence of partial to 
complete replacement.  

The presence of micro-porosity and the formation of 
secondary, reaction induced phases (e.g. xenotime and 
allanite), which are composed of constituents released from the 
primary phase, indicate advanced fluid-mediated regenerative 
dissolution-precipitation. This process resulted in  a 
redistribution of REEs and presumably disturbance of the U/Pb 
system.  

The observed selective hydrothermal alteration of 
monazite, but not apatite, suggests that after formation of the 
Llallagua porphyry and initial vein mineralization at ≈ 43My, a 
later hydrothermal episode presumably reset the monazite and 
xenotime geochronometers resulting in the observed age 
discrepancy. 
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The Caucasus lie between the Alpine and Himalayan 
orogens and are characterised by intense post-collisional 
volcanism in marked contrast to its neighbouring orogenic 
belts. Following the onset of collision, triggered by the 
Oligocene closure of Tethys, there was a major rearrangement 
of tectonic regime, related to the closure of the Greater 
Caucasus bark-arc basin, and a major phase of uplift at 5Ma.  
The thickened crust (>50km) has been intruded by Pliocene-
Quaternary volcanism, the source of which is poorly 
understood. We present the first comprehensive study of bulk-
rock major and trace elements, and Sr-Nd-Pb isotopes, that 
constrain the role of asthenosphere, lithosphere and crust in the 
Greater Caucasus and help unravel the complexity of the 
Arabia-Eurasia collision.   

Rock types range from baslatic andesites to dacites, 
although high Mg# (>80) cores of olivine and clinopyroxene 
phenocrysts suggest more mafic melts exist at depth, hence 
requiring significant fractionation from a more primitive 
source. Enrichment in large-ion lithophiles and negative Ti and 
Nb-Ta anomalies are indicative of a source enriched by 
subduction related fluids. A relatively low degree of shallow 
partial melting (2-5%) is required, with a small input from 
deeper melts ((Dy/Yb)N = 1.2-1.65) to explain variations in 
trace elements. Middle rare-earth patterns show that amphibole 
fractionation played a significant role and may be the result of 
an evolved hydrated source region. Variations in radiogenic 
isotopic compositions (Sr, Nd, Pb) require interaction with the 
local Variscan crust. 

Our results are consistent with subduction of the back-arc 
crust prior to collision, and support a shallow, lithospheric 
source, metasomatised by slab-derived fluids. Melting may 
have been triggered by an influx of heat from the 
asthenosphere, the result of a slab breakoff event. Further 
investigation will allow sources and petrologic evolution of 
post-collisional volcanism across the Caucasus to be better 
constrained and compared with those from the wider Arabia-
Eurasia collision zone, and hence integrated into a post-
collisional tectonic model for the region. 
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Garnet is an important mineral because it is a major phase 

in the the upper mantle and dominates mafic rocks at these 
conditions. Therefore the elastic behavior of garnet solid 
solutions plays a major role in the interpretation of seismic 
data and is important for estimating the density contrast 
between subducting slabs and the surrounding mantle. We 
present high-pressure and high temperature single-crystal 
X-ray diffraction measurements, condcuted in an 
externally-heated DAC on three complex eclogitic garnet 
compositions. The experimental conditions covered pressures 
up to 16 GPa and temperatures up to 800 K. The compression 
behaviour shows that the almandine component has a strong 
effect on the bulk modulus of the solid solution, in fact  
10 – 20 mole% of almandine is sufficient to overprint the 
reported minimum of the bulk moduli along the pyrope 
grossular join [1]. Minor compositional variations of Ca and 
Mg within the Mg-Fe-Ca garnet ternary are not resolvable 
within the analytical errors. In contrast to previous studies, no 
evidence was found that garnets have a K’ significantly 
different from 4. The high-temperature experiment revealed 
that the relatively small fraction of almandine in a solid 
solution increased the softening of garnet with temperature, 
yielding a   (𝝏𝑲𝑻/𝝏𝑻)𝑷  of -0.026(1) GPa K-1

. Finally, the 
experimental volumes and calculated densities have been 
compared to self-consistent thermodynamic models [2] [3]. 
The comparison clearly revealed that volume and elastic 
properties cannot be linearly interpolated as a function of 
composition. Moreover, it has been shown that the excess 
properties vary not only as a function of composition and 
pressure, but also as a function of temperature.  
 
[1]Du, W, Clark, S.M., Walker, D. (2015) Am. Min. 100, 215-
222 [2]Stixrude, L. & Lithgow Bertelloni, C. (2005), Geophys. 
J. Int. 162(2), 610-632 [3]Stixrude, L. & Lithgow Bertelloni, 
C. (2011), Geophys. J. Int. 184(3), 1180-1213 
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The precise Mo stable isotopic composition of the bulk 
silicate eath (BSE) coupled with existing experimental 
calibration for metal-silicate isotopic fractionation [1] can 
provide key constraints on core formation temperature 
conditions. However, the precise estimate of the BSE δ98/95Mo 
is currently hampered by the limited number of terrestrial 
silicate rocks analysed and their heterogeneous Mo isotope 
composition (more than 0.1‰ variation [2-4]). The large 
isotopic variations observed among analysed earth silicate 
rocks likely result from the effect of post-core formation 
processes such as mantle melting, mineral fractionation, partial 
melting, crustal assimilation and/or metamorphism. Therefore, 
a detailed investigation of the impact of each of these 
processes on Mo isotopes is necessary to precisely estimate the 
BSE composition.  

Here we investigate the effects of magma differentiation 
on δ98/95Mo using a suite of fresh MORB glasses from the 
Pacific-Antarctic ridge already well constrained in terms of 
major and trace element concentrations (including Cl and S), 
as well as Sr, Nd Hf, Pb, He [5] [6] and S [7] isotopes. 
Preliminary results reveal limited isotopic variation with 
δ98/95Mo ranging from -0.07‰ to -0.02‰ with a mean of  
-0.04 ± 0.03‰ (2 s.d., n=7) relative to NIST SRM 3134. 
Although the heaviest signature obtained correspond to the 
most mafic sample analysed, no clear correlation between 
δ98/95Mo and indices of differentiation (e.g. MgO = 4.6-8.4 wt. 
%) can be resolved. The restricted range of δ98/95Mo along with 
the absence of variation with differentiation suggest limited 
effect of mineral fractionation on Mo stable isotopes. Finally, 
no distinct correlation can be observed between δ98/95Mo and 
Cl/K and/or δ34S values [8] precluding any significant effect of 
hydrothermally altered crust assimilation on δ98/95Mo [8]. 
Further analyses should refine these interpretations. 
 
[1] Hin et al (2013) EPSL 379, 38-48. [2] Burkhardt et al 
(2014) EPSL 391, 201-211. [3] Siebert et al (2003) EPSL 211, 
159-171. [4] Liang et al (2013) Goldschmidt Conf. #5365. [5] 
Hamelin et al (2010) GRL 37, L10303. [6] Hamelin et al 
(2011) EPSL 302, 154-162. [7] Labidi et al (2014) GCA 133, 
47-67.  

286



 Goldschmidt2015 Abstracts  

 287 

Seasonal variation of silicate and 
carbonate weathering in a tropical 

river, southern India 
HIMANSHU BHAGAT1*, PROSENJIT GHOSH1 AND  

D. NAGESH KUMAR2 
1Centre for Earth Sciences, IISc, Bangalore (*correspondence: 

himanshubhagat@ceas.iisc.ernet/in) 
2Water Resources and Environmental Engineering, Civil 

Engineering, IISC, Bangalore. 
 

Peninsular river water flowing through Deccan basalts 
have been investigated for the δ13C and Si/HCO3 ratio for 
quantifying the relative contributions from silicate and 
carbonate weathering [1]. Seasonal river water from Cauvery 
drains silicate and carbonate lithology at higher elevation and 
tertiary to quaternary marine and pedogenic carbonate 
dominating terrain in the lower reaches showed characteristic 
geochemical and isotopic pattern [2]. Here, we investigate the 
seasonal isotopic variation of δ13C in the main channel and 
tributaries of Cauvery. 

Using contributions of DIC and δ13C we identified silicate 
and carbonate dominating sources within the drainage basin. 
Spatially, our observation captured a large range in δ13C and 
Si/HCO3 values; Pre-Monsoon δ13C values ranges between -
17.57‰ to -4.02‰ while during Monsoon it varies between -
9.19‰ to +0.61‰; Si/HCO3 values for Pre-Monsoon ranges 
between 0.028 - 0.67 and for Monsoon it varies between  
0.073 - 0.80. Sampling Sites at higher elevation showed lighter 
δ13C composition, while sites at flood plain show relatively 
enriched δ13C which indicate mixing of soil derived CO2 with 
C4 plants. Result suggests dominance of carbonate weathering 
during the Monsoon Period, while silicate weathering is 
pronounced during non monsoon period. 
 
[1] A. Das et al. (2005) EPSL, 236, 419– 429. [2] A. Violette 
et al. (2010) Geochimica et Cosmochimica Acta, 74 (24), 
7059-7085. 
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Planktonic foraminiferal ecology, such as depth of 
calcification, causes species to have differences in their 
geochemical signatures. Since geochemical proxy data are 
used to infer deep-time palaeoceanographic conditions, it is 
important to constrain species palaeobiology in order to 
improve our understanding of the validity of proxy signals.  

The palaeoecology and photosymbiotic associations of 
many extinct Cenozoic planktonic foraminiferal species has 
not been determined. The data obtained using these analyses 
can help identify and interpret the influences of vital effects on 
foraminiferal geochemistry Eocene sediments containing 
extremely well preserved, glassy planktonic foraminifera were 
recovered from Ocean Drilling Program Leg 174AX, Bass 
River, western North Atlantic. This study focuses on the 
interval from 56 –  40 Ma, covering a time of dramatic climatic 
change from peak warmth during the early Eocene climatic 
optimum and subsequent temperature decline. These changes 
are evident from bulk sediment δ13C and fluctuations in 
%CaCO3 data. The diverse foraminiferal assemblages allow for 
multispecies geochemical analyses in order to reconstruct 
marine temperatures and water column δ13C gradients.  

Trace element/Ca ratios of individual chambers of various 
species of surface and deep dwelling planktonic foraminifera 
were obtained by slow depth profiling, utilising laser ablation 
inductively coupled plasma mass spectrometry (LA-ICPMS) as 
an analytical technique capable of achieving  
(sub)µm vertical spatial resolution. Results  
show minor differences in element/Ca ratios  
(2 – 5% in Mg/Ca and 2 – 4% in Sr/Ca) between species and 
between each foraminiferal chamber. Changes in trace 
element/Ca ratios with size are also evident, showing the 
importance of using a narrow size fraction for geochemical 
analyses of foraminifera. Data obtained in this study will be 
useful to compare to other sites of exceptional preservation, 
and for reconstructing sea surface temperature gradients in the 
Eocene greenhouse. 
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Uranium ore in sandstone-hosted roll-front deposits is 

often assumed to consist primarily of uraninite (UO2). A multi-
discipline study of uranium roll-fronts at Smith Ranch 
Highlands, Wyoming has provided information on how 
microbially-mediated precipitation of non-crystalline, 
monomeric U(IV) may play an important role in ore genesis. 
Specifically, this study describes the composition of U within 
roll-front deposits using an array of biogeochemical 
techniques, including X-ray absorption spectroscopy,  
238U/235U isotope ratio analyses by MC-ICP-MS, and DNA-
based (16S rRNA) microbial community analysis. Molecular-
scale spectroscopic data indicate between 58 and 92% of 
U(IV) in the ore zone is composed of non-crystalline U(IV). U 
isotope analyses reveal that non-crystalline U(IV) was 
predominantly enriched in 238U, indicating that the deposit was 
primarily formed via biotic reduction of U(VI) [1]. Microbial 
community analysis using 16S-rRNA sequencing data 
indicated the presence of microorganisms (such as 
Pseudomonas, Clostridium and Geobacter), capable of 
reducing U(VI) to form non-crystalline U(IV) within these 
roll-fronts. We present a new conceptual model which depicts 
the distinct reduction pathways leading to the formation of 
reduced U(IV) species during roll front deposit genesis.  
 
[1] Stylo et al. (2015), PNAS, in revision or Stylo M., et al. 
(2014) Goldschmidt Conference Abstract #2404. 
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The Bay of Bengal in the northern Indian Ocean is a 

unique oceanic basin with significant influence of discharge of 
fresh water and sediment from various rivers and productivity 
associated with seasonally reversing southwest and the 
northwest monsoon. The DOC concentrations were determined 
in the vertical profiles of seawater samples collected from the 
Bay of Bengal and the Indian Ocean. The highest DOC 
concentration were observed in the northern Bay of Bengal in 
the surface waters due to the influence of fresh water with 
higher DOC. The surface DOC concentration in the Bay of 
Bengal varies from 75-100 µM, whereas in the Indian Ocean it 
varies from 70-90 µM. In the northern Bay of Bengal, the sub-
surface DOC concentrations show enhanced DOC 
concentrations upto ~700m when compared to the other 
southern stations. This can be attributed to the release of DOC 
from the enormous flux of (0.5 x 1012 mol.C.yr-1) particulate 
organic carbon (POC) from the Ganga-Brahmaputra river 
system. Lower concentration of dissolved oxygen in similar 
depths indicates oxygen consumption due to degradation of the 
enhanced flux of POC. Thus, in addition to productivity, the  
distribution of DOC in the Bay of Bengal appears to be 
significantly controlled by fresh water and sediment discharge 
and has strong implications to the regional carbon budget. 
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The East China Sea (ECS) as a typical river-dominated 

marginal sea in the west Pacific, has received huge sediment 
inputs from one of the largest rivers in the world, the 
Changjiang (Yangtze River), and thus developed a unique 
muddy sedimentary system on the inner shelf, which provides 
an ideal archive for the reconstruction of river-sea interaction 
during the Holocene. This study presents high-resolution 
geochemical and Sr–Nd isotopic data of the Calypso core 
MD06-3040 (27°43.4´N, 121°46.9´E, water depth 46 m and 
core length 19.22 m) retrieved from the mud wedge on the 
inner shelf, aiming to reconstruct the paleoenvironmental 
changes as well as sediment source-to-sink transport over the 
last 10 ka.  

Large variations in 87Sr/86Sr ratios and εNd values in the 
silicate fractions occur at 7.0–1.5 ka, suggesting a significant 
change in sediment provenances. Early in 10 ka, the 
Changjiang-derived fine sediments might have reached the 
study area, while since ca. 7.0 ka the homogeneous mud 
sedimentation began to form with the coastal current being 
developed and terrigenous sediments continuously supplied by 
the Changjiang River. Abrupt changes in isotopic and 
geochemical compositions at about 1.5 ka might be caused by 
increasing sediment contribution from local small rivers in 
response to monsoon evolution and human activities. The 
elemental compositions in the acid-soluble fractions of the core 
sediments suggest the weakening East Asian summer monsoon 
and the evolution of shelf circulation in the Holocene, which 
consequently determined the sediment source-to-sink transport 
from the rivers to the ECS continental shelf. Our study 
provides new insight on the complicated river-sea interaction 
in the river-dominated marginal sea. 
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Background 
House dust has been recognized as a major source of Pb 

for children [1] [2]. In China, elevated blood lead levels (BLLs) 
have been noticed for children living in suburban and rural 
areas [3]. This situation necessitate an urgent need to 
investigate the occurrence of Pb in house dust and their 
contribution to daily Pb exposure of Chinese children. Here we 
conducted a extensive study to investigate the geographical 
variation of Pb in Chinese villager house dust. 

 

Figure 1: Pb concentrations in Chinese villager house dust 
from different provinces 

 
Discussion of Results 
The concentrations of Pb in Chinese villager house dust 

variated greatly among different provinces. Obvious elevated 
Pb was found in Ahui, Shandong and Shaanxi provinces, 
whereas relatively lower concentrations of dust Pb were 
observed in Chongqing, Hainan, Jilin and Xinjiang provinces. 
The dust Pb concentrations were independented of heating 
practices, dates of construction, building and decorative 
materials.  
 
[1] Lanphear et al. (1998) Environ Res 79, 51-68. [2] Gulson et 
al. (2014) Environ Pollut 191, 38-49. [3] He et al. (2009) Sci 
Total Environ 407, 3986-3993. 

292



 Goldschmidt2015 Abstracts  

 293 

“Hotspots” for carbon burial in the 
coastal margin: Linkages with 

watersheds in the Anthropocene 
THOMAS S. BIANCHI 

University of Florida, Gainsville, Florida 
 

Approximately 90% of the organic carbon (OC) in oceans 
in buried in the contiental margin. In particular, continental 
shelf regions bury about 40% in deltas, 47% in non-deltaic 
regions, and 12% in fjords. In particular, sediments in large-
river delta-front estuaries (LDE) have been shown to be 
repositories and integrators of land-use change across 
expansive watersheds that drain the continents to the ocean.  
Similalry, fjords have store considrebly large amounts of 
carbon, particulalry with respect to their relativly small global 
surface area. Molecular biomarkers of OC (e.g., lignin phenols, 
fatty acids, sterols) in LDE sediments have been used 
extensively to reconstruct of carbon cycling changes that are 
reflective of land-use change in the watersheds.  However, due 
to the highly variable hydrologic regimes across continents, 
continental margins (e.g., active versus passive), and coastal 
dynamics in LDEs and fjords the fate and transport of these 
molecular biomarkers varies considerably.  Here, I will 
compare and contrast some of the key molecular biomarkers 
that have been used to date in such historical reconstruction 
exercises in very divergent coastal systems, LDEs and fjords, 
and explore how margin-type, residence time of transport, 
reservoir dams, redox, priming effects, and molecular stability, 
to name a few, impact the utility of using different biomarkers 
in coastal paleo-reconstruction studies.    
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Priming of DOC in Aquatic Waters  
Although inland waters comprise a small fraction of 

Earth’s surface, they play a critical role in the global C cycle. 
Global estimates of riverine flux of dissolved organic carbon 
(DOC) to the oceans range from about 250 to 360 Tg y-1. 
Recent observations of immense CO2 evasion from streams 
and rivers thus suggest that terrestrially-derived DOC (TDOC) 
is not as recalcitrant as previously thought.  While the 
importance of photodegradation and bacterial consumption of 
TDOC in freshwaters has been widely investigated, the role of 
priming processes has been essentially ignored.  

 Results and Discussion  
In a lab-based experiment pine-litter leachate, from the 

free-air CO2 enrichment experiment (FACE) was converted to 
CO2 at roughly the same rate in the trehalose and diatom 
leachate treatments, less than 1% of the diatom leachate was 
converted to CO2, as opposed to ~50% of the trehalose over a 
few days. Pilot field experiments in the Amazon River, with 
the incubation system performed during two cruises show that 
δ13CO2 rapidly increased after adding labeled lignin; roughly 
50% of the added lignin was converted to CO2 in 10 hours. 
Based on an in situ experiment, roughly 75 Tg C yr-1 of lignin 
was remineralized in the Amazon River continuum and 
“priming” accounted for roughly 40% of the remineralization 
in the river. 
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In this contribution we present elemental and isotopic 

analyses of carbon (C) carried out on mantle xenoliths from the 
Calatrava and Tallante volcanic districts (Spain).  

The C content of peridotite xenoliths from Calatrava, 
previously studied by [1], generally range between 1100 and 
5500 ppm, with up to 2.9 wt% C in a single sample. The 
associated isotopic composition (δ13C) of most samples varies 
between -26.1 to -15.2 ‰,	   whereas the carbon-rich outlier 
displays a distincly less negative C isotopic composition (i.e. -
6.2‰) that conforms with a typical mantle signature [2]. 

The C content of xenoliths from Tallante previously 
studied by [3], [4], varies from 600 to 1000 ppm in anhydrous 
peridotites, to 1500 ppm in an amphibole bearing peridotite; 
higher C content of 4000 ppm have been recorded in the felsic 
vein crosscutting a peridotite composite xenolith previously 
studied by [5]. The associated isotopic composition (δ13C) 
varies between -20.1 to -22.4 ‰	   in peridotites,	  whereas the 
mentioned felsic vein displays the value of -11.9‰. 

In both xenolith suites a correlation is observed between 
the carbon contents and the respective δ13C values suggesting 
that analogous fractionation processes affected vast domains of 
the Iberian lithospheric mantle. Noteworthy, in the Tallante 
xenolith suite less negative δ13C values comparable to those of 
the Calatrava district are never recorded. The less negative 
isotopic composition recorded by Tallante xenoliths 
approaches that of the carbonate matrix of the xenolith-bearing 
volcanoclasic deposit (-9.8‰). 

On the whole, the available data suggest that the carbon of 
the studied xenoliths, host lavas and cabonate volcanoclastic 
matrices is juvenile, mostly originated deep in the mantle, and 
influenced by multiple episodes of degassing, that ultimately 
led to extremely explosive volcanic eruptions. 
 
[1] Bianchini et al (2010), GSL Sp. Pub. 337, 107-124. [2] 
Deines (2002),  Earth Sc. Rev. 58, 247-278. [3] Beccaluva et al 
(2004), Lithos 75, 67-87. [4] Bianchini et al (2011), Lithos 
124, 308-318. [5] Bianchini et al (2015), Lithos 220-223, 191-
199. 
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Silicate chemical weathering may provide the critical 

feedback which has moderates the Earth’s climate. However 
major uncertainties remain over distinction of the silicate 
weathering flux from the total flux, its sensitivity to climatic, 
tectonic and lithological controls and where chemical 
weathering takes place in large river basins  [1].   

We use new sets of cation, anion, Sr and 87Sr/86Sr ratios on 
Ganga floodplain and southern tributaries sampled in 
monsoons in 2003 and 2005, a three year time series of 
samples collected at two week intervals downstream on the 
Ganga and published data on riverine outputs from the 
Himalayas to calculate the chemical weathering fluxes 
generated in the Ganga floodplain. The calculated fluxes are 
within error of those calculated by Lupker et al. [2] from 
suspended sediments but the values are rather more precise. 
We discuss the sources of uncertainty.  

The carbonate- and silicate-derived fractions of the 
floodplain chemical weathering are deconvolved by 1) a 
forward calculation using element/Ca ratios of carbonate and 
silicate sources based on analyses of leaches and residues of 
bedload samples and 2) an inverse solution which solves for 
the element ratios of the carbonate and silicate inputs as well 
as the carbonate and silicate fluxes. The ucertainties on both 
methods are large. 

 
[1] Bouchez et al. (2012) Chemical Geology 332-333, 166-184. 
[2] Lupker et al., (2012) Geochim. Cosmochim. Acta. 84, 410-
432. 
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Simple chemical bonding models, such as Lewis dot 

structures, the Valence Shell Electron Pair Repulsion (VSEPR) 
model, Pauling’s Rules, Ligand Field Theory, and the bond-
valence model (BVM), have played an important role in 
chemistry.  They not only allow us to think more fluently about 
chemical systems, but can sometimes also provide 
quantitatively accurate predictions.  These simple models, 
however, are typically useful only for a limited range of bond 
types, or for particular aspects of a structure (bond lengths vs. 
bond angles, etc.)   

We are developing an expanded chemical bonding model 
that is capable of subsuming many previous models, and is 
suitable for adoption into a molecular mechanics framework 
for atomistic simulations.  The Valence Multipole Model 
(VMM) is an expansion of the BVM in which structures are 
described in terms of multipole expansions of the bond valence 
incident to each atom.  The monopole is the bond-valence sum, 
the dipole is the vector sum of the bond valences, and the 
quadrupole describes the spherical symmetry of the bond 
distribution.  These descriptors are capable of describing full 
structures, but they depend on the complete bonding 
environment of each atom, rather than any particular bond 
length or angle.  The dipole and quadrupole terms can 
successfully describe non-centrosymmetric or centrosymmetric 
distortions of a coordination sphere, respectively, and are 
largely predictable on the basis of bond valences, 
electronegativities, and expected electronic structure effects 
(e.g., lone pairs and Jahn-Teller distortions).   The bond-
valence calculations have also been modified to account for 
anion-anion and cation-cation bonding, and to be applicable 
over a wider range of bond lengths.  Using information about, 
for instance, the vibrational properties and dissociation 
energies of relevant bonds, we can also build energy cost 
functions to create a more complete model.   

Beyond its transferability to a molecular mechanics 
framework, the VMM is a fairly simple framework for 
understanding most types of chemical bonding, and it can be 
used to easily rationalize many crystal-chemical trends.  
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The reaction of CO2 and water to CO2 hydrate in the ocean 
at water depths of 300 mbsl or more opens the possibility of 
using engineered injection to immobilize and trap 
anthropogenic CO2 long-term within deep marine sediments. 
The presence of natural methane hydrates in sediments 
targeted for such CO2 storage adds further appeal, since the 
liberated methane could be used as a carbon-neutral 
hydrocarbon energy resource. The exchange of methane for 
CO2 in hydrates is a spontaneous process provided that both 
hydrate species and binary mixtures thereof are 
thermodynamically stable. Recent field tests have shown that 
this strategy is a promising approach. Industrial-scale 
applications of this method require identification of fluid-flow 
characteristics as well as thermodynamic and kinetic controls 
on the reactions, since these affect, for example, the hydraulic 
conductivity and geomechanic stability of the seabed. Due to 
experimental limitations, localized reactions and fluid-flow 
phenomena responsible for these effects remain unresolved 
thus far at both microscale (1 µm – 1 mm) and near-natural, 
reservoir conditions. We address this deficit by showing results 
from high-resolution, two-dimensional Raman spectroscopy 
mappings of a natural hydrate reservoir analogue before, 
during and after injection of liquid CO2  under realistic 
reservoir conditions. Macroscale properties of the sample were 
inferred from the mapped distribution of sand grains, pore 
water, hydrate phases and CO2. Moreover, the time-resolved 
experiments allow us to 1) determine hydrate conversion rate 
and efficiency and 2) reveal effects of shifting fluid pathways 
on CO2 retention and methane yield. The Raman data reveal 
that the conversion of single hydrate grains follows a shrinking 
core model controlled by diffusion of exchanged hydrate 
guests through a thickening shell of converted hydrate growing 
toward grain cores. We show that the conversion can be 
modeled simply by using 1) published permeation coefficients 
for CO2 and methane in hydrates and 2) hydrate grain size as 
the only input parameters. 
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Growth in global metal demand has fostered a new age of 

unconventional mining. in situ pulverization and extraction of 
seafloor massive sulfide (SMS) deposits is economically 
attractive due to minimal overburden and high ore grades. 
However, important environmental questions remain on the 
significance of localized acid generation via irreversible 
sulfide oxidation during the mining process. 

Laboratory experiments were performed to evaluate the 
effects of pH, T, dissolved O2, and surface area on the 
oxidation rates of pyrrhotite (po) and chalcopyrite (cpy) in 
seawater; i.e., how quickly SMS mining will produce acid. 
These minerals provide an upper and lower bound since po 
oxidizes relatively quickly while cpy is kinetically slow. 

The rate laws derived from these experimental data for the 
abiotic oxidation of po and cpy in seawater at 23°C are given 
in the form: Rsp= k (mO2(aq))a(mH+)b, where Rsp is the specific 
rate (moles m-2 sec-1), k is the rate constant, oxygen and proton 
concentrations are expressed in molalities (m), and their 
reaction orders are a and b, respectively. The specific rate laws 
for each sulfide studied are: 

Rsp(po) = -10-7.27(mO2(aq))0.30±0.07(mH+)0.08±0.03 
Rsp(cpy) = -10-9.38(mO2(aq))1.16±0.03(mH+)0.36±0.09 

Further, we calculate the residence times of crushed sulfides in 
seawater with low PO2 and find that, depending on grain size, 
mining waste grains may persist near the seafloor for a period 
of years. The implications are positive in terms of slow acid 
production, but problematic considering the potential 
ecological effects of an unnatural influx of particulates (Table 
1). 
 When used to quantitatively predict acid generation rates, 
these data indicate that acid production from in situ SMS 
mining is insufficient to exceed the buffer capacity of 
advecting seawater and will not introduce “acid mine 
drainage” impacts to the seafloor environment. 

Table 1: Grain lifetime (Δt) at PO2=0.10, pH=8,  T=23°C. 
  Diameter:  1 µm 8 µm 100 µm 
  Δtpo (years): 0.02 0.16 2.04 
  Δtcpy (years): 0.87 6.93 86.62 
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Floodplains can play a major role in the biogeochemical 

cycling of sulfur due to their interaction with river sulfate and 
atmosperic deposition of sulfur compounds. 

In an effort to quantify SO4 seasonal variations, cycling, 
and budgets in an alluvial aquifer in western Colorado (Rifle, 
CO, USA), the concentrations and sulfur stable isotopes of SO4 
within the pore water of partially saturated sediments have 
been monitored over a one year period from 2013 to 2014.  

0.5m to 3m vertically resolved profiles were sampled 
bimonthly at 0.5m increments. At each of the profile locations, 
SO4 concentrations decreased from 3 to 1.5m depth. The 
maximum concentrations were observed at the interface 
between the unsaturated zone and groundwater, with minimum 
values observed in the near surface samples. The δ34S values 
increased from the unsaturated zone/groundwater interface to 
the surface. The variation of SO4 concentrations and δ34S 
values suggest the role of sulfate reducing microbial 
communities.  

SO4 concentrations and δ34S values exhibited a strong 
seasonal variation. Maximum SO4 concentrations (~65ppmv) 
were observed during the winter-spring time period, coinciding 
with the annual minimum in water table elevation. The 
minimum SO4 concentrations were observed in the period from 
July to November and coincided with high water table 
elevations. Additionally, low concentration and maxima in 
δ34S coincide with the maximum concentrations of N2O 
(~10ppmv) associated with denitrification suggesting a 
seasonial shift of the redox potential in the alluvial aquifer. 
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Improved methods of geochronological dating [1] and in 
situ isotopic (O, Hf) and trace elemental distribution in zircons 
requires a new physical model that explains their behaviour 
during crustal melting [2]. We present results of numerical 
modelling of zircon dissolution in melts of variable 
compositions, water contents, T and thermal histories. This is 
realised in spherical coordinates with two moving boundaries, 
uses a simplified phase diagram, and accounts for melting and 
crystallization of major minerals. Next, we explore in detail 
dissolution and regrowth of zircon inside of host melt cells of 
variable size held at different T, and Zr undersaturation and 
provide an equation for zircon survivability. Similar modelling 
is performed for other accessory minerals: apatite, rutile, and 
monazite for which there is solubility and diffusion data 
available. Rock cell size surrounding zircons plays the critical 
role of in determining core survivability and rim regrowth. 
Diffusive flux away from dissolving 100um zircon into a large 
>3mm cell takes 102-104 years at 750-950°C, but zircon cores 
may survive infinitely long in a <1mm cell by reaching 
solubility. Heating, followed by cooling for similar amount of 
time leads to dissolution followed by nucleation and growth, 
but the final size zircon remains smaller than the original one 
due to geometrical skin effect within the cell. Final zircon size 
is also investigated as a function of zircon microzircon 
nucleating on a front of crystallizing major minerals leading to 
shrinking cell sizes and bulldozing of Zr to the growing zircon. 
We explore in detail survivability and regrowth of zircon 
inside and outside of sills of different thickness, temperature 
and composition, and their effects on surrounding rocks, on 
timescales of their conductive cooling and heating, 
respectively. For zircon-saturated rocks, only the largest 
>500m igneous bodies are capable of complete 
dissolution/reprecipitation of typically-sized zircons, thinner 
sills cause only partial dissolution and crystallize rim on the 
surviving cores. Zircons near the contact of the conductively 
cooling dikes or sills undergo greater overgrowth then 
dissolution. In contrast, heat wave propagation from cooling  
sills completely dissolves and reprecipitate zircons in Zr-poor 
rocks >200 m away, often 103-104 years after sill intrusion.  
 
[1] Wotzlaw et al., Geology, 2014, 42: 807. [2] Bindeman and 
Simakin, Geosphere, 2014, 10: 930.  
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Merwinite, Ca3MgSi2O8, stable up to 20 GPa at 1000°C 

and 16 GPa at 2000°C, shows the most dense anion packing 
among Ca-silicates. This phase may be an efficient candidate 
to induce geophysical anomalies in the mantle locally enriched 
in CaO and depleted in SiO2 [1] [2], as well as a good trap for 
various trace elements and alkalis [3].  

We report a synthesis of the Na and K-bearing merwinite-
like phases (Ca3-2xNa2x)(Mg1-xSix)Si2O8 (with x up to 0.44) in 
the model CMAS lherzolite (65% Fo, 30% En, 2% Di,  
5% Prp) interacted with the CaCO3+Na2CO3+KCl melt at 5.5 
and 7 GPa and 1370-1510°C [4]. Alkali content of the phase 
increases with increasing pressure and decreasing 
temperatures, reaching 8.7-9.3 wt% Na2O and  
2.6-3.0 wt% K2O at 7 GPa and 1370°C. Nevertheless, some 
alkali-rich crystals were detected at higher temperatures, as 
well. Merwinite-like phases show negative correlation of Ca 
with Na+K. The Si content in the phase reaches 2.4-2.5 a.p.f.u. 
At Na+K < 0.3 a.p.f.u., alkali content shows a positive 
correlation with Si, whereas no correlation is present for 
varieties with Na+K > 1 a.p.f.u. A crystal fragment with 
composition (Ca2.08Na0.86K0.08) (Mg0.53Si0.45Al0.03)Si2O8 

synthesized at 7 GPa and 1510°C has been picked up for the 
single-crystal X-ray characterization. It shows the merwinite 
structure (R1 = 0.031), space group P21/a, a = 12.987(2), b = 
5.101(1), c = 9.130(2) Å, β = 92.36(1)°, V = 604.3(2) Å3, Z = 
4. Na is hosted at the Ca sites, Si both replaces Mg at the 
octahedral coordination (similar to UHP silicates) and occurs 
in tetrahedral coordination. Ordering induces distortion, which 
modifies coordination of the Ca and Na atoms with respect to 
usual merwinite.  

The present data prove that merwinite as a mineralogical 
indicator of the mantle peridotite interaction with alkaline 
carbonatitic liquids [5] [6] is an efficient host for alkalis. 
Merwinite is another example of the phase hosting Si on the 
octahedral coordination at relatively low pressures. 
 
[1] Moore, Araki (1972), Am. Min., 57, 1355-1374; [2] Liu 
(1979), Phys. Earth Planet. Int., 20, 25-29; [3] Moriyama et al. 
(1992), Geoch. J., 26, 357-382; [4] Safonov (2011), Dokl. 
Earth Sci., 440, 1276-1281; [5] Zedgenizov et al. (2014), Am. 
Min., 99, 547-550. [6] Safonov et al. (2009), Lithos, 112S, 
112-128. 
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Assembly of continental lithosphere along Grenvillian 

orogens to form Rodinia at the end of the Mesoproterozoic 
provides an elegent paradigm for the preferential preservation 
of 1200-1000 Ma detrital zircons. Here we attempt to reconcile 
field observation with a model of collision for the ca. 600 km 
wide Sveconorwegian orogen of Scandinavia fringing Baltica. 
We report new 1:80.000 scale geological mapping of the 
Kongsberg lithotectonic domain, integrated by high resolution 
airborne geophysics and U-Pb zircon geochronology on 52 
samples, with emphasis on the timing of metamorphism. The 
Kongsberg and Bamble domains form a c 25 km wide, steeply 
dipping and tightly folded gneiss belt, preserving evidence for 
an early-Sveconorwegian, MP-MT metamorphism, locally 
reaching granulite facies. Zircon rims at 1147-1123 Ma (7 
samples) date this metamorphism. A steep high-grade shear 
zone bounds this metamorphism towards the east in Tyristrand, 
immediately west of the Permian Oslo rift. To the west of the 
Kongsberg /Bamble, the 70 km wide Telemark domain is 
markedly different. It is gently folded, contains low-grade, 
volcanic-sedimentary rocks, deposited in fault-bounded 
intramontane extensional basins between 1170 and 1120 Ma 
(and later), and hosts widespread bimodal magmatism between 
1200 and 1140 Ma. 

The Sveconowegian orogen is constructed on weak 
juvenile lithosphere, accreted westwards between ca 1700 and 
1480 Ma at the margin of Baltica, atop an convecting mantle, 
ca. 100°C hotter than today. We interpret the paired Telemark 
and Kongsberg /Bamble domains as remnants (preserved in an 
orogenic lid) of a ca. 100 km wide orogenic cell, diagnostic of 
an (ultra-) hot orogen, involving extension, magmatism and 
removal of the lithospheric mantle under Telemark, and 
compression and eastwards (?) subduction of the lithospheric 
mantle below Kongsberg/Bamble. The orogen includes at least 
3 contiguous ca. 100 km wide orogenic cells, involving 
subduction of lithosphere, active at 1150, 1050 (Idefjorden) 
and 980 Ma (Eastern Segment), i.e. younger continentwards. 
The very reason for preservation of the Mesoproterozoic crust 
at the margin of Balica may be its reworking inside the 
Sveconorwegian orogen. 
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Shelf sea sediments are an important source of dissolved 
iron (dFe) to the open ocean [1], yet at present this source is 
poorly understood. In particular, very little is known about the 
relative contribution of soluble (sFe) and colloidal (cFe) iron to 
dFe near shelf regions. Here, we report the first seasonal study 
of dFe, sFe and cFe cycling in the shelf system of the Celtic 
Sea and its fate during off-shelf transport.  

On the shelf during early spring the water column was well 
mixed, resulting in homogenous dFe concentrations with cFe 
typically representing >50%. While, in winter the water 
column was stratified due to warm air temperatures. In surface 
waters biological uptake depleted dFe concentrations to a 
minimum of 0.12 nM. The dFe in the upper mixed layer was 
dominated by sFe. This suggests biological preference for cFe 
or, more likely, loss of cFe due to aggregtion and/or sorption to 
particulate forms.  

Regardless of season, large scale resuspension events were 
evident, resulting in high dFe concentrations (4.3 nM) at 
shallow on-shelf stations. This dFe was dominated (up to 80%) 
by the cFe fraction. Offshore transpost of dFe was evident with  
elevated dFe concentrations (1.6 nM) between 600-800 m. The 
proportion of cFe in these waters increased and cFe below the 
ferricline was consistently 60-80% of dFe indicating both an 
input of colloidal material from shelf sediments and dynamic 
cycling between cFe and sFe to maintain this proportion. 

At present the relative bioavailbilty of sFe and cFe is 
poorly understood but initial studies suggest sFe is taken up 
more rapidly and hence is more bioavailable [2]. If so our 
findings have important implications for assesing the impact 
that shelf sediment derived dFe could have in feulling marine 
primary producton.  
 
[1] Tagliabue et al 2014. Geophysical Research Letters. 41. 
920-926 [2] Wang & Dei 2003. Aquatic Mircobial Ecology. 
33(3) 247-259 
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An understanding of the possible closure temperature 

difference between Lu-Hf and Sm-Nd garnet geochronology is 
important to correctly interpret the dates obtained. Whether the 
dates relate to mineral growth, peak temperatures or cooling is 
critical to the application of dates to tectonics or 
metamorphism. Data from 10 samples from the Scottish 
Northern Highlands record a systematic difference between 
Lu-Hf and Sm-Nd ages, the latter being 10-20% younger than 
the former. Garnet cores and rims were dated using Lu-Hf and 
Sm-Nd and the difference between the cores and rims is very 
similar for both isotopic systems. Recent work [1] suggests 
that Lu-Hf ages can be skewed due to faster diffusion of Lu3+ 
relative to Hf4+. This would lead to pre-garnet growth ages in 
pelites and post-garnet growth ages in metabasites. As the 
samples dated are from a variety of lithologies (pelites, 
amphibolites, eclogites and granulites) and all show the 
systematic difference in Sm-Nd and Lu-Hf dates it seems 
likely that this difference is due to the difference in closure 
temperatures between the two isotopic systems.  

To investigate this further, zircons from a pelite have been 
dated. This sample gave a much larger differenence between 
Lu-Hf and Sm-Nd garnet dates than any other sample analysed 
within this study. The pelite is part of the basement sequence 
underlying the Moine Supergroup and is thought to have been 
to granulite facies so the zircons are metamorphic in 
appearance. The zircons give the same age as the Lu-Hf garnet 
date from the same sample with a lower intercept date that 
corresponds to the Sm-Nd age. This suggests that Lu-Hf garnet 
ages have a similar closure temperture to zircon U-Pb and that 
the Sm-Nd age relates to resetting from a lower temperature 
younger event.  

 
[1] Block and Ganguly (2015) Contrib Mineral Petrol 169:14 

305



 Goldschmidt2015 Abstracts  

 306 

Urban geochemistry of the city of 
Aschersleben, Saxony-Anhalt, 

Germany 
MANFRED BIRKE*, UWE RAUCH AND BEATE KEILERT 

Federal Institute for Geosciences and Natural Resources, 
Branch Office Berlin, Wilhelmstrasse 25-30, 13593 Berlin, 
Germany  
(*correspondece: manfred.birke@bgr.de) 

 
A third of the population of Germany lives in cities with a 

population greater than 100,000. Anthropogenic activities are 
the determining ecological factor in cities and industrial 
regions. The main objectives were to identify the spatial 
distribution and the main sources of potentially toxic elements 
in topsoil by conducting univariate and multivariate statistical 
methods assisted with GIS tools.  

A total of 381 air-dried soil samples (0-10 cm, < 2 mm 
fraction) were analysed for TOC, TC, pHH2O, pHCaCl2, and 
electrical conductivity of the eluate (IR-spectroscopy, 
potentiometry, conductometry). All topsoils were analysed for 
ten organic compounds and compound groups (adsorbable 
organic halogen compounds, extractable organic halogen 
compounds, mineral oil hydrocarbons, phenol index, highly 
volatile halogenated hydrocarbons, benzene, toluene, 
ethylbenzene and xylene, polychlorinated biphenyls, 
polycyclic aromatic hydrocarbons, polychlorinated 
dibenzodioxins and polychlorinated dibenzofurans), and for 53 
trace and major elements and lead isotopic compositions in the 
aqua regia extraction by ICP-MS and ICP-AES.  The total 
concentrations of 45 elements were analysed by WD-XRF, 
ICP-AES and AAS.   

In the area around Aschersleben, local anomalies of PTEs 
occur near metal processing, and construction materials 
industries, and in the vicinity of landfills and old 
contamination sites. The regional or local geochemistry of an 
urban area can be evaluated only by comparison with the 
surrounding non-industrial area. Both single and multi-element 
maps were used to interpret the geochemical data. Study of 
regional variations and anthropogenic contaminations of 
topsoil by metals and organic compounds is very important for 
environmental planning and monitoring in urban areas. A 
geochemical survey of the urban environment provides a 
reliable database for setting concentration limits for urban and 
other soils. Sustainable urban development requires combined 
management and monitoring of urban conditions of soils and 
chemical fluxes. Geostatistics and multivariate statistical 
methods provide a comprehensive understanding of the spatial 
distribution of urban pollution and alteration of soils.    
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The forearc region of subduction zones records the 

complex set of melt-related processes associated with 
subduction initiation. Lavas associated with the forearc include 
MORB-like tholeiitic basalts, low-Ti boninites, and hydrous 
arc-like basalts [1]. The Tonga Trench, however, is unusual 
among convergent margins in that peridotites have been 
dredged from the forearc, presenting a unique opportunity to 
trace the effects of multiple types of melting and melt-rock 
interaction on residual mantle. 

Oxygen fugacity (fO2) is an important control on mantle 
melting processes, including volatile speciation and phase 
stability. Previous studies have shown that subduction zone 
magmas are more oxidized than MORB [2]; however, debate 
exists as to whether the mantle wedge itself is oxidized [3].  

Oxygen fugacity measurements from the Tonga peridotites 
are heterogeneous between dredges along almost 1000 km of 
the trench’s length, suggesting a complex history in the 
forearc. Results from one dredge show fO2 values ranging from 
-0.5 to +0.5 log units relative to the QFM buffer, slightly 
elevated compared to the ridge peridotite average of QFM -
0.88 ± 0.72, with spinel Cr#s ranging from 0.45 to 0.75. This 
data, combined with low TiO2 concentrations in spinel, is 
suggestive of interaction between a refractory ridge-like 
peridotite and boninitic melt. In contrast, several other dredges 
along the trench record lower Cr#s with fO2 elevated by ~1 log 
unit relative to the mid-ocean ridge peridotite array. This 
suggests oxidation of a more fertile source, while elevated 
spinel TiO2 concentrations in dunites from these dredges are 
consistent with later melt-rock interaction with a hydrous arc-
like magma. 
 
[1] Meffre et al., Geochemistry, Geophysics, Geosystems 
(2012); [2] Kelley et al., Science (2009); [3] Lee et al., Journal 
of Petrology (2005) 
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Structural hydroxyl contents of quartz grains from various 

rhyolitic pyroclastic density current (PDC) deposits from the 
Bükk Foreland Volcanic Area, Hungary, were determined by 
using micro-FTIR spectrometry. Additional trace element 
analysis and SEM cathodoluminescence imaging were also 
performed. Structural hydroxyl content (expressed in water 
equivalent) of volcanic quartz ranges from ~2,0 to ~4,1 ppm, 
which is lower than those in quartz of igneous, metamorphic 
and hydrothermal origin. The incorporation of structural 
hydroxyl is mainly due to coupled H+ + Al3+ substitutions into 
Si-tetrahedral vacancies of quartz. In addition, the presence of 
molecular water is also obvious in (nano-)inclusions. The 
water fugacity (ƒH2O) just prior to the eruption seems to be 
the main factor controlling the concentration of structural 
hydroxyl as manifested in its almost homogeneous distribution 
regardless to the zonation of Al- or Ti-content. Quartz grains 
from the studied volcanic units are characterized by diagnostic 
absorption features between 3000 and 3550 cm-1, structural 
hydroxyl, molecular water, Al- and Ti-contents. This suggests 
the potential application of water content, the way of hydrogen 
incorporation and trace element chemistry of volcanic quartz 
as potential correlation tools.  

Moreover, a reasonable linear correlation is observed 
between the integrated area of Si-O bonds-related IR 
absorption features (between 2110 and 1440 cm-1) and sample 
thickness up to ~300 μm by studying unoriented quartz 
crystals. This may enable the analysis of separated quartz 
crystals without the need for preparing oriented thin sections. 
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Net community production (NCP) estimates based on 
autonomous O2 measurements are becoming a routine 
technique. Here we illustrate with data from the Antarctic 
continental shelf how the interpretation of underway O2 
(∆O2/Ar) observations can be validated by simulataneous N2 
and pCO2 measurements [1]. Moreover, we demonstrate that 
Bio-Argo float O2 data can be used to derive a reliable NCP 
estimate in the open ocean Atlantic subtropical gyres [2]. 

Surface underway O2 measurements are often used to 
derive mixed layer NCP by a mixed layer mass balance 
approach. This depends strongly on the parameterization of 
air-sea gas exchange. By concurrent observation of inert gases 
(e.g., N2, Ar), the air sea flux parameterization can be validated 
at in-situ conditions. Moreover, our O2-based NCP estimate 
was corrected for vertical biogenic entrainment fluxes using a 
simple box model. Results for O2-based and DIC drawdown-
based NCP agree well and regional patterns of high NCP 
match low pCO2 regions. The derived CO2 fluxes are more 
ingassing than the climatological CO2 flux.  

In contrast to surface measurements, O2 profiles can yield 
both surface and sub-surface productivity. However, O2 pro-
files have only been used for NCP estimates near time series 
sites or extensive ship surveys. Here we demonstrate that 
recent advances in optode characterization and quality control 
measures make a water column productivity estimate away 
from regular in-situ referencing possible. Careful analysis of 
Bio-Argo O2 data provides a reasonable lower bound on NCP 
in the North and South Atlantic subtropical gyre. 

 
[1] Tortell, P. D., Bittig, H. C., Körtzinger, A., Hoppema, M., 
and Jones, E. M. (2015) Biological and physical controls on 
N2, O2 and CO2 distributions in contrasting Southern Ocean 
surface waters. Global Biogeochem. Cycles, in press, 
doi:10.1002/2014GB004975. [2] Bittig, H. C., Körtzinger, A., 
and Claustre, H. (2015), O2-based NCP in the open ocean 
Atlantic subtropical gyres from Bio-Argo floats. in prep. 
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The past three decades have generated remarkable progress 
in the field of planetary sciences, particularly with the 
discovery of thousands of extrasolar planets orbiting Sun-like 
stars. An important discovery emerging from the statistics of 
exoplanets is the great diversity in composition and structure 
of these worlds, suggesting that our solar system may not 
represent the archetype planetary system. Moreover, high-
resolution observations of young disks suggest rapid planet 
formation within ∼1 Myr of star-birth. Collectively, these data 
emphasize that planet formation is ubiquitous in young 
accreting disks. Better understanding the chronology of events 
leading to the growth of asteroids and planets in our solar 
system is thus key to relate its formation history with that of 
other planetary systems. 

The most abundant constituent of chondrites are 
chondrules, mm-sized spherules formed by transient heating 
events. High-resolution uranium-corrected Pb-Pb dates 
indicate that chondrule formation started contemporaneously 
with the solar system first solids, CAIs, and lasted ~3 Myr [1]. 
Further, numerical simulations show that the main growth of 
asteroids results from gas-drag-assisted accretion of 
chondrules, leading to the formation of planetary embryos  
<3 Myr [2]. Thus, chondrules represent the precursor material 
of most asteroids and, by extension, planets. We initiated a 
study aimed at providing U-corrected Pb-Pb ages for a 
reference set of individual inclusions from enstatite, ordinary 
and various classes of carbonaceous chondrites (CV, CR and 
CK). Chondrule populations from individual chondrite groups 
show a comparable age range of ~3 Myr, with approximately 
half of the chondrules having crystallization ages <1 Myr of 
CAIs. These reference inclusions allow for comparison of the 
absolute Pb-Pb ages with that of the 26Al short-lived 
radionuclide as well as tracers of nucleosynthetic variability 
such as 54Cr. Internal 26Al-26Mg isochron relationships for  
ten Pb-Pb dated chondrules define 26Al-26Mg ages 
systematically younger by ~1 to 3 Myr compared to their 
absolute ages, pointing to a reduced initial abundance of 26Al 
in the precursor material of terrestrial planets relative to CAIs. 
I will discuss how these results impact our understanding of 
mass transport processes in the protoplanetary disk as well as 
the accretion timescales and formation history of protoplanets. 
 
[1] J. N. Connelly et al. (2012) Science. 735, L37. [2] A. 
Johansen et al. (2015) Science Advances, in press.  
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Atmospheric CO2 and O2 variability through the 

Phanerozoic is thought to be fundamentally influenced by 
weathering induced rapid recycling of matter and weathering-
uplift of fresh silicate rocks, as explored by Berner and co-
workers. 

Rapid recycling 
A large fraction of buried matter escape long term storage 

in deep sedimentary basins under the weathering influence of 
rapid recycling forced by sea-level changes and basin uplift. 
Early on, Berner and Canfield recognized the need for rapid 
recycling in dampening in particularly excursions in O2. 
Incomplete silicate weathering during glacial times and 
subsequent rapid recycling have received little attention 
despite its potential influence on CO2 and climate. Despite the 
fundamental importance of the rapid recycling 
parameterization little has been done toward exploring more 
mechanistic modelling of rapid recycling and its dynamic 
interaction with climate change. In this tribute toward Bob’s 
legacy I explore rapid recycling with a mechanistic model of 
the dynamic interaction between climate, sea-level and 
weathering and its influence on CO2 and O2 in a model 
building on Berner’s GEOCARBSULF model. 

Weathering-uplift 
The parameter for weathering-uplift of fresh rocks results 

in fundamental amplification of the carbon cycle changes 
diagnosed from carbon isotope changes. In GEOCARBSULF 
and similar models the weathering-uplift variable is based on 
very early compilations of sedimentary rock abundances. In 
the model presented, I further explore a dynamic 
parameterization based on the convolution of changes in 
seafloor spreading rates, sea-level and continental freeboard as 
influencing the sedimentary rock abundance and zircon-age 
distributions through the Phanerozoic.  

The new additions to the family of GEOCARBSULF 
models allow us to begin modelling the Proterozoic-
Phanerozoic evolution but also diagnosing important areas to 
be included in more pure process based feedback models.   
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Introduction + Methods 
The Manus basin is a young and rapidly opening back-arc 

basin and has been considered a typical setting, in which VMS 
deposits may have formed. Water and rock samples were 
collected from different hydrothermal areas in the eastern 
Manus Basin to assess the effects of variable magmatic fluid 
inputs and crustal composition on vent fluid geochemistry in 
relation to arc vicinity. We measured trace element contents 
(Au, Ni, Cr, Pt, Co, Cu, Zn, As, Se, Mo, Ag, Cd, Sb, Te, W, 
Pb, Bi) of sulfides by LA-ICP-MS. Vent fluid compositions [1, 
2] were used to compute the speciation of Sb and As and the 
solubility of solids incorporating these metalloids. Whole rock 
analyses were employed to determine the distribution of Sb 
and As in polymetallic massive sulfides.  

Results + Discussion 
Vent fluid temperatures and pH vary between 100 and 

350°C, and 1 and 5, respectively, but As and Sb are most 
enriched in fluids with T=250-270˚C and pH=2-3. The main 
host phase of As is tennantite, occurring as inner conduit lining 
along with chalcopyrite, and As contents are as high 2.7 wt.% 
in the bulk sulfide samples. Sb-minerals are not present, but Sb 
may partition into tennantite, leading to As-Sb correlations in 
Cu-rich massive sulfides.  More commonly, Sb enrichment (to 
0.22 wt.%) is observed in Zn-Fe-Ba-rich beehive chimneys.  
Increased contents of both metalloids is restricted to black 
smoker systems from felsic basement (PACManus, South Su). 
Acid-sulfate vents (at Desmos and North Su) and the basalt-
hosted Vienna Woods vent field have exceedlingly low Sb and 
As contents. The two metalloids may be useful index elements 
in exploration, as both fluids and solids reveal tight relations 
between Sb and Ag as well as As and Au. 
 
[1] Reeves et al., (2011) GCA 75, 1088-1123. [2] Craddock P 
(2010), PhD Thesis, MIT 
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Western Ethiopia is made up of a range of supra-crustal 

and plutonic rocks. The Precambrian exposures of the Western 
Ethiopian Shield are positioned within the juvenile 
Neoproterozoic crust of the Arabian Nubian Shield and the 
older, predominately gneissic Mozambique Belt. It holds an 
important position in the East African Orogen, a major 
Gondwana forming collisional zone and despite linking these 
regions together, being well exposed, and accessible, it has 
received little modern geological work. The U-Pb and Hf 
isotopic values of zircons are used to define the maximum 
depositional age and provenance of the protoliths to meta-
sedimentary units, as well as constraining an age of igneous 
intrusions located within the Western Ethiopian Shield. Data 
suggests that there were three relatively juvenile pulses of syn-
tectonic magmatism; ~845, ~790-70 Ma and ~660 Ma. The 
fourth, being post tectonic, occurred at ~572 Ma and provides 
a constraint for final deformation in the area. Collectively, the 
data will provide provenance and geochemical information to 
develop a temporal framework for the evolution of the 
extensive Western Ethiopian Shield.  
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Asbestos belongs to a class of silicate materials with a 

history of industrial uses due to its inert physicochemical 
properties such as fire- and heat-resistance and tensile strength, 
which makes it an ideal material for many commonly used 
products in both the construction industry and the home [1]. 
There are two major forms of asbestos: serpentine (chrysotile) 
and amphibole (which includes crocidolite amosite, tremolite, 
actinolite, and anthophyllite).  Though it was long thought to 
pose no risk to human health, asbestos is now known to cause 
a variety of adverse health effects and has been classified as a 
human carcinogen [2]. It has been clearly established in both 
animal models and human studies that asbestos fiber inhalation 
can lead to neoplastic diseases such as malignant 
mesothelioma (MM) and lung cancer, as well as pulmonary 
fibrosis (i.e. asbestosis).  The toxic forms of chrysotile and 
crocidolite asbestos fibers are considered to be longer than  
5 μm, with a thickness of < 250 nm to 1 μm, and with an 
aspect ratio ≥ 3:1 as determined by transmission electron 
microscopy.  Despite widespread knowledge of the hazards of 
asbestos and bans on any use of asbestos in more than  
50 countries, an estimated 2 million tons of asbestos continue 
to be used around the world each year.  It has been clearly 
established in both animal models and human studies that 
asbestos fiber inhalation can lead to neoplastic diseases such as 
MM and lung cancer, as well as pulmonary fibrosis. The 
relative 5-year survival rate for mesothelioma is between 5% 
and 10%. Current therapies, with the exception of surgery in 
very early disease states, are not curative.  This has stimulated 
our search for serum biomarkers of MM that will permit early 
detection of the disease.  
 
Supported by National Institutes of Health grant P42ES023720 
to IAB. 
 
[1] Cancer Invest (1994) 12: 214-222. [2] IARC (2012)  
Monogr. Eval. Carcinog. Risk Hum 100(Pt C): 11-465. 
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A major goal of the Intensively Managed Landscape CZO 

(IML-CZO) is to understand how the critical zone of the 
agricultural midwest of North America will respond to the 
pressures of increased landuse and climate change.  As an 
early step towards that goal, the landscape response to a storm 
event of one of the IML-CZO field sites, the Clear Creek 
watershed in Iowa, was studied to determine the sources of 
sediment to the creek and the threshold of activation of each. 
The Clear Creek watershed is ~270 km2 and is dominated by 
corn-soybean agriculture. Water samples were collected with a 
6-hour frequency prior to, during and after a storm event in 
October 2014 at two stations ~20 km apart on the creek. The 
suspended particulate load was isolated via filtration and 
characterized by transflectance micro-FTIR spectroscopy and 
C, N elemental and stable isotope analyses.  

FTIR spectra indicate a carbonate component throughout 
the hydrograph that was especially obvious at low flow. It is 
currently hypothesized that the carbonate is from runoff of 
gravel roads constructed in part from local limestone. A 
montmorillinite-like signature dominates at high flow. The 
clay signature matches that of surface soils in the watershed. 

δ13C values varied from classic C3 plant signatures (-25 to 
-35‰) to those of C4 vegetation (~-15‰). C/N ratios varied 
from ~7-12. Temporal trends in both parameters are consistent 
with the mobilization of subsurface soils at all flows and the 
initiation of surface erosion at ascending flow. We interpret the 
results as indicating that road runoff and bank erosion are 
chronic sources of sediment to the stream, whereas surface 
erosion from agricultural fields becomes important during peak 
precipitation.  
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The mobility of uranium and co-occurring redox sensitive 
metals in abandoned mine wastes in Native American 
communites in northeastern Arizona (AZ), USA were 
investigated ex-situ using spectroscopy, microscopy and 
aqueous chemistry.  These methods include sequential 
extractions, leaching, speciation by HPLC-ICP-MS, Electron 
Microprobe, ICP-MS, XRF, XPS, and XAS to understand the 
speciation and mobility of uranium (U), vanadium (V), arsenic 
(As), and iron (Fe). 

The concentration of U in a water sample from a spring 
flowing out of the mine waste is 130 µg/L, nearly 5 times 
above the USEPA maximum contaminant limit (MCL) of  
30 µg/L. The arsenic concentration is 5.74 µg/L, which is 
lower than the As MCL of 10 µg/L.  Uranium concentrations 
in mine waste sediment samples range from 2,000 mg/kg to 
6,600 mg/kg and As concentrations are between 20 mg/kg and 
40 mg/kg. XPS and XAS results confirm the presence of U(VI) 
on the surface of these sediments and XPS spectra exhibit the 
existence of arsenic in oxidation states, -I and  III, iron as Fe II 
and III, and V is found as V(V). Sequential extractions reveal 
mobility of U with de-ionized water at solid uranium 
concentrations ranging from 0.300 mg/kg to 20 mg/kg. and 
arsenic concentrations from 0.01 mg/kg to 1.00 mg/kg. 
Quantitative and qualitative Electron Microprobe maps show 
the co-occurrence of U, V, As and Fe.   PHREEQC modeling 
of the spring water and deionized water sequential extraction 
effluent reveal U(VI), As(III), and Fe (II and III) as the 
dominant oxidation states in these aqueous systems. This 
research will answer questions about metals mobility in an arid 
region where water is a precious resource. 
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We present analyses for H2, CH4, N2, O2, Ar and CO2 

measured by mass spectrometry from Neoproterozoic halite as 
well as martian meteorites inclusions. We use a robust method 
(Blamey et al., in press) to analyse gas inclusions (GI) in 
geologic materials for procuring direct measurements of gas 
contents in terrestrial seawater and the atmosphere, and in 
meteoric, diagenetic, hydrothermal and martian meteorites. 
This applies equally to terrestrial (TE) and extraterrestrial (ET) 
materials of all ages. We are able to obtain gases from samples 
as small as 25 mg, hosting groups of inclusions as small as  
1 micron, using the incremental crush and fast scan (ICFS) 
method at room temperature. The small sample and gas 
inclusion sizes minimize problems of cross contamination and 
thus give gas contents with greater homogeneity, and more 
importantly, avoid many of the pitfalls experienced by other 
fluid inclusion gas methods. Acquisition of gases is achieved 
with two quadrupole mass spectrometers (Pfeiffer PrismaTM) 
operating in the fast-scan, peak-hopping mode. Detection 
limits with mass spectrometry for most inorganic gas species is 
about 0.2 ppm (about 1 femto mol), and slightly higher for 
organic species. The novel procedure allows us to determine 
routinely the following: H2, He, CH4, N2, O2, H2S, Ar, CO2 and 
H2O. Accuracy of gases in artificial inclusions is ~0.5%, and 
precision for  major gases is ~5% in natural materials. 

Martian Nahklites contain CH4, H2, N2, Ar, CO2, and  
martian Shergotites contain these gases and free water. The 
presence of CH4, N2 and H2O are necessary and fundamental 
building blocks for the evolution and to the existence of life on 
Earth and Mars. 

Neoproteorozoic chevron halites from the Browne 
Formation, Australia, contain water, N2, O2, Ar, CO2 and trace 
amounts of He and CH4. Whereas the modern atmospheric 
O2/Ar ratio is 22.4, halite fluid inclusion O2/Ar ratios vary 
from 11.4 to 13.6, implying that O2 levels during the early-mid 
Neoproterozoic were 50-60% of present oxygen levels. 
Adequate oxygen was present in the atmosphere and oceans 
facilitating the explosion of life during the Ediacaran and 
major diversification during the Paleozoic. 
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The reconstruction of the ocean’s circulation in the past is 
crucial for an understanding of its interaction with the climate 
system as a whole. The analysis of seawater-derived 
neodymium isotopes (143Nd/144Nd, expressed as εNd) in marine 
sediments provides a unique proxy for deep water provenance 
studies in particular in the Atlantic [1]. Obtaining past local 
bottom-water εNd from authigenic phases associated with 
foraminiferal tests has lately become the most reliable method 
available [2]. Attempts have also been made to extract the Nd-
rich authigenic metal fraction by reductive leaching from bulk 
sediment, thereby using this proxy with less effort, in the 
highest possible resolution and in sediments where 
foraminifera are not sufficiently present [1]. However, at 
several sites other sedimentary components were also leached 
in the process and contaminated the extracted Nd [3] [4]. 

In this project one conventional leaching method was 
graduated into small sub-steps and applied to a range of 
different Atlantic sediments in order to investigate the 
laboratory leaching behaviour in detail. Our results show that a 
foraminiferal Nd signature can be extracted from bulk 
sediment by a very simple short and gentle weak leach without 
prior removal of carbonates. Contamination from leachable 
volcanogenic phases occurred in several sediments later in the 
process after all carbonates had been removed, but could be 
traced with elevated Al/Nd ratios. Contamination by non-
biogenic carbonates, on the other hand, could clearly be 
identified by low Sr/Ca ratios. Rare earth element (REE) 
patterns, however, were not indicative of non-authigenic 
contamination. On this basis, a simplified, revised leaching 
procedure is proposed, which can extract seawater-derived Nd 
from a wide range of different deep sea sediments.  
 
[1] Böhm et al. (2014), Nature 517(7532), 73–76 [2] Roberts 
et al. (2012), GCA 94, 57–71 [3] Elmore et al. (2011), G³ Vol. 
12/9 [4] Wilson et al.  (2013), GCA 109, 197-221 
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Clay minerals are thought to be the most reactive minerals 
in rocks and soil and therefore play a large role in solid-fluid 
interactions. These reactions can provide clues for designing 
better methods for soil or water remediation. Their interaction 
with oil and saline water are suspected to be responsible for the 
low salinity effect for enhancing oil recovery (EOR). 

We used X-ray powder diffraction (XRPD) and scanning 
electron microscopy (SEM) with energy dispersive X-ray 
spectroscopy (EDXS) to investigate the properties of clays 
from two sandstones. One sample (Core B) had a considerable 
proportion of clay minerals, with several mineral species and 
the particles were large (~5 µm) with flaky and platy shapes 
(Fig. 1). In the other (Core L), particles were <1 µm across, 
with hexagonal morphology. 

We explored the adhesion properties on the pore surfaces 
of the bulk rock and on the separated clay fraction, using 
atomic force microscopy (AFM) and chemical force mapping 
(CFM) with a hydrophobic probe that was functionalised by 1-
undecanethiol (HS(CH2)10CH3). Surfaces from the bulk of Core 
L behaved as expected; adhesion decreased with decreased 
salinity. However, adhesion on surfaces from Core B was high, 
even when ionic strength decreased. Preliminary results from 
the solvent cleaned extracted clay showed no change in 
adhesion with change in salinity. This suggests that it is not the 
clay mineral surfaces that are responsible for adhesion change, 
but something associated with them.  

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: SEM image of the Core B clay fraction, showing 

several types of clay 
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Francis Birch’s almost five decade old proposed 
relationship between continental heat flow and heat 
production, which established that the heat producing elements 
U, Th, and K concentrate in the uppermost ~10 km of the crust, 
where they are slowly removed by erosion, revolutionized 
crustal geodynamics and has since been a cornerstone for 
understanding continental dynamics and evolution [1]. It 
provided an instant explanation for why heat production is 
smaller in the Precambrian crust with respect to its modern 
counterparts and why rheology varies with the age of 
continental provinces. U and Th are remarkable proxies for 
tectonic mixing, uplift, and erosion. Yet, although crustal U 
and Th segregation is well documented, U, the largest 
contributor to heat production, is massively leached by 
groundwater, and the mechanisms underlying crustal 
differentiation of U and Th are still unclear. Birch’s hypothesis 
hence requires more rigorous testing. Scientific breakthroughs 
often come from our ability to apply new analytical techniques 
and enhanced capabilities to long-standing problems. Using the 
relative abundances of Pb isotopes produced by the radioactive 
decay of U and Th, I will revisit Zartmann’s concept of 
Plumbotectonics [2], a term coined over three decades ago to 
explain Pb isotope systematics among the major terrestrial 
reservoirs, but here using a modern approach and perspective. I 
will address the issue of U and Th in the crust, as well as its 
broad-ranging implications for crustal geodynamics and other 
fields, such as environmental sciences and archeology to 
elucidate possible Pb contamination as well as trace the 
development of early manufacturing and commerce in 
sediment cores from ancient harbors and in old silver coins. 
The idea that Pb isotopes can be used to interpret regional 
geodynamics and geochemistry, which can then lead to a 
clearer perception of geotectonic processes at the continent 
scale, was unique and exciting. Plumbotectonics, however, was 
before its time, as the analytical techniques and capabilities 
were not able to fulfill its early promise. Now, with a new 
~7000 entry Pb isotope database for Europe, which, with its 
large amount of data, provides proof of concept and heralds 
application to other continents, and the geologically informed 
parameters of Pb model ages (Tmod), µ (238U/204Pb), and κ 
(232Th/238U), I will demonstrate the value of Pb isotopes as 
large-scale proxies of crustal differentiation and tectonics, and 
as a useful provenance tool in archeometry and geoarcheology. 
 
[1] Jaupart C. & Mareschal J.C. in Treatise on Geochemistry 
(2012) [2] Zartman R. & Doe B. Tectonophys. 75 (1981) 135. 
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The heterogeneous nature of the terrestrial mantle in terms 
of its chemical composition and physical properties has long 
been known; however, the origin of these heterogeneities and 
their residence time in the mantle are not fully understood. 
Some of the heterogeneities may have been inherited from the 
time of accretion or crystallization of a primordial magma 
ocean, while others may be due to recycling of crustal 
materials back into the mantle. Yet others may have resulted 
from changes in the thermal regime of the planet affecting the 
melting process through time, and some may simply represent 
sampling bias as only a tiny fraction of the mantle is accessible 
for study, and even that fraction is usually not directly 
representative of the mantle as a whole. In order to address 
these issues, we have used combined 143Nd/144Nd and 
176Hf/177Hf systematics of komatiite/basalt systems from 
around the globe ranging in age from 3.55 to 0.089 Ga to 
establish the composition and evolution of mantle sources 
through Earth history, in particular its earliest eras. Although 
the majority of the data (Kostomuksha, Abitibi, Belingwe, 
Birimian, Ottawa Islands, and Gorgona) plot on the terrestrial 
evolution curve in time-integrated 147Sm/144Nd–176Lu/177Hf and 
ε143Nd(T)–ε176Hf(T) space and show a broad increase from 
values close to chondritic in the oldest komatiite systems to 
ε143Nd(T) ≈ +10 and ε176Hf(T) ≈ +18 in the youngest Gorgona 
komatiites, there are notable exceptions. First, all the studied 
early Archean rocks (i.e., Schapenburg, Komati, and 
Weltevreden) plot well above the curve due to elevated time-
integrated Lu/Hf at a given Sm/Nd, reflected in 
correspondingly high ε176Hf(T) at a given ε143Nd(T). This 
feature most likely attests to the derivation of these komatiites 
from remelted crystallization products of a primordial magma 
ocean in deep mantle plumes. Second, komatiites from the  
2.4 Ga Vetreny Belt also plot above the terrestrial evolution 
curve; however, in this case, the Hf-Nd isotope incongruence 
is ascribed to the presence of deep-sea pelagic sediments in the 
Vetreny mantle source. Third, the 2.0 Ga Onega Plateau lavas 
uniquely plot below the terrestrial evolution curve. These lavas 
represent close analogues to modern OIB and hence may also 
have sampled ancient heterogeneities in the mantle. If 
confirmed, this observation would indicate very sluggish 
mixing of the terrestrial mantle on the scale of at least 2.5 Ga. 
Finally, conspicuous decrease in the time-integrated 
147Sm/144Nd and 176Lu/177Hf of komatiite sources over time 
possibly indicates back-mixing into the deep mantle of a relict 
early enriched reservoir.  
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To constrain the origin of komatiites from the Barberton 
Greenstone Belt, South Africa, we measured 176Lu-176Hf and 
147Sm-143Nd compositions for 18 komatiites from ICDP coring 
in the Komati Formation of the Barberton Belt, as well as  
33 komatiites from surface outcrops of the Komati, 
Hooggenoeg, and Weltevreden Formations. Magmatic 
clinopyroxene from surface samples near the drill site was also 
analyzed. For the Lu-Hf isotope system, the Komati Formation 
surface and core samples and the clinopyroxene define a linear 
array whose slope corresponds to an age of 3426 ± 16 Ma 
(MSWD = 118), which is slightly younger than the accepted 
age of the rocks (3.48 Ga). The Sm-Nd isotope data for the 
same set of samples likewise fall along a linear array also 
yielding a younger age of 3339 ± 12 Ma (MSWD = 42). The 
high MSWD for both isotope systems indicate substantial 
scatter at variance with normal magmatic processes, likely 
implying element mobility disturbing even these relatively 
robust isotopic systems shortly after eruption of the lavas. The 
average initial εHf and εNd of the core samples are +1.4 and 
+0.45, respectively, in accordance with a depleted mantle 
source at 3.5 Ga, while the clinopyroxene and their host rocks 
have strongly positive εHf(T) of about +5 and negative εNd(T) of 
about -2. Given the overall scatter of the whole-rock data, the 
most robust constraint on the composition of the komatiite 
source comes from the clinopyroxene. Their positive εHf(T) is in 
line with, though somewhat higher than other results from 
komatiites from the Komati Formation, but their negative εNd(T) 
is unexpected in that it indicates a source with long-term low 
Sm/Nd, which is at odds with its long-term high Lu/Hf. This 
signature is also found in the trace element compositions of 
some of the komatiites, such as moderately enriched LREE, 
negative Hf anomalies, and low Hf/Sm ratios. The origin of 
these features is uncertain but one possibility is that the 
discordance between the Hf and Nd isotope systems reflects 
the presence of deep-sea sediments in the source of some of 
the Barberton komatiites. This has potentially wide 
implications for plate tectonics and crust-mantle interaction in 
the early Earth 
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Zinc isotope ratios were measured for pore water samples 

collected from a pilot-scale remediation system designed to 
asssess the potential benefits of promoting bacterial SO4 
reduction and precipitation of metal sulfides. Samples were 
collected from three test cells at the Greens Creek mine 
(Alaska, USA), including a control cell and two treatment 
cells. Cells TC4 and TC7 were amended with organic carbon. 
The first treatment cell (TC4) contained 5 vol.% organic 
carbon as peat (2.5 vol. %) and spent brewing grain (2.5 vol. 
%), and the second treatment cell (TC7) contained 10 vol.% 
organic carbon as peat (5 Vol. %), spent brewing grain  
(2.5 vol. %) and municipal biosolids (2.5 vol. %). High 
concentrations of dissolved Zn (97 to 320 mg L-1) and SO4 near 
the tailings surface indicate Zn release by sphalerite [(Zn,Fe)S] 
oxidation. Zinc isotope ratios near the tailings surface in all 
three cells were similar and ranged between +0.25 and 
+0.35 ‰ (δ66Znavg = +0.3 ±0.05 ‰). At depths equal or below 
1 m below surface, Zn concentrations were generally below 
2.7 mg L-1 in TC4 and TC7 and below 7.1 mg L-1 in TC2. This 
decline in Zn concentrations in TC4 and TC7 is attributed 
bacterial SO4 reduction and concomitant alkalinity production, 
leading to extensive precipitation of Zn sulfide phases and 
potentially Zn carbonate phases. Zinc isotope measurements 
indicate Δ66Zn values of up to -0.35 ‰. Laboratory studies 
indicate precipitation of Zn sulfide phases results in 
preferential incorporation of 64Zn, resulting in increasingly 
positive δ 66Zn values, whereas precipitation of Zn carbonate 
leads to increasingly negative δ66Zn values. These observations 
suggest that precipitation of a combination of secondary 
sulfide and carbonate phases controls Zn mobility and isotope 
ratios under SO4-reducing conditions within the amended cells. 
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The Raman spectra of the majority of simple and complex 
carbonate minerals are determined using density functional 
perturbation theory in the ABINIT implementation and made 
available on the WURM website (http://wurm.info). Most 
carbonates have rhombohedral, i.e. calcite-like, or 
orthorhombic, i.e. aragonite-like, structures. Most spectra are 
computed at the theoretical 0GPa pressure and at the 
experimental density at ambient conditions. We also study in 
detail the MgóCa substitution and the order-disorder relations 
along the magnesite – dolomite – calcite series.  

We find that all the Raman spectra are dominated, as 
expected, by the stretching modes of the planar CO3 groups. 
The low-frequency modes are dominated by the heavy cations. 
Their degeneracy is directly determined by the symmetry of 
the structure. We performed a detailed comparative study to be 
able to identify identification trends. We determine peak 
position dependence on the Mg/Ca ratio and order in the 
(Mg,Ca)CO3 series. 

Finally we compute C and O isotope fractionation patterns 
between various carbonate polymorphs. We also compute their 
relative stability, and the hydration energies.  
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During repository building measures a natural river was 
relocated and the river water was directed through a new 
artificial bed lined with a concrete basement and local 
colluvium. Shortly after, centimetre-thick, beige-colored 
coatings were observed in the river bed. To understand this 
rapid sedimentation process a monitoring program of aqueous 
solution and solids sampled along the stream was launched, 
including mineralogical, elemental and isotopic analyses. 
Stream water showed pH values up to 12.9, Ca2+ and HCO3

- 
contents up to 196 and 647 mg L-1, respectively, and very high 
supersaturation with respect to calcite and other calcium 
carbonates (SI_calcite up to +2.5). Some distinct relationships are 
observed: Ca in solution covaries positively, Mg and PCO2 
negatively with pH. A first set of crystal aggregates collected 
in the field was found to disintegrate into a light-colored 
calcite powder within one day. Being suspicious, more crusts 
were recovered in original solution and a constantly-cooled 
refrigerator box. Immediate XRD and FT-IR analyses revealed 
ikaite – calcium carbonate hexahydrate – being the rarely 
documented mineral never reported from such an 
environmental setting before. Ikaite is precipitating in a narrow 
temperature range (<6°C) from strongly supersaturated and in 
particular high alkaline solutions, e.g. some specific lake-, sea- 
and spring-water mixing locations, Arctic- and Antarctic sea-
ice. In our case, portlandite (Ca[OH]2) dissolution from the 
concrete basement by water inflowing during wintertime 
provided hydrochemical conditions for ikaite precipitation. In 
this “natural laboratory” distinct ikaite vs. calcite spatial 
distribution encountered along the stream and fluid-solid 
evolution over time was studied. Our findings do not support 
nucleation inhibitors (e.g. phosphate, organic constituents), 
strongly elevated ionic strength (salinar), or water-mixing as a 
crucial demand for ikaite formation. Elemental as well as C 
and O isotopic signatures are used to trace ikaite formation in 
respect to e.g. sources and fractionation of constituents in the 
precipitate, and their chemical evolution in the waters. 
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Proxy records of zooxanthellate scleractinian corals are 

widely used for reconstructing past climate. It is well known 
that coral physiology strongly influences isotope and element 
incorporation in coral skeletons. Proxies commonly have to be 
calibrated for individual coral colonies before they can be 
applied. For a better understanding of these so-called vital 
effects it is important to understand and quantify the processes 
that influence proxy recording in corals and coral calcification 
in general. 

We developed a numerical model of elemental and isotopic 
fluxes in scleractinian corals. It is based on the two recently 
published coral models of Hohn and Merico (2012, 2015) [2] 
[3] and Nakamura et al. (2013) [4]. It is implemented as a 
boxmodel quantifying ionic and molecular fluxes between 
ambient seawater and the major coral compartments, oral and 
aboral epithelia, coelenteron, calcifying medium, and skeleton. 
It includes carbonic and boric acid chemistry and isotopes, 
calcium and its isotopes, and O2. Trans-cellular and para-
cellular fluxes are implemented. 

The ion permeability of the oral epithelium was tuned to 
45Ca tracer data of Furla et al. (2000) [1] and Ussing chamber 
results of Tambutté et al (2012) [5]. Diffusive ion 
permeabilities of the aboral epithelium and the skeleton are 
constrained by electro-physiological data from Ussing chamber 
experiments on Stylophora pistillata colonies. The combined 
para- and trans-cellular model fluxes were adjusted to yield 
calcification rates equivalent to an annual extension on the 
order of 1 cm/year. 

Our initial results confirm the conclusion of Hohn and 
Merico (2015) [3] that para-cellular fluxes through the aboral 
epithelium are of minor importance. Ion diffusion through the 
coral skeleton is also insignificant compared to the trans-
cellular fluxes. Trace elements and isotopes are used to further 
constrain and test the model and to identify processes 
influencing their incorporation. 
 
[1] Furla P., Galgani I., Durand I., Allemand D. (2000) J.  exp. 
Biol. 203, 3445-3457. [2] Hohn S., Merico A. (2012) 
Biogeosciences 9, 4441-4454, doi: 10.5194/bg-9-4441-2012. 
[3] Hohn S., Merico A. (2015) Frontiers in Earth Science 2, 
37, doi: 10.3389/feart.2014.00037. [4] Nakamura T., Nadaoka 
K., Watanabe A. (2013) Coral Reefs 32, 779-794, doi: 
10.1007/s00338-013-1032-2. [5] Tambutté‚ E. et al. (2012)  
Proc. Royal Soc. B, 279, 19-27, doi: 10.1098/rspb.2011.0733. 
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Most deep-sea sediments are characterized by low carbon 
input and deep penetration of oxygen as key electron acceptor. 
Where energy becomes available in the form of organic matter 
or as gases such as methane or sulfide, redox gradients develop 
quickly as a consequence of the microbial exploitation of such 
energy sources. Such hot spots at the deep-sea floor are 
associated with hydrocarbon seepage,  or with local deposits of 
matter, for example from massive sedimentation of algal 
blooms, kelp, carcasses of wood falls. This presentation 
discusses the identification, distribution and function of key 
groups of bacteria and archaea populating redox gradients of 
cold seeps and large food falls in deep-sea sediments, thereby 
forming the basis of hotspot ecosystems in the deep-sea. It 
addresses global patterns in microbial activity at the interface 
between oxic and anoxic realms in the seabed, by combining 
biogeochemical and microbiological data from recent in situ 
field studies, highlighting the dynamics of deep-sea 
ecosystems. An unexpected finding is the ubiquity and 
dominance of a few core groups of microorganisms with 
global relevance in the cycling of organic carbon, methane and 
sulfur, among a huge diversity of microbial ecotypes with 
unknown functions and adapations to their habitats.  
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Chemical weathering of the crust plays a major part in 
global geochemical cycling by redistributing elements between 
Earth’s surface reservoirs. On a geological time scale chemical 
weathering buffers Earth’s climate as atmospheric CO2 is 
consumed during the breakdown of silicate minerals and 
eventually stored as carbonates in the ocean. However there 
are fundamental problems in estimating chemical weathering 
fluxes and their climatic impact. These include distinguishing 
between silicate and carbonate sources of riverine dissolved 
loads, understanding the nature of element cycling along 
groundwater and river flow paths, and understanding the 
couplings between climate and chemical weathering rates. 

We use a multi-proxy approach combining well established 
elemental methods and novel stable isotopic techniques to 
assess the importance and controlling parameters of silicate 
weathering in Himalayan River catchments. Lithium isotopes 
have been highlighted in recent years as they almost 
exclusively reflect silicate weathering and have been shown to 
correlate with weathering intensity (e.g., [1]). However, in 
order to understand the relationship between weathering 
intensity and lithium isotopic fractionation it is important to 
have appropriate physical models for the interaction of fluids 
and minerals in weathering environments.  

Weathering reactions likely take place continuously within 
catchments with water flowing through a range of shallow to 
deep paths as rock is progressively exhumed through these 
flow paths. To model this it is necessary to consider how 
kinetically-limited fluid-mineral reactions will evolve along 
individual water flow paths and to understand the range of 
inputs to river systems. We present a simple one-dimensional 
transport reaction model to calculate Li-isotopic fractionation 
in a plausible weathering setting. The modelling reveals the 
key controlling parameters and predicts the isotopic evolution 
along the water flow paths. 

 
[1] Huh, Chan & Edmond (2001) Earth and Planetary Science 
Letters 194, 189-199. 
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Influential papers by O’Hara and colleagues (e.g., 1977, 

1981, 1998) that quantify episodic open-system processes 
(recharge/mixing, crustal assimilation, crystal-melt separation 
(RAFC)) and eruption were among the first to highlight the 
critical role computational models play in modern igneous 
petrology. Energy-Constrained Recharge, Assimilation, 
Fractional Crystallization (EC, Spera & Bohrson 2001) 
computes trace element, isotope, and mass consequences of 
simultaneous RAFC. The Magma Chamber Simulator (MCS, 
Bohrson et al. 2014) employs mass and enthalpy balance in a 
thermodynamic framework to calculate thermal, mass, 
major/trace element, and isotope changes to melt + crystals ± 
fluid in a magma + recharge magma + wallrock composite 
system during RAFC, given reasonable assumptions about the 
rheology of partially molten systems at isobaric conditions. EC 
and MCS models illustrate thermal, petrological, and 
geochemical responses to RAFC that defy conventional 
wisdom. (1) Thermal: Assimilation of colder wallrock melt 
does not necessarily cause a pulse of magma crystallization; 
instead, assimilation typically suppresses crystallization by 
modifying the topology of GX-phase saturation surfaces. 
Calculations support observations that recharge/mixing yield 
mixed magma temperatures (T) that are greater than host 
magma T. But modelling also suggests that mixed magma T 
can be lower than T of both host and recharge because 
thermodynamic constraints require mineral resorption; 
disequilibrium mineral textures are thus evidence of cooling 
during recharge/mixing. (2) Petrologic: MCS results show that 
minerals in the magma body appear and disappear in response 
to mass and enthalpy exchange. Thus, petrogenetic 
reconstructions and inferences about magma timescales based 
on mineral records may be incomplete. (3) Geochemical: 
During RAFC, element concentrations, element-element and 
element-isotope trajectories are not simple, monotonic 
functions of degree of contamination and/or recharge. As 
O'Hara concluded forty years ago, diagnosis of RAFC requires 
computational modelling. We argue that mass- and energy-
constrained thermodynamic modelling should routinely be 
applied to all petrologic studies to decipher crust vs. mantle 
contribution to geochemical diversity.   
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Hematite is a common iron oxide in Earth’s upper crust 

and plays key roles in a variety of biogeochemical processes. 
Interfacial charging and adsorption phenomena involving this 
mineral are central to its reactivity, and are now linked with 
important surface-to-bulk electron transfer reactions. Impure n-
doped phases open possibilities for exploring electron transfer 
phenomena and for addressing fundamental issues of the 
mineral/water interface as a molecular capacitor. 

Electrochemical studies of hematite single crystal 
electrodes have provided key insights into plausible electric 
potentials developed at the mineral/water interface. In this 
study, we present recent efforts by our group to develop an 
electrochemical depiction of the entire bulk hematite to 
hematite/water interface. We depict this system using an 
equivalent electrical circuit (Fig. 1) representing various 
resistance and capacitance terms pertaining to charge-carrier 
transfer across the electric double layer and the surface/bulk 
interface. This circuit and its parameters were developed from 
Electrochemical Impedance Spectroscopy measurements of 
hematite single crystals. Measurements on roughened and 
crystallographically oriented faces contacted with aqueous 
solutions of various ionic strengths and background 
electrolytes can be readily related to our current-day 
molecular-level knowledge of mineral-ion interactions. These 
measurements also offer a considerably different view on the 
impact of solution and surface chemistry on electric double 
layer capacitance values compared to those that are indirectly 
extracted by surface complexation modeling. We are moving 
this work to spatially-resolved measurements using Scanning 
Electrochemical Microscopy. These efforts are underscoring 
the heterogeneous nature of mineral/water interfacial 
properties of macro-sized hematite surfaces.  

���  
Fig. 1. The hematite/water interface and its equivalent electric 
circuit. 
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Studies using BIR-1 as a reference for HSE and Re-Os 

isotope analysis are rare and only few data is available. 
Literature on BIR-1 (Icelandic basalt ca. 48 g/100 g SiO2) 
display poorer reproducibilities of Ru and Ir indicating sample 
digestion problems for Ru and Ir relative to other PGE [1] [2]. 
Digestions of PGE hosted in silicate phase has been reported 
incomplete with wet acid digestions and addition of HF acid in 
combinition with HPAs proves to be effective [3]. An accurate 
Re determination from silicate phase with sinerting-anion 
exchange has already been established avoiding use of HF [4]. 
This study is extended and a method is developed to determine 
PGE in silicate and hydroxide phases separatly in sintering. 
Replicates of BIR-1 (0.5 g) has been digested with sintering 
and after centrifugation, supernatant and hydroxides has been 
separated and dissolved in dilute and concentrated HCl. To 
each of the phases PGE-spike has been added as equilibration 
of spike before centrifugation has not been established. 
Preconcentration is done with anion exchange chromatography 
using 8 mol/l, 12 mol/l and 14 mol/l HNO3. Measurements are 
performed with Agilent 8800 ICP-MS/MS using different gas 
modes (Rh   and Au with external calibration). Preliminary 
data for PGE-Re and Au is in good agreement with literature 
[1] [2] [5] as shown in table 1. As a next step precision of data 
will be improved using larger test portion masses. Blanks are 
still unsatisfyingly high for all PGE in particular for Ir, which 
does not allow quantification. 

 
 
[1] Meisel et al., (2004). Geost and Geoana Res 28(2): 233-
250. [2] Ishikawa et al., (2013) Chem Geol 384(0): 27-46. [3] 
Meisel et al., (2009). Geochimica et Cosmochimica Acta 73: 
867. [4] Bokhari & Meisel (2014) Min Mag, 7(5) 1362. [5]. 
Bézos et al., (2005). Geochimica et Cosmochimica Acta 
69(10): 2613-2627. 
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These last years, a considerable progress has been obtained 

in the knowledge of how Nominally Anhydrous Minerals 
(NAMs) store water as a function of the various 
thermodynamic and chemical variables. The water storage 
capacity of olivine and orthopyroxene is quite well known and 
that of garnet is under consideration. Still, we know nothing 
about the effect of depth on the storage of water in calcic 
clinopyroxene. The result is very important because 
clinopyroxene is the most water-rich NAMs that is observed in 
cratonic xenoliths and could have the same contribution as 
olivine to the total water storage capacity. 

We thus performed multi-anvil experiments at pressures of 
3 to 9 GPa and 1200 to 1350°C in multi-component peridotitic 
system in the form of sandwich experiments. The aim is to 
constrain the effect of pressure and temperature on the water 
storage in Ca-clinopyroxene. The water contents have been 
measured with FTIR and Raman spectroscopy depending on 
the grain size.  

The results will provide constraints on the partitioning of 
water between clinopyroxene and olivine as a function of 
depth and allow to definitely fix the water storage capacity of 
the mantle in the peridotite-H2O system. 
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Carbon dioxide (CO2) capture, transport and storage 

(CCTS) in deep geological formations can mitigate the 
atmospheric concentration of greenhouse gases. Purity of CO2 
is an important aspect for CCTS since it affects the cost of 
capture. 

In order to determine the impact of impurities in the CO2 
stream on injectivity, porosity, permeability and geochemistry 
of the reservoir, a flow through experimental setup is designed, 
representative of a depleted gas field in northeast Netherlands.   

Core samples with a length of 6 cm and diameter of 2.5 cm 
were analysed with micro computed tomography (CT) scans, 
as well as porosity and permeability measurements pre and 
post experiments. 

The core samples were stored in vacuum for 28 hours and 
subsequently saturated with brine for 95 hours. They were then 
wrapped in teflon and placed in a polyether ether ketone 
(PEEK) sample holder which in turn was placed in the reactor. 
Methane was injected up to a pressure of 20 bar to be 
representative of a depleted gas reservoir. Following that  CO2 
and CO2 + 100 ppm H2S were injected through the samples up 
to a pressure of 120 bar. The confining pessure was 130 bar. 

Various parameters were tested in these experiments. CO2 
was injected with various differential pressure  values in order 
to assess the impact on injectivity,especially in terms of salt 
precipitation and drying out effects. Furthermore the influence 
of initial reservoir permeability was tested in order to provide 
possible recommendations for the selection of perforation 
zones in wells. In addition, the impact of drainage and 
imbibation processes following injection was analysed. 
Finally, the geochemical effects of the injected gases on the 
reservoir were studied.  
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The Asian monsoon system provides critical natural 

services, primarily through heat and water transport. However, 
our relatively short instrumental records in Asia (30-50 years) 
limit our understanding of natural climate variability both 
regionally and globally. A 450-year-old coral from Hon Tre 
Island, Vietnam, in the center of monsoon driven upwelling, 
provides annual to decadal scale records of monsoon 
variability since the Little Ice Age (LIA). Towards the end of 
the LIA, 14C more closely follows atmospheric variability 
suggesting a weaker monsoon (upwelling). SST (Sr/Ca) and 
δ18O in the LIA share similar interannual trends up until the 
1900’s suggesting some external drivers of climate. The δ18O 
show an increase towards the present suggesting a shift in the 
monsoon system and/or increased precipitation compared to 
the LIA. We discuss these seasonal and inter-annual proxies in 
the context of tropical Pacific climate change. 
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Both nanocrystalline uraninite (UO2) and non-crystalline 

U(IV) form in anoxic sediments, controlling the fate and 
transport of U in contaminated aquifers. It is important to 
distinguish between these forms of U because non-crystalline 
species are more reactive towards oxidants and aqueous 
complexing ligands, increasing the likelihood of U re-release 
into groundwater in the presence of such solutes. 

Much work has been done to elucidate microbiological and 
geochemical conditions favouring non-crystalline U(IV) or  
UO2 formation. Iron reducing and sulphate reducing bacteria 
can produce non-crystalline species. Non-crystalline U(IV) 
formation is also favoured in the presence of a strong 
complexing ligand (e.g. phosphorus). We have developed a 
model system, analogous to a high-organic matter sediment, to 
study U(VI) reduction and U(IV) speciation. The model 
comprises homogenized plant roots incubated in artificial 
groundwater (containing ~7 mM sulphate, bicarbonate, and 
Ca2+). Sulphate reduction is carried out by the native microbial 
community associated with the roots, which utilizes the 
products of root decomposition (no electron donor is added). 
We use this model to address the following questions: (1) does 
the ratio of U to sorbent influence the ratio of non-crystalline 
U(IV) to uraninite? (2) Does reduction of U occur 
predominantly via enzymatic reduction (direct biological) or 
by the reaction of U with the reduced products of anaerobic 
metabolism (indirect biological)? And, finally, (3) Does the 
mode of U reduction (direct biological vs. indirect biological) 
lead to differences in the ratio of non-crystalline U(IV) to 
UO2?  
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Present day mining exploration readdresses the old 
problem about the control of cataclastic deformation bands 
(CDBs) on fluid flow, which is still debated in petroleum 
research. CDBs are common structures in porous sandstones 
[1]. These structures are tabular zones of finite width that have 
experienced grain rotation, crushing, cataclasis or cementation 
and they correspond to the localization of strain in porous 
rocks.  

Field and laboratory measurements exhibit evidence of 
porosity reduction in the CDBs (ratio of ½ to ¼ of the host 
rock porosity) and that the CDBs permeability is significantly 
reduced by one to six orders of magnitude relative to the host 
rock [2].  

In fluid saturated rocks, CDBs seem to behave like 
transient barriers, whereas in unsaturated rocks, their effect on 
fluid flow is not clear. In the vadose zone, a barrier effect was 
observed for paleofluids [3] whereas laboratory tests suggest 
that CDBs could be capillarity conduits [4]. In this work, we 
try to further understand and find field, mineralogical and 
geochemical evidences for CDBs behavior.For that, we 
examine the spatial distribution of oxidation fronts and CDBs 
in the porous sandstones of Bedoin (SE France) to discuss 
interaction between fluid flow and CDBs in the vadose zone. It 
appears that the oxidation fronts underline preferential 
pathways for the ground water, and CDBs seems to constitute 
a trap where the oxides contained in the fluid accumulate. The 
rare earth element (REE) patterns show a decreasing slope 
from light REE to heavy REE, and europium or cerium 
anomalies, which provides information about the oxidating 
fluids. 
 
[1] Saillet and Wibberley, (2010) J of Struct Geol 32, 1590-
1608. [2] Fossen and Bale, (2007) AAPG Bul 91, 1685-1700. 
[3] Eichhubl et al., (2004) Geol Soc of Am Bul 116, 1120-1136. 
[4] Sidga and Wilson, (2003) Water Resources Research 39, 
8p. 
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High-pressure metamorphic rocks in the Ubendian–

Usagaran Orogenic Belts records fluid-related processes at 
Paleoproterozoic and Neoproterozoic subduction zones.  
Recent in-situ zircon and monazite geochronological data, 
including our own new data, reveals a poly-orogenic nature of 
the Ubendian–Usagaran Orogenic Belts.  Different tectonic 
terranes in the Ubendian Belt recorded unique 
tectonometamorphic history during the Proterozoic orogeny.   
The earliest Pacific-type subduction of basaltic rocks 
manifested by relics of eclogites of MORB-affinity is recorded 
in the Paleoproterozoic Ubende Terrane.  Lithologic 
associations of the tarrane indicates that the eclogites represent 
a tectonic slice of a subducted oceanic lithosphere. Eclogite–
granulite transitional-facies metabasalts yield U–Pb zircon 
ages of 1.89–1.86 Ga as a subduction event that was followed 
by a collision of cryptic nature at 1.83 Ga.  

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

In this contribution, we will present new insights, 
including our on-going project, into the Proterozoic 
subduction-zone metamorphism and metamorphic evolution of 
the Ubendian–Usagaran Orogenic Belts.  
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The stable isotopic compositions of meteorites have been 

widely studied to constrain early processes in the solar nebula 
and planetary accretion and differentiation processes such as 
core formation (e.g., [1]). It has been proposed that stable 
chromium isotopes could be fractionated during core formation 
[2] on the basis that chondrites appear to be isotopically lighter 
than the Bulk Silicate Earth (BSE). More recently, it was 
proposed that the stable Cr isotopic difference between 
chondrites and BSE is due to hetorogeneity in the solar system 
[3].  

Here we report high precision stable Cr isotopic 
compositions for 19 meteorites (chondrites and achondrites). 
The external precision of these measurements is about 15ppm, 
which is almost 4 times better than previous studies. Samples 
were analysed for both unspiked and double-spiked aliquots 
and corrections made for nucleosynthetic anomalies to 
determine mass dependent variations.  

The δ53Cr values for carbonaceous chondrites range from -
0.13 to -0.07 which is more variable than for ordinary 
chondrites (-0.14 to -0.11). Enstatite chondrites are isotopically 
heavier than ordinary chondites and these small variations 
within our dataset could be due to redox conditions and 
heterogeniety in the early solar system. HEDs and Martian 
meteorites are characterised by more variability with a good 
correlation between Cr concentration and δ53Cr, which may 
reflect magmatic processes.  

The chondrites analysed in this study have isotopic 
compositions that are similar to that of BSE, in contrast to 
findings of other studies [2] [3]. Isotopic fractionation between 
metal and silicate at high temperature was also studied using 
piston cylinder experiments. Both silicate and metal fractions 
were analysed for their Cr isotopic compositions. There is no 
isotopic difference between these phases. These new results 
suggest that there was no Cr isotopic fractionation during core 
formation on Earth. 

 
[1] Armytage et al. 2011, GCA [2] Moynier et al. 2011, 
Science [3] Schiller et al. 2014, JAAS. 
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Fossils of fungi are sparse and our knowledge of the early 

evolution of this major kingdom of life is notoriously lacking. 
While the Rhynie chert fossils with the superbly-preserved 
fungal and flora assemblages remain a milestone in the 
colonization of land in the early Devonian (~410 Ma)1, older 
fungal remains were reported such as Glomales from the 
Ordovician (460 Ma) and the lichen-like fossils (~600 Ma)2.   

Here, we report the presence of microscopic filaments 
alone and/or connected to spore-like structure fossilized in 
Neoproterozoic rocks of the Mbuji-Mayi Supergroup 
(deposited between 1174 and ca. 800 Ma) located in the Kasai 
oriental region in Democratic Republic of the Congo (DRC). 
These fossils are composed of carbonaceous material (ESEM-
EDS) as the original organic matter has been partially 
transformed into kerogens (Laser Raman micro-spectroscopy). 
However, chitin-forming compounds which are characteristics 
of the fungi cell wall have been detected in those filaments by 
WGA-FITC fluorescent staining. We interpret those fossilized 
remains as fungi with an estimated minimum age of 800 Ma. 
The fossils were preserved in shale beds deposited in very 
shallow lagoon and lacustrine environments subjected to 
terrestrial freshwater  inputs3, this may indicates that land 
colonization by fungi was possibly underway in the early-
Neoproterozoic.  
 
[1] Redecker et al. (2000) Science 289:1920-1921. [2] Yuan et 
al (2005) Science 308 :1017-1020. [3] Delpomdor et al. (2013) 
J.Afr.Earth Sci. 88: 72-100. 
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Rock matrix dissolution, mineral precipitation and inter-
fluid mass transfer will have an important impact on reservoir 
quality and storage integrity during the injection of CO2 into 
carbonate reservoirs. Rock structure heterogeneity can have a 
significant effect on processes involving transport and reaction 
of aqueous components through porous media. To observe the 
effect of pore structure heterogeneity on reactive transport, 
core flooding experiments were carried out for a sandstone and 
two carbonate rocks of different heterogeneity for four 
different peclet numbers. The rock cores were 20cm long and 
had a diameter of 7.62cm. The dispersion, mixing and reaction 
of chemical components were visualised in 3D with the use of 
chemical dopants and a medical CT scanner (fig. 1C). 
Heterogeneity is characterized by the spread in local transverse 
dispersion coefficients. For Peclet number 2, for the 
homogenous rock the local transverse dispersion coefficients 
ranged from 4.1x10-4 cm2 min-1 to 5.9x10-4 cm2 min-1 and 
for the most heterogeneous rock from 2.5x10-3 cm2 min-1 to 
7.2x10-3. A device consisting out of three annular regions was 
used for injection (fig. 1A). An analytical solution to the flow 
and transport equations for this new inlet configuration was 
derived to design the experiments (fig. 1B). For the reactive 
transport experiments, an ICP-MS was used to measure the 
effluent. The core flooding experiments were modelled using 
both, the CrunchFlow and ToughReact reactive transport 
codes. High quality data sets of the space and time evolution of 
the concentration in non-reactive and reactive core-flooding 
experiments like these can be used as future benchmark test for 
numerical models. Furthermore, these observations can be 
used in the development of upscaling techniques for accurate 
and efficient modelling of chemical processes during flow in 
porous media. 
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Geologists face several time-consuming tasks between the 

initial preparation of samples and their ultimate goal of 
identifying and measuring visual features within them, e.g., 
fission tracks within apatite grains.  Those tasks include 
manually scanning the slide to determine promising regions to 
investigate, traversing focal depths to estimate the value and 
viability of a grain's features, all while maintaining a consistent 
coordinate system, sample-specific notes, and a record of all of 
the data and work involved. This project demonstrates the 
design, prototype, and possibilities of a system that automates 
the workflow of all of these preparatory tasks, allowing 
geologists to maximize the time they spend leveraging their 
expertise: geological judgment.  

A "Google map of a microscope slide" captures the 
essence of this system's output. Starting from the prepared 
slide, the system (1) scans the entire slide at a geologist-chosen 
optical zoom, storing all of the raw images as it goes,  (2) 
creates a single, in-focus image at each xy-location on the fly 
through analysis of each image stack, (3) computes a 
consistent, global coordinate system for all of those images 
captured, (4) uses those global coordinates to stitch together a 
very large single image, or "slide map," of the entire slide, and 
(5) provides a browser-based interface, deployed either locally 
or online, through which a geologist can navigate the slide 
map. Via Google-maps-like controls, a geologist explores the 
slide, zooms in and out, and annotates locations, Then, through 
its consistent, global coordinate system, the system can 
automatically return the microscope to a point the geologist 
clicked for a closer investigation on the live rig. 

After building the slide map, additional algorithms in our 
proof-of-concept system (1) extract possible grains based on 
contrast and shape, (2) distinguish apatite from other materials 
present, and (3) suggest the most promising grains for further 
exploration by the geologist. The extensible slide-map system 
thus untethers the geologist from the microscope – while still 
retaining a geologist's scientific judgment as the central 
contribution of scope-based analysis. 
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The sulphosalt solid solution tetrahedrite-tennantite is the 
primary source of antimony (Sb) and arsenic (As) 
contamination of waste rock, soil and streams at the historical 
mining site Špania Dolina. We have studied the association of 
Sb in the tetrahedrite oxidation products characterized in the 
field by a bright to olive green colour. Synchrotron-based  
μ-XRD, μ-XRF, and μ-XANES combined with electron 
microprobe analyses have been used to determine the 
mineralogy, chemical composition, element distribution and Sb 
speciation in the tetrahedrite oxidation products. Our results 
show that the mobility of Sb is limited by the formation of 
tripuhyite (FeSbO4) and romeite-group minerals present as a 
microcrystalline mixture with average Sb concentration of 
38.06 wt%. Significant concentrations of Cu (average of  
18.9 wt%), As (14.11 wt%) and Fe (17.2 wt%) were also 
detected. Antimony K edge μ-XANES spectra of these 
oxidation products indicate that the predominant Sb oxidation 
state is 5+. Arsenic is preferably enriched in the amorphous 
phases (average As concentration of 26.27 %) closely 
associated with tripuhyite and romeite. Other elements in the 
amorphous phases associated with tetrahedrite weathering are 
Cu (average of 28.9 wt%), Sb (8.27 wt %) and Fe (12.02 wt%).  
The variable solubility of the secondary minerals that have 
been identified is expected to influence mobility of As and Sb 
in the near surface environment. 
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We present a reactive transport model (RTM) for 
degradation of Sulphate Resistant Portland Cement (SRPC) in 
a modified thin-layer flow-through reactor [1]. In 
corresponding laboratory experiments CO2 partial pressure was 
varied from very low (CO2(g) <2ppm) to concentrations 
encountered in granitic groundwater (2mmol/l HCO3

-(aq)). 
Outflow solutions were closely monitored for pH and released 
ions from the solid. The modeling aimed to realistically 
reproduce degradation of the multiphase material, including 
reprecipitation of secondary phases, as well as removal and 
transport of ions. Therefore, the initial model composition was 
mass-balanced with the experimentally employed SRPC. The 
RTM was realised as a 1-D column using a law of mass action 
code (Phreeqc [2]). A constant flow rate of 1ml/min was used, 
causing the necessity to assign kinetic rates to precipitation and 
dissolution reactions of the solid phases. To determine the 
necessary column refinement a sensitivity analysis was 
performed. Corse resolution resulted in relatively well 
agreement of pH and ion concentrations in outflow 
concentrations. However, in-detail analysis of individual 
calculation steps revealed mismatch between calculated 
saturation states and dissolution/precipitation rections, thus 
showing a potential pitfall of such a model. Extensive 
refinement resulted in very long calculation times. The final 
RTM successfully reproduced degradation of SRPC with four 
input solutions at different CO2(aq) content. Modeling results 
indicated that an earlier drop of pH in outflow solutions with 
increasing carbonate content was not due to accelerated cement 
degradation. It was caused by superior buffering capacity of 
the input solution. With granitic groundwater this occurred to 
an extent that outflow pH was not representative for the 
dissolving cement phases anymore. 
 
[1] Bruno, Casas & Puigdomènech (1991), Geochimica et 
Cosmochimica Acta 55, 647-658 
[2] Parkhurst & Appelo (2013), U.S. Geological Survey 
Techniques and Methods A43 
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LA-ICP-MS is an important analytical tool for many 
geological applications such as dating, analysis of individual 
inclusions, and elemental mapping. Recently developed 
ablation chambers significantly reduce aerosol dispersion and 
allow single short analysis in only 10-100 ms [1] [2]. In 
combination with the high lateral resolution of lasers (1-
10 µm) they can significantly improve the performance of LA-
ICP-MS in terms of detection power, precision, and speed. 
However, the gain in speed in LA-technology demands for 
faster mass spectrometers. For transient signals shorter than 
100 ms only simultaneously detecting instruments enable 
multi-element analysis without compromises. 

We present a new ICP- time-of-flight (TOF)-MS with 
simultaneous detection of the whole mass range of elements 
and µs-time resolution. The instrument is a combination of an 
iCAPQ (Thermo Fisher Scientific, Waltham, USA) and a 
medium resolution TOFMS (TOFWERK AG, Thun, 
Switzerland) [3] with the sensitivity comparable to a 
quadrupole MS and a mass resolution of >3000. This mass 
resolution and additional chemistry performed in the 
collision/reaction cell enable the detection of Fe, Ca, S, P, and 
Si free from polyatomic interferences. With this instrument LA 
conditions are not dictated by the mass analyzer speed and can 
be tuned freely for purpose. The laser signal does not need to 
be stretched to minimize analytical uncertainty. Quantitative 
element and isotope analysis of short transient signals is 
possible and measurement turnaround time can be reduced 
significantly. The capabilities of the ICP-TOFMS in 
combination with a 213 laser ablation system will be 
demonstrated on the analysis of standard materials, glass 
capillaries filled with standard element solutions, fluid 
inclusions, and on imaging of a meteorite. 
 
[1] Wang et al. (2013), Anal.Chem. 85, 10107-10116. [2] Van 
Malderen et al. (2015), JAAS 30, 119-125. [3] Borovinskaya et 
al. (2013), JAAS 28, 226-233.  
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Ligand-controlled and reductive dissolution of 
iron(hydr)oxides are key processes in biological iron 
acquisition and in the cycling of iron and trace elements. Rates 
of dissolution which are thermodynamically driven and 
accelerated by e.g., siderophores have been shown to further 
increase in the presence of small organic ligands, particulary 
for strongly adsorbing dicarboxylates such as oxalate [1]. 
Although the adsorbtion of oxalate on iron(hydr)oxides has 
been studied previously [2], the bonding structures and the 
labilization of the lattice surrounding the adsorption site 
remain poorly understood. Aided by computational methods, 
analysis of vibrational spectra of oxalate adsorbed on 
lepidocrocite and goethite can yield detailed information about 
structural changes and mechanisms promoting dissolution. 

In this study, molecular cluster and periodic calculations 
were used to obtain energy-minimized surface complex 
structures and vibrational frequencies of possible surface 
structures, which were then compared to FTIR spectra 
measured under a range of conditions. Monodentate 
mononuclear, bidentate mononuclear (chelating), and bidentate 
dinuclear (bridging) structures were considered for both dry 
and wet surfaces. Changes in lattice bond strengths and 
expected effects on dissolution rates will be discussed.  

 
 
 
 
 

 
[1] Cheah, S.-F. Kraemer, S. M. et al.. Chem. Geol. 2003, 198, 
63-75. [2] Hug, S. J. and Bahnemann, D. J. Electron Spectrosc. 
Relat. Phenom., 2006, 150, 208-219; Bhandari, N., Hausner, 
D.B., Kubicki, J.D., Strongin, D.R. Langmuir, 2010, 26, 
16246-16253; Simanova, A. A., Loring, J. S. et al., J. Phys. 
Chem. C, 2011, 115, 21191-21198; Borer, P. and Hug, S. J. 
Colloid Interface Sci., 2014, 416, 44-53. 
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The 79Se isotope is a long-lived harmful radionuclide 

present in high-level nuclear waste (HLW). The expected 
predominant oxidation state of Se in vitrified HLW is Se4+ but 
oxidation processes induced by long-term irradiation could 
also lead to a transformation in Se6+ [1]. In an aqueous 
environment both Se4+ and Se6+ occur as oxyanions, selenite 
and selenate, which are well soluble and generally highly 
mobile due to the rather limited adsorption capacity of most 
geological materials, e.g. clays, for anionic species [2]. 

In this study, we investigate the retention of selenite and 
selenate by magnetite during its formation and growth in 
coprecipitation experiments, since magnetite is one of the most 
common corrosion products of the HLW steel canisters and 
interaction processes already during the mineral formation are 
very likely. In a first step a method for the synthesis of 
magnetite was developed to define the experimental setting 
and afterwards Se coprecipitation and comparative adsorption 
studies were carried out.  

The ICP-MS results of the coprecipitation experiments 
showed that more than 99 % of both the selenite and selenate 
were removed from solution during the magnetite formation 
for all tested initial Se concentration in the range of 10-4 - 5·10-3 
mol/L. In the solid phase of the samples we detected the 
presence of elemental Se by using XRD and SEM. In the same 
way preliminary data of spectroscopic techniques, XPS and 
XAS, suggest that the magnetite formation lead to a reduction 
of selenite and selenate and thereby to the precipitation of 
elemental Se. In contrast to the Se coprecipitation, the 
adsorption studies showed that retention of selenite and 
selenate by pure adsorption is quite low under comparable 
hydrochemical conditions and there were no indications of a 
change of the Se oxidation state during the adsorption onto 
magnetite. Furthermore, a comparison of the stability of the 
retention indicated that coprecipitated Se0 is more stable 
against a subsequent redissolution than adsorbed selenite and 
selenate species, even under oxidized conditions. 
 
[1] Bingham et al. (2011) J Non-Cryst Solids 357, 2726-2734 
[2] Duc et al. (2003) J Environ Radioactiv 70, 61-72 
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The kakortokites in the ~1.16 Ga Ilímaussaq Complex, S 

Greenland, form a suite of rhythmically layered agpaitic 
nepheline syenites characterised by complex Na-Zr-Ti-
silicates, such as eudialyte-group minerals (EGM) and rinkite, 
instead of common HFSE-phases like zircon and titanite. To 
further investigate detailed crystallisation mechanisms of 
agpaitic magmas, we performed major and trace-element 
analyses on cumulus EGM from kakortokite layers across the 
sequence. The data reveal complex compositional zoning 
patterns, e.g. hour-glass sector-zoning, sub-µm scale 
oscillatory zoning and core-rim relationships. The latter were 
explored to identify subtle trends in the chemical evolution and 
in-situ fractionation of the agpaitic melts. Most crystals exhibit 
a rimward increase in REE+Y contents (1.0-1.3 wt% Ce203 and 
0.5-0.7 wt% La2O3), consistent with REE+Y enrichment in the 
evolving bulk magma. Barium contents increase significantly 
towards the rim (300-900 ppm), while Cl (1.0-1.6 wt%), Rb (7-
20 ppm) and Pb (60-160 ppm) decrease. In few cases, EGM 
exhibit partial rims with relatively low REE contents  
(~0.5 wt% RE2O3), which contrasts the general core-rim trend 
in the euhedral cores. These partial rims are interpreted as 
crystallites from isolated inter-cumulate melt that underwent a 
distinctly different chemical evolution from that of the bulk 
magma. The decrease in REE contents may reflect the onset of 
crystallisation of new intercumulus REE-phases, such as 
rinkite-group minerals. Hour-glass sector zoning in the 
euhedral eudialyte cores is associated with minor variations  
(< 0.2 wt%) in Nb, Ce, La and Y contents between coevally 
grown crystal sectors. These indicate the preferential 
incorporation of Nb and REE on a specific set of growth 
surfaces and may provide important clues to the diffusion 
mechanisms in agpaitic magmas.  
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Transfer time of sediments in alluvial plains may be 

constrained by analyzing the variations of the U-series 
disequilibria in river sediments along the stream. However, 
previous estimates obtained for bank sediments of Himalayan 
rivers (1,2) can be questioned by recent 10Be and Sr-Nd 
isotope studies (3,4), which yield much lower transfer times 
than those estimated by U-series approach. The recent study 
performed on bank sediments from the Gandak River (Bosia et 
al, GES 10-Paris) confirms the occurrence of significant 238U-
230Th-226Ra disequilibria in river sediments, with no simple 
upstream-downstream variation, but with a clear decrease of 
the U/Th and 230Th/232Th ratios. The correlations observed 
between (238U/232Th) activity and Ti/Th ratios as well as 
between (230Th/238U) and (Nd, Ce, La, Sm)/Th ratios suggest 
that minor mineral phases, such as Ti-bearing minerals, REE-
bearing minerals (in particular monazite and xenotime) and 
zircon are likely to control a significant part of the U-Th-Ra 
budget in these sediments. To test this assumption and quantify 
the real contribution of such minor minerals to the U-Th-Ra 
budget of the Himalayan sediments, we have undertaken a 
detailed analysis of the U-Th-Ra concentrations and isotopic 
compositions in the Gandak sediments, similarly to the 
approach developed in (5). Our results clearly demonstrate that 
budgets of U and Th but also of Ra in river sediments of the 
Gandak River are significantly influenced by such primary 
minor phases, especially monazite and zircon, and by clay 
fractions. The data therefore demonstrate that the relative 
abundances of U-series nuclides in these sediments do not only 
depend on their chemical evolution during their transfer within 
the plain and on the duration of the transfer, but also on the 
mechanical transformation of the sediments mineralogical 
composition. Both processes have therefore to be taken into 
account for interpreting the variation of U-series 
disequilibrium in river sediments to recover sound estimations 
of the transfer time of sediments along the Gandak River.  
 
[1] Granet et al., 2010, GCA, 74 (10): 2851-2865 ; [2] Granet 
et al., 2007, EPSL., 261 (3-4): 389-406; [3] Lupker et al., 2012, 
EPSL., 333-334: 146-156; [4] Garçon et al. , 2014, Chemical 
Geology 364, 45-55. 
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Neptunium-237 (Np) is a transuranic isotope produced in 

the nuclear fuel cycle (half-life = 2.13 x 106 y) and will be 
present in radioactive wastes. Under oxic conditions, it 
dominantly exists as neptunyl (Np(V)O2

+), potentially the most 
mobile actinide species at nuclear legacy sites and in 
geodisposal systems. To date, studies have reported NpO2

+ 
interactions with mineral surfaces [e.g. 1], however recent 
work has shown that actinyl species (e.g. UO2

2+) can 
incorporate into iron oxides [2]. This study aims to 
characterize NpO2

+ interaction with, and incorporation into 
iron oxides during crystallisation. In particluar, for this study 
we focus on the alkaline geochemcial conditions persistent at 
nuclear legacy sites, and relevant to intermediate level 
radioactive waste geodisposal.  

We performed experiments to determine the interaction of 
NpO2

+ with the crystallisation of ferrihydrite to hematite and 
goethite at pH = 9.5 – 13 [2]. We applied chemical extraction, 
solid phase characterization (TEM, XRD) and synchrotron 
based X-ray absorption spectroscopy (XAS) to identify and 
characterize the fate and local coordination environment of 
NpO2

+ during the crystallisation. When NpO2
+ was added to 

systems prior to ferrihydrite crystallisation and pH ≤ 11, both 
the chemical extraction and XAS data showed the Np was 
incorporated in the mineral particles. Specifically, the EXAFS 
indicated that NpO2

+ was directly sustituted for Fe in the 
hematite (and geothite). Conversely, at pH = 13, chemical 
extractions suggested NpO2

+ was weakly bound to goethite, 
and EXAFS suggested it was surface associated presumably as 
an adsorbed species or surface precipitate. These results 
indicate that the changes in speciation of Np(V) during 
ferrihydrite crystallisation will limit the mobility of NpO2

+ in 
natural and engineered environments. 

 
[1] Müller et al., Environ. Sci..Technol. (2015). [2] Marshall et 
al., Environ. Sci. Technol. 48, 11853–11862 (2014).  
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The helium isotopic ratio of the atmosphere, 
Ra=3He/4He=1.39*10-6, is commonly considered constant on a 
global scale [1]. However, mining and burning of fossil fuels 
might change this ratio on a short timescale by release of 
crustal 4He [4]. These anthropogenic activities, prevelant in the 
northern hemisphere, have been suggested to increase Ra from 
north to south by (0.16 ± 0.08) × 10-5 RHESJ (3He/4He ratio of 
the Helium Standard of Japan) per degree of latitude [6]. 
However, because interest in this variation is relatively new, 
the data does not currently cover a wide range of latitudes. A 
larger data set is needed to verify this variation, which is very 
small (permil level), and so, potentially highly influenced by 
experimental/ analytical processes or/and lack of data.  

In the CRPG noble gases laboratory, we analyzed 
normalized Ra of ten air samples collected at different latitudes 
around the world. We used a multi-aliquots method, a newly 
design air-line and a static Thermo Helix Split Flight Tube 
(SFT) multi-collector noble gas mass spectrometer [2].  We 
detect likely oscillatory variation of the mean value of Ra with 
latitude (including previous data [3] [5] [6], 2σ) by using  
Student's t-test (95%). This variation is consistent with the 
tropospheric circulation. We found lower Ra values around 
60oN/S and at the equator, related to preferential loss of 3He 
from high evaporation rate, and in contrast, higher Ra values 
around 30oN/S corresponding to a high pressure areas. 
However, the change of the Ra seems not obvious if we 
consider that all uncertainties are mostly overlapped.  

 
[1] Lupton (1983), AREPS 11, 371-414. [2] Mabry et al. 
(2013), JAAS, 28, 1903-1910. [3] Matsuda et Matsumoto 
(2002), GCA., 66, 492. [4] Oliver et al. (1984.), GCA, 48, 
1759-1767. [5] Sano et al. (2008) Anal.Sci., 24, 521-525. [6] 
Sano et al. (2010) GCA, 74, 4893-4901. 
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The most prominent geochemical effect of rock weathering 
is to partition chemical elements and their isotopes between 
surface waters and residual solids. This makes chemical and 
isotope fractionation prime tools for tracing weathering 
processes and quantifying associated fluxes of matter at the 
Earth surface. However, the sound interpretation of these tools 
requires a mathematical framework. The most simple 
framework hinges on steady state mass balances [1]. Finding 
the solutions of these systems is usually straightforward, and 
only a few number of adjustable parameters are required 
compared to more complex modeling approaches. This type of 
mass balances has been applied to weathering systems from 
the scale of soils [2] to that of rivers [3]. However, this steady 
state hypothesis requires rigorous testing. At soil and small 
river scales, such evaluations are hampered by difficulties in 
obtaining representative chemical compositions for weathering 
products, due to temporal variability and grain size effects [1]. 
At the large river scale these difficulties are minimized [4]. 
Yet, when steady state mass balance equations for Earth 
surface denudation based on major element are solved for 
erosion rates at the large river scale, predicted erosion rates 
significantly overestimate those measured by sediment gauging 
and cosmogenic nuclides [3,5]. Indeed one issue with large 
scale steady state mass balance is the estimation of the 
chemical composition of the parent rock. In particular, the 
prominent role played by metasedimentary rocks in Earth 
surface denudation [6] potentially explain the mismatch 
between predicted and measured erosion rates [3]. Using Li 
isotopes to accurately estimate the chemical and isotope 
composition of the continental crust drained by the Amazon 
River (i.e. taking into account the role of metasedimentary 
rocks), we show that predicted and measured erosion rates do 
agree for the largest river system on Earth. 

 
[1] Bouchez et al., Amer. J. Sci. 313:267-308 (2013). [2] Riebe 
et al., Geology 29:511-514 (2004). [3] Gaillardet et al., 
Geochim. Cosmochim. Acta 63:4037-4051 (1999). [4] Bouchez 
et al., Geochim. Cosmochim. Acta 75:6955-6970 (2011). [5] 
Wittmann et al., GSA Bull. 123:934-950 (2011). [6] Dellinger 
et al., Earth Planet. Sci. Lett. 401:359-372 (2014). 
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Our knowledge of subduction zone systems is greatly 
hampered by our limited observations of the mantle wedge 
processes, and our understanding of the nature and 
petrogenesis of arc melts is principally based on the 
combination of inverse models based on the arc-rock records, 
and melting/crystallization experiments. Numerical models of 
subduction dynamics allow exploring the physical parameters 
of subduction zones, and provide important constraints on any 
melt generation, but have, so far, provided limited petrological 
output. We have developed a numerical tool that combines 
thermodynamic data and thermomechanical modelling in an 
effort to constrain the magmatic outcome of subduction zones. 
We produce forward models with a self-consistent approach, 
i.e. using the same set of thermodynamic data thorough the 
entire explored P-T space to model dehydration, re-hydration, 
and melt generation. Our models setup allows tracking the 
change in composition as a function of P and T during slab 
devolatilization, and subsequent re-hydration and melting. In 
addition, it allows exploring the composition of primitive melts 
and how different melt transfer processes, from the source to 
the arc, affect the melt composition as it travel through the 
mantle wedge. Here, we use this model to explore the 
importance of P-T-X for melt generation, as well as the 
transfer mode in producing the final melt composition feeding 
the upper plate.  
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The inherited redox state of the terrestrial planets results 
from the chemical composition of building blocks, and internal 
chemical processes such as core-mantle segregation. Based on 
a large experimental data set of metal-silicate equilibria, we 
refine empirical relations between the experimental conditions 
(P, T and the sample composition) and the final iron oxide 
(FeO) concentrations of silicate melts equilibrated with liquid 
Fe-alloys. This empirical model is then used to calculate the 
final FeO concentrations in planetary mantles, for different 
compositions of the building blocks. We show that significant 
amount of FeO can enter the mantles of the relatively large 
planetary bodies (Earth, Venus and Mars) even if the building 
blocks are initially reduced, due to higher pressures and 
temperatures of metal-silicate equilibration with increasing the 
planetary size. Still, the progressive increase of FeO-content of 
terrestrial planets and asteroids with distance from the Sun 
must be related to the accretion of chondrites formed at 
increasing oxygen fugacity: Bencubbine or enstatite chondrites 
for Mercury, enstatite chondrites plus 30% to 50% of 
carbonaceous or ordinary chondrites for Earth and Venus, H or 
L ordinary chondrites for Mars and carbonaceous chondrites 
for Vesta. This redox gradient in the proto-planetary disk is in 
agreement with the radial decrease of the planetary core/mantle 
mass ratios and with the correspondences between planetary 
and chondritic Fe/Si ratios and isotopic compositions [1]. 
 
 [1] Warren P. H., EPSL, 311, 93-100 (2011). 
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Alkaline Massifs worldwide are generally atectonic. In 
Burundi, during the break-up of Rodinia, 700Ma ago, the 
Upper Ruvubu Alkaline Plutonic Complex (URAPC, Burundi) 
emplaced syntectonically. This complex displays a typical 
magmatic assemblage, including saturated and undersaturated 
series and a carbonatite body (the Matongo carbonatite). 
However, it can be distinguished from other alkaline massifs 
by its outstanding dimensions (~25x10 km) and its elliptic map 
contour. Large shear zones affecting the Massif accommodated 
a regional NE-SW shortening in the regional extensional 
setting associated with Rodinia breakup. Hydrothermal 
alteration is concentrated inhese shear zones, which have acted 
as fluid conduits. The Massif hosts magmatic dykes and 
magmato-hydrothermal REE and HFSE mineralized veins, 
which strike NE-SW and have accommodated NW-SE 
stretching. C and O isotope characterization of the central 
Matongo carbonatite body attests for superimposed 
hydrothermal alterations, which induced REE and HFSE 
mobilizations on various scales. 

354



 Goldschmidt2015 Abstracts  

 355 

Metal isotope fractionation as a tracer 
of core formation? 

BERNARD BOURDON1 
1Laboratoire de Géologie de Lyon, ENS Lyon, UCBL and 

CNRS, 46 Allée d’Italie, Lyon, France 
 

The study of siderophile element isotope compositions in 
planetary mantle offers a new methodology to constrain the 
temperatures of core formation, provided there is an 
appropriate calibration of the temperature dependence of 
isotope fractionation between metal and silicate and of the 
metal-silicate partitioning for this element. Recent studies have 
shown that Si, Fe, Mo, Cr and Ni could potentially be used to 
constrain the temperature of metal-silicate equilibration using 
single stage or continuous models of core formation, yielding 
contrasted results. Existing isotope observations and 
experimental calibrations of metal-silicate isotope fractionation 
will be first reviewed. The assumptions made in these models 
will be reexamined critically, and compared with recent 
parameterizations for metal-silicate equilibration. 

If the metal-silicate equilibration is incomplete, as is the 
case for giant impacts, then the composition of the mantle of 
the impactor and the fraction of metal that equilibrate needs to 
be assessed carefully. The study of Deguen et al. [1] shows 
that the degree of equilibration will be a function of the metal-
silicate partition coefficient and will be hence very different 
for Si, Cr, or Mo, an aspect that has not been considered in 
previous studies. For example it would predict for the same 
large impact equilibration of 2‰, 15% and 60% for Mo, Cr 
and Si respectively. Hence the expected temperatures of 
equilibration are quite variable and are a function of the 
impactor’s conditions of metal-silicate segregation. Another 
complication arises when considering continuous models of 
core formation: the most siderophile elements will be sensitive 
to the last episodes of core formation, while the budget of less 
siderophile elements will reflect its integrated accretion (e.g. 
Cr or Si). In addition, the assumption that the starting material 
has a chondritic composition can also be questioned, as the 
building blocks of the Earth could have been affected by 
thermal processing. Similarly, the estimation of the mantle 
isotope composition could depend on the effect of whole 
mantle differentiation.  

 
[1] R. Deguen et al. Earth and Planetary Science Letters 391 
(2014) 274–287. 
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Dynamic processes in liquid solutions—for example, 

molecular diffusion, ligand exchange, mineral growth, and 
liquid evaporation—are classic, well-studied problems in 
physical chemistry that are highly relevant to aqueous 
geochemistry and other fields (chemistry, biology, materials 
sciences). An important fundamental question in geochemistry 
is the manner in which the rate of these dynamic processes 
depends on solute isotopic mass, a phenomenon known as 
kinetic isotope fractionation [1]. The associated kinetic isotope 
effects are powerful investigative tools in the geosciences, but 
their utility could be significantly enhanced by additional 
understanding of their molecular basis and magnitude [2]. A 
complicating factor in examining these effects is that, whereas 
equilibrium isotope fractionation depend only on the end-
points of a geochemical transformation [3], kinetic isotope 
fractionation depends on the mechanism and the 
transformation and, also, on the ratio of the gross forward rate 
to the net overall rate of the transformation [4]. 

Here, we describe efforts to use atomistic simulations (in 
particular, molecular dynamics simulations) to elucidate the 
molecular basis of kinetic isotope effects. We focus 
particularly on fractionation associated with diffusion, ligand 
exchange, electromigration, and evaporation. We show that the 
Newtonian mechanics of solutes in liquid water and at water-
air interfaces result in significant kinetic isotope effects [5-7]. 
Furthermore, we show that the extent of kinetic isotope 
fractionation reflects the influence of collective solvation 
dynamics on the rates of dynamic processes in liquid solutions, 
an important research area in the physical chemistry of these 
solutions [8].  

 
[1] Richter F.M., Dauphas N., Teng F.-Z., Chem. Geol. 258, 92 
(2009). [2] Kavner A., Shahar A., Black J., Young E.D. Chem. 
Geol. 267, 131 (2009). [3] Shauble E.A., Rev. Mineral. 
Geochem. 55, 65 (2004). [4] Nielsen L.C., DePaolo D.J., De 
Yoreo J.J., Geochim. Cosmochim. Acta 86, 166 (2012). [5] 
Bourg I.C., Sposito G., Geochim. Cosmochim. Acta 72, 2237 
(2008). [6] Bourg I.C., Richter F.M., Christensen J.N., Sposito 
G., Geochim. Cosmochim. Acta 74, 2249 (2010). [7] Hofmann 
A.E., Bourg I.C., DePaolo D.J., Proc. Natl. Acad. Sci. U.S.A. 
109, 18689 (2012). [8] Gaffney K.J., Ji M., Odelius M., et al. 
Chem. Phys. Lett. 504, 1 (2011). 
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The structure of the electrical double layer (EDL) on 

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

Here, we describe efforts to combine XRR measurements, 
MD simulations, and ion exchange isotherms to examine the 
EDL formed by metal chloride solutions at the muscovite 
mica-water interface. In particular, we determine the influence 
of the size of the adsorbed cation (for alkali metals), its valence 
(mono-, di-, or trivalent), the surface occupancy (for mixtures 
of Na- and Rb-exchanged mica) and the concentration of the 
background electrolyte (from 0 M to 1.0 M) on the structure of 
the EDL and on the structure and dynamics of interfacial water 
(including its dielectric constant). We also use our results to 
characterize the accuracy of the input parameters used in our 
MD simulations of mica-water (and clay-water) systems and of 
the methodologies used in interpreting our XRR results. 
Finally, we compare our results with recent second harmonic 
generation (SHG) and atomic force microscopy (AFM) data on 
the adsorption of metals at mica-water interfaces.  

 
[1] Sposito G., The Surface Chemistry of Natural Particles, 
Oxford University Press (2004). [2] Woelki S., Kohler H.-H., 
Krienke H., J. Phys. Chem. B 112, 3365 (2008). [3] Lee S.S., 
Fenter P., Park C., Sturchio N.C., Nagy K.L., Langmuir 26, 
16647 (2010). [4] Lee S.S., Fenter P., Nagy K.L., Sturchio 
N.C., Langmuir 28, 8637 (2012). [5] Tournassat C., Chapron 
Y., Leroy P., Bizi M., Boulahya F., J. Colloid Interface Sci. 
339, 533 (2009). [6] Bourg I.C., Sposito G., J. Colloid 
Interface Sci. 360, 701 (2011). 
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Increasing human activity leads to increasing atmospheric 
emissions, in such a way that once nutrients-limited 
mountainous basins are no longer preserved from emissions 
fallout, with consequences not only on the biodiversity but also 
on the ecosystem services (water quality, erosion control) of 
these catchments. 

Here we measured the seasonal variations of inorganic 
nitrate (NO3

-) stable isotopic composition and concentration in 
several effluents originating from two sub-alpine watersheds in 
the French Alps. Our objective was to investigate whether or 
not atmospheric deposited NO3

- is integrated into the soil 
biogeochemical cycle, thus increasing nutrients availability for 
plants and bacteria, at the Lautaret pass. We coupled stream 
measurements with snow-pits sampling and aerosols 
collection, to better emphasize the correlation between 
atmospheric deposition and watersheds effluents response. We 
particularly focused our research on the changes in the fate of 
atmospheric NO3

- that had been deposited in the catchments 
based on its Δ17O values. 

A significant increase in stream NO3
- concentration up to 

904 ± 60 ppb in late spring 2014 was associated to a significant 
increase in the Δ17O value up to 9.0 ± 0.4 ‰. Conversely, 
decreasing Δ17O values were measured in fall and winter 2014, 
reaching a minimum of 0.9 ± 0.4 ‰ in mid-winter, regardless 
of stream NO3

- concentration variations. We can infer from this 
data that the watershed is governed by different dynamic 
regimes: in spring, a thaw regime explains the increase of 
Δ17O, with atmospheric NO3

- accounting for ca. 31 % of the 
total stream NO3

- budget while in winter, a steady-state regime 
is observed with atmospheric NO3

- accounting for ca. 3 % of 
the total stream NO3

- budget. During late spring/summer, a 
continuous increase of Δ17O is observed leading to an 
atmospheric NO3

- accounting for ca. 20 % of the total nitrate 
burden. Using a set of comprehensive variables, we will 
present the dynamics and mechanisms that lie behind the 
observed Δ17O variations (NO3

- retention time, percolation, 
etc.). 
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The coarse spatial resolution of typical global ocean 

models is inadequate to study the coastal ocean. But state-of-
the-art global ocean models have seen tremendous 
improvements in resolution in the last 10 years. Those new 
high-resolution models are now beginning to be coupled with 
biogeochemical models to study the carbon cycle, an effort that 
allows us to begin to assess the exceptional nature of the 
coastal ocean, at the global scale. As a first step to gauge how 
the ocean biogeochemical and global circulation model 
NEMO-PISCES represents the air-sea CO2 flux (FCO2) in the 
coastal ocean, we compared observed to simulated estimates of 
FCO2 at ½ degree global resolution. The sampling of model 
results is performed using a global segmentation of the coastal 
ocean. To evaluate the mean state of the global coastal FCO2, 
we use observation-based FCO2 estimations from coastal CO2 
measurements following the global segmentation. According 
to our model, the global coastal ocean absorbed 0.26 Pg C yr-1 
+/- 6% (-0.86 mol C m-2 yr-1) of total carbon (natural + 
anthropogenic) during the 1993-2012, similar to previous 
estimates. At the global scale, the anthropogenic carbon sink is 
2.5 Pg C yr-1 during the 2003-2012, consistent with previous 
estimates. Yet only 4.5% of that (0.1 Pg C yr-1 +/- 10%) is 
absorbed by the global coastal ocean, i.e. less than the 
expected 7.5% due to the proportion of the global ocean 
surface area. A comparative study is performed using similar 
configurations at 2 degree and ¼ degree global resolution. 
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Urban soils are submitted to intense anthropic activities 

related to civil construction, industrial activities and vehicular 
traffic that are responsible for their degradation and chemical 
contamination. The aim of this study is to discuss the 
concentration distribution, composition and possible sources of 
metals and PAHs in superficial soils of the University campus, 
in the city of São Paulo, one of the largest cities of Brazil. The 
sampling site is located in the western region of the São Paulo 
city, a green-park (7.4 km2) surrounded by important avenues 
with intense traffic of light- and heavy- duty vehicles and 
inside a commercial and residential area of the city.  

Superficial soils (0-10 cm) were sampled from July to 
September 2012 totalizing 25 samples. Samples were 
submitted to granulometry and X-Ray Diffraction analyses and 
the chemical composition of bulk fraction was analyzed by 
ICP-MS for metals, and by HPLC-FLU for PAHs. The average 
clay content of soils is 22.08±6,18% and total carbon content is 
low (2.5% on average). Primary minerals (quartz, feldspar, 
mica) are dominant with gibbsite and kaolinite as secondary 
minerals. Concentrations of metals are generally lower than the 
reference value established by CETESB (brazilian 
environmental agency) except for Cd (0.59±0.6 mg.kg-1), Ni 
(11.2±15.3 mg.kg-1), Pb (40.8±14.1 mg.kg-1), Cr (42.2±23.8 
mg.kg-1) and Zn (95.6±50.8 mg.kg-1). The average of the sum 
of 13 PAHs is 0.33 mg.kg-1 [0,07-1.38 mg.kg-1] and fluorene, 
indeno(1,2,3-cd)pyrene, anthracene, pyrene and 
benzo(ghi)perylene are the most abundant compounds. Highest 
concentrations are observed in samples collected at the 
entrance of the campus where traffic is concentrated during 
rush periods. On average, low molecular weight PAHs account 
for 40% and high molecular weight PAHs for 60% of total 
PAHs, indicating that high temperature combustion processes 
are their dominant sources, that is also confirmed by PAHs 
diagnostic ratios. PAHs patterns vary spatially in the campus 
area and seem to be associaded with traffic intensity, 
vegetation and declivity.  
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Microbialites of the Great Salt Lake (GSL) were mapped 
in 1938 but remained largely understudied since then. High 
resolution aerial imageries coupled to detailed field mapping of 
facies indicate a non-random distribution of microbialites 
along the GSL shoreline. Here, we discuss the main factors 
involved in the formation and preservation of microbialites 
since the lake reached its modern configuration (ca. 10 Ka). 
Microbialites and microbial mats were investigated on the 
western margin of Antelope Island at 0-3m waterdepth. Our 
results suggest an interplay of tectonic (active faults, 
groundwater seepage) and climatic (long term to seasonal lake 
level fluctuations) processes in the control of the distribution, 
size and morphologies of the microbial deposits. Our 
observations have direct implications for the prediction of 
microbialite distribution in sedimentary systems. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 1: Antelope field site. Repartition of microbialites in 
the western side of Antelope Island, influenced by the effect of 
faults, desiccation cracks and paleo-shorelines. 
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Recent advances in isotope science, such as clumped 
isotope geochemistry, have pushed mass spectrometers to the 
limits of their precision. As a result, the search for new 
techniques to correct data has become fertile ground for 
researchers. These techniques often require calculations based 
on a large number of replicate analysis of standards run over 
long periods of time by different operators. 

To implement correction algorithms, labs have resorted to 
using a variety of approaches, most often involving Excel 
spreadsheets or MATLAB routines. But because of the long 
time-ranges and the large volume of data, these methods can 
become unwieldy and error-prone, especially when maintained 
by many researchers of varying experience working on the 
same mass spectrometer. “Easotope” is a free, multi-platform, 
client-server application designed to overcome these problems. 

Easotope allows users to drag and drop their raw files 
directly from the computer controlling the mass spectrometer, 
organize them by project, and archive them on the server. The 
sample runs remain private, whereas common standard runs 
are organized automatically by type and are publicly visible to 
all users. This allows all correction data to be shared. 

After entry, data is automatically corrected and processed 
according to configurable settings and results are immediately 
presented in user-configurable tables. The user may then 
choose to look more deeply at the correction steps by viewing 
graphs and tables that make each step easy to follow and 
understand. 

Although Easotope has been developed to specifically 
address the problems of the CO2 clumped isotope community, 
the software has been designed from the beginning to be 
flexible and extensible. Adding support for new isotopic 
systems is relatively easy as is developing new correction 
algorithms and calculations. We hope that this will allow 
Easotope to be useful to the isotope community at large and to 
grow as the science advances. 
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Climatic wetness is a primary driver of variation in 
terrestrial carbon storage today, yet carbon cycle feedbacks 
involving the hydroclimate are poorly constrained for the 
future and practically unknown under warm climate conditions 
in Earth’s past.  We present records of paleosol wetness and 
organic and authigenic inorganic C storage from cores 
spanning the Palaeocene-Eocene thermal maximum in the 
Bighorn Basin (BHB), Wyoming, USA.  Our qualitative 
reconstructions, based on paleosol carbonate colour and 
morphology, suggest generally drier conditions within the 
body of the PETM, consistent with previously reported outcrop 
evidence.  Our data also show a ~2x decline in the total organic 
C content of BHB sediments during the PETM, similar to 
changes previously reported from other localities.  During 
much of the PETM, however, preservation of authigenic soil 
carbonate increased by a factor of 2, such that the total C 
content of BHB sediments did not change substantially.  If the 
BHB case can be used as a model, widespread changes in the 
ratio of organic to inorganic C burial in terrestrial sediments 
may be reflected in the anomalous, prolonged body of the 
PETM C isotope excursion, and global changes in net 
continental carbon burial may have played a modest role in 
modulating PETM carbon cycle change.  These results suggest 
that authigenic soil carbonates are an important and 
climatically sensitive mode of continental C burial that should 
be considered in assessments of the response of continental 
biogeochemical cycling to global hydroclimatic change. 

363



 Goldschmidt2015 Abstracts  

 364 

Examining radiation damage effects 
in phyllosilicates with applications to 

radioactive waste geodisposal 
W. R. BOWER1, C. I. PEARCE2, J. F. W. MOSSELMANS3,  
S. J. HAIGH4, S. M. PIMBLOTT AND R. A. D. PATTRICK1  

1School of Earth, Atmospheric and Environmental Sciences 
and Research Centre for Radwaste Disposal, University of 
Manchester, UK 

2School of Chemistry and Dalton Nuclear Institute, University 
of Manchester, UK 

3Diamond Light Source, Harwell, UK 
4School of Materials, University of Manchester, UK 
 

The globally favoured solution for the safe disposal of 
radioactive waste is permanent isolation in a deep geological 
disposal facility (GDF). Phyllosilicates, such as mica and 
clays, will play a critical role within a GDF as highly reactive, 
physio-chemical barriers intended to limit radionuclide release. 
Investigating the mechanisms by which irradiation from α-
emitting radionuclides causes structural and chemical changes 
across these mineral phases is an important and necessary 
consideration for any GDF safety case.  

Preliminary radiation damage studies have focused on 
biotite mica, chlorite and montmorillonite, serving as model 
systems for the clay-based bentonite backfill material 
surrounding a canister, as well as reactive clay and mica 
phases in the host rock.  

Using the newly commissioned (2013) 5MV tandem 
pelletron at the Dalton Cumbrian Facility (DCF), mineral 
samples have been bombarded with accelerated 4He2+ ions 
(alpha particles) over a range of doses. Following irradiation, 
samples have been analysed using microfocus X-ray 
diffraction (μ-XRD) and X-ray absorption spectroscopy (XAS) 
on beamlines I18 and B18 at Diamond Light Source. Further 
analysis of damaged samples has been undertaken using Infra-
Red (IR) spectroscopy, electronprobe microanalysis and high 
resolution transmission electron microscopy to quantify 
structural and chemical changes.  

Across the damaged phases, μ-XRD has demonstrated 
radiation-induced interlayer collapse. Increased mosaicism 
occurs over a micrometer scale.  XAS coupled with IR analysis 
has shown radiation induced reduction of Fe3+ to Fe2+, 
hypothesized to result from increased electron density 
following OH- group radiolysis.   

Initial X-ray microprobe mapping experiments have also 
demonstrated that these radiation-induced changes do have an 
effect on sorption properties, with Se(IV)O3

2- preferentially 
sorbing to irradiated biotite. 
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As the mining and use of antimony (Sb) continues to 
increase, environmental concerns involving the element have 
grown. Antimony(V) and (III) are the two most 
environmentally-relevant oxidation states, but little is known 
about the redox transitions between the two in natural systems. 
To better understand the behavior of antimony in anoxic 
environments, we examined the transformations of Sb(V) 
under sulfidogenic conditions in aqueous suspensions that 
contained 2 mM KSb(OH)6, 50 mM Fe(III) (as ferrihydrite),  
10 mM sulfate, and 10 mM lactate, and were inoculated with 
wetland sediment. Samples were collected over time to track 
changes in the concentrations of Sb, Fe(II), sulfate, and lactate, 
as well as the composition of the microbial community. We 
also examined the interaction of Sb(V) with pure Fe(II) 
mineral phases in aqueous suspensions containing 2 mM 
KSb(OH)6 and 50 mM Fe(II) as either magnetite, siderite, 
vivianite, green rust, or mackinawite. X-ray absorption fine-
structure spectroscopy was used to determine the valence state 
of Sb and its chemical speciation. Lactate was rapidly 
fermented to acetate and propionate, with the latter serving as 
the primary electron donor for dissimilatory sulfate reduction 
(DSR). The reduction of ferrihydrite was primarily abiotic, 
being driven by biogenic sulfide. Sb K-edge X-Ray absorption 
near edge structure (XANES) analysis showed reduction of 
Sb(V) to Sb(III) within 4 weeks, concurrent with DSR and the 
formation of FeS. Sb K-edge extended X-ray absorption fine 
structure (EXAFS) spectroscopy analysis indicated that the 
reduced phase was a mixture of S- and O-coordinated Sb(III). 
We observed variable responses in the ability of specific Fe(II) 
minerals to reduce Sb(V). No reduction was observed with 
magnetite, siderite, vivianite, or green rust. In the presence of 
mackinawite, however, Sb(V) was reduced to amorphous 
Sb(III) sulfide. These results suggest that the reduction of 
Sb(V) is not likely under solely Fe(III)-reducing conditions, 
but is expected in sulfidogenic environments.  
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The  use of uranium(U) for energy generation and military 
purposes has created stockpiles of spent nuclear fuel, mine 
tailings, and waste material from the enrichment process. 
Modern extraction technologies, such as in situ recovery or 
hydraulic fracturing also carry a risk of dispersing uranium via 
the mining fluids. Predicting the spread of contamination and 
developing remediation approaches requires a better 
understanding of the coupled biological, chemical, and 
physical processes that control uranium transport, from the 
atomic to the field scale.  

A signigficant control on U mobility is its valence state, 
with UVI species being more soluble than the UIV species 
produced in reducing environments. However, the mobility for 
a particular U valence can depend on speciation, which in 
many cases cannot be predicted for UIV from current 
thermodynamic data. In particular, we have shown that when 
aqueous UVI ions encounter biological or abiotic reductants 
under envrironmentally-relevant conditions the resulting 
species are often different from the least soluble UIV mineral, 
uraninite (UO2). We will disciss the atomic structure and the 
factors leading to several distinct but relatively uncharacterized 
forms of UIV, such as phosphate-bound or surface-adsorbed 
species, in which the UIV ions remain separated due to 
complexation (a.k.a. monomeric UIV). 

We have also characterized the oxidation kinetics of such 
non-uraninite UIV phases to evaluate the relative risk of U 
mobilization during influx of oxidized groundwater. Using 
XANES and EXAFS to track U speciation, the oxidation rate 
of amorphous UIV-Ca-PO4 was found to be similar to that of 
nanoparticulate uraninite in solutions equilibrated with 
atmospheric O2 and CO2 at pH 7.0 (kSA,UIVPO4 = 1.04 – 2.7 × 10-

8 m s-1 vs. kSA,UO2 = 1.40 × 10-8 m s-1  ). The rates and oxidized 
products depended on the presence of Na, Ca, and PO4. Our 
results suggest that Ca and PO4 can slow down the rate of UIV 
oxidation by up to an order of magnitude, but that the rates are 
still fast enough to cause complete oxidation of UIV to UVI 
within days under fully oxygenated conditions. 
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The Isua Supracrustal Belt (ISB) hosts the least radiogenic 

terrestrial lead signature. This signature is found in galenas 
from metasomatized tonalite and requires a source with a high 
time integrated µ (238U/204Pb). We performed comprehensive 
Pb isotope analysis on compiled data from the ISB and its 
geological surroundings as well as new data from the 
ultramafic units of the ISB. Many samples have fully or 
partially equilibrated with regional Pb during various 
metamorphic events, but a subgroup lies on a model 3.71 Ga 
isochron pointing past any of the standard curves. This 
indicates that the rocks were derived from the same high µ 
reservoir as the galenas. These rocks are all expected to have 
originally contained a primitive mantle derived Pb isotopic 
composition. Our study also reveals the existence of an 
additional reservoir with low time-integrated µ, which is 
exemplified best by the original composition of the 
surrounding TTGs. We suggest that many metasomatic phases 
and rocks within the ISB have original Pb isotopic 
compositions intermediate between the low and high µ 
reservoirs indicating mixing between units derived from the 
two during various metamorphic events. We construct a Pb 
isotopic evolution model, which is constrained by the ISB data 
and which takes into account recent 142Nd/143Nd ISB evidence 
for the development of dual interacting mantle reservoirs in the 
Hadean [1]. In this model, two Pb isotopic reservoirs, low µ 
and high µ diverge at ~4.47 Ga and gradually remix together. 
The presence of the two reservoirs in the source region of the 
igneous rocks of the ISB can explain the breadth of values seen 
in the ISB region. If conceptually true, the model implies a 
geodynamic regime for the early Earth in which there was 
vigorous convection and it thus speaks against a static lid 
model. This early regime could have been a transient form of 
plate-tectonic like behavior. 

 
[1] Rizo, H., Boyet, M., Blichert-Toft, J., & Rosing, M. (2011). 
Combined Nd and Hf isotope evidence for deep-seated source 
of Isua lavas. Earth and Planetary Science Letters, 312(3), 
267-279. 
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The Gulf of Aqaba, Red Sea, is dominated by aeolian dry 

deposition from the adjacent deserts, mostly from Sahara. This 
study was designed to understand a biogeochemical cycling of 
the redox-sensitive elements in the sediments of the Gulf of 
Aqaba with focus on an impact of aeolian dust deposition on 
distribution and speciation of the redox-sensitive metals in the 
sediment. The depth distribution of electron acceptors 
available for mineralization of organic matter was studied in 
the upper 90 cm of the sediments of the Gulf of Aqaba. 
Distribution of redox-sensitive elements in the aerosols was 
studied as well. Sediment was sampled at the 694 m water 
depth. Concentrations of sulfur species (sulfate, hydrogen 
sulfide and its oxidation intermediates), dissolved iron and 
manganese in the pore-waters were measured. AVS, CRS, and 
elemental sulfur contents, total and highly reactive iron, 
molybdenum and aluminum concentrations were measured in 
the solid phase. Concentrations of total and reactive iron, 
molybdenum and aluminum were measured in aerosols, 
including samples collected during the dust storm. 

Manganous zone was found in the upper 1-10 cm of 
sediments, ferruginous zone was found in the upper 50 cm of 
sediments, with the maximum concentrations of dissolved iron 
at 7-23 cm bsf depth (up to 14.9 µM). Enrichments in total and 
highly reactive iron contents observed in the sediments, result 
in oxidation of hydrogen sulfide to sulfate and intermediate 
sulfur species. The highest concentrations of free hydrogen 
sulfide in sediment pore-waters were detected below 50 cm bsf 
depth (up to 0.31 µM). Sedimentary pyrite was found below  
10 cm bsf depth as an evidence of bacterial sulfate reduction 
zone even in the absence of free H2S. The molybdenum profile 
exhibited an overall decrease with depth with maximum 
concentration of 4 ppm near the sediment-water interface. 
Similarity in speciation of iron in the sediments and dust 
suggests strong influence of the dust deposition on the 
biogeochemical cycling of iron in the Gulf of Aqaba. 
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10-90% of the iron that passes through an 0.2 µm filter 
(“dissolved”, dFe) will not pass through an 0.02 µm or  
10,000 kilodalton ultrafilters (hence “colloidal”, cFe, as 
contrasted to the “soluble”, sFe, ultrafiltrate and the  
>0.2 µm “particulate”, pFe). We have measured colloidal iron 
and some of its properties and variability in the North Atlantic 
and at the Hawaii HOT timeseries station. Under areas of high 
dust flux, the standing stock of dFe in the mixed layer is 
predominantly cFe. This is not true in areas where upwelling is 
the dominant source of Fe. Near the chlorophyll maximum, 
cFe is very low or absent, and the residual remaining dFe is 
sFe. In the mid-lattitude North Atlantic below the ChlMax, 
remineralized Fe occurs in roughly constant proportions of  
1 cFe: 1 sFe. Despite the predominance of cFe, two-hour 
duration electrochemical titrations indicate that colloidal 
material has a low complexing capacity for Fe and that most of 
the organic Fe complexing agents are in the soluble fraction. 
Either colloidal Fe complexing agents are only slowly reactive, 
or the Fe exists in another form, such as inorganic iron 
hydroxide precipitates. 

At the Hawaii HOT timeseries station from 1999-2014, our 
discontinuous measurements show that “total dissolvable iron” 
(weak acid soluble pFe + cFe + sFe) varies more than an order 
of magnitude, from 0.1-2.0 nM. Yet during the summer of 
2013, an intensive C-MORE daily sampling of Fe showed 
nearly the same degree of variability. Over the longer term, the 
strong seasonal variability of Asian dust must play a role, but 
in the summer of 2013 there was no Asian dust and the short 
episode of high Fe was created by a passing eddy with 
coincident high diatom abundance. The peak of the  
~4 day event occurred first for the reactive pFe (rising from  
0.8 to 1.8 nM), a day later in the cFe (rising from 0.2 to  
0.8 nM), and then another day later in the sFe (rising from  
0.1 to 0.3 nM). For most of the rest of the summer, reactive 
pFe varied from 0.2 to 1.2 nM, while dFe was relatively 
constant at 0.4 nM and sFe held constant between 0.05 and 
0.10 nM. 

These data demonstrate that colloidal iron is a significant 
reservoir of iron in the oceans, but that there are many aspects 
of colloidal iron generation and removal that remain to be 
determined. 
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Animal burrowing and sediment-mixing (bioturbation) 
began during the run up to the Ediacaran/Cambrian boundary, 
initiating a transition between the stratified Precambrian6 and 
more well-mixed Phanerozoic sedimentary records, against the 
backdrop of a variable global oxygen reservoir probably 
smaller in size than present. Phosphorus is the longterm 
limiting nutrient for oxygen production via burial of organic 
carbon, and its retention (relative to carbon) within organic 
matter in marine sediments is enhanced by bioturbation. Here 
we explore the biogeochemical implications of a bioturbation-
induced organic phosphorus sink in a simple model. We show 
that increased bioturbation robustly triggers a net decrease in 
the size of the global oxygen reservoir—the magnitude of 
which is contingent upon the prescribed dierence in carbon to 
phosphorus ratios between bioturbated and laminated 
sediments. Bioturbation also reduces steady-state marine 
phosphate levels, but this effect is offset by the decline in iron-
adsorbed phosphate burial that results from a decrease in 
oxygen concentrations. The introduction of oxygen-sensitive 
bioturbation to dynamical model runs is su-cient to trigger a 
negative feedback loop: the intensity of bioturbation is limited 
by the oxygen decrease it initially causes. The onset of this 
feedback is consistent with redox variations observed during 
the early Cambrian rise of bioturbation, leading us to suggest 
that bioturbation helped to regulate early oxygen and 
phosphorus cycles. 

 
[1] Nature Geoscience 7 (9), 671-676 
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The removal of carbon from the surface of the planet is a 

critical component of the long-term carbon cycle; this removal 
is through the deposition and subsequent burial of carbon-
minerals in the ocean. However, what is deposited at the 
sediment-water interface is not representative of what is 
ultimately buried because marine sediments are a dynamic 
chemical and microbial reactor. The subsurface oxidation of 
organic carbon into dissolved inorganic carbon occurs mainly 
due to microbial sulfate reduction in anoxic sediments. This 
microbial sulfate reduction generates subsurface alkalinity,  
and in theory leads to to the formation of authigenic carbonate. 
Modern studies pinpointing the important microbial processes 
for authigenic carbonate formation are key for our 
extrapolation of the importance of authigenic carbonate in the 
geological record. 

Calcium isotopes in carbonate minerals are enriched in the 
lighter, 40Ca isotope relative to the fluid in which they 
precipitate.  As such, subsurface authigenic carbonate 
precipitation should result in an increase in the 44Ca isotope in 
the remaining sedimentary pore fluid1. This is aided by the fact 
that aqueous calcium isotopes in organic-rich and carbonate-
poor sediments remain out of isotopic equilibrium with 
carbonate minerals likely due to passivation of the mineral 
surface2.  In theory, this means that high-resolution pore water 
studies should be able to isolate the depths of authigenic 
carbonate formation and the microbially mediated processes 
driving this formation.  We present calcium isotope data from 
high-resolution porefluids and bulk carbonate from deep-ocean 
sediments where different microbially mediated processes 
dominate the subsurface; Site 1081 where microbial sulfate 
reduction is coupled only to anaerobic methane oxidation, and 
Site U1385 where microbial sulfate reduction is coupled both 
to organiclastic sulfate reduction and anaerobic methane 
oxidation.  The calcium isotope data along with the interstitial 
water data suggests that microbial activity facilitates carbonate 
precipitation in the upper part of the sediment in these sites. 

 
[1] Teichert et al. (2009) Earth Planet. Sci. Lett. 279, 373–382. 
[2] Turchyn & DePaolo (2011) Geochim. Cosmochim. Acta 75, 
7081–7098. 
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We have previously examined [1] the concentration 

dependence of sulfur isotope fractionation in sulfate reducing 
bacteria. Using continuous culture devices we grew two strains 
under constant growth rates, varying sulfate concentration 
from 0.1 to 10 mM. Each relationship can be fit with a Monod 
curve, but the fitted constants differ markedly between strains. 
In related work [2] we held sulfate concentrations constant and 
examined the relationship between sulfur isotope fractionation 
and sulfate reduction over a wide range of rates – the resulting 
relationship is a hyperbolic fit between rate and fractionation. 

Recent work [3] has provided a framework for 
understanding controls on these fractionations. We have 
combined our results in a model framework in which we 
represent the magnitude of sulfur isotope fractionation as a 
function of two parameters.  These are the rates of electron 
donor supply and sulfate supply to the cellular machinery 
responsible for transformation of sulfate to sulphide. Fitting 
parameters account for strain specific factors, such as sulfate 
and electron donor affinity constant.  

These results are best understood by casting them into an 
enzymatic reaction network in which fluxes and fractionations 
may be imposed at any given step. In combination with recent 
work aimed at uncovering enzyme-specific sulfur isotope 
fractionations, this work moves us towards an understanding of 
the biological underpinnings of sulfur isotope fractionation, 
and the genetic variations that may impose phenotypic 
differences between strains.  We consider the effects of 
selective pressure on the evolution of sulfate and electron 
acquisition machinery over the course of evolutionary and 
Earth history. These results will aid efforts to reconstruct 
ambient sulfate concentrations from sedimentary sulfur 
isotopic compositions. 
 
[1] Bradley, Leavitt, Schmidt, Knoll, Girguis & Johnston 
(2015) Geobiology in revision. [2] Leavitt, Halevy, Bradley & 
Johnston (2013) PNAS 110, 11244-11249 [3] Wing & Halevy 
(2014) PNAS 111, 18116-18125 
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Antarctic endolithic microbial communities are 
hypothesized to be among the slowest growing communities 
on Earth. However, there are few constraints on this estimate 
and its potential variability. Organic biomarkers and associated 
isotopic analyses (13C, 14C) were used to constrain carbon 
sources and cycling in endoliths recovered from two locations 
in the Antarctic Dry Valleys, University Valley (UV) and 
Farnell Valley (FV). Phospholipid fatty acids (PLFA) and 
glycolipid fatty acids (GLFA) were extracted from these 
communities and represent viable cells and long term 
storage/degradation products respectively. 

Concentrations of PLFA generated from the polar lipid 
fraction were 1.1 to 5.5 ug/g while GLFA from the apolar 
fraction were 0.6 to 8.2 ug/g. FV endoliths had the highest 
overall concentrations and ratio of GLFA to PLFA of 1.5:1. 
PLFA and GLFA profiles were dominated by monoenoics 
(16:1 and 18:1) in most UV samples, while in FV 18:2 was 
dominant (> 50%) and long chain PLFA (> 20:0) were present 
indicative of eukaryotes. PLFA δ13C values were depleted 
from bulk organic δ13C values of ca. -31 ‰ by ca. 2 – 3 ‰ 
indicating heterotrophic synthesis. PLFA and GLFA were 
within 1 – 2 ‰ of each other and thus indistinguishable. 

PLFA Δ14C values ranged from -199 to -79‰ (UV) and 
+40 ‰ (FV). The Δ14C value of FV PLFA is consistent with 
cycling of carbon from the modern atmosphere. In contrast, 
UV systems are comprised of carbon with radiocarbon ages of 
1,780 to 665 years, consistent with very slow carbon cycling 
and/or recycling of older carbon within the community. The 
GLFA fraction was more 14C-depleted than the PLFA in all 
samples (by 264 to 55‰) indicating persistence of biomarkers 
in this fraction and a potential source of recycled carbon to 
endolith microbial communities. Differences between 
University and Farnell Valley viable cell carbon ages and 
cycling may reflect variations in the microbial communities 
and/or adaptations to environmental differences between the 
two valleys. 
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Base metal sulfides (BMS) are of interest in ore 
exploration but also for understanding mantle dynamics. The 
highly siderophile elements (HSE) and the Re-Os decay 
system are key tools for investigating BMS: the Re-Os 
geochronology provides age information while the HSE 
signature can be used to discriminate their genesis (e.g. 
metasomatic vs. magmatic).  

Two aspects are critical for trace element and isotopic 
analyses in individual BMS: (1) The small size of BMS in 
mantle and crustal rocks (typically <100 μm) and (2) the lack 
of suitable natural standard material. Thus, we synthesized a 
BMS with homogeneous major and trace element contents 
which was used to develop an isotope dilution procedure to 
determine HSE concentrations and 187Os/188Os in small BMS 
samples representative of natural mantle BMS (µg level).  

The procedure implements the protocol described in 
Pearson et al. [1] and includes the mechanical isolation of 
single BMS (>30 µm) using a microdrill or a laser ablation 
apparatus. The separated grains are then dissolved in HBr 
together with a multi-HSE spike solution. Osmium is extracted 
by micro-distillation and measured by N-TIMS. The residue of 
the microdistillation is treated with BaCl2 and H2O2 to remove 
H2SO4 and Cr6+ before separating all other HSE by cation resin 
exchange chemistry. Ruthenium, Pd, Re, Ir and Pt 
concentrations are determined by SF-ICP-MS.  

Our technique yields excellent reproducibility of the 
synthetized sulfide standard which was independently 
characterized by HP-Asher digestion (deviations <0.1% for 
187Os/188Os and <10% for most of the HSE concentrations).  

Compared to in situ analyses by LA-ICP-MS, our 
procedure has the advantage of chemical separation of 
analytes, thus it prevents 187Re isobaric interference on 187Os 
and minimizes any matrix effects during mass spectrometry 
measurements. This technique ensures the determination of 
HSE concentrations and 187Os/188Os of the whole BMS, 
avoiding any sampling bias related to the complex 
mineralogical assemblage typically observed in BMS.  

 
[1] Pearson et al. (1998) EPSL 160, 311-326.  
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We present analytical results of H2, CH4, N2, O2, Ar and 

CO2 measured by mass spectrometry on Neoproterozoic halite 
inclusions. We use a robust method [1] to analyse gas 
inclusions (GI) in geologic materials of all ages for procuring 
direct measurements of gas contents in terrestrial seawater and 
the atmosphere. Samples may be as small as 25 mg and 
inclusions as small as 1 micron. The small sample and gas 
inclusion sizes minimize problems of cross contamination and 
give gas contents with greater homogeneity. Acquisition of 
gases is achieved with two quadrupole mass spectrometers 
(Pfeiffer PrismaTM) operating in the fast-scan, peak-hopping 
mode. Detection limits with mass spectrometry for most 
inorganic gas species is about 0.2 ppm (about 1 femto mol). 
The novel procedure allows us to routinely determine: H2, He, 
CH4, N2, O2, H2S, Ar, CO2 and H2O. Accuracy of gases in 
artificial inclusions is ~0.5%, and precision for  major gases is 
~ 5% in natural materials. 

Neoproteorozoic chevron halites from the Brown 
Formation of the Officer Basin, Australia are dated at 838 to 
835 m.y. old, and are considered well preserved with primary 
chemistry. Fluids from inclusions suggest that marine sulfate 
was 10% of modern concentrations, while gas inclusions 
contain water, N2, O2, Ar, CO2 and trace amounts of He and 
CH4. The O2/Ar ratios of the halites from two wells covering 
the Brown Formation vary from 11.4 to 13.6, which is about 
50-60 % of the modern atmospheric O2/Ar ratio of 22.4. This 
level of atmospheric O2 measured for the mid-Neoproterozoic 
Cryogenian is higher than anticipated by most authors, but 
compares well with the onset and postulated increase proposed 
by Holland (2006). Thus, adequate oxygen was present in the 
atmosphere and oceans facilitating the explosion of life during 
the Ediacaran and Paleozoic. 

The ‘high’ level of measured atmospheric O2 (50-60% 
PAL) unequivocally corresponds to the great diversification of 
metazoan and algal life during the second GO-MAD (2 Great 
Oxidation & Metazoan-Algal Diversification) event of the 
Proterozoic. 
 
[1] Blamey et al. (2015.) Nature Communications (in press). 
Holland, H.D. 2006. Phil. Trans. R.Soc. 361: 903-915. 
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IODP Expedition 351 Izu-Bonin-Mariana (IBM) Arc 

Origins sucessfully cored more than 1,600 m of sediments and 
the underlying oceanic igneous basement in the Amami 
Sankaku Basin, in the northwest Philippine Sea. The 
volcaniclastic sediments and the basement have formed by 
magmatic processes related to IBM arc inception some 50 Ma 
ago and subsequent evolution of the Kyushu-Palau-Ridge, a 
remnant part of the presently active Izu-Bonin-Mariana island 
arc. Fresh magmatic crystals recovered throughout the whole 
arc-shed volcaniclastic sequence contain a high number of 
pristine melt inclusions that provide important insights into the 
composition of primitive melts, magmatic differentiation and 
evolution of island arcs.  

Here we present the first major element analyses of these 
melt inclusions along with selected volatile (Cl, S, H2O) and 
trace element data plus preliminary data for stable isotopes (S, 
O). Melt inclusions (predominantly hosted in clino-pyroxene) 
cover the full range of magmatic rocks from high-Mg 
(basaltic) andesite and basalt to rhyolite with different suites 
belonging to either the low-K or medium-K rock series. More 
interestingly, these chemical differences are not random but 
systematic with the volcaniclastics shed shortly after arc 
inception hosting melt inclusions more similar to high-Mg 
andesites, whereas melts erupted at a later stage of IBM 
development are overall more evolved (lower MgO) but also 
interestingly tend to a slightly more basaltic composition. 

This observations is in agreement with recent models of 
hydrous melting of a highly depleted mantle wedge at the early 
stage after arc inception and subsequent re-fertilisation of the 
mantle wedge by infiltrating fluids and/or sediment melts 
released from the subducting slab [1]. However, (stable 
isotope) work is in progress to further confirm these 
observations and to test recent models of magmatism during 
arc inception. 

 
[1] Umino, Kitamura, Kanayama, Tamura, Sakamoto, Ishizuka 
& Arai (2015) Geology 43, 151–154.  
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In some scenarios for the direct disposal of spent nuclear 

fuel, 226Ra dominates the dose after 100,000 years. Radium has 
a high affinity to barite (BaSO4) which is also likely to form as 
a result of the reaction between sulfate bearing ground waters 
and Ba present as a fission and decay product in spent fuel. 
Several recent studies have shown that upon contact with 
radium, original pure barite is replaced by  (Ba,Ra)SO4 solid 
solutions even under close-to-equilibrium conditions expected 
for this system in a nuclear waste repository. At ambient 
conditions it was shown that this lowers the radium solubility 
by several orders of magnitude, depending on the amount of 
BaSO4 present in the system and that a full equilibrium of the 
system is approached within less than 1000 days [1]. Here, we 
have extended the study of this replacement reaction to the 
temperature range 25 to 90 °C. Batch experiments with two 
different types of barite in the presence of radium in aqueous 
solution were performed at room temperature and elevated 
temperatures. For this purpose pure BaSO4 was equilibrated at 
room temperature, 70 °C and at 90 °C with an aqueous 
solution containing 0.1 mol/L NaCl and 5 · 10-6 mol/L radium. 
Depending on the solid/liquid ratio and on the temperature, a 
constant radium concentration in the aqueous phase was 
reached after a few hundred days and was attributed to 
equilibrium between solid and aqueous phase. From the final 
radium concentrations and the known BaSO4 solubility  [2] 
solubility constants of RaSO4 for 70 and 90 °C were calculated 
based on Lippmann theory [3] using interaction parameters 
derived from atomistic calculations [4]. New values for So

f, 
Ho

f, Cpo for RaSO4 were obtained, providing a reasonable 
model predicting the behavior of the  Ba-Ra-SO4-H2O system 
in the range from 25 to 90 °C for the first time. 
 
[1] Brandt et al. 2015, Geochim. Cosmochim. Acta, in press. 
[2] Brown P. L et al., In: Uranium Past and Future Challenges. 
Springer International Publishing. pp. 553–564. [3] Lippmann, 
1980. N. Jb. Miner. Abh 139, 1–25. [4] Vinograd et al., 2013, 
Geochim. Cosmochim. Acta 122, 398-417.  
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We present volatile (H2O, CO2 S, F and Cl) and major 

element contents of olivine hosted melt inclusions from 
primitive tephras along the Quaternary backarc volcanic 
province, Payenia, of the Andean Transitional to Northern 
Southern Volcanic Zone (T–NSVZ; 33˚S–38˚S). Pre-eruptive 
chlorine contents in melt inclusions extend to higher 
concentrations in the northern backarc than those observed for 
arc related olivine hosted melt inclusion of the SVZ [1]. Sulfur 
contents in melt inclusions from the Payenia backarc overlap 
with SVZ arc values, and comparatively high S and Cl 
contents also cover high-K2O melt inclusions. Especially 
differences in K2O reflect either source enrichment or the 
degree of mantle melting consistent with the calc-alkaline to 
alkaline transition in composition of the melt inclusions 
between the volcanic arc and backarc. Whereas sulfur and 
florine contents in melt inclusions of the backarc can be 
modelled by partial melting of a primitive mantle, the high 
chlorine contents must derive from addition of subduction 
related fluids to the mantle. In turn, the Cl/K2O ratio increases 
northwards along the backarc, reflecting an inreased fluid-
derived signal by subduction of seawater-altered oceanic crust. 
Mantle wedge melting in the northern backarc is enhanced by 
fluids but the fluid signature gradually declines sourthwards.  

Post-entrapment olivine crystallisation corrected Cl/K2O 
and S/K2O ratios define positive correlations with host olivine 
fosterite content (Fo89–80) that cannot be explained by olivine 
fractionation, degassing and/or degree of mantle source 
melting. The correlation is instead evidence for source 
differences of these elements and Mg#. The variously enriched 
mantle sources feeding the backarc volcanism may not only be 
different chemically, but also mineralogically. This is 
supported by correlations between Mn/Fe in the host olivine 
and Cl/K2O, S/K2O and Mn/Fe ratios in the melt inclusions.  
 
[1] Wehrmann et al. (2014). Int J Earth Sci. 103, 1945-1962 
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Although numerous studies have revealed aspects of the 
physiology of biomineralization and architecture of 
biominerals [1], and inorganic crystal growth experiments have 
advanced our understanding of mineral precipitation in the 
context of biological systems [2], the structure and chemical 
composition of the mineralising interface between these two 
systems has remained elusive. Here, we use laser-pulsed Atom 
Probe Tomography (APT) to reveal the first atom-scale view 
of the interface between biomineral calcite and the Primary 
Organic Membrane (POM) in the ‘test’ of the planktic 
foraminifera Orbulina universa.  

APT is a field-emission-source mass spectrometer, which 
measures the identity (mass/charge) and 3D position (to ~20 
Å) of ions within a solid material. Recent developments have 
allowed its application to geological materials [3] [4], but the 
analysis of heterogeneous carbonate minerals has proved 
particularly challenging. Our data demonstrate the feasibility 
of the technique for analysing carbonate biominerals, and 
provide the most detailed chemically-resolved view of a calcite 
bio-mineral interface to date. 

We find elevated Na and Mg concentrations within the 
POM relative to adjacent calcite, which are able to account for 
some of the puzzling internal trace-chemical heterogeneity 
patterns observed in foraminifera. 

In the surface 2nm of the POM we observe a 4-10 fold 
increase in Na, peaking at 0.6 mol/mol Ca. This reveals that 
the POM surface exibits ion-specific recruitment during early 
biomineralisation. 

Given this surface-specific Na enrichment, we offer a 
mechanistic hypothesis descibing ion recruitment and calcite 
templating by the POM, in context of the drive to reduce 
interfacial energy and minimise thermodynamic nucleation 
barriers [5], and well-documented (but poorly understood) ion-
specific interactions with charged organic surfaces [5]. 

 
[1] de Nooijer, L. J. et al. (2014). 
doi:10.1016/j.earscirev.2014.03.013 [2] de Yoreo. J. & 
Vekilov, P. (2003). doi:10.2113/0540057 [3] Gordon, L. M. & 
Joester, D. (2011).  doi:10.1038/nature09686 [4] Valley, J. et 
al.  (2014). doi:10.1038/ngeo2075 [5] Lo Nostro, P. & 
Ninham, B. (2012). doi:10.1021/cr200271j 
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Bob Berner investigated weathering and its control on 

climate throughout his career. A first-order puzzle in earth 
science that is related to weathering is the question, what 
controls the depth of regolith? In general, we do not know how 
to predict the depth of regolith, and nor do we know what are 
the most important variables controlling this depth. One such 
variable is the presence or absence of fractures in weathering 
rocks. During weathering, sometimes stresses build up and 
cause fracturing (weathering-induced fracturing, WIF). One 
case example of this is spheroidal weathering in granites, 
where oxidation of biotite can cause expansion that drives 
fracturing. We have hypothesized that the ratio of FeO to base 
cation oxides is important in determining whether the reaction 
front for oxidation reaches deeper into a rock than the reaction 
front for acid-promoted dissolution. This ratio, originally 
described by Dick Holland as Ro, indicates the electron-
consuming capacity divided by the proton-consuming capacity. 
In rocks where the consumption of electrons normalized by 
consumption of protons over the full regolith depth is smaller 
than Ro (oxidation proceeds to shallower depths than 
dissolution proceeds) we have hypothesized that no WIF 
occurs. For example, in a diabase weathering in the Virginia 
Piedmont, we observed no WIF at depth, but we did see deep 
dissolution of pyroxene, without oxidation. In contrast, in 
rocks where the consumption of electrons normalized by 
consumption of protons over the full regolith depth is larger 
than Ro (oxidation proceeds deeper than dissolution proceeds) 
we have hypothesized that WIF occurs. Consistent with this, in 
the Virginia Piedmont we have observed WIF in granite but 
not in diabase. The presence of WIF in the granite is presumed 
to be the explanation for why regolith is deeper and the 
reaction front for plagioclase is wider than similar features of 
the diabase.  These observations should help us not only 
understand the weathering thermostat of the earth, but also the 
relationships between weathering and atmospheric oxygen. 
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Large nutrient inputs due to anthropogenic impacts 

increased dramatically during the last decades.  Beside the 
increased nitrogen load itself, eutrophication can alter 
biological N-retention, which can dynamically change N-loads 
in aquatic ecosystems.  

In this study, we investigated nitrate inputs in a small river 
(Holtemme, Saxony-Anhalt) along a gradient of anthropogenic 
influence, from a natural protected area to a waste water 
treatment plant (WWTP) and agricultural impacts downstream. 
We aimed to determine alterations in the nitrate loads and 
isotope signatures in the water column as well as the influence 
of these loads on biological filtering due to  seasonal turnover 
processes in the river sediment.  

Water samples were taken seasonally at six stations inside 
the gradient for measuring nutrient concentrations and δ15N 
and δ18O of nitrate. To differentiate rates of nitrate production 
and removal, additional sediment cores for sediment 
incubations were taken in the pristine part and at the end of the 
gradient in the N-polluted area. 

 Pristine nitrate isotope values showed a clear influence of 
natural sources like biological nitrogen fixation, or 
atmospheric deposition. Along the gradient, nitrate 
concentrations and δ15N then increased in all seasons, 
decreasing again slightly after the WWTP towards the 
agricultural area.  

In general, nitrogen turnover rates were higher in the 
polluted area than in the pristine area. In the polluted part of 
the river, turnover rates were higher in summer than in autumn, 
but nitrate removal clearly exceeded nitrate production. In the 
pristine area, a shift occurred from summer to autumn from net 
nitrate production to net removal.  

Our measurements quantify the nitrate increase due to 
anthropogenic activities in a small river that receives little N 
from other sources. We also traced N-isotope changes of 
urban, waste water and agriculture. This high nitrogen load 
results in a shift from nitrate production to nitrate removal in 
river sediments, but the removal capacity is apparently 
overwhelmed by surplus N-inputs. 
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As part of the physical and chemical ‘bio-fracking’ that 

occurs at the interface between fungi and mineral surfaces [1], 
organic acids are known to be secreted at concentrations from 
10-5 to 10-3 moles L-1 [2]. However, solution based 
experimental studies of some silicate minerals describe the 
need for 10-2 to 10-1 moles L-1 of organic acids to observe 
appreciable effects on dissolution rate (doubling), compared to 
abiotic dissolution [3]. The effect of organic acids at lower 
concentrations, and their contribution to biological weathering, 
and in turn the global C cycle, is currently unclear. Here we 
present two experimental examples of how the typically low 
concentrations of organic acids found around fungal hyphae 
influence mineral weathering. 

Firstly, solution based biotite dissolution experiments  
(pH 2 to 6) revealed a change in the stoichiometry of element 
release in the presence of organic ligands, preferentially 
liberating Al, Fe and Mg from the solid phase via the 
formation of metal-organic complexes [4]. Secondly, organic 
ligand exudation at the interface between symbiotic fungal 
hyphae and minerals in a plant-fungi monoxenic microcosm 
led to the formation of secondary Ca-oxalate minerals [5]. 

The formation of metal-organic complexes in solution and 
of secondary precipitates enhances microorganism driven 
mineral weathering rates. Organic acids preferentially liberate 
divalent cations important in carbon drawdown in the longterm 
C cycle. 
 
[1] Bonneville et al (2011) GCA 75:6988-7005 [2] Adeyemi & 
Gadd (2005) Bio Metals 18:269-281 [3] Golubev et al (2006) 
GCA 70:4436-4451 [4] Bray et al (2015) GCA in press [5] 
Schmalenberger et al Sci Reports (in review) 
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Given the evidence in nature for a strong Pt-As association 
in magmas, we evaluated the effect of arsenic on platinum 
solubility in molten silicate.  Two different approaches were 
employed.  In the first (Type 1), vacuum-sealed quartz tubes 
contained a synthetic basalt analogue with Pt metal +/- 
arsenide melt encapsulated in a natural chromite crucible.  
Oxygen fugacity was fixed using solid oxide buffers, 
coresponding to ΔFMQ of -3.3 to +4.3.  Experiments were 
done at 0.1 MPa, 1200oC for 1 to 4 days, then quenched in 
water.  It was found that As was volatilized from samples and 
began to contaminate the oxygen buffer, leading to a 
systematic decrease in Pt and As solubility with time.  To 
mitigate this problem, a second series of experiments (Type 2), 
done at ΔFMQ of  +0.7 and +4.3, first equilibrated the basalt 
sample with (initially) pure Pt in a gas-mixing furnace, then 
with added arsenide melt in a sealed quartz tube, but without 
the solid oxide buffer; fO2 was checked after using 
chromite/melt partitioning of vanadium. All Type 1 
experiments contained Pt-Fe alloy + Pt-arsenide melt, whereas 
Type 2 runs contain Pt-arsenide melt only. In all experiments, 
the dissolved As content of the silicate melt increased 
significantly with fO2, varying from 10 to 10,000 ppm, over 
the fO2 range investigated. The average Pt contents of the Pt-
saturated As-bearing glasses produced at ΔFMQ of +0.7 and 
+4.3 are 0.16 ppm and 0.18 ppm, respectively, compared to 
0.02 ppm and 0.14 ppm Pt without As. At ΔFMQ of +0.7, the 
As content of the silicate melt is ~400 ppm, in which the Pt 
solubility is enhanced by 8-fold.  Hence, the molar As/Pt 
required to affect this “excess” Pt solubility is ~7400.  The As 
content of typical primitive basalts is ~0.1 ppm, compared to 
1-10 ppb Pt, resulting in molar As/Pt of ~300-30; this suggests 
the solubility enhancement by As complexing will be 
insignificant in natural systems.  Importantly, despite 800-
10,000 ppm As in the glasses from Type 2 experiments 
saturated in Pt-arsenide melt, but not Pt metal, each contained 
Pt contents of <0.01 ppm, regardless of fO2.  This implies that 
the Pt level required for Pt-arsenide saturation in molten 
silicate is low, possibly leading to crystallization of such 
phases as sperrylite (PtAs2) in sulfur-poor, As-bearing 
magmas. 
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The geological reasons for patterns of eruption within a 
distributed intraplate monogenetic volcanic field are often 
difficult to interpret. With strong regional structural control, 
faults and oriented dyke intrusions may control eruptive sites 
and generate chains of aligned cones and fissure eruptions. In 
near-neutral crustal-stress regimes, eruption centres and 
possibly erupted magma volumes may be a more direct 
representation of the relative fertility or productivity of the 
mantle below. Eruptions may persist at localities where mantle 
upwelling is strongest and leads to great volumes of magma 
production (e.g., within the centre of a large volcanic field) or 
in fields with primarily one-off eruptions, the sites may 
represent tapping of a finite magma source. In the latter case, a 
magma-source depletion map could be derived by evaluating 
the volumes and locations of past eruptions, highlighting areas 
where future eruptions may occur. In this study we explore 
these concepts by analysing the eruptive volume and spatial 
distribution of volcanism in the Auckland Volcanic Field 
(AVF), particularly in relation to properties of its magmas. We 
estimate the degree of partial melting and melting depth of 
each AVF eruption through their chemical characteristics. 
These parameters are coupled with the erupted volumes and 
ages to create a model for the evolution of the mantle source 
region beneath the AVF. The model suggests that the source 
region is not homogenously partially molten and 
interconnected. Individual eruptions, including those 
overlapping at the surface, tap discrete portions of mantle, and 
only a minor proportion (<1%) of the source region has been 
tapped to feed eruptions so far, with the driver of activity in the 
field likely to be the release of accumulated tectonic strain. 
The mantle mapping model could be directly used to 
understand future spatial hazards estimations by highligting 
where relatively fertile (unmelted/untapped) volumes of mantle 
source may exist. 
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The first solids that formed in our Solar System, calcium–
aluminum-rich inclusions (CAIs), provide abundant evidence 
for the presence of short-lived radionuclides at their time of 
formation. However, most of these radionuclides can be 
produced by different processes in different settings, and 
therefore do not necessitate injection by a nearby supernova. In 
contrast, 126Sn (which decays to 126Te with a half-life of 
≈235,000 years) is produced exclusively by r-process 
nucleosynthesis in supernovae [1] [2]; thus, evidence of extant 
126Sn in early Solar System materials would provide 
unequivocal evidence for supernova injection into the forming 
Solar System. Such evidence of 126Sn would be derived from 
an excess of its daughter product, 126Te, relative to chondritic 
abundance. In this work, we investigate the Te isotopics of 
Allende CAIs using a novel method of measurement that 
achieves considerably higher precision than previous studies. 

Instrumental sensitivity for elements that readily form a 
hydride, such as Te, can be significantly increased by 
introducing the sample as a hydride gas to the ICPMS [3]. By 
coupling a CETAC HGX-200TM to a Neptune MC-ICPMS at 
ASU, we have increased the useful ion yield of Te by 8× and 
our overall precision by more than 30× when compared with 
measurement of Te isotopes using traditional solution MC-
ICPMS. We report external reproducibilities (2SD) of ±35 
ppm (122Te/128Te), ±29 ppm (124Te/128Te), ±10 ppm 
(126Te/128Te), and ±14 ppm (130Te/128Te) while consuming <10 
ng Te per analysis. 

The measurement of 11 Allende CAIs spanning a large 
range of 124Sn/128Te ratios (0.4 to 10.0) has revealed no 
resolved isotopic variation from terrestrial standards. This 
result indicates that either: 1) there was no input of r-process 
material within a few Ma prior to CAI formation, or, more 
likely, 2) there was no live 126Sn present at the time of the 
alteration event that equilibrated Te  isotopes in Allende CAIs. 
Further study of unaltered CAIs is required to differentiate 
between these two possibilities. 
 
[1] Qian et al. (1998) ApJ, 506, 868. [2] Fehr et al. (2009) 
MAPS, 44, 971. [3] Forrest et al. (2009) Geostand. Geoanal. 
Res., 33, 261. 
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The gas concentrations in water bodies are controlled by 
air/water exchange, sources/sinks in the water, and mixing of 
different fluids. Atmospheric gases originate from air/water 
partitioning at the water surface and (partial) dissolution of air 
bubbles entrained/entrapped in the water (excess air, EA). The 
EA dissolved-gas concentrations are commonly substantial in 
groundwaters. The noble gas concentrations in water allow EA 
quantification, which provides a robust basis for quantitative 
interpretation of reactive gases. 

We developed a membrane-inlet mass spectrometer [1] for 
quasi-continuous on-site gas analysis in the field (He, Ar, Kr, 
N2, O2, CO2, CH4, etc). Most recently, we miniaturized this 
instrument and reduced power consumption to allow battery 
operation in the field. This instrument yields gas concentration 
time series, which provide the data basis for robust 
interpretation and quantification of gas dynamics in terms of 
physical and biogeochemical processes (e.g., respiration/O2 or 
denitrification/N2). 

Currently available software tools for physical 
interpretation of noble gas data are, however, not adequate to 
interpret data sets containing both noble and (bio)chemically 
active gases. The available tools are furthermore restricted to a 
limited and hard-wired set of physical gas-exchange processes. 
We therefore developed a new and flexible tool [2] 
(NOBLEFIT) for quantitative interpretation of dissolved gas 
data in terms of system-specific environmental processes and 
variables. NOBLEFIT covers the functionality of previous 
tools, but is designed to allow user-defined process models 
(e.g., physical conditions during atmosphere/water exchange, 
bubble/water interaction, strength and kinetics of internal gas 
sources and sinks, etc.). 

Both on-site gas analysis and system-specific model fitting 
reflect significant improvements relative to currently available 
techniques. Moreover, the combination of both tools offers 
new avenues to study the interaction of physical and 
biogeochemical processes in water bodies and other 
environmental systems.  
 
[1] Mächler et al 2012, ES&T, 10.1021/es3004409 [2] Free 
software, http://sourceforge.net/projects/noblefit 
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Current available techniques to determine (noble) gases in 

terrestrial fluids, soil air or water are laboratory-based, 
expensive and allow only a very limited number of samples to 
be analysed. These methods are not adequate to resolve air / 
gas-water partitioning on the short time scales (min. - hours) 
being relevant for many environmental processes, e.g., gas 
transfer during bank infiltration. These facts prevent the 
powerful concepts of terrestrial noble gas geochemistry to be 
applied more wildly in environmental science and (tracer) 
hydrology. 

To overcome these technical limitations we recently 
developed a membrane inlet mass spectrometric system 
operating at gas / water equilibrium (GE-MIMS) which 
enables the concentrations of dissolved He, Ar, Kr, N2, O2, 
CH4 and CO2 to be measured quasi-continuously (3 min.) in 
natural waters under field conditions on site [1] [2]. 

Initial dissolved O2 concentrations at (ground) water 
recharge cannot be determined by the prevailing temperature 
(and salinity) of the water as all atmospheric gases are 
delivered to (ground) water not only by atmosphere / water 
equilibration, but also by excess air formation, i.e. at recharge 
the concentrations of atmospheric gases in (ground) water 
commonly exceed saturation equilibrium. 

As Ar and O2 have nearly the same physical properties 
with regard to gas/air-water partitioning, Ar concentrations 
allow the initial dissolved O2 concentrations at (ground) water 
recharge to be determined. The GE-MIMS therefore enables, 
for instance, the quantification of O2 turnover rates on the 
small time scales being typical for aquatic systems. 

We present recent GE-MIMS applications to analyse 
(ground) water aeration during bank infiltration and to assess 
the contribution of excess air formation on the oxygenation of 
(ground) water. If feasible we demonstrate our portable GE-
MIMS on site and in real-time at Goldschmidt conference. 

 
[1] Mächler et. al, Environ. Sci. Technol., 46, 8288-8296. [2] 
Mächler et. al, Chimia, 68, 155-159. 
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Methanogenesis is an essential part of the global carbon 
cycle and a key bioprocess for sustainable energy [1]. 
However, the relationship between biogeochemical cycling 
and methanogenesis has yet to be fully described. Research to-
date suggests that solid-phase minerals acting as electron 
donors may significantly promote inter-species electron 
transfer between syntrophic bacteria and methanogenic archaea 
[2]. These interactions may be very important to sediment 
microbial ecology, where an abudance of solid-phase minerals 
exist.  

Here we present new data relative to the taxonomic and 
functional relationships that were observed for methanogenic 
biofilm over a 3-month period. Duplicate bioelectrochemical 
systems were inoculated with rice paddy soil and subpassaged 
every 10-14 days. Poised-potential electrodes (-500 mV vs 
SHE) were used as a proxy for solid-phase minerals and 
bioelectrochemical reactors were operated under anoxic 
conditions with a 20%:80% CO2:N2 headspace.  

Physiological data and community taxonomic analyses 
indicated a correlation between current consumption and 
methanogenesis. 16S rRNA sequence data showed a high 
relative abundance of Desulfovibrio, Methanobacterium, 
Colstridium and Rhizobium spp.  in each subpassage sample. 
These data may hold new insights for understanding inter-
species electron transfer between syntrophic bacteria and 
methanogenic archaea. 
 
[1] Kato, S. et al., Environmental microbiology 2012, 14 (7), 
1646-1654. [2] (a) Gorby, Y. A. et al. Proceedings of the 
National Academy of Sciences 2006, 103 (30), 11358-11363; 
(b) Ishii, S. i. et al., Applied and environmental microbiology 
2006, 72 (7), 5093-5096; (c) Kato, S. et al., Environmental 
microbiology 2010, 12 (12), 3114-3123. 
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Mantle chemical heterogeneity on all length scales is well 
documented but has remained difficult to thoroughly 
characterise: outstanding questions include both the physical 
form taken by the heterogeneities and their origins.  
Radiogenic isotope systems are often used to define distinct 
mantle chemical “end-members”, but usually cannot isolate a 
unique origin. Stable isotope fractionation offers a 
complementary tracer of inputs to and mineralogy of melt 
source regions. Here thallium (Tl) stable isotope systematics 
are investigated in Ocean Island Basalts (OIB) spanning a 
range of radiogenic isotope compositions.  

In typical MORB, [Tl] ≈ 2ppb and ε205Tl = -2 ± 1 [1]; Tl 
concentrations in subducting materials such as ferromanganese 
and pelagic sediments can reach 100s ppm. Therefore if such 
material is present in the source region of a melt it should 
dominate the melt's Tl budget. Furthermore, Tl-rich subducting 
material spans a wide range of ε205Tl, from -20 (low-
temperature altered oceanic crust) to +15 (ferromanganese 
sediments) [2,3].  

In contrast to the tightly constrained fresh MORB glass 
value of ε205Tl = -2 ± 1, new Tl concentration and isotopic 
composition data for OIB display a wide range of ε205Tl (-6 to 
+6) even within individual island suites. Analyses of single-
mineral reference materials reveal that sodic feldspars and 
sheet silicates can contain sufficient thallium to influence bulk 
composition of a melt (250 to 13000 ppb), coupled with a wide 
range of ε205Tl (-5 to +1) comparable to that seen in OIB. 
Furthermore, OIB ε205Tl does not correlate with radiogenic Sr-
Nd-Pb isotope composition. Given the large concentration 
contrast between the mantle, sheet silicates and sulphides, 
thallium isotope systematics may be suggestive of globally 
pervasive short-scale mineralogical heterogeneities in the 
mantle that are not reflected in their Sr-Nd-Pb isotope 
composition. Thus Tl isotopes have the potential to act as an 
ultra-sensitive tracer of components in OIB melt generation, 
including the possibility of fingerprinting metasomatic veins 
and mantle sulphides. 

 
[1] Nielsen et al. (2007) EPSL, 264:332-345 [2] Nielsen et al. 
(2006) EPSL, 251:120-133 [3] Rehkämper et al. (2002) EPSL, 
197:65-81 
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Elevated arsenic from natural sources has been known to 
occur in groundwater of northern Burkina Faso for a number of 
years. Arsenic contamination poses a serious health threat to 
the local population which is totally dependent on groundwater 
for its daily needs. Arsenic is thought to originate from the 
oxidation of arsenic-containing sulphide minerals, mainly 
found in rocks of the Birimian Formation. 

As these rock types also occur in other regions of Burkina 
Faso, it was suspected that elevated groundwater arsenic could 
be more widespread than currently known. Sampling 
campaigns in the south-west, south and north of the country 
proved this hypothesis, with about 10% of samples surpassing 
the WHO guideline value of 10 µg/L. In addition, country-
wide geological and mining-related datasets were collected, as 
well as existing groundwater arsenic measurements, to gain a 
better understanding of the spatial patterns of arsenic 
distribution and  possible links to certain geological or mining-
related parameters. Preliminary data evaluation with logistic 
regression modelling show that boreholes drilled into basalt, 
schist and orthogneiss of the Birimian Formation have a higher 
probability of having elevated arsenic than for adjacent 
granitoids. Such information is very valuable for decision 
makers and practitioners, as it highlights regions where well-
testing for elevated arsenic should be routinely undertaken. 
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Construction of multi-barrier concrete based waste 
disposal solutions and management of alkaline mine drainage 
water requires cation exchangers combining excellent sorption 
properties with a high stability and predictable performance in 
hyper alkaline media. Though highly selective organic cation 
exchange resins have been developed for most pollutants, they 
can serve as growth medium for bacterial proliferation, 
impairing their long-term stability and introducing 
unpredictable parameters into the evolution of the system. 
Zeolites represent a family of inorganic cation exchangers, 
which naturally occur in hyper alkaline conditions and cannot 
serve as electron donor or carbon source for microbial 
proliferation. Despite their successful application as industrial 
cation-exchanger in near neutral conditions, their performance 
in hyper alkaline, saline water remains highly undocumented 
[1] [2]. This contribution evaluates the interaction of a 
selection of elements with zeolitic ion exchangers, in hyper 
alkaline conditions which are relevant to four pore water 
regimes that are expected to occur as a result of cement 
degradation with time.  

Due to the limited number of relevant experimental studies 
available, the interaction was evaluated using information from 
three sources. For all elements in this report, the dominant 
speciation in hyper alkaline media was evaluated and a 
mechanistic evaluation of the potential of these species to 
interact via a cation exchange mechanism was made. In cases 
for which reliable experimental results were available, they 
were used for estimation of the KD value to the respective 
concrete pore water conditions with an emphasis on values 
available for chabazite. The experimental data were filtered to 
exclude studies impacted by surface precipitation and sorption 
onto organically modified zeolites. 
 
[1] Van Tendeloo L. et al. (2015) Environ. Sci. Technol. 49, 
1729−1737 [2] Van Tendeloo L. et al. (2015) Environ. Sci. 
Technol. 49, 2358−2365 
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It is well established that anthropogenic Pb emissions to 
the oceans completely overwhelmed natural Pb sources over 
the past century, predominantly due to the usage of leaded 
petrol. For example, Pb in Tropical Atlantic surfaces waters 
was completely dominated by anthropogenic sources in the 
1980’s and 90’s, despite receiving potentially large inputs of 
Pb from natural sources (North African mineral dust and the 
Amazon basin). Since then, leaded petrol has been phased out 
nearly everywhere. Here we present Pb isotope composition 
and concentration data for Tropical Atlantic surface waters 
collected during two GEOTRACES cruises (GA02, leg 2, 2010 
and GA06, 2011) in order to reassess the relative importance 
of natural and anthropogenic Pb sources to this region. 

Relative maxima (of ~30-40%) in the contribution of Pb 
from North African mineral dust to surface waters are 
observed at different latitudes (~10°N and ~15-20°N) for the 
two cruises, consistent with the seasonal migration of the 
North African dust plume. This is the first time a significant 
amount of Pb from natural sources has been detected in 
Atlantic surface waters, as a testament to the success of the 
global effort to reduce anthropogenic Pb emissions starting 
more than 40 years ago. 

However, Pb isotope compositions and elemental 
concentrations for aerosols collected during the GA06 cruise 
reveal that anthropogenic sources still contribute at least 50% 
of the Pb in the aerosols, and completely dominate the fraction 
of Pb that is soluble in a dilute ammonium-acetate leaching 
solution (pH 4.7). These results seem in contrast to the 
observed mineral dust Pb contributions to surfaces waters. 
Since anthropogenic pollutants are typically contained in finer 
particles than mineral dust, the reoccurence of Pb from mineral 
dust in surface waters points to predominantly dry deposition 
in the region. This observation is consistent with the prevailing 
atmospheric circulation and could offer unique constraints for 
global models of dust deposition. 
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Coupled dissolution and growth kinetics has gained 
growing interest in recent years, due to its importance for 
many natural and anthropogenic systems, like metamorphism, 
weathering, corrosion and nuclear waste management. There 
have been extensive experimental studies, showing many 
influencing processes determining the coupling behavior. 
However, coupled systems are sufficiently diverse and 
complex and thus a prediction of a long-term process rate is 
still not possible.  

Therefore, the present study has the aim to gain a 
fundamental understanding of the coupling of crystallization 
and dissolution via solutions. Investigations are conducted 
using kinetic Monte Carlo simulations, which provide insights 
to the basic mechanisms contributing to the particle evolution 
at a molecular scale. The Ostwald ripening effect here serves 
as a simple entrance system, since it can merely be described 
with a single solid phase. Kinetic Monte Carlo models proved 
to give reliable results for real system evolution [1] [2], and 
together with experimental AFM and VSI studies might enable 
a general description for coupled kinetic systems as well as a 
first increment towards a long-term rate calculation.  
 
[1] I. Kurganskaya, A. Luttge (2013a), Geochimica et 
Cosmochimica Acta, 120, 545-560. [2] I. Kurganskaya, 
A. Luttge (2013b), The Journal of Physical Chemistry 
C, 117, 24894-24906. 
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Kimberlite eruptions transport mantle material (i.e., 
eclogites, peridotites, diamonds) from the sub-continental 
lithospheric mantle (SCLM) to Earth’s surface. Previous 
studies of xenoliths have shown the Siberian SCLM has been 
extensively metasomatized by subduction and plume related 
fluids [1] [2], respectively. Here we investigate halogen and 
noble gas characteristics of peridotites and diamonds from the 
Udachnaya (360 Ma) and Obnazhennaya (150 Ma) kimberlites 
in order to determine the extent to which volatiles are 
introduced into the SCLM through metasomatic events. 

Udachnaya peridotites and diamonds have consistently 
higher halogen (CL, Br, and I) concentrations than those from 
Obnazhennaya, although all samples are enriched by several 
orders of magnitude compared to MORB. Values of Br/Cl and 
I/Cl of the xenoliths values are similar to eclogite fluids and 
Canadian diamonds, whereas Udachnaya diamonds are 
indistinguishable from marine pore fluids [3] [4]. 

High concentrations of halogens, together with Br/Cl and 
I/Cl values similar to eclogites and Canadian diamonds, 
indicate that the Siberian SCLM has been subjected to 
metasomatism by a halogen-rich fluid, likely incorporated into 
the SCLM directly from the release of subducted eclogitic 
fluids. Alternatively, this fluid may result from halogen 
fractionation and Cl removal during crystallization of Cl rich 
phases. Isotopes of He from both localities suggest that a 
secondary metasomatic event occurred, involving the 
impingement of the Siberian Flood Basalt (SFB) plume  
(250 Ma) into the Siberian SCLM [2]. This increased the 
3He/4He, while contemporaneously lowering the halogen 
concentration in the Obnazhennaya xenoliths relative to 
Udachnaya samples, which were erupted prior to SFB 
emplacement.  

 
[1] Pernet-Fisher et al., 2015 Lithos 218-219, 141. [2] Barry et 
al., 2015, Lithos, 216, 73. [3] Svenson et al., 1999 Geology 27, 
467. [4] Burgess et al., 2009 GCA 73, 1779. 

394



 Goldschmidt2015 Abstracts  

 395 

Early sponges and toxic protists? 
Cryostane, a new biomarker 

antedating Sturtian Snowball Earth 
J. J. BROCKS1*, A. JARRETT1, E. SIRANTOINE1, F. KENIG2, 

M. MOCZYDŁOWSKA3 AND S. PORTER4 
1The Australian National University, Canberra, ACT 2601, 

Australia (*Jochen.Brocks@anu.edu.au) 
2University of Illinois at Chicago , USA 
3Uppsala University, 75236 Uppsala, Sweden  
4University of California at Santa Barbara, CA 93106, USA 
 

The period 800 to 717 million years (Ma) ago, in the lead-
up to the Sturtian Snowball glaciation, saw an increase in the 
diversity of eukaryotic microfossils as well as the appearance 
of several modern eukaryotic groups. To afford an independent 
and complementary view of this evolutionary event, we 
studied the distribution of eukaryotic biomarkers from three 
pre-Sturtian basins across the supercontinent Rodina, the ~780 
Ma Kanpa Formation of Western Australian, the  
~800 – 740 Ma Visingsö Group in Sweden, and the 740 Ma 
Chuar Group, Arizona. The distribution of eukaryotic steranes 
was remarkably similar in the three pre-Sturtian basins but 
distinct from all other known younger and older sterane 
assemblages. Cholestane (C27) was the only conventional 
structures, while indigenous steranes alkylated in position C-
24, such as ergostane (C28), stigmastane (C29) and C30 steranes 
were not identified. This unique sterane distribution appears to 
be age-diagnostic for the mid-Neoproterozoic and attests to the 
distinct evolutionary state of pre-Snowball eukaryotes with a 
taxonomic disparity still much lower than in the Ediacaran 
(635 – 541 Ma).  

Intriguingly, hydrocarbons from all three basins revealed a 
new sterane, cryostane, possessing an unusual side chain 
modification that, among extant organisms, is solely produced 
by sponges. Sponges are indeed a plausible source because 
molecular clocks place the appearance of this earliest animal 
branch into the mid-Neoproterozoic. However, little is known 
about the sterol biosynthetic capacity of most heterotrophic 
protists that may be alternative sources of the unknown 
compound. Thus, rather than assigning cryostane to sponges or 
any other clade, it is more instructive to elucidate the function 
of unusual side-chain alkylated sterols in general. An 
intriguing hypothesis posits that such sterols may protect 
organisms against their own membranolytic toxins. Protists 
release lytic toxins to deter predators and kill eukaryotic prey. 
This interpretation of cryostane supports fossil evidence of 
predation in the Visingsö and Chuar groups and promotes 
hypotheses about the proliferation of eukaryophagy in the lead-
up to the Cryogenian. 
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Ontogenetic analysis of an anatomy of the mineral 
individual 

Constantly the real crystal lattice is different from an ideal 
one, it contains defects and dislocations. Defects occur at all 
stages of ontogeny development of a grain. It is a disorder of 
translation centers of a planer grid of an elementary cell. 
Defects are presented by vacations or the position of the 
vacation could be occupied by ions or its complexes.  

All dislocation has ability to migration in the crystal lattice 
volume, because of the quantity energy differences consumed 
during formation and existence. Transformation of the points 
defects into lineal or transformation of the one-dimensional 
defects into the two-dimensional reduces the total energy of a 
crystal and can be considered as a dynamical dislocation. Thus, 
aggregation of defects satisfies a condition of energy 
minimization. It is a way of a refining or a purification of the 
crystal lattice of the mineral individual from dislocations and 
impurities.  

A grain or a crystal boundary is also a dislocation – a edge 
dislocation. It is a buffer zone between the lattice energy and 
the matrix energy (the aggregate energy) in which the crystal 
was occurred and was grown. Consequently, while the 
dislocation energy of crystal lattice is changing, the boundary 
energy is transforming also. Any energy changing of a crystal 
boundary leads to the morphology transformation.  

We are succeeded in validating of these theoretical 
statements on different levels of the mineral matter 
organization. 

Results and Discussions 
During the monomineral quartz aggregate microscope 

studding we determinate several types of the quartz 
individuals, differing from each other by the internal fabric –
anatomy and morphology. To obtain more information a 
Cathodoluminescence analysis, EBSD analysis and quantity 
estimation of defects by the special Mineralogical integration 
devise were done. All gained results reveal one tendency for 
all studied rocks and it helps us to confirm the dislocation 
dynamics influence to morphology of the mineral aggregate.   
 
[1] Brodskaya R., Götze J., Kotova E., Heide G. Analysis of 
vein quartz individuals and aggregates and quantity estimation 
oft he quartz raw matierial //Zapisky of RMO. 2015. №1. P. 
93-100 
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The high concentration of defects in grain boundary 

regions means that they provide fast, alternative pathways for 
diffusion of chemical species, especially towards lower 
tempartures where lattice diffusion (LD) is thermally inhibited. 
However, although the importance of grain boundary diffusion 
(GBD) is widely recognised there remains a lack of 
experimental  data on the relative importance of this 
mechanism in key geological systems.  

We present results of a study of Ti diffusion in 
polycrystalline quartz. As well as providing a general model of 
cation diffusion in the lower crust this system is of 
considerable interest in thermobarometry as concentration of 
Ti in quartz (TitaniQ) is commonly used to determine 
crystallisation temperatures [1-3]. Diffusion experiments were 
performed at 1 GPa, 1000-1600°C using a Ti capsule source 
and fine-grained, synthetic quartz aggregate as both sink and 
matrix phase. Resulting diffusion profiles are complex and 
demonstrate operation of fast GBD and slower LD. Using the 
approach of LaClaire (1963) [4] we derive grain boundary 
diffusivities and demonstrate that GBD is 2-6 orders of 
magnitude faster than LD. 

Based on these results we present a model which considers 
the weighted influences of LD vs GBD of Ti in polycrystalline 
quartz of variable grain size. Our results support the increasing 
use of the TitaniQ thermometer in diverse, low temperature 
applications,  and suggest that effective closure temperature for 
Ti diffusion in fine-grained quartz-rich material is as low as 
350-400°C. More broadly, results from this study indicate that 
the importance of GBD as a transport mechanism in the Earth 
has been under estimated considerably, especially in the lower 
crust where it may have a major influence on geochemical 
processes. 

 
[1] Wark & Watson (2006) Contrib. Min. Pet. 152, 743-754. 
[2] Thomas et al. (2010) Contrib. Min. Pet. 160, 743-759. [3] 
Huang and Audetat (2012) Geoch Cosmoch. Acta 84, 75-89. 
[4] LaClaire (1963) J. App. Phys. 14, 351-356.  
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Introduction 
Remains of old regoliths onshore Norway are sparse due to 

several glaciations during the Quaternary. Remnants of the 
Mesozoic cover and potential thick packages of altered 
basement rocks were eroded and today's landscape with steep 
deep valleys and fjords was formed.  

A small Mesozoic basin has been preserved onshore on the 
island Andøya, Northern Norway, and earlier studies suggest 
that Mesozoic sedimentary rocks are resting on deeply 
weathered bedrock. At the southern boundary of the basin a 
kaolinite-rich horizon is outcropping, sandwiched between the 
basement and the overlying Early Jurassic siliciclastic rocks. 

The present study aims an improved understanding of i) 
old weathering processes in Norway; and ii) assess whether 
weathered basement is preserved underneath Mesozoic 
sedimentary rocks on a regional scale. We investigated the 
mineralogy and geochemistry of the outcropping weathering 
profiles, focusing on the transition zone between mildly 
weathered basement and overlying sedimentary rocks from 
three well cores in the basin. 

Results 
Our results show a 18-m-thick transition zone consisting 

mostly of kaolinite and quartz. Quartz grains are angular 
indicating short transport. An abundance of clay minerals in 
the transition zone (65-92 wt%) in comparison to underlying 
mildly weathered basement rocks (11-36 wt%) and overlying 
sedimentary rocks (8-13 wt%) suggests that a zone of deeply 
altered basement rocks existed prior to the deposition of the 
sedimentary rocks. A kaolinite-rich horizon of comparable 
thickness to the one observed at the surface is absent in all drill 
holes onshore Andøya. Deeply weathered basement rocks may 
therefore have developed only locally, or it may have been a 
regional development, that was only locally preserved. The 
latter can be explained by local erosion during development of 
the basin, when  parts of the regolith were close to sea level 
and exposed to waves and tidal changes. 
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It has been established that the majority of nominally 

anhydrous minerals (NAMs) in Earth’s mantle can incorporate 
water in the form of structurally bound hydrogen and that, as a 
result, there may be a significant volume of water stored in the 
mantle. The total water content of the mantle can be estimated 
through the analysis of MORB, OIB and xenolith material but 
samples typically derive from shallow depths and these 
estimates may not be representative of the whole mantle.  

Due to being highly mobile, hydrogen is thought to act as 
the dominant charge-carrying species in mantle minerals and, 
consequently, electrical conductivity is sensitive to even small 
changes in water content. Large scale electrical conductivity 
studies may therefore offer a complimentary method for 
‘mapping-out’ mantle water content, provided the influence of 
hydrogen can be adequately determined. Unfortunately, 
obtaining mineral electrical conductivity data relevant to 
mantle conditions has traditionally been problematic due to 
difficulties inherent in measuring conductivity in ‘wet’ 
samples - with different groups of researchers in different 
laboratories obtaining calculated mantle reservoir water 
contents that differ by several orders of magnitude.  

Our experimental design investigates electrical 
conductivity in synthetic hydrous olivine by considering 
hydrogen-deuterium exchange in single crystals. Hydrogen-
saturated crystals are synthesised under mantle conditions 
(such that the hydrogen incorporated is relevant to the 
conditions being studied), then sealed in a capsule with 
deuterium oxide, allowing deuterium to exchange with 
hydrogen under controlled (mantle) pressure and temperature 
conditions for a specified time period. The resulting H-D 
exchange profiles can be characterised using SIMS depth 
profiling and fitted to Fick’s law; extrapolated diffusion data 
for hydrogen self mobility can then be directly related to 
electrical conductivity through the Nernst-Einstein equation. 

Following experiments on synthetic olivine, the method 
can be used to investigate high pressure phases, providing data 
on hydrogen mobility across all parts of the mantle. 
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CO2, a frequent constituent in natural gas fields, can come 
from various sources, either organic or inorganic. A better 
knowledge of geochemical systems and conditions able to 
produce large amounts of CO2 would help to address several 
issues in the context of petroleum exploration. 

Among the potential CO2 sources, the present work deals 
with mineral reactions likely to occur in conditions of low-
grade metamorphism, reached in the deep part of some 
sedimentary basins. The role of overmature kerogens was also 
investigated. The adopted methodology combined 
thermodynamic modelling and experimental work.  

Numerical calculations were achieved using Arxim-GEM, 
a code able to solve thermodynamic equilibrium through free 
energy minimization. The associated database is consistent 
with Berman’s one [1] enriched with properties of numerous 
pure phases and solid solutions –including clay minerals. The 
fluid phases are described by the CPA-Electrolyte equation of 
state parameterized for H2O-CO2-CH4-NaCl systems [2]. The 
thermodynamic properties of kerogens were calculated using a 
group contribution approach [3]. CO2 formation in Si-Al-Na-
K-Ca-Mg-C-H-O systems was systematically explored in a 
range of temperature and pressure encompassing 100-500 °C 
and 300-2,500 bar. A set of CO2-prone mineral reactions was 
identified, and shows the respective role played by carbonates, 
alumino-silicates and residual kerogen. 

In order to validate the thermodynamic calculations, gold 
tubes experiments were conducted between 350 and 475 °C at 
2,500 bar with a mixture of dolomite, kaolinite, quartz and 
water during 100 days. Despite some discrepancies between 
modelling and experimental results, attributed to the formation 
of hydrated smectites, an overall agreement was obtained and 
key-reactions were observed: kaolinite disappearance, 
devolatilization of dolomite to form CO2 and calcite, and 
precipitation of micas and chlorites.  

 
[1] Berman (1988) J. Petrol. 29, 445-522. [2] Courtial et al. 
(2014) Geochim. Cosmochim. Acta 142, 1-14. [3] Richard & 
Helgeson (1998) Geochim. Cosmochim. Acta 62, 3591-3636. 
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The oxidized nature of arc basalts is plausibly due to the 

subduction of oxidized species and their delivery to the source 
of arc volcanism. Here, we provide observations and model 
results that constrain the process driving arc basalts to be more 
oxidized than mid-ocean ridge basalts. 

We measured Fe3+/ΣFe ratios in submarine glass and 
olivine-hosted melt inclusions from the Mariana arc and back-
arc, and find this ratio is positively correlated with enrichments 
in fluid-mobile trace elements, e.g., Fe3+/ΣFe ratios rise from 
~0.16 in MORB lavas with Ba/La ratio ~5, to ratios >0.19 
when Ba/La >10 in subduction related lavas. Because Ba is 
fluid mobile, this trend suggests that fluids released from 
subducting slabs are oxidizing, causing oxidation to take place 
in the mantle sources of arc lavas. Rapid secular evolution of 
both Fe3+/ΣFe and Ba/La ratios early in the history of the 
Mariana subduction system suggest this process begins at the 
very onset of subduction.  

These observations constrain the identity and abundance of 
oxidized species in the aqueous slab fluids that appear to drive 
oxidation of the sources of arc lavas. Our initial efforts to 
model this process focus on sulfate as a potential oxidant. Our 
models describe the products of melting peridotite (resembling 
the NMORB-source) in response to fluxing by fluids with 
variable concentrations of S6+, Fe3+, Fe2+, Ba, La, and H2O. 
These fluids mix with the mantle rock to produce hybrid 
mantle compositions, which then melt. The compositions of 
melts and solid residues are calculated using the simultaneous 
solution of mass balance constraints, a wet melting function, 
melt/solid partition coefficients, and a function linking 
Fe+3/Fe+2 to S+6/S-2 in the resultant melt. By exploring the 
parameter space of this model that can simultaneously explain 
the observed range in Fe3+/ΣFe and Ba/La using plausible 
mantle wedge and slab-derived fluid compositions, we are able 
to set constraints on the nature of coupled mantle oxidation and 
melting in the sources of arc magmas. 
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Basaltic magmatism associated with continental breakup 

provides fundamental insights into mantle and tectonic 
processes associated with the Wilson Cycle.   The roles of 
plumes, source fertility, continental insulation, and edge-driven 
convection in generating breakup-related magmatism remain 
controversial because magmatism is controlled by a complex 
relationship between mantle temperature, composition, 
upwelling rate and lithosphere thickness.  To constrain the 
relative importance of these variables during continental 
rifting/breakup, we employ our forward melting model, 
REEBOX PRO [1], which simulates adiabatic decompression 
melting during passive and active upwelling of a lithologically 
heterogeneous source using experimentally-constrained 
thermodynamic expressions for melting.  The model has been 
expanded to include new parameterizations for the melting 
behavior of harzburgite, hydrous peridotite, and three types of 
pyroxenite, and now allows for scenarios involving incomplete 
melt pooling.  Mean upwelling rates are calculated from the 
net buoyancy of the source, which is constrained using the 
thermodynamic model Perple_X [2].  REEBOX PRO outputs 
include the trace element and isotopic compositions of pooled 
melts, and igneous crustal thickness.  We apply the model to 
several different rifted margins, as well as the nascent Afar rift, 
where the lithosphere is known to modulate magmatism.  
These results will be compared and contrasted with recent 
results for the North Atlantic Igneous Province [1].  
 
[1] Brown & Lesher (2014), Nature Geoscience 7, 824-828 [2] 
Connolly (2005), Earth and Planetary Science Letters 236, 
524-541 
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The relationship of mantle thermal history to crustal 
growth and a change from stagnant to mobile lid plate 
tectonics may be addressed using geodynamic models. An 
apparent peak in mantle temperature in the Mesoarchean was 
followed by stabilization of cratons and their subcontinental 
lithospheric mantle, and a Neoarchean peak in crustal zircon 
ages. A hotter mantle implies more extensive melting and an 
ultramafic primary crust. Since the source material for 
tonalite–trondhjemite–granodiorite melts is basaltic, a multi-
stage process is required to generate continental crust. Internal 
differentiation of this crust is consistent with inversion of heat 
flow/heat production data. In new experiments using a 2D 
coupled petrological–thermomechanical numerical model with 
initial conditions appropriate to the Eoarchean–Mesoarchean, 
tectonic modes in which intermediate to felsic melts are 
generated from hydrated basalt crust include 
delamination/dripping of lower crust into the mantle, local 
thickening of the crust and small-scale crustal overturns. In the 
context of a stagnant-deformable lid regime intermittently 
terminated by short-lived subduction events, we identify two 
distinct types of continental-like crust. One is pristine granite–
greenstone crust with dome-and-keel geometry formed over 
delaminating–upwelling mantle dominated by vertical 
tectonics. The other is reworked (accreted) crust comprising 
strongly deformed granite–greenstone crust and subduction-
related sequences subject to strong horizontal and vertical 
tectonics. We identify a possible spatial and temporal 
transition as each tectonic cycle is completed. Further, we 
suggest that the synchronicity of tectonic settings for both the 
generation and differentiation of TTG crust explains the 
variety and complexity of the Archean rock record. 
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The precise and accurate characterization of fracture 

attributes, such as spacing and surface area, in geothermal 
systems is essential for increasing geothermal energy 
production. Fracture characterization is particularly important 
for enhanced geothermal systems (EGS) where fracture 
permeability must be increased and sustained compared to pre-
development conditions to make EGS economical. Natural and 
synthetic geochemical tracers are a promising tool for fracture 
characterization. 

We present results of recent and active research projects 
which utilize isotope ratios of Sr, O and uranium series 
nuclides (238U, 234U, 226Ra and 222Rn) to determine the spacing, 
aperture and surface area of hydraulically conductive fractures 
in geothermal reservoirs. Our approach is to identify elements 
and isotopes that exchange between geothermal fluids and 
reservoir rock on differing length scales, allowing the 
determination of reservoir properties. Reactive transport 
models of geothermal fluids are validated with hydrothermal 
column experiments, flowback tests in stimulated reservoirs 
and samples from natural geothermal systems.  

The 87Sr/86Sr is sensitive to isotopic exchange between the 
reservoir minerals and hydrothermal fluids in the rock matrix 
which diffuse to fracture surfaces. The change in the fracture 
fluid 87Sr/86Sr along the flowpath is used to calculate the 
spacing of conductive fractures. In contrast to 87Sr/86Sr, the 
222Rn activity of a fracture fluid is mainly controlled by the 
interfacial chemistry and surface area due its short half life. 
Since the residence time of the fluid is much greater than the 
half life of 222Rn, the activities measured at wells can be 
assumed to be steady-state activities.  

We demonstrate our model by applying the 87Sr/86Sr 
fracture spacing and reservoir sweep volume with 222Rn 
fracture apertures to the Long Valley geothermal system. 
Calculated spacing of fractures is 10 m and fracture apertures 
are 0.1-0.5 mm, depending on the amount of 222Rn lost during 
fluid boiling. We calculate a total geometric surface area of  
105 m2 per linear meter along the flow path. 
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Natural, incidental, and engineered nanomaterials in 

aquatic systems, soils, and the atmosphere, including both 
solids and natural organic matter, are ubiquitous and have a 
profound impact on the environment. Because of their high 
surface area and reactivity, they are the most important 
sorbents in the biosphere and have chemical and physical 
properties that differ from their bulk counterparts in many 
ways. We will present an overview of the most important types 
of natural, incidental, and engineered nanoparticles in the 
environment, their stabilities in the presence of aqueous 
solutions and atmospheric gases, their environmental 
transformations, sorption reactions, and interactions with 
microorganisms, and their impact on the health of organisms. 
The structures, properties, and reactivities of the natural 
nanomaterial ferrihydrite and the engineered nanoparticles 
silver, ZnO, and CuO will be discussed. Once introduced into 
the environment, engineered nanomaterials may undergo 
compositional and structural transformations that have a major 
impact on their properties. In addition, when natural 
nanoparticles are transferred into environments that impact 
their stability, they also undergo transformations that can 
impact their properties. Examples of these transformation will 
be presented and major unanswered questions will be 
discussed. 
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The use of detrital zircons has been widely applied to the 

investigation of crustal evolution and sedimentary provenance. 
However, trace element chemistry of zircons does not provide 
useful constraints on magma chemistry or petrogenesis. Here 
we present new results showing that other accessory minerals 
(particularly apatite and titanite) can offer new insights into the 
host magmas and ultimately into the Early Earth. 

New results show that the compositions of apatite and 
titanite allow: (i) back-calculation of the REE content of the 
melt (and thence host rock), and (ii) estimation of the original 
whole rock Sr content. It is further shown that the chemistry of 
apatite inclusions armoured within zircon can also help to 
constrain the petrogenesis of the granitoids, offering new 
information that may not be apparent from whole-rock 
chemistry. Finally, the high Ba-Sr granites (Northern 
Highlands, Scotland) studied in this contribution, which have 
been suggested to represent “Phanerozoic sanukitoids”, 
provide constraints on the behaviour of accessory phases 
within sanukitoid magmas. Sanukitoid chemistry has been 
defined as intermediate between that of typical TTG signature 
and modern arc granitoids. They appear between 2.95-2.68 Ga 
and have been linked to the onset of subduction,  which makes 
them essential to understand the development of modern plate 
tectonics. The results highlight that apatite compositions might 
discriminate modern granitoids (< 2.5 Ga) from sanukitoid-like 
signatures, which has important implications for documenting 
the secular magmatic record of crustal evolution via detrital 
zircons and their mineral inclusions. 
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Geological samples are extremely diverse and share a 

tendency for heterogeneity and complexity. This is especially 
true for ores, which result from complex processes in dynamic 
environments. In recent years, a number of tools allowing for 
imaging element distribution in geological samples at  
1-50 µm-resolution and over mm2 areas have seen rapid 
development and have become readily available. The 
application of synchrotron-based X-ray fluorescence mapping 
has been limited to addressing key questions because of low 
availability and high cost. However, recent advances in X-ray 
fluorescence detector technology are bringing new possibilities 
to petrology. Millisecond dwell times allow collection of thin-
section size maps in hours, and improvement in data analysis 
produces quantitative elemental maps. The technique can be 
combined with XANES imaging to provide additional 
information about element speciation (e.g., As oxidation state). 

We illustrate the applications of the technique for ore 
petrology (commodities: Au, Pt, U, Cu, Ge, Ti, REE, Nb) 
under a variety of geological contexts (sandstone-hosted U-
deposit; hydrothermal PGE deposit; vein-type polymetallic 
hydrothermal deposit; IOCG; metamorphic REE-Nb-Ti). 
M(egapixel)-µXRF can efficiently provide the information 
necessary to understand element distribution in the context of 
thin-section scale textural complexity. Examples of outcomes 
include: (i) the distribution of µm-sized Pt-rich grains and  
Ti-mobility during schistosity formation at the Fifield Pt 
prospect (Australia); (ii) the presence of Ge associated with 
organic matter and of Hg minerals associated within zircon 
clasts in the Lake Frome U ores (Australia); (iii) confirmation 
of the two-stage Ge-enrichment in the Barrigão deposit, with 
demonstration of the presence of Ge in solid solution in the 
early chalcopyrite (Portugal); (iv) enrichment of U during late 
dissolution-reprecipitation reactions in the Cu-rich ores of the 
Moonta and Wallaroo IOCG deposits (Australia); (v) history of 
REE-Ti-Nb-(As) mobility during amphibolite to greenschift 
facies metamorphism in the Binntal Valley, Switzerland. 
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Our detailed analyses of redox conditions in the McArthur 

Basin of northern Australia during deposition of the 1.64 Ga 
Barney Creek Formation (BCF) reveal that deep waters were 
ferruginous most of the time. Based on biomarkers, purple 
sulphur bacteria (Chromatiaceae) were dominant during these 
periods, suggesting that these anoxygenic phototrophs utilised 
ferrous iron as an electron source for photosynthesis – the first 
evidence for this unusual metabolism in the Proterozoic. 
However, our data indicate a dynamic redox environment 
where the dominantly ferruginous deep waters saw 
intermittent, possibly seasonal, incursions of oxygenated 
surface waters, as indicated by the oxygenation of redox 
sensitive biomarkers. These oxygenation events appear to have 
been short lived, however, since unique correlations between 
biomarker and iron speciation proxies indicate that mixing 
events were followed by periods of euxinia. Our data also 
indicate variations in chemocline depth that influenced the 
community composition of green and purple sulphur bacteria. 
The dynamic nature of the marine system can be explained by 
variations in climatic conditions, such as storm events. Wind 
driven mixing may have extended the mixed layer depth, 
suppressing growth of purple sulphur bacteria that have high 
light requirements and therefore usually populate shallow 
chemoclines (< 20 m depth) [1]. Instead, growth of green 
sulphur bacteria (Chlorobiaceae) was favoured during more 
turbulent periods when run-off also increased, as indicated by 
higher abundances of siliciclastics relative to carbonates. As a 
result, an increased influx of sulphate and/or nutrients fueled 
bacterial sulphate reduction, leading to the development of 
euxinic conditions. In addition to strong short term 
fluctuations, long term trends in diverse environmental proxies 
are evocative of an orbital control on the inferred climatic 
processes that underlie the basin dynamics. 

 
[1] Brocks and Schaeffer (2008), GCA 72, 1396-1414. 
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BEACHES (Biology, Ecology, Advection in Coastal High-

Energy Systems) aims to investigate fundamental physical, 
chemical, and biological processes at the terrestrial / marine 
interface, which extends from permanently seawater-covered 
nearshore reaches to the terrestrial hinterland unaffected by sea 
salt. This zone includes the subterranean estuary (STE) with its 
advection-driven subterranean groundwater discharge (SGD). 
Different scientific disciplines are involved in BEACHES, 
such as biogeochemistry, microbiology, isotope geochemistry, 
organic geochemistry, planktology, hydrology, sedimentology, 
and modeling. The major aim of this initiative is to document 
and investigate the role of beach systems in coastal carbon, 
nutrient and trace metal cycling on different spatial and 
temporal scales, including extreme events. In the long run the 
project aims to help answering the question, how important 
SGD and processes within the STE are for global elemental 
cycles. 

In a joint multidisciplinary pre-study we investigated the 
spatial distribution of DOC, nutrients (phosphate, nitrate, 
nitrite, ammonium, silica, alkalinity), trace metals (manganese, 
iron) and sulfate in pore waters retrieved on a beach transect. 
Furthermore hydrological, sedimentological and 
mibrobiological investigations were carried out. We can show 
that organic matter remineralization products are not highly 
enriched in the pore waters, because they are rapidly 
discharged into coastal surface waters, where they may trigger 
primary production. High nitrate concentrations indicate that 
redox conditions are oxic within the duneward freshwater part, 
while ammonification, denitrification, manganese and iron 
reduction seem to prevail in the seawater circulation zone. 
Microbial diversity analysis of various phylogenetic and 
metabolic key genes revealed a uniform response of the 
microbial composition to the different environmental settings. 

We postulate that beaches form an important part of the 
land-sea continuum and cannot be ignored regarding global 
biogeochemical cycles. 
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The use of Gadolinium complexes as a contrast agent in 

Magnetic Resonance Imaging (MRI) results in a Gd anomaly 
in the aquatic environment. Gd complexes are excreted by 
humans unmetabolized within 12h after application. Passing 
the sewage systems with almost no degradation, they 
successively reach surface waters, which make Gd a capable 
tracer for river bank filtration (RBF).  

The investigated RBF system is located in a sub-alpine 
river valley in a rural catchment. The river is influenced by a 
waste water treatment plant, from which anthropogenic Gd 
permanently infiltrates into the glaciofluvial aquifer. The 
aquifer is characterized by high permeabilities and 
groundwater flow velocities. The field site was instrumented 
with ten rhizons along a transect in groundwater flow direction 
to allow for a high spatial and temporal monitoring resolution. 
Gd and conventional hydrochemical data from 12h composites 
samples were monitored over a period of ten days.  

Rare earth element concentrations were measured using an 
on-line preconcentration system “SeaFAST” (ESI., USA), in 
combination with a QQQ-ICP-MS. A LOQ of 0.05 ng/L for 
Gd allowed a robust determination of the geogenic 
background. Geogenic Gd was estimated with the 
concentrations of Sm and Tb normalized by the UCC. 
Groundwater residence times within the transect were 
estimated based on 222Rn measurements to be below seven 
days. Hydrochemical data indicated that groundwater is 
recharged exclusively by river water infiltration at all depths 
and that mixing with ambient groundwater is negligible. 
Temporal variability in the stream and the groundwater 
revealed the suitability of anthropogenic Gd to estimate 
groundwater travel times. 
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Vanadium (V) has two stable isotopes with very different 

abundances (50V = 0.25%, 51V = 99.75%). It is, similar to U 
and Mo, a highly redox-sensitive metal. However in contrast to 
the latter, it occurs in nature in three different oxidations states 
(+3, +4, and +5). Therefore, fractionation of stable V isotopes 
is potentially a very sensitive redox indicator in low-
temperature environment studies, e.g., in paleo-oceanography.  

We determined the first δ51V signatures of two profiles of 
early Cambrian black shales from the Niutitang formation in 
south China [1]. The V fraction was purified with a slightly 
modified ion chromatography method after [2] that 
quantitatively removed isobaric interferences of Cr and Ti on 
50V. Measurements were performed via standard-sample 
bracketing and high resolution-MC-ICP-MS (Thermo-Finnigan 
Neptune). In addition, we analysed U isotopes on the same 
samples according to the method described by [3]. 

The δ51V values are given relative to an Alfa-Aesar 
standard solution. The samples showed variable δ51V values 
ranging from –1.7 to –0.4‰ (average 2s.d. ±0.1‰, n=84). The 
δ238U values range from –0.4 to +0.7‰ (average 2s.d. 
±0.05‰). Interestingly, δ51V and δ238U values display a 
significant correlation. These coupled isotopic variations may 
be attributed to variations of redox conditions and likely trace 
events of coupled U-V mobilization and subsequent re-
deposition. As it is well known that microbes are capable of V 
cycling [4] and U isotopes appear to be a sensitive monitor for 
biotic U reduction [5], the coupled V and U isotope 
fractionation may indicate that microorganisms have been an 
important driver for U and V reduction in early Cambrian 
times. 
 
[1] Xu L., et al. (2012) Chem. Geol. 318, 45-49 [2] Nielsen S., 
et al. (2011) Geostandards Geoanalytical Res. 35, 293-306 [3] 
Weyer S., et al. (2008) Geochim. Cosmochim. Acta 72, 345-
359 [4] Zhang J., et al. (2014) Chem. Geol. 370, 29-39 [5] 
Stylo M., et al. (2014) Goldschmidt Conference Abstract 
#2404 
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The interpretation of seismic observations related to the 

upper layer of the transition zone in Earth’s mantle requires 
detailed knowledge about the elastic behavior of wadsleyite, 
β-(Mg,Fe)2SiO4. However, the effect of iron on the elastic 
moduli of wadsleyite remains controversial between different 
experimental approaches [1]. 

We will present internally consistent high-pressure 
measurements of the elastic constants for wadsleyite with a 
chemical composition relevant for the transition zone 
((Mg0.89Fe0.11)2SiO4, 0.2 wt-% H2O) using Brillouin 
spectroscopy and single-crystal X-ray diffraction. Semicircular 
disks were cut from perpendicularly oriented single-crystal 
thin sections with a focused ion beam [2], and two platelets of 
complementary orientations were loaded together into the 
same pressure chamber of a diamond-anvil cell (fig. 1). In this 
way, uncertainties inherent to multiple cell loadings can be 
avoided, and correlations between individual elastic constants 
are reduced. 

The obtained elastic constants of wadsleyite are internally 
consistent and will provide improved constraints on the 
compositional effects on elastic moduli and elastic anisotropy. 

 

 
Figure 1: View into the sample chamber of a diamond-anvil 
cell loaded with two semicircular disks cut from wadsleyite 
single crystals with indicated orientations; also visible are a 
ruby sphere (top) and a chip of Sm:YAG (left) for pressure 
determination.  
 
[1] Wang, Bass & Katsura (2014), Phys. Earth Planet. Inter. 
228, 92-96. [2] Marquardt & Marquardt (2012), Am. Mineral. 
97, 299-304.  
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The concentrations, conditional stability constants, and 

resulting complexation capacity of iron-binding ligands were 
determined in high-resolution (up to 37-depth) profiles 
collected from the Eastern Tropical South Pacific as part of the 
U.S. GEOTRACES East Pacific Zonal Transect 
(GEOTRACES Section GP16). A competitive ligand 
exchange-adsorptive cathodic stripping voltammetry  
(CLE-ACSV) method using salicylaldoxime as the added 
competing ligand was employed for these speciation analyses. 
Results of this work will be compared with results from the 
U.S. GEOTRACES Section GA03 previously obtained using 
the same CLE-ACSV method for samples collected across the 
North Atlantic basin. Comparisons highlighting the similarities 
and differences between these datasets will focus in particular 
on samples from the productive eastern margins and on 
hydrothermal vent plume samples obtained from the two 
basins. 
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Recently, it has been proposed that organisms capable of 

sulfate-dependent anaerobic oxidation of methane (AOM) are 
able to replace their standard electron acceptor with iron and 
manganese oxides when grown in the absence of sulfate. This 
metabolic flexibility appears problematic, as dissolved sulfate 
is reduced inside the cell, while iron and manganese oxides are 
insoluble and would require extracellular transfer of electrons 
obtained from methane oxidation. We hypothesize that, in the 
apparent absence of sulfate, sulfate-dependent AOM can occur 
and be indirectly linked to iron reduction via a hidden sulfur 
cycle.  

In this scenario, iron oxides are chemically reduced by 
sulfide producing iron (II) sulfides and zero-valent sulfur. As 
shown previously, zero-valent sulfur can subsequently be 
disproportionated, thus producing sulfate, which can be then 
used to fuel classical AOM.  

To test this hypothesis, we used a highly enriched AOM  
culture, which has been continuously grown on sulfate for over 
10 years. Experiments were conducted in sulfate-free medium 
to which iron oxide (ferrihydrite) was added as a sole electron 
acceptor. Methane oxidation was instantaneous, reaching rates 
ca. 40x lower than those with sulfate. Iron was reduced 
stoichiometrically to the amount of methane oxidized. After all 
iron was reduced, methane oxidation ceased as well. In 
agreement with our initial assumption, we also observed 
concomitant sulfide production in our experiment and thus 
conclude that iron reduction can be coupled to methane 
oxidation indirectly, via cycling of reduced sulfur compounds. 
Such a mechanism might be responsible for apparent iron 
reduction in many settings were AOM occurs under non-
detectable sulfate concentrations.  
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Constraining the age and genetic relationship of chon-

drules and matrix—the major constituents of chondrites—
provides unique insights into the early evolution of the solar 
system and earliest stages of planetary accretion. We present a 
new approach for dating chondrules, which makes use of the 
chemical complementarity of chondrules and matrix [1] [2] 
and dates the fractionation of siderophile elements between 
them [2] using the short-lived 182Hf-182W system. We analyzed 
2 matrix and 6 chondrule separates (each consisting of 102–103 
chondrules), which were prepared by freeze-thaw 
disaggregation and gradually crushing a slice of Allende. Hf 
and W concentrations as well as W isotope compositions were 
determined using a Neptune Plus MC-ICP-MS. 

The chondrule and matrix fractions display large and 
complementary nucleosynthetic W isotope anomalies (relative 
to Earth), reflecting different proportions of at least one 
presolar component in chondrules and matrix. The origin of 
this heterogeneity is unclear, but one possibility is that it 
reflects the sorting of presolar grains according to their size or 
type, presumably during formation of chondrule precursors. 
Because bulk Allende (CV3OX) shows only small if any 
anomalies, the isotopic complementarity of chondrules and 
matrix implies that both formed from a single reservoir, 
followed by rapid accretion onto the parent body. 

After correction for nucleosynthetic W isotope anomalies, 
the chondrule (high Hf/W and ε182W) and matrix (low Hf/W 
and ε182W) separates define an isochron, which we interpret to 
date Hf-W fractionation during chondrule formation at 
~2 Ma after CAI formation. This age is in good agreement 
with 26Al-26Mg and 207Pb-206Pb ages for individual chondrules 
ranging from ~1 to ~3 Ma after CAI formation ([e.g., 3]). This 
does not exclude that some chondrules formed earlier, perhaps 
as early as CAI [4], but our data show that the majority of 
Allende chondrules formed ~2 Ma later than CAI and within 
an interval of ~±0.5 Ma. Formation of Allende chondrules, 
therefore, appears to have been coeval to that of ordinary and 
CO chondrite chondrules ([e.g., 3]). 
 
[1] Palme et al. (2015) EPSL 411, 11-19. [2] Bland et al. 
(2005) PNAS 102, 13755-13760. [3] Kita et al. (2013) MAPS 
48, 1383-1400. [4] Connelly et al. (2012) Science 338, 651-
655. 
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A new research effort was launched to sample the lagoon, 
groundwater and seafloor near the nuclear weapons testing 
sites on the Bikini and Enewetak atolls. Particular effort was 

spent sampling both contaminant radionuclides such as 
cesium-137, as well as the naturally occuring radium isotopes, 
the later being an indicator of submarine ground water 
discharge (SGD).  Samples were collected in January 2015 
from the M/V Alucia. Using a balance of measured levels in 
the lagoon water and SGD, we can estimate the strength of 
ongoing sources such as the Runit dome on Enewetak, and 
near the larger craters left by the Mike and Bravo tests. We can 
also use the seafloor cores to compare inventories and isotope 
ratios in the lagoon waters vs. the sediments.  Comparisons to 
prior studies will also be informative to revisit the 
longstanding issue of radionuclide mobilization from the 
sediments. Past studies have shown elevated levels for 
example of plutonium in the lagoon, which can only be 
maintained by mobilization of sedimentary Pu. Using 
plutonium isotopes (to be analyzed on a future date), we will 
be able to pin point sources from specific tests in these lagoons 
vs. global fallout. We also tested an autonomous surface 
vehicle for the collection of cesium samples that might be 
deployed for more regular monitoring of legacy sites such as 
these, or in response to accidents such as Fukushima. This 
report will summarize work to date on the different sample 
types and collection systems deployed on this cruise. 

 

416



 Goldschmidt2015 Abstracts  

 417 

NIDIS: The non-isothermal diffusion 
incremental step model - a new 

approach to elemental diffusion in 
volcanic rocks 

G. BUGATTI1, C. M. PETRONE1*, E. BRASCHI2 AND  
S. TOMMASINI3 

1The Natural History Museum, Department of Earth Sciences, 
Cromwell Road, SW7 5BD, London, UK, *email: 
C.Petrone@nhm.ac.uk  

2CNR-IGG Sezione di Firenze, Via G. La Pira, 4, Firenze, Italy 
3Dipartimenti di Scienze della Terra, Universita degli studi di 

Firenze, Vial G. La Pira 4, Firenze, Italy 
 

Volcanic systems are normally considered as isothermal 
diffusing systems in which the diffusion temperature is treated 
as “constant” for the duration of the pre-eruptive processes. 
Diffusion coefficient depends exponentially on temperature 
and on other intensive thermodynamic variables. However, 
temperature is the main critical parameter. In cases were the 
chemical zoning pattern of minerals indicates a substantial 
difference (~ 50 °C) in the equilibrium temperature of the 
different zoned portions, we found that this produces a bias in 
the estimated timescales of a factor of 3 to 5. This is a 
significant difference and cannot be ignored.  

We propose a new approach to take into account a 
diffusion coefficient for each compositional band in order to 
match the specific equilibrium temperature of the band. A 
mineral showing multiple bands of different composition, 
testifying the arrival of hotter and more mafic magma, will 
show multiple diffusion profiles which are the results of 
diffusion at different temperatures for different timescales. It is 
thus possible to deconstruct the main core-rim diffusion profile 
into different isothermal steps with its own diffusion 
coefficient. Each step takes into account the diffusion 
timescale of the previous step. The final diffusion profile is 
thus the result of different isothermal steps at different 
temperatures. We propose to call this approach the Non-
Isothermal Diffusion Incremental Step (NIDIS) model. This 
novel approach considers the so-far-ignored importance of 
changes in temperature, and consequently in the diffusion 
coefficient, also in volcanic systems. This model can also have 
important implications in reconsidering the meaning of crystal 
residence time in fast cooling systems.  
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Guli massif (Maymecha-Kotuy magmatic province, 

Eastern Siberia) is the largest alkaline-ultramafic complex in 
the world [1]. Our previous study [2] based on relationships 
between C, N and Ar concentrations as well as on differences 
in C and Ar isotopic compositions in fluid inclusions of the 
early and late carbonatites has shown an open system behavior 
of the fluid phase: At the late stages of Guli massif carbonatite 
formation an additional CO2 source with heavier carbon and 
atmosphere-like Ar have contributed to the system. But the 
type of primary source (i.e. shallow or deep mantle) remained 
unclear. To better understand the fluid phase sources of Guli 
carbonatites and associated ultramafic rocks we have studied 
He and Ne isotopic composition in carbonatites (85-134Cal, 
85-126Cal) and pyroxenite  (85-151Px) samples extracting 
gases by stepwise crushing.  

The 4Не/3Не ratios in crushing steps vary from typical for 
subcontinental lithospheric mantle (SCLM, ~120000 [3] [4]) to 
more radiogenic values (up to 300000). The ratios depend on 
primary 3Не concentrations: the higher the 3Не content the 
lower the 4Не/3Не ratios, which approach the SCLM values. 
The neon isotopic composition also supports the SCLM as 
primary source for the fluid phase: The data points of the very 
first crushing steps of Guli85-134Cal and 85-126Cal samples 
plot close to the SCLM mixing line [4] [5]. With progressive 
crushing one can observe an increase of the nucleogenic 
component in the neon budget, which is most probably the 
result of addition of in situ nucleogenic neon that is extracted 
with increasing number of strokes while primordial neon is 
decreasing. 

Thus, He and Ne isotope compositions reveal the SCLM as 
the most plausible primary source of Guli massive carbonatites 
and earlier ultramafic rocks.  
 
[1] Egorov (1991) // L.: Nedra. 260 p. (in russian); [2] Buikin 
et al. (2011) // Abstracts of the 21st V.M. Goldschmidt 
Conference A596; [3] Gautheron C., Moreira M. (2002) // 
EPSL 199, 39-47.; [4] Hopp J., Trieloff M. and Altherr R. 
(2004) // EPSL 219, 61-76; [5] Buikin A.I., Trieloff M., Hopp 
J., et al. (2005) // EPSL 230, 143-162. 
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Pressure solution is an important mass-transfer mechanism 

driven by dissolution and (re)precipitation creep. It occurs in 
rocks that contain intergranular fluids and may operate in a 
wide range of temperature, pressure and rock types. Indicative 
features for the operation of these processes at microscale were 
studied in the samples of deformed granites that were sheared 
in the South Armorican Shear Zone, France. Evidences such as 
truncate grain and phase boundaries of quartz, K-feldspar and 
white mica via transmission electron microscopy (TEM) and 
evidence of pressure solution activity was observed in phase 
boundaries between white mica - quartz and white mica - K-
feldspar. In the quartz-white mica phase boundaries we have 
found evidences for the island-and-channel model of 
Wassmann and Stöckhert (2013). Quartz dissolution along the 
phase boundaries is crystallographically controlled. The partial 
dissolution phase boundary is characterized by very rough 
surface forming triangular, trapezoidal and asymmetric voids 
that represent channels for fluid migration in the island-and-
channel model, while the undisturbed boundary represents 
islands. These features are confirmed in the 3D 
nanotomography in the form of short movie. When white mica 
basal plane is not parallel to the phase boundary, amorphous 
material and mica overgrowing quartz may occur. In white 
mica - K-feldspar boundaries, amorphous material representing 
leached K-feldspar at the K-feldspar interface was observed as 
previously described by Hellmann et al. (2012). Overall the 
dissolution reprecipitation seems to be complex mechanism 
that forms significant features in different phases according to 
respective crystallographic orientation. 
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The subduction factory [1] involves metasomatism and 
partial melting in a hot mantle wedge under the influence of 
fluid or melt generated in a downwelling oceanic slab. In order 
to explore these processes in a deep subduciton zone, 
interaction between peridotite (garnet harzburgite) and model 
hydrous carbonated sediment (GLOSS composition of Plank & 
Langhmuir [2]) was experimentally modeled in a multianvil 
apparatus at 7.5-10.5 GPa. A method was developed to 
maintain a steady temperature gradient within the sample. In 
most experiments, peridotite material was placed in the hot 
zone (at 1000-1300°C), and sediment, in the cold zone (500-
1000°C). The products were analyzed with an electron 
microprobe and LA ICP MS. The main results are as follows. 
(1) Melt was collected in the hot zone and its composition 
depends on temperature at both hot and cold ends. (2) Olivine 
in peridotite was mostly replaced by orthopyroxene and 
magnesite and preserved occasionally near the sediment-
peridotite boundary. (3) A garnet-rich zone was formed at the 
top of the sedimentary layer. (4) Sediment was transfromed 
mainly to a orthopyroxene + garnet + clinopyroxene 
assemblage. (5) K-bearing hydrous phases (phlogopite or 
phengite) and carbonates were observed in the sedimentary 
layer at low temperatures in the cold zone (<600°C), otherwise 
K was completely mobilized by melt. (6) Na and Ca were 
retained to a large extent in the sediment up to ~1000°C owing 
to clinopyroxene crystallization. (8) Al was the most inert 
major component, while Si was transported from the sediment 
to peridotite, and Mg, Fe and Cr, from peridotite to sediment.  
  
[1] Hacker et al. (2003) J. Geophys. Res. 108, 2029. [2] Plank 
& Langmuir (1998) Chem. Geol. 145, 325–394. 
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Among the isotopic tools available for study of Earth’s 
“Critical Zone”, metal stable isotopes are increasingly being 
used in diverse avenues of research and are finally coming of 
age. Now that substantial exploratory discovery and 
“calibration” have been accomplished for several potentially 
diagnostic metal stable isotope systems, the time seems ripe to 
focus attention on using the isotopes for hypothesis-driven 
studies that address outstanding questions related to Critical 
Zone behaviour and function. Toward this goal, we are using 
stable isotopes of the geochemically-related alkaline earth 
elements Ca, Sr and Ba to further understand pedogenesis and 
rock weathering mechanisms along a previously well-
characterized soil climosequence on the leeward flank of 
Kohala Mountain, Hawaii. Based on observed correlations of 
mass loss for Ca and Ba with that for the macro-nutrient P in 
these soils, our working hypothesis is that the chemistry of the 
soil cation exchange pool, which we view as an integrated 
record of rock weathering and hydrologic transport processes, 
reflects a significant component from nutrient (+proxy) 
“biolifting” from depth in addition to contributions from 
abiotic rock weathering, variable leaching of mobile elements 
and input from atmospheric sources as revealed by the Ca, Sr 
and Ba isotopes. The interpretation of an important role for 
biolifting is aided by the recognition of significant variability 
in the isotope composition of Ca, Sr and Ba in the igneous 
parent materials of these soils allowing us to establish realistic 
initial conditions to gauge losses to biolifting and weathering. 
Barium is more strongly retained than Ca and Sr in both 
natural and disturbed surface soils and shows the strongest 
correlation of mass loss with P in soils having the best 
evidence for nutrient biolifting, suggesting that Ba isotopes 
may provide a useful proxy for P dynamics in soils. 
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We have investigated the hydrological and biogeochemical 

processes influencing the shallow lakes of Lacanau and 
Carcans-Hourtin, SW France, including the groundwater, 
stream water and atmospheric inputs and the internal processes 
in the water column and the sediment. The biogeochemistry of 
these lakes was explored because of the land use, the 
permeable nature of their catchment area, the high 
concentration of DOC, and the accumulation of organic-rich 
sediments.  Bottom sediments are sandy and permeable, but 
the flocculation of DOC in the water column induces the 
formation of a very organic-rich fluffy sediment that 
accumulates in deepest parts over about 25% of the bottom 
area. The study of diagenetic processes in such sediment is 
novel. Nutrients and redox compounds were also monitored 
every month in the lakes and in the catchment (stream and 
groundwater). Water mass balance suggests that groundwater 
fluxes through permeable sandy sediment are significant in 
these lakes.  The nutrient cycles are mostly controlled by 
groundwater advection and diagenetic processes. Despite 
agricultural activities in the catchment area, the nitrogen cycle 
is not directly controlled by surface water inputs. The 
phosphorus cycle depends on seasonal variation of redox 
processes at the sediment-water interface. This redox front 
moves upward in the water column during periods of hypoxia, 
when wind is low for a few days. Near bottom, hypoxic events 
lead to higher fluxes of pore water nutrients (ammonia and 
phosphate), which could have a positive feedback on hypoxia. 
Processes that controlled carbon cycle were studied through 
the d13C signature of DIC. Results are interpreted in terms of 
primary production, CO2 degasing at the water-air interface 
and methane oxidation at the sediment-water interface. Our 
results are derived from the study of different reaction zones in 
the lakes and their watersheds. Nevertheless, we show that a 
complete mass balance of carbon and nutrients requires the 
study of all these compartments. 
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The isotope geochemistry of redox-sensitive trace metals 
has a prominent place in studies of oceanic redox history [1]. It 
is generally accepted that the analysis of sediments may reveal 
information on biogeochemical evolution of the oceans over 
time, but we still need to improve our fundamental 
understanding of the specific water column processes that 
control the trace metal and isotope geochemistry recorded in 
sediments. Modern analogs of ancient oceanic anoxia are rare. 
The objective of this study is to use the euxinic Rogoznica 
Lake, Croatia, in an attempt to bridge this gap [2]. 

In order to elucidate the dependence of δ98/95Mo and  δ238U 
signatures on redox conditions, Mo and U isotopes were 
analyzed in Rogoznica Lake, both in the particulate and in the 
dissolved phase, from the oxic surface through to the euxinic 
deep lake. The δ98/95Mo signature recorded in the dissolved 
phase clearly shows a redox-dependent behaviour, with a 
seawater value recorded in the upper (oxic) region,  changing 
at depth. Deep lake sediments exhibit a moderate enrichment 
in Mo, while the authigenic δ98/95Mo ratio is lower (~0.35 ‰) 
than the seawater value in the euxinic part of the lake. This 
indicates incomplete removal of Mo from the water column, 
suggesting that both pH and HS- plays a role in Mo isotope 
fractionation in euxinic waters.  

On the other hand, the dissolved U profiles are consistent 
with incorporation of reduced U into the sediment, depleting 
the overlying water column in U. The sedimentary δ238U ratios 
are only moderately heavier than open-ocean seawater (~0.15). 
The dissolved pool in bottom-water is depleted in U and has 
δ2

38U signficantly lighter (~0.5 ‰) than the seawater ratio, 
consistent with U isotope fractionation during U uptake in 
reducing sediments [3]. 

These findings from Rogoznica Lake provide important 
geochemical observations to improve the understanding of the 
influence of redox conditions on molybdenum and uranium 
isotopes, and ultimately their use for plaeoceanographic 
reconstructions. 
 
[1] Lyons et al. (2014) Nature, 506, 307-315. [2] Bura-Nakic 
et al. (2009) GCA, 13, 3738-3751. [3] Andersen et al. (2014) 
EPSL, 400, 184-194 
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Unconventional oil and gas extraction, including shale gas 

and enhanced oil recovery (EOR), results in the production of 
large quantities of highly saline water. The injection of CO2, 
fracking fluids, and other extraction techniques will result in 
geochemical changes that could lead to the migration of brines 
and/or CO2 into overlying aquifers. There are still unknown 
questions about the fate and transport of many petroleum and 
synthetic hydrocarbons found in these produced waters, 
especially in regards to how the presence of high 
concentrations of salts affects the solubility and partitioning 
behavior of these organic compounds.   

The Setschenow Equation is typically used to predict a log-
linear increase in aqueous activity coefficient (i.e. the salting-
out effect) with increasing salt concentration, related by the 
Setschenow constant, which is salt specific. This equation has 
not been validated at high salt concentrations for a variety of 
different classes of organic compounds. We will present work 
on aqueous solubility measurements of both hydrophobic 
(polycylic aromatic hydrocarbons and thiophenes) and 
hydrophilic compounds (phenolic compounds, nitrogen 
heterocyclics, and carboxylic acids) in high salt environments, 
including up to 5 M NaCl, 2 M CaCl2, and mixtures of these 
salts. These measurements are made using solid phase 
microextraction, and analyzed by gas chromotography coupled 
with a flame ionization detector.  The measured data will 
be compared to estimates from Setschenow constants 
measured at low salt concentrations, and to available linear 
free energy relationships which are used to predict NaCl 
Setschenow constants. Deviations from predicted behaviors are 
discussed.  

In addition to comparing predicted NaCl Setschenow 
constants to experimental NaCl Setschenow constants, we 
developed new linear free energy relationships for the 
prediction of both CaCl2 and KCl Setschenow constants. These 
models are presented and discussed.  
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Using high-precision U-Pb dating we are able to determine 

timescales of porphyry emplacement and ore formation. 
Previous studies have suggested timescales of porphyry Cu 
formation ranging from <100 yr [1], to as much as 1 Ma [2]. In 
contrast recent numerical simulations suggest Cu precipitation 
occurs in the range of 50-100 ka [3]. Therefore in order to 
better constrain timescales of porphyry Cu formation, we apply 
high precision U-Pb zircon geochronology to estimate 
porphyry emplacement ages. Furthermore, high precision 
zircon U-Pb dates combined with trace element and Hf isotope 
analyses of zircons can provide useful insights into upper 
crustal magmatic processes which immediately precede the 
formation of porphyry Cu deposits. 

This study focuses on the ~7 Ma Bajo de la Alumbrera Cu-
Au deposit, NW Argentina. The deposit consists of a 
composite stock of dacitic porphyries. The relative timing of 
each porphyry intrusion is established based on clear cross-
cutting field relationships between different porphyry 
intrusions, which include the pre-mineralisation P2 porphyry, 
pre-syn-minerlisation EP3 porphyry, and the post-
mineralisation LP3 and P4 porphyries.  

Single zircon crystals from individual porphyry intrusions 
(P2, EP3, LP3, P4) in the Alumbrera deposit have been dated 
using CA-ID-TIMS, employing the ET2535 tracer solution for 
maximum precision and accuracy. All porphyries display 
protracted zircon crystal growth over 100-200 ka timescales. 
Using the youngest zircon population from each of the 
porphyry intrusions, we conclude that Cu mineralisation 
occurred on 10 ka timescales, similar to those proposed by 
recent numerical predictions [3]. Trace element analyses from 
the dated zircons suggest that all of the dated porphyries are 
derived from the same body of underlying magma and show 
non-systematic trace element and εHf trends with time. 

 
[1] Cathles and Shannon (2007) EPSL 262: 92-108. [2] Ballard 
et al. (2001) Geology 29: 383-386. [3] Weis et al. (2012) 
Science 338: 1613-1616. 
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Deep crustal, highly saline brines (with salinities up to  

26 wt.% NaCl equivalent) are a global phenomenon within the 
continental crust. They are invariably characterized by Cl as 
the predominant anion and low Cl/Br ratios (below seawater, 
288). Besides the scientific interest, these fluids are often cited 
as metal source in hydrothermal ore deposits and therefore are 
of great economic value. Although these fluids are known 
since decades, the origin of Cl and transition metals in these 
fluids is still highly debated. 

We performed leaching experiments on typical crystalline 
basement rocks (granite and gneiss) and a redbed sandstone 
and their mineral separates (feldspar, quartz and biotite) at 
variable T (25, 180, 275 and 350°C) and P (ambient pressure, 
0.9, 1.4 and 1.9 kbar) with ultrapure water and 25 wt.% NaCl 
solution as solvents. For these experiments we used three 
grain-size fractions (> 0.005, 0.063-0.125 and 2-4 mm) and 
variable fluid/rock ratios (10 to 1.1). 

We show that the mode of modification of the fluid 
chemistry during water-rock interaction strongly depends on 
the grain size of the rock: smaller grain size results in lower 
Na/Cl and Cl/Br ratios as well as vastly higher chlorinity (by a 
factor of up to 40) of the resulting fluid. Cl/Br ratios of the 
fluids are consistently below the Cl/Br of seawater and lower 
than their respective whole rock ratios. Lead, Zn, Cu and W 
are released in significant amounts by feldspar and fluid 
inclusions in quartz, while Zn, Ni, Cu and As are released by 
biotite during hydrothermal alteration. Therefore, our 
experiments confirm that crystalline rocks have a large 
potential to serve as metal source for hydrothermal deposits of 
transition metals. 

426



 Goldschmidt2015 Abstracts  

 427 

Isotopic constraints on riverine sulfur 
sources: a global perspective 

ANDREA BURKE1, JESS F. ADKINS2,  
JÉRÔME GAILLARDET3, R. MAX HOLMES4,  

JAMES W. MCCLELLAND5, GUILLAUME PARIS2, 
BERNHARD PEUCKER-EHRENBRINK6,  

ROBERT G.M. SPENCER7 AND BRITTA M. VOSS6 
1University of St Andrews, UK;  

email ab276@st-andrews.ac.uk 
2California Institute of Technology, USA 
3Institut de Physique du Globe de Paris, France 
4Woods Hole Research Center, USA  
5University of Texas at Austin, USA 
6Woods Hole Oceanographic Institute, USA 
7Florida State University, USA 
 

The sulfur cycle plays an important role in global climate, 
via weathering reactions and aerosol forcing, and it is also 
intimately linked to the cycling of carbon and oxygen. 
However, many aspects of the modern sulfur budget are not 
well understood. We present new δ34S measurements on 
aqueous sulfate from more than 50 rivers from different 
geographical and climatic regions. These data were measured 
by a new MC-ICP-MS method that requires only 10 nmol of 
sulfate [1], with typical uncertainties of only 0.1‰ in the 
isotope ratio. More than 50% of the world’s freshwater flux to 
the ocean is accounted for in this estimate of the global 
riverine sulfur isotopic budget.  Combined with major anion 
and cation concentrations, the sulfur isotope data allow us to 
tease apart the relative contributions of different processes to 
the modern riverine sulfur budget, including the oxidative 
weathering of pyrites, the weathering of sedimentary sulfates, 
and anthropogenic influences. These data yield important 
insights into the modern sulfur cycle and the weathering of 
sulfur bearing minerals, and are first order terms in balancing 
the modern sulfur isotope budget. The large range of sulfur 
isotope ratios in modern rivers has implications for our 
intepretation of the past changes in the sulfur isotopic 
composition of seawater. Secular changes in the lithologies 
exposed to weathering through time could play a major role in 
driving the variations in δ34S in seawater over the Phanerozoic. 
 
[1] Paris et al. (2013), Chemical Geology 345, 50-61. 
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The discovery of presolar materials in chondritic 

meteorites [1], and even more so the finding that the isotopic 
signatures carried by these materials are heterogeneously 
distributed in the solar nebula on a planetary scale [2] [3], 
provides challenges as well as exciting possibilities for the 
fields of geo- and cosmochemistry. On the negative side stands 
the loss of the paradigm of a chondritic uniform reservoir as 
isotopic proxy of the bulk Earth and other planetary bodies. 
This can add additional degrees of freedom to the 
interpretation of geochemical data, e.g., for the interpretation 
of the 142Nd record with respect to early Earth differentiation 
[4] [5]. However, for many other research areas the micro- and 
macroscopic isotopic heterogeneities seen in planetary 
materials open up exciting new ways to trace matter and 
material processing at various scales – from the formation of 
presolar grains in dying stars through the mysteries of mixing 
and processing of materials in the solar circumstellar disk to 
the alteration of minerals on meteorite parent-bodies. 

This keynote tries to provide a general introduction to 
nucleosynthetic anomalies in planetary materials and (with 
examples) will review the current state of-the-art for their 
application to obtain information on nucleosynthesis, dust 
processing, transport and (un-)mixing of material in the solar 
circumstellar disk, genetic relations of planetary bodies and 
parent body alteration. 

 
[1] Lewis R.S., et al. (1987) Nature 326, 160-162. [2] Dauphas 
N., et al. (2002) APJ 565, 640-644. [3] Trinquier A., et al. 
(2009) Science 324, 374-376. [4] Gannoun A., et al. (2011) 
PNAS 108, 7693-7697. [5] Burkhardt C., et al. (2015) this 
meeting #3475. 
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The finding of small mass-independent variations in the 

isotopic composition of different meteorite classes compared 
to the Earth (e.g., in Ca, Ti, Cr, Ni, Mo, Ru, Nd, Sm, W [1 and 
therein]) suggests that meteorites – and chondrites in particular 
– do not represent the building material of the Earth. Thus, the 
paradigm that for refractory elements chondrites and the bulk 
Earth have the same isotopic compositions may not always be 
valid. The small 142Nd/144Nd differences observed between the 
accessible silicate Earth and chondrites [2-5] are particularly 
important in this respect because their interpretation has a 
direct bearing on our understanding of the evolution of the 
(early) Earth. Current scenarios to explain this offset include 
(i) global fractionation of the silicate Earth within ~30 Myr 
after the start of the solar system [2] [3], (ii) a super-chondritic 
Sm/Nd ratio of the Earth [6], possibly through collisional 
erosion of early-formed crust [7], and (iii) nucleosynthetic 
isotope variations between the Earth and chondrites [5] [8] [9]. 

To assess which of these scenarios is correct, and to better 
constrain the relation of chondrites and the Earth, we initiated 
a high-precision Sm and Nd isotope study on a variety of 
ordinary and enstatite chondrites. To avoid artifacts due to 
undissolved presolar grains or terrestrial weathering, only fresh 
meteorite falls of petrologic grade 4 or higher were processed. 
Separation of Sm an Nd was done by ion chromatography in 
Chicago and Livermore, measurements are preformed on a 
Triton TIMS at LLNL. The data acquired so far point towards 
a nucleosynthetic origin of the 142Nd/144Nd variations between 
chondrites and the Earth, however more data and tests are 
needed before other scenarios can be excluded. 

 
[1] Dauphas N., et al. (2014) Phil. Trans. Royal Soc. A 372, 
20130244. [2] Boyet M., Carlson R.W. (2005) Science 309, 
576-581. [3] Carlson R.W., et al. (2007) Science 316, 1175-
1178. [4] Andreasen R., Sharma M. (2006) Science 314, 806-
809. [5] Gannoun A., et al. (2011) PNAS 108, 7693-7697. [6] 
Caro G., Bourdon B., (2010) GCA 74, 3333-3349. [7] O'Neill 
H.S.C., Palme H. (2008) Phil. Trans. Royal Soc. A 366, 4205-
4238. [8] Burkhardt C. et al. (2011) EPSL 312: 390-400. [9] 
Kleine T. et al. (2013) LPSC #3012. 

 
  

429



 Goldschmidt2015 Abstracts  

 430 

Clay minerals and modified species 
for removal of anionic and cationic 

pollutants 
JURIS BURLAKOVS, ZANE VINCEVICA-GAILE,  

KARINA STANKEVICA AND RUTA OZOLA1 
1Faculty of Geography and Earth Sciences, University of 

Latvia, Rainis Blvd. 19, LV-1586, Riga, Latvia; e-mail: 
juris@geo-it.lv 

 
Clay minerals can be modified using different approaches 

to obtain innovative materials for application as sorbents in 
removal of anionic and cationic pollutants from wastewater, 
groundwater and soil [1] [2]. Modification with organic 
substances (organoclay) improves hydrophobization needed if 
interaction with low polarity organic molecules is necessary, 
but, chemical modification with inorganic species, e.g., 
hydrated iron or oxyapatite supports the physical improvement 
of sorption and ion exchange process in order to benefit 
treatment of media from cationic pollutants [3] [4]. 

The aim of research is both to develop innovative methods 
of synthesis and test efficiency of clays modified chemically 
with inorganic particles and organic functional groups. Series 
of test experiments were performed for natural, synthetic 
modified and organoclay by studying leaching and sorption 
properties in batch mode. Clay sorbents modified with iron 
oxyhydroxides, oxyapathites, graftpolymerized species 
achieved improved beneficial properties for specific remedial 
applications in different media [3] [5] [6]. 

Modification by use of organic functional groups ensured 
obtaining materials able to interact with organic molecules of 
various polarity. Modified clay species were characterized 
using texture analysis, BET surface area measurements, XRD 
and FTIR spectra were gained, sorption pattern was 
characterized by different models. SEM-EDX pictures helped 
estimation of physical surface patterns for modified material. 

Studies revealed good perspectives of practical future use 
of modified clay species in soil, groundwater and wastewater 
treatment. 

 
This study was supported by the ESF Project 

“Interdisciplinary Team of Young Scientists for Assessment 
and Restoration of Soil Quality and Usage Potential in Latvia” 
No. 2013/ 0020/1DP/1.1.1.2.0/13/APIA/VIAA/066. 

 
[1] Lee & Tiwari (2012) Appl. Clay Sci. 59-60, 84–102. [2] 
Burlakovs et al. (2013) Sci. J. of RTU: Mater. Sci. Appl. Chem. 
29, 137-141. [3] Lee et al. (2012) Chem. Eng. J. 195-196, 103–
111. [4] Corami et al. (2008) J. Colloid Interface Sci. 317, 
402–408. [5] Ellis et al. (2007) PCCP 8, 967–976. [6] Zhan et 
al. (2012) Environ. Sci. Pollut. Res. 4, 2512-2526. 
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The crystal/melt partitioning systematics of beryllium, one 

of the least abundant elements in the Solar System, are poorly 
known in basaltic systems. Empirical relationships with other 
incompatible elements indicates that Be correlates with Nd, a 
moderately to highly incompatible Rare Earth Element, but 
quantitative experimental data are scarce. 

Here we combine data from two sources to examine the 
partitioning behaviour of Be in mafic systems. (i) Diffusion 
experiments of Be into forsterite were performed over the 
temperature range 1050 – 1500 °C using the buffering 
assemblage BeO+MgO+Mg2SiO4 (low silica activity) and over 
the temperature range 950 – 1300 °C using the buffering 
assemblage BeO+MgSiO3+Mg2SiO4 (high silica activity). In 
addition to the diffusion information, these experiments 
provide the saturation solubility of Be in forsterite as a 
function of temperature and silica activity: Be solubility is 
higher in the enstatite-buffered samples. 

(ii) Forsterite/melt partitioning experiments carried out at 
1400 °C in the system Na2O-CaO-MgO-Al2O3-SiO2-TiO2 
demonstrate the effect of melt composition and allow activity 
coefficients to be determined. DBe

forsterite/melt is negatively 
correlated with XCaO (the mole fraction of CaO in the melt), in 
striking contrast to DCa

forsterite/melt which is positively  correlated 
with XCaO. 

Together, these two sources of thermodynamic data allow 
the partitioning of Be into forsterite to be evaluated as a 
function of temperature and melt composition.  

The Be diffusion data confirm the observation of [1] that 
diffusion of Be in olivine is more rapid than any other 
investigated species apart from H and is highly anisotropic. 
 
[1] Spandler & O’Neill (2010), Contrib. Mineral. Petrol. 159, 
791-818. [2] Dohmen, Kasemann, Coogan & Chakraborty 
(2010), Geochim. Cosmochim. Acta 74, 274-292. 
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Nuclear waste includes radioactive mine and mill tailings, 

irradiated nuclear fuels, a wide range of materials derived from 
the production of nuclear weapons, and various other materials 
with medical and industrial applications. Although the 
accumulation of weapons-related wastes has slowed following 
the end of the Cold War, uranium mining continues to fuel the 
more than 430 nuclear reactors that generate electricity, as well 
as more than 200 each of experimental reactors and naval 
propulsion reactions.  

This presentation focuses on a how nuclear waste of 
different types interacts with the geochemical environment, 
and the processes that facilitate the dispersal of radionuclides 
in the environment. These include the reasonably well-
understood processes of redox reactions, precipitation, and 
sorption, and the much less well-understood role of 
nanomaterials and colloids in radionuclide transport in the 
environment. 
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Earth’s oceanic crust is formed by partial melting of the 

mantle as it wells up beneath mid-ocean ridges. Melting is 
thought to be strongly controlled by compositional variations 
in the mantle, where more fusible rock types melt first yielding 
high melt proportions and nucleating channels that allow melts 
to remain chemically isolated and rapidly transported to the 
surface. Mid-Ocean Ridge Basalts (MORB) preserve 
variations in their radiogenic isotope compositions or ratios of 
incompatible elements that point to a signficiant chemical 
heterogeneity in the mantle source, but the composition of the 
earliest melts is difficult to determine, and melt aggregation 
and melt-rock reaction act to mask the actual extent of 
chemical variability in the source. However, MORB also 
experience extensive fractional crystallisation, and the 
chemistry of the earliest melts may be preserved by phenocryst 
phases (that is, the first minerals to crystallise) or the melt 
inclusions that they contain.  

This study presents high-precision Pb isotope data for the 
constituent phases of MORB from the FAMOUS region 
(36°50’N) on the mid Atlantic ridge. MORB glass yields the 
typical varations in Pb isotope composition seen for this area, 
but plagioclase, clinopyroxene and sulfide globules, within 
individual samples, preserve extremely unradiogenic Pb 
compositions that are not seen in the final quenched glass. 
These data demonstrate a spectacular evolution in melt 
composition over the timescale of igneous crystallisastion, 
where minerals from individual samples preserve 206Pb/204Pb 
isotope variations > 2 times greater than those seen in glass 
(alone) for the entire ridge segment.  

Overall, these results indicate that the onset of MORB 
melting is strongly controlled by mantle heterogeneity. The 
earliest melts are sourced by both continental crustal material 
and ancient refractory peridotite, with melts progressively 
evolving towards the composition of the final quenched glass, 
that largely reflects the chemistry of the “ambient” upper 
mantle.  
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Primordial noble gases and macromolecular, insoluble 
organic matter (IOM) are ubiquitously found in primitive 
meteorites, some achondrites, comet Wild 2 dust [1] and 
interplanetary dust particles [2] [3]. Most of the heavy noble 
gases, but also some He and Ne reside in an elusive, possibly 
carbonaceous, acid-resistant phase dubbed Q [4]. Various 
trends are observed in the composition and structure of the 
IOM, extracted from meteorites by acid dissolution, and in the 
composition of Q gases [5-7]. This suggests that the bodies in 
the solar system may have incorporated a similar mixture of 
phase Q and IOM (and also presolar grains, not discussed 
here). This mixture may then have been modified during parent 
body thermal and aqueous alteration. 

Here, we will summarize the “knowns and unknowns” of 
Q gases, which includes attempts to define and physically 
separate their carrier [8] [9], better constrain their 
compositions [7] [10], verify their distribution throughout the 
solar system [11], experimentally reproduce their fractionation 
relative to solar composition (depleting the lighter element or 
isotope) [12] [13] and explain them theoretically [14]. We will 
discuss correlations between Q gases and IOM, but also 
highlight where Q and IOM do not follow the same trends, 
which might be used to assess the degree of homogenization in 
the nebula. We will also review how phase Q and IOM are 
used to trace parent body aqueous and thermal processes and 
for classification purposes. Finally, we will present first results 
of an etch experiment on a neutron-irradiated sample of IOM 
extracted from CV3 chondrite Allende. 

 
[1] Marty et al. (2008) Science 319, 75. [2] Busemann et 

al. (2010) LPSC 41, 1947. [3] Spring et al. (2014) 77th Met.Soc. 
Meeting, 5439. [4] Lewis et al. (1975) Science 190, 1251. [5] 
Alexander et al. (2007) GCA 71, 4380. [6] Busemann et al. 
(2007) M&PS 42, 1387. [7] Busemann et al. (2000) M&PS 35, 
949. [8] Amari et al. (2013) ApJ. 778, 37. [9] Matsuda et al. 
(2010) GCA 74, 5398. [10] Riebe et al. (2014), LPSC 45, 1991. 
[11] Busemann & Eugster (2002) M&PS 37, 1865. [12] Kuga 
al. (2015) PNAS in press. [13] Sandford et al. (1997) LPSC 28, 
1233. [14] Ozima et al. (2011) LPI Contr. 1639, #9004. 
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The presence of extensive barite sedimentary deposits in 

the Archean record is intriguing since this type of sediment 
requires high availability of dissolved sulfate (SO4

2-), the 
oxidized form of sulfur, although most authors suggest that this 
period was dominated by reducing conditions. In order to 
assess the redox state of the paleo-atmosphere and -oceans, we 
examined Fe and S multiple-isotope compositions in a 
sedimentary sequence from the 3.2 Ga-old Mendon and 
Mapepe Formations (Kaapvaal craton, South Africa), 
recovered during the Barberton Barite Drilling Project 
(BBDP2). Major and trace elements were also analyzed to 
evaluate potential diagenetic and/or metasomatic 
modifications. Bulk rock δ56Fe values show a large range from 
-2.04 ‰ in Fe sulfide-dominated barite beds, to 2.14 ‰ in Fe 
oxides-bearing cherts. δ34S values of bulk sulfides vary 
between -10.84 and 3.56‰, with Δ33S generally in a limited 
range from -0.35 to 0.40‰ (except two black cherts from 
Mendon at 1.69 and 2.55 ‰). 

Iron isotope variations, together with major and trace 
element correlations, illustrate that samples from Mendon 
experienced metasomatic Fe-carbonate precipitation. In 
contrast, samples from Mapepe were strongly silicified and 
tend to preserve primary geochemical and isotope fingerprints. 
Highly positive δ56Fe values recorded in primary Fe-oxides 
support very partial Fe oxidation in a reducing oceanic 
environment (O2 < 10-3 µM), but are incompatible with a model 
of complete oxidation at the redox boundary of a stratified 
water column. Iron oxide precipitation at such low oxygen 
level was likely mediated by anoxygenic photosynthesis, 
and/or abiotic photo-oxidation process. The mass-independent 
sulfur isotope signal recorded in sulfides can be attributed to 
SO2 photochemical dissociation, thus supporting an O2-
deprived atmosphere (< 10-5 PAL). Overall, Fe and S isotope 
compositions thus record global anoxic conditions in the 3.2 
Ga-old sediments associated with barium sulfate deposits. 
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Mineral reaction mechanisms, their rates and rate-limiting 
steps must be known in order to predict changes in nutrient 
supply, solute export or soil formation under environmental 
changes, such as land use. Moreover, it is essential to identify 
and quantify these reactions in the context of their distribution 
in space and time and of the question being posed. For 
example, weathering mechanisms in a soil may be critical to 
forest productivity, while weathering mechanisms at the 
bedrock-regolith interface may control watershed solute export 
and critical zone formation.  

The critical zone is extremely heterogeneous and hotspots 
dominate many processes although they may only comprise 
minor volumes of material within a watershed. We will present 
weathering mechanisms of two types of hotspots in the wet, 
tropical Luquillo Critical Zone Observatory in Puerto Rico, 
alongside mechanisms in other parts of the critical zone. The 
first hotspots are often 10s of metres deep, along bedrock and 
corestone fracture surfaces [1]. The second hotspots are the 
soil-saprolite transitions, ca. 1-2 m deep.  

The deep hotspots effectively create the critical zone, 
produce the vast majority of exported cations, and strongly 
impact the Mg isotopic composition of the river [2]. 
Weathering is initiated within the visibly fresh rock when 
oxidative dissolution of trace sulfide phases produces acid that 
attacks nearby silicate grains [3]. The shallower hotspots, 
driven by oscillating redox conditions, largely decouple the 
surface and subsurface biogeochemical cycles and produce Mg 
isotopic fractionations that are likely ephemeral [2]. Therefore, 
both hotspots appear to be governed by the partial pressure and 
transport of O2. Among other implications, this means that the 
reduction of O2 by (bio)geochemical processes (e.g., 
weathering, respiration) within the soil and regolith may 
decrease the supply of O2 to deep hotspots. An O2 gradient 
with depth is key to maintaining steady-state regolith thickness 
when weathering begins with an oxidation reaction [4]. 
Furthermore, chemoheterotrophic microbial respiration in 
these C-poor soils consumes most organic acids, limiting the 
impact of vegetation on deep hotspot weathering rates and the 
flux of silicate weathering solutes out of the watershed. 
 
[1] Buss et al. (2013) ESPL 38, 1170-1186. [2] Chapela Lara et 
al. (2014) PEPS 10, 200-203. [3] Moore et al. (2015) this 
volume. [4] Fletcher et al. (2006) EPSL 244, 444-457. 
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Redox geochemistry clearly documents low levels of 

marine oxygenation through the early-middle Proterozoic, a 
signal widely interpreted as a measure of correspondingly low 
levels of atmopheric oxygen.  By extension, the relatively late 
evolution of animals is widely viewed as a consequence of 
rising atmospheric oxygen levels.  Such models, however, 
have yet to incorporate the compounding ecological and 
evolutionary feedback effects of early multicellular organisms 
on marine oxygenation. 

Bioturbation is widely recognized as a first-order agent of 
redox expression.  Because of the inertial and viscous 
properties of the associated media, it is limited to large 
multicellular organisms – most obviously in motile bilaterian 
animals and ‘sessile’ landplants.  Almost universally 
overlooked is the active bioturbation of seawater by sponges.  
Despite the rapid dissipation of direct physical traces, this 
behaviour is manifest in the extraordinary capacity of sponges 
to extract DOC, suppress  picoplankton growth, and 
fundamentally enhance water clarity and oxygen content in 
modern systems.  In the past, such engineering effects can be 
recognized from paleobiological and geochemical signatures. 

It is possible that the early evolution of sponges was 
constrained by oxygen, but this is difficult to reconcile with the 
physiology of their unicellular ancestors.  In addition to higher 
mass-specific metabolic rates, these choanoflagellate- like 
organisms would have had no capacity for turbulent-flow 
ventilation, thus requiring substantially higher levels of 
ambient oxygen than their multicellular counterparts.  The 
presence of crown-group eukaryotes (last common ancestor an 
aerobic flagellate) by at least the late Palaeoproterozoic 
documents permissive environments for sponge-grade 
organization roughly a billion years prior to their actual 
appearance.  The first appearance of significant eukaryotic 
steranes and novel microfossils at ~ 750 Ma (along with 
geochemical evidence for expanding zones of oxygenation) are 
consistent with molecular clock estimates for the appearance of 
sponge-grade animals at this time.  Like the subsequent ~ 200 
million year ‘delay’ in the appearance of soft-sediment 
bioturbation, it was (internally constrained) developments in 
biological organization that eventually brought the Proterozoic 
to an end.  
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High-K calc-alkaline granites that were emplaced at the 

end of collisional stage and formed large Angara-Vitim 
batholith (AVB) and subordinate smaller plutons, totally of 
about 150,000 km2 in area. All these rocks were recognized as 
Barguzin igneous suite  

New Wave Research UP-213 laser ablation device and  
single collector ICP-MS Thermo Scientific Element XR were 
used for U-Pb analysis. Data processing was performed using 
Glitter software, and U-Pb concordant ages were calculated by 
Isoplot 3 macro. 

U-Pb isotopic LA-ICP-MS dating of zircons from 
granitoids of Barguzin suite has confirmed the results of 
previous geochronological studies, which included geological 
observations and U-Pb SHRIMP dating, that Late Paleozoic 
magmatic activity started about 330-325 Ma ago with the 
formation of the Barguzin granites [1] [2]. We should add that 
the resulting U-Pb LA-ICP-MS zircon age for the sample Br-2-
02 (301.6 ± 2.2 Ma) and V.P. Kovacs data [3] allow to move 
the upper age limit of formation of the Barguzin suite granites 
from 310 Ma to 295 Ma. In this case, the crystallization of the 
youngest Barguzin granites substantially overlap in time with 
the formation of high-K calc-alkaline low-silica granitoids of 
Chivyrkui and leucogranites of Zaza suite granitoids. 

Pluton LA-ICP-MS,  
Ma 

SHRIMP,  
Ma [1, 2] 

Zelenogrivsky 323.7±2.1 325.3±2.8 
Temen 316.6±2.3 318±4 
Goltsov 312.3±2.2 313.3±3 
Br-2-02 granitoids from 
Khangintui river 

301.6±2.2  

Table 1: Results of the U-Pb isotope dating of zircons 
from calc-alkaline granites of Barguzin suite. 
 
[1] Tsygankov et al. (2007) Russian Geology and Geophysics 
48, 120–140. [2] Tsygankov et al. (2010) Russian Geology and 
Geophysics 51, 972–994. [3] Kovach et al. (2012) Dokl. Acad. 
Nauk 444, 184-189.  
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Lamprophyres are relatively uncommon alkaline, silica-
undersaturated, small volume hydrous ultrapotassic igneous 
rocks often found as dikes or small intrusions. Paleozoic 
schists and the late Carboniferous Sogut granodirote in Central 
Sakarya (NW Anatolia) are cut by NE-SW trending minor 
dyke intrusions of camptonite (alkaline lamprophyre) and 
lamprophyre.  

The rocks contain abundant phenocrysts of amphibole, 
clinopyroxene, plagioclase, nepheline, olivine and opaque 
minerals. Amphibole phenocrysts range in size from mm to  
1-2 cm; lamprophyre amphiboles are calcic (pargasite) and the 
camptonites contain both pargasite and kaersutite. Pyroxene in 
the lamprophyres is subalkaline–alkaline augite, while that in 
the camptonites is alkaline to peralkaline ferroaugite. 
Plagioclase feldspar compositions range from An53-77 in the 
lamprophyres and An34-56 in the camptonites.  

The whole rock chemistry indicates that lamprophyres are 
subalkaline (tholeiitic), whereas the camptonites are alkaline in 
character. SiO2 contents of the camptonite and lamprophyre 
samples are different (46 and 53-63 wt%, respectively). Mg-
numbers of the lamprophyre samples range between 20-31; but 
are higher 38 in camptonite.  

Linear decreasing trends of CaO, MgO, Fe2O3, Ni, Sc and 
Cr with decreasing Mg-number suggest fractionation of 
plagioclase, amphibole, pyroxene and olivine. Ti-Zr-Y 
variations indicate that the dikes formed in a within-plate 
environment, and enrichment in LREE, LILE and HFSE over 
ocean island basalt indicate the source region may be located 
in the mantle lithosphere. The lack of negative anomalies in 
Nb, Ta, P and Ti in primitive mantle normalized ITE diagrams 
suggests partial melting of metasomatized garnet peridotite. 
We infer the lamprophyres reflect metasomatism associated 
with slab-derived fluids and melts at the earliest stage of slab-
rollback and southwestward migration of the subduction zone 
now located in the westernmost Aegean Sea. The timing of this 
modification is as yet unknown, and may date from formation 
of the Sakarya Complex in Late Triassic. 
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Rapid magma ascent rates in arcs, of months to years over 

35 km from Moho to surface, have recently been inferred for 
crystal-poor, andesitic magmas (Ruprecht & Plank, 2013, 
Nature 500, 68). Given the importance of magma ascent rates 
in understanding the evolution of magmatic systems, how 
different are the ascent rates of crystal-rich magmas and what 
are the implications for differentiation and crustal interaction? 

Proterozoic anorthosites formed from crystal-laden mushes 
ponding at the Moho, crystallizing polybarically and finally 
being emplaced in the upper crust (~5-10 km), most probably 
in a late-orogenic arc environment. Formation of these plutons 
in long-lived magmatic systems operating on timescales of 
~80-120 m.y. has been proposed in geochronologic studies of 
suites of high-pressure, orthopyroxene megacrysts (HAOMs) 
[1]. Sm–Nd isochrons for HAOMs give ages of 1765±12 Ma 
(Mealy Mtns), 1041±17 Ma (Rogaland) and 1444±100 Ma 
(Nain), compared to the respective 1630–1650, 920–949 and 
1289–1363 Ma ages of their host anorthosites. Internal 
isochrons between plagioclase exsolution lamellae and 
orthopyroxene in HAOMs yield ages identical, within error, to 
the ages of anorthosite emplacement, suggesting that HAOM 
decompression took place ~100 m.y. after crystallization (at 
the Moho). These lengthy timescales in Proterozoic arc 
environments suggests that there may be a broad spectrum of 
magma ascent rates in arcs, with anorthosite ascent rates 
representing the slowest. Such lengthy magmatic timescales 
are not surprising given that long periods of magma ponding, 
recharge and lower-crustal AFC at the Moho may be vital 
processes in the development of anorthosites and potentially 
other crystal-laden magmas. 

Gauging the extent of differentiation that a magma system 
may experience through ascent rate is particularly relevant in 
Proterozoic anorthosites where we observe distinctive 
geochemistries resulting from ponding and enhanced lower 
crustal AFC. In combination with EC-AFC modeling, our 
observations of unexpected patterns of internal isotopic 
disequilibrium in anorthosites and geochemical differences in 
succesive pulses of magma, suggest that anorthosite 
petrogenesis is likely to involve significant differentiation and 
solidification at lower crust depths, followed by ascent of high-
crystallinity (~50 %) bodies to upper crustal levels. 

 
[1] Bybee et al., 2014, EPSL 389, 74). 
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Thermodynamic modeling of phosphorus behavior in 
hydrothermal systems was calculated using HCh software. In 
general, geochemistry of phosphorus in dense solutions is 
controlled by phosphate ion. Accumulation of phosphate in 
aqueous solution is limited by the solubility of apatite and 
phosphorus can not reach high concentration, except in the 
ultra-acid waters. Phosphorus compounds with other valence 
are of minor importance in dense for the wild range of redox 
conditions. The limits of the accumulation of phosphorus in the 
solution are depending on the acidity and the water/rock ratio. 
Phosphate concentration in neutral hydrothermal fluid is 10-60 
mmol/kg, which is insufficient for prebiotic ATP synthesis. 

The results of thermodynamic calculations of boiling 
hydrothermal systems have shown that at 150-300ºC in vapor 
phase for phosphorus the molecule PO2(gas) prevails with 
formal valence of +4. Other gas species (PH3, P4O10, P4O6, etc.) 
do not have any importance at the redox conditions, controlled 
by basalt (NNO, QFM). Condensation of the hydrothermal 
vapor leads to a reaction: 

2PIVO2 (gas) + 3H2O = H3PVO4 + H3PIIIO3. 
Accumulation of P(III) allows to ATP synthesize, even at 

relatively low phosphorus concentration. Calculations show 
that condensates may contain phosphite up to 6 mol/kg. In 
modern hydrothermal systems significant concentrations of 
phosphite were found up to 30 mmol/kg. The results of 
thermodynamic calculations allow explaining the origin of the 
low valence phosphorus under hydrothermal conditions and 
providing additional justification for the selection of their 
environment as the origin of life. 

Experimental study of gas-liquid phosphorus partition at 
200-250ºC shows, that the addition of a reducing agent 
increases concentration in vapor. These results are approximate 
to gas-liquid phosphorus partition of volcanic hydrothermal 
springs from Kamchatka.   

Results of the study suggest that the continental 
hydrothermal systems are the most likely environment for the 
origin of first cell organisms on the Earth. In the oxygen-free 
atmosphere thermal springs can provide high concentrations of 
phosphorus(III) for the prebiotic synthesis of ATP. 

 
This work was supported by Russian Scientific Foundation, 

project N 14-50-00029. 
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Concentrations of REE were determined in rocks by ICP-
MS and in minerals (pyroxene, plagioclase) by LA-ICP-MS in 
rythmical layered Series of Kivakka layered intrusion 
(Northern Karelia, Russia). The concentrations and ratios of 
REE in minerals remain unchanged throughout the section of 
massif and correspond to distribution coefficient mineral-melt. 
REE concentrations in the rocks considerably depend on the 
ratio of cumulus-intercumulus, which suggests that the 
concentration of REE in rocks can be used as a criterion for the 
cumulus density. The analysis of the distribution of sulphide 
ore minerals in layered intrusion Kivakka, as well as sulfide 
horizons, show that cumulus in this horisonz is significantly 
denser than in the surrounding layers. This confirms the 
previously proposed mechanism of both rhythmic layering, and 
the appearance of sulfide  horizons, not correspond to 
thermodynamic parameters of basalt magma sulphide-silicate 
segregation. The resulting distribution allows us to understand 
patterns of localization of sulfide mineralization in layered 
intrusions. 

 
This work was supported by RFBR research project No 15-

05-05501.  
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The generation and storage of hydrocarbons within shale 
gas systems can be directly linked to the thermal history of the 
source/reservoir rocks. As such, the pressure-temperature 
histories of the associated oil and gas are better constrained 
than conventional systems where migration from source to 
reservoir has occurred. 

Noble gas characteristics in conventional hydrocarbon 
systems have previously been used to determine reservoir 
processes and the role of groundwater in migration [1] [2]. 
However, there is a relative paucity of studies that have 
applied noble gases to study the hydrocarbon generation and 
storage within source rocks. This is an important pre-requisite 
to fully understand signatures associated with conventional 
hydrocarbon systems and may shed light on the mechanisms of 
gas production and storage.   

The Eagle Ford Formation is late Cretaceous in age, and 
consists of interbedded carbonates and shales producing both 
oil and gas from areas of different thermal maturity [3]. Here 
we present preliminary noble gas isotope ratios and 
abundances from 5 wells within the Eagle Ford Formation, 
South Texas. These wells provide samples from a range of 
thermal maturities, reflected in compositions ranging from dry 
gas to oil-associated gas. 

Measured helium isotope ratios (3He/4He) are dominated 
by radiogenic 4He derived from the crust. Neon isotopes are 
indistinguishable from air ratios, and are most likely derived 
from air-saturated groundwater in contact with the produced 
gas. Argon isotopes (40Ar/36Ar) are in excess of air, showing a 
resolvable radiogenic component derived from 40Ar production 
within the crust, plus a groundwater contribution. 

The distribution of atmospherically derived noble gases 
(20Ne, 36Ar, 84Kr, 132Xe) in hydrocarbon systems is governed 
primarily by their solubility-dependent partitioning between 
different fluid phases. We are currently developing models to 
identify the reservoir processes responsible for the observed 
deviations from the reference air-saturated water values. 
 
[1] Ballentine et al., 1996, GCA 60:5, [2] Zhou et al., 2005, 
GCA 69:23, [3] Robison, 1997, Int J Coal Geol 34 
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The ability for Fe metabolizing bacteria to produce 

magnetite has been known for several decades, either 
externally through dissimilatory Fe(III) reduction [1] or 
internally in the form of magnetosomes [2]. However the 
potential for bacteria to futher interact with the mineral in the 
environment once formed is relatively underexplored. We 
recently demonstrated that the phototrophic Fe(II)-oxidizer 
Rhodopseudomonas palustris TIE-1 can directly oxidize 
magnetite nanoparticles in the presence of light, with the 
process reversible in the dark by the dissimilatory Fe(III)-
reducer Geobacter sulfurreducens [3]. We postulated that 
depending on the redox conditions present each bacterium 
could use the magnetite as a natural battery, i.e. as an electron 
sink or source. Furthermore, we suggested that this microbe-
mineral interaction was confined to the surface of the 
magnetite, with the bulk properties remaining relatively intact. 
Whilst this may help to support microbial respiration/growth in 
redox active areas, changes to the stoichiometry (i.e. 
Fe(II)/Fe(III) ratio) of magnetite will have direct impacts upon 
its potential use as a magnetically recoverable remediation 
agent [4].  

In this study we probe the size dependence of microbe-
magnetite redox interactions and the potential impacts of these 
interactions on magnetite reactivity. We compare nanoparticles 
(~10 nm) against larger microparticles (100-300 nm) and react 
the particles after microbial reduction/oxidation with Cr(VI). 
Through a combination of synchrotron and lab based 
experiments including x-ray absorption (XAS) x-ray magnetic 
circular dichroism (XMCD), magnetic susceptibility, x-ray 
diffraction (XRD) and Mössbauer spectroscopy, we have 
probed the changes to the distribution of iron within magnetite 
nano and microparticles induced by Fe-metabolizing bacteria. 
This work has several important implications in the 
understanding of biogenic mineral interactions and its impact 
upon many different areas of research including remediation 
and environmental magnetism.  
 
[1] Lovley D. R., and Philips E. J. P., (1986) AEM 52, 751-
757. [2] Blakemore R., (1975) Science 190 377-379. [3] Byrne 
J. M., et al. (2015), Science 347 1473-1476. [4] Latta D. E., et 
al. (2011), ES&T 46, 778-786. 
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The Precambrian sedimentary record shows two periods of 
positive isotope excursion of extreme intensity (δ13Ccarb of +8‰ to 
+14‰) in the Paleo- and in the Neoproterozoic. Two main 
hypotheses coexist for these excursions. The most common one 
involves a global perturbation of the carbon cycle by increased 
burial of organic matter. The alternative one involves a local 
increase in the dissolved inorganic carbon isotope composition 
(δ13CDIC) due to methanogenesis and/or photosynthesis. To better 
understand these isotopic signatures, one strategy is to study current 
analogues of these paleoenvironments.  

We present here the first results obtained on the Dziani Dzaha 
alkaline volcanic cater lake (Mayotte), with a focus on the carbon 
isotope systematics. These results allow us to identify a 
combination of analogies to the high-δ13C Precambrian 
paleoenvironments never reported yet to our knowledge: (i) values 
of δ13CDIC and δ13Ccarb ranging between +10‰ and +15‰ in strong 
desequilibrium with atmosphere, (ii) saline and sulfate poor waters 
probably modified from seawater, (iii) permanent anoxia below 1.5 
meter depth in spite of seasonal mixing, and (iv) a trophic chain 
essentially reduced to prokaryotic primary producers and 
mineralizers.  

Several possibly co-occurring processes taking place in the lake 
can be envisaged to explain its high δ13CDIC values: addition of 
methanogenic DIC, CO2 and CH4 degassing and/or by 
photosynthetic primary production coupled to organic matter 
sedimentation. It is higlhy plausible that methanogenesis and CH4 
degassing must have been more frequently occurring in Proterozoic 
environments than in the modern Earth, leaving open the possibility 
that the Dziani Dzaha is indeed a good analogue for high δ13C 
Proterozoic environments. Other tracers than carbon isotopes will 
be studied to allow independent identifications of Dziani Dzaha like 
environments in the rock record. 
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Polymerization-like kinetics in crystal 
growth 

LUDOVICO CADEMARTIRI1,2 
1Department of Materials Science and Engineering, Iowa State 

University, Ames, IA 
2Ames Laboratory, US DoE, Ames, IA 
 

We will review recent results concerning the growth kinetics of 
ensembles of nanocrystals in solution in the presence of surface 
capping ligands. The evidence suggests that crystal growth can be 
modeled with the same kinetic models employed to describe 
polymerization, specifically step-growth polymerization [1]. 
Specifically we will show how the growth of ultrathin Bi2S3 
nanowires could be effectively modeled as a combination of 
monomer addition processes as well as coupling processes (e.g., 
oriented attachment) [2]. 

Our recent work in that crystal system attempts to eliminate the 
addition process by removing supersaturation and by generating a 
stable, measurable, and monodisperse initial dispersion of 
“monomers” (i.e., very short Bi2S3 nanowires) obtained by 
fragmenting the as-synthesized nanowires. Our results indicate that 
the “monomers” produced in this manner can recouple together to 
form long nanowires, thereby demonstrating that the process is best 
described as a living polymerization [3]. 

In conclusion we will review the challenges [4] and 
opportunities [5] associated with performing rigorous kinetic 
studies of crystallization in these systems and present these Bi2S3 
nanowires as a unique model system to study these processes [6]. 

 
[1] Rubinstein, M. et al. Polymer Physics; Oxford University Press, 
2003. [2] Cademartiri, L. et al. J. Am. Chem. Soc. 2012, 134, 9327. 
[3] Yuan, B. et al., in preparation. [4] Shaw, S. et al. Adv. Mater. 
2013, 25, 4829. [5] Cademartiri, L. et al. Nat. Mater. 2015, 14, 2; 
Cademartiri, L. et al. Philos. T. Roy. Soc. A 2012, 370, 2824; 
Repko, A. et al. Can. J. Chem. 2012, 90, 1032; Yuan, B. et al. 
Journal of Materials Science & Technology. [6] Cademartiri, L. et 
al. Angew. Chem. Int. Edit. 2008, 47, 3814. 
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Hydro-geochemical impact of fugitive 
methane on a shallow unconsolidated 

phreatic aquifer system 
AARON CAHILL, JOHN CHERRY, BETH PARKER,  

ALYSSA VERDIN, BERNHARD MAYER, ULI MAYER, OLENKA 
FORDE AND CATHY RYAN 

In the last 5 years shale gas development has and will continue 
to transform the world’s energy economy, creating jobs, significant 
wealth and energy security in regions where development takes 
place. Unfortunately the necessary extraction technique (i.e. 
hydraulic fracturing) potentially gives rise to significant 
environmental impacts the extent and occurrence of which are 
strongly contested. In particular, contamination of shallow 
groundwater by fugitive methane originating from shale gas 
development is one aspect of significant concern, deemed by many 
to be the most likely adverse impact. Although knowledge 
regarding the aqueous chemistry of methane is relatively advanced 
(from related fields of investigation, e.g. landfill and conventional 
oil and gas contamination investigations etc.) knowledge relating to 
scales (temporal and spatial) and magnitudes relevant to shale gas 
development is lacking. In particular fundamental geochemical 
processes induced by fugitive methane contamination and effective 
monitoring and detection methodologies have not been proven. In 
order to address basic science questions associated with fugitive 
methane and assess monitoring and detection methodologies a 
shallow aquifer controlled methane release experiment is being 
conducted at the Borden research aquifer (unconfined, 
unconsolidated silicate dominated system), Ontario, Canada. 
During the experiment, gas phase CH4 will be injected through 2 
inclined sparging wells at 5 and 10 m depth (at three increasing 
rates) and the effects monitored physically and geochemically in 
space and time in both the saturated and unsaturated zones. 
Following the injection phase, natural attenuation and the ability of 
the subsurface to assimilate CH4 will be evaluated. Objectives of 
the study are to: 1. determine the in-situ effects of methane on a 
shallow unconfined silicate based aquifer and its groundwater 
quality (temporally and spatially), and 2. determine the most 
effective monitoring and detection strategies for fugitive methane in 
such an aquifer. In this presentation the initial results from this 
controlled release of methane will be shown including initial site set 
up, background conditions and initial injection impact results. Also 
results from initial laboratory tests (including batch reactors using 
site sediment, groundwater and methane exposure to assess likely in 
situ impacts) will be presented.   
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Significances on relationships between 
pyrolysis parameters and organic matter 

occurrence in source rocks  
JINGONG CAI, QISHENG ZHOU AND YINGLI LI 

State Key Laboratory of Marine Geology, Tongji University, 
Shanghai 200092, China;  jgcai@tongji.edu.cn. 
 
Argillaceous source rocks and <2μm clay-sized fractions were 

selected from the Shahejie Formation in Eocene of the Dongying 
Sag, and the variations in characteristics of pyrolysis (Rock Eval-
VI), IR, and XRD after the chloroform and disodium 
peroxodisulfate (Na2S2O8) treatments were compared in order to 
reveal the relationships between pyrolysis parameters and OM 
occurrence and its significance for the OM evolution and 
hydrocarbon generation. 

Comparing the pyrolysis parameters (TOC, PC, RC, S1, S2) of 
263 bulk rock with that of clay-sized fractions, it is found that the 
pyrolysis parameters of the clay-sized fractions were all higher than 
that of bulk rocks, and the coefficient of correlation between bulk 
rocks and clay-sized fractions is over 0.8, indicating that the clay-
sized fraction contribute the most to the OM and hydrocarbon 
generation of bulk rock. A total of 15 clay-sized fraction samples 
were selected to procedurally treated with chloroform and Na2S2O8 
and performed the pyrolysis measurement. It indicates that the 
TOC, PC, RC, S1, S2 after chloroform treatment were decreased by 
20%, 35%, 8%, 94% and 29%, respectively; and the TOC, PC, RC, 
S1, S2 after Na2S2O8 treatment were decreased by 95%, 95%, 95%, 
100% and 100%, respectively; these characteristics suggest that the 
OM in clay-sized fraction is the main contributor to the 
hydrocarbon generation parameters (e.g., PC, S2). After the clay-
sized fractions were determined by XRD and IR, it is found that 
over 3100 m the OM within interlayer of smectite is abundant, and 
below 3100 m the OM is predominately combined with other 
minerals, which indicates that the characteristics of minerals 
adsorbing OM are varied with burial depth. 

Integrated above analysis, it can be seen that S1 is occurred as 
free state hydrocarbon decreased by 94% after chloroform 
treatment, and S2 (PC) is the hydrocarbon adsorbed on clay-sized 
minerals, decreased over 95% after Na2S2O8 treatment. These 
characteristics indicate that the interaction between minerals and 
OM is significant to the OM hydrocarbon generation. 

	  

Funds: the National Natural Science Foundation of China 
(NSFC) (Grant No. 41372130), and the Major Project of National 
Petroleum in China (No. 2011ZX05006-001) 
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Using 224Ra/228Th disequilibrium to 
quantify benthic fluxes of dissolved 

inorganic carbon and nutrients into the 
Pearl River estuary 

PINGHE CAI12*, XIANGMING SHI12, QINGQUAN HONG12, QING 
LI12, XIANGHUI GUO12 AND MINHAN DAI12 

1State Key Laboratoty of Marine Environmental Science, Xiamen 
University, Xiamen 361005, P.R. China 

(*Correspondence: Caiph@xmu.edu.cn)  
2College of Ocean and Earth Sciences, Xiamen University, Xiamen 

361005, P. R. China 
 

We elaborate a newly developped 224Ra/228Th disequilibrium 
approach to quantify benthic fluxes of dissolved inorganic carbon 
(DIC) and nutrients into the Pearl River Estuary (PRE), China. 
Depth profiles of 224Ra and 228Th in bulk sediments were collected 
along a transect in the PRE. Together with bulk sediment 
measurements, dissolved 224Ra, DIC, and nutrients (NO2

-+NO3
-, 

NH4
+) in porewater and in the overlying waters were also 

determined. Benthic fluxes of 224Ra were estimated from the 
observed deficit of 224Ra in the sediments using a one-dimensional 
(1D) mass balance exchange model. We demonstrated that 
irrigation was the predominant process that controls solute transfer 
across the sediment-water interface, whereas molecular diffusion 
and sediment mixing together contributed <5% of the total 224Ra 
fluxes from bottom sediments. Based on the mass balance of water 
column 224Ra, an independent approach was proposed to estimate 
site-specific residence times of water mass. The results show that 
water residence times ranged from 0.7±0.1 to 4.9±1.1 d in the PRE. 

In the upper several centimeters of sediments, dissolved 224Ra 
activities were generally well correlated with DIC and NH4

+ 
concentrations, indicating that 224Ra is an excellent proxy of these 
species. We were then allowed to utilize the 224Ra/228Th 
disequilibrium approach to derive reliable estimates of the benthic 
fluxes of DIC and NH4

+. We demonstrated that sediment interstitial 
waters delivered approximately 36±2×109 mol of DIC and 
~14±1×109 mol of NH4

+ into the PRE in the dry season. This 
benthic flux of DIC is equivalent to ~15% of the riverine input in 
this season. In terms of NH4

+, our results indicate that bottom 
sediments are a predominant source of water column NH4

+ in the 
PRE. Overall, our results suggest that porewater injection is an 
important process and must be considered in the mass balance of 
DIC and nutrients in estuaries 
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Acidification, eutrophication and 
hypoxia in estuarine and coastal waters 

WEI-JUN CAI1 
1School of Marine Science and Policy, University of Delaware, 

Newark, Delaware, USA 
 

I will discuss the interactions between acidification, 
eutrophication and hypoxia in estuarine and coastal waters. I will 
first summarize various case studies from around the world. Then, 
based on first principles, I will discuss changes in buffer capacity 
and acidification in coastal waters as a result of changing 
atmospheric CO2, thermodynamics (salinity and temperature), 
biogeochemical states (levels of eutrophication and hypoxia-
anoxia), river and ocean endmember conditions (carbonate vs high 
organic matter rivers; TA/DIC ratios, etc.) as well as how these 
factors may interact to increase or decrease acidification in coastal 
environments.  Among case studies, the highly buffered (high 
TA/DIC content and ratio in both the river and ocean endmembers 
and high salinity and temperature) and eutrophic-hypoxia Gulf of 
Mexico and the weakly buffer and highly eutrophic Chesapeake 
Bay (in particular the interesting acid-base geochemistry at the 
dynamic oxic-anoxic boundary) will be discussed in details. Finally 
a new concept of maximum estuarine acidification zone will be 
discussed.   
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Ocean margins as an increasing sink for 
the atmospheric carbon dioxide 

WEI-JUN CAI1, GOULVEN G. LARUELLE 2, XINPING HU4, 
KEDONG YIN 5 AND PIERRE REGNIER2 

1School of Marine Science and Policy, University of Delaware, 
Newark, DE 19711 

2Department of Earth and Environmental Sciences, Université Libre 
de Bruxelles, Brussels, Belgium 

4Department of Physical and Environmental Sciences, Texas A&M 
University – Corpus Christi, Corpus Christi, TX 78412 

5School of Marine Sciences, Sun Yat-sen University, Guangzhou, 
China 510006. 

 

The partial pressure of carbon dioxide (pCO2) in the open ocean 
has increased following that of the atmosphere, a process leading to 
ocean acidification (OA) with negative impacts on marine 
organisms and ecosystems. However, previous researchers 
speculated that pCO2 in coastal oceans may not follow this pattern. 
Using a recently available global database, we report that the 
wintertime pCO2 increase in coastal oceans has lagged behind the 
atmospheric increase in recent decades, resulting in an increase in 
the air-sea pCO2 gradient and a likely strengthening of the coastal 
ocean sink for anthropogenic CO2. We postulate that the increase in 
air-sea pCO2 gradient resulted from a much smaller pCO2 increase 
in the coastal ocean than in the atmosphere as a consequence of a 
faster CO2 exchange rate of the coastal oceans with the subsurface 
deep ocean than with the atmosphere. This fast cross-shelf 
exchange dilutes the accumulation of anthropogenic CO2 in coastal 
waters. To illustrate this mechanism, we used a simple box model, 
which assumes constant physical and biological parameters but 
allows the atmospheric pCO2 to increase according to RCP6.0 until 
2100. Simulations show that surface water pCO2 increase in the 
coastal ocean is well behind that of the atmospheric pCO2 when the 
cross-shelf water exchange rate is between 0.25-2.0% per day or the 
water residence time is between 1.5 and 12 months. Field data and 
model simulations also suggest that the coastal ocean has switched 
from a source to a sink of CO2 for the atmosphere within the past 
few decades. We note while as a baseline OA trend, the coastal 
ocean would be less impacted by anthropogenic CO2 acidification, 
air-sea pCO2 gradient will widen and the coastal ocean CO2 sink 
will continue to increase with time. Thus, as the open ocean’s 
capacity for uptake of anthropogenic CO2 may level off or even 
decrease in coming decades, the coastal ocean will become an 
increasingly important pathway for global ocean CO2 uptake and 
subsequent ocean acidification via cross-margin export to the deep 
open ocean. 



 Goldschmidt2015 Abstracts  

 452 

Arsenic enrichment in shelf sediment of 
Southeastern Brazil 

R. C. CAGNIN1*, G. CHAILLOU2, A. C. BASTOS1 AND  
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Arsenic Enrichment 
High levels of arsenic (i.e., above the brazilian legislatation 

threshold 8,2 ng/mg) were found in sediment of the Espírito Santo 
(ES) and Abrolhos (BA) shelves. We use total [1] acid digestion 
method to compare the profiles of arsenic, iron and manganese on 
both shelves.  
 

	  

Figure 1: Total As and Fe content in sediments of cores 
T02/T03 (ES) and T05/T06 (BA) .  
 

Discussion of Results 
Vertical distribuction of total As species are related to major 

carrier compounds Fe and Mn-oxides for all cores. The behaviour 
of As is even more connected to Fe cycling [2]. 

The ES shelf is mainly composed by siliciclastic [3], so we can 
related the highest As levels due to Doce river sediment input. The 
Abrolhos shelf showed lowest levels of arsenic, probabily due to 
the carbonatic sedimentation [4]. In T05 was observed an increase 
in the levels of As, Fe and Mn from 160 cm deep. According to 
Vicalvi et al. [5] this region is a holocene paleolagoon, what could 
explain this results. 
 
[1] Loring & Rantala R. (1992) Earth Sci. Rev. 32, 235–283. [2] 
Chaillou et al. (2003) Geochim. Cosmochim. Acta 67, 2993-3003. 
[3] Dominguez (2006) J Coastal Res 39, 16-20. [4] D’Agostini et 
al. (2015) J Sediment Res 85, 124-139. [5] Vicalvi et al. (1978). Bol 
Tec. Petrobrás 21, 279-286.  
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Carbon dioxide and methane fluxes in a 
mangrove creek driven by tidal 

pumping: Insights from cavity ring 
down spectrometry 

MITCHELL CALL1, DAMIEN MAHER1* AND  
ISAAC SANTOS1 

1Southern Cross University, Military Road Lismore NSW 2480 
Australia. *damien.maher@scu.edu.au 

 
Tidally-mediated export of carbon sediments via groundwater 

exchange is now recognised as a major carbon export pathway from 
mangroves. We hypothesize that a combination of hourly and 
weekly groundwater–surface water exchange processes drive 
surface water pCO2 and CH4 concentrations in mangrove creeks 
over a spring-neap-spring tidal cycle. Automated in situ 
instrumentation captured high-resolution surface water pCO2, CH4 
and 222Rn data at the creek mouth, and ~500 m upstream in a sub-
tropical mangrove ecosystem over a spring-neap-spring tidal cycle. 
The pCO2 ranged from 385 to 26,106 µatm, CH4 from 1.8 to 889 
nM, and 222Rn from 280 to 108,172 dpm m-3. The creek displayed 
significant spatial variability over the short 500 m length, with 
average surface water pCO2, CH4 and 222Rn 4-fold higher at the 
upstream station. Surface water fluxes of CO2 and CH4 ranged from 
9.4 to 629.2 mmol CO2 m-2 d-1 and 13.1 to 632.9 µmol CH4 m-2 d-1 
depending upon the gas transfer model used and station location. 
Creek pCO2, CH4 and 222Rn displayed changes over both semi-
diurnal and spring–neap–spring tidal scales. Semi-diurnally, all 
gases had a significant inverse relationship with water depth. Over 
the spring–neap–spring cycle, all gases exhibited an inverse 
relationship with tidal amplitude, with higher values during neap 
tides than spring tides. Thus, estimated fluxes, porewater 
observations, and the significant positive relationship between 
surface water pCO2 and CH4, and 222Rn suggests groundwater 
exchange (i.e., tidal pumping) drives pCO2 and CH4 within the 
mangrove creek over two distinct temporal regimes – 1) Semi-
diurnally, flushing of crab burrows leads to high pCO2 and CH4 
concentrations at low tide, and 2) During the spring–neap–spring 
cycle, older groundwater enriched in CO2, CH4 and 222Rn seeps into 
the creek as tidal amplitude decreases, leading to higher 
concentrations at neap tides. 
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Shallow submarine hydrothermal ecosystems, located at depth 

<200m, are extreme environments influenced by both geothermal 
activity and light. They are described as “high energy 
environments” fuelling various microbial processes. However, little 
is known about sediment geochemistry, microbial diversity, or how 
these components interact and influence in situ biogeochemical 
cycles. The shallow submarine hydrothermal system of Spathi Bay 
(southeast coast of Milos Island, Greece) exhibits visual and 
exhibits characteristic zonation of white- and brown-coloured 
surface deposits surrounding the vent area, located at a depth of  
12.5 m. Here, the question of the putative role of sediment 
composition, chemistry on the microbial spatial distribution and 
also the role of all of them on ocean chemistry is still open. We 
analysed, water column, sediment pore water, sediment 
composition and the associated metagenome of white, brown and 
reference sediments to unravel processes involved in the cycling of 
As, P, Fe, S and C. Deep sequencing coverage provides high-
resolution information on the bacterial and archaeal diversity and 
distribution according to sediment depth. Coupled to chemical and 
mineralogical characterization, we highlight potential interactions 
between microbial communities, sediment and ocean chemistry.  
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on a soil succession with different 

mineral weathering rate: A complex 
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In non-fertilized forests, weathering of soil minerals and 

atmospheric deposits represent the main sources of mineral 
nutrients for plants, and internal cycling allows to efficiently 
recycle nutrients. In these ecosystems, roots and root-associated 
microorganisms play a key-role in tree nutrition through nutrient 
mobilization and acquisition. This work aims at comparing the 
stand productivity on a soil succession with different mineral 
weathering rate. The forest of Montiers (NE of France) was chosen 
to support the study because it presents, under the same climate, a 
great diversity of soils, from deep acid to shallow calcareous, on 
which rests a mature and homogeneous beech forest. In 2009, 27 
soil profiles were sampled in an alocrisol, a calci-brunisol and a 
rendisol. The water and nutrient stocks, as well as the root density 
and the deep enrooting were determined. Trunk diameter and height 
were measured, and biomass was then estimated in 2009 and 2013 
on about 2400 trees. A fertility index (simulation of the height at 
100 years of dominant trees) and a foliar diagnosis (fresh leave 
mineral concentration) was also determined for the three soils. 
From these data, we proposed the conceptual model below. 
Through adaptation mechanisms in response to environmental 
contraints, i.e., increase of root density in the soil surface and root 
prospection in deep horizons, biological processes can control 
nutrient mobilisation and acquisition thus maintaining forest 
productivity. 
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learn about intracellular calcification by 
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Cyanobacteria are relatively diverse phylogenetically, abundant 
and widespread at the surface of the Earth. By their photosynthetic 
activity they modify significantly their environment and in 
particular  impact the carbon geochemical cycle by formation of 
organic carbon and precipitation of calcium carbonate. Recently 
some cyanobacteria able to form intracellular carbonates have been 
discoved [1] [2]. It has been suggested moreover that calcification 
might be controlled by these cyanobacterial species. The 
intracellular carbonates they form have several peculiar 
characteristics: they are poorly crystalline, relatively small 
(between 60 and 500 nm) and at least in some cases have much 
higher Sr/Ca and Ba/Ca ratios than the solution in which the cells 
grow. Therefore, understanding the formation of these carbonates 
may open new perspectives on remediation of  heavy alkaline earth 
metals. Here, we performed in vitro abiotic syntheses of Mg-, Ca-, 
Sr- and Ba-containing carbonates with compositions, crystallinities 
and sizes close to those observed in cyanobacteria. Precipitates 
were characterized by scanning and transmission electron 
microscopies coupled with energy dispersive x-ray spectroscopy 
and x-ray diffraction. We will discuss how these in vitro syntheses 
can be compared to the processes occuring within cells and what 
we learn about them.  

 
[1] Couradeau, Benzerara, Gerard, Moreira, Bernard, Brown, and 
Lopez-Garcia, Science 336, 459–462. [2] Benzerara, Skouri-Panet, 
Li, Férard, Gugger, Laurent, Couradeau, Ragon, Cosmidis, 
Menguy, Margaret-Oliver, Tavera, López-García, and Moreira, 
Proc. Natl. Acad. Sci. 111, 10933–10938. 
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dependent in situ single crystal X-ray 

diffraction study 
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Chiavennite (CaMnBeSi5O13(OH)2·2H2O, Z = 4) is a rare Be-

bearing zeolite mineral with an interrupted framework of four-
connected [SiO4] and three-connected [BeO4] tetrahedra. A sample 
from the type locality in the Rhetic Alps of Italy has been re-
investigated at room temperature in order to clarify the space group 
ambiguity discussed in the literature [1] and to explore the system 
of hydrogen bonds. In addition, the thermal stability of this zeolite 
was tracked by in situ single-crystal X-ray diffraction between 25 
°C and 425 °C. In spite of the pseudo-orthorhombic cell dimension, 
the new data indicate that at room temperature chiavennite is truly 
monoclinic P21/c (ß ≈ 90°) and twinned as recently shown for the 
new mineral ferrochiavennite [2]. The temperature-dependent 
dehydration experiments under dry conditions showed that 
chiavennite continuously released water up to at least 425 °C 
without topological modification. The loss of more than one H2O 
molecule at 250 °C, decreases the Ca coordination from eight- to 
seven-fold. After release of the first H2O molecule, and strong 
dynamic disorder of the remaining H2O, chiavennite evolves into 
orthorhombic symmetry of space group Pbcn. The continuous 
monoclinic-orthorhombic transition from space group P21/c to Pbcn 
upon dehydration is attributed to softening of the system of 
hydrogen bonds with extraframework H2O as donor and oxygen at 
the cavity walls as acceptor. 
 
[1] Tazzoli, V., Domeneghetti, M. C., Mazzi, F., Cannillo, E. 
(1995), European Journal of Mineralogist 7, 1339-1344. 
[2] Grice, J. D., Kristiansen, R., Friis, H., Rowe, R., Poirier, G. G., 
Selbekk, R. S., Cooper, M. A., Larsen, A.O. (2013), Canadian 
Mineralogist 51, 285-296. 
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Field and laboratory measurements for 
modeling microbial and abiotic Fe(II) 
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Rates of Fe(II) oxidation to Fe(III) are mediated by microbial 
activity at lower pH (typically < 5), whereas abiotic oxidation 
dominates under near-neutral conditions [1]. Field sampling at two 
inactive mine sites in California, USA, and laboratory oxidation 
experiments using synthetic and natural Fe(II)-rich solutions 
provide data that we are using to develop a geochemical model of 
Fe(II) oxidation and the formation of secondary hydrous ferric 
oxides (HFO), such as goethite and ferrihydrite, and ferric 
oxyhydroxy-sulfates (FOHS), such as schwertmannite. These 
secondary Fe(III) minerals form pipe scale in acid-mine-drainage 
(AMD) treatment systems, causing costly cleanup challenges.  

We are using PHREEQC with kinetics to develop a 1-
dimensional transport model of a pipe-line carrying AMD at the 
Iron Mountain Mine. A series of tracer-injection tests (using 
rhodamine-WT or lithium chloride) over a range of flow conditions 
were conducted to measure travel time and dispersivity for model 
calibration. Oxidation of Fe(II) at Iron Mountain was microbially 
mediated, where pH was consistently between 2.5 and 3.0. The 
precipitate formed in the pipeline was dominantly FOHS with 
minor amounts of goethite. The microbial community, identified by 
both culture dependent and independent methods, was identified 
(including Acidithiobacillus and Leptospirillum species) and the 
Fe(II) oxidizing population was incorporated into the geochemical 
model through the microbial kinetic expressions.  

At the Leviathan Mine, we sampled three acid mine waters 
flowing in and out of pipes over a pH range of 3.0 to 5.7. 
Laboratory oxidation experiments revealed that Fe(II) oxidation 
was microbially mediated at pH < 5 but proceeded abiotically at pH 
> 5.5. Pipe scale at Leviathan Mine was also primarily FOHS with 
minor HFO.  The similarity of the pipe scale between the two sites 
suggests that the geochemical model developed in detail at Iron 
Mountain can be applied to other sites with pipe scale issues and 
may be useful for site management decisions. 
 
[1] Singer and Stumm (1970) Science 167, 1121-1123. 
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The basement of the Danubian Units (Drăgșan and Lainici-

Păiuș terranes) from South Carpathians (Romania) is considered to 
be made of medium-grade metamorphic rocks , which have been 
intruded by a series of granitic bodies of Neoproterozoic [1,2] and 
Variscan age [3]. An extended system of dykes (Motru Dyke 
Swarm-MDS) crosscut the basement of the Danubian Unit, over an 
area of about  
2000 km2. According to the geochemical compositions, MDS is 
marked by a complete differentiation series (from basaltic andesites 
to rhyolites). The isotopic data (Sm and Nd) support the concept of 
a main crustal component, and the initial 87Sr/86Sr ratios data reveal 
a mixing of sub-crustal and crustal derived melts. Additionaly, the 
values of initial eNd, calculated assuming an age of 300 My are 
mostly negative. The U-Pb zircon age of two MDS samples points 
to about 300 My, similar to most of the Variscan granites 
suggesting the Carboniferous interval as an emplacement age. 
Based on the intercross relationships with the Variscan plutonic 
bodies and on the geochemical, geochronological and isotopic data, 
a new tectonic-setting and emplacement age is advanced. 

 
Study supported by PN-II-ID-PCE-2011-3-0100 Grant, CNCS  
 

[1] Liégeois, J.E., Berza T., Tatu M., Duchesne, J.C., 1996, 
Precambrian Research 80 (1996):281-301. [2] Balintoni, I., Balica, 
C., Ducea, M.N., Stremțan, C., 2011, Gondwana Research, 19 
(2011): 945–957. [3] Balica, C., Hann, H.P., Chen, F., Balintoni, I., 
Zaharia, L., 2007, Eos Trans. AGU 88 (52), Abstract T31B-0476. 
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Greenhouse climates are characterized by warm global 
temperatures and shallow latitudinal temperature gradients. 
Previous studies have used a variety of temperature proxies to 
reconstruct these gradients, including Mg/Ca and δ18O in carbonate 
materials and organic proxies such as TEX86 and UK

37 (e.g., [1]). All 
temperature proxies have inherent uncertainties and it is critical to 
understand their underlying assumptions and test existing 
temperature records with novel, emerging methodologies. For 
example, the carbonate clumped isotope proxy (Δ47) is appealing in 
reconstructing sea surface temperatures (SSTs) and testing existing 
estimates because it requires fewer assumptions. Like other proxies, 
Δ47 is sentitive to diagenetic alterations during recrystallyzation. 
Also, when exposed to high burial temperatures Δ47 may be altered 
by solid-state diffusion, which is hard to diagnose and can produce 
temperature estimates between environmental and burial 
temperatures. This highlights the importance of multi-proxy studies 
for reconstructing greenhouse temperatures. Δ47 can provide 
information (e.g., temperature and δ18O of carbonate) to estimate 
other parameters such as δ18O and Mg/Ca of seawater, and salinity. 
We use the Δ47 of mollusk fossils (Exogyra cancellata) from the 
Late Campanian in the Gulf Coast (~28 °N to 40 °N paleolatitude) 
to estimate sea surface temperatures and paleoceanography. SST 
estimates agree with previous studies based on TEX86 in this 
locality [2]. These temperatures, combined with shell δ18O, predict 
very high δ18O of seawater suggesting highly evaporative Tethys 
water. These fossil shells show clear seasonalitly through 
microsampling, and trace metal concentrations suggest they did not 
experience diagenetic recrystallization, yet the southern most 
samples give SST estimates ~40 °C, higher than previous studies 
[2] and unfavorable for life, implying unrecognized alterations 
associated with solid-state diffussion. 
 
[1] Bijl et al. (2009) Nature 461, 776–779. [2] Linnert et al.  (2013) 
Nature Communications 5:4194. 
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Serpentinites are a key lithology for tectonic and chemical 
processes in subduction zones and play a key role in slab-mantle 
interface domains. Fluid-mediated mass transfer from sedimentary 
to ultramafic reservoirs can be traced by B, Sr and Pb isotopic 
systems and fluid-mobile elements, like As and Sb. As proposed by 
many authors, these geochemical interactions can be used as proxy 
for element recycling at convergent margins. Here we focus on the 
Voltri Massif case-study (Ligurian Western Alps), where oceanic 
serpentinites and associated mafic rocks underwent Alpine 
subduction and high pressure metamorphism. The texture of these 
ultramafic rocks allows to distinguish between undeformed and 
mylonitic serpentinite domains. Field relationships highlight that 
the undeformed rocks are enclosed in the deformed ones. 
Metamorphic olivine overgrew antigorite-bearing structures and 
locally crystallized in dehydration veins as the result of partial 
serpentinite dewatering at eclogite-facies conditions. Undeformed 
rocks are characterized by very high δ11B (+30‰) and low Sr and 
Pb isotopic ratios (0.7053-0.7069 of 87Sr/86Sr and 18.131-18.205 of 
206Pb/204Pb) and low contents in As and Sb (0.1 and 0.01 ppm, 
respectively). By contrast, mylonitic serpentinites display lower 
values of δ11B (down to +18‰), high radiogenic enrichment in Sr 
and Pb isotopes (up to 0.7105 of 87Sr/86Sr and up 18.725 of 
206Pb/204Pb) and enrichment in As and Sb (1.3-0.39 ppm, 
respectively). Based on the field occurrence, undeformed 
serpentinites still record oceanic geochemical fingerprint, whereas 
mylonitic serpentinites reset their stable and radiogenic isotopic 
signature and trace the interaction with sediment-derived fluids. As 
and Sb enrichments into mylonitic serpentinites confirm that 
elements exchange between sediment-derived fluids and 
serpentinites occur during prograde subduction of slab materials. 
These data document that serpentinites can trace the fluid pathways 
along major shear zones modifying their element budget with 
important implications on element recycling. In agreement with 
numerical modeling, the interaction processes recorded by these 
serpentinites suggest that the Voltri Massif could represent a slice 
of slab lithospheric mantle evolved at the plate interface domains 
during Alpine subduction. 
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Dissolved and particulate barium (Ba) concentrations are 

widely used for tracing oceanic processes such as riverine inputs or 
biological productivity. The stable isotopic composition of Ba has, 
however, until recently not been accessible as a biogeochemical 
tracer in seawater despite its potential to expand the applications of 
the Ba proxy. In this study, we present a first set of dissolved Ba 
isotope data (δ137/134DBa) collected in the East and South China Sea 
(measured by a double spike method with analytical errors 
generally <0.1‰, 2 standard deviations), which display distinct 
spatial variations.  

A first set of analyses of global river waters suggests relatively 
light δ137/134DBa values of ~0.0 to +0.4‰. This is supported by 
analyses of surface waters influenced by the plume of the 
Changjiang (Yangtze River) in the East China Sea, which are 
enriched in dissolved Ba (DBa) and are isotopically light (~+0.4‰) 
compared with the corresponding near-bottom waters (~+0.6‰). 

Beyond the area influenced by riverine inputs, δ137/134DBa 
signatures are significantly heavier in the upper 100 m (~+0.9‰) 
than in the deep waters (~+0.5‰), which is mirrored by a general 
increase of DBa concentrations with water depth. In contrast to 
silicon (Si) isotope fractionation during biological utilization 
clearly generating the heaviest signal in the surface mixed layer, 
both DBa and δ137/134DBa are efficiently homogenized by vertical 
mixing throughout the upper 100 m of the water column most likely 
implying that physical mixing of water masses exerts a significant 
influence on Ba dynamics. As a consequence of the distinct and 
measurable gradients of δ137/134DBa, it is suggested that stable Ba 
isotopes are a potentially useful tracer of water mass mixing and 
riverine freshwater inputs. Given the distinctly different processes 
controlling the distribution of dissolved Ba and Si isotopes in the 
surface waters, combination of these systems may provide valuable 
information on oceanic nutrient cycling in the photic zone. 
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The U.S. Used Fuel Disposition Campaign is studying generic 
repository options for disposal of used fuel. The focus of our 
experimental work is to characterize Engineered Barrier Systems 
(EBS) conditions in high temperature repositories. Mineral 
alteration is one of the concerns regarding bentonite stability during 
heating and cooling stages.  

Experiments were performed at 160 bar and either sequentially 
stepped from 125 oC to 300 oC or continuously at 300 oC over a 
period of ~6 weeks. An unprocessed bentonite from Colony, 
Wyoming and K-Ca-Na-Cl-rich brine (Stripa groundwater) was 
used at a 9:1 water:rock ratio. The baseline experiment contained 
brine + clay, while other experiments also contained metals 
replicating canisters (304SS, 316SS, low carbon steel). Experiments 
were buffered at low oxygen fugacity. 

Potassium was mobilized and exchanged with interlayer Na, 
transitioning the clay from Na-montmorillonite to K-smectite.  
Illitization was bound by the overall bulk composition of the 
experiment. Clinoptilolite (and remnant glass) present in the 
starting bentonite mixture are unstable above 150 oC. Hence, the 
zeolite and glass broke down at high temperatures but crystallized 
as analcime. Precursor clinoptilolite underwent recrystallization at 
300°C producing, a Si-rich analcime in addition to authigenic silica 
phases.  The reaction is: 

 
clinoptilolite + 0.92 Na+ + 0.02 Ca2+ à 8 analcime + 0.14 K+ 

+ 0.20 Mg2+ + 11.62 SiO2 + 12.64 H2O + 0.03 Fe2+ + 0.40 H+) 
 
This zeolite alteration could provide a ~2% volume loss in total 

bentonite volume along with increased silica cementation. Overall, 
it would appear that silica levels are controlled by the zeolite 
reactions and smectite partial dissolution. When clinoptilolite alters 
during the high temperature thermal pulse of a repository, analcime 
will form and exist as radionuclide sorbing phase. 
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The Great Oxidation Event (GOE) between 2.45 and  
2.2 Ga has been linked to the onset of multiple global glaciations. 
The correlation of the different glacial deposits is uncertain because 
key sedimentary successions remain undated. The Turee Creek 
Group (TCG) in Western Australia shows evidence for continuous 
deposition across the GOE, and thus allows examining the nature, 
rate, and duration of the rise of atmospheric oxygen on Earth. The 
TCG has a total thickness of ~4 km, from BIF of the underlying 
Boolgeeda Iron Fm., to glacial diamictites of the Meteorite Bore 
Member (MBM), quartzite of the Koolbye Fm. and carbonates of 
the Kazput Fm. The age of deposition is not well constrained and 
lies between a 2450±3 Ma age obtained for the Woongarra rhyolites 
at the base of the Boolgeeda Fm. and a 2209±15 Ma on 
unconformably overlying Cheela Spring’s basalts. Three drill cores 
have been obtained at the Boolgeeda-Kungarra transition (T1), the 
MBM diamictites (T2) and the Kazput-Koolbye transition (T3). 

In situ U-Th-Pb dating of monazite allowed identifying 3 types 
of monazites. Sub-euhedral and inclusions free m1-type exclusively 
found in T1 yielded a 2469±14 Ma age. m2-type present in both T2 
and T3 display core-rim zonation patterns. Th-rich cores yielded a 
2462±16 Ma age in T2 and 2438 ±  
14 Ma in T3. Th-poor rims recorded a 1791±10 Ma age in T2 and 
1831±16 Ma in T3. Rounded and compositionally homogenous m3-
type, which is only present in Koolbye Fm., yielded a 2595±60 Ma 
age. These preliminary results indicate that the TCG was deposited 
within a few tens of Myr soon after the Woongarra Rhyolites, thus 
arguing that the MBM corresponds to the first glacial event. m2-
type overgrowth zones are best attributed to a remobilization stage 
attending the ~1.8 Ga old Capricorn Orogeny. m3-type monazites 
are  interpreted to be of detrital origin and associated with the 
erosion of the Hamersley Group. 
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We model the crystallization of the magma ocean using pyrolite 
as a proxy for its composition. We use diamond-anvil cell 
experiments to trace the chemical evolution of the magmas during 
cooling and crystallization. We employ first-principles calculations 
to determine the density changes of the magmas as a function of 
pressure, temperature and chemical evolution. We build a 
geodynamical model of the evolving magma fully taking into 
account the density and chemistry of the melts and of the crystals.  

We show that the dynamics of the crystallization of the magma 
ocean is highly dependent (i) on extrinsic parameters, like pressure 
at the core-mantle boundary and temperature profile through the 
magma ocean, and (ii) on intrinsic parameters, like relative density 
relations between the melt and the crystals and vigour of the 
stirring. Formation of a solid layer in the middle of the magma 
ocean is possible, which can lead to the eventual formation of a 
basal magma ocean. 
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Quantitative provenance models (QPA), which relate vertical 

and/or lateral compositional trends within basin fills to the tectonic 
evolution of a source terrain, to (base-level induced) changes in 
sediment dispersal patterns and sedimentation rates, or to 
palaeoclimate fluctuations, are still in their infancy. Despite the 
efforts of many, traditional heavy mineral separation and point- 
count methods have always been qualitative to semi-quantitative 
techniques, the success of which was tied to the occurrence of 
particularly diagnostic grains (e.g. Cr-spinel, xenotime, monazite) 
and biased by counts from different operators. 

Heavy mineral concentrations in sediments depends on 
chemistry and tectono-stratigraphic level of eroded rocks, but can 
also be modified by density-sorting during erosion, transport, 
deposition or post depositional dissolution that can be modelled 
using indices such as a) Heavy Mineral Concentration (HMC) 
index (used to estimate diagenetic dissolution in sandstones); b) the 
Transparent Heavy Mineral Concentration (tHMC) index allows 
contributions from single sediment source areas to total sediment 
budgets to be modelled and c) the Source Rock Density (SRD) 
index provides a proxy of the average density of source rocks, and 
thus of their crustal level. 

Automated Heavy mineral analysis utilises a combination of 
Raman Spectroscopy and image analysis to automatically analyse 
and identify a large amount of heavy minerals from a sample. The 
approach allows to grains down to 10μm, expanding the capabilities 
of heavy mineral analysis to include silt. Using Raman, it is also 
possible to differentiate different types of Zircon based on the U-Th 
content and degree of radiation damage, and also different types of 
Garnets based on their major element chemistry. This data is 
produced during automated analysis and therefore requires minimal 
extra processing to extract this additional information. Furthermore, 
the use of Raman allows for a larger amount of grains and samples 
to be analysed with a rapid turnaround time. By integrating the 
heavy mineral indices with the high quality data provided by the 
Raman spectrometer, and analysing the data with the latest 
statistical techniques, it is possible to provide the highest-quality 
provenance interpretations. 
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Aeolian (wind-blown) dust is an important physical and 
chemical flux to mountain snowpack, with potentially significant 
contributions of trace metals and solutes to mountain streams 
during snowmelt. However, it is difficult to differentiate dust 
contributions in runoff from soil and weathering inputs. Sr isotopes 
show promise as a tracer of the soluble fraction of dust through the 
hydrologic system. To test this, we analyzed 87Sr/86Sr ratios, Sr 
concentrations, and other parameters in bulk snowpack (wet and 
dry deposition), dust, and snowmelt runoff in the mountainous 
Provo River watershed (Utah, USA) over two years (2013-2014). 
87Sr/86Sr ratios of isolated dust samples show that dust is the main 
contributor of Sr to snowpack. Preliminary results using a two end-
member mixing model (end-members of bulk snowpack and river 
baseflow) indicate that dust contributed up to 40% of Sr riverine 
load during peak runoff in 2014 (Fig. 1). In contrast, in 2013 there 
were no visible dust layers in the snowpack and mixing models 
indicate a different Sr source (e.g., soil water). These results 
suggest that dust on snowpack is an important but variable source 
of soluble elements during snowmelt, and that dust should be 
considered when investigating solute loads in mountain streams. 
Additional work is underway to investigate transport of less soluble 
dust-borne metals during snowmelt by complexation with organic 
matter or other mechanisms. 

 

 
Figure 1: Plot of Sr concentrations versus 87Sr/86Sr ratios for 
snowpack samples and river samples (with dates) collected 
during spring 2014. Peak streamflow occurred on 5/30/2014. 
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The selective perturbation of complex microbial ecosystems to 
predictably influence outcomes in engineered and industrial 
environments remains a grand challenge for geomicrobiology.  In 
some industrial ecosystems, such as oil reservoirs, sulfate reducing 
microorganisms (SRM) produce hydrogen sulfide which is toxic, 
explosive and corrosive.  Current strategies to selectively inhibit 
sulfidogenesis are based on non-specific biocide treatments, bio-
competitive exclusion by alternative electron acceptors or sulfate-
analogs which are competitive inhibitors or futile/alternative 
substrates of the sulfate reduction pathway.  Despite the economic 
cost of sulfidogenesis, there has been minimal exploration of the 
chemical space of possible inhibitory compounds, and very little 
work has quantitatively assessed the selectivity of putative souring 
treatments.  We have developed a high-throughput screening 
strategy to target SRM, quantitatively ranked the selectivity and 
potency of hundreds of compounds and identified previously 
unrecognized SRM selective inhibitors and synergistic interactions 
between inhibitors.  The high-throughput (HT) approach we present 
can be readily applied to target SRM in diverse environments and 
more broadly, could be used to identify and quantify the potency 
and selectivity of inhibitors of a variety of microbial metabolisms.  
Our findings and approach are relevant for engineering 
environmental ecosystems and also to understand the role of natural 
gradients in shaping microbial niche space. 
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The discovery of negative 142Nd anomalies produced by the 
decay of now extinct 146Sm in mafic rocks from the Nuvvuagittuq 
supracrustal belt (NSB) has fueled a debate on the presence of a 
Hadean (>4 Ga) component within the Archean Innuksuak complex 
(Northeastern Superior Province, Canada). Despite the uniqueness 
of these Hadean signatures, the NSB remains so far the only studied 
supracrustal enclave in an otherwise largely unexplored terrane. 
This study investigates the 146,147Sm-142,143Nd record of newly 
discovered supracrustals located ca. 2 km northeast of 
Nuvvuagittuq.  Petrologically, the Ukalik supracrustal belt (USB) 
comprises mafic and ultramafic rocks with a minor sedimentary 
component but lacks the massive cummingtonite amphibolite series 
characterizing NSB's « Ujaraaluk » unit. While petrologically and 
geochemically distinct from the NSB, Ukalik metabasalts exhibit 
correlated variations in 142Nd/144Nd vs. Sm/Nd space, which, if 
interpreted as a true isochron, yield an emplacement age of 4.28 Ga 
(T1/2=103 Ma) or 4.36 Ga (T1/2=68 Ma). Variations in the Sm/Nd 
ratio among mafic lithologies are mainly controlled by a two-
component mixing relationship between a depleted end-member 
and a more evolved component exhibiting pronounced negative 
HFSE anomalies. LREE-enriched metabasalts carrying negative 
142Nd effects are, therefore, either crustally contaminated or derived 
from a metasomatized mantle source. This generates competing 
interpretations of the Hadean 146,147Sm-142,143Nd isochrons, the 
implications of which will be discussed at the meeting. 
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Emissions of very short lived halogenated species (VSLS) – 

halogenated compounds with atmospheric lifetimes of less than 6 
months - lead to ozone loss in the marine and polar troposphere and 
in the lower stratosphere, and are calculated to contribute a negative 
radiative flux at the tropical tropopause. In the marine tropical free 
troposphere, IO concentrations remain elevated above the ocean 
surface, and together with reactive bromine may contribute several 
tens of percent to total ozone loss over much of the troposphere.  
The atmospheric chemistry of these compounds may also have 
impacts on nitrogen oxide speciation and abundance in the 
troposphere, as well as on nucleation of new particles in the marine 
atmosphere.  Recently, iodine has been detected in growing aerosol 
particles in the Arctic over the Greenland Sea indicating that it has 
significant impacts over most of the globe. Laboratory data 
suggests that, over much of the ocean, very short-lived inorganic 
precursors dominate marine iodine emissions however in polar 
regions, sources of reactive iodine are a subject of debate.  This 
presentation discusses whether such observations can be reconciled 
with current understanding of reactive halogen sources and 
chemistry. 
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Variation in mineral composition plays a significant role in the 

production rate of cosmogenic noble gases.  Here we quantify the 
relative production rates of 3He and 21Ne in different minerals from 
lherzolite xenoliths from the peak of Mount Hampton (~3,200m), a 
Miocene shield volcano in West Antarctica, in order to test 
prevailing models for chemical control on production. Cosmogenic 
3He/21Ne ratios from coexisting olivine, clinopyroxene and 
orthopyroxene range from 1.7 to 4.5 reflecting the compositional 
variation. Cosmogenic 3He concentrations in olivine vary from 0.12 
to 1.29×109 atoms/g. The mean 3He/21Ne ratio (1.98±0.22) is 
consistent with the theoretical value and previous determinations.  

Combining stable and radioactive cosmogenic nuclides is an 
established tool for revealing complexities of long-term landscape 
development.  The WAIS is crucial to global sea-level change. We 
have measured cosmogenic 10Be in  
Mt. Hampton olivine. 10Be/3He range from 0.012 to 0.018 and are 
consistent with 1-3 Ma of burial beneath ice. This contradicts the 
absence of evidence for ice cover.  Non-steady state erosion is 
capable of generating the measured 10Be/3He.  We aim to resolve 
this conundrum with inverse modelling. 
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Lead (Pb) is a trace metal closely related to anthropogenic 
activity, mainly via leaded gasoline and coal combustion. The study 
of Pb concentrations and isotopes in seawater, sediments, corals 
and aerosols allows for a systematic look at its sources and their 
time evolution in natural environments. Here we will discuss results 
from projects in South and South East Asia, South America, and the 
Middle East, in regions that have seen quick socio-economical 
changes over the past half-century that have left environmental 
signals. These results highlight the usefulness of the method, 
indicate the degree of complexity of these systems, and point to the 
need for a continuous monitoring of anthropogenic trace metals in 
the small coastal scale to be able to asses the larger oceanic scale 
effects of human activity. 

First, coral data from South and South East Asia near Vietnam, 
Sumatra, and Chagos Island will be discussed as they track Pb 
emissions from nearby sources in China, Indonesia, and India, 
showing increasing concentrations of sources with low 
Pb206/Pb207 isotopic ratio (IR) ~1.15. Contrastingly, Singapore 
coral and water data evidence a more complex system, with an 
apparent mix of two sources (IR ~1.21 and ~1.14) where either an 
unresolved third source or an isotope exchange process should be 
invoked. 

Then, sediment records from the Guanabara Bay in Rio de 
Janeiro will be shown, with a strong anthropogenic signal of low IR 
(~1.16). As Brazil uses alcohol instead of gasoline since the 1980’s, 
the Pb chronology is unique. 

Finally, we will compare these data to coral and sediment data 
from Kuwait with a clear mix of riverine natural Pb and 
anthropogenic sources (IR ~1.20 and ~1.15). The comparison will 
focus on concentration factors, potential sources and their 
magnitude, and other relevant factors. 
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Acid Mine Drainage (AMD) presents low pH values and high 
concentrations of sulfate, iron, aluminum and other metal(loid)s [1]. 
While much has been reported on the important role of Fe-bearing 
phases as scavengers of contaminants in AMD, less is known about 
the role of Al-SO4-phases. In the current study, lab-experiments and 
structural characterization have been performed to determine the 
retention capacity of toxic elements by basaluminite. 

Results from alkaline titration experiments under anoxic 
conditions show two Al- and Fe(II)-buffers associated with the 
precipitation of first basaluminite and then green rust. These phases 
exert a significant mineralogical control on element mobility; in 
particular, unexpectedly, basaluminite presents a high capacity of 
As sorption. On the other hand, sorption-isotherm experiments of 
As into basaluminite show a ion exchange process between As and 
SO4, where the 50% of SO4 present in basaluminite can be 
exchanged by As with an exchange-ratio As/S of 2. Finally, 
basaluminite has been defined as nano-felsobanyaite [2], the 
basaluminite structure has been characterized with reverse Monte 
Carlo and pair distribution function to determine the bonding 
mechanics and retention capacity of the sorbed elements.  

Basaluminite presents a high affinity for As, role hitherto 
masked by previous precipitation of ferric phases in natural 
conditions. These results provide a new view on several mineral 
precipitation pathways that could be controlling toxic element 
mobility in anoxic environments and acid sulfate soils, opening a 
new research line focusing on the optimization of treatment systems 
for acid mine waters. 

 
[1] Nyquist and Greger (2009) Ecol. Eng. 35, 630–642. [2] Farkas 
and Fertlik (1997) Acta Mine. Petro 38, 5-15 
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In order to better address mantle sulfur isotope variability, we 
report on the only two available HIMU basalt glasses dredged on 
Josephine seamount, in the close vicinity of Saint-Helena. Together 
with several HIMU localities in the south Pacific (including 
Mangaia), St. Helena exhibits a HIMU signature.  

The two lavas show similar Sr-, Nd- and Pb-isotope 
compositions and trace element patterns compositions compared 
with previous data. Both are enriched in δ34S > 0.5‰ vs CDT and 
do not display any significant mass-independent signature, with 
∆33S ~ 0.014±0.010 and ∆36S ~ 0.040±130‰. Importantly ∆33S and 
∆36S values are within error of the MORB mantle, at +0.010 ± 
0.005‰ and -0.071 ± 0.047‰ respectively.  

Trace elements ratios (e.g. Cl/K ~ 0.045) show that assimilation 
of either altered oceanic crust or seawater played a negligible role 
in accounting for the S-isotope characteristics of these lavas. 
Despite their large variations in S-contents and major element 
compositions, the samples show similar S-isotope compositions 
suggesting a minimal role for either degassing or sulfide 
segregation.  

These results contrasts with those obtained on Mangaia sulfide 
inclusions in olivine phenocrysts (with ∆33S and δ34S as low as -
0.35‰ and -11‰ respectively) and suggests that the HIMU 
component is likely isotopically heterogeneous for sulfur and Pb-
isotopes. The ∆33S and ∆36S rather support a Proterozoic recycled 
component for the source of Saint-Helena melts. 
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Results 
Recent measurements showed enhanced concentrations of 

210Po and other radionuclides in smoke from forest fires. 
Concentrations showed increased 210Po/210Pb ratios in aerosols 
up to 12. This is one order of magnitude higher than ratios usually 
reported in aerosols and atmospheric depositions, which often are 
used to compute mean residence time of aerosols in the planetary 
boundary layer [1]. Po-210 was highly concentrated in inhalable 
small particles with aerodynamic diameter <1 µm. 

Discussion of results 
Combustion of vegetation has the potential to affect 

210Po/210Pb activity ratios in the atmosphere, at least in a regional 
scale. The use of the 210Po/210Pb radio chronometer in forest fire 
regions may conduce to wrong estimates of aerosol residence times. 
Bi-210 can be taken into account to correct for 210Po input from 
soil re suspension but it is not suitable for correcting 210Po 
emissions from high temperature sources.  Besides radioactive 
decay of atmospheric radon as a source of atmospheric 210Po, 
forest fires and combustion of biomass for power production might 
be additional sources of polonium to atmosphere, together with coal 
burning and volcanic emissions.  This 210Po additional source in 
plant biomass combustion originates enhanced lung exposure to 
radiation doses and may impact on public health, particularly in 
regions with frequent forest fires [2].  

 
[1] Carvalho et al. (2014) Science of the Total Environment 472, 
421–424. [2] Carvalho et al. (2015). IAEA, TRS The 
Environmental Behaviour of Polonium (in press). 
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The old Escádia Grande mine is located 11 km to the south of 

Góis, Coimbra district and belongs to the Central Iberian Zone. In 
the area, the Beiras Group dominates, which is a sequence of 
flyschoid lithologies composed by phyllites and metagreywackes. 
The mineralized quartz veins cut the Beiras Group, fill N30ºW; 
45ºSW faults, are 70 cm thick and up to 300 m long. They have an 
average of 8 g/ton of Au and  
33 g/ton of Ag and consist mainly of quartz, arsenopyrite, pyrite, 
rare chalcopyrite, galena, sphalerite, gold and argentite. This mine 
was exploited for Au and Ag until 1952. The relief of the area is 
vigourous, with the highest altitudes reaching about 800 meters and 
the lowest 500 meters. A mine dump was deposited in the steep 
slope at south of the mine gallery and is composed by coarse pieces 
of quartz with disseminated sulphides and country rocks. A tailings 
deposit, derived from the ore processing, was deposited at south of 
the latter. The stream water that crosses the old mine area shows a 
decrease of SO4

2-, Zn, Ni, Co, Cd, Mg and Mn to the downstream. 
The circumneutral to alkaline drainage in the most sampling 
campaigns causes Fe-oxides precipitation that contains high 
concentrations of As (46234 mg kg-1), Cd (30 mg kg-1), Co (165 mg 
kg-1), Cr (15 mg kg-1), Cu (128 mg kg-1), Pb (194 mg kg-1), Zn 
(3043 mg kg-1), Sb (155 mg kg-1), Sn (327 mg kg-1) and W (65 mg 
kg-1). Stream sediments have higher Sn (49 mg kg-1), Sb (21 mg kg-

1) and W (14 mg kg-1) concentrations  and lower As (up to 3141 mg 
kg-1) concentration than those of tailings, where the As 
concentration is up to 8090 mg kg-1. The As contents increases in 
the downstream sediments, but As tends to be in solution, because 
at pH values higher than 5.0 is not adsorbed, as it mainly occurs as 
oxianions (H2AsO4- and HAsO4

2-).  The waters have As 
concentrations up to 253 μg L-1  higher than the maximum limits 
allowed for human consumption along 2 km downstream the mine 
gallery. Arsenic is the main contaminant in surface waters close to 
the old Au-Ag mine, because is one of the most abundant element 
in the tailings and the pH values are favourable to its mobilization. 
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Non-traditional isotope systems such as Mo and 238U/235U are 
notably fractionated by redox-related processes on the Earth’s 
surface. Such distinctive signatures may be carried into the mantle 
wedge via subduction and provide valuable tracers of components 
involved in magma genesis. Thus we measured Mo isotopes and 
238U/235U on a suite of central-western Mediterranean calc-alkaline 
to ultra-potassic rocks (both silica-oversaturated and under-
saturated). The studied rocks are associated with destructive plate 
margins, showing strong depletions in Nb and Ta, highly radiogenic 
Sr isotopes and most notably extreme enrichment in incompatible 
trace elements with respect to other volcanic arcs. These features 
have been long related to recycling of sedimentary material of 
different compositions into their mantle sources, making these 
rocks particularly suitable to investigate the role and nature of 
recycled sediments in subduction related magmatism. The data 
show an extremely wide spread of 98Mo/95Mo values, especially for 
the silica under-saturated products, that is significantly larger than 
any volcanic rocks suites reported so far. Smaller variations have 
been measured for 238U/235U. 

We discuss the isotope composition of the studied volcanic 
rocks and possible sedimentary end-members with the aim of 
constraining the lithology of the recycled sediments as well the 
mechanism of element transport from the slab to the mantle (i.e. 
fluids vs. melts).  
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Living systems are far from thermodynamic equilibrium as they 

control the immediate chemical environment, they live in by 
physiologic processes and the production of organic biopolymers. 
As biopolymers degrade after death, disequilibrium is not sustained 
and the micro- and nanostructure of the skeleton will be altered by 
diagenesis. Diagenesis is a significant obstacle in carbonate archive 
research and, thus, in the reconstruction of paleoclimatic and 
paleoenvironmental parameters. Post-depositional processes may 
alter the micro- and nanostructure and geochemistry of biogenic 
carbonates.  

In our study, we use electron backscatter diffraction (EBSD), 
cathodoluminescence (CL) and electron microprobe (EPMA) 
analysis to assess the type and degree of diagenetic alteration 
recorded by the micro- and nanostructures and major element 
compositions in the low-Mg calcite of brachiopods. This unique 
combination of screening tools allows us to divide brachiopod 
samples into two groups. Group 1 material, where the entire shell is 
either highly or negligibly overprinted, and material of group 2 
where the shell contains some pristine but also heavily overprinted 
areas. We base our assessments on changes observed in calcite 
crystal orientation patterns that correlate well with optical overprint 
signals and elemental enrichments and depletions in shell 
carbonate. In the case of samples where we observe in the same 
shell both, pristine and overprinted shell portions, alteration occurs 
either along the periphery of the shell including the primary layer 
and the surface of the fibrous/columnar layer facing the interior 
sediment. We observe a further mode of overprint. In this instance, 
diagenetic fluids moved through punctae causing overprinting in 
their immediate vicinity, while between the punctae pristine shell 
portions are preserved. The combination of screening methods that 
we use in our study clearly allows an identification of diagenetic 
alteration as well as the assessment of the degree of alteration. 
However, as these methods are highly time consuming large sets of 
samples cannot be processed within realistic time intervals. 
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Many studies have illustrated the application of a limited 

number of high abundance trace or minor elements (e.g., V, Ni, S) 
in crude-oil classifications, source rock characterization, oil-oil 
correlation, and oil-source rock correlation, and as environmental 
tracers and refining catalyst poisons, but many of the trace metals in 
crude oils remain generally poorly known, often below detection 
limits using conventional sample preparation and analytical 
techniques, and plagued by interferences and complex organic 
matrices.  Abundances and stable isotope ratios of trace metals in 
crude oil remain relatively unexplored. Here we present new 
techniques for rapid digestion and analysis using a single 
microwave digestion technique with large volume samples that 
allow destruction of the heavy organic matrices and direct high 
precision analyses of ~50 trace metals and S with combined ICP-
OES and a recently developed QQQ-ICP-MS method that can help 
to mitigate interferences. Significant variations in a wide range of 
elemental abundances in natural crude oil samples are documented. 
The same digestion techniques used with multi-step cation and 
anion exchange columns to purify V have achieved precise and 
accurate (+0.3‰, 2σ) analysis of 51V/50V.  Each isotope ratio 
analysis is bracketed by 1000 ng/g in-house V single element 
standard prepared from the V ICP standard from Inorganic 
Ventures (USA). Isotope compositions are reported relative to this 
in-house standard in parts per 1000: δ51V = 1000 x 
[(51V/50Vsample/51V/50Vin-house)-1]. Better than 0.2 ‰ internal and 
0.3‰  external precision on the 51V/50V ratio for a 1000 ng/g V 
solution is achieved.  BDH and AA  vanadium standards recently 
certified were tested successfully. A Venezuelan crude oil standard 
(NIST RM8505) was developed as a crude oil reference standard 
for isotope measurements, and analysis of several crude oils were 
conducted showing significant variation in δ51V relative to the bulk 
silicate Earth value of -0.7± 0.2 ‰. Coupled investigations of a 
wider range trace element abundances and vanadium isotope 
fractionation effects in natural crude oils have important 
exploration implications, such as in fingerpring biodegraded oils, 
oil-oil correlation, maturation, and typing source rock biomass. 
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The discovery of the remarkable, highly radiogenic and variable 
Pb isotopic ratios of young oceanic basalts [1] has created three 
major concerns in the chemistry of U, Th and Pb in the Earth’s 
mantle. These have been termed the Pb paradoxes and include the 
unexpectedly (i) long time-integrated high U/Pb, (ii) low Th/U and 
(iii) constant Ce/Pb as well as Nb/U ratios in the mantle sources of 
oceanic basalts. The origins of such unexpected ratios have been 
the object of intense studies for almost four decades. Interestingly, 
the paradoxes have been mainly approached separately and, thus, a 
number of significant, but independent solutions has been proposed. 
Among the most popular solutions to the respective paradoxes are 
(i) hydrothermal transfer of Pb from mantle to continental crust [2], 
(ii) preferential uranium recycling in the upper mantle [3] and (iii) 
lower Kd values of Ce and Nb than predicted by experimental 
results [4]. However, the paradoxes are very closely related as they 
have many things in common. For example, the 2nd paradox can 
also be expressed as high U/Th and, thus, similar to the 1st implies a 
long time-integrated increase in U. Moreover, Th/U is also near 
constant because the long time-integrated 232Th/238U ratios of 
oceanic basalts vary only from 3.88 to 2.50. If true, then the ratios 
of almost all the elements involved should be constant. Such a close 
relationship requires simultaneous approach and common solution. 
A possible unified solution to the paradoxes is addition of enriched 
materials variably enriched in incompatible trace elements such as 
U, Th, Pb(*), Ce, and Nb and with high U/Pb* to the depleted 
mantle sources of oceanic basalts. Specifically, the long time-
integrated addition of U offers a viable solution to both 1st and 2nd 
paradoxes. A long term enrichment of U, however, means addition 
of Pb* also. Addition of U and Pb* in turn means the 3rd paradox 
cannot be resolved through the proposed compensatory changes in 
the Kd’s of Ce and Nb. One way of adding enriched materials to the 
mantle is through recycling of  marine carbonates that naturally 
have high U/Pb ratios [5].  
 
[1] Gast et al. (1964) Science 145, 1181–1185 [2] Hofmann (1997) 
Nature 385, 219– 229 [3] Elliott et al. (1999) EPSL 169, 129–145  
[4] Sims & DePaolo (1997) GCA 61, 765-784 [5] Castillo (2015) 
Lithos 216–217, 254–263. 
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The North Patagonian Massif (NPM) of southern Argentina is a 
major site of Permian magmatism in southwest Gondwana. 
Magmatism commenced in the earliest Permian and reached a 
climax after the main deformation of the Sierra de la Ventana fold 
and thrust belt, located north of Patagonia [1]. New SHRIMP U-Pb 
zircon ages for granites from the basement of Tierra del Fuego 
Island (Chile) record the first evidence of inferred southerly 
prolongation of this magmatism and warrant revision of current 
tectonic reconstructions. In order to fully evaluate the Permian 
crustal evolution in Patagonia and also to place constraints in the 
tectonic activity, we have combined in-situ U-Pb zircon age data, 
with zircon O and Hf isotopes for these granites using the SHRIMP 
II and LA-ICP-MS at ANU.  

Previously unstudied granites from the basement of the Tierra 
del Fuego Island have weighted mean 206Pb/238U ages of 253±2, 
254±3 and 258±3 Ma; and inherited Cambrian cores. The Permian 
igneous rims have negative initial εHf values, ranging from -1 to -7, 
and δ18O >7.4‰, indicating a strong sedimentary influence on the 
magma source. Granites of similar age from the NPM and the 
Sierra de la Ventana basement have comparable negative initial εHf 
values; however they yield variable δ18O values of >6.0‰ in two 
samples, and mantle-like values in a third. Mid and early Permian 
granites also occur within the NPM [1]. They yield a wide range of 
zircon Hf-‐O compositions: samples with juvenile signatures have 
δ18O of 4.9 to 6.5‰ and positive initial εHf values; and crustally 
derived granites have δ18O of 5.9 to 8.8 ‰ and negative initial εHf 
values.  

Together, these isotopic data indicate a mostly crustal late 
Permian magmatism in the Tierra del Fuego Island, the North 
Patagonian Massif and the Sierra de la Ventana. However, negative 
initial εHf values in zircon are not always correlated with high δ18O 
as may normally be expected. This indicates a variable tectonic 
history in the NPM during the Permian and supports a 
parautochthonous origin. 
 
[1] Pankhurst et al. (2006). Earth-Science Reviews 76, 235-257. 
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ID21 offers a multimodal set of state-of-the-art techniques for 

micro-spectroscopic analyses in the tender X-ray  
(2-9.2KeV) and mid-infrared domains.  

The scanning X-ray microscope offers sub-micron resolution 
(0.2×0.7µm²) and ppm detection limits for micro-X-ray 
fluorescence (µ-XRF) and micro X-ray absorption spectroscopy (µ-
XANES). It operates in vacuum and samples can be studied under 
cryogenic conditions, allowing the study of frozen hydrated 
biological specimens (cryosectioned tissues) [1]. Typical 
applications are mapping and speciation of nanoparticles and metal 
pollutants in soils and organic matrices (e.g plants) [2-5]. The full-
field XANES end-station is extremely powerful for elemental 
speciation in samples compatible with the transmission detection 
mode. It offers large field of view (up to 2mm2) and lateral 
resolution between 1.5-0.7µm2 resulting in millions of XANES 
spectra from one specimen [6] [7]. In complement to the above 
techniques, the µ-XRD branch is now available to perform 
crystalline phase mapping (1×2 µm2 beam). The µ-Infrared end-
station completes the tool box offering molecular group mapping 
(5-12µm2 beam) (e.g dissolved water concentration in glasses and 
microstructure of mollusc shells) [8] [9]. The synergy of the 
available techniques offers a unique platform for applications in 
Earth, Environmental and Geo-Sciences. 

 
[1] Salomé et al. (2013) J. Physics: Conf. Series,  425(18), 182004. 
[2] Larue et al. (2014) J. Hazard. Mat., 264, 98-106. [3] Servin et 
al. (2012) Env. Sci. Technol., 46(14), 7637-7643. [4] De la Rosa et 
al. (2014) Int. J. Phytorem. 16, 1073-1086. [5] Auffan et al. (2014) 
Nanotoxicol., 8, 167-176. [6] Fayard et al. (2013) J. Physics: Conf. 
Series, 425(19), 192001. [7] De Andrade et al. (2011) Analyt. 
Chem., 83, 4220-4227. [8] Stelling et al. (2011) Geochim. 
Cosmochim. Acta, 75 (12), 3542-3557. [9] Dauphin et al. (2013) 
Micron,  44, 373-383. 
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Artificial radionuclides have been introduced to the 
Mediterranean Sea since the 1950s through nuclear weapon testing 
in the atmosphere and by the releases of the Chernobyl accident, 
reprocessing plants and other nuclear facilities (i.e. Marcoule). Yet, 
studies on their distribution in this sea are not comprehensive and 
only few vertical profiles for a limited number of locations and 
selected isotopes have been reported (mainly 239+240Pu and 137Cs). 
The GEOTRACES GA04S cruise (MedSeA) covered two sections 
from Cádiz (Spain) to Heraklion (Greece) and from Heraklion to 
Barcelona (Spain) in May 2013. The cruise was designed to study 
the distribution, among others, of several anthropogenic 
radionuclides (137Cs, 90Sr, 236U, 129I, 238-240Pu and 237Np). Here we 
present the first comprehensive dataset of 236U and 129I in the water 
column from 10 full depth profiles in the western and eastern 
Mediterranean Sea basins. Total concentrations of 236U and 129I 
were determined using the compact Tandy AMS system at ETH-
Zürich. 236U was detected along the full water column and the 
236U/238U atom ratios ranged from 700 to  
2200 x10-12, with lowest ratios recorded in Modified Atlantic 
Waters and the Tracer Minimum Zone, and highest ratios in 
Levantine Intermediate Waters. The distribution of 129I followed a 
similar trend to that of 236U, with concentrations ranging from 4 to 
14 x107 atom·kg-1. We will discuss the relative contributions of the 
various sources of both radionuclides to the Mediterranean Sea and 
their combined use as a novel tracer of ocean circulation.  
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Recent work in the Galapagos Islands suggests that noble gas 
temperatures (NGTs) in fractured groundwater systems reflect the 
temperature of the ground surface at the time of infiltration rather 
than the mean annual air temperature (MAAT) value as commonly 
assumed in sedimentary systems where NGTs are typically used as 
indicators of past climate. This suggests that noble gases in 
fractured areas may record seasonality, and thus, provide 
information about timing of recharge in addition to location. 
Calculation of NGTs assumes that rain-derived recharge at the 
water table is in equilibrium with ground air. Lack of noble gas 
equilibration with respect to surface conditions, however, was 
observed in high-altitude springs in the Galapagos Islands and in a 
rainwater pilot study in Michigan, supporting the NGT seasonality 
hypothesis. Developing this new NGT application will lead to a 
better understanding of fractured groundwater flow systems and 
will contribute to improved water resource management plans. 

This study, carried out on Maui, Hawaii, is meant to test these 
hypotheses while improving knowledge of this island’s 
groundwater flow system where limited hydrologic data are 
available. Here, we present the first results of noble gas analyses 
from samples collected in springs, groundwater wells and rainwater 
on northeast Maui. Results show that like most Michigan rainwater 
samples, rainwater from Maui is in disequilibrium with surface 
conditions and follows a mass-dependent pattern. Spring samples 
follow a similar pattern to that of rainwater and suggest that spring 
water originates directly from rainfall. These findings further 
support the hypothesis of NGT seasonality. Overall, preliminary 
results indicate that noble gas signatures in Maui reflect the source 
of recharge rather than the expected altitude/temperature 
relationship commonly observed in sedimentary systems. 
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Biogeochemical cycling at redox interfaces generates chemical 
conditions where coexisting reduced and oxidized forms of iron and 
manganese coexist. In these settings dissolved Fe(II) induces 
coupled dissolution and precipitation of crystalline Fe(III) oxide 
minerals through electron transfer and atom exchange [1] [2]. Our 
prior work [3] [4] has shown that the resulting recrystallization of 
Fe oxides causes the repartitioning of trace metals such as Ni and 
Zn among the mineral surface, mineral bulk, and aqueous solution. 

The coexistence of aqueous Mn(II) and solid Mn(IV/III) oxides 
at redox interfaces and the semiconductive properties of Mn oxides 
suggests that similar processes may occur in the Mn system. 
However, Mn oxide minerals occur as layered, turbostratic 
phyllomanganates and Mn(II)-Mn(IV) comproportionation may 
occur, suggesting that electron transfer-induced Mn oxide 
transformations likely differ in character from those seen for Fe 
oxides. We have investigated the reactions of dissolved Mn(II) with 
Mn(IV/III) oxide minerals and the resulting effect on trace metal 
fate. At pH 4, Mn(II) binds to vacancy sites in the Mn oxide sheet, 
initially capping these sites and creating structural Mn(III). At 
higher loading, Mn(II)-binding not only forms structural Mn(III) 
but also induces a reduction in sheet symmetry and the apparent 
rotational ordering of adjacent phyllomanganate layers. At pH 7, 
Mn(II) only substantially reacts with Mn oxides having high 
vacancy contents, and high Mn(II) concentrations induce phase 
transformations to MnOOH phases, as found previously [5]. Trace 
metal fate is largely unaffected at pH 7, but at pH 4 Mn(II) drives 
adsorbed Ni and Zn from interlayer vacancy sites to adsorption onto 
the edges of phyllomanganate sheets. This transition in trace metal 
binding is correlated with the rotational ordering of the Mn oxide 
sheets. This work shows that the nature of Mn(II)-Mn(IV/III) oxide 
reactions, and the resulting impact on trace metals, is fundamentally 
different from what occurs in the Fe system. 

 
[1] Rosso et al. (2004) ES&T 44, 61. [2] Handler et al. (2014) 
ES&T 48, 11302. [3] Frierdich et al. (2011) Geology 39, 1083. [4] 
Frierdich and Catalano (2012) ES&T 46, 1519. [5] Elzinga (2011) 
ES&T 45, 6366. 
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Chemical reactions at metal oxide mineral-water interfaces 

affect contaminant fate and transport, nutrient availability, carbon 
cycling and sequestration, and nanoparticle mobilization. These 
reactions occur at surface sites having multiple possible 
coordination states that interact with both adsorbates and interfacial 
water.  Surface X-ray scattering measurements have been used to 
investigate how surface site coordination state dictates ion 
adsorption mechanisms and interfacial water structure, and the 
feedback between these, on aluminum oxide surfaces. Surfaces of 
corundum dominated by singly coordinated functional groups 
induce strong ordering of interfacial water.  In contrast, the (001) 
surface of corundum, which is dominated by doubly coordinated 
functional groups, induces weak water ordering that is largely 
unaffected by pH. This suggests that the charge state of functional 
groups plays an important role in inducing interfacial water 
ordering.  The adsorption of arsenate to the (012) surface of 
corundum weakly perturbs the interfacial water structure above this 
surface. In contrast, arsenate adsorption on the (001) induces a 
substantial restructuring of interfacial water. These distinct 
responses of interfacial water to arsenate adsorption to the (001) 
and (012) surfaces is observed at both pH 5 and 9. Interfacial water 
structure on the (001) surface shows a dependence on arsenate 
surface coverage. These observations demonstrate the fundamental 
role of surface sites in controlling interfacial structure and suggest 
that water restructuring may contribute to the energetics of 
interfacial reactions. 
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How the nitrogen cycle changed and affected pN2 in the 

Precambrian atmosphere is uncertain. Although pN2 changed little 
in the Phanerozoic, invariant pN2 is doubtful for the Precambrian 
because the N cycle is coupled to redox. Importantly, pN2 affects 
the pressure broadening of absorption lines of greenhouse gases and 
so influences climate. Some hypothesize that Archean pN2 was high 
[1], but data suggest lower pN2 than today [2] [4]. In anoxic 
Archean seawater, N dominantly existed as NH4

+ [5] (c.f. ~40 µM 
in the deep Black Sea). A long-term sink for NH4

+ was 
incorporation into silicates, replacing K+. Silicate NH4

+ is stable 
under metamorphic and igneous conditions. Thus, it is reasonable 
to hypothesize that Archean subduction of N was important. I 
explore its consequences. Support for Archean subduction is in 
diamond δ15N. Some subsequent subduction can also be inferred 
from Ar40/N2 and δ15N systematics. 

The geologic N cycle is modeled as time change in the 
atmosphere-ocean reservoir, dN/dt. Sources of N include volcanism 
and metamorphism, continental weathering of organics, and a small 
flux from continental silicate weathering; the main sink is organic 
burial. For an NH4

+-rich Archean ocean, N in subducted silicates 
cannot be ignored. 

Such a model can result in lower Archean pN2 than today, while 
subsequent increase in pN2 is linked to oxygenation. In particular, 
the Great Oxidation Event (GOE) throttles the loss of N out of the 
atmosphere-ocean system via ammonium sequestration into clays. 
Once the water column has ~15 µM O2, nitrifying chemoautotrophs 
oxidize NH4

+ to nitrite and then NO3
- [6]. In turn, in anaerobic 

settings, denitrifiers return N2 to the atmosphere. Imbalance with 
geologic sources can result in a rise in pN2 after the GOE, albeit on 
a timescale comparable to the interval between 2.4-2.2 Ga.  

This view of evolving, redox-coupled Precambrian pN2 is 
testable using paleobarometric proxies [e.g., 2-4]. 

 
[1] Goldblatt C. et al. (2009) Nature Geosci. 2, 891-896. [2] Som S. 
M. et al. (2012) Nature 484, 359-362. [3] Som S. M. et al. (2015), 
in prep. [4] Marty B. et al. (2013) Science 342, 101-104. [5] 
Holland H. D. (2002) Geochim. Cosmochim. Acta 66, 3811-3826. 
[6] Falkowski P. G. (1997) Nature 387, 272-275. 
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It is well known that arsenic (As) poisoning via the 
contamination of groundwaters has become a major public health 
issue. When the oxidized form of As - As(V) - substitutes for 
phosphorus in DNA, As(III) is complexed to cystein unit of protein 
via sulfhydryl (SH-) functional group, which strongly impairs the 
protein or enzymatic funtion. Organic matter (OM)-mediated 
As(III) complexation was studied by several authors [1-3]. 
However, these studies were performed under variable conditions 
and none unambiguous binding mechanisms can be assessed from 
their results. Recent spectroscopy records suggested that As(III) 
could be bound with OM sulfhydryl groups as monodentate or 
tridentate complexes [2] [3]. 

Through a coupled experimental and modelling approach, the 
aim of this study was therefore, to point out the role played by the 
sulfhydryl groups on the As(III) binding by humic acids (HA). 
Isotherm experiments of As(III) binding with pure or SH-spiked 
HA were conducted in an anoxic glovebox. As(III) binding to HA 
remains limited. Humic acids were described as carboxylic, 
phenolic and thiol sites using PHREEQC-Model VI. The 
protonation constant of each sites were determined from titrations 
and data fitting using PHREEPLOT-Model VI for the HA and S(-
II)-HA. In a second step the As(III) binding parameter was fitted 
from the experimental As(III)-HA binding dataset. Two hypotheses 
were tested: (i) As(III)-OM binding through monodentate 
complexes with HA sulfhydryl group and, (ii) As(III)-OM binding 
through tridentate complexes with HA sulfhydryl group. Finally, 
both hypotheses were tested on datasets available in the litterature. 
The only monodentate hypothesis was able to reproduce the whole 
investigated datasets, confirming that As(III) is able to bind directly 
to HA via monodentate complexes through sulphydryl groups. 
Indeed, by contrast to flexible proteins, sulfhydryl groups are rather 
isolated in the rigider OM not allowing the formation of tridentates 
complexes.  
 
[1] Buschmann et al. (2006) Env. Sci. Tech. 40, 6015-6020. [2] 
Hoffmann et al. (2012) Env. Sci. Tech 21, 11788-11797. [3] 
Langner et al. (2011) Nat. Geo. 5, 66-73. 
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High throughput, low cost analysis of geochemical samples is 

desirable but it can be challenging to achieve using spectrochemical 
techniques due to the wide range of element concentrations present 
in typical samples and high levels of total dissolved solids (TDS). 
Agilent’s 5100 Synchronous Vertical Dual View (SVDV) ICP-OES 
features a vertical torch that can be viewed both axially and 
radially, giving the TDS handling capability of a radial with the 
performance of an axial system. A 5100 SVDV ICP-OES was 
coupled to an Agilent SVS 2+ Switching Valve System to 
maximize sample throughput and minimize argon gas consumption. 

A geochem base metal Certified Reference Material (CRM) 
OREAS 45e (ORE Research & Exploration P/L) was used to 
validate the method. The sample preparation consisted of an Aqua 
Regia (AR) digestion on a hot plate with 1.0 g sample to 40 mL 
total volume, resulting in a 30% AR solution with 2.5% TDS. Inter-
element correction (IEC) factors were used to correct for spectral 
interferences. 

Excellent linearity was achieved for all wavelengths over a 
wide concentration range (up to 10,000 mg/L for Fe). The Method 
Detection Limits (MDL) achieved were significantly lower than a 
conventional radial system due to the vertically oriented, axially 
viewed plasma. Recoveries from the analysis of the CRM were 
within +/-10% for the base metals with results analyzed 3 times 
over 3 separate days. The sample throughput time was 40 seconds 
per sample, with a total argon consumption of just 14 Litres per 
sample.  
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Earth’s long-term climatic stability, and its ability to recover 
from carbon cycle perturbations, is often attributed to a stabilizing 
negative feedback between silicate weathering and climate. 
However, direct evidence for the operation of this feedback over 
million-year timescales remains scarce. For example, the Cenozoic 
is a period of long-term cooling, declining pCO2, and invariant 
solid Earth degassing rates; yet, past weathering fluxes—as 
calculated using marine isotopic proxies (i.e. 87Sr/86Sr, δ7Li, and 
187Os/188Os)—appear to increase during the Cenozoic, which is 
inconsistent with both past atmospheric pCO2 records and carbon 
mass balance. Further, modern weathering fluxes are often most 
closely correlated with tectonic uplift. Here, we evaluate the 
existence of a negative feedback over the Cenozoic by using the 
major surface (ocean and atmosphere) reservoirs of carbon to 
determine the total allowable imbalance in the geologic carbon 
cycle, the corresponding silicate weathering flux, and the residence 
time of carbon with respect to silicate weathering.  

We demonstrate that the imbalance in the surface carbon cycle 
has been minimal for the entire Cenozoic, implying the existence of 
a strong negative feedback between silicate weathering and climate. 
Only a sustained 0.5-1% increase in silicate weathering is necessary 
to explain the long-term decline of pCO2 over the Cenozoic. This 
small change in the weathering flux corresponds to a two-fold 
decrease in the residence time of carbon. Rather than an appreciable 
increase in the silicate weathering flux, we suggest the long-term 
decrease of pCO2 results from an increase in the strength of the 
silicate weathering feedback due to a rearrangement of tectonic-
climate interactions. Thus, at constant degassing rates, a weak 
silicate weathering feedback results in high pCO2. Increasing 
feedback strength reconciles the need for carbon mass balance with 
evidence for a strong correlation between uplift rates and 
weathering fluxes, and may explain why there are periods when the 
Earth system appears more sensitive to carbon cycle perturbations 
than at present, such as in the early Paleogene. 
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Recreating the early Solar System impact chronology may be 
advanced through study of shock-deformed zircons, which are 
present on the Moon [1-3] and are actively being sought in ancient 
detrital populations on Earth [4]. Detrital shocked zircons lack 
petrographic context, similar to those within lunar impact breccia; 
identification of diagnostic impact evidence, such as microtwins [1] 
[5-7] and/or the presence of reidite [8] [9] confirms shock 
deformation. Electron backscatter diffraction (EBSD) analysis 
facilitates targeted in situ geochronological analysis of shock-
deformed domains which may yield an impact age. 

Correct interpretation of U-Pb ages from ex situ shocked 
zircons critically relies on characterizing the microstructure. Grains 
with planar microstructures (PFs, PDFs, microtwins), generally do 
not yield impact age [c.f., 5]. Highly deformed shocked zircons 
with curved microtwins from the Moon [10] and Vredefort Dome 
[this study] are evidence of continued deformation by crystal 
plasticity following the shock wave, however age resetting is not 
detectable within 20 um diameter spot analyses. Grains with 
granular textures record impact ages due to Pb mobility during 
grain boundary migration associated with the growth of strain-free 
neoblasts. However, granular textures can also form during high-
grade metamorphism, and so are not unique to impacts. 
Determining impact ages for ex situ shocked zircons on the Earth or 
Moon requires identifying evidence of diagnostic shock 
deformation, such as microtwins or reidite, followed by targeted U-
Pb analysis at scales that avoid volume-averaging of variably reset 
age domains. Application of new instrumentation-enabled 
approaches to nanogeochronology, such as atom probe tomography 
[11], may permit dating of early Solar System impact events 
recorded in shocked zircon. 

 
[1] Timms et al. 2012 MAPS [2] Grange et al. 2013 GCA [3] 
Valley et al. 2014 CMP [4] Cavosie et al., 2010 GSAB [5] Moser et 
al. 2011 CJES [6] Erickson et al. 2013 Am Min [7] Thomson et al. 
2014 GSAB [8] Wittmann et al. 2006 MAPS [9] Cavosie et al. 
2015 Geology [10] Crow et al., 2015 LPSC [11] Valley et al. 2015 
Am Min 
 



 Goldschmidt2015 Abstracts  

 492 

On the use of pelagra sediment traps and 
radionuclides (234th, 210po) for estimating 

particle export efficiency  
E. CEBALLOS-ROMERO1*, M. VILLA-ALFAGEME2,  

F. A. C. LE MOIGNE3 AND S. HENSON4 

1Dpto.Física Aplicada II. Universidad de Sevilla, 41012 Sevilla 
(*correspondence: elecebrom@alum.us.es) 

2Dpto.Física Aplicada II. Universidad de Sevilla(mvilla@us.es) 

3GEOMAR, Helmholtz Centre for Ocean Research Kiel 
Wischhofstraße, 24148 Kiel, Germany (flemoigne@geomar.de) 

4Nationa Oceanography Centre, SO14 3ZH Southampton, United 
Kingdom (shen@noc.ac.uk) 

 

The Particle Export Efficiency (PEeff), defined as the ratio 
carbon export/primary production (PP), is commonly used as a 
metric of the magnitude of the Biological Carbon Pump (BCP)[1] 
[2]. The PEeff varies regionally but also seasonally, however, factors 
driving PEeff variability remain unclear potentially skewing 
estimates of the global magnitude of the BCP [3]. Often, PEeff 
overlook limitations of the method employed regarding the 
influence of the biogeochemical dynamic relative to the sampling 
time. 

Here we compare three approaches to estimate PEeff: using 
radioactive pairs (1) 238U-234Th, (2) 210Pb-210Po, (3) neutrally 
buoyant sediment traps (PELAGRA) along with satellite-derived 
estimates of PP integrated over time scale similar to that of the 
three export approaches. Carbon export flux and PP were examined 
to determine the conditions under which each approach is the most 
appropriate to estimate PEeff. 234Th and 210Po based carbon export 
fluxes were an order of magnitude higher than that of PELAGRA 
likely due to bloom dynamic and their longer flux integration time 
scales [4]. Differences in PEeff were mainly driven by carbon 
export flux estimates rather than the PP suggesting that 
PELAGRAs provide instantaneous estimates, while 210Po, 234Th 
provide more seasonally averaged estimates. Changes in 
phytoplankton community structures potentially inducing changes 
in particle size spectra may explain differences between 234Th and 
210Po estimates of PEeff.  
 
[1] Henson et al. (2011) Geophys Res Lett 38. [2] Siegel et al. 
(2014) Global Biogeochemical Cycles 28: 181-196. [3]. Henson et 
al. (2015) Global Biogeochemical Cycles. 29: 33-45 [4]. Le Moigne 
et al. (2013) Deep Sea Research Part I 72: 88-101. 
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Calcite is the main mineral in limestone and chalk formations 

that host many water and oil reservoirs in Europe. Modification and 
control of calcite surface properties, especially wettability, are 
relevant for remediation of soil contamination, for enhancing oil 
recovery (EOR), in industrial applications and for prevention of 
scaling. Mg2+ adsorbed on calcite surfaces from solution is one of 
the most promising ions for modifying calcite surface properties, 
such as wettability and its affinity for organic molecules.  

We investigated the modification of calcite surfaces by 
adsorbed Mg2+ using surface sensitive techniques, namely X-ray 
photoelectron spectroscopy (XPS) and atomic force microscopy 
(AFM) with chemical force mapping (CFM). XPS demonstrates 
that at elevated temperatures, Mg2+ uptake increases with time (Fig. 
1). CFM with a hydrophobic tip shows that when Mg2+ is adsorbed 
by calcite, the surface becomes more hydrophilic, favouring 
interaction with water rather than organic molecules. Our results 
agree with density functional theory (DFT) predictions that, 
depending on initial surface tension, replacement of only 10% of 
surface Ca2+ with Mg2+ results in a contact angle change of 45 to 80 
º. [1] 

Figure 1: Mg/Ca ratio on calcite surfaces as a function of time 
at 20 and 80 °C, determined from XPS measurements.  
 
[1] Sakuma, H., Andersson, M.P., Bechgaard, K. & Stipp, S.L.S. J. 
Phys. Chem. C 118, 3078-3087, (2014). 
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The carbon isotopic analysis of some specific biomarkers have 
been widely used as a valuable tool for inferring input sources of 
organic matter. The present study aims to determine the δ13C of 
n-alkanes from marine sediment samples from Guanabara Bay (Rio 
de Janeiro/RJ), in order to characterize the sources of organic 
matter in this complex environment. 

Eleven different sites were selected and surface sediments 
(2 cm) were sampled in April 2012 using a van Veen sampler. The 
dry samples were extracted by accelerated solvent extraction 
system (ASE). The aliphatic hydrocarbons fraction were separated 
by column fractionation and determined by GC-FID. To remove 
unsaturated, branched and cyclic hydrocarbons, the aliphatic 
extracts were purified via AgNO3-silica gel column and urea 
adduction. The UCM removal was >90% for all sediment samples 
and significant losses of the compounds of interest were not 
observed. The δ13C values of n-alkanes were determined by GC-C-
IRMS.  

The δ13C (C15-C40) between -34.2 and -25.5 ‰ for sediment 
suggest multiple sources and are within the same range of other 
contaminated environments. The most depleted δ13C of n-alkanes 
and bulk for P6, P7 and P8, associated to higher CPI (>4), suggest a 
prevalence of biogenic n-alkanes from terrestrial origin for these 
stations in relation to others. Small isotopic differences between the 
odd and even-numbered chains and enrichment in long-chain 
homologues indicate a petrogenic hydrocarbons contribution to the 
sediments of the bay. 
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Gneiss domes are excellent target for the study of late orogenic 
crustal flow characterized by feedback relations between 
metamorphism, partial melting and deformation. We have recently 
re-assessed the structural and petrological framework for the 
genesis of the Montagne Noire Axial Zone gneiss dome (MNAZ; 
southern french Massif Central; [1] [2]). The dome-shape and finite 
strain pattern of the MNAZ result from the superimposition of three 
deformation D1, D2 and D3. The early flat lying S1 is folded by D2 
upright ENE-WSW folds and locally transposed into steep D2 high 
strain zones. D3 structures are related to vertical shortening during 
coaxial thinning with a preferential NE-SW directed stretching. 
Migmatitic gneisses record a clockwise evolution culminating at ca. 
725 °C and 8 kbar. The metasedimentary cover records a LP-HT 
evolution below 4 kbar and register geothermal gradients of 20 to 
50 °C/km. 

Based on this solid structural and petrological framework, we 
present novel geochronological U-Pb age data on monazite grains 
from syn-tectonic granites, migmatitic gneisses and micaschists. 
We can therefore precisely link ages to metamorphic and 
deformation events in the MNAZ. D1 deformation occurs between 
312 and 307 Ma, almost synchronous to D2 deformation (315-305 
Ma). D3 deformation is slighlty younger (307-300 Ma). The onset 
of partial melting occurs at ca. 315 Ma. This study highlights the 
rapid time span (10 to 15 Ma) of the genesis of the MNAZ during 
late Variscan  times. 
 
[1] Rabin, Trap, Carry, Freville, Cenki-Tok, Lobjoie, Goncalves & 
Marquer (2015), Tectonics, accepted. [2] Freville, Cenki-Tok, Trap, 
Rabin, Leyreloup, Régnier & Whitney (2015), Journal of 
Metamorphic Geology, under review. 
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REE distribution in river waters is regulated by Fe and colloid 
contents. The increasing salinity in estuaries allows to colloidal 
coagulation and REE release as aqueous species or scavenging onto 
particles. Zr and Hf mainly occur among dissolved, colloidal and 
suspended fractions. Here we studied the distribution of these 
elements in saline and reducing waters of a tributary of Platani river 
(Central Sicily) in order to prevent the occurrence of colloids and 
the deposition of Fe-oxyhydroxides. Shale-normalised dissolved 
REE patterns always show MREE enrichments. Some waters 
(Group-1), show progressive heavier-REE growth allowing to a less 
symmetrical shape of the normalised pattern whereas Eu-centred 
symmetrical patters are observed in other waters (Group-2). In 
Group-1 the higher Fe contents are not correlated with the 
amplitude of positive MREE anomaly whereas this correlation 
occurs in Group-2 waters with lower Fe concentrations. These 
findings suggest that MREE enrichment in Group 1 is not related to 
the dissolution of Fe-oxyhydroxides where REE are usually 
fractionated [1] whereas this process is probably responsible of the 
REE behaviour in Group-2 waters. La/Sm and Gd/Yb ratios of 
Group-1 and 2 waters are differently clustered and Group-1 waters 
behave similarly to kainite crystals collected in Realmonte salt 
mine (Messinian evaporites) close to the investigated area. This 
evidence suggests that REE behaviour in Group-1 is caused by 
sulphate dissolution as suggested under different conditions [2]. In 
general, both the dissolution of Fe-oxyhydroxides and salt minerals 
rather than the scavenging onto authigenic solid drive the REE 
behaviour in studied river waters. This conclusion agrees with the 
Zr-Hf relationship in Group 1 and 2 waters showing a sub-
chondritic slope in agreement with the Hf enrichment onto surfaces 
of Fe-oxyhydroxides and salt minerals.  
 
[1] Bau (1999) Geochim. Cosmochim. Acta 63, 67–77. [2] Bach et 
al. (2003), Miner. Dep. 38, 916–935. 
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Centimetre-sized grains of Al-rich clinopyroxene within the 

anorthosites of the Bergen Arcs, W-Norway undergo deformation 
by micro-shear zones and faults along which fluid is introduced. 
The hydration is coupled to whitening of the dark primary feldspar 
reflecting fluid-induced reactions within the feldspar and growth of 
epidote as very fine inclusions. The Al-rich clinopyroxene (12 wt.% 
Al2O3) equilibrates to the deformation and hydration in two ways: 

(i) replacement of the Al-rich pyroxene by chlorite and (ii) 
reaction to garnet (Alm43Prp28Grs24) and a less aluminous pyroxene 
(3 wt. % Al2O3).  

The two types of alteration develop in the same grain so that the 
garnet and the new pyroxene are formed along faults and kink 
bands while the chlorite is found in dilatational areas. As the 
lithostatic pressure and the temperature must be constant across the 
Al-rich pyroxene we are left with two possible explanations. 1. The 
water is accumulated in the dilatational areas allowing formation of 
chlorite while the imposed deformation enhances reaction kinetics 
and forms garnet where fluid is deficient. 2. The variation in stress 
across the grain stabilized the two assemblages, so that the garnet 
formed in the high pressure area and chlorite in the low pressure 
parts. Possibly the two mechanisms operated together.  

This example illustrates the influence of fluid and deformation 
on metamorphism and it appears that the variation of the local 
stress within a single grain may determine the location of the new 
mineral assemblages. 

 
Acknowledgement: This work is funded within a Marie Curie 

EU initial training network – FLOWTRANS.  
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Coupled physical and chemical processes occur along the 
injected CO2 pathway in a reservoir (in CCS or CO2-based EOR) 
and may have consequences on the reservoir petrophysical 
properties. In near well-bore regions, the evaporation of the brine 
may lead to salt precipitation. In distal regions, fluids-rock 
interactions occur during the migration of CO2 and brine by 
advection and/or diffusion and may result in minerals 
dissolution/precipitation changing the transport properties of the 
porous medium. Assessing the extent of petrophysical properties 
variations in the reservoir is crucial regarding injectivity and 
containment safety issues during massive CO2 injection over 
decades. 

We thus propose to determine the petrophysical properties 
changes during CO2 injection a new combined Geoelectrical-
Geochemical approach. We report here the first results on different 
carbonate reservoir rock-types of a new and integrated core scale 
experimental investigation of the absolute and relative permeability 
in CO2-brine systems from the spectral induced polarization and the 
streaming potential coupling coefficient in saturated and 
unsaturated porous medium. The spectral induced polarization is 
realized  in a large frequency range in brine saturation and CO2-
brine systems and explains the relationship between complex 
conductivity and the frequency domain.  In the low frequency 
domain, the complex conductivity of saturated and unsaturated 
porous medium is controlled by the polarization of the Stern layer 
and by the grain size distribution. In the high frequency domain, the 
complex conductivity is controlled by the Maxwell-Wagner 
polarization. We compare the absolute permeability of porous 
medium obtained from a predective model including the main 
relaxation time derived from spectral induced poralization and 
measured absolute permeability. The streaming potential coupling 
coefficient is basically defined as a sensitivity coefficient between 
the electrical potential and the variation of capillary pressure. In 
unsaturated porous medium this streaming potential coupling 
coefficient is controlled by CO2-brine saturation and can be related 
to the CO2-brine relative permeability. 
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Bulk meteorite analysis exhibits a variation in the range of a 

few hundred permil in nitrogen isotopic composition with 
occasional high values in some carbonaceous chondrites, stony-iron 
and iron meteorites. Extremely high 15N enrichments (δ15N 
~5000‰) are observed in meteoritic ‘hotspots’, IDPs, cometary 
samples and, in IOMs. Conversely, a highly depleted value of ~ -
400 ‰ is measured in the solar wind and Jovian atmosphere and 
that may indicate the formation of the gas giant with the initial solar 
system materials. The above mentioned heterogeneity may be due 
to photochemical re-processing of primitive nebular materials [1]. 

Isotope effects in photodissociation of di- and tri-atomic 
molecules (e.g., N2, CO, H2S, SO2 etc) by vacuum ultraviolet 
(VUV) photons are of immense importance while photochemical 
re-processing of the initial solar system materials are considered. In 
the VUV region, molecular absorption happen through discrete 
lines (states) and follow pre-dissociative processes governed by 
quantum mechanical selection principles. The isotope effects 
associated with photodissociation may be highly wavelength 
dependent and, it is impossible to calculate the isotopic 
fractionation and must be measured.  New data on isotopic 
fractionation of N2 during VUV photodissociation at low 
temperature (80 K) will be presented and the predissociate 
processes will be discussed from the perspective of fundamental 
chemical physics and the solar nebular.   

 
[1] M. H. Thiemens, S. Chakraborty et al.  (2012) Annual 
Review of Physical Chemistry 63,155-177. 
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Fluid inclusions and volatile-bearing minerals in intraplate 

alkaline lavas attest of the presence of fluids and/or volatile-rich 
liquid in the mantle. These fluids/liquids may be derived from 
asthenospheric plumes, metasomatized subcontinental lithosphere 
or subducted material, and are therefore key elements to understand 
magma genesis and mantle dynamics. To address the question of 
the origin and composition of deep fluids, we investigated whole-
rock and mineral geochemistry and fluid inclusion study of mafic 
alkaline lavas from the Saghro volcanic field (NW African Craton). 

The mafic lavas are nephelinites with phenocrysts of olivine 
(Fo90–82), clinopyroxene (Mg# = 87–49), nepheline, magnetite 
(Xulvö = 0.19–0.21) and volatile-rich minerals: phlogopite, apatite 
(F = 1.0–2.9 wt.%, Cl = 0.11–0.26 wt.%, SO2 = 0.06–0.42 wt.%), 
and pyrrhotite (NFeS = 0.90–0.98). The mineral assemblage and 
composition constrain the pre-eruptive conditions of nephelinite at 
oxidized redox state (logfO2=NNO–NNO+1) and 1000-1100°C 
(cpx-melt equilibria). Nephelinites are mafic alkaline silica-
undersaturated lavas (Na2O+K2O = 2.1–6.2 wt.%, SiO2 = 37–43 
wt.%, Mg# = 70–62). Their high Ca/Al (1.0–1.5) and Zr/Hf (44.2–
55.9) ratios, high incompatible element concentrations and negative 
anomalies in K, Zr, Hf and Ti suggest a carbonatite-metasomatised 
peridotite source. 

Primary fluid inclusions are present in olivine (Fo90–85) as (i) 
isolated or trails of translucent fluid inclusions; (ii) dark isolated 
inclusions with daughter minerals of nepheline ± apatite, and (iii) 
multi-phased inclusions with fluid and daughter minerals of 
nepheline ± apatite ± magnesite ± phlogopite. Microthermometry 
and Raman spectrometry study of translucent inclusions indicates 
pure supercritical CO2. Assuming a temperature of 1100°C, the 
trapping pressure for pure CO2 system is in the range 300–1050 
MPa. 

Our study indicates that fluid and/or volatile-rich silicate liquid 
(C-O-H-S-Cl-F) is involved during the genesis and evolution of 
alkaline magma. Thus fluid-rock interaction may have been an 
important process beneath the NW African craton, leading to 
metasomatised mantle with CO2–rich carbonatitic components. 
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Neutrophilic Fe-oxidizing microorganisms (FeOM) are key 
drivers of Fe cycling on modern Earth, and likely played important 
roles in depositing Fe oxides and associated elements in the ancient 
ocean. In order to better understand the roles and history of FeOM, 
we have been studying them in a variety of modern environments, 
and working with isolates in the laboratory to determine the 
conditions, mechanisms, and signatures of microbial Fe oxidation.  

Microaerophilic FeOM appear to grow wherever Fe(II) and O2 
are both present. We have detected FeOM by culturing and/or 16S 
rRNA sequencing in groundwater seeps, streambank and coastal 
aquifers, a stratified estuary, soil, coastal sediments, and marine 
hydrothermal vents. Pure cultures allow us to connect the Fe 
oxidation metabolism to 16S rRNA and functional genes. Using 
comparative genomics, we have identified genes that represent 
candidates for mechanisms of Fe oxidation and biomineralization. 
Phylogenetic analyses give us a window into evolutionary history, 
suggesting horizontal transfer of key functional genes between 
Betaproteobacterial (freshwater) and Zetaproteo-bacterial (marine) 
FeOM. To test the roles of these genes, we have been performing 
transcriptomic experiments on Fe microbial mats and cultures. 
Linking gene function to evolution will allow us to better 
understand the coevolution of microbial Fe oxidation and Earth’s 
surface chemistry. 

Many microaerophilic FeOM produce Fe oxyhydroxides with 
distinctive morphologies that serve as biosignatures (e.g. twisted 
stalks in microbial mats; Krepski et al., 2013, Geobiology 11:457-
471). These signatures correlate to specific environmental 
conditions, notably O2 concentrations. Therefore, we have been (1) 
measuring the O2 concentrations associated with stalk-rich 
microbial mats and (2) performing Fe oxidation kinetics 
experiments to determine preferred O2 concentrations. Our results 
will allow us to use the Fe mineral biosignatures to interpret both 
the history of FeOM and oxygen evolution on Earth. 
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Previous studies of microbially mediated methane oxidation in 

oceanic environments have examined the many different factors 
that control the rates of oxidation. However, there is debate on what 
factor(s) are limiting in these types of environments [1-3]. These 
factors include the availability of CH4, O2, trace metals, nutrients, 
the density of cell population, and the influence that CO2 
production may have on pH . While many have tried to study these 
factors together, it is a labor intensive process and is quite 
cumbersome. In order to look at this process in its entirety, a 
mesocosm incubation system was developed with a Dissolved Gas 
Analyzer System (DGAS) with a myraid of analytical tools to 
monitor insitu methane oxidation. On a recent expedition to 
recently discovered seep sites in Hudson Canyon, mesocosm 
experiments have been successfully carried out to examine methane 
consumption, O2 consumption, nutrient consumption, and biomass 
production. With the addition of newer laser spectroscopy 
techniques (cavity ringdown spectroscopy), stable isotope 
fractionation caused by microbial processes was examined on a 
realtime basis as well. Cell counting,  trace metal, nutrient, and 
DNA community analyses have been carried out in conjunction 
with these mesocosm samples to provide a clear understanding of 
methane oxidation dynamics. This presentation will detail the 
technique and results to date and provide insights into the chemical 
and isotopic kinetics of aerobic methane oxidation. 

 
[1] Crespo-Medina, M., et al., The rise and fall of methanotrophy 
following a deepwater oil-well blowout. Nature Geoscience, 2014. 
[2] Dubinsky, E.A., et al., Succession of hydrocarbon-degrading 
bacteria in the aftermath of the Deepwater Horizon oil spill in the 
Gulf of Mexico. Environmental science & technology, 2013. 
47(19): p. 10860-10867. [3] Kessler, J.D., et al., A Persistent 
Oxygen Anomaly Reveals the Fate of Spilled Methane in the Deep 
Gulf of Mexico. Science, 2011. 331(6015): p. 312-315. 
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The Mg isotopic composition (δ26Mg) of marine carbonates is a 

promising proxy for reconstructing secular variations in seawater 
δ26Mg, which helps elucidate long-term changes in the global Mg 
cycle. However, recrystallization of marine carbonates, which has 
been documented to occur over tens of million-year time scales, can 
impact the fidelity of a range of carbonate-based geochemical 
proxies (e.g., 87Sr/86Sr, Sr/Ca, Mg/Ca, and B/Ca), especially those 
that utilize elements present in trace amounts (<1 ppm). In this 
study, we quantify the effect of diagenesis on the δ26Mg of bulk  
carbonates in a marine sedimentary section influenced by 
advection, which can help place interpretations of secular changes 
in seawater δ26Mg in context. 

This study presents the δ26Mg (‰, DSM-3 scale) of bulk 
carbonates and pore fluids from Ocean Drilling Project Site 1171 
(South Tasman Rise; 2148.2 m water depth), a site that has been 
used to generate proxy records but also has been reported to exhibit 
sizeable diagenetic effects [1]. The δ26Mg values of 1171 pore 
fluids are higher than modern seawater (-0.84‰) and increase 
systematically with depth (from -0.53‰ at 40.5 mbsf to -0.39‰ at 
262.9 mbsf). The δ26Mg of bulk carbonates range systematically 
with depth from -2.23‰ (at 0.73 mbsf) to -3.98‰ ( at 115.53 
mbsf). This variability can be ascribed mainly to diagenesis, with a 
fraction of the variability accounted for nannofossil and 
foraminiferal composition. 

The inferred diagenetic effect on bulk carbonate δ26Mg 
correlates with previously documented downcore changes in Sr/Ca 
and 87Sr/86Sr ratios [1]. A depositional reactive-transport model is 
employed to validate the hypothesis that recrystallization in this 
advection-influenced system generates sizeable shifts in carbonate 
δ26Mg. Preliminary model results suggest constraints on the 
fractionation factor (0.9945) and partition coefficient (1.2) to 
explain the observed trends in pore fluid and bulk carbonate δ26Mg, 
assuming calcite recrystallization rates of ~7%/Ma. Ultimately, the 
objectives of quantifying such diagenetic effects are two-fold: (1) to 
evaluate the potential of carbonate δ26Mg to fingerprint diagenesis 
and, if the tool proves useful, (2) to estimate the extent to which 
carbonate-based geochemical proxies are altered diagenetically in 
an open marine sedimentary column. 
 
[1] Fantle M. S. (2015), Geochim. Cosmochim. Acta, 148, 378–401 
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A meteorite which fell near Nathdwara in Rajasthan(India) on 

25th December 2012 was categorized as H6 chondrite through its 
mineralogical compositions[1]. Ambient Mossbauer spectroscopic 
study on the sample confirmed 49% olivine, 30% pyroxene 
alongwith troilite and kamacite. High pressure Mössbauer 
spectroscopic measurements up to 10GPa were done on this 14% 
fayalite sample using Co57 source, Diamond anvil cell (DAC) and 
4:1 methanol ethanol mixture as hydrostatic pressure medium. X-
ray diffraction studies upto 15 GPa were conducted at BL11 
EDXRD beam line at INDUS 2 synchrotron facility using 
monochromatic X-rays (λ=0.6206Å), MAR345 image plate 
detector. Corrections were done using LaB6 powder inside DAC 
and Au as pressure marker.Within span of 00-400, error calculated 
was ±0.00020. Troilite peaks vanished below 5GPa while pyroxene 
did not show any effect. Prominent effect was observed on olivine 
with emergence of a new peak at 5 GPa whose intensity grew with 
pressure.Considerable broadening in peaks were observed with 
pressure which might be either due to structural phase transition or 
due to a change in electronic configuration of iron [2]. Mössbauer 
spectroscopic study confirmed the second possibility with the 
presence of a low spin Fe2+ configuration (isomer shift ~ 0.6mm/s) 
at 5GPa whose population increases continuously with pressure but 
decompressed from 10GPa regained the original high spin 
configuration. Reversible transition was observed for olivine and 
pyroxene in  decompressed XRD pattern from 14.46GPa  but 
troilite showed irreversible trend. The spin cross over taking place 
at such a low pressure ( ~ 5 GPa) as compared to earlier studies [2] 
suggst a residual stress preserved  in this meteorite due to shock 
impact.   

 
We acknowledge CSIR New Delhi, PLANEX(ISRO) For funding 

and Prof. G.Parthasarathy, NGRI(Hyderabad) for providing the 
meteorite sample. 
 
[1] Agrawal V.(2014) Geoscience Frontier 5(3)  413-7 
[2] Roquette J. (2008) Inorg.Chem. 47 2668-73 
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Introduction 
Many nuclear facilities are located near shorelines, which will 

lead to the intrusion of seawater into subsurface enviroments.  
Seawater intrusion can raise concerns regarding the potential 
(re)mobilisation of radionuclides because of change in groundwater 
salinity. Batch experiments were conducted to investigate the effect 
of these processes on Sr mobility in groundwater below a nulcear 
power plant (NPP). 

Results and Discussion 
A core rock sample was collected from Kori NPP site in South 

Korea, and the  < 2-mm fraction samples were used for batch 
experiments.  To simulate seawater intrusion, various ratios of 
mixing groundwater (GW) to seawater (SW) were adopted.  The 
amount of Sr sorbed was driven by ion exchange competition 
between Sr and Na present in solution. The removal efficiency of Sr 
by the solid material as an exchangeable phase was reduced by 
increasing the mixing ratio of seawater to groundwater.  However, 
in solution with more than 70 % seawater, Sr removal from solution 
also increased because of strontianite, SrCO3(s) precipitation. 

 
Table 1. Percent Sr removal as a function of different mixed 

solutions at constant pH 8.0 with ratio of solid to solution 
(0.5g/10mL). 

 
The degree of salinization in groundwater chemistry is 

important to predict radioactive Sr mobility in case of severe 
nuclear accidents, during which Sr can be released to the subsurface 
environment.  

Mixing ratio
GW : SW [%]

Ionic strength
[M]

Sr removal
[%]

100 : 0 0.01 39.5

70 : 30 0.24 8.18

50 : 50 0.39 8.11

30 : 70 0.54 13.7

0 : 100 0.77 15.0
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Chemical and isotopic data for 22 geothermal water samples 

collected in Taiwan within the Tatun Volcanic Group (TVG) are 
reported. Major and trace elements including B, Sr and their 
isotopic compositions as well as water isotopes (δ11B, 87Sr/86Sr, 
δ88Sr, δD, δ18O) were determined. Both element contents and 
isotopic compositions in the geothermal water show large 
distributions. According to pH, element concentrations and isotopic 
compositions as well as field occurrences, these geothermal waters 
can be classified into three categories, namely SO4

2- acidic waters, 
neutral waters, and Cl- rich acidic waters. Samples of Cl- rich 
acidic waters show high concentrations in all measured elements, 
δ18O (-3.3 – -2.2 ‰) and 87Sr/86Sr values (0.70753 – 0.71138) and 
low pH (1.79 – 2.59), δ11B (3.0 – 3.4 ‰), and δ88Sr values (0.17 – 
0.39 ‰). Samples of neutral waters show high pH values (2.95 – 
7.66), medium δ88Sr (0.35 – 0.43 ‰) and low δ18O (-5.8 – -3.0 ‰), 
δ11B (0.6 – 9.3 ‰), and 87Sr/86Sr values (0.70450 – 0.70474). 
Samples of SO4

2- acidic waters show medium pH values (2.4 – 
4.52), large distributions of δ18O and δ11B values (-6.4 – 3.6 ‰, -
4.9 – 14.2 ‰, respectively), and extremely high δ88Sr values (0.36 
– 0.70 ‰). 87Sr/86Sr values indicate the signal of sedimentary rock 
contribution in the source region. The deviated values of δ11B and 
δ88Sr from bed rock composition is an indication of the fact that a 
strong migration effect has occurred on the samples of SO4

2- acidic 
and neutral waters. Each of these isotope systems reveals important 
information about a particular aspect of water sources, water/rock 
interaction, or migration processes. Taking all of these isotope 
systems into consideration provides a better understanding of the 
geothermal systems from the TVG in northern Taiwan. 
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Understanding the structure of the protoplanetary disks 
surrounding low to intermediate mass stars is a prerequisite to 
constrain planets formation mechanism. The study of molecular 
lines emission is an efficient tool to investigate the disk structure, 
but also requires relevant astrochemical models. Since 2004, the 
“Chemistry In Disks” (CID) consortium gathers experts in 
radioastronomy as well as astrochemists to study physical and 
chemical conditions in disks. Here we will present in the poster 
recent results obtained with the IRAM instruments and with 
ALMA. 
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The nature and significance of reactions between CO2-bearing 

brines and minerals during geological storage of CO2 are disputed. 
Key questions include whether dissolution of minerals will increase 
or decrease permeabilities and injectivity and whether re-
precipitation of carbonate will contribute to long-term reservoir 
security. 

Modelling of changes in brine composition during six months 
of CO2 injection for EOR at the Salt Creek field, Wyoming, [1] 
implied significant dissolution of silicate minerals with later 
precipitation of carbonate.  There were uncertainties related to the 
inherent errors in calculation of mineral reaction modes and 
interpretation of the fluid 87Sr/86Sr ratios. To resolve these, we 
sampled surface exposures of the Wall Creek Member of the Upper 
Cretaceous Frontier Formation, which comprise the reservoir 
studied at Salt Creek. At Raptor Ridge, Wyoming, study of surface 
outcrops, ground-penetrating radar and drill core by Bhatthacharya 
and his research group [2] allows reconstruction of the 3D structure 
of the tide-influenced deltaic deposits and the major calcite 
concretions. The whole-rock 87Sr/86Sr ratios of Wall Creek 
sediments at Raptor Ridge reflect diverse sources of silicate 
minerals and variable contributions from diagenetic calcite 
cements. 

The present-day 87Sr/86Sr ratios of the low Ca sandstones range 
from 0.709 to 0.719 (average 0.714) reflecting mixtures of silicate 
minerals from primitive Cretaceous arc material and older basement 
from the Sevier orogenic belt. 87Sr/86Sr ratios of carbonate-rich 
samples and their acid leaches range from 0.7075 to 0.7088. The 
Sr-isotopic compositions of the brines from the Salt Creek EOR 
experiment evolve with relatively elevated 87Sr/86Sr ratios while 
cations increase by up to a factor of two. The new analyses confirm 
that input of Sr from dissolution of low 87Sr/86Sr calcite was 
balanced by Sr inputs from silicate minerals. Silicate mineral 
dissolution was significant even over the short timescale of the Salt 
Creek experiment.  
 
[1] Bickle et al., (2013). Abstract, AGU Fall meeting, V34A. [2] 
Lee et al. (2007) AAPG Bull 91, 191-214. 
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Four Microbacterium strains have been isolated from 
radionuclide- and metal-rich environments. Two of the strains 
exhibited high uranium-tolerance capabilities, another was sensitive 
to uranium, and the fourth strain had an intermediary tolerance 
level. For the latter, we have described multiple detoxification 
mechanisms involved in U(VI) tolerance using an original 
experimental procedure. We have demonstrated that after an initial 
step of uranium and phosphate release via an active efflux 
mechanism, the bacteria accumulates U(VI) as intracellular, needle-
like structures composed of an autunite group mineral [1]. We 
compared the 4 Microbacterium strains using the same 
experimental procedure. Interestingly, while the strains were all 
able to mineralize U(VI), the efflux mechanism was observed only 
in the 3 most uranium-tolerant strains and not in the uranium-
sensitive strain. In order to identify the molecular mechanisms 
involved in uranium efflux and biomineralization, the genomes of 
the 4 strains were sequenced. A genomic analysis revealed a 
positive correlation between candidate metal transporter genes 
number, in particular potential PIB-ATPases and the uranium 
tolerance level.  
 
[1] Theodorakopoulos N. et al. (2015) J Hazard Mater. 285: 285-
93. 
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Nucleosynthetic anomalies in extraterrestrial materials hold the 
key to disentangling the development of the early solar system. 
Strontium isotopes (84Sr, 86Sr, 87Sr and 88Sr) are critical for 
discerning the various nucleosynthetic origins of early solar system 
building blocks and the timing of processes. Strontium isotopic 
differences between early solar system materials cannot be 
unequivocally evaluated because internal normalisation methods 
during analysis assume a single value of 86Sr/88Sr = 0.1194 to 
correct for instrumental mass fractionation. Double spike (DS) 
techniques in contrast recover the absolute abundances of the 
strontium isotopes, free from this assumption.  

We show from DS measurements that Sr isotopes in Earth, 
Moon, eucrites, and some angrites share a common origin because 
they lie on a single mass-dependent fractionation trend in three-
isotope space (δ88Sr vs δ84Sr). 84Sr anomalies are revealed in bulk 
CI, CV3 and CM chondrites and some angrites. Sr anomalies reflect 
primary nucleosynthetic heterogeneity, and demonstrate the 
existence of two angrite parent bodies. Double-spike techniques 
provide unique insights and contrasting perspectives into the 
strontium isotopic composition of the early solar system, and 
demonstrate fundamental differences between materials forming the 
asteroids and terrestrial planets, versus chondritic materials and 
some angrites. We can unequivocally identify 84Sr anomalies 
reflecting contributions of supernova origin.  
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Increased delivery of iron-rich dust to the Subantarctic ocean 

during is believed to be responsible for about 30% of the lower 
atmospheric CO2 concentrations during glacial periods [1]. 
However, the geographic extent and magnitude of dust-stimulated 
iron fertilization is poorly constrained. 

Traditionally Patagonia was thought to supply most of the dust 
to the Southern Ocean. However, recent modeling [2] and isotope 
analysis of ice cores [3] now suggest Australia and New Zealand 
may be a important dust sources, particularly during interglacial 
periods. Lamy et al. [4] found that dust deposition to the Eastern 
Pacific Southern Ocean was 3-fold higher during glacial periods 
compared to interglacial periods, suggesting that Australia and New 
Zealand were important dust sources also during glacial periods.  

Here we present terrigenous flux reconstructions from DSDP 
Site 593 (Challenger Plateau), and ODP Sites 1171 and 1172 
(Tasman Rise and Plateau)  covering the last deglaciation. All sites 
record a greater flux of both inorganic (232Th, Ti and Al) and 
organic (n-alkanes) proxies of terrigenous material during the 
glacial period, suggesting transport by wind not currents. Some 
decoupling between organic and inorganic proxies is seen at Site 
1171, with evidence for increased n-alkane flux without 
accompanying inorganic flux. Overall, fluxes are smilar to those 
recorded in the eastern Pacific [4], suggesting the south Pacific 
experienced roughly uniform iron fertilization over the last glacial 
period. 
 
[1] Kohfeld et al. (2005), Science 308, 74-78. [2] Albani et al. 
(2011), Climate Dynamics 38, 1731-1755. [3] Revel-Rolland et al. 
(2006), EPSL 249, 1-13. [4] Lamy et al. (2014), Science 343, 403-
407. 
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The Singhbhum Craton in eastern India hosts expansive 

Paleoarchean tonalite-trondhjemite-granodiorite (TTG) rocks which 
were emplaced in two pulses at 3.45-3.44 Ga and 3.35-3.32 Ga [1]. 
The granitoids underwent an early phase of  high-grade 
metamorphism at 3.30-3.28 Ga followed by low-grade 
tectonothermal overprints at 3.19-3.12 Ga and 3.02-2.96 Ga [1], 
contemporaneous with the emplacement of potassic granitoids (e.g., 
the Mayurbhanj granite) [2]. 

The TTG suite mostly comprises trondhjemites and granites 
with moderate K2O/Na2O (0.19-1.57), relatively high Yb (0.26-1.4 
ppm), Y (3.5-20 ppm), Nb (4.1-13 ppm), and Ta (0.30-2.1 ppm) 
concentrations and low LaN/YbN (6.5-72) and Sr/Y (3.1-87) ratios. 
On the basis of their trace element geochemistry, the majority of the 
rocks can be classified as low-P sodic type [3]. 

The TTG rocks have chondritic to moderately positive initial 
εNd and εHf values of 0.0-2.6 and 0.7-4.3, respectively, consistent 
with a juvenile source. The younger potassic Mayurbhanj granite, 
which has negative initial εNd and εHf values (εNd: -2.7 to -3.4; εHf: -
2.7 to -5.2), was derived by melting of the Paleoarchean TTGs, 
indicating that the Archean crust in Singhbhum did not become 
thick enough to undergo intracrustal melting until ca. 3.1 Ga.   

The low-P sodic TTGs are the products of shallow melting 
under a high geothermal gradient [4]. The large ion lithophile and 
light rare earth element-enriched nature of the Singhbhum TTGs 
may be explained by plume-induced partial melting at the base of 
an oceanic plateau [5]. 

 
[1] Upadhyay et al. (2014) Prec. Res. 252, 180-190. [2] Misra et al. 
(1999) Prec. Res. 93, 139-151. [3] Moyen (2011) Lithos 123, 21-
36. [4] Moyen & Martin (2012) Lithos 148, 312-336. [5] Martin et 
al. (2014) Lithos 198-199, 1-13. 

 



 Goldschmidt2015 Abstracts  

 513 

How subduction zones make the OIB 
isotopic array 

C. CHAUVEL AND ÉRIC LEWIN 
ISTerre, Univ. Grenoble Alpes, CNRS, Grenoble, France 
 

Ocean island basalts sample highly heterogeneous mantle 
material brought by hot plumes to the surface of the Earth. This 
material is commonly interpreted to be recycled oceanic basalt 
accompanied by variable amounts of sediment. However, the 
isotopic arrays defined by OIB in Sr-Nd-Hf-Pb space do not 
correspond to simple mixing arrays between ocean basalt 
composition such as MORB and average subducted sediment such 
as GLOSS. A decoupling process must occur between subduction 
and eruption of plume volcanism. 

Here we adopt a numerical and statistical approach to reproduce 
concurrently the Sr-Nd-Hf-Pb ocean island arrays. We use an 
isotopic growth model since Earth formation associated with a 
Monte-Carlo simulation similar to that published previously [1].  
The model allows us to calculate the present-day isotopic 
compositions of Sr, Nd, Hf and Pb for materials of variable origin 
produced at different times in Earth history. Using this general 
approach, we adjust “subduction factors” for the parent-daughter 
systems so that the calculated isotopic arrays correspond to the 
fields measured on worldwide OIB.   

Assuming that subducted basalt and sediment are unmodified 
by subduction zone processes, the model creates a Nd-Hf isotopic 
array that overlaps the Nd-Hf OIB field [1] but not the Sr and Pb 
fields.  Reproduction of all isotopic systems requires that Pb, Rb 
and Sr are significantly removed from the subducted basalt and 
sediment.  The best fit is obtained when the subduction zone 
removes ≈50% of the Rb and Pb in MORB and ≈80% of the Pb, 
30% of the Sr and 50% of the Rb in GLOSS. Such “subduction 
factors” are entirely consistent with observations made on present-
day island arc volcanics in which fluid-mobile elements are 
significantly enriched relative to REE and HFSE.  

Our modeling demonstrates that simple tectonic processes such 
as those operating in modern subduction zones can reproduce the 
isotopic variability of the mantle. No mysterious reservoir or 
process is needed to explain OIB isotopic compositions.  

 
[1] Chauvel et al. Nature Geosci., 2008, 1(1): 64-67.  
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The degree to which biological control is exercised compared to 

physical control of the organization of biogenic materials is a 
central theme in biomineralization. Here I examine the so-called 
columnar prismatic microstructures, which consist of either calcite 
or aragonite prismatic crystals which grow perpendicular to the 
shell surface and that are surrounded by thick organic membranes. 
The latter impart the aggregates a high flexibility, thus making 
them important functional materials. Recently, the development 
with growth of the prismatic variety has been explained based on 
normal grain growth theory [1] [2]. Nevertheless, calcite domains 
are simple polygons in outline only when organic membranes are 
present, while without they are much more complex. Moreover, 
such domains are frequently polycrystalline. Detailed examination 
of the organic membranes reveals that thay display a dynamics in 
accordance with the von Neumann-Mullins law for 2D foam, 
emulsion, and grain growth [2] [3]. Taken together with the facts 
that the organic cavities are produced first, and that they can be 
found even without the mineral infilling, this indicates that it is the 
membranes, not the mineral prisms, that control the pattern, and the 
mineral enclosed within the organic membranes passively adjusts to 
the dynamics dictated by the latter. In prismatic aragonite, although 
there is evidence that the organic membranes also dominate the 
pattern, there is not a preformed system of organic cavities. This is 
probably because the growing crystalline units are spherulithic and, 
when they impinge with each other, they acquire much more typical 
polygonal outlines, being therefore much easier to deal with than 
calcite. In any case, for the system of organic cavities to evolve and 
remain continuous with shell growth, the cells of the secreting 
epithelium must develop a well orchestrated strategy. In particular, 
the different parts of a single cell must be producing either organic 
or carbonate material at the same time, secretion being mediated by 
recognition mechanisms.  

 
[1] Bayerlein et al. (2014) Nature Mater. 13, 1102-1107. [2] 
Sommerdijk & Cusack (2014) Nature Mater. 13, 1078-1079. [3] 
Von Neumann (1952) in Metal Interfaces, ed. Herring, C., pp. 108-
110. [4] Mullins (1956) J. Appl. Phys. 27, 900-904. 
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Objective 
Pharmaceuticals detected in treated wastewater are introduced 

into the agricultural environment. Thus, their uptake and 
metabolism by plants are of increasing concern. The research aimed 
to identify the uptake, translocation and metabolism of 
carbamzepine (CBZ) in crops under agricultural conditions. Root 
crops, carrot and sweet potato were grown in lysimeters. Tomato, 
cucumber and lettuce were grown in a greenhouse. All crops were 
irrigated with high-quality treated wastewater. 

Figure 1: Carbamazepine and its metabolites molar fractions.  

 

Discussion of results 
Two metabolites of CBZ were identified and quantified, 10,11-

epoxycarbamazepine (EP-CBZ) and 10,11-
dihydroxycarbamazepine (DiOH-CBZ). In root crops, the parent 
compound was dominant in the soil and roots. However, in the 
leaves the concentrations of EP-CBZ were significantly higher than 
that of CBZ, indicating in-plant metabolism (Figure 1). In tomatoes 
and cucumbers, CBZ concentrations were higher than that of the 
metabolites. Among the metabolites EP-CBZ was the dominant in 
leaves while DiOH-CBZ was the dominant in the fruit. These are 
the first studies [1,2] to quantify transformation products of CBZ in 
plant organs and to demonstrate that their concentrations could be 
equal to or several times higher than those of the parent compound.   
 
[1] Malchi et al. (2014) Environ. Sci. Technol. 48, 9325-93  
[2] Goldstein et al. (2014) Environ. Sci. Technol. 48, 5593-00 
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The Houxianyu borate deposit in NE China is hosted in the 
Paleoproterozoic meta-volcanic and sedimentary rocks (the Liaohe 
Group, with protolith age of 2.2-2.0Ga and metamorphic age of 
1.9Ga) that show high boron concentrations. The borate ore-body 
has intimate spatial relationship with Mg-rich carbonates/silicates 
of the Group. The presence of abundant tourmalinites and 
tourmaline-rich quartz veins in the borate orebody provides an 
opportunity to study the origin of boron and ore-forming fluids, and 
possible mineralization mechanism. We report chemical and boron 
isotopic compositions of zoned tourmalines from the borate deposit 
and the tourmaline-bearing meta-volcanic rocks to discuss the 
issues above. Tourmalines from the meta-volcanic rocks are 
chemically homogeneous, showing relatively high Fe and Na and 
low Mg, with δ11B values ranging from +1.2‰ to +2.6‰. 
Tourmalines from the tourmaline-rich rocks, however, commonly 
show compositional zoning, with an irregular detrital core and a 
euhedral overgrowth, and have significantly higher Mg, REEs, V 
and Sr than those from the meta-volcanic rocks. They show varied 
B isotope values ranging from +4.5‰ to +12.4‰, which plot 
intermediate between those of the terrigenous sediments and arc 
rocks with low boron isotope values and those of marine carbonates 
and evaporates with high boron isotope values. In addition, the rim 
of the zoned tourmaline shows notably higher Mg, Ti, V, Sn, and 
Pb, and REE, but lower Fe, Co, Cr, Ni, Zn, Mn, and lower δ11B 
values than the core. These data suggest that (1) the sources of 
boron of the borate ore-body are mainly from the Paleoproterozoic 
meta-volcanic and sedimentary rocks that were formed in a 
continental arc setting, and (2) the ore-forming fluids should be the 
high temperature metamorphic fluids related to the amphibolite-
facies metamorphism of the foldbelt during a process of arc-
continental collision at ca. 1.9Ga, which leach boron from the 
boron-rich meta-volcanic and sedimentary rocks, and the boron-rich 
metamorphic fluids subsequently interacted with the marine Mg-
rich carbonates and evaporates, forming the borate deposits. 
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Lithospheric refertilization of the North China Craton (NCC) 
by the Paleo-Asian Ocean plate subduction is poorly constrained, 
largely because the convincing evidence for subduction of the 
Paleo-Asian Ocean plate under the NCC is scarce. Carbonatite was 
recently found as a laccolith intruded into the Neogene alkali 
basalts in the northern margin of the NCC. It shows trace element 
patterns similar to sedimentary carbonate rocks, with positive Sr 
and U anomalies, and negative HFSE (Nb, Ta, Zr, Hf and Ti) 
anomalies. Carbonates in the carbonatite are featured by enriched 
radiogenic Sr isotopic compositions ( (87Sr/86Sr)i = 0.70522 − 
0.70796), but high (143Nd/144Nd)i ratios (0.51280 − 0.51296). Trace 
element patterns and Sr isotopic compositions suggest that the 
carbonatite intrusion has a precursor of sedimentary carbonate 
rocks. In other words, it could have been generated by melting of a 
sedimentary carbonate rock rather than partial melting of a 
carbonated peridotite and carbonated eclogite. 

Xenocrysts (coarse-grained Cpx, Opx and Sp) in the carbonatite 
are characterized by high Mg# (90.5−92.3) in both Opxs and Cpxs. 
Especially for some Cpxs, they show trace element patterns similar 
with the Cpxs in the peridotite xenoliths from the northern margin 
of the NCC, which indicates that they have a mantle origin. 
Futhermore, high (143Nd/144Nd)i ratios of the carbonates suggest that 
the carbonate melts were derived from the mantle. Considering the 
regional tectonic setting, these features indicate that the carbonatite 
intrusion might be formed by melting of subducted carbonate rocks 
carried by the Paleo-Asian Ocean plate, and thus provides direct 
evidence for subduction of the Paleo-Asian Ocean plate under the 
NCC.  

The Sr−Nd isotopic compositions of the carbonates in the 
carbonatite intrusion vary along a simple mixing trend between 
marine limestone and mantle peridotite. CaO contents of the 
carbonates negatively correlate with Ni, suggesting consumption of 
olivine by carbonate melt-peridotite rection. These lines of 
evidence imply intensive interaction between carbonate melt and 
mantle peridotite beneath the NCC. Hence, we here emphasize that 
the subduction-related carbonate fluid/melt derived from the Paleo-
Asian Oceanic slab might have played an important role in the 
lithospheric refertilization of the NCC. 
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Neutron-rich isotopic heterogeneities in low mass side iron 
peak elements, namely 48Ca, 50Ti, and 54Cr, have been discovered to 
be endemic in the solar system from a scale of small Ca-Al rich 
inclusions (CAIs) to bulk asteroids [1-6].  Current theory suggests 
that interstellar 48Ca was contributed from neutron rich type-Ia 
supernovae (nSNe Ia).  Therefore, it could help an understanding of 
the stellar nucleosynthesis mechanism in nSNe Ia by determining 
the correlation of 48Ca, 50Ti, and 54Cr if all these anomalous effects 
were contributed from the same stellar source (nSNe Ia) and carrier 
phases, and no chemical fractionation occurred during solar system 
formation. 

Bulk meteorite analyses on these isotopes reveal that their 
anomalies are consistent within the same meteorite groups except 
for carbonaceous chondrites (CC) and eucrites,.  Therefore, it is 
reasonable to use the average anomalies of a group to compare 
48Ca, 50Ti, and 54Cr correlations, and establish a linear regression 
indicating mixing with a component of nSNe Ia, with ignition 
density ~5.8-7.4×109 g/cm3. Variable 50Ti anomalies of the same 
bulk CC reported from different studies might reflect 
imhomogeneities of 50Ti at a range of scales.  Therefore, it is 
unclear whether such isotopic anomalies are uniform within the 
same group of CC. In particular, samples of CV chondrites likely 
contain variable relative abundances of CAIs, in which 50Ti 
anomalies are variable but 48Ca anomalies remain within a narrow 
range.  These variable 50Ti anomalies, uncorrelated with 48Ca 
anomalies among normal CAIs were suggested to reflect 
contributions from two different stellar nucleosynthesis sites, nSNe 
Ia, and O/Ne-O/C layer of type-II supernovae (SNe II).  Therefore, 
variable 48Ca/50Ti anomalies in CAIs result in different slopes on 
48Ca-50Ti regression lines depending on whether or not CAIs are 
included, and the specific compositions of the included CAIs. [6]. 
 
[1] Lee T. (1988) Meteorites and the early solar system Ch#14.3, 
1063. [2] Trinquier et al. (2007) ApJ, 655, 1179. [3] Trinquier et al. 
(2009) Science, 324, 374. [4] Chen et al. (2011) ApJ, 743, L23. [5] 
Dauphas et al. (2014) EPSL, 407, 96. [6] Schiller et al. (2015) GCA, 
149, 88.  
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The middle section of Southern Margin in Junggar basin has 
five sets of source rocks, meantime, normal crude oil, light oil, 
condensate oil, waxy oil, heavy oil and abundant natural gases are 
also developed in many anticline structures. It has long been a hot 
debate of the source of oil and gas in this area. The results of this 
study demonstrate, condensate oil from the middle section contains 
abundant isoprenoid alkanes, with Pr/Ph<1.0. δ13C of whole oil is 
low between −27‰~−28‰. δ13C of alkanes with carbon number 
smaller than 9 ranges from −24‰ to −26‰, δ13C of C9+ alkanes 
decreases remarkably with increasing carbon number, and the δ13C 
of C19+ alkanes is lower than −30‰. The δ13C of pristane and 
phytane is lower than −29‰. The biomarker component contains 
abundant C27 sterane and C30 methyl sterane, “V” shape distribution 
of C27, C28 and C29 sterane, abundant tricyclic terpane with 
dominance of C21, and relatively high level of gammacerane with 
two isomers. The 20S/(20S+20R) value of C29 sterane is between 
0.40~0.50, and the maturity determined according to the 
methylphenanthrene index and distribution fraction calculation (Rc) 
is between 0.70%~1.1%. These geochemical characteristics of 
condensate oils are very similar to those typical Cretaceous  mature 
lacustrine crude oils in the middle section, but differentiate greatly 
from those typical Jurassic crude oils, implying that these 
condensate oils come from mature Cretaceous  lacustrine source 
rocks instead of highly mature Jurassic coal-measures. In addition, 
condensate oil in the middle section  is dominated by alkanes with 
low carbon number. They contain abundant aromatic carbon with 
low carbon numbers such as cycloalkane, methylbenzene and 
dimethylbenzene. Heptane number is between 19%~21%, 
isoheptane value is at 1.9~2.1 and methylbenzene/n-heptane ratio is 
between 1.5~2.0. The distribution of its alkane is in mirror-image 
relation to the  waxy oil with high density and heavy oil, which 
means it is the product of early stage oil reservoir crude oil after 
suffering natural gas invasion at later stage and is the condensate oil 
formed under the fractionation of evaporation/phase migration. 
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CO2-water-rock interaction is of great importance to geological 

CO2 storage. Many recent experimental studies were focused on the 
change of minerals in the rock after water-rock interaction, while 
the organic matter in the rock were seldom discussed. Herein, shale, 
a kind of cap rock, was used to study the extraction efficiency of 
the organic carbon by CO2. CO2-water-shale interaction 
experiments with different gas/water ratios were conducted in the 
autoclave under 95℃ and 15MPa. The dissolved organic carbon 
(DOC) in the water and morphology differences of the rock surface 
were determined after reaction. The DOC data showed that the 
extraction of DOC in the CO2 system with no or a little of water 
was significantly higher than that of N2 control system, reaching to 
more than 3 times of DOC values. In the CO2 systems with 
different amount of water, the maximum extraction of DOC was 
got in the system with a small amount of water and the extra 87% 
of DOC higher than that of the system without water. This may 
result from the enhancement of CO2 solvation due to adding a little 
of polar H2O. The SEM figures indicated different water-rock-gas 
contact form could change rock surface morphology. In addition, 
one way slowing progression of global warming is long-term CO2 
geologic storage in deep ultrabasic rocks. CO2-water-olivine 
experiments were conducted at 15MPa and 150� over the period of 
250 ~ 1000h. The clay minerals found in olivine could affect the 
forms of the secondary minerals. The evolution of olivine surface 
includes dissolution step, secondary mineral forming step and the 
filling of the interval space step. Un-reacted olivine surface was 
etched by supercritical CO2 mixture system and appeared to be 
diamond-shaped pores. Previous diamond-shaped pores turning into 
ellipse and generated magnesite chlorite and kaolinite with time. 
The additional pores were gradually filled. Our experimental results 
are helpful to well understand water-rock interaction under 
geological CO2 storage and potential environmental risk.  

 
This study was supported by National Natural Science 

Foundation of China (41272061, 41472232) and Fundamental 
Research Funds for the Central Universities. 
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As the global climate change and other environmental problems 

attract more and more attention, scientists and decision - making 
departments need to understand the balance of water and heat in 
much larger areas, such as regional and global. 

This project is a part of a research program on the role of 
vegetation in the sustainable urban development; the objective of 
this thesis is to quantify the importance of vegetation in the sensible 
heat and water vapour fluxes from a mixed district. To better 
understand the heat fluxes in an heterogeneous urban area, an 
experimental campaigns with meteorological measurements was 
carried out in 2012 on a district of Nantes. The turbulent heat fluxes 
vary spatially and a relationship between the variability of these 
fluxes with weather conditions and land occupation is investigated. 
For this, a geographic data base (BDFluxSAPgéo2) was established 
on an area of 6.5 km x 6 km located northeast of Nantes. The 
device of the IRSTV permanent observatory (ONEVU) and 
experimental facilities set in place during the FluxSAP campaign 
conducted in June 2012 are located in this area. Modes of soil cover 
have been obtained from several urban databases and documented 
by using geographic platform OrbisGIS developed by GIS 
workshop of the IRSTV. This creates the possibility by evaluating 
the origin of the fluxes, of separating the contributions of the 
various land cover modes. The area surrounding this site is really 
heterogeneous. The turbulent fluxes result not only of surfaces 
beneath the sensor but also of zones of influence (source area), 
which are more or less extended depending on wind and the height 
of the sensor. So, by implementing footprint models, relations 
between the measurement height and the extent of the 
representative urban zone has been established and implementing 
networks of sensors to measure these fluxes and assessing their 
origin, in order to separate the contributions of different types of 
land use. 



 Goldschmidt2015 Abstracts  

 522 

Multi-isotope tracers of human impact 
on anthropophile elements in river 

systems 
JIU BIN CHEN12, JEROME GAILLARDET2,  
VINCENT BUSIGNY2, JULIEN BOUCHEZ2,  
PASCALE LOUVAT2 AND YI NA WANG1 

1Institute of Geochemistry, CAS, Guiyang 550002, China. 
2Institut de Physique du Globe de Paris (IPGP), 75252 Paris, 

France. 
 

River transport accounts for up to 90% of the flux of material 
delivered to the oceans mainly in suspended particulate phase 
highlights the importance of river-suspended sediments when 
studying the global biogeochemical cycles of elements. However, 
little is known about “anthropophile” elements and their isotopes in 
rivers strongly impacted by human activities. 

Anthropophile elements Zinc, Iron and Copper are essential for 
terrestrial and oceanic organisms. Supply changes in continental 
rivers may affect their global bio-geochemical cycles and even the 
related metamorphic activities of aquatic organisms. It is thus 
essential to precisely determine the sources of these metals in river 
systems and the variations of fluxes of these metals input by human 
activities and to the ocean in modern environment. Multi isotopes 
may provide more precise picture of anthropogenic impact on 
geochemistry and the fluxes of these elements in rivers. 

We report multiple isotopic compositions in both dissolved and 
suspended loads of the anthropogenically impacted Seine River 
(France). The concentrations and isotope compositions of these 
metals, together with major and trace element concentrations, were 
measured for a wide sample sets including a geographic transect, a 
temporal series and an anthropogenic sample series. Our data show 
that the concentrations of these metals in SPM clearly increase 
downstream, and are strongly controlled by hydrodynamic 
condition, while their isotope compositions show a decrease. 
Calculation of enrichment factor relative to natural background 
points to an important anthropogenic input of these metals. This 
input could be traced by combining multiple isotopic data with the 
geochemistry of other major and trace elements. Taken as a whole, 
though Zn, Fe and Cu concentrations correlate very well, Cu 
displays different isotopic trends compared to those of Zn and Fe. 
Our study demonstrated the importance of multi-isotopes in 
studying the anthropogenic contribution and characterizing the 
geochemical behaviors of heavy metals in river systems. 
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The compositional features of andesitic rocks are unique and 
controlled by multiple factors, among which source composition 
may be predominated. This proposition is demonstrated by an 
integrated study of whole-rock major-trace elements and radiogenic 
isotopes as well as mineral geochemistry for Mesozoic intermediate 
volcanics from the Ningwu basin in the Middle–Lower Yangtze 
Valley, South China. The study of mineral geochemistry indicates 
that these volcanics would have evolved through several stages: 
from the fractional crystallization of olivine and clinopyroxene to 
the crystallization and dissolution of amphibole and plagioclase and 
finally to the recharge of relatively primitive melts from the magma 
source and mixing them with the more evolved magma. Fractional 
crystallization of olivine and clinopyroxene without significant 
amount of plagioclase and amphibole would not lead to the 
significant increasing of SiO2 in the residual melts. Therefore, we 
conclude that the high SiO2 contents of these volcanics were largely 
inherited from their primary melts (i.e. high-Mg andesitic melts). 
On the other hand, the high-K contents and Ba/Rb ratios and low 
Rb/Sr ratios indicate that phlogopite maybe a stable K-bearing 
phase in their sources. Furthermore, the similarity in the 
concentrations of most major elements (except MgO) between these 
volcanics and the experimental derived high-Mg K-rich andesitic 
melts from partial melting of phlogopite-bearing peridotite suggests 
that these volcanics are most plausibly derived from differentiation 
of high-Mg K-rich andesitic magmas. 
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The equatorial Atlantic which intersects major waters masses 
from the south and the north is one of the key locations to study 
how Atlantic Meridional Overturning (AMOC) responds to and 
affects deglacial climate changes as well as carbon cycling. Deep-
sea scleractinian fossil corals, which thrive in the intermediate to 
deep ocean, are a promising paleoclimate archive that accurately 
record aspects of the seawater chemistry during coral growth. Here 
we report radiocarbon data of U-series dated deep-sea corals from 
the equatorial Atlantic intermediate to deep waters (EAI/DW) to 
study its ventilation and temporal links with climate over the last 25 
ka. The samples reported here were collected in-situ by a remotely 
operated vehicle during the RRS James Cook Cruise JC094 in the 
northern equatorial Atlantic (5 – 15 °N) in water depths of 750-
2100 m.  

The reconstructed Δ14C of EAIDW exhibits a pattern similar to 
the contemporary atmosphere (IntCal13[1]) with a offsets of ~60‰ 
to 220‰, depending on depth. During the Last Glacial Maximum, 
the Δ14C (and radiocrbon age) offset of EAI/DW is greater than that 
of the late Holocene, indicating a somewhat reduced 14C exchange 
with the atmosphere during the last glacial period. The deglaciation 
is characterized by two major steps of increased ventilation with 
respect to radiocarbon at the end of Younger Dryas and Heinrich 
Stadial 1. The timing of both events are synchronous with sudden 
atmospheric CO2 concentration surges and abrupt Northern 
Hemisphere (NH) warming, providing evidence for ocean-driven 
centennial carbon cycle and climate changes during the last 
deglaciation. 

 
[1] Reimer, P. J., et al. (2013). "Intcal13 and Marine13 
Radiocarbon Age Calibration Curves 0-50,000 Years Cal Bp." 
Radiocarbon 55(4): 1869-1887. 
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The Oka carbonatite complex is the most westly intrusion of the 

Monteregian Igneous Province (Quebec, Canada). Perovskite 
(including two zoned grains) within okaite from Oka are 
investigated for their chemical, isotopic and geochronlogical 
compositions in the aim to resolve their formation history. 
Perovskite grains display reverse zoning, with Nb2O5 contents 
enriched in rim (7.25-10.80 wt.%) relative to their respective 
central regions of the crystals (<5 wt.%). The rim perovskite is 
characterized by high abundances of REEs, Sr, Ta, Na, Fe, Al. The 
combined chemical and geochronlogical results indicate that the 
crystal cores have undergone Pb loss since these are characterized 
by younger ages (e.g., 115.7 ±3.9 Ma) resulting from higher U 
abundances relative to the rim (~139.4 ±2.5 Ma). In addiion, the 
core areas are characterized by more radiogenic Sr (and comparable 
Nd) isotopic ratios compared to the remaining perovskite, as well as 
distinct chemical compositions (i.e., lower Nb/Zr). The distinct, 
more radiogenic 87Sr/86Sr isotope ratios for the perovskite cores 
may be attributed to either crystallization from a melt derived from 
a distinct mantle source, or perturbation by a 
contamination/alteration process(es).  

A possible forrmational history for the reversely zoned 
perovskite grains is as follows: (1) the cores formed from a first 
batch of magma; (2) this was followed by the influx of a new 
(distinct) batch of magma with lower 87Sr/86Sr ratio, which  resulted 
in the crystallization of the rims; (3) the latter was associated with 
an “autometasomatic” event in which fluids scavenged the Nb from 
the core towards the rim. The combined chemical, isotopic, and 
geochronological data is best explained by invoking the periodic 
generation of small volume, partial melts generated from 
hesterogeneous mantle for the formation of the Oka carbonatite 
complex. 
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Biomineralization may have an extremely long evolutionary 
history since the Paleoarchean, while the widespread 
biomineralization among metazoan lineages started at the earliest 
Cambrian. However, the primary mineralogy of Anabarites shell 
remains controversial.  

Optical microscopic observations combined with the BSE and 
EDS analyses are used to study the shell of the fossil Anabarites 
from the Kuanchuanpu fauna in southern Shaanxi Province in 
China, which is correlated to the Cambrian Fortunian Stage. The 
EDS analysis shows that the phosphorus-rich layer closely adjacent 
to the calcified layer exhibits a Ca: P: C ratio compositionally 
similar to the bioapatite. The results that the calcified layer and the 
phosphorus-rich layer have different chemical compositions is 
consistent with the optical observation that there is an obvious gap 
between these two layers and the phosphorus-rich layer can extend 
to the phospatic material inside of the tube, suggesting the 
phosphorus-rich layer doesn’t belong to the original shell. We 
suggest that the phosphorous-rich layer is diagenetic in origin, 
precipitated as a result of phosphorus release during the decay of 
organic matter by microbes. Considering the biologically controlled 
carbonate shell (OMS) should displays different isotopes 
information from the carbonate matrix (i.e., OMS is 12C 
concentrated on the assumption that the biogenic organic matter 
template is readily rich in 12C), NanoSIMS was used to map ion 
distributions of C and N in the shell of Anabarites and matrix. 
However, ion images barely show 12C, 13C and 26CN concentration 
differences between the OMS and the matrix, while 12C and 26CN 
are supposed to be enriched in the OMS. The minor isotopic 
differences between the shell and the matrix is hard to be detected 
by NanoSIMS, at least in our sample. 
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14C is an important contributor to the annual radioactive dose 

predicted in performance assessment of a low- and intermediate-
level radioactive waste repository in Switzerland. Corrosion of 
activated steel can release 14C-labelled organic molecules.  

The migration/retention behaviour in clay material of a suite of 
organic model compounds was studied using an infiltration 
technique. A pulse of tracers (carboxylic acids and alcohols) was 
injected into a column of compacted clay (illite and kaolinite). 
Their breakthrough was monitored and compared with a non-
sorbing tracer, tritiated water (HTO). The effluent concentrations 
were measured with ion chromatography and the activity of HTO 
was measured by liquid scintillation counting.  

For illite, the breakthrough times of non-hydroxylated acids (for 
example,  propanoate) and HTO were identical. Hydroxylated acids 
were generally retarded, with alpha hydroxy acids showing a more 
significant retardation than beta hydroxy acids. The non-
hydroxylated carboxylic acids were found to be more retarded in 
kaolinite than illite. For currently unknown reasons, hydroxylated 
acids could not be recovered in the effluents from kaolinite. A weak 
retardation of alcohols was observed in both illite and kaolinite.  

The breakthrough of the individual tracers is modelled with a 
1D advection/diffusion model implemented in COMSOL 
Multiphysics. 

The strong sorption of hydroxylated acids might be explained 
by chelation of the alpha/beta-hydroxo group with the metal cations 
on the clay surface. The alpha-hydroxo group possibly has a 
stronger chelating power. This is being currently investigated by 
using attenuated total reflectance Fourier transform infrared 
spectroscopy (ATR-FTIR) and nuclear magnetic resonance (NMR) 
techniques.  
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Ambient particulate matter (PM) and associated trace metals is 

one of the most important environment problem in Panzhihua city. 
Three monthly 24 hour samples of airborne particles (PM2.5 and 
PM10)were collected from one rural and three sites during April 
2014 to January 2015. Mass concentrations of trace metals (Cd, Cr, 
Ni, Cu, Co, Mn, Pb, Zn and V) in PM2.5 and PM10 were determined 
by ICP-MS. Temporal and spatial variations of airborne particles 
and associated trace metals were discussed. Enrichment factor and 
principal component analysis were used to indentified the possible 
source of metals in air. Potential health risk posed by the individual 
metals upon inhalation were calculated using the EPA health risk 
model for both adults and children. 

Fig. 1: The enrichment factors of elements in PM2.5 and PM10, 

Panzhih City 
 
The results show there were about 60% to 100% PM10 samples 

and 60% to 80% PM2.5 samples are exceed the recommended 24 
hour limit values in industrial area. Measurements of PM in dry and 
rainy season showed notably high concentration in dry season. 
Trace elements in the PM2.5 and PM10 were measured and found Cu, 
Pb, Zn, Mn and V were the most abundant elements, which are 
related mostly with fuel combustion. In contrast study, trace 
elements were preferentially presented in fine particles. Due to 
effected by its geograpic feature and climate conditions, the 
concentration values of trace elements observed were 2~10 times at 
industrial sites higher than that of urban residential site. The study 
area can be considered one of the highly polluted industrial areas 
with respect to metal species comparing with other industrial cities. 
The significant increase of the concentration of trace metals at the 
industrial area compare to residental and rural data generates 
additional health risk for people living near this area.  
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The chronology of the hydrothermal activity and ore forming 
processes during the last 300-350 kyr can be evaluated applying the 
radiometric 230Th/U dating of seafloor massive sulfide (SMS) 
deposits [1].  

Collection of 200 SMS samples from the Northern Equatorial 
part of the Mid-Atlantic Ridge (MAR) has been dated. Minerals, 
base and rare metals have been determined in this collection of 
sulfide samples as well.   

As a result of joint analysis of geochronological, mineralogical 
and chemical data the cycles of ore-forming activity during the life 
time of the oceanic hydrothermal system was determined.      

The full-range cycle of different temperature stages of SMS 
deposit formation is represented by the following sulfide mineral 
associations:  

- Isocubanite - pyrrhotite (first - high temperature stage) 
- Chalcopyrite - high Fe sphalerite (second - middle 

temperature stage ) 
- Low Fe sphalerite - marcasite (third - low temperature 

stage) 
The timing and duration of each stage and cycle as a whole 

have been determined for the evolution of hydrothermal systems at 
the MAR during last 170 kyr. 

 
[1] Kuznetsov V., Tabuns E., Kuksa K., Cherkashov G., 

Maksimov F., Bel’tenev V., Lazareva L., Zherebtsov I., Grigoriev 
V., Baranova N. The oldest seafloor massive sulfide deposits at the 
Mid-Atlantic ridge: 230Th/U chronology and composition // 
Geochronometria. 2015. doi: 10.1515/geochr-2015-0009 
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We have studied the distribution of 14C in Ultisos located in 

the Sumter National Forest. There we analyzed three sites:1) 
reference site, which presumably never was used for agriculture; 2) 
tower site, which was used for cotton growing from the beginning 
of the 19th century untill the 1920s and in 1935 became National 
Forest and naturaly was reforested; 3) pine site with the same 
original history as tower site, but in the beginning of 1960s was 
planted with loblolly pine in a spacing study, which was partially 
harvested in 2007 and re-planted with pine again. Our results are 
shown in the figure and table below.  

 

Figure 1: Distribution of radiocarbon in soils under different 
types of land use.  

 
Results 
The performed experimental test were aimed to find out the 

distribution of 14C in the same soil type under different kind of 
forest replanted after the deforestation and land use them for 
growing cotton for more than 100 years.  According to Richter et 
al.[1] surface mineral soils have sequestered minimal carbon over 5 
decades of forest development due to rapid decomposition rates of 
organic carbon input. However, our data show mean residence time 
(MRT) of carbon in the tower and pine sites is an least about 25 
years in the top  
10-15 cm, where accumulated more than 95% of the entire soil 
organic matter (SOM). 

On the contrary the reference site, which presumably has 
original hardwood forest the decomposition rates of SOM is more 
than 3 times faster according to MRT , which about  
8 years for the top 10 cm. These results allow to estimate the rates 
of accumulation and decomposition of SOM and their changes 
under changes of land use and climate changes. 
 
[1] D.Richter et al. (1999), Nature 400:56-58. 
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For the long-term storage of radioactive waste in host rock 

formations with highly saline environments it is important to know 
how indigenous halophilic microorganisms can affect the 
performance of a repository.  An important interaction mechanism 
is the soprtion of radionuclides like uranium on cell surface of 
microorganisms, which has an influence on U migration behaviour. 
Biosorption studies at highly saline conditions are also of interest 
for saline wastewater treatment. 

The sorption of U(VI) on cells of the halophilic archaeum  
Halobacterium noricense DSM 15987 was studied at pH 6.0 and a 
NaCl concentration of 3.0 M in dependence on uranium 
concentration, time and temperature. Independent on the added 
uranium concentration (10 – 120 µM) around 90 % of the added 
uranium was sorbed by the cells at room temperature. Time-
dependent sorption studies indicated a two-step binding process 
with a fast step within the first hours and a second slower one. A 
slightly faster sorption of added uranium could be demonstrated at 
higher temperatures of 50°C. 

Interestingly, with increasing time, uranium concentration and 
temperature the cells began to form agglomerates. Live/Dead 
staining (LIVE/DEAD® Bac LightTM Bacterial Viabilit Kit, 
Molecular Probes) of cells after biosorption with uranium showed 
that nearly all single cells were dead whereas agglomerated cells 
were alive. The cell agglomeration is a stress response to protect the 
cells themselves from environmental challenges. 

The characterization of the formed cell-uranium-complexes was 
even at 3M NaCl with Time-resolved Laser-induced Fluorescence 
Spectroscopy possible and indicated that uranium was bound to 
cellular carboxylic groups. The bounding of uranium not only to 
carboxylic groups but also to phosphate groups of the cell could be 
verified with Infrared Spectroscopy.  

This knowledge is important in understanding microbe-
radionuclide interactions at highly saline conditions in respect of 
geological disposal of nuclear waste and is useful for saline 
wastewater treatment. 
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The Widmanstätten pattern of iron meteorites forms due to 

subsolidus ingrowth of kamacite (α iron, bcc) out of taenite (γ iron, 
fcc) in the presence of P during cooling of the meteorite parent 
body in the early Solar System. Concentration profiles of Ni across 
lamellae serve as a tool to determine cooling rates. The mineral 
growth is accompanied by mass-dependent isotope fractionation of 
the constituting Fe and Ni. Thermodynamic considerations predict 
enrichment in the heavier isotopes in the kamacite phase at 
equilibrium. Formation temperatures can be extracted from the 
equilibrium isotope fractionation of adjusted mineral phases [1]. 
However, the Ni and Fe isotopic compositions in the 
Widmanstätten pattern are controled by subsolidus diffusion 
kinetics. Isotope ratios of these two alloy-constituting elements are 
negatively correlated with less pronounced effects for δFe, a result 
of its higher concentration [2]. Being relatively well studied, the Fe-
Ni isotope system is attractive to elucidate core formation stages. 
Magmatic iron meteorite groups exibit element trends compatible 
with fractional crystallization, initiated by cooling of molten 
asteroid cores. Non-magmatic groups (IAB, IIE, IIICD) are 
believed to have formed through impact melting and as such 
experienced a different crystallization history potentially recorded 
in Fe and Ni isotope ratio profiles [3]. In this work, high precision 
multi-collector-ICP-MS analysis of the Fe and Ni isotopic 
composition for several magmatic and non-magmatic iron 
meteorites was performed. Samples were taken via micro-drilling 
with a 300 μm lateral resolution. The results of Fe and Ni isotope 
partitioning are in agreement with the theoretical predictions of 
Ritcher et al. [2]. The presented Fe and Ni isotopic compositions of 
iron meteorites are compared to those of terrestrial rocks, where 
mass-dependent isotope fractionation is governed by magmatic 
processes under superposition of equilibrium (e.g., 
cristallochemistry) and kinetic (e.g., diffusion) isotope fractionation 
controls [1, 2]. 
 
[1] Young et al. (2015), Chem. Geol. 395, 176-195. [2] Richter et 
al. (2009), Chem. Geol. 258, 92-103. [3] Goldstein et al. (2009), 
Chemie der Erde 69, 293-325. 
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The renewed interest for dihydrogen underground storage in 
natural environments has made storage safety an important issue. 
Since, due to the small size of the molecule, H2 diffuses faster than 
most other gaseous species through a porous medium, gas leaks 
may occur preferentially in some subsurface geological formations. 
To acquire more data on the impermeability of various lithologies 
to hydrogen, migration experiments were conducted at ambient 
temperature in a diffusion cell containing two reservoirs, filled with 
opposing fluxes of gas (Hydrogen and Nitrogen), and separated by 
a water-saturated porous sample of rock. Three cores from clay, 
carbonate, and evaporitic formations were used, with similar 
porosities (25-30%) but different permeabilities. The mobility of 
hydrogen through these porous media was measured using gas 
chromatography. Trace amounts of nobles gases, with various 
solubilities, were also injected with the hydrogen to serve as a 
comparative basis for potential retainment in the pore network. 

A 1-D numerical model was used to determine the effective 
diffusion coefficients of H2 and noble gases within the samples, and 
compare them to their values in water. Preliminary results show 
that hydrogen migration in all tested porous media is slowed down 
more effectively (by at least one order of magnitude) than for noble 
gases, indicating potential surface adsorption/reaction within the 
pore network, especially on clay formation samples. The impact of 
H2 circulation on minerals potentially affected by a change of redox 
conditions (such as gypsum, calcite or Fe-rich clay minerals) and 
present within the targeted saturated porous formation(s), will be 
discussed. 
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The North Anatolian Fault in the Sea of Marmara (Turkey) is a 

spectacular example of a seismically active fault where, in recent 
years, numerous sites of active fluid venting have been discovered 
and explored. During the MARSITECruise expedition in November 
2014 on board the RV Pourquoi pas?, multidisciplinary sampling 
was carried out with the ROV Victor 6000 in order to investigate 
biogeochemical processes taking place at cold seep environments. 
Pore water and sediment samples were collected from shallow push 
cores  
(< 20 cm) at several sites, on both basins and highs in the Marmara 
Sea. Elemental and isotopic analyses (C, S, O) of carbonates, 
organic matter, sulfate and sulfide as well as lipid biomarkers and 
their stable carbon isotopic composition were investigated to assess 
processes associated with coupled methane and sulfur cycling by 
indigenous microbial communities in these methane-rich settings.  

Archaeal lipids diagnostic for anaerobic methane oxidizers (e.g. 
archaeol, sn2-hydroxyarchaeol, crocetane and unsaturated 
pentamethylicosenes) are highly depleted in 13C (from –87‰ to –
114‰) just as bulk organic carbon (down to –62‰). This indicates 
that anaerobic oxidation of methane (AOM) is a primary process 
occurring in the shallow part of the sediment. Moreover, AOM is 
inducing the precipitation of authigenic carbonate in the sediments 
as revealed by negative carbonate carbon isotopes (as low as –
37‰). Abundant 13C-depleted fatty acids assigned to sulfate-
reducing bacteria and pore water sulfide and sulfate concentrations 
and their sulfur and oxygen isotopes strongly suggest that sulfate 
reduction is associated with AOM. The lipid biomarker distribution 
suggests that ANME-2 archaea and the deltaproteobacterial clades 
(sulfate-reducing bacteria) are the major AOM assemblages. 
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Effect of composition of granitoid melt 
and temperature on dissolution of 

tantalite-columbite in the melt: 
Experimental study  

V. CHEVYCHELOV  
IEM RAS, ul. Academician Osip’yan, 4, Chernogolovka, Moscow 
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Experimental study of solubility of a natural crystal tantalite-
columbite (10.5 wt.% MnO, 6.6% FeO, 42.9% Ta2O5, 37.9% 
Nb2O5, 1.7% TiO2, 0.4% SnO2) in model (K2O-Na2O-Al2O3-SiO2) 
melts of alkaline, metaluminous and peraluminous (topaz-
containing) granites was carried out in internally heated pressure 
vessels (IHPV) at T = 650, 750 and 850oC and P = 100 MPa.  

It is established that tantalum content in the melts higher than 
niobium content at all investigated compositions and temperatures, 
so Nb/Ta ratios in the melt are always less than unity and varies 
from 0.70 to 0.07 (Fig. 1). The Nb/Ta ratios were reduced with the 
change in the composition of the melt from alkaline to 
peraluminous granites. At that there is the overall decrease in the 
contents of Ta and Nb (up to 1-2 orders of magnitude), but the 
content of Ta is reduced noticeably weaker compared to Nb. Maybe 
the decrease in temperature can lead to substantial separation of Ta 
and Nb specifically in peraluminous granitic melts.  

 
This work was supported by RFBR grant № 15-05-03393-a  

and program No 2 Fundamental Research of Earth Sciences 
Department of RAS.  

Figure 1: The Nb/Ta ratios in the melt versus temperature. 
Different symbols and lines characterize three melts compositions: 
alkaline (Al2O3/(Na2O+K2O+MnO+FeO) = 0.5-0.6), metaluminous 
(A/NKMF = 1.1) and peraluminous (A/NKMF = 1.6-1.7).  
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We present U-Pb LA-Q-ICPMS age maps of leucosome zircon 
from the Eastern Cordillera of Peru. The zircons have typical grain 
sizes of c. 200×100 μm2 and clearly defined cores and rims (c. 1050 
Ma cores with low U; c. 470 Ma rims with high U). Images were 
acquired by rastering a 7 μm spot at  
3 μm/s, with an 8 Hz repetition rate and a 5.4 J/cm2 fluence. 91500 
zircon was analyzed regularly under identical conditions as the 
primary reference material. The images display excellent 
correlation between CL intensity and U content (Figs 1, 2). The U-
Pb age maps are consistent with independent SIMS ages, while 
secondary standard age maps are either in agreement (Temora) or 
consistently too young (Plešovice). The difference in U-Pb 
fractionation between Plešovice and 91500/Temora is attributed to 
differences in radiation damage or colour which likely influences 
laser coupling at small spot sizes (7μm). 

Customized mapping routines integrated within Iolite (Imago; 
[1]) were developed to analyse the data in more detail, including the 
abilities to: define arbitrarily shaped regions of interest, inspect the 
data under the cursor on a concordia diagram, and bin all of the 
map data onto a contoured concordia diagram. Using this last 
approach, a number of 4×4μm “data” blocks were sampled from a 
U-Pb zircon map. When plotted as a contour on a concordia 
diagram, the data blocks define discordia mixing lines between the 
c. 470 and 1050 Ma age components and also Pb loss and common 
Pb vectors. Potential applications of this new tool include imaging 
complex polyphase zircons and extracting data from polygons of 
isochronous areas; correlating zones of Pb loss with high U; and 
characterising the U-Pb systematics of key samples for U-Pb TIMS 
dating. 

 
[1] 

Petru
s J & 
Kam

ber B 
(2013

) 
Min. 
Mag. 
77(5) 
1959. 



 Goldschmidt2015 Abstracts  

 537 

Proterozoic arsenic dynamics controlled 
by glaciations 

E. CHI FRU2*, E. ARVESTÅL23, N. CALLAC12,  
A. EL ALBANI4, S. P. KILIAS5, ARIAFNE ARGYRAKI5 AND M. 

JAKOBSSON1 
1Stockholm University, Department of Geological Sciences and 

Bolin Centre for Climate Research, SE-106 91, Stockholm, 
Sweden. ernest.chifru@geo.su.se; nolwenn.callac@geo.su.se, 
martin.jakobsson@geo.su.se  

2Nordic Centre for Earth Evolution, Swedish Museum of Natural 
History, Department of Paleobiology and Box 50007, SE-104 
05, Stockholm, Sweden, 

3Uppsala University, Department of Earth Sciences, Paleobiology, 
SE-752 36, Uppsala, Sweden. emma.arvestal@geo.uu.se 

4Université de Poitiers UMR 7285-CNRS, Institut de Chimie des 
Milieux et Matériaux de Poitiers  -  5, rue  Albert Turpin (Bât 
B35) 86073 Poitiers cedex. abder.albani@univ-poitiers.fr 

5Department of Economic Geology and Geochemistry Faculty of 
Geology and Geoenvironment, University of Athens 
Panepistimiopolis Zographou 157 84 Athens, Greece. 
kilias@geol.uoa.gr, argyraki@geol.uoa.gr. 

 
Increased chemical weathering of trace elements from land to 

ocean after the Great Oxidation Event is often correlated to 
biological stimulation near the ocean margins. However, life had to 
develop strategies to combat the sudden bioavailability of a range 
of toxic/redox-sensitive elements that became widely accessible 
because of the GOE. Here, sedimentary As marine records reveal a 
cyclic Proterozoic arsenic concentration pattern influenced by 
glacial-interglacial cycles. Postglacial sedimentary arsenic 
concentrations suggest deterioration of habitable marine conditions 
may have coincided with atmospheric oxygen decline after ~2.1 
billion years ago (Ga). This changed after ~0.58 Ga when marine 
biota developed widespread stress responses against postglacial 
reorganization of global marine elemental cycles, producing 
physiologically robust communities that enabled increased 
oxygenation of the atmosphere-ocean system and radiation of 
complex life. 
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Heterotrophic modification and 
production of long-chain n-alkanes 

during early diagenesis 
YOSHITO CHIKARAISHI AND NAOHIKO OHKOUCHI 
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Molecular and isotopic compositions of long-chain  
n-alkanes have explosively been employed as terrestrial higher 
plant biomarkers in many studies, particularly for reconstructing 
vegetation and associated climatic changes in the geological past. 
However, several previous studies reported that long-chain n-
alkanes in soils are enriched in 13C by several ‰ compared to those 
from the higher plants growing on the soils [1] [2] [3] also reported 
a certain alteration in the isotopic compositions within sequential 
samples of maple leaves, fallen leaves, mold, and soils in a field, 
with the δD values gradually decreasing by ~30‰ from plant 
leaves to soils but the δ13C values gradually increasing by ~3.5‰. 
These gradual changes in isotopic compositions cannot be simply 
explained by the input of plant leaves as the sole source of soil n-
alkanes. 

During early diagenesis, n-alkanes are exposed in the complex 
processes including not only dilution and mixing but also 
heterotrophic assimilation/disassimilation, recycling, and 
production [4]. Understanding of each effect in the molecular and 
isotopic compositions of long-chain n-alkanes are thus required to 
enhance the reliability on the interpretation of the molecular and 
isotopic compositions of n-alkanes in sols and sediments. 

In the presentation, I would like to discuss “effects of early 
diagenesis” on long-chain n-alkanes by focusing “heterotopic 
production” as a potential factor responsible for the significant 
alteration in molecular and isotopic records of long-chain n-alkanes 
during early diagenesis. 
 
[1] Lichtfouse et al. (1995) Org. Geochem. 23, 865-868. [2] 
Nguyen Tu et al. (2004) Paleogeogr. Paleoclimatol. Paleoecol. 212, 
199-213. [3] Chikaraishi & Naraoka (2006) Chem. Geol. 231, 190-
202. [4] Chikaraishi et al. (2012) Geochim. Cosmochim. Acta 95, 
53-62. 
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We have discovered for the first time several chromitite dykes 

that cut a sequence with alternating layers of dunite and chromitite 
in the lower part of the Monchegorsk Layered Intrusion, Russia. 
The chromitite dykes are up to 18 cm thick and several meters long, 
have sharp boundaries with host dunite, and are fine-grained 
cumulate with up to 80-85% of chromite. The dykes are internally 
zoned, with chromite showing an inward decrease in FeO and an 
increase in MgO and Mg-number (Mg/(Mg+Fe2+)). Most olivine 
grains in dunite adjacent to chromitite dykes are reversely zoned in 
terms of Mg-number (up to 3-5) and their rims become higher in an 
Mg-number as contacts of chromitite dykes are approached. The 
dykes and layers are also disparate in platinum-group element 
(PGE) patterns, with the former being significantly enriched in an 
Ir-subgroup PGE (Os, Ir and Ru) and depleted in a Pt-subgroup 
PGE (Pt, Pd and Rh). These differences preclude the formation of 
chromitite dykes from tectonically remobilized chromitite layers. 
Similarly, the dykes cannot be formed from chromite-rich slurries 
replenishing the evolving magma chamber. Gravity-induced 
separation of chromite from such slurries in feeder conduits cannot 
result in chromitite dykes with such a high concentration of 
chromite. Also, the lack of stratiform chromitite layers to be 
produced from such slurries higher up in the section of the intrusion 
is not compatible with this idea. We propose that chromitite dykes 
are produced from the prolonged flow of initially chromite-
saturated magma that crystallized chromite cumulate in situ along 
sidewalls of feeder conduits. A high abundance of chromite in 
dykes can be explained by a high ability of magma flowing along 
the channel to remove interstitial liquid from in situ growing 
chromite. Internal zonation of dykes and reversely-zoned olivine 
can be attributed to a postcumulus interaction between chromite in 
dykes and olivine in adjacent dunite, a process not fully understood 
but thought to mediate through a film of trapped liquid.  
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Micro-continents, or continental fragments, that rifted from the 
northern margin of Gondwana have been involved in several stages 
of the Tethyan evolution with the development of multiple 
magmatic events since the Paleozoic time. The tectonic relationship 
among the Greater Caucasus terrane, Transcaucasus basement and 
Laurussia supercontinent remains controversial due to poor age and 
geochemical constraints. Herein we present new zircon Hf isotopic 
analyses for seventeen magmatic rocks, mainly from the Dzirula 
complex, in Georgian Caucasus. The analytical results represent 
significant Carboniferous (332-309 Ma) magmatism of less 
radiogenic zircon Hf isotopic signatures to suggest a dominant 
crustal contribution with less depleted-mantle involvement in the 
magma genesis. These granitoids, exposed both in the Greater 
Caucasus and Transcaucasus domains, contain numerous inherited 
zircons of a major age distribution at ca. 700-500 Ma and strongly 
various Hf isotope compositions, indicating an affiliation with 
magmatic activities that produced the juvenile Arabian-Nubian 
Shield crust and reworked Neoproterozoic materials in the northern 
Gondwana. We thus confirm the existence of Arabian-derived 
micro-continents which had played an important role on the crustal 
evolution in the region. Furthermore, the Triassic (~222 Ma) 
gabbros that intruded into the Dzirula complex and the Late 
Cretaceous (86±1 Ma) rhyolite from the Lesser Caucasus yielded 
zircon Hf isotopes that can imply the juvenile mantle component to 
have highly contributed to the magmatic evolution in Georgian 
Caucasus during the Paleo- and Neo-Tethyan subductions. 
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Black carbon is a carbonaceous component ubiquitous in 

natural environments. Black carbon has also been evaluated as 
adsorbent for water treatment, sediment remediation, and other 
engineering applications. We previously showed black carbon 
materials such as soot, graphite, and char are not merely chemically 
passive sorbents but redox-active catalysts that can mediate abiotic 
redox reactions [1]. Here, we further demonstrate that 
microorganisms can also take advantage of the redox properties of 
black carbon and utilize it as a rechargeable geobattery to support 
microbial electron transfer processes.  A schematic diagram 
illustrating the proposed black carbon-mediated electron transfer 
transformation is shown below. 

 
Experiments were conducted using a wood-based biochar 

prepared through slow pyrolysis at 550 oC and Geobacter 
metallireducens as a model bacterium. Acetate was used as an 
electron donor and nitrate an electron acceptor. The ability and 
efficiency of the biochar to facilitate acetate oxidation and nitrate 
reduction were investigated through batch experiments carried out 
in an anaerobic glove box. Data will be presented that support of 
the hypothesis. The underlying mechanism through which black 
carbon facilitates microbial redox transformation will be presented. 
The environmental implications and potential engineering 
applications of the results will be discussed. 
 
[1] Oh and Chiu (2009) Environ. Sci. Technol., 43, 6983-6988 
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The Japanese Islands are regarded to have been located on the 
eastern margin of the Asian Continent before opening of the East 
Sea (Japn Sea) in Miocene time. The Hida belt in the southwest 
Japan is a pre-Cretaceous continental terrane among the Japanese 
island arc system which is predominated with oceanic terranes. 
Thus understanding tectonic evolution of the Hida belt is critical to 
correlate it with major East Asian cratons and to reconstruct 
configuration of the Permo-Triassic continental collisions. 

We report here SHRIMP U-Pb monazite age obtained from a 
paragneiss (biotite+cordierite+sillimanite+garnet) of Oki-Dogo 
Island in the Hida belt (Oki Gneiss). Monazites from the sample are 
round and generally 100-300 �. BSE images reveal complex 
internal patchy zoning of the monazite. Analyses on the monazites 
have U and Th values ranging 3539-11222 ppm and 28877-45387 
ppm, respectively, and form an array of dispersive apparent ages 
which define the upper and lower intercepts at 1858 ± 15 and 220.3 
± 3.4 Ma (n =14, MSWD = 2.9). These ages are well corroborated 
with our previous SHRIMP U-Pb zircon ages of the Oki Gneiss 
which have marked Late Paleoproterozoic (1867±16 Ma) and 
Triassic metamorphism (235.0±6.1 Ma). Slightly younger ages of 
the monazite than those from the zircon would be ascribed to lower 
blocking temperature of monazite. Our monazite age data confirm 
that the Oki Gneiss was formed at ca 1.9 Ga, and much older than 
gneiss in Hida area (Hida Gneiss) which was deposited during 
Paleozoic. The ca 220 Ma age obtained from monazite indicate that 
the Permo-Triassic tectonotermal events had taken effect until 
upper Triassic time in the Hida belt. The ca 1.9 Ga formation age 
and the Permo-Triassic tectonotermal events of the Oki Gneiss 
suggest its possible crustal correlation with the Paleoproterozoic 
gneiss from the Gyeonggi Metamorphic Complex in Korean 
peninsula. 
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Atmospheric aerosols are complex mixtures of particles 

suspended in the air with sizes ranging from a few nanometers to 
tens of micrometers Chemical characterization of individual 
particles is a challenging task. To comply with this objective, 
confocal Raman microspectrometry that combines the spatial 
resolution of optical microscopy and the molecular analysis 
capabilities of Raman scattering was used in order to acquire 
molecular information from individual micrometer-sized aerosol 
particles at ambient laboratory conditions [1]. By using multivariate 
curve resolution (MCR) technique [2] spectra of pure species and 
their corresponding spatial distribution within the micrometer scale 
were extracted simultaneously from the Raman images. 

Detailed information on the size, morphology, chemical 
composition, and internal structure can be obtained by TEM/EDX. 
Modification of aerosol surface properties at different relative 
humidities (from 30% to 90%) can be investigated by atomic force 
microscopy (AFM) using an environmental cell [3]. Nanoscale 
imaging under controlled humidity conditions gives insights into 
aerosol activation processes (in-cloud processes) through 
successive humidities cycles. 

Examples will be given from urban pollution events occurred in 
northern France. Our studies evidence local aerosols suffering 
ageing processes leading to the formation of new particles in 
different mixing states, e.g. internally-mixed vs externally mixed, 
from intrusion of long-range transported aerosols. Our observations 
serve as input geometry in algorithms for retrieving aerosol 
properties. 

This work was conducted in the framework of CaPPA project 
(ANR-11-LABX-0005-01). 

 
[1] M. Choël et al. (2006) Atmos. Environ. 40, 4439-4449. [2] R. 
Tauler (1995) Chemometr. Intell. Lab. Syst. 30, 133. [3] Liu et al. 
(2008) Anal. Chem. 80, 633-64. 
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The Huangsongpu is located on about 23km northeast of Mt. 

Baekdu’s caldera, one of the world’s largest active volcanoes. 
Geochemical characteristics of spinel peridotite xenoliths, enclosed 
in Miocene alkali basalt (12.0~16.7 Ma) in the Huangsongpu, 
provide important clues for understanding the lithosphere 
composition, equilibrium temperature and pressure conditions, and 
depletion and enrichment processes of subcontinental lithospheric 
mantle beneath Mt. Baekdu. Thin section, electron microprobe, and 
LA-ICPMS analyses were used to obtain detailed textural 
information, mineral compositions, and whole rock geochemistry. 
The spinel peridotite xenoliths from the Huangsongpu are classified 
as protogranular and porphyroclastic texture types. Absence of 
mineral reaction rims and uniform compositions of minerals 
indicate that minerals of the spinel peridotite xenoliths were in 
equilibrium before eruption. The equilibrium temperatures of the 
spinel peridotites from the Huangsongpu are 825~1062℃. The 
variations of modal and mineral compositions of the spinel 
peridotite xenoliths indicate that the spinel peridotite xenoliths have 
undergone 1~15% fractional melting and cryptic mantle 
metasomatism.  
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Porewater nutrients and total organic carbon (TOC) were 

measured in core sediments in order to understand geochemical 
environment of continental shelf and slope of Hupo and Ulleung 
basin in East/Japan Sea. Nutrients profiles in pore water show that 
denitrification were active predominately in the upper 2~4cm 
sediment layer in continental shelf and continental slope whereas 
up to 8cm in Ulleung basin. These differences suggested that the 
sedimentary organic matter is more actively decomposed at the 
basin than at continental shelf and continental slope.  

Concentrations of TOC in the core sediments were higher in the 
continental shelf stations than the continental slope stations and 
also represented over 2% in the surface sediment at basin station 
due to regional high organic carbon flux. 

The C/N ratios of organic matter in the study area indicated that 
the source of organic matter was a mixture of terrestrial and 
biogenic origin at continental shelf and continental slope stations 
and derived from marine sources at basin station. 
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In order to investigate the dynamic biogeochemistry in bottom 
boundary layer (BBL) and the importance of BBL in 
biogeochemical cycles of metals [1] in this marginal sea, synoptic 
features of dissolved (<0.2 µm) and labile particulate (total 
dissolvable - dissolved) metals (Fe, Mn, Ni, Cd) in water column 
and sediment porewater of upper (500 m) and lower slope (1000-
2000 m), and basin (>2100 m) regions were acquired through high 
resolution water sampling near the seafloor. 

Dissolved Mn and Fe concentrations varied widely in the range 
of 0.14-64.8 nM and 0.17-8.65 nM, respectively, and especially 
were enriched in the BBL, which showed about 100-200 m 
thickness from the seafloor. Dissolved Ni and Cd concentrations 
varied in the range of 3.42-5.11 nM and 0.04-0.45 nM, respectively, 
showing typical nutrient profiles without any enrichment in BBL. 
Although labile particulate Fe and Mn varied in opposite with 
dissolved metals in the upper water column regardless of regions, 
they increased rapidly with dissolved metals together to the seafloor 
within the BBL [2]. Particulate Ni and Cd were measurable (>0.1 
nM) only in the surface waters with high biological activity. 
Dissolved oxygen was consumed as much as from 0.1 M/m2 (upper 
slope) to 0.9 M/m2 (basin) within the BBL. Standing stocks of 
dissolved and particulate Mn and Fe in the BBL were estimated, 
and compared to diffusive fluxes from sediments using porewater 
metal profiles and the amount of depleted dissolved oxygen within 
the BBL. Since the diffusive fluxes of Mn+2 and Fe+2 from 
sediments were positively correlated with the standing stocks of 
dissolved and particulate metals, the oxidation processes of 
reducing materials emitted from porewaters might play a significant 
role for the consumption of dissolved oxygen in the BBL. 

 
[1] Pilskaln et al., 2013. Deep-Sea Research II, 103:55-65 [2] Laës 
et al., 2007. Biogeosciences, 4: 181-194 
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Graphical methods (e.g., Piper diagram) and statistical cluster 
analysis (e.g., hierarchical clustering) have been used to cluster 
water samples as an initial step to interpret hydrochemical 
processes (natural versus anthropogenic) controlling groundwater 
quality. However, these conventional approaches can be 
unsatisfactory for reasonable interpretation because 1) groundwater 
quality can be too complex to successfully analyze using 
conventional graphical methods, 2) hydrochemical properties of the 
natural groundwater system can vary continuously, and 3) 
statistically, the geometrical space of compositional data makes up 
the simplex and therefore the distance between two compositional 
observations should be measured by the Aitchison distance, 
whereas most of statistical clustering methods are based on 
Euclidean space. This study aims to evaluate various clustering 
methods to better understand hydrochemical processes using 
hydrochemical dataset (a kind of compositional data) and to 
effectively visualize the results of clustering. For this study, 
hydrochemical data of 80 groundwater samples were collected in an 
agricultural area of Anseong, South Korea. The Ilr (isometric log-
ratio)-transformed data of the concentrations of major solutes (Na, 
K, Ca, Mg, HCO3, SO4, NO3, and Cl) were interpreted using the 
soft clustering method (i.e., Model-based and Fuzzy C-means 
clustering). Then, the fuzziness/probability of the samples 
belonging to specific groups was plotted on Piper diagram for the 
visualization of quantitative clustering results. In addition, the 
principal component analysis (PCA) was conducted to understand 
the factors determining hydrochemical facies. The results yielded 
three well-defined water types: 1) Ca-HCO3, 2) Ca-Na-HCO3, and 
3) Ca-Cl-NO3 types. Each group is interpreted to represent distinct 
groundwater masses: 1) Ca-HCO3 type represents a recently 
recharged groundwater, 2) Ca-Na-HCO3 type represents a highly 
evolved groundwater through water-rock interaction, and 3) Ca-Cl-
NO3 type represents highly contaminated (esp., nitrate-rich) 
groundwater. The PCA results and kriging maps also supported the 
results of the model-based and Fuzzy C-means clustering. 
Therefore, this study shows the successful application of the model-
based and Fuzzy C-means clustering method to compositional 
hydrochemical data. 
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Scheelite(CaWO4) occurs as one of the ore minerals in the two 
distinctive skarn zones, vein skarn zone (VSZ) and massive skarn 
zone (MSZ), of the Weondong polymetallic deposit, Korea. On the 
basis of mineral assemblages determined by using polarized 
microscope, X-ray diffraction (XRD), scanning electron 
microscope (SEM) and energy-dispersive X-ray spectroscopy 
(EDX), VSZ and MSZ can be subdivided into two types, 
respectively. In VSZ-1 type, scheelite occurs in small fractures of 
quartz porphyry as a subhedral medium sized(0.8~1mm) in the long 
dimension with distinct internal zoning, and is associated with 
quartz, plagioclase, K-feldspar and fluorite. In VSZ-2 type, 
scheelite occurs in the altered quartz porphyry as a subhedral 
relatively large sized (0.5~5mm) in the long dimension, and is 
associated with diopside, garnet, wollastonite, calcite, fluorite, 
galena, pyrite and molybdenite. In MSZ-1 type, scheelite occurs as 
a euhedral relatively large sized(1.5~3.5mm) in the long dimension, 
and is associated with enstatite, diopside, vesuvianite, fluorite and 
magnetite. In MSZ-2 type, scheelite occurs as a patch-shaped 
anhedral small sized(0.3~0.8mm) in the long dimension, and is 
associated with garnet, calcite, wollastonite and vesuvianite. 
 In this study our goal is to reveal the chemical characterization of 
scheelites from the different types using SEM-EDX and LA-ICP-
MS and to consider how the different types of scheelite can be 
linked to the geochemical conditions that they formed. The W-Mo 
substitutions increased in VSZ-1 and MSZ-1 types, indicating 
scheelite in these types formed at relatively oxidized state. Mineral 
mapping results using SEM-EDX imaged clear chemical difference 
of internal zones of scheelite crystal. Chondrite-normalized REE 
contents steeply decreased from La to Lu, with negative Eu 
anomalies in VSZ-2 and MSZ-1 types. VSZ-1 scheelites were 
significantly enriched in middle REEs of 10~100 times those of 
other scheelites. MSZ-2 scheelites showed unique HREE enriched 
pattern. 
In the further study, we will try to explain the main factors that 
caused these differences in the mineral chemistry of each type of 
scheelites and find out the geochemical condition changes of each 
scheelite's forming process. 
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Determination of Cation Exchange Capacity (CEC) in various 

bentonites available at home and abroad was carried out by three 
different analytical methods. Bentonite is an important source of 
montmorillonite which is a 2:1 sheet-layered smectite clay mineral 
with platy structure in which ionic substitution takes place, 
therefore, in order to neutralize their surface charge, interlayer 
cations can be located between the layers, and other cations can be 
absorbed reversibly [1] [2]. One of them is a BaCl2/MgSO4 method 
which is further substitution of Mg subsequent to Ba, followed by 
titration using EDTA under addition of ammonia buffer [3]. 
Another is an ammonia electrode method for ammoniated 
bentonites [4]. The other is a equilibrium pH method in which total 
exchangeable metallic cations of bentonite are replaced with acetic 
acid [5].  

Comparison of CEC values in various bentonites determined by 
three different analytical methods is shown in Fig. 1. The pH 
method was the most simplest but the CEC values were higher than 
those obtained by the ammonia electrode method in the case of 
bentonites containing calcites. 

 

Figure 1: Comparison of CEC values in various bentonites 
determined by three different analytical methods 

 
[1] Uddin (2008) Metall. Mater. Trans. A 39A, 2804-2814. [2] 
Dohrmann & Kaufhold (2009) Clays clay Miner. 57, 338-352 [3] 
Inglethorpe et al. (1993) Bentonite [4] Borden & Giese (2001) 
Clays clay Miner. 49, 444-445 [5] Jackson (1958) Soil Chemical 
Analysis 

0 1 2 3 4 5 6 7 8 9 10 11
0

10

20

30

40

50

60

70

80

90

100

110

120

130

 BaCl2/MgSO4 method
 ammonia electrode method
 pH method

	  

	  

CE
C,

 m
eq

/1
00

g

sample number



 Goldschmidt2015 Abstracts  

 550 

New insights on Fe-S minerals and clay 
matrices in anoxic coastal sediments 

G. CHOPPALA1*, R BUSH1 AND L SULLIVAN1 

1Southern Cross GeoScience, Southern Cross University, PO Box 
157, Lismore, NSW 2480, Australia 

*correspondence: girish.choppala@scu.edu.au 
 

Iron monosulfides (FeS) including mackinawite, pyrrohotite 
and greigite, form rapidly in anoxic sediments, and then typically 
transform to pyrite under normal depositional conditions. The 
reaction mechanisms involved in this transformation are a rich 
source of scientific debate and active research. At least 2 
mechanisms have been identified, with the mineralisation pathways 
dictated by environmental factors and physical sedimentary 
processes. Here, we explore the potential relationships bewteen iron 
sulfides and clay mineral fractions in contrasting reducing 
depoistional environments: a eutrophic contemporary estuarine 
benthic sediment , and a Holocene coastal floodplain sediment.  

Sediments were collected from the two contrasting sites: i) Peel 
Harvey Estuary (West coast of Australia) and; ii) Tucken Swamp 
(coastal floodplain on the east coast of Australia). Fe and S 
speciation, and minerology were determined as key parameters to 
understand biogeochemical cycling of iron. 

Surprisingly, the total Fe and S pools were higher in inland 
swamp than in the estuary. Labile Fe (1M HCl extractable Fe) was 
most abundant in both sediments which demonstrates the iron 
monosulfides accumulates in eutrophic hypersulfidic sediments. 
XAS Fe K-edge results confirm the dominance of mackinawite. X-
ray diffraction revealed a striking similarity in the clay minerals at 
the two starkly different sites, with mostly kaolinite and smectite in 
equal measure. Implications of this universal nature of the clay 
mineral composition and its dissociation with Fe-S mineral 
fractions to depositional sedimentary processes is discussed.
  
 
[1] Bush et al. (2004), Soil Research. 42, 603-607. [2] Rickard and 
Luther. (2007), Chemical Reviews 107, 514-562. 
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Geological fluids are essential agents for the transport of 

material and energy in many geological processes, including 
magmatic activities, hydrothermal and metamorphic reactions, and 
formation of minerals, ores, oil, and natural gases. Knowing the 
basic physicochemical properties of these fluids will enhance our 
ability for understanding or formulating models of geological 
processes.  

For the study of geological fluids, many types of high-pressure 
optical cells have been constructed, including the hydrothermal 
diamond-anvil cell (HDAC) [1] and the fused silica capillary high-
pressure optical cell (FSC-HPOC) [2]. The versatilities and 
capabilities of these types of optical cells were enhanced by the 
developments of associated in-situ micro-analytical methods, 
including Raman spectroscopy and synchrotron X-ray 
spectroscopy. Even though the construction of a new type of 
HDAC (type V) and associated temperature controlling system has 
extended our routine experiments to temperatures (T’s) up to 1000 
ºC at elevated pressures (P’s) (> 1 GPa) [3], the use of HDAC 
suffers two major drawbacks: (1) Difficult to load fluid samples of 
known compositions; and (2) unable to measure the sample 
pressure directly. However, these limitations were eliminated in the 
use of FSC-HPOC; even though the applicable P and T ranges are 
much smaller (< 200 MPa and < 600ºC), the FSC-HPOC can still 
be used to study the fluids involved in many geological processes. 
Furthermore, the newly available heating-cooling stage (Linkam 
CAP500) [4], designed specifically for the FSC-HPOC, and the 
development of the “Hg-sealed” [5] and “capillary non-mixing” [6] 
methods, for studying fluid samples of known compositions in the 
FSC-HPOC, greatly improved our capabilities for quantitative and 
kinetic studies of geological fluids. 
 
[1] Bassett et al. (1993) Rev. Sci. Instr., 64, 2340-2345. [2] Chou et 
al. (2005) in Advances in High-Pressure Technology for 
Geophysical Applications. Chapter 24, 475-485. Elsevier. [3] Li et 
al. (2013) Geofluids, 13, 467-474. [4] Chou (2012) EMU Notes in 
Mineral., 12, 227-247. [5] Guo et al. (2014) Fluid Phase Equil., 
382, 70-79. [6] Applegarth et al. (in press) Appl. Spectr. 
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Fine particulate matter (PM2.5) have been recently paid attention 
more in environmental and health research due to their negative 
effects on human health, air quality, and climate changes. Although 
numerous studies have been conducted to quantify and characterize 
the PM2.5 with source identification, their chemical and physical 
properties were incompletely understood. This study is addressed to 
compare the physical and chemical properties between the PM2.5 
and other size fractions of atmospheric particles (i.e., PM>2.5), and 
evaluate qualitatively the contribution of PM2.5 to environmental 
pollution. The collected PM2.5 and PM>2.5 samples showed blackish, 
and dark brownish colour, respectively. The PM2.5 particles contain 
approximately 10 µg/m3 carbonaceous aerosols consisting of 90% 
organic and 10% black carbon (BC). The BC, interestingly, were 
observed more frequently in the PM>2.5 samples rather than PM2.5, 
based on X-ray imaging and SEM analyses. The PM2.5 particles 
contributes >50% of harmful metal component contents such as Cd, 
Zn, and Cr compared to other atmospheric aerosols. 
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The Rifle Site consists of a floodplain along the Colorado River 
that was remediated through the removal of surface material 
including U-V mill tailings. The Rifle Site provides an excellent 
field laboratory for the study of the fluxes of water and carbon from 
the vadose zone to groundwater (LBNL SFA 2.0).  A network of 
monitoring wells, particularly a series of boreholes instrumented 
within the vadose zone, provide the opportunity to sample 
groundwater and vadose zone porewater both in space and time.   

Previous and on-going work at Rifle has documented the 
existence of local naturally reduced zones within aquifer sediments 
(1).  These zones can interact with seasonal variations in 
groundwater elevation to drive bio-mediated redox reactions that 
produce temporal changes in concentrations of nitrate, sulfate and 
other species in porewater that may play a role in maintaining high 
U concentrations in the Rifle aquifer.  In this contribution we will 
present isotopic data for multiple elements in porewater from the 
vadose zone (sampled through depth-distributed lysimeters) and 
from groundwater in order to better understand the complex 
interplay of processes evident during the annual Spring-Summer 
rise and fall of the Rifle water table.  Sr isotopes (87Sr/86Sr), δ18O-
δD of water, and 234U/238U activity ratios are potential tracers for 
source and sediment/water interaction, while δ238U, δ82Se and δ34S 
(of sulfate) can be useful proxies for redox reactions.  Seasonal 
excursions in porewater and groundwater U concentrations of 100’s 
of ppb are attributed to U dissolution/desorption followed by 
mixing to lower concentrations based upon observed variations in 
U and Sr isotope values and limited evidence of reduction-induced 
isotope fractionation. 
 
[1] Campbell et al. (2012) Appl. Geochem. 27(8), 1499-1511 
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Mineral exploration companies have carried out stream 
sediment geochemical surveys during the 1970s and 1980s in the 
Hauraki Goldfield in their exploration for epithermal Au-Ag and 
porphyry Cu deposits, and submitted their results to Government as 
a condition of their permits. The data were compiled in the 
REGCHEM (Regional Exploration Geochemistry) database, 
managed by GNS Science [1]. The database contains analyses for 
>11,000 fine fraction stream sediment samples from >80 separate 
surveys. The stream sediment samples were typically analysed for 
Au and As, and in many cases for other elements including Cu, Pb, 
Zn, Sb, W and Mo. However, only analyses for Cu, Pb and Zn have 
coverage over most of the area, and all of their concentrations 
above the lower levels of detection for the elemental analyses. 
Maps of contoured Cu, Pb and Zn concentrations generally show an 
enrichment, and most anomalous values, in the western part of the 
goldfield. This is interpreted to reflect tilting of the goldfield to the 
east and deeper levels of erosion on the western side of the 
goldfield. The epithermal deposits are vertically zoned with Cu-Pb-
Zn sulphide minerals more common in their deeper levels. Erosion 
into this deeper Cu-Pb-Zn epithermal and porphyry Cu 
mineralisation accounts for the enrichment of these elements on the 
western side of the goldfield, to elevate their background 
concentrations. Strongly anomalous values are related to specific 
epithermal and porphyry copper style occurrences. 
 
[1] Warnes & Christie (1995) AusIMM Pub Series 9/95, 611-616. 
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Anthropogenic 236U has been introduced into the oceans as a 
result of nuclear weapons tests (global fallout), and, more locally, 
into the North Atlantic Ocean and the North Sea by releases of 
radionuclides from the nuclear reprocessing facilities Sellafield 
(UK) and La Hague (F). While the natural (lithogenic) 236U/238U 
ratio in ocean waters is expected to be ≈10-13, ratios of 10-9 – 10-8 
have been measured in surface waters on the Northern Hemisphere 
[1-3].  

This presentation gives a comprehensive overview about the 
first data sets of 236U/238U in the Northwest Atlantic Ocean (sampled 
in 2010) [4], the Arctic Ocean (2011/2012) [5], and the North Sea 
(2009/2010) [6]. Our results show that nowadays the North Sea and 
the Arctic Ocean are dominated by 236U from nuclear reprocessing, 
while the Northwest Atlantic Ocean (64°N – 2.5°N) is still 
dominated by 236U from global fallout.  

Our recent studies in the North Sea and the Arctic Ocean 
demonstrate that the combination of 236U with 129I allows 
identification of the sources for these nuclides in a water mass 
according to the respective 236U/238U and 129I/236U ratios. For 
example, waters labelled by global fallout are characterised by 
129I/236U atom ratios below 1, while the combined releases from the 
Northwestern European reprocessing facilities can be identified by 
129I/236U ratios of about 100 at/at with increasing trend over the past 
≈25 years. Following this approach we conclude that the deep and 
bottom waters in the Amerasian Basin contain <1% waters of 
anthropogenic origin. Implications of this new dual tracer concept 
for the calculation of transit times and the estimation of mixing 
ratios e.g. of Atlantic Waters in the Arctic Ocean will be discussed.  
 
[1] A. Sakaguchi et al. (2012) EPSL 165, 333–334. [2] M. Christl et 
al. (2013) NIM B 294, 530-536. [3] M. Christl et al. (2012) GCA 
77, 98-107. [4] N. Casacuberta et al. (2014) GCA 133, 34-46. [5] 
N. Casacuberta et al., JGR Oceans, in review. [6] M. Christl et al. 
(2015) NIM B, in press. 
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The stability of mineral surfaces depends strongly on the 
composition of the wetting fluid. Typically, the oxide and silicate 
surfaces are oxygen terminated. In presence of water, the surface 
oxygen atoms participate in protonation reactions. The extent of 
surface protonation can significantly modify electrostatic properties 
of the mineral surfaces leading to pH dependent sorption of cations 
and anions. Exemplary in this context, is a strong pH dependent 
sorption of ions by clay minerals and Calcium-Silicate-Hydrates 
(C-S-H). Understanding the ion sorption mechanism in such 
systems and a mechanistic description of the sorption process 
require a combination of multi-scale simulations and experimental 
studies. Such an approach has been developed and applied to 
simulate the ion uptake by disordered surface of tobermorite [1]. 
The disordered surface of tobermorite is also widely accepted as a 
model for wide range semi-amorphous C-S-H phases formed in 
hardened cement paste.   

Recent advances in computational methods make possible to 
determine the free energy of ion exchange reactions by direct ab 
initio simulations in realistic systems taking into account effects of 
molecular solvent explicitly. Protolysis of OH groups associated 
with the bridging and pairing silica tetrahedra on disordered 
tobermorite surface by far controls the pH dependent uptake of 
ions.  We calculate pKa values of these sites using the 
thermodynamic integration technique based on molecular dynamics 
simulations at the density functional level of theory [2].  
Incorporating ab initio pKa values and a more realistic site 
distribution in GCMC simulations [3] we estimate their effects on 
ion uptake by the surface of tobermorite. We further apply ab initio 
thermodynamic integration technique to calculate the free energy of 
Al incorporation into Si-tetrahedra from aqueous solution. 
Consistent with recent ab initio studies of Al-Si exchange in C-S-H 
[4], Al preferentially substitutes for Si in bridging tetrahedra. 

 
[1] Churakov et al. (2014) JPC C, 118, 11752-11762. [2] Sulpizi & 
Sprik (2008) PCCP, 10, 5238-5249. [3] Labbez et al. (2006) JPC B, 
110, 9219-9230. [4] Pegado et al. (2014)  JMC A 2, 3477-3483. 
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Existing experimental data on lithium diffusion is limited to 
anhydrous systems and predominantly atmospheric pressures (see 
review in [1]). Here we investigate the more natural cases of water-
saturated melts at the pressure-temperature range of the upper crust. 
Secondary ion mass spectrometry (SIMS) analyses of experimental 
run products on the Los Posos rhyolitic melt from [2] indicate that 
elemental lithium diffuses faster than the stable isotopes 6Li and 7Li 
can equilibrate (Fig. 1).  
Figure 1: Unpublished SIMS data (Hervig) on experimentally-
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and elemental Li diffusion observations are likely to be sensitive to 
timescales relevant for short-lived magmatic processes (seconds to 
weeks) in the shallow crust, such as magma ascent. This may be 
especially true in the presence of water, as heavier 7Li dominantly 
partitions into the fluid phase [3], and could be important for 
interpreting degassing processes. A series of water-saturated intra-
melt diffusion-couple experiments at pressures ≤ 300 MPa and 
temperatures from 900-1200°C are currently in progress. 

 
[1] Zhang et al. (2010) RiMG 72, 311-408, [2] Stanton (1990) 
Ph.D. thesis, Arizona State Univ., [3] Millot et al. (2010) GCA 74, 
1852-1871. 
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A decade after the ban on leaded gasoline in Central Europe, 
we studied temporal and spatial changes in Pb concentrations in 
vertical and horizontal atmospheric deposition. During three winter 
seasons (2009 – 2012), more than 400 rime (horizontal deposition) 
and 600 snow (vertical deposition) samples were collected from 10 
mountain-top study sites situated throughout the Czech Republic.  

Soluble and insoluble Pb concentrations were determined using 
sector-field ICP-MS. Soluble Pb concentrations in rime (7.0 to 26.0 
μg L-1) exceeded soluble Pb concentrations in snow (1.14 to 10.99 
μg L-1). Insoluble Pb concentrations in rime (0.084 to 3.50 μg L-1) 

exceeded insoluble Pb concentrations in snow (0.084 to 0.72 μg L-

1). Across the sites, the total Pb input was from 403 to 3670 µg m-2 
per winter (November – March).  

Our results indicate that horizontal deposition accumulates 
more Pb, compared to vertical deposition, as a consequence of its 
larger surface area. Horizontal deposition was slightly higher at 
sites bordering Poland, where coal mines and thermal power plants 
are located. The north-eastern part of the Czech Republic is 
affected by lead emissions from regional anthropogenic sources. In 
general, Pb pollution levels in remote high-elevation areas of the 
Czech Republic are extremely low. 
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Laser ablation inductively coupled plasma mass spectrometry 

was used to investigate the concentrations of trace elements (Mn, 
Co, Ni, Cu, Zn, Ge, As, Se, Ag, Cd, In, Sn, Sb, Te, Au, Pb, Bi) in 
more than 150 grains of pyrite, chalcopyrite and bornite from 
porphyry type deposits in Romania. The investigated samples are 
from the Neogene Subprovince of the Apuseni Mountains (Roşia 
Poieni, Bucium-Tarniţa, Colnic, Rovina, Valea Morii and Bolcana 
deposits) and from the Banatitic Subprovince of the Southern 
Charpatians (Moldova Nouă deposit). The results show that Bi, Ag, 
Se and Te are preferentially concentrated in bornite (403-1684 ppm, 
114-301 ppm, 291-833 ppm and up to 65 ppm, repectively), and 
chalcopyrite (0.27-57 ppm, 5.92-63 ppm, 171-453 ppm and up to 
39 ppm, respectively). In pyrite, Cu is the main trace element (140-
1604 ppm), followed by Co (53-1344 ppm), As (18-685 ppm) and 
Se (24-702 ppm). At Colnic, the mean Au concentration was 1 ppm 
in chalcopyrite and  
7.4 ppm in pyrite, while in the other deposits Au is < 1 ppm both in 
copper sulfides and in pyrite. Although most analyzed spots 
indicate the presence of trace elements as atoms trapped in the 
sulfide mineral lattice, several measurements suggest that Pb, Zn, 
Au, Te, Bi, Se, Cd, Co and Ni are also present in 
micro/nanoinclusions both in copper sulfides and in pyrite. The 
wide range of contents, the irregular distribution of trace elements 
and high abundance of mineral inclusions reflect rapid precipitation 
of minerals in non-equilibrum conditions, repetitive dissolution and 
re-crystallization. The determined values indicate an enrichment in 
Co, Se, Ag, Cd, Te and Au in the sulfides of the Neogene deposits 
from the Apuseni Mountains, while in the Laramian Moldova Nouă 
deposit, the sulfide minerals are richer in As, Sb, In, Sn, Ge and Tl. 

 
This research was funded by the Romanian National Authority 

for Scientific Research (ANCS-UEFISCDI) through the project PN-
II-RU-PD-2011-3-0172 and the ERA-MIN projects SUSMIN 
(contract 3004/2014) and MAXI (contract 3006/2014). 
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Like most minerals, sulfides and oxides are compositionally 
heterogeneous at the smallest scale. Application of different 
techniques is necessary to fully understand their crystal-chemistry, 
each with its own inherent advantages and disadvantages, and each 
with limited ranges of observational scale. Focused Ion Beam 
Scanning Electron Microscopy (FIB-SEM) opens up new avenues 
for in-situ sampling of small volumes of material characterized by 
other techniques, including SEM, EPMA and LA-ICPMS. Slices 
lifted from the surface of a sample, can be imaged and prepared for 
Transmission Electron Microscopy (TEM). This permits bridging 
of micro- to nanoscale observations on a site of petrogenetic 
interest. Constraints on ore-formation can be related to crystal-
structural modifications via super-structuring or nanoscale 
characterization of mineral inter-growths that can be tied to 
crystallization from higher-temperature solid solutions. Recognition 
of the latter, as opposed to replacement processes, is a topic of 
much debate.  

Here we show examples from Cu-(Fe)-sulfides and Fe-oxides, 
two mineral groups that define iron oxide-copper-gold deposits 
such as Olympic Dam (OD), South Australia. Cu-Fe-sulfides 
(chalcocite and related Cu2-xS species, bornite and chalcopyrite) 
display distinct lamellar or symplectitic intergrowths throughout 
three of the four ore zones at OD. Compositional data (EPMA) 
combined with TEM analyses on FIB-prepared foils shows that 
their nanoscale intergrowths, superstructuring and antiphase 
boundary domains can be interpreted as due to exsolution, 
coarsening and phase transformation, leading to meaningful cooling 
paths relative to phase diagrams. Such information backs up a 
vertical zoning that is due to primary ore precipitation rather than 
replacement. 

Inter-conversion between magnetite and hematite is a 
phenomenon attributed to redox changes. However, this can also 
occur via pH variation, in particular when maghemite, a transitory 
transformation phase occurs during replacement of primary 
magnetite by secondary hematite, as noted in BIF deposits. We 
show such transformation in samples from the deposit edges at OD. 
This helps constrain the origin of Fe-oxide intervals within granite 
as BIF-related blocks from older lithologies which the granite (host 
for mineralization at OD) has intruded. 



 Goldschmidt2015 Abstracts  

 561 

Organic-bound trace metals and 
geosphere-biosphere co-evolution: 

Development of a novel biosignature  
E. R. CISCATO1*, D. VANCE1, T. R. R. BONTOGNALI1,  

S. H. LITTLE1 AND S. W. POULTON2 

1Institute of Geochemistry and Petrology, Department of Earth 
Sciences, ETH Zürich, Switzerland  

(*correspondence: emily.ciscato@erdw.ethz.ch) 
2School of Earth and Environment, University of Leeds, UK 
 

The study of C-N-S isotopes is a well-established approach for 
investigating the interplay between environmental changes and the 
Earth’s early biosphere. Here we introduce the development of a 
novel biosignature, by extending the traditional geochemical 
approach to the abundance and isotopic systems of organic-bound 
trace metals.  

Metalloproteome analyses suggest that trace metals (e.g. Cu, 
Fe, Mo, Ni, Zn) were selectively utilised by different organisms and 
metabolisms at different times throughout the evolution of the 
biosphere. We seek to investigate this hypothesis by extracting 
trace metals from the organic matter (kerogen) preserved in a suite 
of rocks and sediments spanning the past 3.5 billion years. We have 
developed an extraction methodology that enables us to 
successfully determine and compare the abundances and isotopic 
signatures of trace metals within the silicate fraction (or bulk rock), 
the sulphide fraction, and the purified kerogen fraction of each 
individual sample. This has allowed us to observe distinct 
differences in trace metal geochemistry both between fractions of 
individual samples and between the same fractions from samples of 
different ages.  

Our preliminary results from the Archean Kaapvaal Craton, 
South Africa and modern Peru Margin sediments are especially 
striking in the case of Fe and Zn and their isotopes. Our data agrees 
with previous work [1] in highlighting light Fe in the Archean 
versus heavier Fe in modern sulphides. An opposite trend is 
observed for Zn with respect to Fe. Our data suggest fundamentally 
different patterns of oceanic mass balance and biospheric uptake for 
the Archean versus the modern, and shows promise for elucidating 
the currently unresolved Zn oceanic mass balance [2]. Ultimately, 
we show that the application of trace metal geochemistry has great 
potential as a novel biosignature, likely to be of instrumental 
importance in understanding the co-evolution of the Earth’s 
dynamic geosphere and biosphere. 
 
[1] Anbar A.D. and Rouxel O.J. (2007) Annu. Rev. Earth Planet. 
Sci. 35, 717-746. [2]Little S.H., et al. (2014) GCA 125, 673-693. 
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The presence of minor sulfur isotope anomalies in the 

sedimentary record constrains atmospheric oxygen to trace levels 
prior to 2.3 billion years ago, and indirectly indicates the presence 
of a reducing gas (likely H2 or CH4) at this time. The database of 
mass-independently fractionated sulfur isotopes (MIF-S) has grown 
substantially in the previous decade and reveals complex time- and 
facies-dependent changes in MIF-S magnitudes.  The complicated 
structure within the sedimentary MIF-S record suggests that 
constraints beyond an “on-off” switch for atmospheric O2 are 
possible is we can better understand the mechanisms that generate 
and preserve the signal in the rock record. 

Recently, I proposed a quantitative framework necessary for 
accurate predictions of MIF-S generated in the atmosphere [1]. One 
conclusion of this study was that additional constraints on Archean 
atmospheric chemistry beyond the lack of O2 were not possible 
without new fundamental laboratory measurements of MIF-S 
generation mechanisms. Two recent studies have removed some of 
these roadblocks. Identification of MIF-S arising from the 
photoexcitation band of SO2 [2] and new measurements of the SO2 
photoabsorbtion cross-section [3] provide critical new ground-truth 
on all 4 isotopes of sulfur, enabling much stronger constraints on 
the composition of the reducing atmosphere. 

This presentation will present 1-D photochemical modeling 
results using these new fundamental laboratory data in conjunction 
with sedimentary multiple sulfur isotope data, in order to constrain 
the steady-state composition of the Archean atmosphere and time-
dependent perturbations to it. 
 
[1] Claire et al., Geochimica et Cosmochimica Acta (2014) [2] 
Whitehill et al., Proceedings of the National Academy of Sciences 
(2013) [3] Endo et al., Journal of Geophysical Research (2015) 
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The recent boom in oil and gas production from shale 

formations has led to wide scale concern about risks to overlying 
freshwater aquifers. Hydraulic fracturing and vertical drilling in 
these formations could result in seepage and leakage that would 
impact drinking water resources far from production wells. Here we 
propose the use of mineral carbonation reactions to selectively seal 
fractured shale formations and control leakage. Mineral carbonation 
reactions between CO2 and magnesium or calcium bearing silicates 
at high pressures and temperatures in the aqueous phase have been 
studied extensively as an ex situ method for mineralization of CO2 
from power plants. In this work we evaluated the idea of deploying 
these same reactions in situ shale formations under reservoir 
temperature and pressure conditions. The cation donor could be 
introduced to the formation as a proppant and the CO2 could be 
pumped in using the same infrastructure used for gas production. 
This approach could be used during production to control leaks or 
following production to seal the entire formation. The ancillary 
benefit of this approach is that it would permanently bury 
significant amounts of CO2. 

Batch and flow experiments were carried out to characterize 
physicochemical properties of these reactions under the pressure 
and temperature conditions of the Marcellus Shale in the United 
States. Conversion efficiency for wollastonite (CaSiO3) and CO2 in 
the presence of ground shale particles was evaluated using semi-
quantitative XRD and found to be over 50% after 24 hours. 
Scanning Electron Microscopy (SEM) reveals that, following 
reaction, the shale particle surfaces are covered with precipitated 
calcite crystals ranging in size from 1 to 5 µm. X-ray computed 
tomography (xCT) characterization of packed column experiments 
of shale particles in the presence of CaSiO3 showed clear changes 
to the pore size and structure. The precipitated CaCO3 formed on 
the surface of the shale particles in a manner likely to decrease 
porosity and fluid conductivity. 
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The overall cost of carbon capture and storage is dominated by 
that of capture and gas separation. This capture cost could be 
lowered by injecting gas mixtures into rocks as is now being tested 
at the CarbFix-SulFix site in SW-Iceland.  There, a gas mixture of 
70% CO2 and 30% H2S is dissolved in water from the Hellisheidi 
geothermal power plant and injected into the basaltic rocks. The 
initial CarbFix and SulFix projects demonstrated solubility storage 
of the pure separate gases in a few minutes [1] [2] and that more 
than 80% of the injected CO2 into basaltic rocks was mineralised 
within a year from its injection at 20–50°C [3]. 

During the first phase of the CarbFix-SulFix project, 
approximately 5000 tonnes of CO2 and 3500 tonnes of H2S 
annually will be dissolved in condensation water, mixed with waste 
water and injected to 750 m depth into the high temperature 
reservoir at 200–270°C. The gas mixture injection began on 3 June 
2014, while tracer tests started three weeks later. By the end of the 
year 2014, 2400 tonnes of CO2 and 1300 tonnes of H2S had been 
injected.  

Water and gas samples were collected from four monitoring 
wells. There is a minor increase in CO2 (total dissolved carbon) and 
H2S (total dissolved sulphite), while the majority of major elements 
are relatively stable. Preliminary data from monitoring wells 
therefore suggests that some of the injected gas mixture is already 
stored as minerals in the basaltic reservoir. 

 
This project has received funding from the European Union’s 

Seventh Framework Programme, CO2-React: Geologic Carbon 
Storage. 

 
[1] Sigfusson et al. (2015) Int. J. of Greenh. Gas Control 37, 213–
219. [2] Gunnarsson et al. (2013) GRC Transactions 37, 785–789. 
[3] Matter et al. (2014) Energy Procedia 63, 4180–4185.  
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A bivalve mollusc shell Δ47−temperature calibration is 
presented for measurements made on the bespoke MIRA (Multiple 
Isotopologue Ratio Analyser) mass spectrometer at the University 
of East Anglia. MIRA is essentially linear, with respect to bulk 
isotope composition, across a 120‰ range in δ47CO2 values and 
does not require application of any pressure baseline (i.e. PBL) 
correction (e.g. [1]). Δ47 values are calculated simply from raw 
Faraday cup signals, with normalisation onto the absolute reference 
frame [2], to compensate for scale compression, using an empirical 
transfer function based on measurements of CO2 equilibrated with 
water at 25ºC and CO2 heated at 1000ºC. Sample gases were 
prepared by 25ºC offline phosphoric acid reaction, with CO2 clean-
up completed manually via cryogenic transfer through an offline 
vacuum line consisting of two ca. -115ºC ethanol/liquid nitrogen 
mix spiral traps and a U-shaped porapak trap held between -20ºC 
and -30ºC. The porapak trap was heated to ca. 145ºC in vacuo 
between all samples. 

Bivalve specimens measured are those investigated by two 
published studies [3, 4], allowing for comparison of Δ47 values 
between three clumped-isotope laboratories, as well as between 
sample preparation and mass spectrometric measurement 
techniques. Δ47 data also are presented for an osterich egg shell, 
with assessment of the veracity of the assumption that such calcite 
material is precipitated at 38ºC [5]. The MIRA bivalve shell Δ47 
values and Δ47−temperature calibration also are compared to 
theoretical predictions for calcium carbonate Δ47 dependency on 
temperature [6]. 
 
[1] He et al. (2012) RCMS 26, 2837−2853. [2] Dennis et al. (2011) 
GCA 75, 7117−7131. [3] Petrizzo et al. (2014) GCA 142, 400−410. 
[4] Henkes et al. (2013) GCA 106, 307−325. [5] Wacker et al. 
(2014) GCA 141, 127−144. [5] Guo et al. (2009) GCA 73, 
7203−7225. 
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Biological reduction of insoluble metal oxides such as goethite 
and hematite can occur during a process known mineral respiration. 
Microorganisms that are capable of mineral respiration include 
Shewanella oneidensis MR-1, a Gram negative bacterium that 
expresses an MtrCAB porin-cytochrome complex in the outer 
membrane in order to transfer electrons from the cell interior to the 
surface.  Once at the surface of the cell electrons are transferred to 
insoluble minerals either directly or indirectly.  In order to study the 
kinetics of the MtrCAB complex it was necessary to develop a 
system where electron transfer through the complex and into 
minerals could be monitored.  We have generated a liposome 
system that contains a methyl viologen redox dye inside the 
liposomes, and MtrCAB embedded in the membrane.  These 
liposomes can be charged with electrons in form of reduced methyl 
viologen and then mixed with terminal electron acceptors in order 
to measure the rate of methyl viologen oxidation through the 
MtrCAB complex.  The role of different electron donors inside the 
liposome, and of alternative electron acceptors such as flavins are 
shown to affect the rates of electron transfer, and likely have an 
effect of the rate of mineral reduction in the environment. 
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Phanerozoic Oceanic Anoxic Events (OAEs) represent severe 
perturbations to the Earth climate system that result in extreme 
chemical changes in the oceans and are commonly associated with 
extinction events. Proxies indicate widespread de-oxygenation of 
the water column during these discrete intervals that may be global 
in extent, however the feedback processes involved in OAE 
development are not completely understood. In particular, the 
recent discovery of the Plenus Cold Event, defined by a short-term 
return to cooler climates and potentially more oxygenated 
conditions during OAE2 (Cenomanian–Turonian), raises questions 
on the stability of anoxic conditons. 

Here we present new high-resolution 238U/235U (δ238U) data 
from classically defined OAE2 sections (Eastbourne, South Ferriby 
and Furlo) to gain an insight into the global development of anoxic 
conditions. The fractionation of U is strongly redox dependent, 
whereby the heavier phase is sequestered into organic-rich 
sediments under anoxic conditions, driving the water-column δ238U 
signature toward lighter values. This water-column signature is 
incorporated into carbonates and can be analysed by MC-ICP-MS. 
Due to the long residence time of U in the oceans, δ238U potentially 
provides a record of global deoxygenation. 

We compare the new record of δ238U with other redox- 
sensitive elements (Mo, Fe and S), that show different  redox 
responses and oceanic residence times, in order to understand the 
chemical evolution of the global oceans. In combination with 
published records for temperature (Mg/Ca and TEX86) and 
weathering (Li, Sr and Ca isotopes) we are better able to 
characterize the global carbon cycle during these extreme 
perturbations.  
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Synchronous, sub-parallel and long-lived volcanism along the 
South Atlantic hotspot tracks (Tristan-Gough, Discovery, Shona) as 
well as their alignment at the projected edge of the African Large 
Low Shear wave Velocity Province (LLSVP) supports their origin 
from plumes rising from the lower mantle [1]. The Walvis Ridge-
Tristan/Gough seamount province in the South Atlantic represents 
130 Myr of continuous intra-plate volcanism that can be connected 
to the once conjunct Parana-Etendeka flood basalt province. With 
this it represents one of the few primary hotspots consistent with 
the thermal plume model. In addition, the Tristan-Gough plume has 
been shown to represent the longest-lived, bi-laterally zoned mantle 
plume (>70 Myr) yet observed [2]. 

The detailed dredge sampling of cruise MV1203 using the R/V 
Melville complements previous sampling, achieving a dense 
coverage of seamounts <70 Ma. Samples free of seawater alteration 
from 26 previously unsampled seamounts reveal in Pb isotope 
space a third compositional zone. This zone persists for at least 60 
Myr and is sampled by seamounts between the two previously 
identified zones. However, in Pb isotope space the three zones can 
be described as a set of binary mixing arrays between only four 
mixing endmembers, each well defined as intersections of 2 or 3 
arrays. The Tristan-endmember only contributes to the northern 
zone, the Gough-endmember to the southern zone. The fact that all 
three zones have contributions from the DSDP-525 and high-
206Pb/204Pb endmembers as well as the lack of ternary or quaternary 
mixtures has important dynamic implications. The shared DUPAL 
character and contributions in space and time of the Tristan and 
Gough endmembers suggest sources linked to the LLSVP. Here all 
plume-zones relate to the LLSVP, thus the explanation of LLSVP 
vs. non-LLSVP sources as the cause of plume zonation does not 
apply. The origin of the well-defined mixing endmembers is 
modelled in the context of DUPAL and global variations of oceanic 
basalts. 
 
[1] O’Connor et al., 2013, Nature Geoscience 5, 735-738; [2] 
Rohde et al., 2013, Geology 41 335-338.  
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Clay minerals are present in many sediments and because of 

their high surface area and cation exchange capacity, they play an 
important role in the transport and immobilization of radioactive 
and toxic metals in nature. Kaolinite is one of the most common 1:1 
clays (where 1:1 is the ratio of tetrahedral Si to octahedral Al) and 
although its cation exchange capacity (CEC) is lower than for 
swelling  (2:1) clays, the kaolinite abundance makes it 
environmentally important. 

We examined the behaviour of Eu3+, as a model for the 
radioactive trivalent lanthanides and actinides, at the kaolinite-
water interface, in the presence of competing ions, Na+ and Ca2+. 
We also investigated the effect of a carboxylic acid. We analysed 
the clay-water interface using cryogenic X-ray photoelectron 
spectroscopy (XPS), which allowed us to simultaneously quantify 
all species present at the interface with supplemental information 
from density functional theory (DFT) and atomic absorption 
spectroscopy (AAS). 

At pH 4.3±0.1, addition of carboxylic acid to both high and low 
salinity samples resulted in an increase of sorbed Eu3+. At low 
salinity, Eu3+ sorbed at the expense of the other cations. A change 
in mechanism is seen at high salinity, where the addition of 
pentanoic acid resulted in increased surface concentrations of all 
three cations.These results provide data that will improve safety 
assessment modelling for the environmental fate of radioactive 
contaminants. 
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Crustal differentiation begins with partial melting, and the 

production of hydrous granitic liquids, initially contained within 
their residual matrices. For differentiation to occur, the magmas 
must form and escape the residual protoliths. Do granitic magmas 
collect into large, gravitationally unstable batches that then ascend 
or do they bleed out of the sources in small steams? If the physical 
reality is the small streams, then we must question the validity of 
the concept of magma segregation, as it is commonly conceived. 

Archean TTGs and S- and I-type granites have distinctive 
compositions, and their plutons contain chemically distinct 
domains. The best explanation for this lies in source-level 
entrainment of peritectic assemblages. Such magmas are normally 
out of equilibrium with the rocks through which they must ascend. 
In the brittle crust, magma ascent is in dykes, at rates that preclude 
wall-rock interactions. Such interactions most likely occur at near-
source depths, where the rocks are at higher T. The existence of 
contrasting granite types and well defined chemical heterogeneities 
in plutons, strongly constrains how magmas must separate from 
their sources. Exposed deep-crustal sections are typically diverse, 
with layers of fertile rocks surrounded by less fertile domains. If the 
melts segregate and accumulate into large volumes at their sources, 
they should be substantially modified by reaction with other source 
rocks. Thus, mooted processes in MASH or DCH zones would 
destroy heterogeneities, producing larger batches of more 
homogeneous magma, perhaps with evidence of extensive magma 
mixing. 

Partial melting stoichiometry produces broad similarity among 
granite types. I-type magmas are formed by incongruent melting of 
Bt and Hbl, as mixtures of peraluminous, felsic melts and peritectic 
Ilm, Opx, Cpx and Pl, and the limited range of reaction 
stoichiometry produces I-type granites from a wide range of 
protoliths. Distinct chemical domains in plutons reflect distinct 
domains in the fertile sources. Their preservation implies limited 
interaction with wall rocks and limited degrees of homogenisation. 
With the apparent absence of geological examples of MASH or 
deep crustal hot zones, this suggests that such places are either rare 
and inefficient or purely imaginary. This also implies that, even at 
near-source levels, granitic melts must be rapidly and efficiently 
removed from their sites of formation. 
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In this study, we measured Sr, Nd and Li concentrations and 

isotopic compositions in the surface reservoirs (rain waters, 
atmospheric dusts, litter, rocks, soil, soil solution and river samples) 
of a small forested andesitic watershed located in the tropical rain 
forest of Guadeloupe. This catchment is characterized by highly 
depleted soils, mainly composed of mature secondary minerals.  

Soil samples Sr isotopes ratios (between 0.7086 and 0.7155) 
and Nd isotpes ratio (between 2,71 and -8,39) are intermediate 
between andesite and Saharan dust endmembers revealing the 
significant contribution of atmospheric deposition to soil 
composition. These results and mineralogical data point toward a 
multi-layered soil profile which has been built by successive 
volcaniclastic episodes separated by periods of dust deposition. The 
87Sr/86Sr ratio in litter samples ranges between 0.70966 and 
0.71019 and also attests the importance of atmospheric sources in 
the base cation nutrient pool. 

Li isotope composition measured along a 12.5 m deep soil 
profile varies from +3.9‰ near the surface to -13.5‰ at 11 m 
depth. Compared to unweathered andesite (+5‰), the deep soil 
signature is in agreement with preferential incorporation of light Li 
into secondary minerals. In the top soil however, our results also 
emphasized that atmospheric depositions (wet and dry) are a main 
source of Li to the soil. The decreasing δ7Li with increasing depth 
is consistent with a vertical gradient of incorporation of heavy 
atmospheric Li, this input being maximal near the surface. 

In this tropical Caribbean context, with very thick and cation 
poor soil, atmospheric deposits (sea salts and Saharan dust) have 
therefore a strong impact on soil genesis. Because of thick saprolite 
layer, vegetation is isolated from primary minerals and the 
atmospheric inputs constitute a significant nutrient supply for 
vegetation growth. 
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The accretion of planets from primordial materials and their 

subsequent differentiation to form a core and a mantle are 
fundamental questions in terrestrial and solar system. Many of the 
questions about the process, although well developed as model 
scenarii over the last few decades, are still open and much debated. 
For example, could the presence of water during the metallic phase 
segregation affect the planet-accretion models? In fact, recent 
geodynamical, geochemical/cosmochemical studies suggest 
accretion of volatile elements from wet planetesimals during the 
segregation of the terrestrial planets’ cores [1-4].  

The existing studies on the elemental metal-silicate partitioning 
under hydrous conditions are limited to 1 GPa [5] [6] well below 
the likely conditions prevailing during core formation on Earth and 
Mars. 

In the present study we use multi-anvil technique aver a range 
of P, T, fO2 and water content (5 – 20 GPa, 2000 –  
2500 K, from 1 to 5 log units below the iron-wüstite buffer, and for 
XH2O varying from 500 ppm  to 1.5 wt%). The present experimental 
results show that, except for Fe, the metal-silicate partition 
coefficients for Ni, Co, V, Cr and Mn are little dependent on the 
dissolved water into the early magma ocean. Finally, presence of 
water during the core formation on Mars can explain at most 25% 
of the FeO content of the present martian mantle. 

We will present and discuss our results on the metal-silicate 
partitioning of various siderophile elements under hydrous 
conditions, as well as the impact of those conditions on the 
oxidation state of the mantles of Earth and Mars. 
 

[1] Morbidelli et al. (2000) Meteoritics & Planetary Science 1320, 
1309-1320. [2] Marty (2012) EPSL 313-314, 56-66. [3] O’Brien et 
al. (2014) Icarus 239, 74-84. [4] Sarafian et al. (2014) Science 346, 
623-626. [5] Righter and Drake (1999) EPSL 171, 383-399. [6] 
Jana and Walker (1999) GCA 63, 2299-2310. 
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Are metal stable isotopes a useful tracer 
for ecosystem processes? 

CHRISTOPHE CLOQUET1 
1CRPG, UMR-CNRS 7358, Nancy, 54500, France 

(cloquet@crpg.cnrs-nancy.fr) 
 

Twenty years after the introduction of multicollector-ICP-MS, 
most of the periodic table elements have been investigated for their 
isotopic composition variation. Metals and metalloids stable 
isotopes received a particular attention and nowadays there is about 
1 publication coming out per working day. If small modification of 
the isotope ratios are detected and accessible in various studies, 
largest variations were recorded in anthropogenically impacted 
environments and in the biological compartments. 

The importance of the ecosystem in the biogeochemical cycle 
of the metals and particularly transition metals has been considered 
as negligible since long time, which is not the case anymore. We 
realised that the impact of the vegetation may have an important 
role in the geochemical cycle and this impact could be traced using 
metal stable isotopes. 

Here, I will mainly present some of our recent investigations on 
Zn and Ni isotopic variation in the field and laboratory 
experiments. I will highlight 1) how the soil/solution-plants transfer 
affect Zn and Ni isotope ratios and 2) the difference existing 
between different plant species by using the isotope ratios variation 
inside the plants. I will stress on information obtained with the 
isotopic tool and present in which extend this tool can be used to 
trace processes in the ecosystem. Finally, I will try to evaluate the 
contribution of the ecosystem to the global biogeochemical cycle. 



 Goldschmidt2015 Abstracts  

 574 

Sea-ice influence on carbon and silicon 
biogeochemical cycles in the Southern 

Ocean 
I. CLOSSET1*, D. CARDINAL1, F. THIL2 AND G. MASSÉ3 

1LOCEAN, Sorbonne Universités, UPMC, 75252 Paris, France (* 
ivia.closset@locean-ipsl.upmc.fr) 

2LSCE, av de la Terrasse F-91198 Gif-sur-Yvette, France. 
3TAKUVIK, ,Québec City, Québec, Canada G1V 0A6 
 

Sea ice plays a fundamental role in the regulation of global 
climate, particularly by the formation of dense waters as observed 
on the continental shelf off Adélie Land (Southern Ocean). There, 
diatoms are major primary producers and key exporters of organic 
matter and silica. Their impact on carbon (C) and silicon (Si) cycles 
in this zone has great implications on the global ocean 
biogeochemistry. As they fractionate C and Si isotopes during their 
growth, their isotopic compositions (δ13C and δ30Si) are closely 
linked to the primary production (PP) and the degree of silicic acid 
utilization in surface waters.  

Sediment trap samples from mooring deployed there showed a 
massive sedimentation event in January that represent more than 
90% of the total annual sedimentation and is probably linked to the 
PP in the Mertz Polynya area. The main variation of δ30Si occurred 
during this short event (from 0.2 to 0.5‰). This flux was likely 
composed by a mixing between isotopically heavy sea-ice diatoms 
(δ30Si from 0.41 to 0.86‰, [1]) and light planktonic diatoms (δ30Si 
from -0.93 to -0.06‰ as measured in the mixed-layer – ML – above 
the mooring) whose contribution to the flux varies along the season.  

By comparing Si and C fluxes and stocks from ML to deep 
layers with their respective isotopic signatures, we will discuss the 
nutrient dynamics and their links with ML PP, and understand how 
the isotopic signature of exported opal is preserved from the 
euphotic zone to the underlying sediments. 

 
[1] Fripiat et al. (2007) J. Geophys. Res., 112, G02001 
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We present here the results of in-situ viscosity measurements 

on MgSiO3, CaMgSi2O6 and CaSiO3 melts up to 7 GPa using the 
falling-sphere viscometry technique in a Paris-Edinburgh Cell [1] 
and X-ray radiography Imaging. We found a negative pressure 
dependence of the viscosity up to 7 GPa both along liquidus and at 
constant temperature. This is in agreement with our previous 
viscosity measurements on Fayalite melt but in contrast with 
previous studies on depolymerised silicate melts which have found 
a positive pressure dependence on a similar pressure range [1]. We 
will show that the pressure variations can likely be associated with 
structural changes such as the increase in Mg-O, Ca-O and Fe-O 
coordinations with pressure. In addition, our results compare 
favourably to the available numerical simulations [2] [3] and will 
therefore help to constrain models of depolymerized silicate melt 
viscosity at high pressure. This has important implications to 
understand planetary differentiation but also for interpreting the 
transport properties of modern magmas. 

 
[1] Spice, H., Sanloup, C., Cochain, B., de Grouchy, C., Kono, Y., 
(2015) Geochimica et Cosmochimica Acta 148, 219–227. [2] Karki, 
B., Stixrude, L., (2010) Science 328, 740–742. [3] Verma, A.K., 
Karki, B.B., (2012) American Mineralogist 97, 2049–2055. 
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The radon-222 mass balance is commonly used for the 

estimation of Submarine Groundwater Discharge (SGD) fluxes in 
coastal areas. One of the main loss term, the radon evasion to the 
atmosphere (Fatm), is usually not measured but estimated on the 
basis of empirical equations linking gas exchange coefficient (k) 
with wind speed (Fatm=k*(Cw-α*Ca)). According to the equation 
chosen, the result may be very different especially for high wind 
speed. These equations defined using gases like O2 and CO2 and 
mainly in open ocean may be less appropriate for shallow areas and 
222Rn. 

Here we propose to estimate the gas exchange coefficient in 
shallow lagoon based on radon mass balance. 222Rn activities in 
water and air, water temperature and salinity, 226Ra activities and 
wind speed were measured on a shallow water column in the Berre 
lagoon (France) during several days and for different wind 
conditions. We estimated the different terms of the radon mass 
balance (Fprod, Fdecay and Fdiff) in order to evaluate Fatm. The gas 
exchange coefficients are then calculated and linked to wind speeds 
(Figure 1) for each days or each hours of measurements. 

Figure 1: Gas transfer coefficient versus wind speed. 

 
We obtain two equations, based on daily or hourly data, linking 

the gas exchange coefficient normalized to the Schmidt Number of 
CO2 at 20°C in seawater (k660) to wind speed at 10m height (U10):  

These equations will be discussed in comparison with previous 

one from the litterature and used in an example of SGD budget 
from Mar Menor lagoon (Spain). 
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Chromites in high-Al and high-Cr chromitites from the 
ultramafic massifs of Golyamo Kamenyane and Jakovitsa 
(Bulgaria) preserve four types of microstructures: i) partly- altered 
chromite, with primary cores surrounded by porous chromite 
enriched in Cr and Fe2+ and depleted in Al and Mg; ii) porous 
chromite, with chlorite in the pores; iii) zoned chromite, with 
primary cores surrounded by non-porous chromite enriched in Fe3+; 
and iv) non-porous chromite. The different patterns of zoning are 
the consequences of two-stage processes associated with the 
infiltration of different fluids. 

P-T-X diagrams for high-Al and high-Cr chromitites indicate 
that the first stage of alteration takes place by reaction of primary 
chromite with olivine in presence of SiO2-rich fluids, to produce 
chlorite and porous chromite. The highest changes in Cr# and Mg# 
in chromites are generated coevally with: i) significant enrichment 
in Zn, Co and Mn but depletion in Ga, Ni and Sc in high-Al porous 
chromite, and ii) diffusion of these elements between cores and 
porous rims (with higher Ga, Ti, Ni, Mn, and Sc, but lower V) in 
high-Cr partly-altered chromite. Our thermodynamic model suggest 
that porous chromite is stable from 700 to 450ºC, in eclogite to 
amphibolite facies. Calculated temperatures for the second stage 
using isothermal Al-Cr-Fe3+ sections indicate the formation of 
ferrian chromite from 450 to 600ºC, overlapping with those 
modeled for the first stage. High-Al and high-Cr cores of zoned 
chromite show the same pattern of minor and trace elements 
(depleted in Ga, Ni and Sc and enriched in Zn and Co) due to their 
diffusion through the non-porous chromite (with high Zn, Co, Mn, 
Fetot and, more in Ti, Ni and Sc, but low Ga) grains and rims of 
zoned chromite. Thus, the alteration of chromite is a consequence 
of the evolution of fluids from reducing SiO2-rich to more 
oxidizing, obliterating the geochemical fingerprint of the magmatic 
chromite.  



 Goldschmidt2015 Abstracts  

 578 

Structure, dynamics and reactivity of 
fluids in confined geometries 

D. R. COLE1, A. ANDERSEN2, S. GAUTAM1, D. HOYT2,  
E. MAMONTOV3, K. MUELLER2, A. KOLESNIKOV3, T. LE4, T. 

LIU1, S. OK1, S. PATANKAR1, A. PHAN4, G. ROTHER5, A. 
STRIOLO4, D. TOMASKO1 AND N. WASHTON2 

1School of Earth Sciences, The Ohio State University, Columbus, 
OH 43210 (cole.618@osu.edu, gautam.25@osu.edu, 
liu.2189@buckeyemail.osu.edu, 

 ok.12@osu.edu, sumant.patankar@gmail.com, 
tomasko.1@osu.edu) 

2Pacific Northwest National Laboratory, Richland, WA 99354 USA 
(amity.andersen@pnnl.gov, david.hoyt@pnnl.gov, 
karl.mueller@pnnl.gov, nancy.washton@pnnl.gov) 

3Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA 
(mamontove@ornl.gov, kolesnikovai@ornl.gov) 

4University College London, London WC 1E 7JE United  
Kingdom (a.striolo@ucl.ac.uk, anh.phan.13@ucl.ac.uk,  
thu.le.13@ucl.ac.uk ) 
5Oak Ridge National Laboratory, Oak Ridge, TN 37831-6110, USA 

(rotherg@ornl.gov) 
 

Hydrocarbons, aqueous solutions, and gaseous species (e.g. 
CO2, CH4) can occupy the pores or fractures of numerous types of 
complex heterogeneous solids.  The size, distribution and 
connectivity of these confined geometries, the chemistry of the 
solid, the chemistry of the fluids and their physical properties 
collectively dictate how fluids migrate into and through these 
micro- and nano-environments, wet and ultimately react with the 
solid surfaces. Many solids are comprised of pore regimes ranging 
from large macropores at the millimeter scale to small micropores 
at the sub-micron and nanometer scale. Our current understanding 
of the rates and mechanisms of fluid and mass interaction within 
these multiporosity systems at the molecular scale is far less robust 
than we would like. We will provide an overview of the application 
of state-of-the-art experimental, analytical and computational tools 
to assess key features of the fluid-matrix interaction.  The 
multidisciplinary approaches highlighted will include neutron 
scattering and NMR experiments, thermodynamic measurements 
and molecular-level simulations to quantitatively assess molecular 
properties of C-O-H fluids confined to well-characterized porous 
media, subjected to temperatures and pressures relevant to 
subsurface energy systems. These studies conducted in concert 
provide a fundamental understanding at the molecular level of how 
intrinsically different fluids behave in confined geometries 
compared to bulk systems. 
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There are still gaps in our understanding of Mesoproterozoic 

(~1.8 – 0.8 Ga) redox conditions. To provide new constraints in this 
critical interval, we have investigated the Arctic Bay formation in 
Arctic Canada. The Arctic Bay formation of the Borden Basin, 
northern Baffin Island, is a black shale unit of latest 
Mesoproterozoic age (~ 1092 Ga) [1]. We determined the iron 
speciation trace element enrichments, and chromium and Mo 
isotopes values to improve our understanding of atmospheric and 
marine redox conditions just prior to the diversification of complex 
life. Iron speciation data indicate deposition under primarily anoxic 
conditions. These constraints, independent from trace element data, 
allow use of redox sensitive trace element concentrations (Mo, U, 
and V) to track the extent of global marine redox, Trace element 
concentrations reveal enrichments of redox sensitive Mo and U 
similar to other anoxic to euxinic Proterozoic basins [2] [3]. Mo 
values indicate 1 – 10% of the seafloor was euxinic at the Meso-
Neoproterozoic [2], while the U record is consistent with 
Mesoproterozoic values indicating persistent and widespread 
reducing conditions [3]. Cr isotope data fall within bulk crustal 
values indicating < 0.1% PAL, consistent with Proterozoic 
ironstone data [4]. However, we found strong vanadium 
enrichments. A drawdown of the marine V reservoir would be 
expected under the widespread anoxic conditions, yet the opposite 
is observed. This pattern of V enrichment may be linked to 
widespread suboxic marine conditions, which can act as a source 
for V, allowing buildup in the marine reservoir [5].   
 

[1] Turner & Kamber (2012), Precamb. Res [2] Reinhard et al. 
(2013), PNAS [3] Partin et al. (2013), EPSL [4] Planavsky, et al. 
(2014), Science. [5] Thomson et al. (2015), Precamb. Res. 
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The geochemical cycles of the elements C, H, N, O, S and Cl 
involve biological processes which give different products from 
those predicted for an abiological system. This is because metabolic 
processes are major drivers of the geochemical cycles in a biotic 
system and impart significant isotopic changes. Thus, cataloging 
and balancing the isotopic compositions of different, often 
admixed, components within a system or microsystem can, when 
properly applied, define a  biomarker. Geochemical investigations 
and the search for biosignatures require not only stable isotope 
analysis but also for it to be spatially resolved on various scales. 
This usually requires taking specimens back to the lab from the 
field and extraterrestrial material back to  Earth, which is unlikely 
to happen until after Sample Return for most Martian samples. 

We exploit a new analytical technology, Capillary Absorption 
Spectrometry (CAS), not used previously for any field or space 
flight instrument. It uses IR laser absorption spectrometry, similar 
in principle to that in TLS (part of SAM on MSL rover Curiosity) 
but instead of an analysis chamber, the sample is in a tapered, 
hollow optic fiber. This needs only a very small sample, while 
increasing gas interaction with laser light, reducing the amount 
needed by approximately four orders of magnitude and allowing 
isotopic analysis of 5 nanomole of CO2 or H2O. We expect similar, 
extraordinary improvements in the analysis of other isotopic 
compounds.  

Spatially resolved measurements utilize a second laser to 
produce a gas from the sample in a variety of ways: Laser induced 
thermal decomposition for C and O in carbonates and S in sulfates, 
Laser volatilization for H and O in hydrated minerals and ices, or 
Laser induced reaction with oxygen or hydrogen in a miniature 
reaction vessel allowing analysis of S in sulfide minerals, C and N 
in organic matter and Cl in chloride or perchlorate. Investigation of 
mass independent fractionation of O and S is also possible. 

We will discuss how leveraging the reduced sample size and 
physical footprint of CAS greatly facilitates field and planetary 
science instrumentation while also adding fidelity to laboratory 
science investigations through improved spatial resolution and 
control of instrument analytical stability. 
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Increases in reactive nitrogen deposition are a growing concern 
in the U.S. Rocky Mountain west where alpine and subalpine 
ecosystems evolved under low nitrogen conditions.  Current inputs 
of reactive nitrogen in many environments exceed the critical load, 
the deposition flux at which irreversible changes occur to the 
ecosystem.  For the past decade we have been actively examining 
the sources, transport and deposition of reactive nitrogen in Rocky 
Mountain National Park (RMNP) and Grand Teton National Park 
(GTNP).  Both parks are located at high elevation, but experience 
periodic, polluted conditions associated with transport of emissions 
from a variety of regional sources, including urban centers, power 
plants, agricultural regions, and areas of active oil and gas 
development.  While wet deposition of nitrate and ammonium, on 
which the critical loads for nitrogen deposition are based, are 
important, dry deposition of gaseous ammonia and wet deposition 
of organic nitrogen are both major contributors to regional reactive 
nitrogen deposition budgets.  Neither of these forms of reactive 
nitrogen has historically been measured in U.S. air quality or 
deposition monitoring networks.  Prevailing winds in RMNP are 
from the west, where fewer large sources are located; however, 
study findings clearly indicate the importance of less frequent flow 
from the east in transporting major urban and agricultural emissions 
into the park.  Because easterly flow pushes air up the east slope of 
the mountains, these transport periods are often accompanied by 
heavy precipitation which scavenges and effectively deposits 
transported pollutants into RMNP ecosystems.  GTNP, by contrast, 
more frequently lies downwind of major ammonia source regions 
and ammonia is an even larger part of the reactive N deposition 
budget there.  In both parks and across the nation, recent and 
planned regulatory reductions in NOx emissions are expected to 
drive down nitrate deposition.  Ammonia emissions, currently 
unregulated, are projected to continue growing and to comprise an 
increasingly large component of reactive N deposition.  
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The Mozambique Ocean separated Neoproterozoic India from 

the continents that now make up Africa in the Neoproterozoic 
transition from the supercontinent of Rodinia to that of Gondwana. 
New U-Pb geochron data, coupled with both Hf and O isotopic data 
from zircons from both Cryogenian igneous rocks and Cryogenian 
detritus from metasedimentary rocks, allows the ancient tectonic 
geography of this hemisphere-scale ocean to begin to be 
reconstructed, allowing a full-plate geographic evolution of the 
region to be developed. 

New data from southern India, Saudi Arabia, Ethiopia and 
Madagascar forms the core of this dataset. These data illustrate 
periods of subduction initiation and the timing and evolution of the 
subduction systems around the Mozambique Ocean. When 
integrated with palaeomagnetic, sedimentary, metamorphic and 
thermochronological data, the palaeogeography of the region is 
reconstructed. A key to interpreting the closure history of this ocean 
has been the identification of a pre-Neoproterozoic continent—
independent of both Neoproterozoic India and the Congo-Tanzania-
Bangweulu Block of central Africa. This continent, known as 
Azania, appears to have rifted off the CTB in the Tonian and lay in 
a Japan-like position, later to reamalgamate with Africa in the latest 
Cryogenian/Ediacaran, whilst the Mozambique Ocean remained 
open to the east of Azania until the latest Ediacaran-Cambrian. 



 Goldschmidt2015 Abstracts  

 583 

Understanding global geodynamics over 
the last 3 billion years using Hf isotope 

arrays  
W. J. COLLINS1 AND J. B. MURPHY2 

1University of Newcastle, Newcastle, Australia, 2308. 
bill.collins@newcastle.edu.au  

2St. Francis Xavier University, Antigonish,   N.S., Canada. Email: 
bmurphy@stfx.ca 

 
Global compilations of U-Pb zircon ages show a number of 

crystallization peaks throughout Earth history, which are 
hypothesized as evidence for episodic crustal growth associated 
with supercontinent amalgamation. However, this interpretation is 
problematic, because different compilations from different 
continents have slightly different peaks, and Cenozoic proxies of 
supercontinent formation have produced meagre zircon 
populations. Indeed, other workers have suggested that the tenures 
of Precambrian supercontinents coincided with zircon minima, at 
least for three of the five putative supercontinents: Superia/Sclavia, 
Nuna and Rodinia.	  

Using the εHf moving average and geological constraints, we 
suggest that formation of the supercontinents Nuna and Gondwana 
can be better identified by a marked change in the global εHf array, 
reflecting a change from long-term reworking to one involving 
increased mantle contributions to the global budget of silicic 
magmatism. The amalgamations of Rodinia and Pangea do not 
conform to this pattern, indicating they formed in different ways.  

Based on the global geodynamic patterns during the 
Phanerozoic era, we favorably compare the peripheral orogens of 
Nuna to the long-lived circumPacific orogens, which forms part of 
an external orogenic system defining the boundary of two 
contrasting, global-scale Phanerozoic supercells. Using this 
Phanerozoic analogy, we consider that a similar binary mantle 
convection system existed on Earth throughout the Late 
Paleoproterozoic, as part of a billion-year global cycle that began 
approximately 3 billion years ago. 
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The molecular scale mechanisms by which phosphorus is taken 

up by and released from microbial cells are critically important to 
the efficiency of P cycling in aquatic ecosystems. Each of these 
processes leaves an imprint on the oxygen isotope composition of 
dissolved orthophosphate (δ18Op) in aquatic ecosystems. 
Conventional interpretations hold that phosphate (Pi) turnover by 
microbial ecosystems tends to isotopically equilibrate Pi oxygen 
with water oxygen in a temperature dependent manner. However, 
experimental data coupled with the present modeling study suggest 
that trends in δ18Op are quite dependent on the particulars of the 
microbial ecosystem and the pathways by which phosphate enters 
cells and is remineralized. At present, the isotope effects attendant 
to phosphonate hydrolysis and release of Pi from polyphosphate are 
poorly constrained and are potentially quite important.  
Nevertheless, isotopic disequilibrium may prove valuable for 
diagnosing the dominant biochemical and cellular processes 
impacting P availability in marine ecosystems, sediment 
porewaters, and soils.  
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We document extreme  isotopic diversity in 16.5-15 Ma 
rhyolitic magmas that accompanied the eruptions of the Columbia 
River Flood Basalt Group (CRB) in the northwest USA. Zircon 
crystals in these rhyolites are highly diverse in their O (δ18O = -0.6 
to +10.5‰) and Hf (εHf = -39 to +9) [1] isotope compositions, 
indicative of strong amounts of crustal input into their host melts, 
and of extensive hydrothermal alteration of the upper crust in the 
region driven by heat from the plume. We present new isotopic 
analyses of zircons from syn-CRB rhyolites which document the 
presence of melts of multiple distinct compositions of crust in the 
rhyolites and require the rapid assembly of isotopically diverse melt 
batches. We link these crustal melting trends to compositional 
variations within the CRB themselves, further bolserting existing 
evidence for a crustal contamination origin for much of the 
diversity of the basalts. We also present new results from 2D finite 
difference thermomechanical models of the interaction between a 
mantle plume and overriding continental crust. In the models we 
investigate variable plume sizes and temperatures, crustal 
compositions and thicknesses, and volcanic to plutonic melt ratios. 
We compare these models to constraints from our geochemical 
observations, and provide new insight into how the composition 
and structure of continental crust is altered by an occurence of flood 
basalt volcanism. This comprises a distinct means of recycling of 
the crust, through the large-volume melting of crustal materials, 
followed by their incorporation into large new intrusions or their 
eruption on the surface as rhyolitic lavas and ignimbrites. We 
compare these results to the plume tail-crust interaction and multi-
cyclic caldera complex formation in the post-CRB Snake River 
Plain province. Plume-driven crustal recycling has had profound 
impacts on the makeup and stratification of continental crust 
throughout Earth’s geologic past and understanding it is crucial for 
constructing a complete picture of the evolution of the continents. 
 
[1] Colón et al. (2015) Lithos DOI: 10.1016/j.lithos.2015.02.022  
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Geochemical modelling is increasingly being used in the 

characterization and environmental risk assessment of contaminated 
materials that are produced and/or applied in urban areas. While 
geochemical models are mostly developed and tested for specific 
types of materials, their performance is strongly determined by the 
specific modelling approach and methods to estimate the required 
model parameters. This presentation will give an overview of the 
development of a generic multi-reactive surface geochemical 
model. The generic character refers to its development and 
application to a wide range of materials, as well as to the (sorption) 
parameters used. The approach is being developed to describe the 
speciation and solid/liquid partitioning (leaching) of major and 
trace elements in contaminated (waste) materials and soils, based 
on the notion that the reactive organic and mineral surfaces in the 
model play a generic and determining role in element speciation 
and leaching from these materials.  

The multi-surface model relies on individual adsorption models 
for which generic binding parameters have been developed and 
published for a wide range of elements. It includes reactions for 
aqueous speciation and solubility of selected minerals, in 
combination with sorption to organic matter (NICA-Donnan 
model), Fe/Al-(hydr)oxides (Generalized Two-Layer Model) and 
clay (Donnan model). Model parameters are obtained with standard 
methods for the estimation of the potentially available/reactive 
fraction of the elements of interest, and the available amount of the 
above reactive surfaces. Examples will be presented of model 
applications to different secondary (waste) materials that are being 
used in construction, to urban atmosferic dust and contaminated 
soils, including measurements and model predictions of the 
solid/liquid partitioning and speciation of a wide range of elements. 
Finally, an outlook will be given towards recent model 
developments and applications in environmental risk assessment of 
contaminated materials. 
 



 Goldschmidt2015 Abstracts  

 587 

A comparative study of the sorption of 
U(VI) on SiO2 and TiO2 in the presence 

of phosphate 
M. J. COMARMOND1*, H. FOERSTENDORF2, K. HEIM2,  

K. MÜLLER2, J. J. HARRISON1 AND T. E. PAYNE1 
1Australian Nuclear Science and Technology Organisation, Locked 

Bag 2001, Kirrawee DC, NSW 2232, Australia 
(*correspondence: mjc@ansto.gov.au) 

2Helmholtz-Zentrum Dresden-Rossendorf e.V., Institute of 
Resource Ecology, P.O. Box 510119, 01314 Dresden, Germany 

 
The ternary systems containing aqueous U(VI), aqueous 

phosphate and the model minerals SiO2 and TiO2, respectively, 
were investigated using a batch sorption technique and in situ 
attenuated total reflection Fourier-transform infrared (ATR FT-IR) 
spectroscopy. Batch sorption studies indicate an increase in U(VI) 
uptake in the presence of phosphate, consistent with previously 
reported studies. In-situ IR spectroscopic sorption experiments 
conducted at pH 5.5 for equimolar concentrations of uranyl and 
phosphate of 20 µM in 0.1 M NaCl provide a detailed insight into 
the surface speciation for these ternary systems, with differences 
observed in the sorption characteristics at the two model oxide 
surfaces.  

The spectroscopic results for SiO2 strongly suggest the 
formation of a solid U(VI) phosphate phase as a surface precipitate 
on the silica phase, evidenced by characteristic bands observed in 
spectra of prolonged sorption and of subsequent sorption of U(VI) 
and phosphate. In the case of TiO2, both the sequential sorption of 
U(VI) and phosphate, and vice versa, were examined to ascertain 
the formation of a ternary surface complex. The sorption of 
phosphate on the TiO2 surface is presumably dominated by the 
formation of inner sphere complexes [1] [2] as was found earlier for 
the sorption of U(VI) represented by a band at around 910 cm−1 [3]. 
After subsequent sorption of U(VI) or phosphate, similar IR spectra 
were obtained to those following sorption onto pristine TiO2. This 
finding indicates the absence of significant interactions between U 
and P at the surface, i.e. no formation of a surface precipitate. It can 
be concluded that TiO2 provides different binding sites for these 
ions under these experimental conditions. 

 
[1] Connor & McQuillan (1999) Langmuir 15, 2916-2921.  
[2] Kang et al. (2011) J. Colloid Interface Sci. 364, 455-461. [3] 
Müller et al. (2012) Geochim. Cosmochim. Acta, 76, 191-205. 
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Modern terrestrial Pb has an average composition that lies to 
the right of the geochron implying that the U-Pb system did not 
evolve from a solar system initial composition in a single stage as a 
closed system [1]. Instead, a significant global fractionation event 
must have occurred at an appropriate time and magnitude to 
increase the 238U/204Pb ratio (µ value) from its post-accretionary 
level.  Using our new µ value of 1.7 for ordinary chondrites as a 
lower limit and Mars (µ=3) [2] as an upper limit for Earth’s post-
accretionary µ value, we submit that Earth accreted moderately 
depleted in volatiles, including Pb. The low amount of Pb in Fe-
meteorites suggests that core formation did not significantly affect 
the U-Pb evolution of Earth, despite indications of a chalcophile 
nature for Pb under some conditions [3]. Accepting a present-day 
µ2 value of between 9.25-9.65 for Earth’s mantle, Pb evolution 
models require that a U-Pb fractionation event must have occurred 
after 4.10 Ga. Lacking an alternative global event that would raise 
the bulk mantle mu value, we explore the possibility that this event 
corresponds to the giant impact that formed the moon. That Pb can 
be efficiently lost by devolatization during high temperatures that 
would accompany a giant impact is demonstrated by the extremely 
high µ values of differentiated angrite and eucrite meteorites. 
Accepting a 4.36 Ga age for lunar ferroan anorthosites [4] that 
require at least 30 Myr of cooling from a magma ocean, brackets 
the age of the giant impact between 4.41 and 4.39 Ga. We 
appreciate that such a young age for the moon’s formation implies 
that reported pre-4.41 Ga crystallization ages for lunar rocks, 
including that for a single zircon [5], do not date primary 
crystallization, consistent with [6] and [7]. The collateral loss of 
other volatiles (including water) to space and highly siderophile 
elements (HSE) to the core immediately after the impact implies 
that water and HSE in the mantle arrived on Earth as a post-impact 
veneer. 
 
[1] Allègre, C.A. (1969) Earth Planet. Sci. Lett. 5, 261-269. [2] 
Gaffney, A.M. et al. (2007) GCA 71, 5016-5031. [3] Wood, B.J. & 
Halliday, A.N. (2010) Nature 465, 767-770. [4] Borg, L.E. et al. 
(2011) Nature 477, 70–72. [5] Nemchin et al. (2009) Nature 
Geoscience 2, 133-136. [6]  Gaffney, A.M. & Borg, L.E. (2014) 
GCA 140, 227-240. [7] Carlson, R.W. et al. (2015) Phil. Trans. R. 
Soc. A 372. 
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The Eastern Snake River Plain (ESRP) in southeastern Idaho, 
USA is an area of high heat flow with significant potential 
geothermal resources. However, rapid groundwater flow in high 
permeability surficial basalts effectively masks thermal signatures 
of deep-seated geothermal systems in the ESRP. To identify 
potential signatures of hidden geothermal systems, we have 
measured chemical and isotopic compositions of geothermal 
samples from across the region. 

For proof of principle, a series of samples from flowback 
waters collected following a 1-month geothermal stimulation 
experiment conducted at Newberry Volcano in the central Cascades 
in western Oregon were analyzed. The sulfate-water oxygen isotope 
geothermometer gave promising results with calculated 
temperatures of up to 230°C, similar to Na/K and multicomponent 
geothermometry giving temperatures of ~240-250°C. Oxygen 
isotopic compositions of the injected waters were shifted by about 
1.5‰, suggesting significant water-rock interaction during the test 
and elevated helium R/Ra values indicate a strong magmatic signal 
at the site. 

Isotopic compositions of more than 40 samples collected during 
2014 from the ESRP have been analyzed. Several of these samples 
have the combination of elevated sulfate-water isotopic 
temperatures, shifted δ18O waters and high helium R/Ra values that 
was observed in the Newberry samples, indicating the potential 
existence of higher temperature (>200°C) deep-seated geothermal 
reservoirs. Where possible, the δD and δ13C of dissolved methane 
in these samples were also analyzed. Although concentrations were 
low (<15 nM), several had “magmatic” signatures. However, 
temperatures calculated using the inorganic carbon-methane carbon 
and water-methane hydrogen isotope geothermometer generally do 
not yield realistic temperatures suggesting that the best use for 
dissolved methane isotopes in the ESRP is as an indicator of abiotic 
methane versus microbial methane. These results indicate the 
potential utility of isotopic signatures to identify deep-seated 
geothermal systems. 
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Mars Science Laboratory’s (MSL) Sample Analysis at Mars 
(SAM) investigation has analyzed an enriched sample of the heavy 
noble gases krypton and xenon in the martian atmosphere. The 
SAM instrument suite is part of the Mars Science Laboratory’s 
science payload on the Curiosity rover.  

Previously, we reported on the isotopes of the major martian 
atmospheric constitutents, including argon [1]. 

A static mass spectrometry experiment, the first of its kind on 
another planet, measured the nine stable isotopes of xenon in situ 
with the SAM quadrupole mass spectrometer. Our measurements 
provide atmospheric end-member points of comparison for SNC 
(Shergotty-Nakhla-Chassigny) meteorite analyses, e.g. [2, 3, 4] as 
well as solar wind values [5]. The SAM data are in excellent 
agreeement with the shergottite analyses, including EETA79001 
Lith C [6], which is generally agreed upon to have the most 
authentic isotopic representation of trapped Martian atmosphere.  

The SAM data have been analyzed with several approaches and 
background subtractions, yielding robust self-consistency within 
the measurement standard deviation. 

 
[1] Mahaffy et al. (2013) Science 341, 263-266. [2] Bogard & 
Johnson (1983) Science 221, 651-654. [3] Bogard et al. (1984) 
Geochim et Cosmochim A. 48, 1723-1739. [4] Becker & Pepin (1984) 
EPSL, 69, 225-242. [5] Meshik et al. (2014) Geochim. et Cosmochim. 
A., 127, 326-347. [6] Swindle et al. (1986) Geochim. et Cosmochim. A., 
50, 1001-1015. 
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Two groups of iron isotope signatures can be recognized during 
spring discharge in the northern part of the Baltic Sea (Fig. 1). 
Colloidal iron (< 0.22 µm) enriched in heavy isotopes and particles 
(> 0.22 µm) enriched in light isotopes. Negative colloids and 
particles are formed in the riparian zone during spring discharge. 
Both colloids and particles flocculate during early mixing without 
changes in the iron isotope signature. Data indicate that much of the 
negative particles are sedimenting below 2 psu, and another fraction 
is oxidized forming more positive suspended matter. In the open 
Bothnian Bay suspended matter shows only positive iron isotope 
signatures. Negative suspended matter is observed only during high 
discharge in spring, rest of the year riverine suspended matter is 
enriched in the heavy iron  isotopes.  

Figure 1: The figure shows that both colloids and 
particles are flocculating during estuarine mixing. The 
flocculation index is colloidal Fe/particulate Fe. Note the 
distinct separation between colloids (positive signature) and 
particles (negative signature).  
 



 Goldschmidt2015 Abstracts  

 592 

Temperature-induced phase transition 
and remobilization of ecotoxic elements 

in AMD colloidal precipitates 
CONSANI, S.1*, CARBONE, C.1, SALVIULO, G.2, ZORZI, F.2, 

DINELLI, E.3 AND LUCCHETTI, G.1 
1DISTAV, Università di Genova, Italy 

(*correspondence: sirio.consani@edu.unige.it) 
2Dipartimento di Geoscienze, Università di Padova, Italy 

3Dipartimento di Scienze Biologiche, Geologiche e Ambientali, 
Università di Bologna, Italy 

 

Colloidal particles, as a direct consequence of their small size, 
have enormous sorption capacities due to their very high surface 
area to volume ratio, and can play a major role in the control of the 
dispersion and mobility of metal ions or organic pollutants [1]. 
Acid Mine Drainage (AMD), a weathering process of sulphides in 
mining areas, leads to the generation of very acidic waters with 
high amounts of dissolved SO4

2-, Fe and other ecotoxic elements 
such as Cu, Zn, Pb, As, Co, Ni, Cd and Hg [2]. In AMD settings, 
the formation of amorphous to semi-crystalline, usually metastable, 
colloidal nanoparticles occurs as loose suspension acting as sinks 
for chemical elements and as a secondary source of pollution 
through destabilization or desorption reactions. Thus, the stability 
of  colloidal phases and their behaviour during phase transitions is a 
critical point to determine the fate of ecotoxic elements in AMD 
environment [3]. In this work, three AMD colloidal precipitates and 
six fluvial precipitates generated by the mixing between mine and 
stream waters were sampled and their capacity to retain in the solid 
fraction ecotoxic elements after temperature-induced phase 
transition was tested. To study temperature-induced phase 
transition, High Temperature XRD were performed, and to assess 
the ecotoxic elements release potential, bulk leaching tests on 
unheated and heated at different temperatures aliquots were carried 
out. Bulk leaching tests were performed with sea water and 
deionized water in order to simulate sea and rain water-precipitates 
interactions. The results evidenced that the precipitates heated at 
high temperature have the minimum metals release, while those 
heated at low temperature show the highest metals release in 
solution. Moreover, the concentration of ecotoxic elements in the 
leachates was sensibly higher for sea water, which mobilized more 
efficiently the elements form the solid fraction.  
 
[1] Schemel et al. (2000), Appl. Geochem. 15, 1003-1018. [2] 
Blowes et al. (2014), Treatise of Geochemistry 11, 131-190. [3] 
Acero et al. (2006), Geochimica et Cosmochimica Acta 70, 4130–
4139 
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Atmospheric supply of iron (Fe) to the oceans plays a key role 
in marine biogeochemical cycles, due to Fe’s role as a limiting 
nutrient. Aerosol Fe comprises a mixture of both natural and 
anthropogenic dust, which may have very different solubilities in 
seawater [1]. Understanding both the relative contributions of these 
different types of aerosol Fe and their spatial distributions is thus 
important for constraining soluble Fe supply to the surface oceans.  

Here, we present the Fe isotopic signature (δ56Fe) of North 
Atlantic marine aerosol particles, collected during U.S. 
GEOTRACES GA03 winter cruises (Lisbon to Woods Hole, via 
Cape Verde, 2010-11). A range of sampling locations close to 
Portugal, Mauritania or North America allowed us to investigate the 
variability in δ56Fe induced by different regional dust sources. We 
measured δ56Fe relative to IRMM-014 in the the bulk aerosol phase 
(HF-HNO3 digested), and in ultrapure water aerosol fraction (the Fe 
obtained with a  
10 second ‘instantaneous’ leach with ultrapure water). Our results 
show that bulk aerosol Fe was characterised by near-crustal δ56Fe 
values of +0.09±0.12‰ (1SD) with only slight variability between 
airmasses, pointing to the dominance of mineral dust. In contrast, 
the water-soluble fraction showed much more variability; aerosols 
collected from European and North American airmasses had 
remarkably isotopically light δ56Fe (-0.74‰ to -1.56‰), compared 
to those from Saharan airmasses (+0.09‰). By comparing our data 
to previous model predictions of soluble Fe from mineral, 
industrial, and biomass burning [1], we find our data is best fit 
assuming a heavier δ56Fe for mineral and combustion Fe (both close 
to +0.1‰) and a distinctly lighter δ56Fe for biomass burning Fe (-
1.6‰). This work demonstrates the utility of soluble aerosol δ56Fe 
as a tracer of Fe source in marine aerosol samples, as previously 
suggested from bulk aerosol δ56Fe [2]. 
 
[1] Luo, C. et al. (2008), Glob. Biogeochem. Cycles, 22, GB1012. 
[2] Mead, C., Herckes, P., Majestic, B. J., and Anbar, A. D. (2013), 
Geophys. Res. Lett., 40, 5722-5727. 
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In a series of classic papers in the 1960’s Mike O’Hara 

demonstrated that MORB have major element compositions 
controlled largely by the position of low-pressure cotectics; i.e. 
crystallization in magma chambers plays an important role in 
controlling the observed compositions. From this time forward 
Mike expended significant effort in unraveling the effects of 
realistic magma chamber processes on the compositional evolution 
of parental melts. This is a widely overlooked pre-requisite for 
using measured MORB compositions to interpret mantle conditions 
(e.g. T, X) and processes (e.g. melt extraction mechanisms). 
Instead, common approaches include: (i) ignoring differentiation; 
(ii) (linear) regression to a constant melt MgO content or Mg#; and 
(iii) assuming perfect fractional crystallization. However, evidence 
for “complex” magma chamber processes abounds in the petrology 
of MORB, oceanic plutonic rocks and ophiolites. A more subtle 
approach is required to estimating parental melt compositions and 
the inherent uncertainties in these estimates. 

Building on recent work with Mike [1] we have developed a 
simple stochastic numerical model of a replenished and tapped 
magma chamber in which some portion of the crystallization occurs 
in a boundary layer (in situ crystallization). The free parameters in 
this model are the parental melt composition and the average and 
standard deviations of: (i) the mass fraction replenished; (ii) the 
mass fraction tapped; (iii) the mass fraction crystallized; (iv) the 
mass fraction of melt involved in boundary layer crystallization, 
and (v) the mass fraction of melt trapped in the boundary layer. 
Stochastic modeling generates synthetic datasets that can be 
statistically compared with real data (MORB compositions from a 
limited geographical area) to determine the probability distributions 
for each parameter including the parental melt composition. 

Simple models, that were fit to the data visually rather than 
quantitatively, show that parental MORB are more depleted than 
typically assumed [1]. Additionally, as repeated shown in Mike’s 
theoretical work, and recently observed by O’Neill and Jenner [2] 
incompatible elements are likely to be fractionated from one 
another in magma chambers. For example, the Sm/Nd of MORB is 
lower than that of their parental melts complicating interpretion of 
the mantle’s Nd-isotopic evolution. 
 
[1] Coogan and O’Hara (2015) GCA 
doi.org/10.1016/j.gca.2015.03.010 [2] O’Neill and Jenner (2012) 
Nature 491, 698-704 [ 
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Trace element concentrations in Cu-(Fe)-sulfides (chalcocite, 
related Cu2-xS phases, bornite and chalcopyrite) and pyrite were 
measured, using LA-ICP-MS, on a suite of samples from the 
Olympic Dam (OD) Cu-U-Au-Ag deposit. OD is characterized by 
zoned hematite breccia-hosted mineralization (chalcocite, 
chalcocite-bornite, bornite-chalcopyrite and chalcopyrite-pyrite 
zones, respectively, outwards from the deposit core and also 
downwards, and the boundary between hematite-stable and deeper 
magnetite-stable assemblages at ~1,600 m depth. Sampling also 
encompassed mineralization at the edges of the host Olympic Dam 
Breccia Complex, mineralization within granite-hosted satellite 
ores or associated with dolerite dykes and mafic volcanics, 
‘polymetallic’ ores, mineralization from as deep as 2,000 m, and 
exotic lithologies identified as potential BIF units entrapped within 
granite, in which inter-conversion between Fe-oxides is distinct 
from elsewhere in the deposit. 

Trace element trends for each mineral define a series of 
signatures influenced by factors including protolith, spatial 
position, extent of superimposed overprinting by later fluids, and 
the presence/absence of co-existing minerals. Inherited signatures 
are recognized in sulfides hosted by carbonaceous meta-
sedimentary units or mafic volcanics. Sulfides are broadly enriched 
in Sn, Mo, chalcophile and chlacogens elements, emphasizing the 
role played by hydrothermal fluids associated with host granite. The 
role of mafic rocks as a source can be tracked by the presence of 
Cr, Ni and Zn at detectable concentrations in sulfides within and 
close to dykes, and in late veins. Some metal contribution from the 
dykes is seen from trace element signatures of chalcopyrite but this 
is only one among many signatures defining overall hydrothermal 
evolution. Trace element data are concordant with primary vertical 
zonation in which temperature gradient is a principal controlling 
factor. Despite variation within and between samples, Cu-(Fe)-
sulfides broadly contain more Bi and less Te towards deeper levels. 
Mineralogical and geochemical vertical zonation patterns do not 
contradict formation of the OD orebody within an active breccia 
system.  
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Blooms of toxic nitrogen fixing cyanobacteria are a significant 
ecological problem in many lakes and estuaries throughout the 
world.  The formation of these blooms depends on physical 
conditions as well as the avialability of phosphorus.  The source of 
phosphorus feeding such blooms is typicall internal, derived from 
stores released from the sediment during hypoxia and anoxia.  It has 
recently been suggested that the invasion of the Baltic Sea by 
Maranzelleria spp. worms may have enhanced phosphorus 
retention in the sediment through sorption onto iron oxydydroxides 
associated with the burrows of these organisms [1]. The fate of this 
sorbed phosphorus over hypoxic and anoxic events is, however, 
unclear. 

We quantified the pool of iron bound phosphorus (Fe-P) in the 
top 20 cm of sediment at a site in the Gippsland Lakes, SE 
Australia, subject to periodic hypoxia and colonised by the 
polychaete Capitella capitata.  During oxic periods, profiles of Fe-
P were relatively uniform with depth down to ~20 cm at 
concentrations of ~5 µmol P g DW sed-1.  After the onset of 
hypoxia, this concentration rapidly dropped to ~0 and a simple 
mass balance showed this was consistent with this phosphorus 
being released to the water column and assimilated by a subsequent 
bloom of the nitrogen fixing cyanobacterium Nodularia spumigena. 

To explore the system scale implications of this observation, we 
used a 3D coupled hydrodynamic biogoechemical model 
implemented with sediment Fe-P, and nitrogen dynamics as well as 
bioirrigation and phytoplankton including N. spumigena.  Model 
simulations showed good agreement with observed sediment Fe-P 
dynamics, however, that without bio-irrigation, the rapid release of 
phosphorus to the water column could not be reproduced and the 
magnitude of the N. spumigena bloom was reduced by 70%, 
highlighting the important interaction between ecology and 
geochemistry in controlling ecosystem reponse to eutrophication. 
 
[1] Norkko, et al (2012) Global Change Biology 18, 422-434. 
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It is well established that subduction-related magmas are 

oxidised by comparison with those from other tectonic settings [1]. 
The still controversial origin of this oxidation has been variously 
attributed either to an oxidised mantle wedge and/or to near-surface 
processes. Sangeang Api (SA) volcano, erupted most recently in 
May 2014, and is located 6km to the northeast of Sumbawa in the 
eastern Sunda Arc (Indonesia). It erupts suites of shoshonitic lavas 
that transport a dense population of cumulate xenoliths (gabbros 
and clinopyroxenites). This xenolith suite provides a 
comprehensive record of magmatic crystallisation at crustal levels 
and allows potentially evolving oxidation conditions to be tracked.  

Amphibole occurs in either cumulate or post-cumulate roles in 
the xenoliths and as phenocrysts in the lavas. Calibrations by 
Ridolfi, et al. [2] and Ridolfi and Renzulli [3] have made it possible 
to use amphiboles as geothermobarometers to calculate the 
physiochemical conditions (P, T, ƒO2, wt.% H2O and wt.% SiO2) of 
the melts from which they crystallise. Amphiboles from SA reflect 
crystallisation over a wide range of crustal pressures, from the 
Moho (at ~900MPa) up to the mid-crust (at ~400MPa). Throughout 
this depth range there is a positive correlation between water 
content and pressure, suggesting that these magmas are continually 
degassing as they ascend. SA amphiboles record oxidation states of 
1-2 log units above NNO. There is some indication from the 
amphibole dataset that magmatic degassing may be associated with 
relative oxidation. Oxidation may result from the hydrolysis of 
water vapour. 

In contrast to the amphiboles, clinopyroxenes from SA display 
decreasing Fe3+/ΣFe with decreasing Mg#, suggesting magmatic 
reduction associated to degassing, decompression and fractionation. 
We will discuss evidence that the SA magmatic system spans the 
full vertical section of the crust and that ascending melts are 
strongly affected by degassing processes. 

 
[1] Christie, Carmichael & Langmuir (1986), EPSL, 79, 397-411. 
[2] Ridolfi, Renzulli & Puerini (2010), CMP, 160, 45-66. [3] 
Ridolfi & Renzulli (2012), CMP, 163, 877-895.  
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The western margin of the Central Andes in northern Chile and 

southern Peru has an arid climate that is thought to have persisted 
for at least 15 Ma [1–3]. The onset of aridity has been linked to 
uplift of the Andes, which blocked moisture from the Amazon, 
creating a rain shadow [1]. However, the timing of this uplift and its 
potential effect on regional climate is poorly understood, with uplift 
estimates ranging from slow and steady since ≥25 Ma to recent and 
rapid between ∼10 and  
6 Ma [4 & refs therein]. 

A direct consequence of both tectonic uplift and climate 
dessication is the downward migration of the water table [5] [6]. 
Therefore, the timing and rate of water table drop can help to 
discern between uplift and aridity models. 

Here, we directly track the temporal downward migration of the 
Atacama water table using (U-Th)/He dating of hematite [7]. The 
hematite (Fe2O3) formed by reaction of oxygenated groundwater 
with ferrous-bearing minerals above the redox interface [8]. Thus, 
the depth of hematite precipitation as a function of time can be used 
to constrain the relative movement of the water table. 

Nine samples were collected in drill core from an active mine in 
northern Chile, providing precise depth profiles through the top few 
100 m beneath the surface. Our results imply a slow and steady 
lowering of the water table from  
~15 Ma to the present day at a rate of ~11 m/m.y. This change at 
~15 Ma could reflect the onset of climatic dessication, or could be a 
response to uplift and fluvial incision along the western Andean 
margin. Whatever the cause, the steady rate of lowering of the 
water table implied by our data suggests that the driver has been 
constant over the last ~15 Ma. 

 
[1] Alpers & Brimhall (1988), GSAB 100, 1640–1656. [2] Hartley 
(2003), J. Geol. Soc. London 160, 7–10. [3] Rech et al. (2006), 
Geology 34, 761–764. [4] Barnes & Ehlers (2009), Earth-Sci. Rev. 
97, 117–144. [5] Coates (1990), GSA Spec. Pap. 252, 341–356. [6] 
Winograd (1986), USGS Report 85-697. [7] Farley & Flowers 
(2012), EPSL 359-360, 131–140. [8] Kato et al. (2009), EPSL 278, 
40–49. 
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The Lesser Antilles Volcanic Arc is exceptional globally in 

respect to the abundance and variety of erupted plutonic xenoliths. 
These samples provide a window into the deeper crust and an 
earlier crystallisation history than is possible from lavas alone.  

Here, we use petrological, in-situ geochemical, and isotopic 
data of xenoliths from Martinique and St. Eustatius in order to 
establish their petrogenesis, storage conditions and the components 
which build the Lesser Antilles crust. The lavas from both islands 
are controlled by crystal-liquid differentiation, driven largely by 
amphibole, plagioclase and magnetite fractionation [1]. Amphibole 
is rarely present in the erupted lavas but it is a very common 
component in plutonic xenoliths, allowing us to directly test the 
involvement of amphibole and ‘cryptic’ fractionation on the 
petrogenesis of arc magmas.  

The plutonic xenoliths provide both textural and geochemical 
evidence of open system processes and crystal ‘cargos’. All 
xenoliths are plagioclase bearing with variable proportions of ol, 
spl, cpx, opx and amph, commonly with  interstitial melt. The 
sequence of crystallisation varies in sample type and between 
islands. Amphibole may either be equant, crystallising early in the 
sequence or interstitial (late stage). Interstitial amphibole is 
enriched in Ba and LREE compared with early-crystallised 
amphibole and does not follow typical fractionation trends, 
suggesting the involvement of a reactive melt or fluid, which causes 
the breakdown of cpx and the crystallisation of amphibole.  

A compositional offset between plagioclase (~An90) and olivine 
(~Fo75), suggests crystallisation under high water contents and low 
pressures from an already fractionated liquid. Geothermobarometry 
estimates and comparisons to experimental studies imply the 
majority of xenoliths formed at relatively low pressures (0.2-0.4 
GPa) in the mid-crust. These xenoliths are inferred to represent 
crystal mushes within an open system, through which melt can both 
percolate and be generated. 
 
[1] Davidson & Wilson (2011) J. Petrol 52, 1493-1531. 
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The thermal, and therefore physical, conditions of magma 
storage (e.g., crystal mush vs. liquid-dominated bodies) exert a 
fundamental control on the time scales and processes of magma 
mixing. However, although thermal evolution of magma bodies has 
been modeled [1-3] observational evidence linking time scales to 
thermal conditions of storage (i.e. thermal histories) has been 
lacking. We have recently developed a new method of constraining 
thermal histories of magma storage by combining U-series dating 
of crystals (which provides the total time of storage) with modeling 
of trace-element diffusion within crystals (which constrains the 
time spent at high temperatures) to reconstruct thermal histories of 
magma storage [4].  

To date, we have applied this technique to plagioclase in 
samples from Mount Hood, OR [4], and Lassen Volcanic Center, 
CA, with work in progress at Volcan Quizapu, Chile, and Okataina 
Volcanic Complex (OVC), New Zealand. In addition, we have 
applied this technique to zircon at the OVC [5]. Initial results for all 
locations are strikingly similar, with extended durations of crystal 
storage occurring at temperatures below the transition between 
largely-liquid magma and crystal mush, and only a small 
percentage of pre-eruptive storage times occurring at higher 
temperatures. The implications of these observations are that either 
magma mixing occurs rapidly, at high-temperature conditions that 
are unusual for the magma as a whole, or that mixing must occur 
within a low-temperature crystal mush. We are combining these 
results with numerical modeling to better define the time scales and 
processes involved in mixing in these mush-dominated systems. 

 
[1]Gelman et al. (2013), Geology 41, p. 759-762; [2]Annen et al. 
(2011), JGR 113, B07209; [3]Degruyter and Huber (2014), EPSL 
403 p. 117-130. [4]Cooper and Kent (2014), Nature 506 p. 480-
483. [5] Rubin et al. (2014), AGU Fall Meeting abstract V31F-02. 



 Goldschmidt2015 Abstracts  

 601 

Characterization of early Cretaceous 
West African source rocks using 

integrated molecular and stable isotope 
approach 

R. COOPER1, N. PEDENTCHOUK1*, K. H. FREEMAN2 AND N. B. 
HARRIS3 

1School of Env. Sciences, University of East Anglia, UK 
(*correspondence: n.pedentchouk@uea.ac.uk) 
2Department of Geosciences, Penn State University, USA 
3Earth and Planetary Sciences, University of Alberta, Canada 
 

Sedimentary basins in the South Atlantic contain multiple 
petroleum systems with source rocks formed in different 
depositional environments. Published information on organic 
geochemistry of source rocks in these basins is still very limited. 
Lacking in particular are molecular level studies that integrate 
biomarker and stable isotope methodologies. This project was 
designed to reduce this gap in knowledge by investigating 57 core 
samples from Lower Cretaceous lacustrine sources rocks in the pre-
salt sections of the Gabon, Congo, and Kwanza sedimentary basins. 

We calculated carbon preference index (CPI) in the range of n-
C24 to n-C34 alkanes and determined C and H isotope compositions 
of n-C19, n-C23, and n-C27 alkanes. The data were subjected to 
principal component analysis to identify which fingerprint 
properties were the most diagnostic with regard to discriminating 
the source rocks in the above basins. We found that PC1, which 
accounted for 62.63% of data variability, weighed heavily upon C 
and H isotope compositions as discriminators between the sources 
rocks in the Congo basin versus the Kwanza/Gabon basins as well 
as between the latter two basins. PC2, which explained 16.81% of 
the data varience, on the other hand, weighed heavily upon the CPI 
values as discriminator among the source rocks within the Congo 
basin, but also between the Kwanza and Gabon basins. The 
observed variations in the δ13C and δ2H values of n-alkanes most 
likely resulted from differences among organic matter sources and 
depositional environments during sediment accumulation. The 
variability in the CPI values could potentailly be attributed to 
different proportions of aquatic and terrestrial biomass contributing 
to sedimentary organic matter. 

This study demonstrates the power of an integrated molecular 
and stable isotope investigation of n-alkanes for characterizing 
palaeolacustrine source rocks in West African sedimentary basins. 
Such an approach will result in a more detailed understanding of 
petroleum systems not only in these basins but also in the 
contemporaneous Brazilian petroleum systems on the other side of 
the Atlantic. 
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The co-existence of Fe(II), Fe(III), dioxygen (O2), superoxide 

(O2
-) and hydrogen peroxide (H2O2) has been demonstrated in many 

natural waters, including cloudwater, the photic zone of the water 
column, and points of anoxic groundwater emergence.  These 
mixtures occur as metastable states, usually poised by the input of 
fresh material or energy maintaining the components at an apparent 
steady state.  The simultaneous measurement of all five species is 
complicated by their high rates of reaction.  Historically, these 
systems are interrogated by the addition of fast acting, redox-inert 
ligands to “freeze” the system in place by locking the metals at a 
fixed oxidation state.  Here we present a study of the ligand most 
widely used for this purpose, diethylenetriaminepentaacetic acid 
(DTPA), and show the necessity of accounting for reaction(s) with 
other metals during sample collection. Kinetic studies showed that 
autoxidation of Fe(II) by O2 competed with complexation of Fe(II) 
by DTPA until a 100X excess of DTPA with respect to O2 was 
achieved, as indicated by decreased H2O2 production rates and H2O2 
stability.  The measured competition between O2 and DTPA for 
Fe(II), as well as competition of other cations for DTPA, can 
explain the apparent contradiction in the literature regarding the 
catalytic and/or inhibitory nature of DTPA in regards to Fe(II) 
sequestration. Our results suggest that the rate of iron oxidation by 
O2 is comparable to the complexation rate of Fe(II) by DTPA 
(k~106 M-1s-1) under relevant environmental conditions. 
Implications for this work include more reliable analysis of ROS in 
the presence of redox-sensitive metals. 
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Lithium is widely used element to trace geological processes, 

but little is known about distribution of Li among individual 
minerals in granitic rocks. Lithium was analyzed by LA-ICP-MS in 
associated magmatic Fe-Mg bearing alumosilicates (garnet, 
tourmaline, muscovite, biotite and staurolite) from several samples 
of peraluminous granites and pegmatites (primitive to highly 
evolved) of the Moldanubian Zone. Later minerals in pegmatites, 
(e.g. elbaite or Li-micas) crystallizing from exsolved melt-derived 
fluids or liquid enriched in fluxing components, were not included. 
Staurolite represents the oldest mineral; garnet (AlmSps) and 
tourmaline (schorl) indicate commonly coeval crystallization and 
their outer parts seems to be in equilibrium with micas. Biotite 
could slightly precede muskovite crystallization, but  mostly are 
rather coeval. Lithium contents of coexisting phases range: biotite 
531-8210 ppm (0.04-0.56 apfu), muscovite  
307-2791 ppm (0.02-0.16 apfu), garnet 26-565 ppm (up  
0.04 apfu), tourmaline 21-586 ppm (up 0.09 apfu) and staurolite 
2588-3017 ppm (avg. 0.32 apfu). Lithium partions into these Fe-Mg 
silicates in the order: biotite > staurolite > muscovite > garnet > 
tourmaline. Similar Li partitioning, biotite > muscovite > 
tourmaline, was described from Li-rich granites [1]. Slightly 
different sequence was observed in metapelites: staurolite > biotite 
> muscovite > garnet,tourmaline > chloritoid. [2,3]. Even higher Li 
contents (≤0.59 wt.%) were described from staurolite in metapelites 
[2] [3], where staurolite shows 2-5 times higher Li contents than in 
biotite [2]. Magmatic schorl shows surprisingly the lowest Li 
contents, even systematically lower (1.1-2.0 times) than 
simultaneously crystallizing garnet and this trend was observed  in 
primitive to highly evolved rocks. 

 
This work was supported by the research projects GAČR 

P210/14/1347S and “CEITEC” (CZ.1.05/1.1.00/02.0068). 
 

[1] Wilson & Long (1983), Mineral Mag 47, 191-199 [2] Dutrow, 
Holdaway & Hinton (1986), Contrib Mineral Petrol 94, 496-506 
[3] Dutrow (2011), Geol Soc Amer Abstracts with Programs 43, 5, 
150 
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The UK multi-barrier design concept for the geological disposal of 
intermediate level nuclear waste combines reducing conditions 
from the corrosion of steel canisters with high pH from a cement 
backfill; the aim is to limit the solubility and mobility of 
radionuclide species within a geological disposal facility when 
primary containment fails.  
We here investigate the feasibility of developing an extra barrier to 
the release of radionuclides, by application of cement backfill with 
the addition of redox-active components containing either blast 
furnace slag (BFS) or other sulfide minerals. Compared to cement 
backfill with no addition, we show that these ‘Functional 
Engineered Barriers’ are capable of increasing the sorption 
radionuclides, such as 99Tc, by up to 7 orders of magnitude. Linear 
combination fitting of  
µ-XANES data showed that significant reduction of Tc(VII) to 
insoluble Tc(IV) occurred for BFS- (~40%) and FeS2-NRVB 
(~100%) blends, respectively. This is supported by batch sorption 
data and gamma camera transport experiments that show a 
significant reduction in diffusive transport. Micro XRF mapping 
indicated that anionic radionuclide immobilisation occurred at the 
surfaces of BFS and sulfide mineral particles. Rietveld refinement 
of high resolution XRD data, collected on the world’s first long 
duration beamline at the Diamond Light Source over a 10 month 
period, gives insights into the formation of secondary hydration 
products in these cement blends, which may be responsible for the 
sorption of anionic radionuclides at the surface of additive particles. 
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The Cryogenian period is a time of diversification and 

extinction of eukaryotes [1, 2], and includes the pre-Sturtian 
acritarch Cerebrosphaera [3]. The vesicles are characterized by 
dark robust walls ornamented by cerebroid folds. Two species were 
previously described based on the folds’ width: C. buickii [4] and 
C. ananguae [5]. To further characterize these acritarchs and 
determine their biological affinity, we analysed the ultrastructure 
and chemical composition of specimens from the 802±10 Ma 
Hussar and younger Kanpa Fm., Australia and from the ~820 Ma 
Svanbergfjellet Fm., Spitsbergen.  

Fourteen specimens were studied under SEM for fine-scale 
morphological details. The morphology of the  
2 Cerebrosphaera species showed a continuum suggesting they are 
two extreme morphotypes of a single population. Ultrastructural 
analyses using TEM were performed on  
22 specimens and revealed a complex three-layered wall 
ultrastructure. No ultrastructural feature explained the distinctive 
folding of the walls. Infrared and Raman micro-spectroscopy were 
performed on 34 specimens to obtain a chemical composition of the 
wall biopolymer and to determine the thermal maturity. The wall 
biopolymer showed a highly aromatic composition and a weak to 
medium thermal maturity unrelated to the opacity of the specimens 
Comparisons were also made with leiospheres from the same 
samples.  

The complex morphology, ultrastructure and chemistry, 
combined with its large size and recalcitrant composition indicate 
that Cerebrosphaera was an eukaryote, taking part of the 
eukaryotic diversification observed prior to the onset of Snowball 
Earth glaciations. In the same time, the absence of significant 
differences between the two species plead for a taxonomic revision, 
C. buickii being the senior species.  
 
[1] Knoll et al. (2006) Philos. Trans. R. Soc. B 361 1023-1038 [2] 
Riedman et al. (2014) Geology 42 1011-1014 [3] Grey et al. (2011) 
Geol. Soc. of London Mem. 36 113-134 [4]Butterfield et al. (1994) 
Fossils and Strata 34 82p [5]Cotter (1999) Alcheringa 23 63-86 
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A variety of sulfide-oxidizing microorganisms have the ability 
to form and stabilize elemental sulfur (S0). Microbial S0 
biomineralization usually results in the formation of S0 globules 
that can be found inside or outside the cells. Here we describe a 
very original form of S0 biomineralization by bacteria from the 
Flavobacteriaceae family that have been isolated from a cold sulfur-
rich environment (Borup Fiord Pass, Canadian High Arctic).  

When cultivated in the presence of opposing gradients of 
sulfide (H2S) and oxygen, these bacteria produce a complex 
network of extracellular filamentous structures rigidly connecting 
to each other at 45° and 90° angles, and on which S0 eventually 
precipitates during the oxidation of H2S. S0 is also formed at the 
surface of large (up to 1µm) outer membrane vesicles produced by 
the cells. We will present data from fluorescence microscopy, 
electron microscopy, synchrotron-based soft x-ray 
spectromicroscopy (STXM), and infrared nano-spectrocopy 
coupled with AFM, that provide insights into the chemical 
composition, ultrastructure and formation mechanism of these 
biomineralized structures. We will also discuss their potential as 
biosignatures in present and ancient sulfur-rich environments, as 
well as their potential utility in the material sciences field. 

Figure 1: SEM image of S0-biomineralized extracellular 
material produced by Gillisia sp. from Borup Fiord Pass. The white 
arrow points to non-mineralized filamentous structures whereas the 
black arrow points to filamentous structures encrusted with S0. 
Large S0-encrusted outer membrane vesicles are also visible. 
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The Paleocene/Eocene thermal maximum (PETM) is the most 
rapid climatic warming event in the Cenozoic and informs us how 
the Earth system responds to large-scale changes to the carbon 
cycle. Warming was triggered by a massive release of 13C depleted 
carbon to the atmosphere, evidenced by negative carbon isotope 
excursions (CIE) in nearly every carbon pool on Earth [1] [2]. 
Differences in these CIEs can give insight into the response of 
different ecosystems to perturbations in the carbon cycle [3]. Here 
we present records of δ13Ccc of pedogenic carbonates and δ13Corg 
from preserved soil organic matter in corresponding paleosols to 
understand changes to soil carbon during the PETM. CIEs during 
the event are larger in pedogenic carbonates than preserved organic 
matter for corresponding paleosols at three sites across two 
continents. The difference in the CIEs within soil carbon pools can 
be explained by increased respiration and carbon turnover rates of 
near-surface labile soil carbon. Increased rates of labile carbon 
cycling combined with decreases in the amount of preserved 
organic carbon in soils during the PETM suggests a decrease in the 
size of the soil carbon pool, resulting in a potential increase in 
atmospheric pCO2 and a positive feedback with warming [4]. The 
PETM is a model for how the earth system responds to warming, 
and this mechanism would suggest that soils might serve as a large 
source for atmospheric CO2 during warming events. 

 
[1] Zachos et al. (2001) Science 292, 686-693. [2] McInerney 
and Wing (2011) Annu Rev Earth Pl Sc 39, 489-516. [3] 
Bowen et al. (2004) Nature 432, 495–499. [4] Trumbore et 
al. (1996), Science 272, 393–396. 
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Curiosity rover has observed a total of 53 igneous rocks along 
its traverse up to sol 800 (Martian day). We first identified these 
rocks by textural analyses from the MastCam [1] and ChemCam [2] 
[3] images. The objective of this study is to classify the Gale 
igneous rocks and show that Early Mars presents an interesting 
diversity of igneous products, some of them being evolved and not 
observed with previous in situ missions.  

First, the rocks were classified as effusive or intrusive based on 
textural analyses. Among the effusive rocks, two groups present an 
aphanitic texture, one with dark rocks while the other one contains 
leucocrate rocks. We also observed porphyritic ones with cm-size 
light-toned minerals. The intrusive rocks are either dark and fine-
grained with similar proportions of dark and light-toned minerals, 
or coarse- grained dominated by light-toned minerals. All of the 
igneous rocks have been observed as float rocks, except some 
intrusive leucocratic coarse-grained that are partially buried.  

The combination of textural and whole-rock analysis revealed a 
nice alkali-trend up to trachytes, observed for the first time on 
Mars. This suggests a low-degree of partial melting in the Martian 
mantle at relatively low pressure [4]. Moreover, the light-toned 
coarse-grained intrusive rocks correspond to diorite/granodiorite 
with normative quartz, suggesting that Si-rich igneous rocks may 
constitute a significant portion of the martian crust [4].  

We have shown that felsic rocks seem to have been transported 
from the northern part of the crater rim whereas the dark aphanitic 
ones are observed at the end of the traverse, probably coming from 
another source. Implications for early magmatism is detailed in [4]. ��� 
 
[1] Bell III et al. LPSC #2541 (2012); [2] Wiens et al., SSS 170 
(2012); [3] Maurice et al., SSS 170 (2012); [4] Sautter et al., LPSC 
#1943 (2015).  
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Neon diffusion in hematite and 
corundum 
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The diffusivity of neon determines the conditions under which 
minerals may be used as geochronometers or thermochronometers 
in the (U-Th)/Ne and cosmogenic 21Ne dating systems. Neon is 
expected to diffuse less rapidly than helium, but its kinetics have 
been determined on very few minerals. The measurements are 
difficult because adequate neon (natural or synthetic) is often 
unavailable in minerals of interest, and because some minerals 
break down in vacuum at the required high temperatures. We 
present helium and neon diffusion data from the isostructural 
minerals corundum and hematite.   

We have probed the He diffusion behavior of polycrystalline 
hematite using abundant 3He produced by proton irradiation. These 
data clearly demonstrate diffusion control by multiple diffusion 
domains associated with the crystallites. Interestingly, the 
activation energy for helium diffusion in hematite is within error of 
that for synthetic helium in single crystal/domain corundum. 

In contrast to He, there is inadequate Ne to simultaneously 
characterize the activation energy, the diffusivity at infinite 
temperature, and the domain size distribution in polycrystalline 
hematite. Instead, we perform neon diffusion experiments on 
unirradiated samples and use a) the well-determined single-domain 
activation energy from proton-irradiated sapphire (consistent with 
the less well-determined value in the hematite) and b) the hematite 
diffusion domain size distribution from helium experiments, to 
fully characterize Ne diffusion from polycrystalline hematite. 

The domains we investigated have neon closure temperatures 
~250-300°C higher than that for helium in the same domain. The 
data indicate that > 97% of neon is retained at temperatures up to 
275°C held over geologic time in our polycrystalline hematite 
standard. Even sub-micron hematite domains are fully retentive for 
Ne at this temperature and below. 
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Arsenic in the processing system 
Ore at the world-class Macraes orogenic gold mine typically 

contains ~1 wt% As as arsenopyrite. A flotation concentrate 
containing the arsenopyrite and associated pyrite is subjected to 
pressure oxidation at 225°C before gold extraction by cyanidation. 
Arsenic-rich tailings are stored in a large impoundment. Dissolved 
As as high as 10 000 mg/L is inferred from geochemical modelling 
of mineralogy of the pressure oxidation system. This drops to 
~1000 mg/L through the latter part of the processing system. 
Jarosite is one of the principal oxidation products, along with ferric 
arsenate and amorphous Fe-As-SO4 material, in the processing 
waters.This jarosite contains <0.3 wt% As in solid solution, but has 
scattered micron scale ferric arsenate inclusions. 

Arsenic in mine tailings 
Relict Fe2+ from incomplete ore oxidation in the tailings waters 

eventually oxidises and acidifies the tailings to pH 3-6, which 
hinders dissolution of ferric arsenate. Associated ferric iron 
oxyhydroxide precipitation facilitates adsorption of dissolved As. 
Water- rock interactions between the acidified waters and the 
tailings silicates (muscovite, chlorite, albite) forms clay minerals 
(kaolinite, illite, smectite) These clay minerals further facilitate 
attenuation of dissolved As via adsorption. Thus, the tailings waters 
typically contain  
<30 mg/L dissolved As. 

Percolation of As bearing tailings waters 
Acidified waters are progressively neutralised by host rock 

calcite and silicate reactions in the tailings as the waters percolate 
through older tailings and the tailings dam structure. Widespread 
gypsum deposition occurs from the Ca2+-SO4

2- rich waters. Chlorite 
decomposition to smectite continues along the percolation 
pathways, releasing more Fe2+ that oxidises to produce more Fe3+ 
oxyhydroxide and this contributes to further attenuation of 
dissolved As.  Percolating waters emerging from the tailings 
impoundment have dissolved As is <5 mg/L, and this is further 
attenuated to <0.1 mg/L in groundwater.  
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Since the first application of the Re-Os isotope system to 

organic-rich shales / petroleum source rocks [1], the method has 
benefitted from numerous analytical advancements and has matured 
into valuable tool for determining depositional age data directly 
from these sedimentary rocks. This attribute - determination of the 
depositional age of clastic sedimentary rocks - is unique among the 
commonly used radioactive isotope systems and is now proving 
invaluable as an alternate abolute dating method in sedimentary 
basins in which ash beds or other volcanic rocks are not present, 
and basins in which biostratigraphic age constraints are either 
absent (e.g., Proterozoic basins) or weak (e.g., lacustrine basins). 

The primary motivation for the development of the method lies 
in the system's ability for geochronology. Over the past  
15 years, numerous studies have shown that under ideal 
circumstances, petroleum source rocks can yield absolute Re-Os 
ages with 2s precision of close to, or in some cases better than, ± 
1%. Although this level of age precision is not comparable with that 
attained by some other methods (e.g., CA-IDTIMS U-Pb zircon) 
the method can be applicable in many geologic settings where U-Pb 
zircon dating is not possible. Accuracy of the Re-Os method has 
been evaluated relative to the U-Pb zircon method via timescale 
boundary studies and calibration of the 187Re decay constant 
relative to the U-Pb system. 

Initial studies of the Re-Os system focused on dating of 
Phanerozoic marine petroleum source rocks, but more recently the 
method has been expanded and successfully applied to dating of 
non-marine shales, dating of Precambrian shales, and in some cases 
dating of late Archean shales. Given the functional basis for the 
operation of the method, dating of late Archean shales implies mild, 
likely transient, oxygenation of some water masses at that time.  

Limitations of the method identified so far include 
susceptibility to post-depositional alteration by fluid flow and 
surficial weathering, together with capture of variable initial Os 
isotope ratios over the period of deposition and in some cases 
invariant Re/Os ratios.   

 
[1] Ravizza G. and Turekian K. K. (1989) GCA 53, 3257–3262 
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Highly siderophile elements (HSE) are strongly partitioned into 

the cores of terrestrial planets during core formation, and the 
abundances of HSE in Earth's mantle compared with primitive 
meteorites have provided key constraints on models of Earth's early 
evolution. Leading models to explain the HSE abundances in the 
silicate Earth involve a late-veneer of chondritic material that was 
added after core formation, or core formation in a deep magma 
ocean. The recently developed platinum (Pt) stable isotope system 
represents a novel tool for investigating these processes. 

We report Pt stable isotope results for enstatite, ordinary and 
carbonaceous chondrites, primitive achondrites, diogenites, iron 
meteorites and terrestrial mantle samples measured by double-spike 
MC-ICPMS. Results, expressed as the per mill difference in 
198Pt/194Pt ratios (δ198Pt) relative to the IRMM-010 Pt isotope 
standard, show that the Pt stable isotopic composition of Earth's 
present-day mantle (δ198Ptmantle = –0.11 ± 0.13‰) overlaps with 
chondrites from all groups (δ198Ptchondrites = –0.14 ± 0.09‰). 
Carbonaceous chondrites have an average composition similar to 
the other groups of chondrites but show greater variability, 
potentially relating to isotopic differences among the components 
of these meteorites.  Primitive achondrite and diogenite samples 
show heavier compositions (δ198Pt = –0.04 ± 0.10‰ and δ198Pt = 
0.24 ± 0.18‰, respectively). These data suggest that metal–silicate 
differentiation fractionates Pt isotopes, with heavy isotopes being 
preferentially retained in the silicate phase. Thus, Earth's mantle 
would be expected to have been significantly enriched in the heavy 
isotopes of Pt during core formation. The absence of an offset 
between chondrites, representing the composition of the 
undifferentiated Earth, and the mantle is consistent with the 
signature of core formation having been overprinted in Earth's 
mantle by a late-veneer of chondritic material added after the core 
had formed. 
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Cold seep carbonates form in shallow subsurface of  marine 
sediments due to the microbial anaerobic oxidation of methane 
(AOM).  As a result they are unique archives of the locus and 
intensity of past methane seepage. Because AOM is mainly driven 
by the microbial reduction of seawater sulfate, sulfur isotopes may 
help to reconstruct the biogeochemical conditions under which seep 
carbonates precipitate. For this purpose, we have investigated the 
multiple sulfur isotope compositions of paired carbonate associated 
sulfate (CAS) and pyrite in seep carbonates, taken as proxies for 
porewater sulfate and sulfide, respectively. Analyzed samples were 
collected from 5 different seepage sites in the North and Barents 
Seas. 

The sulfur stable isotope compositions of pyrite (average  δ34S 
= -6.7 ± 11.2 ‰ VCDT, n=38) are depleted compared to seawater 
sulfate whereas CAS compositions (average  δ34S = +42.2 ± 7.3 ‰ 
VCDT) are enriched. Such  δ34S values are consistent with 
dissimilatory bacterial seawater sulfate reduction associated with 
AOM in porewater. The wide range of isotopic composition of 
CAS and pyrite (δ34S ranging from +26.2 to +61.6 ‰ VCDT and 
from -23.5 to +14.8 ‰ VCDT, respectively) suggests that 
carbonates have formed under changing porewater geochemical 
conditions in the diagenetic realm. The use of a transport-reaction 
model to recontruct the obtained sulfur isotope data will help to 
better constrain the geochemical conditons during carbonates 
precpitation. 
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The Pannonian Basin in East-Central Europe has been affected 
by lithospheric fluxing by mantle CO2-rich fluids as evidenced by 
alkaline/calc-alkaline volcanism and basin gas geochemical data 
[1]. The source, timing and amplitude of this CO2 flux remain 
enigmatic and are of prime importance for petroleum exploration.  

Mantle xenoliths from the Bakony-Balaton Highland alkaline 
volcanic field (Hungary) are lithospheric spinel-bearing lherzolites. 
They contain trapped melt as veins, reaction zones and grain 
boundary fillings that show calc-alkaline compositions from 
basaltic andesite to trachyandesite. The melts clearly differ in 
composition from the alkaline host volcanics. The trapped melts 
reflect a metasomatic event related to the percolation of 1) 
subduction-derived melts and fluids from the Carpathian-Pannonian 
system or 2) melts produced by decompression melting of the 
previously metasomatised mantle wedge during rifting that 
followed collision. 3D mapping using X-ray microtomography of 
trapped melts and fluids suggest that 1) large vesicles in trapped 
melts and secondary trails of fluid inclusions (FI) are cogenetic; 2) 
the volume of melt and fluid in the xenolith suite are correlated. 
This correlation is consistent with the exsolution of magmatic CO2 
in the closed system of the lithospheric mantle. The pure CO2 FI 
densities cover a range from 0.3 to 1.1 g.cm-3, implying CO2 
contents at saturation in melts between 0.11 ± 0.02 wt% to 0.47 ± 
0.02 wt%. The rhyolite-MELTS software [2,3] has been used for 
the first time to study the volume of CO2 liberated from the primary 
calc-alkaline melt before quenching of the glass. This approach will 
allow better quantification of the amount of mantle CO2 released to 
the Pannonian Basin lithosphere. 
 
[1] B. Sherwood Lollar et al., Geochim. Cosmochim. Acta, 61, no. 
11, pp. 2295–2307, 1997. [2] G.A.R. Gualda et al., J Petrol., 53, 
875-890 [3] M.S. Ghiorso and G.A.R. Gualda, Contrib. Mineral. 
Petrol., in press  
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Petrographic observations are often restricted to the 
examination of polished sample surfaces. Various limitations of 2D 
observations, such as preparation artefacts or sample anisotropy 
preclude the quantitative 3D description of rock samples. X-ray 
micro-tomography allows for the in-situ, non-destructive 3D 
density structure imaging of solids. Although the sub-micron level 
of investigation has been developped more than a decade ago, its 
potential for petrological applications has not yet been fully 
investigated. 

With the objective to quantify the distribution of fluids and 
melts in mantle xenolites from the Pannonian Basin, we examined a 
set of 11 distinct lherzolitic peridoties at the ID19 beamline of the 
European Synchrotron Research Facility (ESRF) in Grenoble, 
France. A monochromatic 30 keV X-ray beam was applied on 
peridotite plugs (p=4mm, L=10-20mm), allowing for an average 
spatial resolution of 1.2 µm, with a  
14-bit grey-level resolution. Image filtering, 3D reconstruction and 
segmentation were performed using the ImageJ® and Avizo® 
softwares. 

The density resolution allowed to segmentate the volumes 
occupied by the different crystalline phases, glass and fluids, and to 
quantify their volumic proportions and render their morphological 
distributions. Modal 3D mineralogical compositions were 
calculated, together with glass/mineral and fluid/glass abundance 
ratios. Measured densities of glasses are in good agrement with 
chemical compositions measured by electron microprobe. The 
crosscuting between gas vesicle-rich magma veins at grain 
boundaries and trails of secondary fluid inclusions (FI) allowed for 
establishing their cogeneticity. Fluid inclusion size histograms and 
their distribution between minerals were computed. Independent 
CO2 density  measurement in FI using Raman spectroscopy allowed 
for calculating an undegassed CO2 concentration of the different 
melts between 0.11 wt.%  ± 0.02 and 0.47 wt.% ± 0.02, and to 
discuss magmatic C-fluxes from the mantle to the Pannonian 
lithosphere. 
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Biogeochemical transformations of sulfur and iron emitted at 

deep-sea hydrothermal vents are largely unknown. The Mid-
Cayman Rise is a mid-ocean ridge located in the Caribbean Sea [1]. 
Hydrothermal particles were collected by in situ filtration from the 
Von Damm vent, Mid-Cayman Rise, at three elevations above the 
vent (1m, 8m, 92m). The SUspended Particle Rosette (SUPR) 
sampler allowed us to capture novel samples in the dynamic and 
rapidly changing hydrothermal plume [2]. The shipboard sample 
handling protected samples from the chemical reactions that occur 
in contact with atmospheric oxygen. 

Sulfur and iron speciation was measured for particles and 
aggregates using X-ray microprobe and microscope approaches.  
The synchrotron-based techniques used include: (1) microprobe X-
ray Absorption Near Edge Structure (XANES) spectroscopy for 
sulfur and iron, (2) microprobe X-ray Fluorescence chemical 
mapping for iron and sulfur, and (3) scanning Transmission X-ray 
Microscopy (STXM) based carbon XANES.  

Despite the relatively low metal content of the Von Damm 
fluids, the particles contain iron silicates, Fe(III) oxyhydroxides, 
and Fe(III) organic complexes.  Inorganic and organic mono- and 
di-sulfides were also detected in the plume. Carbon STXM results 
show iron-rich mineral aggregates with particulate organic carbon, 
including microbial cells. Iron particles are trapped in matrices of 
particulate organic carbon. The geochemical variability of particles 
is indicative of (1) substantial mixing of hydrothermal fluids with 
circulating seawater prior to venting, and (2) microbial processing 
of sulfur within the vent fluids.  
 
[1] Kinsey & German (2013) Earth and Planetary Science Letters 
380, 162-168. [2] Breier, Sheik, Gomez-Ibanez Sayre-McCord, 
Sanger, Rauch, Coleman, Bennett, Cron, Li, German, Toner & Dick 
(2014) Deep-Sea Research Part I 94, 195-206. 
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The Aravalli Paleoproterozoic phosphorites of Jhamar- 
kotra India, comprised of phosphatic stromatolites, are among the 
earliest and most phosphorus-rich phosphorites known [1] though 
the processes involved in enriching these stromatolites in P are not 
well understood [2]. We present fossil evidence of iron-oxidizing 
bacteria preserved as twisted-stalk filamentous iron-oxides within 
these stromatolites and suggest that their presence indicates 
conditions conducive to phosphate deposition via microbial 
polyphosphate utilization as a strategy for dealing with alternating 
redox regimes.  

The oceans of the Paleoproterozoic are believed to have been 
generally ferruginous with locally oxygenated conditions resulting 
from diurnal cyanobacterial O2 release, and Papineau et al. (2013) 
cite geochemical evidence of steep and alternating redox gradients 
in the Aravalli stromatolites, similar to those inhabited by extant 
neutrophilic iron-oxiding bacteria. In the modern, some 
chemolithotrophs in marine sediments are known to preferentially 
store phosphate internally as polyphosphate under oxygenated 
conditions – then under anoxic conditions, hydrolyze it, release 
orthophosphate, and drive pore waters to supersaturation with 
respect to apatite or its precursors [3].  

Recent evidence suggests that some marine iron-oxidizing 
bacteria accumulate polyphosphate [4]. Moreover, the presence of 
iron oxidizing bacteria in the Jhamarkotra phosphatic stromatolites 
suggests the presence of steep and fluctuating oxygen gradients that 
select for polyphosphate accumulating bacteria of the kind that are 
associated with phosphorite formation in the modern [5]. 

 
[1] Cook et al. (1990) Geo Soc London Spec Pub 32, 1-22. [2] 
McKenzie et al. (2013) PreCambrian Res 238, 120-128.  
[3] Schulz & Schulz (2005) Science 307, 416-418. [4] Singer et al. 
(2011) PLoS ONE 6, e25386. [5] Crosby et al. (2014) Geology 42, 
1015-1018. 
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This study presents the first in situ trace element analysis of 
sulphide and oxide grains in high-pressure serpentinites to the 
authors’ best knowledge. Trace element data of chalcophile and 
siderophile elements (CSE), including PGE, were obtained using 
LA-ICP-MS. The results provide an insight into the distribution of 
CSE during the subduction and exhumation of mantle lithosphere.  

Grains selected for analysis include >50 µm magnetite, Cr-
spinel, pentlandite and heazlewoodite. Most oxides and sulphides 
contain low PGE concentrations with the majority of analyses 
below detection limits. However, Ru contents in all sulphide grains 
were significantly above detection limits at 3.6–8.1 ppm. Other 
PGE have maximum concentrations as follows; 0.17 ppm Pt, 0.48 
ppm Rh, 0.16 ppm Os, 0.27 Pd, with Ir and Os below detection 
limits. A few sulphide grains were found to be relatively enriched 
in IPGE (Os, Ir and Ru). IPGE were abundant in  both a 
heazlewoodite and Cr-spinel grain that are in equilibrium with each 
other in a sample distal to metasediments and metamafic rocks. A 
pentlandite grain in a matrix of antigoritite within a sample 
proximal to calcareous schist and ophicalcite is also relatively 
enriched in IPGE. The heazlewoodite, Cr-spinel and pentlandite 
grains all contain inclusions of antigorite and it is inferred that these 
grains grew during the initial stages of retrogression, suggesting the 
transfer of IPGE by high-pressure fluids. Os is deemed mobile 
under reducing conditions [1], which are indicated by Ni-Fe alloys 
in veins and magnetite found in association with heazlewoodite 
grains. Additionally, the pentlandite grain enriched in IPGE is also 
enriched in Ag, As and Au (1.65 ppm, 8800 ppm, 0.18 ppm, 
respectively), suggesting fluids associated with IPGE transfer may 
also transport these elements.  

 
[1] González-Jiménez et al., 2012. Geology, 40 (2012), 659-662. 
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As a key nutrient required for growth, the availability of 

phosphorus regulates biological production and the overall activity 
of the biosphere over geologic time scales. Iron oxides represent a 
major sink for phosphorus in the well oxygenated modern oceans 
[1]. Unlike today, however, the deep oceans of the Precambrian 
Eons were anoxic and ferrous iron rich (ferruginous) [2]. Oxidative 
precipitation and sedimentation of this Fe would have represented 
an enormous marine phosporus sink, notably during times of 
Banded Iron Formation deposition [3]. Reconstruction of seawater 
chemistry through time reveals deep ocean phosphorus 
concentrations of 0.04 to 0.13 µM throughout the Precambrian 
Eons—a mere fraction of those in the modern deep ocean (~3 µM) 
[4]. Such low phophorus concentrations would have constrained 
rates of global biological productivity during intervals characterized 
by ferrugiouus  ocean conditions. Furthermore, nutrient dynamics 
would likely have favored growth of anoxygenic phototrophs over 
oxygenic phototrophs suggesting that the low phosphorus 
concentrations of the Precambrian oceans may have delayed the 
proliferation of cyanobacteria and the oxygenation of the ocean-
atmosphere system. Here we further explore these relationships and 
in particular highlight the possible role of photoferrophy in the 
evolution of Earth surface chemistry during the Precambrian. 

 
[1] Berner RA, (1973) Earth and Planetary Science Letters, 18, 77–
86; [2] Poulton SW and Canfield DE (2011) Elements, 7, 107-112; 
[3] Bjerrum C.J and Canfield DE (2002) Nature, 417, 159–162 [4] 
Jones et al. (2015) Geology, 43, 135-138 
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The Q component has a distinct xenon isotopic signature [1].  

This can be derived by mass fractionation favouring the heavy 
isotopes from the solar xenon composition, modified by the 
addition of presolar Xe-HL and excess 129Xe from the decay of 129I 
(half life 16 Myr) [2] [3]. We identify a Q-Process that traps xenon 
into carbon-rich material, introducing this characteristic mass 
fractionation. 

Nanodiamond-rich residues prepared from primitive meteorites 
contain a planetary xenon component designated Xe-P3 [4].  It 
appears to have been produced from a parent reservoir, the extent of 
mass fractionation suggesting the Q-Process  129Xe from decay of 
129I is also present.  The parent reservoir from which Xe-P3 was 
trapped was depleted in s-process xenon relative to the solar 
composition [2] [3]. 

We thus have samples from two distinct environments in which 
xenon was trapped by the Q-process.  In each case it seems that 
iodine was trapped alongside xenon, and that trapping of iodine was 
more efficent than trapping of xenon (trapped I/Xe ratios were high 
enough for decay of 129I to modify the xenon isotopic signature).  
This observation has the potential to provide a new constraint both 
on the carrier phase itself and on the trapping process and, possibly, 
to constrain the date of the last loss of xenon from Phase Q.  I-Xe 
data from Xe-P3 has already been reported [5]. 

There is a striking dichotomy between (“solar”) Q-Xe, trapped 
in an oxidisable carrier, and (“presolar”) Xe-P3, trapped in a carrier 
that survives strong oxidation.  We have suggested that  preparation 
of nanodiamond-rich residues preferentially preserves grains that 
sample Q-process events further back into galactic history [3].  The 
s-process deficit is then a natural consequence of galactic chemical 
evolution.  To explain the difference in carriers we now suggest that 
the carriers of Xe-P3 were originally identical to those of Q-Xe, and 
that processing in the interstellar medium transformed them into the 
P3 host [e.g. 6].  This would naturally explain the observations and 
predicts that processing in the ISM can produce one from the other. 

 
[1] Busemann et al. (2000) Meteorit. Planet Sci. 53, 949-973. [2] 
Gilmour (2010) Geochim. Cosmochim. Acta 74, 380-393. [3] 
Crowther & Gilmour (2013) Geochim. Cosmochim. Acta 123, 17-
34. [4] Huss & Lewis (1994) Meteoritics 29, 791-810 [5] Gilmour 
(2009) LPSC XL, Abstract #1603. [6] Stroud et al. (2011) 
Astrophys. J. Lett. 738, L27. 
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Schwertmannite is a Fe oxyhydroxysulfate commonly formed 
in acid drainage (AD). This metastable phase is an important sink 
for trace metal(oid)s including Cu, As, Zn, Mn and Ni. However, 
schwertmannite recrystallizes to goethite in the short-term followed 
by its transformation to hematite over long time scales. Terraces 
that form in AD-impacted rivers commonly exhibit a transition 
from schwertmannite to these more crystalline phases over time 
[1,2].  

One of the largest massive sulfide provinces worldwide, the 
Iberian Pyrite Belt (IPB), is located in the Southwestern Iberian 
Peninsula. This metallogenic province hosted originally more than 
1700 Mt of massive sulfides [3]. This study aims to constrain the 
behavior of sorbed trace elements during aging of schwertmannite 
terraces formed within AD-impacted rivers in the IPB. Knowing the 
final fate of trace elements will improve remediation systems 
designs.  

Samples of these terraces were obtained from two locations in 
the Tinto River basin: (1) a modern terrace from a riverbed in La 
Naya (LN); and (2) an older terrace positioned 60 m above the 
modern riverbed at Alto de la Mesa (AM). Mineral identification 
was performed using µ-Raman spectroscopy [4]. Synchrotron-
based micro-X-ray fluorescence (µ-XRF) mapping was used to 
examine element distribution [2]. Principal component analysis 
(PCA) was used to examine elemental and mineralogical 
relationships.  

Elemental correlations were generally high for the LN sample 
and much lower for the AM sample. Distinct bands of goethite and 
hematite were observed within the AM sample. Higher 
concentrations of As, Cu and Zn in this sample were generally 
associated to goethite. In contrast, spatial variations in trace 
metal(loid) concentrations were not apparent for the LN sample. 
The PCA results revealed that all the elemtns had great affinity for 
schwertmannite precipitates; however, elemental correlation 
decreased during aging and hematite exhibited the lowest affinity 
for trace elements. 

 
[1] Asta et al. (2010) J. Hazard. Mater. 177, 1102-1111. [2] Pérez-
López et al. (2011) Chem. Geol. 280, 336-343. [3] Sáez et al. 
(2003) Can. Mineral. 41, 627-638. [4] Parviainen et al., (2015) 
Chem. Geol. 398, 22-31. 
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High-alumina and high-alkali basalts occur in subduction-

related volcanic settings worldwide, yet their geochemical origin 
continues to be debated. Recent studies have suggested that buoyant 
mélange material may rise as low-density plumes or diapirs from 
the slab-mantle interface into the hot corner of the mantle wedge, 
where it will melt or induce mantle melting due to dehydration. 
Because these high-pressure mélange rocks are often dominated by 
chlorite, they are characterized by high Al2O3 content. Thus, 
chlorite schists are saturated in an Al-phase during partial melting, 
producing high-Al melts. We present new data from experimental 
melting and dehydration of chlorite-rich mélange material at mantle 
wedge conditions that coincide with the range of compositions 
observed in high-Al arc lavas. 

Piston cylinder experiments were performed at conditions that 
are appropriate for mantle wedge diapirs (990–1150 °C, 1.5–2.5 
GPa) using natural mélange rocks from Syros, Greece. Experiments 
performed at high pressure (2.5 GPa) on essentially pure chlorite 
schist dehydrate, resulting in a free fluid phase in equilibrium with 
garnet and 2 spinels. Experimental melts derived from omphacite-
epidote-bearing chlorite schists range in composition from basanite 
(43.4– 
43.7 wt% SiO2, 3.6–3.7 wt% Na2O+K2O) to basalt/basaltic andesite 
(46.9–50.8 wt% SiO2, 2.2–3.0 wt% Na2O+K2O) to very high alkali 
contents (46.1–59.9 wt% SiO2, 7.4–11.3 wt%  Na2O+K2O). Melts 
derived from talc-chlorite-actinolite schist are dacitic (73.5–73.9 
wt% SiO2, 7.3–7.9 wt% Na2O+K2O). All of the experimental melts 
have very high alumina contents (15.9–20.4 wt% Al2O3). Restitic 
minerals coexisting with melt include clinopyroxene, 
orthopyroxene, two spinels, ilmenite and/or rutile, magnetite, 
apatite, amphibole (at lower T) or olivine (at higher T), and garnet 
(at higher P).  

The wide range of silica contents, coupled with the high 
alumina and high alkali contents of the experimental melts in this 
study, suggest that a vast array of major element compostitions in 
volcanic arcs can potentially be explained by melting of chlorite-
rich mélange rocks in mantle wedge plumes or diapirs.  
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The study on porosity evolution of shales can help to improve 

the accuracy of reservoir evaluation and prediction, which is 
important to sweet-spotting. In this study, we use self-designed 
reservoir diagenetic modeling system to characterize shale porosity 
changes with increasing temperature (T) and pressure (P). 
Tmax=550℃ and Pmax=275MPa. There are six sample reactors 
which can be set different T and P. We can add different fluids and 
collect the products during the experiment.The samples are modern 
lacustrine ooze obtained from Fuhai Lake of the Winter Palace in 
Beijing. TOC is  
4.76 wt%. Six experiments have been conducted, and three 
experiments are at the same T&P to test system stabality. The 
heating rate is 10℃ per hours and the pressure rise step is 10MPa 
per time. In this study, constant pressure (40MPa) is used. Total 
experiment time is 7 days. Typical diagenetic indicators, i.e., Ro, 
Tmax, Illite/smectite ratio are analyzed. SEM is used to obtain high 
resolution micro-structure images. Our prelimanary results include 
the following aspects: 

(1) Three comparasive groups with 18 samples shows that the 
difference of Ro is less than 0.2%, indicating good stability of the 
system. 

(2) Relationship between experiment T and maturity is 
established. 250℃ correspond to immature stage when Ro = 0.5%. 
250~370℃ correspond to oil window when Ro = 0.5%~1.2%. 370 
℃ corresponds to gas window when Ro = 1.3%. 550℃ 
corresponds to late gas window when Ro=2.5%.  

(3) At early stage (Ro=0.5%), primary intergranule micro-pores 
dominate storage space. As T&P increase, the shale enter oil 
window (Ro=0.7%~1.2%) and the pore space is dominated by 
nano-scaled pores, usually accompanied with micro-fractures, 
which could form favorable nano-porosity system with better 
connectivity. During the gas window stage (Ro>1.3%), the 
adsorption of nano-scaled grains is great, which accelerate the 
process of OM pyrolysis. OM coagulation is observed around nano-
scaled grains in mudstone/shale. 

Although there are lots of differences between physical 
modelling and actural geological evolution, multi-parameter 
diagenesis modeling could help to understand the whole porosity 
and mineral evolution process in shale, which can provide reference 
for favorable reservoirs evaluation and prediction. 
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Tight oil resource potential of China is listed No. 3 all over the 
world and preliminary research indicates that the reserves excess 
100×108t. How to evaluate the recoverable oil and its controlling 
factors became the research focus. We define two parameters, 
including HC adsorption amount per area and effective surface area 
to evaluate the mobile oil in tight sandstones. Upper Triassic 
Yanchang tight play is one of the most important tight oil plays in 
China. The porosity of the samples ranges from 6% to 10%, and 
permeability is less than 1.0mD. 

The results include the following aspects: 
- Adsorption experiment indicates that the average surface 

adsorption of oil is about 13mg/m2.  
- minimum diameter of pores filled with oil is about 20nm. 
- Nitrogen adsorption data indicate that the surface area of 

pores with diameter over 20 nm is 1 m2/g. Here, this surface area is 
defined as effective adsorption area. 

- The maximum mobile oil accounts 14.3%~48.6% of total oil 
amount, which is comparable with NMR results.  

- Key factors of oil mobility in tight sand consist of oil density, 
viscosity, effective surface area, the effective pore volume, and 
mineral composition. The most important factor controlling mobile 
oil percentage is the surface area per pore volume (S / φ). 
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Snow algae are psychrophilic organisms that inhabit suitable 

alpine as well as polar sites. Most common of these 
microorganisms is the red snow alga Chlamydomonas nivalis 
(Chlamydomonadales, Chlorophyta). Besides chlorophyll a, they 
produce high amounts of secondary carotenoid pigment 
astaxanthin, which serves as efficient photoprotection, antioxidant, 
and energy transport agent [1].  

The chemical properties of carotenoids originating from biota 
as well as from sediments are known in depth. Few studies have 
been undertaken of carotenoids distribution in vivo. Classical 
techniques of pigment identification and discrimination are 
absorption spectroscopy and HPLC. Raman spectroscopy has 
several advantages for carotenoid work: it is non-destructive and 
provides spectroscopic molecular and structural information. 
Handheld Raman spectrometers with suitable excitation have 
proven recently as useful tools for detection of microbial pigments. 
Carotenoid pigments of halophilic microorganisms in microbial 
communities in hypersaline environments were detected with 
handheld instrument [2]. Limits of application of the Raman 
spectroscopy for unambiguous discrimination of carotenoids were 
recently highlighted as well [3]. 

Here, we used the light handheld Raman spectrometers 
equipped with 532 nm and 785 nm laser excitation to show the 
presence of the photosynthetic and photoprotective pigments 
directly on the coloured patches formed by snow algae at the sites 
of their occurrence in the Tyrolean Alps. 

 
[1] Remias et al. (2005) Eur. J. Phycol 40, 259-268. [2] Jehlička & 
Oren (2013) J. Raman. Spectrosc 44, 1285-1291. [3] Jehlička et al. 
(2014) Phil. Trans. R. Soc. A 372, 20140199. 
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A comparison was made between various stable isotope 
measurement techniques for the purpose of quantifying each 
methods capability for use in hydrocarbon analyses applicable to 
fields such as geochemistry, agriculture, forensics and authenticity 
testing. Measurement techniques include: (1) Cavity Ring-down 
spectrometry (CRDS) using a Picarro 2120-A interfaced with a 
combustion module (CM) to facilitate conversion of hydrocarbons 
to carbon dioxide and water (2) Isotope Ratio Mass Spectrometry 
(IRMS) using a Thermo 253 IRMS with gas chromatographic 
separation prior to combustion to carbon dioxide or high 
temperature pyrolysis to hydrogen for isotope ratio measurement. 
Also, off line combustion to carbon dioxide and water with further 
reduction to hydrogen and dual-inlet measurement by IRMS. IRMS 
techniques have proven track records for measurement accuracy 
and precision but require independent analyses of carbon and 
hydrogen since one needs to oxidize carbon but reduce water to 
hydrogen prior to measurement or pyrolyze hydrocarbons directly 
into hydrogen after gas chromatographic separation. Cavity ring-
down spectrometry can measure carbon dioxide and water 
simultaneously eliminating the need for two separate measurements 
of carbon and hydrogen isotopes. Although the CRDS suffers from 
memory effects following combustion and transfer of gases early 
on, new technology has reduced this to acceptable levels for 
accurate determinations of carbon and hydrogen isotope ratios. In 
this study, various hydrocarbon materials were used over an 
extended period of time to determine the best combination of 
sample size, replicate analyses and combustion column composition 
and life. The data presented here indicates isotopic measurements 
by CM-CRDS, for both solid and volatile liquid samples, compare 
well with GC/IRMS and off-line dual inlet methods of analysis. 
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Reactive transport simulations offer the potential of predicting 
the long term fate of contaminants such as uranium in groundwater 
aquifers. This capability may lead to better site management and a 
transparent assessment of contaminant fate, transport and risk. 
However, applications of reactive transport modeling in 
groundwater can be limited because experimental data are often 
available at the centimeter scale whereas field scale transport 
typically occurs on the kilometer scale. To bridge this gap, 
hexavalent uranium (U(VI)) desorption rates were investigated 
across multiple scales including batch, column, 2m intermediate 
scale lab experiments and 1-4m tracer test experiments in order to 
more accurately describe transport at plume scale. At the batch 
scale, U(VI) desorption was rate-limited and characterized by an 
initial rapid increase in U(VI) concentration in the first 400 h 
followed by as slow release for up to 2000 h. Simulations using a 
multirate mass transfer model to describe U(VI) desorption 
indicated that after 400 h the temporal changes of the U(VI) were 
driven by weathering reactions rather than slow desorption. 
Simulations of column experiments with sediments from the field 
site showed significant concentration rebound when flow was 
interupted and the extent of rebound was sensitive to alkalinity. 
Rebound observed in intermediate scale (~2 m) lab experiments 
decreased with distance because the concentration gradient between 
the mobile and immobile zones decreased along the flowpath. 
Tracer tests conducted in the field were monitored by both a 
geoelectrical resistivity network and groundwater sampling and 
demonstrated importance of rate-limited mass-transfer on U(VI) 
transport. A reactive transport model that coupled mass transfer 
with U(VI) surface complexation model had significant predictive 
capability of the field transport. These results will be used in a post 
audit of a reactive transport model calibrated to field data from 
1986-2001 and to compare predictions with data collected regularly 
since 2002.  
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The Hf isotopic composition of zircon is a powerful proxy 
for the reconstruction of magmatic processes. Because both Hf 
and trace elements are often measurede in one sample, 
analyses are conducted without the time consuming Hf 
chemical purification using conventional MC-ICP-MS. 

We tested new analytical approaches to eliminate 
inaccuracies due to 176Yb isobar on 176Hf, matrix effects and 
imprecise mass bias coefficient (βHf and βYb) determination.  

Firstly, JMC475 Hf standard and Plešovice zircon [1] were 
Yb-doped so that Yb/Hf ranges up to 0.5. The 176Yb isobar was 
removed using in-run optimization of the 176Yb/173Yb value 
that is matrix dependent and varied within 0.8% of natural 
abundancies from Thirwall and Anczkiewicz [2]. The overall 
external reproducibility was better than ±1.0 εHf (2SD, n>30). 
Then, JMC475 was doped with Zr, U, Th and REEs. The 
major cause of inaccuracy was the addition of Gd, which 
shifted the εHf  by ~+4 due to Gd-oxide generation in the ICP, 
creating isobars on Yb and Hf masses [3]. This effect can be 
reduced by using matrix matched reference material for data 
normalization. Finally, Plešovice zircon was used as a 
bracketing standard to determine βHf and βYb for low Yb 
and/or Hf analytes. Diluted Plešovice zircons (~3ppb Hf) were 
found accurate to within 2.1 εHf (2SD) of the reference value. 
The reproducibility was improved by a factor of >2 when using 
standard bracketing instead of internal β calculation. 

These experiments suggest that Hf isotope measurements 
of samples with variable matrices by solution MC-ICP-MS can 
be improved by employing matrix matched reference materials 
for data reduction and that accurate measurements of very 
small samples can be conducted if standard bracketing is used 
for external determination of mass bias coefficients.  

[1].Sláma, J., et al. (2008) Chemical Geology.249, 1-
35.[2].Thirlwall, M.F., et al. (2004) Int. J. Mass Spectrom.235, 
59-81.[3].Fisher, C.M., et al. (2014) Chemical Geology.363,
125-133.
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Stream chemical signatures of rock 
weathering and contribution of 

organic acids to charge balance in the 
perhumid coastal temperate 

rainforest of Alaska 
D’AMORE, D.* AND TRAINOR, T 

*ddamore@fs.fed.us 
 
The landscape of the perhumid coastal temperate rainforest 

(PCTR) of Alaska is chronologically young due to relatively 
recent ice advances that covered nearly the entire extent of 
terrestrial area. However, the terrestrial landscape has 
experienced rapid change during the Holocene due to a humid 
climate that promotes intense soil weathering and rapid 
accumulation of soil organic carbon. Therefore, the region 
represents a paradox where the temporal intensity of ecosystem 
succession is low, but the intensity of climate driven rock 
weathering and soil development is very high. The contrasting 
temporal and spatial intensity of landscape change in the 
PCTR makes it particularly valuable for testing theories of 
ecosystem development. We investigated the relationship 
between rock weathering and soil development through 
measurements of stream element concentrations and stream 
charge balance in several catchments of the PCTR. All 
observed catchments had evidence of weathering indicated by 
cation export relative to sea-salt aerosol input. The magnitude 
of the weathering signature was inversely related to the 
accumulation of organic carbon in the catchment. There was 
clear evidence of rock-water interaction in all mainstem 
streams and non-wetland catchments. However, organic matter 
accumulation in wetland watersheds diminished the weathering 
signature and export of inorganic carbon. Organic acid export 
was a notable contributor to alkalinity in watersheds with 
wetlands. Organic acids balanced the residual net negative 
charge as streamwater pH decreased bicarbonate alkalinity. We 
conclude that biological processes inhibit the weathering of 
lithologic materials due to organic matter accumulation and 
influence the stream chemical charge balance. This study 
provides a model for landscape evolution that integrates rock 
weathering, soil development, and organic matter 
accumulation. 
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The chromium isotopic composition 
of an early to middle Ordovician 

marine carbonate platform, eastern 
Precordillera, San Juan, Argentina 
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4Departmento de Paleontologia, Facultad de Ciencias, Iguá, 

4225, 11400 Montevideo, Uruguay 
 

A broad suite of redox proxy data suggest that despite 
ocean and atmosphere oxygenation in the late Neoproterozoic, 
euxinic conditions persisted in the global deep oceans until the 
at least Ordovician [1-3]. Major changes in the sulphur isotopic 
composition of carbonate associated sulphate and co-existing 
pyrite in the later Middle Ordovician are consistent with 
oxygen mixing at depth and ventilation of euxinic bottom 
waters [4].  We measured the Cr isotopic composition of an 
Early to Middle Ordovician carbonate platform to test whether 
Cr isotopes record ocean oxygenation. The Cr isotopic 
composition of seawater is controlled by inputs from oxidative 
weathering on land and redox transformations in marine 
environments. Preliminary results indicate a major shift in 
d53Cr values from +0.5‰ to 0‰ across the Early to Middle 
Ordovician boundary, accompanied by an increase in Cr 
concentration from 0.1 to 0.25 ppm. By contrast, 87Sr/86Sr 
ratios, however, remain relatively stable (0.70898 + 0.00001) 
throughout the section, suggesting that Cr isotope shifts were 
not associated with changes in continental or hydrothermal 
weathering fluxes, but instead reflect primary changes in ocean 
redox conditions. This hypothesized change in redox at the 
Early to Middle Ordovician boundary may preface more 
widespread ventilation in the later Middle Ordovician.   
 
[1] Hurtgen et al., 2009, EPSL v 281 p. 288-297 [2]  Gill et al., 
2011, Geochim Cosochim Ac v 72 p. 4699-4711 [3]  
Thompson and Kah, 2012 Palaeogeogr. Palaeoclimatol. 
Palaeoecol. V. 313-314, p. 189-214 [4] Thompson and Kah, 
2010, GSA Annual Meeting, v. 42 p. 513. 
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New constraints on sulfides as the 
main mantle Pb reservoir 

MEGAN D’ERRICO, JESSICA WARREN AND  
MATTHEW COBLE1  
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As one of the most powerful long-lived radiogenic 

systems, the Pb isotopic composition of the mantle is central to 
many geochemical problems. Studies have been used to 
suggest that mantle Pb resides predominately in the sulfide 
phase, which is possibly a source of missing unradiogenic Pb. 
Existing data of sulfide Pb concentrations is sparse, and 
combined with sulfide modal abundances yield a significant Pb 
deficit. To address this gap in knowledge of the Pb mass 
balance of the upper mantle, we present the first in-situ Pb 
concentration data for abyssal peridotite sulfides collected 
using the SHRIMP-RG ion microprobe. 

More than 80 sulfide grains were analyzed, half of which 
occurred in clusters of sulfide grains and half as individual 
grains. The majority of sulfides display homogenous Pb 
concentrations within individual sulfides and among grain 
clusters. Grain-averaged Pb concentrations range from 1 to  
40 ppm. The lack of low concentration matrix-matched sulfide 
standards constrained the detection limit to ~1 ppm. The 
average concentration of all spots analyzed is 3.3 ppm Pb (n = 
190), with a 1σ S.D. of 6.4 ppm, reflecting the large 
concentration variation in the population as a whole. Our 
results indicate that sulfides contain less average Pb than the 
75 ppm originally estimated by Hart and Gaetani [1]. Our 
average is within uncertainty of published TIMS 
measurements that range from ~4-5 ppm.  

Based on an average concentration of 3.3 ppm Pb and 
modal abundance of 0.02%, sulfides contribute 0.6 ppb to bulk 
peridotite. If Pb concentrations are representative of pre-
melting Pb abundances, this suggests sulfides host <3% of Pb 
in the depleted MORB mantle (23.2 ppb Pb; [2]). This study, 
combined with literature data from other ridges, suggests that 
sulfides do not exert a strong control on the fractionation of Pb 
during mantle melting. 
 
[1] Hart, S.R. and Gaetani, G.A. (2006) Mantle Pb paradoxes: 
the sulfide solution. Contrib. to Mineral. Petrol. 152, 295–308. 
[2] Salters, V.J.M. and Stracke, A. (2004) Composition of the 
depleted mantle. Geochemistry, Geophys. Geosystems 5, 1–27. 
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The impact of thermal stress events 
on coral skeletal δ11B and trace 

elements 
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The resilience of scleractinian corals to climate change will 

partly depend on their ability to continue to up-regulate pH and 
calcify under sub-optimal conditions. Of key concern for coral 
reefs is the predicted increase of thermal stress events. 
Although thermal stress events have been in general associated 
with a reduction in coral calcification, very little is known 
about what happens at the site of calcification during and 
following these events. Using a combination of geochemical 
proxies and growth parameters, we characterize the response 
of a massive Porites colony from the central Great Barrier 
Reef to the thermal stress event of 1998. This event clearly 
affected Mg/Ca, Sr/Ca, Li/Mg and U/Ca ratios and also caused 
a 50% reduction in growth rate, with the coral fully recovering 
after approximately two years. Nevertheless, coral skeletal 
δ11B suggests that the coral continued to maintain high pH at 
the site of calcification. This implies that coral pH up-
regulation is not energetically costly and may be maintained 
under some stress scenarios. The reduction in coral 
calcification following the thermal stress was therefore likely 
related to other parameters such as decreases in aragonite 
saturation state.  
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contamination in the Forumad 

chromite mine sediments by 
sequential extraction, NE Iran 
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Factors such as the extraction of mineral resources and 
mining cause soil contamination with heavy metals. In this 
resarch, Sediment samples were taken from the chromite 
Forumad Using a sequential extraction method, Heavy metals 
were studied To determine the origin of the metals in the 
sediments. On the basis of tests and studies on the sediments 
showed that more than 45% nickel and chromium 
concentrations are interchangeable phase, This show is of 
anthropogenic origin. Mining activity plays an important role 
in increasing the concentration of these elements are 
interchangeable phase. Of cadmium, lead, zinc and iron 
concentrations greater than 30% in the rest phase, is associated 
with the original litogenic. The results of the extraction of a 
substantial manner consistent with the pollution index is 
calculated in the study area. 
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Zircon internal textures and monazite 
dating of metamorphic rocks of SWG, 
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Southwestern Group (SWG) of Sri Lanka consists of 
relatively lower grade metamorphic rocks than another part of 
the Highland Complex. To identify the polymetamorphism in 
SWG, detailed zircon and monazite internal textural domain 
analyses have been done for four major rock types. Zircons in 
the garnet-biotite gneiss contain detrital cores and 
overgrowths. The detrital cores are commonly rounded or 
subhedral to euhedral in form, and exhibit oscillatory zoning of 
magmatic origin. Overgrowth patterns show two to three 
crystallization stages. The first/second stage of the zircon 
growth may correspond to the undefined age population of 
1100 Ma [1]. The second and/or third stage overgrowths are 
considered as the zircon grown in the latest metamorphic stage 
at 550 Ma [1,2]. Zircons in biotite-bearing orthopyroxene-
charnockitic gneiss lack detrital cores, and are considered to 
have formed during the metamorphic stages. 
Cathodoluminescence images reveal complex sector zonings 
and three sub-stages of overgrowths, and show fir-tree texture, 
radial growth, and planar banded zones. The fir-tree texture 
may represent the significant variation of temperature during 
the initiation of the zircon crystal growth in first sub-stage; the 
radial zone of the second sub-stage formed with increasing 
temperature at high temperature condition; the planner banded 
zone of the third sub-stage. The detrital core morphology 
suggests two major Archean sources of the detrital zircons. 
Monazites in garnet-biotite gneiss show several internal 
textural domains: oscillatory-zoned, core-rim-type zone, 
complex zoned, unzoned, inherited core-bearing domains. 
Preliminary study on monazite CHIME geochronology shows 
preserved relicts of pre-peak metamorphism as older as  
1900 Ma and post-peak metamorphism as younger as 400 Ma. 
The internal textures of zircon suggest that two steps or three 
steps of metamorphism, that have not been chronologically 
defined yet. Present study on monazite and zircons suggests 
three possible post-peak events. Detailed study of internal 
textures is quite important to clarify the polymetamorphic 
history. 
 
[1] Kröner et al. (1987) J Geol 95, 775–791. [2] Hölzl et al. 
(1994) Precambrian Res, 66, 123–149. 
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Many materials are studied in the context of nuclear fuel 

cycle and radioactive waste disposal. Host rocks and 
engineered materials are carefully analysed using laboratory 
experiments on small samples. These data help assessing long 
term and large scale behaviour assuming an implicit upscale 
approach. This assumption may be true in most cases but 
larger experiments are complementary to strengthen such an 
approach especially in the case of near-field perturbation. The 
Callovo-Oxfordian (COx) clay rock is investigated by the 
French radioactive waste management agency (Andra) in the 
context of the underground retrievable nuclear waste 
repository project (Cigéo). Numerous data are available on 
COx clay rock, including retention and diffusion of cations, 
anions and organic co-contaminants. A few large-scale and in 
situ studies are also available. For most of these experiments, 
the transport parameters obtained at various scales are 
mutually consistent and independent of the ratio between the 
volume of solution and the mass of solid (V/m). Such a 
behaviour is expected in the far-field environment where a 
steady state between both phases is reached. 

Recently, other investigations were performed to study 
near-field perturbation. In the case of nuclear waste disposal or 
pollution by hazardous wastes, chemical or physical 
perturbations of the systems are expected. For example, wastes 
may release nitrate, sulfate or organic plumes, generate gases 
or induce heating of rocks. Transitory states are expected and 
affected by the ratio between the source term and the mass of 
rock enduring the pertubation. Four experiments were designed 
on pluridecimetric COx clay rock samples with low V/m ratio, 
close to in situ conditions. We will focus on the perturbation 
induced by an organic plume on ions diffusion and the effect 
of a thermal cure on uranium migration. The results are 
compared to parameters obtained on sound rock at smaller 
scales. Above all, large-scale experiments highlight the 
chemical processes governing systems under perturbation and 
seem a good compromise between a systematic acquisition on 
small sample and in situ experiments representing a more 
realistic behavior of the rock but with other sources of 
uncertainty (eg damage zone.) 
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Do distinct molybdenum compounds 
discern isotope fractionation 
processes in euxinic settings? 
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The Mo isotope composition (δ98Mo) in euxinic shales has 

been used as a proxy for a) the global distribution of anoxic 
conditions in ancient oceans [1] and b) sulfide concentrations 
in depositional environments [2]. However, there is currently 
no way to distinguish isotope fractionation at low bottom water 
sulfide concentrations in ‘local’ basins from ‘global’ secular 
isotope variations associated with changing seawater 
composition. This uncertainty is challenging the use of Mo 
isotopes for paleoceanographic reconstructions. 

We hypothesize that combined information about distinct 
Mo compounds, Mo enrichments, and relationships between 
sedimentary Mo enrichment and δ98Mo in euxinic sediments 
can be used to distinguish local from global isotope effects due 
to distinct burial pathways from seawater to sediments.  

To test this, we collected new isotope data from well-
characterized sediments deposited in euxinic Lake Cadagno 
over the past ~9800 years [3]. Samples were characterized 
using x-ray absorption fine structure spectroscopy (XAFS), 
showing the presence of principally two distinct Mo-
compounds – a reduced Mo(IV)-S compound (distinct from 
molybdenite) and oxidized Mo(V)-OS and Mo(VI)-OS 
compounds [4].  

Indeed, we find that the Mo–δ98Mo relationship of Lake 
Cadagno sediments allows distinguishing between net isotope 
fractionation occurring in the lake and mixing of shallow, oxic 
sediments with the deeper euxinic sediments. At certain 
horizons, we find isotopically fractionated sediments (δ98Mo 
offset by -0.1 to -0.5‰ from what can be accommodated by 
mixing) formed by non-quantitative Mo removal during times 
of frequent injection of O2- and sediment-rich river water into 
the deep sulfidic water column. Importantly, this group of 
isotopically fractionated sediments includes both types of Mo  
compounds. Hence, the two distinct Mo compounds observed 
in euxinic Lake Cadagno do not discern isotope fractionation 
processes in the water column.  
 
[1] Arnold et al. (2004) Science 304, 87–90. [2] Arnold et al. 
(2012) Geology 40, 595–598. [3] Wirth et al. (2013) GCA 120, 
22–238. [4] Dahl et al. 2013 GCA 103, 213–231. 
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Geochemical characteristics of the 
marine/terrestrial shale gas in China 
JINXING DAI, DAZHONG DONG, YUNYAN NI, WEI WU, 
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According to analyses on samples from 53 wells (about 1/8 
of current Chinese shale gas wells) of marine facies Wufeng-
Longmaxi shale in Sichuan and terrestrial Chang7 shale in 
Ordos Basin, a geochemical investigation is carried out with 
the combination of  American and Canadian shale gas. � The 
Sichuan shale has TOC of 2.52% and Ro from 2.4% to 
3.6%.Its shale gas contains averagely 98.38% CH4  and is dry 
gas. It has the shale gas well with the highest CH4 content in 
world (99.59%). δ13C1 is heavy and there is heaviest δ13C1 (-
26.7‰) in the world. δ13C1, δ13C2 and δ13C3 are averaged at -
31.3‰, -35.6‰ and -47.2‰, respectively, with 
δ13C1>δ13C2>δ13C3. δ2H1 and δ2H2 are averaged at -148‰ and -
173‰, respectively, with δ2H1>δ2H2. Chang 7 shale has TOC 
of 13.81% and Ro from 0.7% to 1.2%. CH4 accounts for 
84.90%, belonging to wet gas. δ13C1, δ13C2 and δ13C3 are 
averaged at -48.7‰, -36.4‰ and -31.3‰, respectively, with 
δ13C1<δ13C2<δ13C3. δ2H1, δ2H2 and δ2H3 are averaged at -
256‰, -244‰ and -188‰, respectively, with δ2H1<δ2H2<δ2H3. 
The differences of components and isotopes of shales gases in 
these two basins are due to different maturity. � Gases of both 
basins have low content of CO2 (<1%). δ13CCO2 of Sichuan 
varies from 8.9‰ to 9.2‰, indicating of the inorganic origin 
of cracking of brittle mineral carbonatite under high 
temperature; δ13CCO2 of Ordos varies from -8.2‰ to -22.7‰, 
implying the organic origin formed in hydrocarbon generation. 
R/Ra of both basins ranges from 0.01 to 0.08, indicating of 
crust origin. � Possible causes for carbon isotopic reversal: 
A.Mixing of alkane gas from the same source but different 
maturity stage; B.Secondary cracking; C.Special redox 
reaction with formation water; D. Diffusion; E.High 
temperature effect which is the main factor. �9 complex charts 
are compiled based on the gases in Chinese, American and 
Canadian. The δ13C2-Wetness plot is in horizontal “S” type 
evolution. There are two inflection points at Wetness. 
Inflection point 1.4% is the transition of pyrolysis gas and 
cracking gas, and inflection point 6% marks the end of oil 
generation window. In wetness-δ13C plot, when wetness is 
1.6% or even greater, shale gas is dominated by positive 
carbon isotope series (δ13C1<δ13C2<δ13C3); when wetness is 
less than 1.6%, lots of negative carbon isotope series 
(δ13C1>δ13C2>δ13C3) and partial carbon isotopic reversal 
appear. 
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Past changes in deep water carbonate ion concentration 
([CO3

2-]) have important implications for the oceanic carbon 
cycle and thus atmospheric CO2 fluctuations.. We present new 
[CO3

2-] records derived from B/Ca in benthic foraminifer for 
the deep Atlantic and Pacific sectors of the Southern Ocean 
over the last ~30 ka.  

In the deep South Atlantic (3.2 -4.2 km), [CO3
2-] is higher 

during the Holocene than during the Last Glacial Maximum 
(LGM), and show a similar pattern to benthic δ13C 
and %CaCO3 ("the Atlantic-type"). These changes indicate a 
strong circulation influence on [CO3

2-] in the deep South 
Atlantic.  

In constrast, [CO3
2-] at 3.3-4.0 km water depth of the 

Southwestern Pacific displays similar values during the LGM 
and late Holocene, with a peak centered at the early Holocene 
("the Pacific-type"). Considering the roughly stable benthic 
δ13C, the [CO3

2-] decline since ~10 ka is likely caused by a 
change in deep water alkalinity that is associated with the 
deep-sea carbonate compensation. It's worth noting that, unlike 
the deep Indian Ocean core [1], changes in the pattern of deep 
water [CO3

2-] is not reflected by sediment %CaCO3 
highlighting complications of using %CaCO3 to infer past deep 
water [CO3

2-].   
Our results demonstrate that [CO3

2-] of different sectors of 
the Southern Ocean is controlled by various processes. While 
[CO3

2-] in the more saturated Atlantic seemed to be sensitive to 
ocean circulation changes, alkalinity variations associated with 
the CaCO3 burial imposed a strong influence on [CO3

2-] of the 
unsaturated deep southwestern Pacific. During the last 
deglacial, the coherent [CO3

2-] increases, observed in all 
records, are consistent with degassing of CO2 from the deep 
Southern Ocean for driving up atmospheric CO2. 

 
[1] Yu et al., Science, 330, 1084-87 (2010). 
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Multiple lines of proxy evidence suggest that following the 

Great Oxidation Event ~2.4 Ga, atmospheric oxygen remained 
~1–10% of present atmospheric level (PAL) for most of the 
Proterozoic Eon [1]. However, the controls on atmospheric 
oxygen during this >1.5 Gyr interval remain poorly understood 
[2] [3]. 

We show [4] that a stable low atmospheric oxygen state 
was an inevitable result of the tectonic recycling of previously 
accumulated sedimentary reduced matter, combined with the 
oxygen sensitivity of oxidative weathering.  Prior to the Great 
Oxidation, in the absence of oxidative weathering, a large 
reservoir of reduced organic carbon accumulated in 
sedimentary rocks.  Following the Great Oxidation, the 
tectonic supply of this accumulated organic carbon to 
weathering environments exceeded the burial of ‘new’ organic 
carbon in marine sediments. Hence atmospheric oxygen levels 
were regulated by the consumption of oxygen in oxidative 
weathering of organic carbon, which depended strongly on 
oxygen concentration.  To increase atmospheric oxygen to 
modern levels required a large increase in the source of oxygen 
from organic carbon burial, which did not occur until the 
Neoproterozoic-Paleozoic Eras.   

Our quantitative model for Proterozoic atmospheric 
oxygen regulation provides a new interpretation of the 
Precambrian carbonate carbon isotope (δ13C) record, in which 
changes in organic carbon burial do not alter δ13C, because 
they generate counterbalancing changes in the weathering of 
organic carbon with the same isotopic composition. 

 
[1] Canfield (2014) in Treatise on Geochem. Vol  6, pp 197-
216. [2] Laakso & Schrag (2014) EPSL 388, 81-91. [3] 
Reinhard. etal (2013) PNAS 110, 5357-5362. [4] Daines, Mills 
& Lenton (2015) submitted. 
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Minerals have played key roles in various processes and 
stages of prebiotic chemical evolution. It is, therefore, assumed 
that the first life forms (protocells) may have originated at the 
mineral/water interface. We have determined the effects of 
minerals relevant to early Earth geochemical environments, on 
the critical vesicle concentration (CVC) of a decanoic 
acid/decanol (DA/DOH) mixture, by the fluorescence 
spectroscopy and by dynamic light scattering. We have also 
studied whether minerals can affect membrane integrity by 
determining the permeation of water soluble dye across the 
membranes of DA/DOH, as well as of oleic acid (OA) and 
palmitoyl-oleoyl-phosphatidylcholine (POPC) vesicles, for 
comparison. 

The negatively charged minerals may interact with 
DA/DOH vesicles by H-bonding, but adsorption is insufficient 
to affect CVC. A greater amount of lipid is adsorbed on γ-
Al2O3 because of electrostatic attraction between its positively 
charged surface and lipid vesicles in addition to H-bonding. 
Hence, more lipid has to be added to solution in order to form 
vesicles in the presence of γ-Al2O3 thus shifting the CVC value 
to higher concentration range relative to DA/DOH alone. OA 
and POPC are more impermeable than DA/DOH, because OA 
has a longer chain and a double bond in the tail, which creates 
closer tail-tail interactions in the bilayer, and phospholipid 
membranes are more stable as the tail has two fatty acid chains 
and is more hydrophobic. Thus, the self assembly of vesicles 
from SCAs in different geochemical environments is a robust 
phenomenon and serves as a model for protocell formation  
from abiotic building blocks during the origins of life. 
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Comprehensive investigations have been carried out 

focusing on major ions, dissolved inorganic carbon (DIC) and 
its δ13C (δ13CDIC) in the Ganga (Hooghly) river estuary water 
sampled in six seasons of contrasting water discharges during 
2012 and 2013. These results along with data on dissolved O2, 
dissolved Ca and δ13C of particulate organic carbon have been 
used to understand the cycling of carbon within the estuary. 
Mass balance considerations suggest that DIC and δ13CDIC 
cannot be explained only by conservative mixing of seawater 
and river water. Mixing calculations and the observed 
undersaturated levels of dissolved O2 indicate that biological 
respiration and organic carbon degradation dominate over 
biological production in the estuary. An important outcome of 
this study is that a significant amount of DIC and dissolved Ca 
is generated within the estuary at salinity ≥10 particularly in 
the monsoon period. We contend that the dominant source of 
DIC generated within the estuary is carbonate dissolution, an 
idea supported by strong positive correlation between "excess" 
quantity of DIC and dissolved Ca. Calculations show that 
ground water is insufficient to account for the observed excess 
Ca in the high salinity zone.  

LOICZ model calculations yield an annual DIC flux of ca. 
(3-4)×1012 g from the estuary to the Bay of Bengal out of 
which ca. (40-50)% is generated within the estuary. In this 
study, monsoon seasons accounted for a dominant fraction  
(ca. 70%) of the annual DIC generation within the estuary. The 
annual DIC flux from the Hooghly estuary accounts for ca. 1% 
of the global river DIC flux to oceans. This is 
disproportionately higher than water contribution from the 
Hooghly river to the oceans ( ca. 0.2%). This study brings out 
the significance of tropical estuarine systems in that they can 
be important reservoirs capable of supplying large amount of 
DIC to the oceans via cycling between organic and inorganic 
carbon. 
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Development of marginal oil reservoirs and enhanced oil 

recovery from existing reservoirs requires fundamental 
information about fluid-rock interactions at a variety of scales. 
Our aim is to develop a set of relationships between rock 
micro and nanostructure that will allow rapid prediction of 
reservoir behaviour. Correlative tomography is an emerging 
technique [1], where 3D data sets are collected from the same 
region at different length scales. X-ray micro or 
nanotomography is often used to image fluids in pores, where 
there are no vacuum limitations. Focused ion beam scanning 
electron microscope (FIB-SEM) is used for non-wet samples, 
to obtain information at the nanometer scale. Using the FIB-
SEM to image fluids will add value to a correlative work flow 
for fluid-rock interfaces. 

We used FIB-SEM to create 3D image stacks of chalk, a 
fine grained rock with a complex microstructure; porosity is 
often very high (as much as 50%) but permeability is low (mD 
range). We exposed the sample to oil, then flushed with a low 
salinity solution and fixed the remaining oil in place. The 
nanometer resolution of the rock microstructure that is 
achievable with the FIB-SEM tomograms provides data that 
are high enough resolution for simulating fluid flow. 
Combined with chemical information from energy dispersive 
X-ray spectroscopy (EDXS), information about how to treat 
the fluid-solid interaction can be obtained. 

 
Figure 1: SEM images of chalk, that has been aged in oil, 

flushed with solution and the remaining oil has been fixed in 
place. 
 
[1] Burnett et al. (2014) Scientific Reports 4, 4711 
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Highly siderophile elements (HSEs) are strongly 
sequestered into metallic planetary cores, leaving silicate 
mantles almost devoid of HSEs.  Late accretion, after core 
formation had ceased, partially replenished HSEs in planetary 
mantles and occurred within a few million years of solar 
system formation on many parent bodies [1], but probably later 
on Earth, after a final episode of core formation associated 
with the giant Moon-forming impact. Ancient isolated domains 
in Earth’s mantle – such as the source of 3.8 billion-year-old 
Isua basalts – might represent mantle isolated from late 
accreted material, as has been suggested based on their small 
182W excesses compared to the present-day Earth's mantle [2]. 
However, such 182W excesses may also represent signatures of 
early differentiation processes in the Earth's mantle, which 
have been preserved through the giant impact [3]. To assess 
the origin of the 182W anomalies and the 182W composition of 
the pre-late veneer mantle, we determined the HSE abundances 
and 182W compositions of a suite of mafic to ultramafic rocks 
from Isua. 

Our data show that the Isua source mantle had HSE 
abundances at ~60% of the present-day mantle, inconsistent 
with isolation from the late veneer. For the same samples we 
obtained a 13±4 ppm 182W excess over the modern terrestrial 
mantle, in excellent agreement with previous data [2]. A recent 
study argued that Earth’s earliest mantle had higher 182W than 
previously thought; indistinguishable from the revised value 
for the Moon of 27±4 ppm [4]. Using the late veneer 
composition of [4], we calculate that the Isua mantle source, 
containing 60% late veneer, would have a 182W value of  
9±4 ppm, in very good agreement with the measured value for 
Isua. The combined W-HSE data, therefore, are consistent with 
only partial addition of the late veneer to the Isua mantle 
source, and with the interpretation that the 27±4 ppm 182W 
excess of the Moon represents the 182W composition of the pre-
late veneer Earth's mantle [4].  

 
[1] Dale et al (2012) Science 336, 72. [2] Willbold et al. (2011) 
Nature 477, 195. [3] Touboul et al. (2012) Science 335, 1065-
1069. [4] Kruijer et al. (2015) Nature, in press. 
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Eocene climate was characterized by progressive cooling 
from the early Eocene climatic optimum (EECO, ~52–50 Ma) 
to the Eocene-Oligocene transition. Long-term climate changes 
are inferred to be modulated through the greenhouse effect by 
the pCO2 of the atmosphere, which in turn depends on the 
balance between large fluxes of sources and sinks [1]. The 
main long-term source of CO2 is global outgassing from sea-
floor spreading, subduction, hotspot activity, and 
metamorphism. The ultimate sink is the weathering of silicates 
on land, followed by deposition of carbonates.  

We studied rock-magnetic properties of the Eocene marine 
sediments outcropping in different localities in the Tethyan 
realm and the southwest Pacific Ocean. Rock-magnetic data 
indicates peaks in detrital hematite content of sediments 
relative to other magnetic phases that correlate with climate 
optima. Hematite is a common end-product of land weathering 
processes under continental aerobic conditions. Recent studies 
show a direct correlation between hematite production and the 
mean annual temperature [2]. We believe that the observed 
increase of hematite content in Eocene sediments reflects 
increased chemical weathering conditions on land during 
climate maxima. The enhanced hydrological cycle associated 
with the warming provides the medium to transport and 
deposit the hematite grains into the adjacent ocean basins. Our 
climate-controlled rock-magnetic curve reflects the efficiency 
of the silicate weathering mechanism to buffer pCO2 
variations, and thus Earth’s climate. 

 
[1] Berner (1999) GSA Today 9, 1-6. [2] Torrent et al (2010) 
Eur. J. Soil. Sci. 61, 161-173. 
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Common methods of stable isotope measurement average 

the isotopic compositions across all non-equivalent sites within 
a given molecule. Measurement of site-specific isotope 
distributions can provide additional constraints on molecular 
origins and histories. Because the number of possible 
isotopologues for a given molecule increases geometrically 
with the number of atoms in its molecular structure, various 
sources of isotopic fractionation potentially create distinctive 
isotopic fingerprints involving large numbers of independent 
compositional dimensions. 

We are developing a new mass spectrometric technique for 
measuring the difference in δ13C between carbon positions in 
amino acids using a new gas source isotope ratio mass 
spectrometer, a modified version of the Thermo Scientific 
DFSTM, a reverse-geometry, double focusing, single collector 
mass spectrometer with nominal mass resolution of 60,000. 

Our work initially focuses on alanine because it is the 
simplest amino acid containing a chiral center.  To enhance the 
volatility of alanine, we converted it to a N-trifluoroacetyl 
methyl ester derivative, which is a liquid at room temperature.  
The pure liquid was injected in volumes <1µL into a heated 
inlet on the DFS.  We investigated the relationship between 
specific peaks in the mass spectrum and the original C sites of 
the analyte by studying three labelled variants of alanine 
(obtained from Sigma Aldrich), each of which contain 99 atom 
% 13C at one of alanine’s three carbon sites.  We created 
mixtures of known amounts of labelled and unlabelled alanine, 
and then measured the 13C/12C ratios of various fragment ions 
(standardized by comparison with unlabelled alanine).  These 
data were used to build a set of transfer functions that describe 
contributions of each of the three non-equivalent C sites to 
each of several peaks in the mass spectrum.  

To apply this measurement to natural samples with 
precision of ~1 ‰ or better, we have constructed a heated dual 
inlet interface suitable for differential measurements of alanine 
under closely similar instrument conditions, with steady, stable 
gas flow. This capability will allow a new level of exploration 
into the isotopic diversity amongst individual carbon atoms in 
amino acids, with potential applications in astrochemistry and 
geobiology. 
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Hydrogen isotopic ratios allow tracking water cycle in the 
Earth’s interior. In subduction zones, D and H isotopic 
fractionation between silicate melts and aqueous fluids governs 
the δD values recorded in the superficial observables. In this 
study, new in situ data show that such D/H isotopic 
fractionation between silicate melts and aqueous fluids can 
reach values as high as 1000 ln (αmelt-fluid) ~ -600 ‰.  

Raman measurements were performed in Hydrothermal 
Diamond Anvil Cell on fluids and melts, at equilibrium at 
temperature and pressure ranging between 300-800˚C and 200-
1500 MPa, respectively. Bulk D/H ratios in the closed HDAC 
system were varied from 0.05 up to 2.67. 

The temperature-dependence of D/H fractionation factors 
between melt and fluid is similar in all the experiments. In 
addition, the αmelt-fluid values are independent of bulk D/H ratios 
of the melt + fluid system. This suggests that such 
fractionation may occur at ‰ level, and therefore, affect δD 
values recorded in geochemical observables and their 
interpretations. 
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In the last few years, a series of surveys of 

pharmaceuticals, surface active compounds and additives in 
industrial, health and personal care products have been done in 
the Nordic Countries, including in the Faroe Islands. The 
surveys have partly been done in all of the Nordic Countries 
simultaneously, or only in parts of this area, as the North-east 
Atlantic. Quite a few of these have shed light on the near-shore 
environmental status of Torshavn, the capital of the Faroe 
Islands.  

In all 38 pharmaceuticals or metabolites of 
pharmaceuticals have been analysed, as has anionic, 
amphoteric and cationic surfactants and a selection of softeners 
like phthalates and adipates. The analyses have been done on 
samples from waste water treatment plants, both sludge and 
influents and effluents, and on surface water and sediments in 
the near-shore marine environment which serves as recipient of 
the discharges. 

The selection of pharmaceuticals for the survey was based 
on the number of defined daily doses supplied. Also, the 
selection was based on previous studies and risk assessments 
in Nordic countries like Norway and Sweden on 
pharmaceuticals and additives in personal care products as 
environmental pollutants, including inventories of volumes 
from products registers, on analytical considerations and 
ambient limitations in general.  

Of the PPCPs analysed, a few, like diclofenac and 
ibuprofen, were detected in every or nearly every sample, and 
some, like simvastatin and sulfamethizole, were not detected in 
any. The limited availability of data meant that it was not 
possible to assess the environmental risk for approx. one third 
of the pharmaceuticals analysed. The highest environmental 
risk appears to stem from common surfactants, and then 
mainly the amphoteric cocoamidopropylbetaine and the 
anionic sodium laureth sulphate.  
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Pulmonary exposure to volcanic ash can exacerbate 

existing conditions, triggering acute diseases such as asthma 
and bronchitis. However, clinical, epidemiological and 
toxicological studies have given inconclusive results regarding 
the capacity of ash to induce chronic disease [1]. Alveolar 
epithelial cells and macrophages are a first line of defense 
against inhaled particles and are responsible for coordinating 
an inflammatory immune response; they are therefore key 
targets for in vitro assessment of the hazard posed by 
atmospheric particles. Previous work suggests that ash is 
minimally reactive in vitro relative to pure-phase standards, 
but ash treatment can result in a moderate decrease in the 
viability of lung epithelial cells and induce sample-dependent 
cytokine production in macrophages [2]. 

Inhalation of exogenous crystalline material can induce 
inflammation by stimulating the NLRP3 inflammasome, a 
cytosolic receptor complex that plays a critical role in driving 
inflammatory immune responses. Ingested material results in 
the assembly of NLRP3 and subsequent secretion of 
interleukin 1 family cytokines. Here we demonstrate that 
respirable (<4 µm) volcanic ash from Soufrière Hills volcano, 
Montserrat, induces the release of mature IL-1β by LPS-
stimulated macrophages in a NALP3 inflammasome-
dependent manner. Macrophages deficient in components of 
the NLRP3 inflammasome are incapable of secreting IL-1β in 
response to volcanic ash exposure. This is a novel mechanism 
for the stimulation of an inflammatory immune response by 
volcanic ash and provides a new avenue for screening volcanic 
ash toxicity. 

 
[1] Horwell & Baxter (2006) Bull. Volcanol. 69, 1-24. [2] 
Damby (2012) Doctoral thesis, 1-359. 
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The south-eastern part of the East Sayan is a well-known 

gold mine district in Russia. Region presents a fold area which 
consists of rocks with age from Archean to Late Paleozopic. In 
this region Tuva-Mongolian microcontinent, island-arc and 
ophiolitic complexes fragments as well as volcanogenic and 
carbonate-terrigenous suites are presented [1]. Igneous rocks 
such as granitoids and basic rocks have similar ages. Gold 
mineralization of this region is related to Archean foundation, 
island arc and ophiolitic complexes. Part of gold ore objects 
are hosted by igneous and carbonate-terrigenous rocks. Several 
types of gold mineralization are established. Selection of these 
types is based to geochemical association of ore-forming 
elements as well as association of main ore minerals 
containing these ore-forming elements. The largest deposits of 
this region are assigned to gold-polymetallic (Au-Ag-Fe-Cu-
Zn-Pb±Sb, As) type. There are deposits of Urik-Kitoy gold 
mining area (Zun-Holbinskoe, Barun-Holbinskoe, Zun-
Ospinskoe et al. deposits). Au-Fe type deposits are related to 
black shales and present gold-pyrrhotite ores (Olginskoe et al. 
deposits). The Au-Te, Au-Bi-Te, Au-Bi, Au-As types are 
intrusion-related (Konevinskoe, Tainskoe et al. deposits). Au-
Cu-Sb and Au-Cu-Hg types are presented by gold-fahlore ores 
in the carbonate suites (Dynamitnoe, Yuzhnoe deposits). Au-
As type is hosted by lisvenitized shales (Verhnehonchenskoe 
deposit). All of the gold mineralization types have a mineral 
and chemical composition features, different ages and genesis. 

 
[1] Kuzmichev A. B. (2004) Tectonic history of Tuva-
Mongolian massif: Early Baikalian, Late Baikalian and Early 
Caledonian stages. Moscow: Probel-2000, 192 p. (in Russian). 
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Ermakovka F-Be deposit which located in the 
Transbaikalia is characterized by the highest average grade of 
BeO (1.3%) in the world. Main ores of deposit are the massive 
phenakite-bertrandite-fluorite ores which were formed via 
infiltration-metasomatic replacement of fissured limestones by 
the Be-bearing, F-rich solutions.  However berillium ores in 
this deposit have different mineral types which differ from 
each other in abundance, grade, mineral assemblages and 
morphology. 

Fluorite-leucophanite-melinophane-eudidymite ores form 
relatively small ore body and have a specific composition 
(fluorite, phenakite, eudidymite, melinophane, leucophanite, 
albite, calcite, in small amounts apatite, bavenite, helvite, 
phlogopite are present). Formation of eudidymite and 
melinophane/leucophanite is the result of phenakite 
replacement, which related to increasing of sodium and 
reducing of beryllium activities in the solutions. 

Primary fluid inclusions (FI) in fluorite are studied. They 
have a three-phase composition: gas + water solution + calcite 
crystal. The size of these inclusions varies from 15 to 35 µm. 
Based on the complex of thermobarogeochemical methods are 
observed that these ores are formed by high-F and low-salinity 
(4-11% equiv. NaCl) alkaline hydrothermal solutions without 
CO2. Ore deposition occurs in the temperature range from 
≥320 to 136°C and pressures about 5-77 MPa by means of the 
solution cooling. ). Using LA-ICP-MS in the analyzed fluid 
inclusions increased contents of the following elements: Li, 
Be, Na, Mg, Al, Fe, Cu, Zn, Nb, Mo, Ag, Sn, W, Pb are 
determined. Be content in the ore-forming solutions is close to 
Be content in solutions forming main phenakite-bertrandite-
fluorite ores. 

 
This work was supported by RFBR grant: № 14-05-00339-

a. 
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Naturally occurring electric fields have been known and 

investigated in geophysics for decades and have led to 
discussions of the existence and function of “geobatteries”[1] 
and “biogeobatteries” [2] where a conducting body catalyzes 
and transfers electrons between two spatially separated half-
reactions. The recently discovered so-called ‘cable bacteria’ of 
the Desulfobulbaceae family [3] provide the first example of a 
fully charactarized natural biogeobattery.  

Literature shows that the concepts of electric and redox 
potential easily cause confusion. Here we present 
measurements in a cable bacterie microcosm using two types 
of potentiometric electrodes: so-called redox electrodes and so-
called electric potential microelectrodes [4]. The tips of these 
electrodes are in contact with the environment through exposed 
platinum and an electrolyte-filled pore, respectively. We will 
discuss the properties of these electrodes in relation to their 
responses to the electric and chemical parameters in the system 
and demonstrate how an interpretation of the data can be used 
to to reveal details of the localisation and magnitude of the 
involved electro-chemical processes in the system. Through 
this, we hope to contribute constructively to the understanding 
and description of biogeobatteries in terms of electric 
potentials and redox potentials. 
 
[1] Bigalke & Grabner (1997), Electrochimica Acta 42, 3443-
3452. [2] Revil, Mendonca, Atekwana, Kulessa, Hubbard & 
Bohlen (2010), Journal of Geophysical Research-
Biogeosciences 115, G00G02. [3] Pfeffer, Larsen, Song, Dong, 
Besenbacher, Meyer, Kjeldsen, Schreiber, Gorby, El-Naggar, 
Leung, Schramm, Risgaard-Petersen & Nielsen (2012), Nature 
491, 218-221. [4] Damgaard, Risgaard-Petersen & Nielsen 
(2014), Journal of Geophysical Research: Biogeosciences 119, 
1906–1917. 
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Arabian Sea is characterized by the presence of oxygen 

minimum zone in its intermediate waters resulting from high 
productivity in the region sustained by upwelling during 
monsoon. It receives significant amount of particulates from 
the rivers such as the Indus, the Narmada etc and atmospheric 
dust from adjoining arid landmasses. An extensive study of Nd 
isotope composition in the Arabian Sea has been carried out to 
characterize the various water masses present and quantify the 
Nd sourced from the fluvial and Aeolian particles by their 
interaction with the seawater. Several water profiles were 
collected onboard Sagar Sampada during April 2012 in the 
Arabian Sea along 68oE meridional section between equator 
and 21oN. 

Nd isotope composition were determined using MC-ICP-
MS after pre-concentrating and purifying it from ~20 liters of 
seawater. εNd in the Arabian Sea vary significantly from -14.37 
to 5.57 with less radiogenic values in the northern Arabian Sea 
and more radiogenic Nd in the surface waters between 4oN and 
16oN. The εNd results demonstrate the significant presence of 
Antarctic Bottom Water AABW) and North Atlantic Deep 
Water (NADW) in the bottom and deep Arabian Sea 
respectively. Persian Gulf water (PGW) and Red Sea Water 
(RSW) are present at water depth 400 to 1000 m between 4oN 
to 16oN. 

Important features of this study are the non-radiogenic Nd 
in the northern Arabian Sea and the radiogenic Nd in the 
surface water of the Central Arabian Sea, between 4oN to 
16oN. Northern Arabian Sea is dominated by less radiogenic 
Nd resulting from its release from the lithogenic particles with 
εNd ~ -14 brought by the river Indus. Radiogenic Nd of the 
surface water of the Central Arabian Sea is contributed by 
dissolution of Aeolian dust having εNd ~ -6. Particle – water 
interaction seems to have a dominant control on the Nd budget 
of the Arabian Sea with Nd contribution from fluvial particles 
increases towards northern Arabian Sea whereas Aeolian 
contribution decreases towards northern and eastern Arabian 
Sea. 
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Since its first economic discovery in Kansas in 1903, 
helium has become an integral resource for today’s society. 
With known reserves declining, discoveries of helium are still 
only serendipitously found with some petroleum discoveries; 
there are no viable exploration strategies in place for helium.  

Radiogenic 4He accumulates in the crust during quiescent 
periods and is subsequently released during periods of active 
tectonism [1]. In the Hugoton-Panhandle He-rich gas field 
(Texas/Oklahoma/Kansas), 4He correlates with water-derived 
20Ne. This relationship is used to suggest that helium released 
from basement rock is dissolved in overlying groundwater and 
then quantitatively degassed following migration and contact 
with a pre-existing hydrocarbon gas phase [2]. To test whether 
this mechanism is common to other helium-rich natural gas 
fields, we have collected 22 natural gas samples to analyse for 
noble gas abundance and isotope determination. 

Preliminary data from the Kansas Basin, Central Kansas 
Uplift, the Harley Dome field in Utah, and two exploration 
wells in Montana and Saskatchewan, Canada, have helium 
contents that vary between 0.009 cc STP and 0.080 cc STP. 
The helium isotope ratio, 3He/4He, ranges from 0.08 RA to 
0.66 RA (RA = 3He/4Heair) showing a predominantly crustal He 
source with a small mantle input for most samples. Argon 
isotope (40Ar/36Ar) ratios range from 589-1435 in the Kansas 
samples and from 4586-8963 in the Harley Dome, Montana 
and Saskatchewan samples. 4He/20Ne in the Hugoton-
Panhandle averages 3.4 × 104 [2]. Kansas samples range from 
4He/20Ne = 3.5-7.8 × 104, showing the same degree of water 
involvement as the Hugoton-Panhandle for the lowest values. 
Harley Dome, Montana and Saskatchewan samples have 
4He/20Ne = 1.0-2.3 × 105 showing a 3-7 times lower 
involvement of the groundwater system, consistent with the 
elevated 40Ar/36Ar ratios.  

[1] Ballentine and Burnard (2002), RiMG, 47(1), 481-538, [2]
Ballentine and Sherwood-Lollar (2002), GCA, 66(14), 2483-
2497
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The study of planetary atmospheres where observational 
parameters are indirect, scattered or unachievable needs to rely 
on physical and chemical first principles. The calculation of 
chemical networks for these type atmospheres requires the 
resolutions of large numbers of chemical reactions. The aim of 
this work is to construct a planetary atmosphere chemical 
network solver that relies on a minimal number of 
observational parameters.  

We present the latest development in our effort to develop 
such model. The main chemical solver implemented in our 
model is the KROME package [1]. This solver is adaptable to 
any environment and has the ability to solve customizable
chemical networks with an arbitrary number of reactions and 
chemical species. In this report we present a photochemical
one-dimensional model that solves the radiative transfer using 
ultraviolet opacities fully-consistent with the photo-chemical 
evolution. Additionally the model has been equipped with a set 
of equations to calculate disequilibrium effects on the chemical 
network. We present our results obtained at this stage and 
compare them to data in the literature, zero-dimension single 
chemistry models and chamber experiments is also presented.  

[1] Grassi et al. (2014) Mon. Not. R. Astron. Soc.. 439 (3),
2181-2187. 

654



 Goldschmidt2015 Abstracts  

 655 
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The oxidation state of the Earth’s mantle during formation 

remains an unresolved question, whether it was constant 
throughout planetary accretion [1], transitioned from reduced 
to oxidized [2] [3] [4], or from oxidized to reduced [1] [5]. We 
investigate the stability of Fe3+ at depth, in order to constrain 
processes (water, late accretion, dissociation of FeO) which 
may reduce or oxidize the Earth’s mantle. 

In our previous experiments on shergottite compositions, 
variable fO2, T, and P <4 GPa, Fe3+/ΣFe decreased slightly 
with increasing P, similar to terrestrial basalt [6] [7] [8]. For 
oxidizing experiments < 7GPa, Fe3+/ΣFe decreased as well [9], 
but it’s unclear from previous modelling whether the deeper 
mantle could retain significant Fe3+ [1] [10]. Our current 
experiments expand our pressure range deeper into the Earth’s 
mantle and focus on compositions and conditions relevant to 
the early Earth. Preliminary multi-anvil experiments with 
Knippa basalt as the starting composition were conducted at 5-
7 GPa and 1800 °C, using a molybdenum capsule to set the fO2 
near IW, by buffering with Mo-MoO3.  TEM and EELS 
analyses revealed the run products quenched to polycrystalline 
phases, with the major phase pyroxene containing ≅ Fe3+/2+.  
Experiments are underway to produce glassy samples that can 
be measured by EELS and XANES, and are conducted at 
higher pressures. 
 
[1] Righter and Ghiorso, 2012; [2] Rubie et al., 2011; [3] 
Wood et al., 2006; [4] Wänke and Dreibus, 1988; [5] Siebert et 
al., 2013; [6] Righter et al., 2013; [7] O’Neill, et al., 2006; [8] 
Kress and Carmichael, 1991; [9] Zhang et al., 2013; [10] 
Hirschmann, 2012 
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Nanotechnology is a rapidly growing industry, which leads 
to an increased amount of engineered nanoparticles (ENPs) 
released into the environment. Titanium dioxide (TiO2) is one 
of the most used metal oxide nanoparticles due to its special 
properties. However, the fate and behavior of ENPs in the 
environment are not well-known. Nanoparticles generally have 
higher reactivity than larger particles of the same material, and 
this might influence the surface charging and aggregation 
behavior. Further, nanoparticles can interact with natural 
organic matter (NOM), such as humic and fulvic acids. 
Adsorption of NOM affects the surface speciation and net 
charge of the nanoparticles and is therefore of great importance 
for their colloidal stability.  

The objective of the present study was to investigate the 
aggregation behavior of synthetic TiO2 nanoparticles in 
aqueous solution as a function of time in the presence of 
organic molecules. Synthesized and well-characterized TiO2 
(anatase) nanoparticles were used as test nanoparticles and 
selected phenolic carboxylic compounds were used as model 
substances to mimic the interactions of nanoparticles with 
NOM. In addition, Suwannee River Fulvic Acid (SRFA) was 
used in order to further mimic natural conditions. Aggregation 
and surface charging of the TiO2 nanoparticles were studied by 
simultaneously monitoring the changes in particle size and zeta 
potential during the reactions using dynamic light scattering 
(DLS), and high-resolution transmission electron microscopy 
(HRTEM). Results show that the aggregation rates and zeta 
potential were dependent on concentration and molecular 
structure of the organic molecule, as well as pH in the solution.  
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We applied a range of geo-/thermochronological methods 

(i.e., zircon U-Pb, apatite fission track and apatite (U-Th)/He) 
and thermal modelling approaches (i.e., thermal maturity and 
thermochronological data) to Upper Eocene-Lower Oligocene 
tuff layers from a biostratigraphically exceptionally well-
controlled borehole (Alcsútdoboz Ad-3) in order to test the 
efficacy of the methods for dating volcanic rocks and to 
constrain the age of Cenozoic geodynamic events in the 
western Pannonian Basin. Apatite fission track and zircon U-
Pb data document two volcanic phases of Middle Eocene 
(43.4-39.0 Ma) and Early Oligocene (32.72±0.15 Ma) age, 
respectively. Apatite (U-Th)/He ages (23.8-14.8 Ma), and 
independent thermal and subsidence history models revealed a 
brief period of heating to 55-70°C at ~17 Ma caused by 
increased heat-flow related to crustal thinning and mantle 
upwelling. These results demonstrate that, contrary to common 
perception, the apatite (U-Th)/He method is likely to record 
'apparent' or 'mixed' ages resulting from subsequent thermal 
events rather than 'cooling' or 'eruption' ages directly related to 
distinct geological events. It follows that a commonly used, yet 
naïve conversion of 'apparent' or 'mixed' (U-Th)/He ages into 
cooling, exhumation or erosion rates is incorrect. Thus, we 
recommend applying a multi-methodological approach 
involving other thermo-/geochronometers, thermal maturity 
data, and/or stratigraphy, to reconstruct a robust thermal 
history from (U-Th)/He data.  
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Combined in situ (U-Th-Sm)/He thermochronology and U-

Pb geochronology utilizing ablation excimer lasers is a 
promising new approach for dating accessory minerals [1-7], 
that provides advantages over traditional solution-based 
methods in terms of sample requirements, throughput, spatial 
resolution, avoidance of alpha-ejection correction, and 
analytical safety. The efficacy of the in situ approach has been 
demonstrated on zircon and monazite [1-7], which, owing to 
their high U and/or Th content, yield sufficient quantities of 
radiogenic He for measurement from the small sample volume. 
Here, we explore the potential of in situ apatite double dating. 
The major analytical challenges for apatite include the low U, 
Th and He contents relative to zircon and its elevated non-
radiogenic Pb content. On the other hand, the typically less 
extreme and less complex zoning of parent isotopes (U and Th) 
are an advantage. 

We have developed analytical protocols for apatite in situ 
dating utilizing an integrated range of instruments (i.e., 193 nm 
excimer laser, ultra-high vacuum system with a noble gas 
mass-spectrometer, and a quadrupole ICP-MS - the system 
commercially known as the RESOchronTM), and applied these 
to a gem quality Durango apatite and to high U (~900 ppm) 
apatite crystals from the Black Forest [8]. The in situ U-Pb and 
(U-Th-Sm)/He ages obtained are in good agreement with those 
determined by conventional U-Pb TIMS and (U-Th-Sm)/He 
dating methods [8], providing a solid base for further 
experiments that will target more 'common' apatite crystals 
with lower U and Th concentrations.  

 
[1] Boyce et al. (2006) GCA 70, 3031-3039. [2] van Soest et 
al. (2008) AGU FMA, B2161+. [3] Boyce et al. (2009) G-
cubed 10, Q0AA0. [4] Hodges et al. (2012) AGU FMA, V14B-
07. [5] Vermeesch et al. (2012) GCA 79, 140-147. [6] 
Tripathy-Lang et al. (2013) GJR 118, 1333-1341. [7] Evans et 
al. (2013) Miner. Mag. 77, 1054. [8] Danišík et al. (2010) 
Chem. Geol. 278, 58-69. 
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Accretionary terrain amalgamation to the margins of 

Gondwana is one of the main mechanisms in the formation of 
this supercontinent. Large magmatic belts, characterized by 
intense plutonism dated 590-540 Ma, surround old continental 
blocks. Subduction related arc magmatism is recognized 
bordering the West African Craton, along the Avalonia and 
Iberia terranes. We propose that these features extend into 
Brazil, in South America.  

The main exposure of peri-gondawanic terrains in central 
Brazil is found along the Transbrasiliano Lineament (LTB), an 
intracontinental strike-slip shear system more than  
3,000 km long, which merges with the Kandi Lineament in 
Africa, in Pangaea reconstructions. We suggest an oblique 
collision model, in which magmatic arcs interconnected to 
transform zones systems evolve to accretion of different 
tectono-stratigraphic terranes during the final stages of 
Gondwana assembly in the Cambrian. The result of this 
process is collision of the Amazonian and São Francisco 
cratons and amalgamation of several crustal fragments and 
different terranes between them, leading to the final tectonic 
configuration of this part of West Gondwana. 

Arc magmatism with adakitic signature, developed 
between 590 and 540 Ma, is strong evidence of juvenile crust 
formation and that the Amazonian and São Francisco cratons 
had not yet collided at this time, when an ocean basin was 
being closed at the start of the Cambrian in South America. 
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The silica/water interface is one of the most 
environmentally relevant interfaces. Processes at this interface 
are governed by the electrostatic interactions between the silica 
surface and the aqueous electrolyte. Thus, understanding how 
the composition of the aqueous phase affects the acid-base 
chemistry of the silica/water interface is important for 
understanding a range of phenomena like pollutant transport 
and mineral processing in mining and fuel extraction. Previous 
work utilizing nonlinear optical (NLO) methods by others has 
shown that the planar silica/water interface has two distinct 
pKa values of 4.5 and 8.5.  This bimodal behavior has been 
attributed to two acidic silanol (SiOH) sites in different 
hydrogen bonding or solvation environments that strongly 
affect their resulting acidity. 

Here we utilize the surface specifice NLO method second 
harmonic generation to observe changes in the surface charge 
density of silica and the corresponding pKa values of the 
silanol sites in the presence of different electrolytes. 
Specifically, the effect of alkali chloride and alkaline earth 
chloride identity and concentration will be discussed [1] [2]. In 
addition to observing a significant influence of the alkali 
chloride on the relative distribution of the two acidic sites, we 
have recently found that the pH history also plays a role in the 
relative amount and type of silanol site.  For example, 
exposure to pH 12 results in three apparent sites on the silica 
surface, with uniquely different acidities.  In contrast exposure 
to pH 2 results in only two sites as the pH is increased. Finally, 
to understand the role of water in these interfacial processes 
the NLO method vibrational sum frequency generation was 
employed to determine how the alignment of water at the 
interface was impacted by the alkali and alkaline earth 
chlorides. Similar to the SHG results, ion identity strongly 
influenced the interfacial structure of the water as a function of 
pH. 
 
[1] Azam, Weeraman & Gibbs-Daivs (2012) J. Phys. Chem. 
Lett. 3, 1269-1274. [2] Azam, Darlington & Gibbs-Davis 
(2014) J. Phys.: Condens. Matter26, 244107-244117 
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The potential for drinking-water contamination is central to 

the debate about the environmental impacts of hydraulic 
fracturing in unconventional hydrocarbon reservoirs. The 
environmental implications for the presence of elevated 
methane and aliphatic hydrocarbons (ethane, propane, etc.) in 
drinking-water remain highly controversial and require 
geochemical methods that can distinguish between naturally 
occurring and anthropogenic sources. Our recent work in the 
Marcellus and Barnett gas fields [1] developed noble gas 
techniques for distinguishing natural and anthropogenic natural 
gas sources by distinguishing isotopic fingerprints 
characteristic of the transport mechanisms through which 
natural gas migrated through the water-saturated crust. Here, 
we provide additional noble gas data in a broad and diverse set 
of geographic locations that validate our initial study and 
develop a standard model for the presence of naturally 
occurring thermogenic methane in shallow aquifers. When 
integrated with hydrocarbon isotope analyses, these methods 
provide a means to differentiate anthropogenic sources and the 
mechanism by which stray gas contamination occurs. 

 
[1] Darrah et al., (2014) 
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Metal compositions of PM2.5 and PM10 were measured 

from 7 traffic junctions and 8 industrial sites in Greater 
Kolkata in Eastern India from December 2013 to November 
2014. Two Deployable Particulate Sampler pumps (Leland 
Legacy) with a pumping efficiency of 10 litres/min were used 
to collect the PM10 and PM2.5 simultaneously. The PM was 
collected on 47 mm quartz filters. Concentrations of PM were 
calculated gravimetrically. A Milestone microwave system 
was used to digest and prepare samples for ICP analysis. 19 
metals were measure with an Agilent 7700 series ICPMS 
equipped with a 3rd generation He reaction/collision cell. 

Mean PM2.5 mass concentrations in the traffic junctions and 
industrial sites were 321±246 μg/m3 and 325±144 μg/m3 
respectively and those of PM10 were 418±206 μg/m3and 
418±206 μg/m3 respectively. Enrichment factor (EF) and 
coefficient of variation (CV) were calculated to assess the 
variability of elemental concentration data. It is reasonable to 
assume that the CV above unity is indicative of more 
variability than that of below unity. The Cd and Pb 
concentrations of PM2.5 and PM10 from the traffic and industrial 
locations were highly variable (CV>1).  

 For both the sites, Al normalized EF showed EF<10 for 
Na, Mg, K, Ca, Ti, V, Mn, Fe, Co indicative of crustal sources, 
100>EF>10 for Cr, Ni, Cu and EF>100 for Zn, Mo, Cd, Sn, 
Sb, Pb possibly related to industrial, high temperature 
combustion in industrial sites and vehicle sources at traffic 
junctions. The EF of PM10 for the metals with definite 
anthropogenic sources (EF>10) were comparable in both sites. 
However, the EFs of PM2.5 of the same metals (except Pb) are 
much higher in traffic junctions than the industrial sites. PM 
concentrations and metal compositions of PM2.5 are of 
particular concern to human health as they are readily trapped 
by the alveoli of the lungs. Our results indicate that an 
explosion in the number of motorised vehicles on Indian roads 
is possibly the largest contributor to the rapidly deteriorating 
air quality of the Indian megacities.  
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Paleoproterozoic mafic dyke swarms of Tirupati–Chittor–
Kadiri areas occur in the S and SW margins of Cuddapah 
Basin in South India. The studied syn-plutonic mafic dykes are 
co-magmatic with the host granite plutons and the late stage 
mafic intrusives show cross cutting relationship (dominantly 
E-W and minor N-S trends) with the basement granitoids.  In 
addition, olivine-phlogophite-cpx bearing lamprophyre dykes 
are being found and reported for the first time in the NW of 
Kutagulla area i.e., in the central part of Archaean Kadiri 
greenstone belt along the eastern margin.  These lamprophyre 
dykes occur in turn associated with differentiated pyroxenite-
gabbro-diorite dyke intrusions which display wide petrological 
and compositional variations within the suite. The mafic dyke 
swarms are mostly subalkaline tholeiites which were derived 
from a continental arc source. They exhibit negative Ba, Nb, 
Sr, Zr, Hf and Ti anomalies and are enriched in Cs, Rb, U, K, 
Nd and Sm in the spidergram plots, suggesting their derivation 
from subduction modified mantle sources and contaminated 
during their emplacement. It is inferred that mantle wedge 
melting, subduction zone magmatism and mantle 
metasomatism have given rise to the formation of different 
mafic-alkaline dykes which were derived from an enriched 
sub-continental lithospheric mantle (SCLM) source is 
prevalent in the Proterozoic era in the region under study. 
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The dissolution of C-O-H volatiles in silicate melt plays an 
important role in determing the distribution of volatiles and 
fluids throughout the whole Earth system from core to the 
atmosphere. However, our understanding of solubility of these 
volatiles in silicate magma remain mostly limited to oxidized 
conditions relevant for the shallow mantle and crust of the 
modern Earth, i.e., in equilibrium with CO2-H2O vapor phase. 
But the conditions of core-forming magma ocean (MO) and 
those of Earth’s Hadean mantle, with recent memory of 
equilibrium with Fe-rich alloy, must have remained several log 
units more reduced than at present. Here we use data from 
recent high P-T experiments that constrain the solubility of C-
O-H volatiles in basaltic melt at graphite saturation at a range 
of oxygen fugacity equivalent to 5-log unit below iron-wustite 
(IW) buffer to 1 log-unit above IW buffer and also at various 
degree of hydration of silicate melt with bulk ‘water varying 
between few hundreds of ppm to ~1-2 wt.%. Our data suggest 
that to achieve the abundance of carbon approaching the 
estimate for BSE or Earth’s present day mantle, C and H 
should have been delivered along with reduced impactor 
bodies. This allows the partition coefficient of carbon between 
core (alloy melt) and mantle (silicate melt), DC (metal/silicate) 
to approach ~100, irrespective of depth and temperature. If 
carbon is delivered with oxidized impactors, perhaps at a late 
stage of accretion, and decoupled from delivery of ‘water’, DC 
(metal/silicate) could approach values of ~105 for deep 
terrestrial MO and effectively all C in bulk Earth could be 
partitioned to the core. 

Using a subset of the available experimental data at 
conditions between ~IW-1 and ~IW+1, we also developed a 
parameterization to calculate bulk C solubility and relative 
concentration of CO2 and CH4 in mafic melts as a function of 
P, T, XH2O, melt composition, and fO2. This model allows us 
to calculate the extent of carbon release, either in the form of 
CO2 and/or CH4, by partial melting of reduced and graphite-
bearing planetary mantles including that of the Earth. Using 
this model and with the knowledge of conditions of mantle 
melting for Earth, Mars, and the Moon, we quantify the extent 
of CO2 and CH4 degassing and the impact of such on the 
composition of protoatmospheres for different planetary bodies 
at time soon after magma ocean crystallization. 
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Stable isotope analysis of dated goethite from soils and 
weathering profiles permits retrieving continental 
paleoenvironmental conditions [1], potentially complementing 
the marine record in paleoclimatic reconstructions. The 
combination of geochronological analysis of supergene Fe-
oxyhydroxides by the (U-Th)/He-4He/3He method with high-
spatial resolution stable isotope ion-microprobe methods is a 
promising approach for probing the complex mineral 
assemblages in weathering profiles. 

A major challenge in ion-microprobe analysis of goethite 
is the difficulty in finding pure and homogeneous material to 
produce suitable standards. Natural goethites often contain 
minor components (e.g., Si, Al, Mn) that may alter their 
isotopic signatures. They often precipitate in colloform 
textures, where composition varies accross micrometer-scale 
growth bands. Even when homogeneous grains are identified, 
analytical difficulties associated with polishing heterogeneity, 
sample topography, crystal orientation, and surface 
irregularities (e.g., porosity) may result in sample-induced 
apparent isotopic fractionation. After screening hundreds of 
candidates, we have found two potential goethite SHRIMP-SI 
standards (CAPAO-L4 and Roy-CY4) and independently 
callibrated their isotopic composition by the the laser 
fluoritnation method. 

Preliminary results for supergene goethites from 
weathering profiles in the Carajás and Quadrilátero Ferrífero 
regions (Brazil) show a δ18O vs. age trend, with goethites 
showing a progressively more negative isotopic signature from 
the Mid-Eocene to the Pleistoscene. Goethites displaying 
organic textures (pseudomorphic after bacteria colonies or 
fossilising filamentous microorganisms) yield more negative 
δ18O values (-4 to -9‰) than coexisting goethites directly 
precipitated from aqueous solutions in empty cavities (4.9 to -
2.8‰). The variation in δ18O with precipitation mechanism 
confirms the need for high spatial resolution methods in order 
to use the isotopic composition of pedogenic phases in 
continental paleoclimatic reconstructions. 
 
[1] Sjostrom et al (2004) Quarternary Research, 64-71 
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In the lower Bengal delta plain, Murshidabad in India, and 
Matlab in Bangladesh, are two sites currently being studied 
both demonstrating alarming quantities of groundwater As. 
The present study aims to discuss the spatial and depth 
distribution of groundwater As and the role of dissolved 
organic carbon (DOC) in groundwaters at shallower to deeper 
depths corresponding to dissolved As. In Matlab 19 
groundwater (depth range 14-240m) and 9 surface water 
samples from 4 different piezometer nests in North and South 
Matlab were collected (As varying from 75-407 μg/L at 
shallow depths). The fluorescence studies indicate that the 
DOM in Matlab contain predominantly UVA humic-like 
components likely derived from sediment sources. The C14 and 
Sr87/86 measurements in the waters indicate that only 15% of  it 
is modern carbon at shallower depths which may indicate less 
availabile young carbon to accelerate mobilization and the 
water is infiltrating through mostly terrestrially derived 
weathered sediments into the shallower zones. The results 
from Matlab may point to more humic DOC in shallower 
groundwaters which may be involved in complexation or other 
biogeochemical reactions that can mobilise As in aquifer. 
MPN based colilert tests suggest the the E.coli concentrations 
ranged from 2.6-17.6 from shallow to deep wells. In 
Murshidabad, a total of 35 samples (30 handpumped shallow 
wells, 5 surface waters) were collected from six sites (As 
varying from 3-609 μg/L at shallow depths). Fluorescence 
results in Murshidabad investigate the possible sources of 
DOM to be of microbial origin  and whether the reducing 
groundwaters contain older, more decomposed DOM. Using 
MicroSnap based field microbiological analyses, Murshidabad 
waters showed the presence of enterobacteraceae in two high 
and one low As sites (within a depth of 18m), while fecal 
coliform is only present in one of the low As areas at about 
~43m.  
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Southern ocean circulation and 
weathering inputs over the last 13 
Ma: Radiogenic Nd and Hf isotope 
evidence from the Agulhas Ridge. 

VEIT DAUSMANN1*, MARTIN FRANK1 AND JÖRG RICKLI2 
1GEOMAR Helmholtz Zentrum für Ozeanforschung Kiel, 

Wischhofstr. 1-3, 24148 Kiel, Germany 
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25, 8092 Zürich, Switzerland  
(*correspondence: vdausmann@geomar.de) 

Seawater radiogenic isotope composition of hafnium (Hf) 
and neodymium (Nd) were measured in bulk sediment 
leachates and foraminifera of ODP leg 177 Site 1088 from a 
water depth of 2082 m on the Agulhas Ridge to reconstruct 
changes in ocean circulation patterns and continental 
weathering inputs since the mid Miocene. The extraction of 
seawater Hf isotope signatures from authigenic coatings of 
carbonate sediments (up to 95%) is not a standard procedure 
and has been developed further as part of this study. Past 
oceanographic changes at the intermediate water depth of the 
core on the Agulhas Ridge sensitively reflect changes in 
mixing of North Atlantic Deep Water (NADW) with 
Circumpolar Deepwater (CDW) and potentially Antarctic 
Intermediate Water (AAIW) and have thus been sensitive to 
changes of the strength of the Atlantic meridional overturning 
circulation (AMOC).  

Downcore Nd isotope compositions (εNd) are in the range 
of -7 to -11 with glacial εNd values generally about 1-2 εNd units 
more radiogenic than during interglacials for the Quaternary. 
This is consistent with previous results and is explained as a 
result of diminished glacial export of unradiogenic NADW 
and/or larger contributions of CDW/AAIW during glacial 
periods. In contrast, Hf isotope compositions (εHf) show a 
gradual change from more radiogenic values (~+10) at 12 Ma 
to less radiogenic values (~+2) in the late Quaternary. This 
may either be an indicator of increasing weathering inputs 
from Antarctica and/or a change in weathering regime on the 
surrounding continents. 
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Microstructural modifications of 
dissolving silicate minerals: Why 

should we bother? 
DAVAL, D.1*, POLLET-VILLARD, M.1, ACKERER, P.1,
FRITZ, B.1 RÉMUSAT, L.2, GUYOT, F.2, BERNARD, S.2,

SALDI, G. D.3 AND KNAUSS, K. G.3 
1LHyGeS, University of Strasbourg/EOST-CNRS, UMR 7517, 

Strasbourg, France (*ddaval@unistra.fr) 
2IMPMC, Sorbonne Universités – CNRS UMR 7590, UPMC 

University Paris 6, IRD UMR 206, Paris, France 
3ESD, LBNL, Berkeley, USA 

Providing experimental constraints on mineral dissolution 
and precipitation kinetics has mobilized geoscientists for over 
40 years. The early development some 30 years ago of reactive 
transport codes to model fluid-rock interactions has maintained 
a continous interest in this work, with the ultimate need for the 
formulation of so-called ‘kinetic rate laws’ that could be 
implemented in such codes. Although the importance of 
reactive transport simulations for a wide range of geochemical 
concerns is no longer to be proven, the poor agreement 
between laboratory- and field-derived weathering rates casts 
doubt on the reliability and relevance of numerical simulation 
outputs. While the reasons for such discrepancies are manifold, 
as a starting point, we hypothesize that they mainly rely on the 
long suggested -though poorly studied- spontaneous evolution 
of the microstructural properties of dissolving mineral 
surfaces, also referred as to mineral ageing. This presentation 
is intended to bring new insights on this process, based on 
detailed analyses of dissolving cleavages of a series of silicate 
minerals, using state-of-the-art microscopic and spectroscopic 
techniques of surface characterizations (e.g. FIB-TEM, AFM, 
VSI, and nanoSIMS). In particular, we will show that (1) the 
transport properties of altered surface layers dramatically differ 
from that of the bulk solution and evolve with reaction 
progress, promoting the formation of local chemical 
environments in the vicinity of the inner altered surface/crystal 
interface, and (2) mineral dissolution rate is linked to the bulk 
fluid composition through relations which are specific to the 
crystallographic orientation. 

Taken together, our results confirm the conclusion recently 
reached by some authors [1] that the classical derivation of 
empirical ‘rate laws’ based on the dissolution of freshly 
crushed powders may be misleading, and alternate models of 
mineral reactivity will be presented. 

[1] Lüttge et al. (2013) Elements, 9, 183-188.
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ions sorption onto iron (Hydr)oxide: 
A combined in situ ATR-FTIR/DFT 

study 
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The reactivity of the inorganic material surface has many 
applications and particularly in environment for the control and 
prediction of the migration of pollutants in soils and 
groundwater. Information about speciation and adsorption of 
chemical species sorbed and in solution are needed to better 
understand the mechanisms. 

The aim of this study was to investigate (poly)molybdate 
and (poly)tungstate ions sorption mechanism on various iron 
(hydr)oxide: hematite (α-Fe2O3), goethite (α-FeOOH), 
akaganeite (β-FeOOH) and lepidocrocite (γ-
FeOOH).Attenuated Total Reflectance - infrared spectroscopy 
was used, which allowed in situ and real time analysis of 
surface adsorption [1,2]. Information about the surface 
reactivity of these various solids and the different behaviors of 
the ionic species have been investigated, and the influence of 
different experimental conditions (pH, concentration, ionic 
strengh) were demonstrated. Our results show an important 
effect of the surface structure of the solids on the sorbed 
complex geometry : on lepidocrocite and goethite a 
monodentate structure is preferred, while a polymerization has 
been observed onto hematite surface. Both ions have a 
different behavior on akaganeite: molybdate ions polymerize 
while tungstate species seems to have the same monodentate 
structure than those found on goethite [3]. DFT study was used 
to confirmed the geometry of sorbed species with vibrational 
calculation. 

Figure 1:  In situ ATR-FTIR spectroscopy 

[1] Lefèvre (2004) Adv. Colloid Interface Sci. 107, 109-123.
[2] Davantès & Lefèvre (2013) J. Phys. Chem. A 117, 12922-
12929. [3] Davantès & Lefèvre (accepted) Eur. Phys. J.
Special Topics

669



Goldschmidt2015 Abstracts 

670 

Geochmical tracers linking impacts to 
target rocks in the Precambrian 

ALEXANDRA KRULL DAVATZES1 AND
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Meteorite impacts in the Archean and early Proterozoic are 
preserved as spherule deposits without identified source 
craters. High field strength elements (HFSE) and other 
immobile elements can be used to track target rock 
compositions. Bulk and spot analyses of Nb, Ta, Zr, Hf, Ti, Al, 
Sc, Cr and Ir within spherule beds and single spherules are 
compared to known bulk rock spidergram patterns from a 
variety of crustal and mantle compositions. Mixing models are 
used to identify likely target components. The 3.24 Ga S3 layer 
from South Africa has a trace element pattern consistent with a 
mantle and MORB-type basalt target, and the 2.47 Ga 
Paraburdoo spherule layer in W. Australia has a trace element 
pattern consistent with a continental crust and OIB target 
without mantle. Spidergrams of the K/Pg spherule bed layer, 
where impact spherules can be tied to known targets, mimics 
those of the source rocks indicating conservation of the 
interelement ratios through the impact process.  

Bulk and spot analyses indicate overall homogeneity in the 
HFSE ratios between different spherule types within a single 
deposit and between spherules from separate sampling sites 
that have significantly different diagenetic histories. In 
particular, Nb/Ta and Zr/Hf ratios are highly consistent 
between sampled spherules and between bulk sampled 
sublayers.  These ratios are also distinct from overlying and 
underlying rock units. This may therefore allow for 
identification of target rocks in layers were fall deposits are not 
present or preservation is poor. 

Rare earth elements (REE) cannot be used to track target 
compositions due to diagenetic effects. REE patterns are 
highly variable within the spherule bed and within individual 
spherules. Bulk REE analyses from the top of the spherule 
beds more closely resemble the overlying rock composition, 
and Ce anomalies are consistently similar to the overlying 
layer, indicating that this is a strong alteration effect.  

This has important implications for our understanding of 
Archean crustal composition, as well as understanding the 
scaling properties of impacts. With increasing size of impact, 
we see a greater proportion of target component within the 
vaporized material. In the largest impacts, we also see 
excavation of mantle material, with implications for 
Precambrian climate condidtions as well as sterilization 
effects. 

670



 Goldschmidt2015 Abstracts  

 671 

Bracketing the archean: Zircon from 
the Lacorne Pluton (Abitibi, Québec) 

to improve LA-ICP-MS 
geochronology  
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U-Pb geochronology applied to zircon mineral is one of the 
main tool to produce reliable ages of geological systems. 
Classical thermal ionisation mass spectrometry technique  
relies on isotope dilution and rigorous chemical procedures to 
separate, purify and quantify precisely and accurately the 
contents of Pb and U isotopes in this mineral. This will most 
probably remain the benchmark to produce high precision and 
accurate ages. 

However, in some geological contexts a quicker procedure 
is needed to produce high volume of geochronological data 
that would not be feasible by TIMS (e.g. detrital provenance 
study, requiring more than 100 zircon grains to be measured 
from one single sample). Laser ablation ICP-MS is then the 
technique of choice, with a throughput of several hundred 
measurements per day achievable. One of the caveat of this 
technique is a matrix match bias between standard and sample 
responses, which was shown to be linked to the differential 
coupling between laser beam and crystal structure; the ablation 
rate being different from one zircon type to the other (Marillo-
Sialer et al. 2014  JAAS, 29, p.981). Focusing of the laser 
beam, which also has a strong effect on this coupling, can be 
monitored to minimize its effect, but the crystaline structure 
cannot be known for all samples (nor changed). When present, 
such bias (of a few percents) may be magnified if the samples 
are very different in ages from the calibrator. For exemple, 
Archean samples standardized using 91500 (1065 Ma) can be 
shifted by up to 20 Ma, breaking down accuracy, even though 
internal precision on sample remains an order of magnitude 
better.   

Here we present a new natural zircon of 2680 Ma (TIMS 
age) from Lacorne, Québec, (post-tectonic calco-alcaline 
pluton) which seems to behaves very similarly to the 91500 
standard in laser ablation ICP. We believe this could fill in the 
gap of calibrators at the older end of geological ages. 
Standardizing Lacorne zircon using 91500 gave back its TIMS 
age. When using Lacorne as the standard, we obtain correct 
207/206 ages (within uncertainty) for both 91500 and for 
several samples of known TIMS ages, indicative of the 
accuracy of the measurements.  
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Progress towards using oxygen 
isotopes in baddeleyite to assess Pb 

loss 
J. H. F. L. DAVIES1*, A.-S. BOUVIER2,  
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Switzerland 

Baddeleyite is a commonly used mineral for U-Pb dating 
of mafic rocks, especially in Precambrian samples. 
Baddeleyite appears to be less susceptible to Pb loss than 
zircon and commonly plots close to concordia.  So far, only a 
few dating studies have been conducted at very high temporal 
resolution e.g.[1] [2] and in these studies, small degress of Pb 
loss appear to be an almost ubiquitous problem.  

Pb loss in zircon can be correlated with oxygen isotope 
disturbance, where fluid interaction with metamict zircon 
facilitates recrystallization and Pb loss [3] [4].  Here we 
investigate whether the same phenomena occurs in 
baddeleyite.  However, before this question can be answered, 
baddeleyite oxygen isotope reference materials need to be 
created for the ion microprobe. High spatial resolution analysis 
is needed for small (<100 μm) baddeleyite grains, which 
subsequently need to be dated by TIMS.  We are currently 
developing a baddeleyite reference material from a synthetic 
baddeleyite.  Laser flourination analysis of multi-grain aliquots 
and single grains from the synthetic baddeleyite reveal that the 
material is relatively homogeneous with a δ18O value of 6.39 ± 
0.5‰ 2SD.  Preliminary ion probe data indicate a similar range 
suggesting that matrix effects (such as orientation effects) may 
be negligible.  Also, preliminary data from natural crystals 
suggests that oxygen isotopes in natural baddeleyite can vary 
over a large range (up to 5‰). Hence even an analytical 
precision of ± ~0.5‰ should be sufficient for initial studies. 

We will use this reference material to assess oxygen 
isotope disturbance in natural baddeleyite crystals that are 
known to contain Pb disturbance.  We will then date the same 
grains analyzed for oxygen isotopes by ID-TIMS to assess the 
relationship between Pb loss and oxygen isotope variations in 
baddeleyite.   

[1] Rioux, M., et al. (2010) Contrib.Min.Pet.160, 777-801. [2]
Sell, B., et al. (2014) Earth.Plan.Sci.Let..408, 48-56.[3]
Valley, J.W., et al. (1994) Chem.Geol.234, 105-126.[4]
Davies, J.H.F.L., et al. (2015) Amer.Min. in press
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Isotopic compositions of presolar SiC: 
First measurements with CHILI 
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CHILI (the CHicago Instrument for Laser Ionization), a 
resonance ionization mass spectrometry (RIMS) nanobeam 
instrument is designed for isotopic and chemical analysis at the 
few-nm scale with a useful yield of ~40% and near-elimination 
of isobaric interferences, capabilities well beyond those of 
modern secondary ion mass spectrometers. After several years 
of construction of CHILI, we report the first sample 
measurements.  

Twenty-two presolar SiC grains from Murchison separate 
KJG were pressed into gold and analyzed. Six tunable 
Ti:sapphire lasers allowed simultaneous resonance ionization 
of strontium, zirconium, and barium with independent two-
photon ionization schemes. A three-prism beam combiner 
brings all six laser beams into the analysis chamber along a 
single line. Atoms were desorbed from samples and standards 
with a 351 nm laser, focused to ~1 µm using a Schwarzschild 
optical microscope. Precision on standards is in the few ‰ 
range (2σ) 

Ten of the 22 grains selected had sufficient barium content 
and eight of these ten grains had sufficient strontium content 
for isotope analysis with CHILI. However, none of the grains 
had detectable Zr. The reasons for the nondetection of 
zirconium are unclear, but trace element abundance 
measurements by synchrotron XRF and ion microprobe have 
shown that some grains are strongly deplected in zirconium. 
Strontium and barium isotope ratios were normalized to 86Sr 
and 136Ba, respectively. Seven grains have strontium and 
barium isotopic patterns similar to those seen previously in 
mainstream SiC grains, and these patterns are consistent with 
formation in low-mass asymptotic giant branch (AGB) stars. 
One grain is depleted in 84Sr,  87Sr, 134Ba, and 135Ba and 
enriched in 88Sr, 130Ba, 132Ba, 137Ba, and 138Ba. Such isotope 
effects are consistent with formation in a neutron burst, likely 
caused by a shock wave passing through ejecta in the 
immediate aftermath of a Type II supernova explosion. Two 
grains are depleted in 84Sr,  87Sr, and 88Sr (or enriched in 86Sr). 
This pattern has not been observed before. It is very difficult to 
produce in AGB stars, but might be produced in supernova 
ejecta.  

673



Goldschmidt2015 Abstracts 

674 

The role of biological processes in 
geochemical heterogeneity in cultured 
planktic foraminifera: Calcite crusts 

and pH-dependent respiration 
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2Department of Earth and Planetary Sciences, UC Davis, 
Davis, CA, USA 

3Point Blue Conservation Science, Petaluma, CA, USA 

We present two case studies from cultured California 
Current cold-water foraminifera highlighting heterogeneity in 
the geochemistry, calcification, and respiration of widely used 
proxy species Neogloboquadrina incompta and Globigerina 
bulloides. Crusting has been identified in several species of 
planktic foraminifera, distinguished in part by lower Mg/Ca 
compared to ontogenetic calcite. Sediment trap and fossil 
material has been unable to resolve whether the characteristic 
geochemistry of crusted calcite arises from calcification at 
lower temperatures. Results of constant-temperature laboratory 
experiments using N. incompta, show that differences in 
Mg/Ca values between crust and ontogenetic calcite need not 
derive from calcification at different temperatures as in these 
individuals, the Mg/Ca ratio in the crusted portion of the shells 
was 40-60% lower than in the inner ontogenetic calcite. These 
findings have important implications for Mg/Ca 
paleothermometry in crusted versus non-crusted foraminifera.  

A second culture experiment quantified effects of seawater 
pH on oxygen consumption and net calcification of G. 
bulloides. We documented pH-dependent rates of respiration 
and calcification across a pH range of ~7.4-8.3. Both oxygen 
consumption and calcification increased with pH, peaking at 
~pH 8.0, before declining at higher pH levels. This latter 
experiment highlights the importance of metabolism as a 
potential link between seawater pH and metabolism or 
calcification rate-dependant shell chemistry.  
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events in poly-metamorphosed 

plutonic domains using recrystallized 
zircon: An example from the 

Paleoproterozoic Thelon tectonic zone 
and adjacent Queen Maud block, 
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The western margin of the Archean Rae craton comprises 
a complex collage of dominantly plutonic domains including 
the Thelon tectonic zone and Queen Maud block (QMB) that 
were involved in a series of Paleoproterozoic tectono-
magmatic events between 2.5 Ga and 1.9 Ga, culminating with 
the Slave–Rae collision at 1.97 Ga.  Originally interpreted to 
be an exhumed ca 1.97 Ga orogenic plateau related to the 
Slave-Rae collision [1], the QMB preserves ca. 2.5-2.35 Ga 
plutonism and a broad and complex record of amphibolite to 
granulite-grade metamorphism between 2.5 and 1.9 Ga. 
Samples from a 300 km transect of the area delineate distinct, 
mostly north-striking crustal blocks ranging in age from 3.2 Ga 
to 1.9 Ga. Zircon from the majority of igneous samples along 
the transect record single or multiple episodes of 
recrystallization related to regional metamorphic events at 2.35 
and 1.91 Ga. The recrystallized zones are generally brighter in 
BSE and have flat, homogenous response in BSE and CL 
images. The recrystallized areas may be annular but are 
commonly transgressive and utilize fractures and or growth 
zones to penetrate to grain interiors.  Recrystallization is not 
isochemical and most commonly demonstrates increases in the 
Hf/Zr ratio, and decreases in HREE. Th/U ratios  are variable 
with values similar to those of the original igenous 
compositions. Pb-loss correlates with the extent of 
recrystallization as indicated by changes in zircon chemistry. 
Recrystallized zircon domains preserve evidence of earlier 
metamorphic events and are not destroyed by younger 
overprints. This allows a polymetamorphic history to be 
established from a single rock, and delineation of the regional 
extent of different metamorphic events over broad areas 
dominanted by plutonic rocks.  

[1] Hoffman (1988) Ann. Rev. Earth Planetary Sciences, 16:
543-603.
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Pervasive calcite mineralisation occurs throughout parts of 
a Surat Basin coalmine. The calcite is present in fractures such 
as structural joints, cleats, and shears, as well as manifesting as 
layer parallel sheets, nodules, and permineralisation of the coal 
matrix. Fluid inclusion microthermometry of fracture calcites 
indicate both low and high temperature precipitation, with four 
distinct modes at <70, 130, 250 and 360°C. Coal inclusions 
within fracture calcite, as well as the coal immediately adjacent 
to fractures has only mildly elevated vitrinite reflectance 
relative to the mine average, indicative of short-lived fluid 
migration events. 

The main population of fracture calcite δ13C values 
(n = 36) are negatively correlated with δ18O (R2 = 0.89), with 
δ13C ranging from -1.84 to 20.46 and δ18O from 15.2 to 25.8 
per mil. This may be related to fractionation effects between 
oxidized and reduced carbon species at temperatures greater 
than 200 oC, coupled with mixing of different waters. 

High precision ICP-MS analysis of the fault calcite found 
it to be more enriched in certain trace elements such as Cr, Rb, 
and Be relative to the other coal fractures, and most of the 
calcite samples have the signature of hydrothermal veins in a 
plot of Yb/Ca against Yb/La. All but one of the calcites are 
HREE-enriched, with the only LREE-enriched sample 
associated with multiple sulfide minerals within a fault. 

Bornite and pyrite often occur intergrown with the fracture 
calcite either as spherules or in the case of shear fractures as 
syntectonic lineations. Fracture azimuths of the major 
orthogonal coal fracture networks (average joint spacing of 1.5 
to 2.0 m) were diagonally aligned relative to north-trending 
faults. Given that both calcite and sulfide mineralisation was 
observed to have grown around corners of joint intersections, 
the mineralisation occurred whilst both joint orientations (NW-
SE and NE-SW) were open for fluid flow, and possibly during 
fault activation. We are presently attempting to date the 
fracture calcite using techniques such as U-series, U/Pb, and 
Sm-Nd dating, to determine whether or not the mineralisation 
represents a geothermal anomaly related to a SW-trending line 
of recent volcanic activity.  
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We report oxygen and carbon isotope data from a series of 

carbonate growth experiments in cave-analogue conditions, in 
the laboratory, with the goal of better understanding these 
isotope systems, which are fundamental to speleothem research 
and for reconstructing change within the critical zone. The 
experimental setup closely mimics natural processes (e.g. 
precipitation driven by CO2-degassing, low ionic strength 
solution, thin solution film) but with a tight control on growth 
conditions (temperature, pCO2, drip rate, calcite saturation 
index and the composition of the initial solution). Calcite is 
dissolved in deionized water in a 20,000 ppmV pCO2 
environment, with trace-elements (Li, Na, Mg, Co, Sr, Cd, Ba, 
U) at appropriate concentrations to mimic natural cave drip-
waters. This solution is dripped onto glass plates (coated with 
seed-calcite) for controlled stalagmite growth [1, 2]. 

In these experiments, cave-analogue calcite is grown at six 
different solution calcite saturation indices (SIcalcite = 0.1, 0.2, 
0.3, 0.4, 0.5, 0.6). All other conditions are kept constant 
(temperature 15°C, drip rate 6 drips min-1, cave pCO2  
< 1000 ppm). 

For oxygen, we observe a significant increase in αcalcite-water 
with calcite saturation index, with increasing α bracketing one 
of the most commonly used fractionation factors [3]. These 
results are significant within the current debate over the range 
and applicability of fractionation factors (eg. [3, 4, 1]). There is 
no significant change in δ13Ccalcite. We use the controlled 
conditions of this laboratory setup to discuss the significance 
of this response to calcite saturation state and to gain a better 
understanding of the underlying fractionation mechanisms.  
 
[1] Day, C.C., & Henderson, G.M. 2011. Oxygen isotopes in 
calcite grown under cave-analogue conditions. Geochimica et 
Cosmochimica Acta, 75, 3956–3972. [2] Day, C.C., & 
Henderson, G.M. 2013. Controls on trace-element partitioning 
in cave-analogue calcite. Geochimica et Cosmochimica Acta, 
120, 612–627. [3] Kim, S.T., & O’Neil, J.R. Equilibrium and 
non-equilibrium oxygen isotope effects in synthetic 
carbonates, Geochimica et Cosmochimica Acta, 61, 3461–
3475. [4] Coplen, T.B., Calibration of the calcite-water 
oxygen-isotope geothermometer at Devils Hole, Nevada, a 
natural laboratory. Geochimica et Cosmochimica Acta, 71, 
3948–3957. 
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Shale gas: A prominent, 
unconventional source of energy 
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Shale gas is natural gas produced from carbonaceous shale 

formations that typically function as both the reservoir and 
source rocks for the natural gas.  Shale gas is typically a dry 
gas composed primarily of methane, but some formations do 
produce wet gas. Carbonaceous shales are organic-‐rich shale 
formations that were previously regarded only as source rocks 
and seals for gas accumulating in the strata near sandstone and 
carbonate reservoirs of traditional onshore gas development. 
Shales are deposited as muds in low-‐energy environments such 
as tidal flats and deep water basins.  During the deposition of 
these very fine-‐grained sediments, there can also be 
accumulation of organic matter in the form of algae, plant, and 
animal derived organic debris. Natural gas is stored in shale in 
three forms: free gas in rock pores, free gas in natural 
fractures, and adsorbed gas on organic matter and mineral 
surfaces. 

Commercial production of shale gas started in 1998 in 
United States of America (USA). With initial success rate it 
was introduced at many places in USA and in last ten years it 
has changed the economy of the United States. The production 
of shale gas/oil in USA has changed the ratio of demand and 
supply globally resulting fall in crude oil prices sharply. The 
unconventional gas reservoir will produce less gas for the 
longer period of time compared to the high permeability 
reservoir.   It is estimated that around the world we have 9000- 
Tcf of gas as coal bed methane, 16,000 Tcf gas as shale gas 
and 7000 Tcf of gas as tight sand gas. This data indicates that 
there is enough opportunity to explore unconventional energy 
as future source of energy. There are 28 sedimentary basins in 
India and these sedimentary basins have immense potential (up 
to 600 Tcf of gas) for conventional and unconventional gas.  In 
the talk I will present initial study in Vindhyan, Damodar, 
Kashmir and Cambay basins, which suggest large resource 
potential of shale gas in our country. 
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A traditional view of the Archaean implies that because the 

heat flux was larger, then the Earth mantle was convecting 
more vigorously, and had to lose more heat by faster and more 
efficient plate tectonics. However, this view is challenged by a 
paradox: if the rate at which the Earth is now loosing heat is 
extrapolated to the Archaean, then the Earth was so hot that it 
would have been totally molten by 1 billion years (Gyr) ago 
[1]. Short-lived isotope systems can be a powerful tool for 
investigating the geological processes that occurred during the 
Archean. As such, early Archean rocks show a progressive 
decrease for their µ142Nd from +20 to 0 between 3.9 to 3.6 Gyr, 
until rocks younger than 3.5 Gyr show no µ142Nd anomalies. 
This decrease is interpreted as the efficient remixing of the first 
primitive crust into the Archaean convecting mantle that 
ultimately produce a well-mixed present-day convecting 
mantle with µ142Nd = 0 [2]. Such a timescale from 4.5 to  
3.5 Gyr implies mixing time longer than expected for a fast 
convective mantle (i.e. around 100 Myr). 

The finding of a resolvable positive 142Nd anomaly of 
µ142Nd = +7 ± 3 ppm relative to the modern convecting mantle 
in a 2.7 Gyr old tholeiitic lava flow from the Abitibi 
Greenstone Belt in the Canadian Craton challenges even more 
the traditional view as it extends the early Archean convective 
mixing time to ~1.8 Gyr. This is even longer than present-day 
mantle mixing timescale of ~1 Gyr [3].  Using a numerical 
modelling, we show that a delayed mixing, even in a strongly 
convective mantle, is well explained by long periods of 
stagnant-lid plate tectonics, with scarce episodes of subduction 
throughout the Hadean and Archean [4]. In addition, a 
stagnant-lid regime during the Archaean permits avoiding the 
paradox of a molten Earth.  
 
[1] Korenaga, in Archean Geodynamics and Environments, 
AGU. 7-32 (2006). [2] Bennett et al., Science. 318 1907-1910 
(2007). [3] Kellogg and Turcotte, J. Geoph. Res. 95 421-432 
(1990). [4] Debaille et al., Earth Planet. Sci. Lett. 373 83-92 
(2013). 
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The geological record identifies a strong bias toward 

organic carbon (OC) rich shales accumulating during 
greenhouse periods and OC that is intimately associated with 
fine-grained, chemically mature sediments. Permo-
Carboniferous marine sediments in the Arckaringa Basin of 
Southern Australia, however, are an exception with 
anomalously high OC concentration of up to 11% TOC 
occurring within mineralogically immature siltstones that were 
deposited in deep, marine fjords in a proglacial setting. OC is 
hydrogen rich and occurs as discrete particles. Unlike many 
black shales deposited under greenhouse conditions, there is no 
relationship between TOC and mineral surface area, indicating 
a different mechanism of preservation  

Electron imaging and  energy dispersive X-ray (EDX) 
microanalysis reveal an association between organic carbon 
rich laminae and high sulphur concentrations, occuring both 
bound to OC and in the form of framboidal pyrite. Pyrite and 
OM rich laminae alternate with organic poor laminae featuring 
abundant manganese carbonate (kutnohorite) at mm scales, 
forming cyclical deposits interpreted as varves. These couplets 
identify the seasonal oscillation of water column redox 
conditions with pyrite deposition indicating euxina whereas 
freshening results in precipitation of dissolved Mn to form 
kuthnohorite. 
 We attribute OC and pyrite enrichment to stratification in 
the ancient fjord, leading to H2S build up followed by mixing 
and bottom-water ventilation following seasonal temperature 
change, or longer term changes in sill height influencing 
restriction.  The reducing conditions of the fjord provided a 
chemical trap for Mn and S from seawater sulfate.  Excess 
dissolved sulphur in the water column and sediment pores 
promoted the preservation of H-rich, labile organic matter. By 
contrast, OC in kutnohorite rich laminae is mainly refractory 
terrigenous OC, consistent with limited preservation of labile 
marine OC due to improved bottom-water ventilation. 
Sulfurization reactions were thus critical for OC preservation 
and were facilitated by restriction in the ancient fijord. 
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In the present study, at a micro-tidal coast of the Bay of 
Bengal, samples of porewater, local groundwater and seawater 
were collected seasonally, for three years and anlyzed for  δ18O 
and δD, Sr2+,Ca2+ and other major ions  to delineate the 
seasonal patterns and flux of discharging terrestrial-sourced 
groundwater to the sea..These geochemical tracers were used 
in two separate mixing models and were then combined to 
trace the magnitude and variability of the freshwater inputs to 
the oceanwater. Stable isotope composition of the pore water 
demonstrates significant seasonal variability in the source of 
the discharging groundwater (δ18O ranges:-8.98‰ to +1.82‰, 
δD ranges: -68‰ to +10.8‰). Seawater during the same 
period showed an δ18O range of -1.1‰ to +1.92‰. Consistent 
patterns of relatively isotopically-depleted pore waters (δ18O 
<-4.0‰) were observed at certain parts of the transect, 
suggesting preferential groundwater discharge zones in those 
areas that may be dictated by the hydraulic gradients, flow 
paths and aquifer properties. A second mixing model using 
Sr2+/Ca2 ratios was developed to define fresh groundwater 
inputs from local and regional groundwater source.The 
sampledgroundwater had a Sr2+/Ca2 ratio  of 0.59 while 
Sr2+/Ca2 ratio of  the collected porewater sapmples are found to 
be 0.4-0.7, which is thus dissimilar to  the local 
groundwawater sample. When combined, these models show 
the extent of terrestrially-sourced groundwater  moving 
towards the offshore varies seasonally  and account for mixing 
with the re-circulated marine-sourced pore water along the 
discharging flowpaths. 
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During subduction, prograde metamorphism leads to the 

disappearance of Fe3+-rich phases in serpentinites (mostly 
magnetite and lizardite). This redox reaction is accompanied 
with a decrease in serpentinite Fe3+/ƩFe and the release of fluid 
mobile elements (e.g. B, S) [1] but little is known about the 
mobility of iron in fluids during subduction-related 
dehydration processes. Here we explore this problem through a 
Fe stable isotope study of serpentinites from Western Alps 
ophiolites that record metamorphic conditions representative of 
a subduction gradient. 

Iron stable isotopes are a powerful tracer of Fe mobility 
during subduction since significant isotopic variations can only 
be achieved by either the addition or loss of Fe-bearing 
components. During subduction, the δ56Fe values of 
serpentinites increases during the lizardite (Liz) to antigorite 
(Atg) phase transition. The mean value of Atg-serpentinites 
(δ56Fe = +0.12 ‰ ± 0.06) is greater than that of Atg/Liz-
serpentinites (δ56Fe = +0.07 ‰ ± 0.07), which is in turn greater 
than that of Liz-serpentinites (δ56Fe = -0.02 ‰ ± 0.14) and 
published data for abyssal peridotites (δ56Fe = +0.01 ‰ ± 
0.08). 

A striking negative correlation exists between the Fe 
isotope compositions of the subducted serpentinites and their 
Fe3+/ƩFe. This suggests that during the Liz to Atg phase 
transition, the decrease of Fe3+/ƩFe ratio is accompanied with 
an increase in bulk serpentinite δ56Fe and the loss of a Fe3+ and 
isotopically light Fe–bearing fluid. These observations provide 
the first evidence for the mobility and solubility of iron in the 
slab derived fluids. 

 
[1] Debret et al. (2014) EPSL, 400, 206-218. 
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Mine tailings represent millions of tonnes of fine grained 
material deposited on the Earth’s surface as a bi-product of 
mining. Due to their volume and potential reactivity these 
materials can represent a significant threat to the environment. 

Environmental impact assesment of these tailings storage 
facilities focuses on defining the reactivity and potential for 
acid rock drainage and metal leaching (ARDML) through 
geochemical testing of representative samples and numerical 
predictive calculations. The acid generation potential of 
tailings is dependant on the reactivity of their sulfide content 
which is directly proportional to the oxygen concentration 
within the material. As such, predicting the oxygen 
concentration as a function of time and depth is critical to 
understand the acid generation potential of  tailings material. 

Several studies have been devoted to the understanding 
and measure of oxygen consumption and diffusion within mine 
tailings e.g.[1]. The aim of this study is to predict the oxygen 
flux and concentration as a function of time and depth within 
the San Manuel flotation copper tailings in Arizona, USA.  

To this end we have compared the results of publicly 
available modelling tools (Sulfidox and Min3P) and an in 
house code to the oxygen profiles determined in situ. These 
results were used to assess the effect of oxygen concentrations 
on acid generation and contaminant mobilisation from the 
tailings. Predicted metals levels were compared against 
laboratory leach test results to assess consistency.  
 
[1]Elberling and Nicholson (1996) Water Res. Res. 32 

683

mailto:jdeclercq@srk.co.uk
mailto:rwarrender@srk.co.uk
mailto:abarnes@srk.co.uk


 Goldschmidt2015 Abstracts  

 684 

Mg isotope geochemistry for the 
characterisation of late-diagenetic 

dolomites 
A. DE CLEYN1, K. LATRUWE2, F. VANHAECKE2 AND  

R. SWENNEN1 
1Geodynamics & Geofluids Research Group, KU Leuven, 

Celestijnenlaan 200E, B-3001 Heverlee, Belgium 
(*correspondence: an.decleyn@ees.kuleuven.be) 

2Department of Analytical Chemistry, Ghent University, 
Krijgslaan 281-S12, B-9000 Gent, Belgium 

 
Coarse crystalline and zebra dolomites (CCZ) form an 

intriguing lithology. They often are porous and thus form 
potential hydrocarbon reservoirs worldwide. They are also 
associated with base metal ore or magnesite deposits. Based on 
extensive research efforts, combining field evidence, 
petrography, elemental composition, isotope geochemistry (C, 
O and Sr) and microthermometry of fluid inclusions, several 
dolomitisation models have been proposed. The source of the 
magnesium, however, remains poorly constrained. CCZ 
dolomites testify of the circulation, early or late during 
diagenesis, of high temperature (often hydrothermal) Mg-rich 
fluids (based on fluid inclusion and stable oxygen isotopic 
analyses). The working hypothesis in this study is that some of 
the dolomitising fluids can be derived from fluids that 
interacted with (ultra)mafic rocks or their metamorphic 
equivalents.  

The “classical” approach does not allow unequivocal 
discrimination between different fluid sources, but recent 
developments in high-precision isotopic analysis based on 
Multi-Collector-ICP-MS provide promising tools for 
unravelling source-sink relationships. Sr isotopic analysis has 
already proven its use in dolomite research, but the use of Mg 
isotope ratios to pinpoint the source of Mg in dolomites is 
relatively new. The prime question is whether the combined 
isotopic signatures of dolomites differ, when different Mg 
sources are involved in the dolomitisation process. Several 
dolomite types, sampled from dolomite occurrences with well 
known dolomitisation mechanisms, are being studied. An 
analytical protocol for the isolation of the pure Mg fraction 
from different rock types using ion exchange chromatography 
was developed during this study and Mg and Sr isotope ratios 
were measured using a Neptune MC-ICP-MS unit with the 
purpose of discrimination between different dolomitisation 
mechanisms.  
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Mt. Etna volcano (Sicily, Italy) is the largest volcano in 

Europe and one of the most active volcanoes on Earth. The 
plumbing system is governed by frequent inputs from mantle 
depths of volatile-rich magmas that mix with degassed melts 
residing at shallow crustal levels. The most intriguing feature 
of this process is that, in the last decades, both  primitive and 
more differentiated magmas were systematically buffered to 
the composition of trachybasalt due to the continuous supply 
of deep-seated magmas. In order to better constrain the 
evolutionary behaviour of magmas at depth, we have 
performed crystallization experiments at P = 800 MPa, T = 
1200-1020 °C, H2O = 2-10 wt.%, and QFM buffer using as 
starting compositions two trachybasalts from 1991-1993 and 
2011-2013 eruptions. Results indicate that both clinopyroxene 
and titanomagnetite crystallize at near-liquidus conditions 
followed by the formation of plagioclase and the late 
appearance of olivine. For H2O < 4 wt.%, the original 
trachybasaltic liquid evolves towards basaltic trachyandesitic, 
phonotephritic and tephriphonolitic compositions. Conversely, 
for H2O > 4 wt.% the trachybasaltic melt produces basaltic 
trachyandesitic and trachyandesitic liquids. Considering the T-
P arrays estimated for the crystallization of clinopyroxene 
phenocrysts from 2011-2012 lava fountains, these magmas 
formed at 800 MPa in equilibrium with at least 5-6 wt.% H2O. 
The comparison of our experimental data with those reported 
in literature indicates that at intermediate pressures (250- 
400 MPa) the minimum amount of H2O dissolved in magmas 
decreases to 2.5-4 wt.%. Whereas, at shallow crustal levels 
(27-80 MPa), the crystallization occurs under water-saturation 
conditions, corresponding to 1.5-3 wt.% H2O. 
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A detailed analysis of the alteration halos surrounding 

basement-hosted U deposits will be used to characterize 
geochemical and mineralogical gradients, and the 
physicochemical properties of basement-derived fluids. Better 
constraints on the nature of these fluids will provide new 
insights on how unconformity-related U deposits are formed. 

Fieldwork entails graphic logging and sampling of drill 
core at the McArthur River and Fox Lake deposits. Thin 
section petrography will establish the primary mineralogy of 
basement rocks, and the sequence of mineral alteration. These 
data will permit interpretation of fluid-rock interactions; and 
combined with whole-rock geochemical data, help explain 
alteration-induced changes in rock composition. Micrometer 
scale textures will be studied using a SEM. CL imaging of 
quartz and feldspar from altered basement rocks will identify 
compositional zonation, overgrowth features, or evidence for a 
hydrothermal overprint or alteration-induced incorporation of 
trace elements. XRD analysis will focus on clay polytypes in 
altered and unaltered basement rocks, which can be used for 
geothermometry. The composition of secondary minerals 
formed by interactions between basement rocks and reduced 
fluids will be characterized using EMP analysis. Pyrite will be 
analyzed using BSE, EMP, and LA-ICP-MS. The composition 
and texture of pyrite will be used to evaluate the 
physicochemical properties of alteration events. Whole-rock 
compositions will be determined using ICP-OES, and ICP-MS. 
Analyses will include major and trace elements. If present, 
fluid inclusions will be analyzed. Isotopic analysis of 
secondary minerals in altered basement rocks will be used to 
isotopically characterize the reduced fluids. Emphasis will be 
on S in pyrite, and H and O in clays to constrain the origin of 
ore-related fluids. Geochemical modeling of alteration-related 
fluids will be performed. These models, combined with 
analytical data will refine knowledge of the physicochemical 
conditions of fluid-rock interactions along basement faults. 
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The geochemical association and distribution of trace 
elements (TE) in magnetite help to elucidate the origin, 
formation processes, and alteration of Fe-ore deposits. This 
work reports TE nanogeochemical data in zoned hydrothermal 
magnetite samples from diorite of the Kiruna-type, Los 
Colorados, iron-oxide apatite (IOA) deposit, Chilean Iron Belt. 

EMPA elemental maps of magnetite revealed two 
alternating zone types, <50 µm in width: zone-(i) is rich in Ti, 
Al, Si, Ca, Mg, Na, Si, Mn, contained in solid solution; and 
zone-(ii) contains TE accumulated in nanoparticles (NPs). The 
maximum concentrations of TE in zone-(i) (in ppm) are: Al 
(8300), Si (8000), Mg (5100), Ca (3400), Ti (3000), Mn 
(2700), Na (1000), respectively. On the ther hand, the 
maximum concentrations of TE in zones-(ii) (in ppm) are: Al 
(4800), Si (3400), Mg (2600), Ca (1700), Ti (1700), Mn (600), 
Na (400), respectively. The V content is relatively constant 
across zoning, and varies between 2000-2300 ppm.  

TEM observations of magnetite samples prepared using 
focused ion beam (FIB) revealed a sharp contact between 
zones-(i) and -(ii) in single crystals of magnetite. Three types 
of NPs were identified in zone-(ii): (a) crystallographically 
oriented, euhedral, needle-like Ca-Mg-Si NPs, 50x500 nm in 
size, in magnetite, (b) isometric NPs of rutile, ~100x200 nm in 
size, associated with (c) anhedral (Al,Mg,Si,Ca)-rich NPs. The 
alternate zoning in TE incorporated in solid solution vs. 
forming TE NPs in magnetite are indicative of significant 
fluctuations in the content of TE in the mineralizing fluid and 
suggest changes from equilibrium conditions to kinetically-
induced precipitation, respectively.  
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Abyssal peridotites recovered from St. Paul’s Rocks, islets 

which lie within the St. Paul Transform Fault (Mid-Atlantic 
Ridge) contain an unusually high amount of amphibole  
(~12 vol.%) compared to other abyssal peridotites. In addition, 
the islets consist entirely of highly deformed mylonties, 
thought to originate at the base of faults in the brittle-ductile 
transition zone. To investigate whether the water required to 
form the amphibole originated from a mantle or oceanic (or 
combination) source, we conducted EMPA and stable isotope 
analyses on several samples.  

EMPA reveals that the amphiboles are Ti-pargasite, a 
phase that contains high wt.% Na2O and Cl compared to other 
Ca-amphiboles; stable hydrogen isotope analyses yield a range 
of values (-62 to -25‰), including values too high to have 
originated from a mantle water source alone (δD>-40‰). 
Additionally, preliminary thermometry yields closure 
temperature of amphiboles between 700 and 950°, too high to 
for seafloor alteration, yet too low for mafic melts.   

Based on i) the unusually high percentage of amphibole, ii) 
the high relative wt.% Na2O found in the amphiboles, and iii) 
the relatively high δD values, it is plausible that seawater was 
involved in the petrogenesis of St. Paul’s Rocks mylonites. 
While the 600°C isotherm is traditionally considered to be the 
limit of brittle deformation, our observations suggest that 
seawater can penetrate to depths below the 600°C isotherm, in 
agreement with recent seismisity observations from the East 
Pacific Rise.  

Penetration of seawater to depths associated with T > 
600°C implies that i) the 600°C isotherm is not the limit of 
brittle deformation, or ii) the BDTZ may vary in depth, a 
property which my be linked to the seismic cycle. Regardless 
of the above implications, the presence of such a large amount 
of amphibole indicates that portions of the oceanic lithospheric 
mantle can be more water rich than storage in nominally 
anhydrous minerals alone would imply. 

688

mailto:njdeems@stanford.edu


 Goldschmidt2015 Abstracts  

 689 

Investigating the origin of 
discrepancies in clumped isotope 

calibrations 
WILLIAM F. DEFLIESE1, ROBERT A. EAGLE2,  

JIANWU TANG3, FENGMING CHANG4 AND  
ARADHNA K. TRIPATI5 

1Earth, Planetary, and Space Sciences, University of 
California, Los Angeles  defliese@epss.ucla.edu 

2Earth, Planetary, and Space Sciences, University of 
California, Los Angeles  rob.eagle@gmail.com 

3Earth, Planetary, and Space Sciences, University of 
California, Los Angeles  jianwu.tang@gmail.com 

4Key Laboratory of Marine Geology and Environment, 
Institute of Oceanology, Chinese Academy of Sciences 
chfm@qdio.ac.cn 

5Earth, Planetary, and Space Sciences, University of 
California, Los Angeles  atripati@ucla.edu 

 
 

The mass-47 clumped isotope thermometer has been 
applied to an increasing number of settings and problems since 
its introduction in 2006. There remain fundamental questions 
about the nature of equilibrium Δ47-temperature relationships 
for different minerals, as divergent calibrations have been 
published. Most calibrations for different materials fall into 
one of two groups: A ‘steeper’ slope group, similar to the 
original calibration of Ghosh et al. (2006); and a ‘shallower’ 
slope group, similar to the calibration of Dennis and Schrag 
(2010). Differences in acid digestion temperature, 
measurement technique, as well as interlaboratory differences, 
may contribute to discrepancies. To address whether a 
universal calibration may apply to a range of carbonates, we 
apply a common approach and instrumental setup to materials 
used in previous calibration studies. 
 A suite of materials is being analyzed using a common 
acid bath extraction procedure at 70 °C and 90 °C at the 
University of California, Los Angeles. These materials include 
mollusks, foraminifera, and synthetic carbonates grown in the 
laboratory. We will revisit previously published data from the 
same samples in comparison with our data generated using a 
common approach, and attempt to identify the cause of these 
discrepent calibrations. 
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Highly saline fluids as e.g. produced by geothermal plants 

often show enhanced levels of some 10 Bq·l-1 for the Radium 
isotopes 226Ra (half life 1600 y), 228Ra (5.75 y) and 224Ra (3.63 
d) [1]. In a previous contribution [2] we suggested the 
dominance of alpha recoil processes at mineral surfaces in the 
release of the observed Radium isotopes. 

An adequate description of alpha recoil processes in 
aquifers must taken into account 

- the development of a surface layer in the mineral phase 
depleted in members of the natural decay chains due to the 
release of decay products into the fluid 
- an ingrowth of the depletion layer along the decay series 
- the formation of a surface sorption layer of insoluble 
decay products and their contribution to alpha recoil events 
The model was implemented by a Monte Carlo simulation 

routine of alpha decays at the solid/fluid interface. The results 
of the routine deviate in a characteristic way from the results of 
a more simple model [2], [3] and allow a deeper understanding 
of the observed Radium concentrations and isotope ratios in 
fluids from natural aquifers. 

A comprehensive data collection was performed on sample 
material from typical deep geothermal aquifers of Germany 
and used as input data for the simulation of the Radium isotope 
signature in the fluids. Hydrothermal systems show generally a 
good agreement between model and analytical results. The 
processes in fractured reservoirs are still under discussion. 

An experimental approach investigated the time 
dependence of Radium isotope concentrations in Na-Ca-Cl-
solution (110 g·l-1) containing suspended kaolin. The increase 
of 224Ra activity with contact time is in contrast to constant 
226,228Ra concentrations but in agreement with the model of 
predominating alpha recoil in Radium isotope release.  

 
[1] Degering, D., Köhler, M., Hielscher, M. (2011), Zeitschrift 
für geologische Wissenschaften 39 3/4: 275-290. [2] Degering, 
D., Köhler, M (2011), Mineralogical Magazine, 75 (3), 735. 
[3] Eggeling, L. et al. (2013), Geothermics 47, 80-88 
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The geodynamic setting of the Semail ophiolite in Oman 

and the United Arab Emirates is debated, with recent work 
suggesting that the MORB-like Geotimes axial sequence 
records subduction-related hydrous conditions rather than a 
true mid-oceanic ridge origin [1]. Voluminous intrusions 
related to SSZ magmatism that postdate the main ophiolite 
sequence by less than 1 Myr have been documented in the 
northern part of the ophiolite [2], but widespread occurrence of 
similar intrusions has yet to be described in the southern part. 
We present new field and geochemical data of widespread 
intrusions found in the Haylayn, Semail and Wadi Tayin 
blocks in the southeastern, Omani part of the ophiolite, which 
are comparable to the SSZ magmatism in the north. These 
intrusions, ranging from wehrlite to gabbro and tonalite, 
crosscut the Geotimes axial sequence, and occur from just 
below the Moho Transition Zone up to the sheeted dyke 
complex. Most exhibit clearly defined chilled margins 
suggesting the intrusions postdate the Geotimes axial 
sequence. The occurrence of primary hornblende, low TiO2 
(<0.8 wt. % at Mg# = 45-60) and subchondritic La/Yb indicate 
hydrous melting of a depleted source. The contribution of a 
slab input is suggested by elevated Th/Yb compared to the 
MORB-OIB array and Geotimes axial sequence, which 
strongly supports an SSZ origin for these later stage intrusions. 
The similarity in field relations and geochemical 
characteristics of the later stage intrusions throughout the 
ophiolite indicates that SSZ magmatism was not restricted to 
the northern part. Given the timing of SSZ magmatism, 
postdating the Geotimes axial sequence by less than 1 Myr [2, 
3], this provides firm support for the formation of the Semail 
ophiolite in an SSZ  setting. 

 
[1] MacLeod et al. (2013) Geology 41-4 459-462. [2] 
Goodenough et al. (2010) Arab J Geosci. 3 439-458. [3] Rioux 
et al. (2012) J Geophys Res 117 (B7) 
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Trace elements are highly fractionated during planetary 
differentiation events. The resulting mineral-melt partition 
coefficients are used to constrain a range of geological 
processes. The dependence of these coefficients on pressure, 
temperature, and compositional changes in crystalline 
structures is well understood. By contrast, experimental data 
on the influence of melt structure on mineral-melt or melt-melt 
partitioning is lacking due to the difficulty of collecting 
structural information on trace element bonding environments 
in-situ.  

Extended X-ray absorption fine structure spectroscopy 
(EXAFS) and X-ray diffraction can provide in-situ structural 
data on short to medium range bond environments in melts. 
Here we present results from both techniques identifying the 
bonding environment of key trace elements (Lu, Hf, Y, Zr) in-
situ <10 GPa and <1500oC. The speciation of these elements 
was determined in both polymerised (granitic) and 
depolymerised (basaltic) melts in order to explore the effects 
of compositional variation, pressure and the glass transition on 
trace element speciation in the melt. We compare the 
advantages of both techniques for studying trace element 
bonding in melts and provide insight into whether, in some 
cases, glasses can provide an accurate representation of melt 
structure. Understanding these structural properties will help 
critically assess partitioning models and our understanding of 
the large scale differentiation and magmatic processes that 
have shaped rocky planets since their initial formation. 
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The occurrence of large explosive volcanic eruptions 
depends on the evolution of magma reservoirs in Earth's upper 
crust. In order for such a system to produce an eruption (i) 
large batches of magma need to be mobile and (ii) sufficient 
overpressure needs to be generated to trigger an eruption. The 
circumstances that lead up to such conditions are controlled by 
magma inflow rate, chamber size, crystallization, volatile 
exsolution, heat flow out to the crust, and the rheological 
response of the crust. The feedbacks between these processes 
requires better understanding if one wants to predict the overall 
evolution of shallow magma bodies. Here we use a numerical 
model that incorporates the coupling between these processes 
[1]. New calculations highlight how pulsating inflow can 
generate both plutonic bodies and volcanic eruptions for the 
same long-term average inflow of magma, but different 
recharge frequency. We also study how large eruptions can be 
triggered by a late stage pulse that will reheat and pressurize 
the system simultaneously. We apply these results to the 
eruptive history of Santorini Volcano [2-4]. The long-term 
average inflow rate at Santorini is on the order of 0.001 km3/yr, 
which is similar to rate inferred for the Tuolomne Intrusive 
Suite [5], a large plutonic body with little to no known 
volcanic outputs. We suggest that the divergent evolution of 
these magmatic systems is due to a difference in the nature of 
fluctuations of the supply rate. Our results are also consistent 
with the recharge event preceding the Minoan eruption, which 
lasted about 100 yrs  at a rate of >0.05 km3/yr, which is 
believed to have emplaced ~10% of the erupted volume, and 
possibly triggered the eruption. Based on eruption frequency 
over the last 3600 yrs, we hypothesise that the current magma 
chamber is significantly smaller than the one that produced the 
Minoan eruption and that recent unrest at Santorini was 
sufficient to build up overpressure, but did not last long 
enough to reach the critical overpressure needed for an 
eruption. 

 
[1]Degruyter and Huber (2014), EPSL 403 p. 117-130. 
[2]Druitt et al. (2012), Nature 482 p. 77-80. [3]Newmann et al. 
(2012), GRL 39 L06309. [4]Parks et al. (2012), Nature Geosci 
5 p. 749-754. [5]Scho ̈pa and Annen (2013), JGR, 118, 926-
942. 
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Aqueous-phase reactions likely occur in the atmosphere 
between small aldehydes, ammonium sulfate (AS), and amines 
[1]. Both aldol and imine oligomer products [2], along with 
light-absorbing brown carbon species [3], can be produced.  
While the initial steps of these reactions can take many hours 
in bulk solution [4], they can occur within seconds in drying 
droplets [5] – fast enough to trap organic material in a residual 
aerosol particle [6].  This accelerated loss of reactant species 
occurs because the evaporation of water increases their 
concentration and also reverses the hydration of reactive 
carbonyl functional groups.  In this study, we examine whether 
brown carbon formation from aldehyde / amine / AS mixtures 
is also accelerated in drying droplets relative to bulk aqueous 
phase experiments.  Cavity attenuated phase shift single 
scattering albedo (CAPS-ssa) measurements at 450 nm 
wavelength are used to probe the absorbance of lab-generated 
aerosol particles generated from the evaporation of aqueous 
droplets.  Initial results suggest that browning at 450 nm is not 
accelerated by droplet evaporation to the same extent as 
reactant losses, possibly due to evaporation of key 
intermediates required to produce oligomers with systems of 
conjugated pi-bonds that are extensive enough to absorb 
visible light.  This highlights the difficulty of extrapolating 
aqueous-phase processes observed in bulk-phase experiments 
to atmospheric conditions in cloud droplets and aqueous 
aerosol particles, where surface processes can play a much 
larger role. 

 
 

[1] McNeill (2015), Environ. Sci. Technol. 49, 1237–1244. [2] 
Noziere & Cordova (2008), J. Phys. Chem. 112, 2827-2837.  
Galloway et al. (2009), Atmos. Chem. Phys. 9, 3331-3345. [3] 
Shapiro et al. (2009), Atmos. Chem. Phys. 9, 2289-2300. [4] 
Sedehi et al. (2013), Atmos. Environ. 77, 656-663. [5] De Haan 
et al. (2009), Environ. Sci. Technol. 43, 2818-2824. [6] 
Galloway et al. (2014), Environ. Sci. Technol. 48, 14417-
14425. 
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The out crapes of Mishan Formation located in Aghar 
area(Firuzabad city) south west of Fars and 70km south west 
of Firuzabad. this Formation mostly consist of limestone, 
marly limestone and marlstone with 800m thickness. 6key 
beds distinctive from limestone beds are recognized in this 
area. In order to paleontological studies Mishan formation 
Middle- Upper Miocene beds in south west Firuzabad city 
investigated. Upper and lower boundaries of Mishan formation 
are conformable with Razak and Aghajari formations. In 
addition, assemblage of Gastropods, Bivalves, calcareous alga, 
bentic foraminifera, beryozoa were obtained that showing 
shallow sedimentation en- vironment and open marine 
platform. Echinoderms are assigned to order Clypeasteroida 
and genus Scutella fau- jast, Schizaster sp, Oligopygus 
wetherbyi, Periarchus lyelli. Crabs be assigned to subphylum 
Crustacea and order Decapods: Portunus cf. gibbesii(1859). 
With due attention to rang and distribution of the Macrofossils, 
5 local assmblage biozone were recognized, that is confirming 
time limit from Early- Upper Miocene.  
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The water and trace element contents of non-metamict ig-
neous zircons were determined to constrain the H incorporat-
ion mechanism and to evaluate the use of zircon to constrain 
water contents of melts [1]. Zircons from Fe-Ti oxide gabbros 
from the Vema Fracture Zone [2] contain up to 980 ppm H2O, 
1.4 wt% Y2O3 and 0.6 wt% P2O5 and are generally strongly 
zoned. Y+REE are partially charge-balanced by P 
(Y3++P5+=Zr4++Si4+) but a large Y excess is present (Fig. 1A). 
On an atomic basis, this excess closely matches the amount of 
H present in the zircons (Fig. 1B). We therefore conclude that 
H is incorporated by a charge-balance mechanism 
(H++Y3+=Zr4+). This is supported by FTIR data, which show a 
strongly polarised absorption band at 3100 cm-1 similar to 
experimental Lu-doped hydrous zircons. No other absorption 
bands are visible, excluding a hydrogrossular-type exchange 
mechanism. Because of charge-balanced uptake of H, P and 
Y+REE in zircon, the partitioning of these elements into zircon 
is dependent on each of their concentrations. Hence, using H in 
zircon to determine water contents of melts is challenging. As 
Ce4+ partitioning is not affected, Ce anomalies may depend on 
H2O and P2O5 contents of the melt, in addition to its oxidation 
state [3]. 

Figure 1: (A) P vs Y+REE (B) H+P vs Y+REE 
 
[1] De Hoog et al. (2014) Geoch Cosmoch Acta 141, 472-486. 
[2] Lissenberg et al. (2009) Science 323, 1048-1050. [3] Trail 
et al. (2012) Geoch Cosmoch Acta 97, 70-87. 
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Speleothem δ18O records are valuable continental archives 
of past environmental and climatic conditions. However, their 
interpretation is challenging because several processes can 
influence the δ18O signal that is ultimately recorded. Here we 
investigated the spatio-temporal coherency of 10 European 
speleothem δ18O records that grew during the Holocene and 
which span almost the entire European continent. For this we 
have applied a Monte Carlo Principal Component Analysis 
(MC-PCA) approach that accounts on the one hand for the 
uncertainties in individual speleothem age models, and on the 
other hand for the different and varying temporal resolutions of 
each speleothem δ18O record. The MC-PCA approach allows 
the decomposition of speleothem δ18O signals into components 
of common and individual variance. This methodology allows 
the identification of temporally coherent changes in 
speleothem δ18O records, but it also facilitates their depiction 
spatially. The MC-PCA approach was performed on 1000 year 
time slices at a temporal resolution of 500 years during the last 
6000 years. Our results suggest firstly a spatio-temporal 
coherency of the analysed speleothem δ18O records and 
secondly that in these periods speleothem δ18O records were 
influenced mainly by variations in air temperature. 
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The primary objective of the Dutch research programme 
into geological disposal of radioactive waste (OPERA - 
OnderzoeksProgramma Eindberging Radioactief Afval) is the 
development of safety cases for generic repositories in the 
Tertiary Boom Clay and Zechstein rocksalt formations in the 
Netherlands. The generic disposal concept for high-level 
radioactive wastes (HLW) in Boom Clay is based on the 
Belgian supercontainer concept, where the extensive use of 
cementitious materials in the engineered barrier system will 
lead to highly alkaline post-closure conditions in the repository 
near field. The HLW inventory for the OPERA safety case 
comprises in particular vitrified wastes (HLW glass) from the 
reprocessing of light water reactor fuels from commercial 
nuclear reactors and spent research reactor fuels, besides spent 
uranium targets from molybdenum isotope production, and 
non-heat generating wastes such as compacted hulls and ends 
from fuel assemblies. 

Here we present and discuss initial results of the evaluation 
of the corrosion behaviour of and the radionuclide release from 
vitrified HLW and spent fuel from research reactors under the 
disposal conditions encountered in a geological repository in 
Boom Clay in the Netherlands. The overall aim of this project 
is (i) to provide a coherent picture of the radionuclide release 
from HLW disposed in a generic repository in Boom Clay, (ii) 
to increase the understanding of waste form evolution (i.e. 
leaching and dissolution behaviour with time) and the 
radionuclide migration behaviour in the near-field, and (iii) to 
develop source terms for relevant radionuclides that are the 
main contributors to dose in support of the post closure safety 
assessments. Due to the generic nature of the OPERA safety 
case (i.e. without selection of a repository site) and the 
variability of the porewater composition in Boom Clay in the 
Netherlands, various scenarios regarding the composition of 
the near field water will be discussed. 
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The study of the delivery of terrigenous organic matter 
(OM) to the marine system is of paramount importance in the 
study of the global carbon cycle. This is even more relevant for 
the OM transported into the Arctic, as its watersheds contain 
large areas of permafrost. This is one of the so-called 
vulnerable carbon pools as climate warming will cause the 
mobilization of this OM. We have studied two groups of 
bacterial lipid biomarkers in a major Siberian river system; 
branched glycerol dialkyl glycerol tetraethers (brGDGTs) and 
bacteriohopanepolyols (BHPs). In river fan sediments, these 
compounds have been used to estimate changes in the delivery 
of soil-derived OM and to reconstruct palaeoclimate changes 
imposed on the soils in the river watershed, under the 
assumption that production of brGDGTs in the river itself is 
negligible. However, in the Yenisei River, the brGDGT 
signature reflects in-situ production in the river. Large changes 
in the riverine distribution is encountered after their inflow in 
large lakes (Lake Baikal) and in the marine system (Kara Sea). 
Compared with bulk OM stable isotopes, changes in the 
absolute and relative concentration of both brGDGTs and soil-
marker BHPs allow to trace the delivery of terrigenous OM by 
the river. However, degradation and in-situ production of 
brGDGTs drastically change their distribution, both in 
freshwater and in the marine environment. This complicates 
the use of brGDGTs as palaeoclimate proxies, which is 
confirmed by their distribution in downcore sediments. 
However, application of novel brGDGT-based calibrations [1] 
allows to avoid the influence of in-situ produced brGDGTs, 
and may be a solution to the mixed source problem for 
brGDGTs encountered in marine sediments. 

 
[1] De Jonge (2014) Geochim Cosmochim Ac 141, 97–112. 
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In Mediterranean marine deposits, distinct organic-rich 
units (sapropels) occur in a repetitive, climate-controled way. 
Their deposition is precession-related and associated with 
humid climate conditions. The most recent sapropel S1 formed 
between 9.8 and 5.7 14C ky BP thus simultaneous with a 
circum-Mediterranean humid period. (11 - 5 kyr 14C).  S1 
deposition occurred syn-chronously at all water depths > a few 
100m. Due to increased fresh water (monsoon) input, surface 
waters had a reduced salinity and concomitantly the deep (> 
1.8 km) eastern Mediterranean was devoid of O2 during 4,000 
years of S1. This resulted in a differential basin-wide 
preservation of S1 determined by water depth, as a result of 
different ventilation/climate-related redox conditions above 
and below 1.8 km.   A sedimentary,basin-wide, MnO2-peak 
marks the  abrupt re-ventilation of deep-water at 5.7 kyr. The 
subsequent oxic conditions resulted in a downward progressing 
oxidation-front that is not only marked by degradation of 
organic matter over its active pathway, but also by the built-up 
of a secondary Mn-peak below the first, ventilation Mn-peak. 
Apart from the major re-ventilation event at the end of 
sapropel S1 formation, also other, short-term ventilation events 
have occurred, notably the 8.2 ka event. This basin-wide event 
is particularly noticeable at relatively shallow near-coastal sites 
of high sedimentation rates. It marks a brief episode of not 
only re-oxygenated deep water thus reduced preservation, but 
also decreased primary productivity thus nutrient supply. 

This 8.2 cal ka BP interruption event is related to enhanced 
deep-water formation in the Aegean or Adriatic due to a period 
of sustained cold air fluxes from Polar regions. The amount of 
precipitation thus stratified water column conditions is 
associated with N.African monsoonal system, whereas deep-
water formation, thus disrupture of a stratified water column is 
related to the N-borderland climate system. Sapropel formation 
mechanisms, therefore, are related to a sensitive interplay 
between S- and N- borderland climate systems. Assessing 
distinct, sub-Milankovitch climate variability is vital for 
understandingand forecasting future climate change. 
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Ab initio electronic structure calculations are nowadays a 
mature tool to predict the lattice dynamics of condensed phase 
systems, such as minerals [1]. Besides the full set of 
vibrational frequencies, accurate infra-red (IR) and Raman 
spectra can be computed, enabling a direct and synergistic 
comparison with the experiments [2-4]. 

Simulation allows the investigation of the effect on 
vibrational spectra due to variables such as chemistry, 
composition, isotopic content, disorder, polymorphism, and 
microsopic structure, going beyond the limits imposed by 
natural samples and experimental set-ups. Relationships can be 
readily established, between these factors and the observed 
spectral features. 

This presentation will discuss how simulated IR and 
Raman spectroscopies can be used to investigate structural 
aspects in disordered minerals, with particular focus on 
substitutional [5] and orientational disorder [6]. 

 
[1] Dovesi et al. (2011) Am. Mineral. 96, 1787-1798. [2] De 
La Pierre et al. (2013) J. Comput. Chem. 34, 1476-1485. [3] 
Carteret et al. (2013) J. Chem. Phys. 138, 014201. [4] De La 
Pierre et al. (2014) J. Chem. Phys. 140, 164509. [5] De La 
Pierre et al. (2013) Am. Mineral. 98, 966-976. [6] De La Pierre 
et al. (2014) J. Phys. Chem. C 118, 27493-27501. 
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Oxygenation of oceans was proposed to start 3.0 Gyr ago 

leading to the great oxygenation event ca. 0.6 million year 
later. However, evidence for oxygenation was mainly found at 
2.7-2.5 Gyr rocks and little is known about the earlier redox 
state. 

Nitrogen (N) isotope composition is a promising tool to 
indirectly investigate the redox state of Archean oceans [1]. 
Thanks to microscopy observations, three types of 
carbonaceous microstructures (CM) were recognized in 
kerogens from the ca 3 Gyr Farrel Quartzite (Pilbara Craton, 
Australia). Elemental and N isotopic composition obtained by 
NanoSIMS in situ characterization of these CMs brought 
evidence for their biogenicity, especially lenticular and film-
like ones. Thus, an exceptionally well-preserved lenticular CM 
exhibits contrasted relationship between N and phosphorus that 
was only reported in extant microorganisms. A wide range of 
N/C values was observed within the CMs suggesting a 
preservation gradient. Such unusual high N/C values entailed 
high N values which allowed in situ determination of their N 
isotopic composition by NanoSIMS. 

Preliminary data gave unexpected results as δ15N values 
ranges from 0 to +20‰ (± 2 ‰), with lenticular microfossils 
showing the highest values. Such a 15N enrichment may result 
from ammonia oxidation, implying low oxygen concentration 
in 3.0 Gyr Archean oceans. However, although microstructures 
are syngenetic, we must ensure that δ15N values differences do 
not reflect environmental variations to definitely argue for the 
low oxygenation of Archean oceans at 3.0 Gyr.  

 
[1] Godfrey and Falkowski (2009) The cycling and redox state 
of nitrogen in the Archaean ocean. Nature Geoscience 2, 725–
729. 
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About 80% of the present day crust is generated in 
subduction settings, with the rest being mostly generated in 
intraplate settings. A major uncertainty in the rock archive is 
the balance between subduction and intraplate magmas in the 
generation of continental crust. Intraplate-related and 
subduction-related magmas have different trace element 
characteristics, but the trace element record in ancient rocks 
and minerals is often overprinted by secondary process, and 
hence difficult to interpret. 

One way forward is to analyse a trace element ratio that (i) 
fractionates differently in intraplate and subduction magmas, 
and (ii) for which time-integrated parent/daughter ratios can be 
calculated. The U-Pb system is particularly relevant for that 
purpose, as subduction-related magmas have typical U/Pb = 
0.09 (n=539) whereas intraplate magmas show markedly 
higher ratios, typically U/Pb = 0.33 (n=849; data compiled 
from the GEOROC database). 

We present a new method for the determination of the 
time-integrated U/Pb ratio (i.e. 238U/204Pb = µ), based on the in 
situ analysis by SIMS of Pb isotopes on mineral inclusions in 
well-dated zircons. Two samples with Palaeozoic 
crystallisation ages and late Proterozoic model ages were 
investigated. Within each sample, inclusions have Pb isotope 
ratios that overlap within error, which validates the robustness 
of our approach. The two samples have different average Pb 
isotopes ratios and therefore different time-integrated U/Pb 
ratios. The sample from Antarctica (~500 Ma) reveals a 
subduction-related origin (U/Pb ~0.1), whereas the Australian 
sample has an intraplate origin (U/Pb ~0.5) at the time of their 
model ages (~1-2 Ga), i.e. at the time new crust was generated.    
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The Grain Impact Analyser and Dust Accumulator 
(GIADA) is an instrument on-board the Rosetta/ESA 
spacecraft for in situ measurements of dust spatial distribution 
in the coma of 67P/Churyumov-Gerasimenko (67P hereafter). 
The main objectives of GIADA are characterization of spatial 
distribution, dynamical and physical properties of the cometary 
dust particles populating 67P coma with the final goal of 
studying the ejection process and the dust environment 
evolution. Integrating all information retrievable for individual 
dust particles from GIADA measurements , i.e. mass, speed, 
time and position, we studied the evolution of the dust 
environment. Between 15 September Sept. 2014 and 4 
February Feb. 2015 Rosetta accomplished the circular orbits 
phase around the nucleus of comet 67P. GIADA monitored the 
coma dust environment for the entire period and a statistically 
relevant number ofthe  detections allowed a detailed 
description of the particles, their spatial distribution and 
dynamical properties. GIADA distinguish different types of 
particles populating in the 67P coma: compact particles and 
fluffy porous aggregates.  The detections of the first type of 
particles are concentrated at latitudes lat. and longitudes long. 
such that the spacecraft was in view of the ’neck’ of 67P. In 
addition, we registered an increase of the compact particles 
from 3.36 to 2.43 AU heliocentric distances. The speed of 
these particles, with masses ranging from 1x10-10 to 3.9 x 10-7 

kg,  were found to vary from 0.3 to 12.2 m s-1. The evolution of 
the particle  mass and speed distribution , with respect to the 
distance from the nucleus constrains the dust acceleration 
region. The influence of solar radiation pressure on the fluxes 
of nanogram particles was studied comparing the dust flux 
collected towards the Sun direction with the one coming form 
the nucleus.  These results confirm a strong anisotropy in the 
dust flux. The integrated flux of nanogram particles coming 
from the Sun direction is about 3 times larger than the flux 
coming directly from the comet nucleus.  

 
GIADA was built by a consortium from Italy and Spain 

under the scientific responsibility of the Univ. di Napoli 
“Parthenope”, IT, and INAF-OAC, IT, developing a PI 
proposal supported by Univ. of Kent, UK. GIADA is presently 
managed and operated by the IAPS - INAF, IT. The instrument 
development for ESA has been managed and funded by the 
Italian Space Agency ASI, IT, with a financial contribution by 
MEC, ES.  The scientific team includes members from IT, ES, 
UK, FR, DE, USA. We thank ESA for the outstanding work and 
NASA for science support. 
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FTIR imaging: A powerful technique 
in mineralogy and geochemistry  

G. DELLA VENTURA 
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Leonardo Murialdo 1, I-00146 ROMA 
 
In the last decades the availability of solid-state array of 
detectors revolutionized the fields of molecular 
spectroscopy and chemical imaging. 2D Focal Plane 
array (FPA) nowadays allow the acquisition of 
thousands of IR spectra simultaneously and generate 
mid-IR images with high resolving power [1]. For Earth 
Science materials, these imaging capabilities have been 
used to address features such as configurational changes 
of structurally-bound molecular species (e.g., CO2 vs 
CO3) [2], or zoning of water in minerals and NAMs 

during the crystal 
growth [3]. Such 
features, which are 
barely accessible 
with conventional 
micro analytical 
techniques, may 
provide constraints 
on the conditions 

of formation of the 
samples, and on the 
evolution of 

geological systems vs. time. This presentation is aimed 
at showing and discussing novel applications of infrared 
imaging, with particular emphasis to the distribution and 
speciation of H and C in experimentally treated samples 
(e.g. Fig. 1), where characterization of the zoning of the 
target molecules is mandatory to model diffusion 
processes [4-6].  
 
[1] Della Ventura et al. (2014) RIMG 78, 447-479. [2] 
Della Ventura et al. (2007) Am Min 92, 713-721. [3] 
Della Ventura et al. (2008) Am Min 93, 1538-1544. [4] 
Radica et al. (2015a) Am Min submitted. [5] Radica et 
al. (2015b) Am Min submitted. [6] Della Ventura et al. 
(2015) Chem Geol submitted. 

 

Figure 1 Diffusion patterns of 
H2O and CO2 in synthetic beryl 
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In this study, we constrain the fractionation of Lithium (Li) 
isotopes between calcite or aragonite and seawater (Δ7Licarbonate–

seawater) during the precipitation of carbonate shells. There is currently 
a growing interest in measuring Li isotopes in sedimentary carbonates 
to determine paleo-weathering conditions, with implications for 
understanding the carbon cycle over geologic time. While the 
incorporation of Li isotopes in foraminifera is now better understood, 
these are absent from most of the geologic record, and little is known 
about the preservation of seawater Li isotope compositions (δ7Li) in 
other types of biogenic carbonates. 

Here, we investigate the δ7Li of various organisms (mollusc, 
echinoderms and corals) abundant in Phanerozoic carbonates, in order 
to understand which geologic archives might allow us to reconstruct 
past seawater composition. The range of measured samples includes (i) 
modern calcite and aragonite shells from variable natural 
environments, and (ii) shells from organisms grown under controlled 
conditions (temperature, salinity, pCO2). This dataset will make it 
possible to evaluate the influence of environmental parameters on Li 
isotope fractionation during biogenic calcification and to determine the 
magnitude of inter-species variability. To separate the carbonate 
fraction, we use a leaching protocol that includes removal of the 
exchangeable Li and weak HCl leach to avoid potential silicate 
contamination. 

Our initial results show a preferential incorporation of 7Li in 
calcitic shells compared to seawater. The measured values of 
Δ7Licalcite–seawater for bivalve species range from +2 to +15‰ with 
some interspecies variability. These values are higher than inorganic 
calcite fractionation (Δ7Licalcite–seawater = −2 to −5‰) [1], suggesting a 
strong influence of vital effects on Li isotopes during bio-calcification 
of bivalve shells. Cultured experiments of Pecten Maximum (bivalve) 
show little change of Δ7Licalcite–seawater as a function of temperature. 
On the contrary, the Δ7Liaragonite–seawater measured in aragonitic 
bivalves range from −8 to −13‰ and is close to but slightly more 
positive than the Δ7Liaragonite–seawater determined from abiogenic 
aragonite precipitation experiments (Δ7Liaragonite–seawater ≈ −12‰) [1] 
suggesting less fractionation due to vital effects for aragonite than for 
calcite. This work has important implications for using Li isotopes in 
carbonates to quantify paleo-weathering in the geological record. 

 

[1] Marriott at al., (2004) Chemical Geology, 212(1), 5-15 
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Advances in 193 nm Laser Sampling 
RALPH DELMDAHL AND THORSTEN GEUKING 

Coherent LaserSystems GmbH & Co. KG, Hans-Boeckler-Str. 
12, 37079 Goettingen, Germany 

 
Pulsed excimer lasers are the most powerful 193 nm laser 

tools on the market. High pulse energies of some 10 to several 
100mJ are available already from compact, stand-alone 
excimer lasers which are easily integrated into laser ablation 
systems for LA-ICP-MS solid sample analysis. This is because 
their 6.4 eVphotons are generated directly without the need for 
frequency conversion. The high pulse energy is transformed 
into high fluence levels favourable in the case of optically 
transparent specimens or when analysing a variety of 
geological samples. Today, homogenized 193 nm laser optical 
systems for LA-ICP-MS analysis provide nanosecond pulsed 
output for ablation with better than 1 % rms shot-to-shot 
stability and on-sample fluence levels as high as 45 J/cm2. 
Recent advances in 193 nm solid sampling instrumentation 
using UV excimer lasers will be discussed. Driving accuracy 
and precision achieved in analysing soils and sediments, 
gemstones, quartz samples, calcite, fluorite, fluid inclusions 
and isotope ratios excimer lasers at 193 nm ensure optimum 
ablation quality and make the most of the capabilities of the 
attached ICP-MS instrument.	  
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P. DELMELLE1, E. MATERS1, M. ROSSI2 AND P. M. AYRIS3 
1Environment Department, Earth & Life Institute, Université 

catholique Louvain, Belgium 
(pierre.delmelle@uclouvain.be, 
elena.maters@uclouvain.be) 

2Laboratorium für Atmosphärenchemie, Paul Scherrer Institut, 
Villegen, Switzerland (michel.rossi@psi.ch) 

3Department für Geo- und Umweltwissenschaften , Ludwig-
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Volcanic ash is among the most widespread of volcanic 

products comprising all particles <2 mm in diameter generated 
by explosive eruptions. Ash can exert a variety of physical and 
chemical effects on input to atmospheric, terrestrial and 
aquatic environments, from local to global scales. The 
immediate chemical effects of volcanic ash in the environment 
are critically dependent on properties of the ash surface which 
represents the interface for interaction with abiotic or biotic 
surroundings. A variety of experimental and analytical 
techniques (leaching, SEM, TEM, XPS) have previously been 
applied to study the chemical properties of volcanic ash 
surfaces. However, these approaches do not provide the 
information needed to fully explain the surface reactivity of 
volcanic ash.  

Here we use reactive probe gases to “interrogate” surface 
functional groups with which the probe gases react in a 
heterogeneous interaction. Six gases (trimethylamine 
((CH3)3N, TMA), hydroxylamine (NH2OH, HA), 
hydrochloric acid (HCl), trifluoroacetic acid (TFA, 
CF3COOH), ozone (O3) and nitrogen dioxide (NO2)) are 
utilized to explored the surface of volcanic ash. HA interacts 
with inorganic substrates as a strong reducing agent or as a 
weak base. The acids HCl (weak) and TFA (strong) react with 
basic surface constituents whereas the oxidizers O3 (strong) 
and NO2 (weak) probe the reducing properties of the interface. 
The experiments are conducted at ambient temperature using a 
Knudsen flow reactor equipped with molecular beam 
modulated mass spectrometric detection. Both the uptake 
kinetics (uptake or “sticking” coefficient) as and the absolute 
number of probe gas molecules lost from the gas phase through 
uptake onto the solid surface are derived. We will report and 
discuss the results obtained for four volcanic ash and four 
powdered silicate glass samples. 
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R. DELON1*, P. BURNARD1, Y. MARROCCHI1 
1CRPG/CNRS, BP 20, 54501, Nancy, France 

(*correspondence : rdelon@crpg.cnrs-nancy.fr) 
 

The heavy noble gas isotopes of the Earth's mantle imply 
these elements were transferred from the atmosphere to 
mantle, presumably via subduction [1]. However, the transfer 
pathway for the noble gases is unclear, primarily due to 
difficulties distinguishing uniquitous atmospheric contaminats 
from potentially recycled noble gases.  

Noble gas concentrations and isotopic compositions 
determined in serpentinites suggest that they could have 
sampled recycled sea water and sediment pore fluids [2]. The 
potential atmospheric contamination of samples was excluded 
by taking account only noble gases realeased at temeprature 
higher than 300°C.  

However, recent noble gas adsorption experiments 
revealed the persitance of an elementally fractionated air-like 
component  at temperatures > 600°C [3]. Such a peculiar 
behavior is linked to the so-called "anomalous adsorption" 
effect and could have significantly contributed to the noble gas 
budget measured in crushed sertpentinites (Fig. 1; [1]). 

Figure 1: Comparison of "anomalous adsorption" (red 
symbols) and potential recycled noble gases (open symbols). 

  
These studies highlight how critical the lack of knowledge 

about noble gas adsorption complicates interpretation. We 
present noble gas (He, Ar) diffusivities of this "anomalous 
adsorption" component. This allows us to propose protocols to 
better distinguish atmospheric contaminants from instrinsic 
noble gas signatures in geological materials. 

 
[1] Holland & Ballentine (2006) Nature  441,186-191. [2] 
Kendrick  et  al.  (2011)  Nature  Geoscience  4, 807-812. [3] 
Schwenzer et al. (2012) Meteoritics & Planetary Science 47, 
1049-1061. 
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In this contribution we introduce a newly developed 

software tool, GCex, designed to visually help the geochemists 
in tasks such as uncertainty and sensitivity analysis, model 
calibration, parameter refinement and, in general, the in-depth 
exploration of large ensembles of geochemical models through 
a Graphical User Interface (GUI). This is a very challenging 
task since geochemical models are massively multivariate, 
with many input and even more output parameters, each 
possibly varying in scales spanning through several magnitude 
orders. The resulting analyses therefore often consist of several 
ten of thousand single model runs. Designed with flexibility 
and interactivity in mind as a visual data exploration tool, 
GCex implements a Visual Analytics approach combining 
hierarchical horizontal axis visualization (Stacked Parameter 
Relation, SPR) with semi-automatic guidance through linear 
sensitivity analysis. These conceptually simple but powerful 
methods allow the user to effectively identify the most 
significant effects on model’s outputs in different regions of 
the input parameters space. The tool is based on open source 
components and the current implementation, altough in 
principle simulator-independent, covers the use of PHREEQC 
through the Rphree interface [1]. An additional GUI is 
provided for setting up the analysis, sampling the input 
parameter space, dispatching the calculations with automatic 
parallelization and gathering the results, thus greatily 
enhancing the user-friendliness of the whole workflow.  

The use of GCex is demonstrated with a sensitivity 
analysis of a reaction involving the reductive dissolution of 
pyrite with precipitation of pyrrothite in presence of gaseous 
hydrogen. GCex enables exploring and visualizing at once a 
broad range of conditions, including extended range of 
temperature, pressure, background salinity, composition of the 
mineral assemblage, the presence of carbonate buffers and also 
comparing the effect of different thermodynamical databases. 
This study was a part of the german H2STORE research 
project investigating feasibility of hydrogen storage in porous 
media. 

 
[1] De Lucia, M., Kühn, M. (2013): Coupling R and PHREEQC: 
Efficient Programming of Geochemical Models,  Energy Procedia 40, 
p. 464-471, doi: 10.1016/j.egypro.2013.08.053 
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Aquifer storage and recovery (ASR) is an important and 
increasingly used option for water management in water-scarce 
regions, during which surplus water is injected into a target 
aquifer for storage and later recovery. On the other hand, in 
cases where the aquifer geochemistry is well-characterized and 
the water quality evolution during injection, storage and 
recovery is carefully monitored, ASR sites can also serve as 
important field-scale natural laboratories that allow to study 
water-sediment interactions under well-controlled conditions.  

In this study we use reactive transport modelling (i) as a 
means to integrate the hydrogeological, geophysical, and 
hydrogeochemical data that were collected prior and during a 
3-year long ASR trial in Perth, Western Australia and (ii) to 
assess the impacts of aquifer physical and chemical 
heterogeneities on water quality evolution.  

The geochemical processes that were found to mostly 
affect the water quality evolution include oxidation of pyrite, 
mineralisation of sedimentary organic carbon, ion exchange, 
dissolution of calcite and precipitation of ferrihydrite and 
siderite. Our results ilustrate how different chemical species 
respond differently to the physical and chemical 
heterogeneities during the tested ASR cycles: injected species 
that are stronly impacted by chemical processes (e.g., 
dissolved O2 and Ca2+) experience the strongest combined 
impact of physical and chemical heterogeneities. On the other 
hand, species which are mostly generated in situ (e.g., SO4

2-) 
are only weakly affected by a combination of physical and 
chemical heterogeneity. In the studied case, physical 
heterogeneity generally determines the spatio-temporal 
distribution pattern of aqueous species while chemical 
heterogeneities and the injection water composition constrain 
the overall geochemical turnover and thus the absolute 
concentrations of reactive species. 
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To understand the deep cycle of water, upper mantle water 

content and distribution between nominally anhydrous 
minerals (NAMs) must be constrained. However, to do so, we 
need to understand H behaviour during mantle melting and 
metasomatism. Major, minor and trace element compositions 
including H concentrations were obtained from ten xenoliths of 
spinel-bearing peridotites from the Ray Pic volcano, in the 
Southern part of the Massif Central (France). The peridotite 
suite investigated here is composed of rather fertile 
lherzolites  (89.4 ≤ Fo ≤ 90.8 %; 10.8 ≤ Cr# in spinel ≤ 17.8 %; 
0.94 ≤ [Yb]cpx ≤ 1.9 ppm; cpx: clinopyroxene), which can be 
best explained by batch melting between 3 and 10 %. These 
xenoliths contain amphibole (am) up to 8 %. Trace element  in 
cpx show strong enrichments of the most incompatible 
elements (e.g., (La/Sm)PM as high as 15.7; PM: normalized to 
primitive mantle values) but strong negative anomalies of the 
high field strength elements (e.g., (Th/Nb)PM as high as ~ 670). 
Such trace element fractionations are usually ascribed to the 
so-called carbonatitic metasomatism, which involve the 
percolation of small volume melts enriched in volatiles. Modal 
metasomatism (content in am) and incompatible elements 
enrichment in cpx are not correlated The water contents in 
minerals, from all the Ray-Pic xenoliths, are within the 
common range of other spinel peridotites:  
203-330 ppm wt. H2O in cpx, 66-160 ppm wt. H2O in 
orthopyroxene, 2-6 ppm wt. H2O in olivine,  and amphibole 
contains 1.9 ±0.5 wt % H2O. 

The effect of metasomatism on water abundances in 
NAMs is not straightforward. Hydrous metasomatism (i.e. 
leading to the crystallisation of OH-bearing am) has had no 
effect on NAMs water content. Thus it suggests that the 
occurrence of hydrous minerals, such as amphibole, does not 
imply that coexisting NAMs are water-rich (or saturated). 
Further, the percolation by a volatile-rich and small volume 
melts, which is fingerprinted by the strong enrichment of the 
incompatible elements, has no singificant effect on the water 
content of the NAMs. These data and observations are thus 
difficult to reconcile with the inferred highly incompatible 
behaviour of H. 
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The calcalkaline and alkaline felsic magmatism prevailed 
during the late Cretaceous-Early Paleogene as a result of the 
closure of Neotethys Ocean within the Central Anatolia 
Crystalline Complex (CACC). After formation of felsic 
magmatism an alkaline mafic magmatism, which have not 
reported before, is induced during the Paleocene and early 
Eocene to Çiçekdağ igneous complex (ÇIC). Timing of these 
alkaline mafic magmatism is very important for understanding 
the magmato-tectonic evolution of Early Cenozoic 
magmatisim of CACC. There is lack of petrogenetic 
explanation about these alkaline mafic products and the 
relation between Neotethyan ophiolites. ÇIC is the area where 
these late mafic magmatism is observed within the CACC. In 
accordance with these purposes, we have carried out detailed 
petrographic, whole rock geochemical, Sr-Nd-Pb-O isotopic 
and Ar-Ar geochronological study in order to unravel the 
nature of these alkaline basaltic dykes and thus constrain the 
tectonic evolution. The alkaline mafic dykes are intruded into 
the ophiolitic, calcalkaline and alkaline felsic intrusive rocks of 
ÇIC. These rocks have relatively flat REE pattern, high 
87Sr/86Sr (0.705014-0.706215) and 143Nd/144Nd (0.512843-
0.512979), low δ18O values (2.6-6.1‰), moderate 208Pb/204Pb 
(38.51-38.91) and 207Pb/204Pb (15.54-15.69) and high 
206Pb/204Pb (18.39-18.73). Trace element ratio diagrams 
suggest heterogeneous mantle source and subduction 
enrichment. Dy versus Dy/Yb diagram and calculated partial 
melting curve suggest 20-25% degree of partial melting of 
phlogopite bearing spinel lherzolitic mantle sources. As a 
result of high temperature hydrothermal alteration δ18O values 
depleted and the exchange of Sr between rock and seawater 
raises the 87Sr/86Sr values. Ar-Ar dating of whole rock yielded 
cooling ages of 63.96±0.19-46.48±0.65Ma and calculated 
isochron ages of 64±14-43.4±4Ma for alkaline basaltic dykes. 
Alkaline felsic and mafic magmatism are coexistence and close 
may have coevally been confined from different sources. 
Alkaline mafic magmatism may derived from melting 
phlogopite rich veins in the peridotitic mantle. 
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A geological disposal in Gault clay (France) is planned  for 

low activity, long-lived nuclear waste. Storage in a 
undergroung shallow site should ensure both radioactive and 
hazardous chemical elements sequestration. This study focused 
on As(V) and Cr(VI) retention on the Gault Clay under 
different environmental storage conditions.  

A serie of batch sorption tests were performed under 
oxic/anoxic conditions with various composition of aqueous 
solutions. Experimental results were used to develop and 
calibrate a surface complexation model using CHESS™ and to 
improve our understanding of processes adsorption. 

Clay rock sample caracterisation by XRD reveals a wide 
variety of minerals as well as Quartz, Kaolinite, Illite, Goetite. 
Batchs results show a high removal of As (77% in oxic 
conditions and 83% in anoxic conditions) and the geochemical 
model suggest that sorption on iron oxides (Goetite) is the 
principal process of As sequestration. The chemical 
environment have an impact on As removal, especially in the 
presence of phosphates which compete with As for iron oxides 
sorption sites. Low Cr removal is observed in oxic conditions 
(9%) but the percentage rises to 47% in anoxic ones. Sorption 
is a minor process and removal of Cr in anoxic conditions can 
be explained by the reduction of hexavalent chromium and 
precipitation of trivalent chromium (Cr2O3, MgCr2O4…). 
Reduction of Cr(VI) is also very sensitive to acid pH. Thus the 
removal of Cr at pH 4 in oxic conditions is close to 90 %. 

This research revealed As and Cr behaviour in natural 
Gault clay sample, processes of removal from garbage leachate 
and significance of chemistry environment and 
thermodynamics conditions. Columns tests and simulations 
with HYTECTM will be mained to understanding the transport 
mechanisms of this pollutants. 
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Seventeen years of exploring 
intraoceanic arcs 

DE RONDE, CORNEL E. J.1 
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The 1999 NZAPLUME (New Zealand American PLUme 

Mapping Expedition) heralded a new chapter in deepsea 
research related to seafloor hydrothermal systems.  That is, a 
hitherto unprecedented approach to systematically survey 
submarine arc volcanoes for their hydrothermal emissions. 
Two additional surveys along the Kermadec arc, another along 
the southern Tonga arc, one along the Tabar-Lihir-Tanga-Feni 
arc (PNG), one along the Aeolian arc (Italy) and similar 
expeditions along the Mariana arc by collaborators meant that 
75% of the world’s intraoceanic arcs have been surveyed for 
seafloor hydrothermal activity.  In concert with these surface 
ship-based surveys, manned submersible (Shinkai 6500, Pisces 
V), ROV (ROPOS, Jason II, Kiel 6000) and most recently 
AUV (ABE, Sentry) cruises have focused on the Kermadec and 
Mariana arcs especially, and to a lesser extent the Tonga and 
Izu-Bonin arcs. This two-pronged approach to exploration has 
mean regional-scale surveys delivered ‘targets’ for deep-diving 
vehicles that provided ground-truthing of the seafloor 
hydrothermal systems. 

A worldwide approach has enabled arc hydrothermal 
systems to be put into context with respect to global seafloor 
hydrothermal venting. For example, the ~6,900 km of 
intraoceanic arcs in the world equates to hydrothermal 
emissions equal to ~10% of that from the 60,000 km of mid-
ocean ridges (MORs) (i.e., a similar incidence of venting).  Arc 
volcanoes and their corresponding hydrothermal systems can 
occur atop cones, inside calderas and combinations thereof, 
and range in depth from near surface to ~2000 m below 
sealevel.  However, arc systems are known to contain much 
higher gas concentrations than do those along MORs, which is 
reflected in the discharge of large amounts of CO2, SO2 and 
H2S.  Moreover, significant amounts of Fe are commonly 
discharged at arc vent sites; massive sulfide mineralization 
occurs in at least 10% of the arc seafloor vent sites where 
Cu/Au mineralization dominates at deeper depths (i.e., where 
there are higher vent fluid temperatures). 

The introduction of AUVs in the investigation of arc 
seafloor systems has provided information at a scale that is 
relevant to the study of volcanic and structural processes, ore 
deposit formation and vent-related habitats.  The combination 
of high-resolution bathymetric mapping with geophysical 
(largely magnetic) and water column (e.g., CTD, light 
scattering, pH, ORP) measurements, as co-registered data sets, 
has enabled advances in modelling these systems that in turn 
has shown a strong influence of magmatic gases in the 
chemistry of discharging fluids. 
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Hydrothermal systems hosted in submarine arc volcanoes 
differ substantially from those in spreading environments in 
commonly containing a large component of magmatic fluid. 
This magmatic hydrothermal signature, coupled with the 
shallow depths of arc volcanoes and high volatile contents, 
strongly influences the chemistry of the fluids and the resulting 
mineralization, and likely has important consequences for the 
biota associated with these systems.  Given the high metal 
contents and very acidic fluids, these hydrothermal systems are 
also thought to be important analogues of many porphyry 
copper and epithermal gold deposits mined on land.  

Geological and geochemical studies have shown that 
hydrothermal systems in arc volcanoes differ substantially 
from those in spreading environments, such as backarc basins 
and mid-ocean ridges. Our primary scientific goal with IODP 
is to discover the fundamental, underlying processes that drive 
these differences. Through the recovery of cores and logging 
drill holes at Brothers volcano, we plan to pursue this goal by 
addressing the following four objectives: (1) Characterizing 
the sub-volcano, magma chamber-derived volatile phase to test 
model-based predictions that this is either a single-phase gas, 
or two-phase brine-vapor; (2) Exploring the sub-seafloor 
distribution of base and precious metals and metalloids, and 
the reactions that have taken place along pathways to the 
seafloor; (3) Quantifying the mechanisms and extent of fluid-
rock interaction, and consequences for mass transfer of metals 
and metalloids into the ocean and the role of magmatically-
derived carbon and sulfur species in mediating these fluxes; 
and (4) Assessing the diversity, extent and metabolic pathways 
of microbial life in an extreme, metal-toxic and acidic volcanic 
environment. 
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lower mantle seismic heterogeneities 

FRÉDÉRIC DESCHAMPS1 
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Lowermost mantle seismic tomography have imaged large 
scale structures, the most striking features being two large low-
shear wave velocity provinces (LLSVPs). The nature of these 
heterogeneities is still debated. On the basis of available 
seismic observation, a thermo-chemical origin appears more 
likely, but a purely or thermally dominated origin is still 
advocated. Furthermore, the detailed nature of chemical 
heterogeneities, primordial or recycled, is also debated. 
Discriminating between these hypothesis may require 
additional constraints independent of seismic velocity data. 

Geochemical signatures of ocean island basalt (OIB) 
indicate that OIB plumes sample several reservoirs, one of 
which should be undegassed. Numerical experiments of thermo-
chemical convection showed that the entrainment of primitive 
material by plumes originating from reservoirs of primordial 
material quantitatively agrees with OIB data [1]. Recent 
experiments further indicate that these plumes also re-entrain 
small fractions of recycled oceanic crust, thus qualitatively 
explaining the chemical diversity of OIB plumes [2]. 

Because it increases with temperature and strongly varies 
with iron content, electrical conductivity may help mapping 
thermo-chemical distributions at depth. Using appropriate 
mineral physics data, synthetic 3D maps of lower mantle 
electrical conductivity can be deduced from the thermo-
chemical structure predicted by probabilistic tomography. 
Following this approach, a belt of high conductivity should be 
present in the lowermost mantle, with maximum values around 
12 S/m located in the LLSVPs [3]. If present, such a belt may 
trigger electrical currents and induce magnetic field variations 
with period of one year or more. 

Finally, provided it can be mapped by seismology, core-
mantle boundary dynamic topography may bring key 
constraints. Numerical models of convection indicate that 
thermo-chemical reservoirs would induce a slight depression 
of typically 1 or 2 km surrounded by a ridge of positive 
topography. Instead, aggregates of purely thermal plumes 
would induce positive topography with similar amplitude. 

 
[1] Deschamps, Kaminski & Tackley, Nature Geoscience 4, 
879-882.n[2] Li, McNamara & Garnero, Nature Geoscience 7, 
366-370. [3] Deschamps, Terr. Atmos. Ocean. Sci. 26, 27-40. 
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Diatoms fractionate the stable isotopes of silicon (Si) when 
they take up silicic acid in order to form their opaline frustules. 
This produces a signal of surface-ocean Si consumption in the 
stable isotope composition of silicic acid in seawater 
(expressed as δ30Si), as well as a complementary signal of 
regeneration in the ocean interior, such that the oceanic δ30Si 
distribution can be used to study the marine Si cycle. 

As the volume of available marine δ30Si data has grown, it 
has become increasingly clear that its distribution is strongly 
influenced by the ocean’s physical circulation at spatial scales 
ranging from the regional to the near-global. This influence 
implies that the observed marine δ30Si distribution bears 
information on marine Si cycling that is integrated over some 
spatial and temporal scales. How can such data be best 
interpreted? 

In the context of ocean general circulation (GCM) 
simulations, we explore how the interactions between the 
ocean’s physical circulation and biological Si uptake at its 
sunlit surface shape the interior δ30Si distribution. To do this, 
we apply a number of diagnostics only available in the 
modelling framework, such as a separation between the 
preformed and regenerated components of Si, and the explicit 
tracing of Si pools sourced from high-latitude ocean regions 
where Si cycling is particularly vigorous. The mechanistic 
insights gained from these diagnostics give us a better 
understanding of what we can learn about the cycling of Si  
from the observational δ30Si dataset. Particular attention will 
be paid to the role of the Southern Ocean in global marine Si 
cycling, as well as the basin-scale transport of isotopic signals 
created in the high-latitude surface ocean. 
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the Ariranha Stream Basin, Poços de 
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The Ariranha Stream Basin has 6.29 km2 and is located at 
Poços de Caldas volcanic caldera, Brazil, a suite of plutonic 
and volcanic rocks classified mainly as phonolites and 
nepheline syenites. The diversified land use comprehends 
mining activities, reforestation, pastures, native forests and 
Alfenas Federal University. Surface water samples were 
collected near the mouth for total phosphorus analyses from 
June 2014 to February 2015 (16 samples). Rainwater samples 
were collected at one sampling point located at Alfenas 
Federal University, using a “bulk” type collector (dry and wet 
deposition). A total of 15 rainwater samples were obtained 
between July 2014 and February 2015. Total phosphorus 
triplicates were determined by [1] and [2] methodology. The 
discharge was higher during November (0.53m3/s) than in 
September (0.01m3/s), with an average of 0.12m3/s. The total 
phosphorus average in surface water was 65.60 μg/L, with the 
lowest value obtained in June 2014 (6.27 μg/L), and the 
highest one in January 2015 (571.44 μg/L). The rainfall 
presented an average of 112.00mm, reaching 324.00mm in 
December and 9.00mm in June. Total phosphorus average in 
rainwater was 49.9μg/L, with the lowest (1.37 μg/L) and the 
highest (287.22 μg/L) values obtained in December. The 
weighted average values were considered for the total 
phosphorus calculations in surface water and rainwater during 
the sampling period (66.50μg/L and 57.95 μg/L, respectively). 
The total phosphorus flux in the river was calculated from the 
average discharge of 0.12m3/s and total rainfall of 1124mm, 
which was used to calculate the atmospheric input. The annual 
flux obtained is 245.42 kg per year in surface water and  
409.73 kg per year in rainwater. Thus representing large inputs 
into the atmosphere at Ariranha Stream Basin, as demonstrated 
by the annual deposition rate reported for anthropogenic or 
geogenic inputs.  

 
[1] Strickland, J.D.; Parsons, T.R. A manual of seawater 
analysis. Bull. Fihs. Res. Bel. Can., v.125, p.1-185. 1960. [2] 
Valderrama, J.C. The simultaneous analysis of total nitrogen 
and total phosphorus in natural waters. Marine Chemistry, vol. 
10, pp. 109-122, 1981. 
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The integration of field studies, analysis of mineral 

assemblages, P-T estimates and geochronological data 
constitute a key approach to unravel the mechanisms of 
subduction/exhumation in accretionary wedges. The 
Escambray Complex in Central Cuba is subdivided into several 
tectonic units with different metamorphic grades. It forms a 
nappe stack exhumed during the Late Cretaceous to Tertiary. 
Four nappes were recognized in the field: a high pressure (HP) 
nappe and three nappes metamorphosed to greenschist facies.  

Analysis of macro- and microstructures, together with 
40Ar/ 39Ar isotopic data, reveal the complex was buried in the 
subduction zone from ~75 Ma and underwent HP 
metamorphism in the eclogite-blueschist facies and greenschist 
metamorphism at shallower crustal levels. Three ductile 
metamorphic deformations (D1, D2 and D3) indicate 
subduction/exhumation and nappe stacking from 75 to 50 Ma, 
with NNE thrusting of the HP nappe on top of the lower grade 
units during D2. P-T data show the units were buried to 35 km 
depth (T= 400°C, P= 11 kbar, D1) and progresively cooled to 
100-300°C and P=5kbar during D3. From 50 Ma the 
Escambray Comples was exhumed as a core complex and was 
affected by post-metamorphic strike-slip and normal faults.  

The main deformational events lasted from 75-50 Ma and 
record 25 million years of subduction/collision/exhumation in 
the north western Caribbean, documenting a long lasting 
history of deformation and metamorphism along the leading 
edge of the Caribbean plate.  
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Ziway transect, Central Main 
Ethiopian rift. 
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The hydrogeochemical evolution of ground water is 
analyzed in central Main Ethiopian rift on the basis of major 
elements and trace elements analysis. The analysis was carried 
out on the water samples collected from cold spring, well 
water, hot spring and Lake Water. The analysis indicate that 
the rift floor well water, hot spring and Lake water is 
characterized by high total dissolved solids (TDS), fluoride 
and sodium concentration. Ca and Mg are the dominant feature 
for ground water from escarpment areas. Characterization of 
rare earth elements (REEs) has been used to understand water-
rock interactions. Lanthanum (La) concentration of ground 
water ranges from 0.0088145 μg/l to 13.95805 μg/l, Cerium 
(Ce) concentration of the ground water also ranges from 
0.002196532 μg/l to 9.89699422 μg/l along Butajira-Ziway 
transect. Ordinary normalized REEs patterns of some water 
samples such as Bui spring, Tulugudo springs, Bui well and 
Ziway Lake water shows Light Rare Earth Elements (LREEs) 
enrichments and Heavy Rare Earth Elements (HREEs) 
depletion occurs with Europium (Eu) negative anomaly. This 
is due to ground water and Lake Waters inherit the property of 
felsic rocks through water rock interaction. Ordinary Chondrite 
normalized REEs patterns of Inseno town well shows that 
slight LREEs depletion and HREEs enrichment which shows 
that escarpment water is highly interacted with basaltic rocks. 
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The origin of tektites (IVC; NAT), microtektites (IVC-

MT), suevite glass (BOT 12), and fallback glass particles 
(FBG) from the Bosumtwi impact structure, Ghana (age  
1.07 Ma, D~10.5 km) was studied by geochemical techniques 
(EMP, LA-ICP-MS, TIMS).  

The four internally rather homogeneous groups of glass 
(IVC, IVC-MT, BOT 12, FBG) show variations in MgO and 
Na2O, with marked calcium depletion in IVC and IVC-MT; we 
interpret this to reflect the composition of  precursor 
lithologies. These were constrained by Sr-Nd systematics to 
greywacke, the most common target rock. Some greywacke 
samples have very high contents of Ni, Co, and Cr, reflecting 
contributions of the ore-bearing meta-volcanics in the 
Bosumtwi region. The IVC, IVC-MT, and BOT 12, yet not the 
FBG group have similar high abundances of “meteoritic tracer 
elements”, obviously inherited from the target, that mask any 
possible contribution of the projectile to the impact glasses. 
Trace element patterns show little variations within each group 
of glass, but differences exist between the groups: only IVC 
samples show a minor Ce anomaly, pointing to alteration in the 
precursor material. Compared to the upper continental crust, 
moderately volatile elements are depleted in the glass to 
different degrees (in decreasing order Pb, Zn, As, Sb – Cu). 
These effects are most pronounced for IVC-MT, and IVC, 
followed by FBG, while they are absent in BOT 12. The totally 
dry IVC-MT and IVC homogenized at the highest T, evolved 
under reducing conditions [1], and followed a T path causing 
substantial loss of trace elements; this loss is less distincted in 
FBG. Suevite glass originated at much lower T, as indicated, 
for example, by mineral inclusions. 

 
[1] Langenhorst et al. (2015) MinMag, this volume 
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During the 2013, the database reporting the distribution of 
53 chemical elements in 3537 topsoil samples collected across 
the whole Campania region (Southern Italy) was completed. 

Interpolated maps, by means of the Multifractal Inverse 
Distance Weighted (MIDW) method, and baseline maps, by 
applying to the interpolated grid a specific filter (S-A Filter) to 
cut-off most of the spatially limited anomalies, were carried 
out using a geochemistry dedicated software (GEODAS). 

Data were also treated by means of a Compositional Data 
Analysis (CoDA) aiming at investigating their regionalised 
structure by considering the joint behaviour of several 
elements constituting for each sample its whole composition. 

 
 
 
 
 
 
 
 
 
 

 
Figure 1: A) Pb distribution in regional soils. B) Heavy Metal 
Potential Hazard in regional soils. 

 
A regional environmental risk assessment was run on the 

basis of the regional distribution of heavy metals in soil, land 
use types and population. The risk assessment produced a 
ranking of priorities and allowed to locate areas of the regional 
territory where human health risk is more relevant and follow-
up activities have been planned. In the “follow-up” areas a 
detailed geochemical prospecting activity is being carried on 
including soil and air samples (dust and gases). 
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The coupling of the gas phase to reactive transport is a key 

issue for modeling the subsurface exploitation. Two studies 
were recently performed with the HYTEC code. A multiphase 
multicomponent benchmark was  proposed on the long-term 
evolution of a CH4 gas reservoir with significant contents in 
sour gases CO2 and H2S [1]. The second study, presented here, 
dealt with the oxic transient stage during the exploitation of 
geological radioactive waste disposals [2]. 

The spatial extent and duration of the oxic transient stage 
are important factors for performance assessments of disposal 
in argillaceous formations, e.g. for metallic components that 
may undergo high corrosion rates under such conditions. 
Studies carried out in the argillite formation of Tournemire 
(France) showed that oxic conditions could last several years 
in boreholes [e.g. 3], which were sealed but presented axially 
disturbed zones due to drilling. 

The balance between i) the kinetics of oxidative 
dissolution of pyrite from the host-rock, ii) the kinetics of 
carbon steel corrosion and iii) the diffusion of oxygen gas in 
the water unsaturated rock along the cell is analyzed in a 
disposal cell at atmospheric pressure and 20 °C during  
100 years. In a closed system, modeling leads to a complete 
and fast consumption of oxygen. Under open ventilated 
conditions, a redox contrast may occur between reducing 
conditions at the back of the disposal cell (with anoxic 
corrosion of steel and hydrogen production) and oxidizing 
conditions at the front (with oxic corrosion of steel). The 
extent of the oxidizing/reducing front in the disposal cell is 
strongly dependent on the gas diffusion coefficient in partially 
saturated zones. 
 
[1] Sin et al. (2015) MAMERN VI, June 1-5, Pau (France), 18p. 
[2] De Windt et al. (2014) Appl. Geochem. 41, 115-127.  [3] 
Gaudin et al. (2013) Appl. Clay Sc. 83-84, 457-468. 
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Nucleation is the seminal event in growth of minerals from 

solution.  Recent chemical analyses, ex situ microscopies, and 
computational studies argue for muti-step nucleation pathways 
involving cluster aggregation or liquid-liquid separation.  
Moreover, the role of macromolecular matrices in controlling 
nucleation, which is a common feature in biomineralizing 
systems, is unclear.  Here we use fluid cell TEM to investigate 
calcium carbonate nucleation in both pure solutions and in the 
presence of organic matrices.   

During nucleation in pure solutions, we observe direct 
formation of amorphous calcium carbonate (ACC), as well as 
the three predominant crystalline phases: calcite, vaterite, and 
aragonite, even under conditions in which ACC readily forms.  
In addition to direct formation pathways, we observe 
transformation from ACC to aragonite and vaterite, but, 
significantly, not to calcite.  ACC transforms directly to the 
crystalline phases starting on or just beneath the surface, rather 
than via dissolution and reprecipitation, through distinct 
nucleation events followed by consumption of the parent ACC 
particle. These formation pathways are confirmed by collecting 
diffraction information of the various phases of calcium 
carbonate. For all phases measured, radial/edge growth rates 
following nucleation are constant, showing growth is limit by 
reaction kinetics. 

Introduction of the charged polymer polystyrene sulfonate 
(PSS), which acts as a surrogate for highly polysaccharides and 
acidic proteins, leads to formation of 10–20 nm diameter Ca-
PSS globules through counter ion condensation.  Titration 
calorimetry shows that more than 50% of the Ca ions are 
sequestered into these globules.  Under conditions for which 
vaterite appears randomly throughout the cell in the absence of 
PSS, the first mineral to appear in its presence is ACC, which 
forms only within these globules.  Analysis of growth rates 
shows that the supersaturation relative to ACC at the time of 
nucleation is about twice as high as that relative to vaterite 
when it nucleates without PSS.  Hence PSS stabilizes ACC 
formation, but is still an inhibitor of its nucleation.  These 
results provide a mechanistic picture of CaCO3 nucleation and 
growth. 
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A recurring challenge in crustal evolution studies is to 
address the variations in the composition, and the conditions 
and tectonic setting(s) of formation, of new/juvenile 
continental crust through time. The traditional approach has 
been to work on samples of new crust preserved in the 
geological record, but the amount of well-preserved rocks 
remains extremely small, especially back into the Archaean. 
An alternate approach is to interrogate the composition of the 
sources of granitic magma, by estimating the time-integrated 
parent/daughter ratios of isotope systems in crustal melts 
derived from that new crust. 

The time-integrated Rb/Sr in whole rock samples with Nd 
model ages ranging from the Hadean to the Phanerozoic 
suggest, along with recent continental growth models, that new 
continental crust was principally mafic and generated in an 
intraplate setting over the first 1.5 Ga of Earth’s evolution; and 
that it subsequently took on a more evolved composition from 
the inferred onset of plate tectonics ca. 3 Ga ago. A key test for 
these models is to obtain high precision time-integrated ratios 
from mineral inclusions in well-dated archives, such as zircon.  

We propose a new approach for the determination of time-
integrated Rb/Sr and U/Pb ratios, based on the development of 
analytical techniques for in situ analyses of mineral inclusions 
in the mineral zircon. Time-integrated Rb/Sr can be 
determined using laser ablation MC-ICP-MS on apatite 
inclusions; and time-integrated U/Pb is estimated from SIMS 
analyses of Pb isotopes on feldspar inclusions. This approach, 
along with our preliminary results on selected test samples, 
open new perspectives in crustal evolution studies. 
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Global climate is strongly influenced by the atmospheric 
concentration of the greenhouse gas CO2. The weathering of 
continental rocks consumes CO2 as well as transports cations 
to the oceans, playing a critical role in both seawater chemistry 
and climate. Magnesium, a major component of continental 
silicate minerals, is homogeneous in both concentration and 
isotopic composition. Seawater Mg isotopic composition 
δ26MgSW (-0.82‰) reflects a balance between continental 
weathering driven input, via rivers (δ26MgRiver ~ -1.09‰) and 
groundwaters, and removal by high-temperature hydrothermal 
oceanic crust alteration (Δδ26MgSW–HT ~ 0.0‰), dolomite 
formation, and authigenic alumino-silicate clay formation 
during low-temperature alteration of the oceanic crust. Since 
the oceanic residence time of Mg is significantly longer than 
the oceanic mixing time, variations in Mg isotopic composition 
of seawater (δ26MgSW) recorded by marine calcites reflect a 
global picture that is driven by an imbalance between the 
source and sink [1-3]. Preliminary work [2] [3] has highlighted 
the potential of planktonic foraminifera as an archive of 
δ26MgSW despite a temperature effect on the Mg concentration 
in the CaCO3 shell. The limiting factor in the published Mg 
isotope work has been the choice of foraminifera species and 
of the sample cleaning method to minimize post depositional 
alterations. The present study investigates the Mg isotopic 
composition of planktonic foraminiera as a potential proxy for 
δ26MgSW [1-4]. We analyzed 48 core-top planktonic 
foraminifera (covering 10 species) with an average of δ26Mg = 
-4.63±0.57‰ (2σ) (Fig. 1). Our study demonstrates that there 
is limited species-specific variability and that the fractionation 
of Mg during calcification of inorganic calcite is not only 
smaller, but is also less variable than that of foraminiferal 
calcite (∆26MgCalcite-Solution = 2.13±0.24‰ [5]; ∆26MgForam-Seawater = 
-3.81±0.57‰). In addition, we observe that the δ26Mg of 
foraminifera cleaned with and without the reductive cleaning 
step is consistent (Fig. 1), suggesting that the Mg isotopic 
composition of high-Mg calcite bands which are preferentially 
dissolved during reductive cleaning (hydrazine + citric acid), is 
of similar composition as low-Mg bands. 

Figure 1: δ26Mg (‰) of 48 core-
top planktonic foraminifera 
cleaned with Reductive cleaning 
(blue diamonds, n=28) and 
without it (red, n=20). The data set 
is compared to other planktonic 
foram values open diamonds [2] 
and open circles [4]. 
[1] Broecker & Peng (1982) 
Lamont-Doherty Geol. Obs., 
Palisades, NY. [2] Pogge von 

Strandmann (2008) Geochem. Geophys. Geosyst., 9, Q12015, 
doi:10.1029/2008GC002209. [3] Pogge von Strandmann et al. 
(2014) Biogeosciences. 11, 5155-5168. [4] Wombacher et al. 
(2011) Geochim. Cosmochim. Acta. 75, 5797–5818. [5] 
Saulnier et al. (2012) Geochim. Cosmochim. Acta. 91, 75-91.  
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Here, we present new iron speciation and elemental data 
from the Chuar Group (~780-742 Ma) of the eastern Grand 
Canyon. The richly fossiliferous Chuar Group hosts a diverse 
assemblage of beautifully preserved acritarchs throughout the 
1600 m succession. In the upper Chuar (Kwagunt Formation), 
in phase with a large positive excursion in organic carbon 
isotopes, acritarch diversity decreases and gives way to the 
first appearance of vase-shaped microfossils (VSMs). A 
similar trend in the carbon isotope data accompanying the 
appearance of VSMs has been identified in many locations on 
multiple continents, suggesting that these successions were, at 
least intermittently, connected to the open ocean and thus had 
the potential to capture signals of changing ocean chemistry.  

Focusing primarily on the organic-rich black shales of the 
upper 400 m, we have found an overall increase in total sulfur 
content coincident with a transition from variegated to black 
shales in the Awatubi Member. This transition is initially 
echoed by an increase in total iron content; however, this 
enrichment is transient. The overlying Walcott Member is 
characterized by Fe concentrations significantly lower than the 
crustal average, suggesting local controls, and the partitioning 
of that small Fe pool indicates that it was largely not reactive 
toward sulfide on diagenetic timescales. Instead, the 
heightened sulfur levels observed in the Walcott Member 
appear to largely reflect sulfidation of organic matter, 
consistent with the notion of limited supplies of reactive Fe.  

Most redox sensitive trace elements show only slight 
enrichments in the upper Chuar. Molybdenum concentrations, 
however, average 2-3 times the crustal value with a maximum 
observed concentration of 32 ppm. Mo concentrations are 
typically elevated at this level only in sediments underlying a 
water column bearing free hydrogen sulfide (euxinia). Despite 
the vanishingly small amounts of pyrite found in this study, we 
interpret the heightened Mo concentrations together with the 
observed sulfidation of organic matter to be reflecting euxinic 
deposition of the Walcott Member—under highly restricted 
marine conditions. Collectively, these data provide an essential 
environmental context for early and pronounced eukaryotic 
diversification. 
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Epidosites (rocks metasomatically transformed to epidote 

+ quartz + accessory hematite or magnetite) are thought to be 
products of extreme rock–water interaction and metal leaching 
deep in hydrothermal convection cells under active spreading 
ridges in mafic oceanic lithosphere [1] [2]. Discharge of the 
hydrothermal fluid on the seafloor produces volcanogenic 
massive sulfide (VMS) deposits. Thus, according to this 
genetic model, every VMS deposit is under-lain by epidosites 
at the base of the sheeted-dike complex. 

The eastern margin of the Semail Ophiolite, Oman, 
constitutes a tilted section through a thick Sheeted Dike 
Complex (SDC) overlain by comagmatic ridge-related basalts 
(Geotimes and Lasail Units), in turn capped by younger supra-
subduction zone basalts erupted in a nascent forearc setting 
(Alley and Boninitic Alley Units [3] [4]). All four volcanic 
units host VMS deposits [4]. Three small epidosites were 
previously known in the ophiolite [5], all situated at the base of 
the SDC in accord with the genetic model. However, our 
recent field work has identified dozens of other epidosite 
bodies up to 1 km2 in extent, situated throughout the SDC and 
the Geotimes and Lasail lavas. Their cross-cutting relations 
with respect to dated magmatic and tectonic features show that 
all but one of them formed during the supra-subduction-zone 
volcanism at 95–94 Ma, some 1.5 Ma after cessation of ridge-
related volcanism and formation of the SDC. The one 
exceptional epidosite formed during off-axis, transitional late-
spreading (Lasail) volcanism. Thus, none of the epidosites is 
demonstrably synchronous with the main oceanic spreading 
event marked by formation of the SDC and the comagmatic 
Geotimes lavas, which host abundant VMS deposits. This clear 
mismatch in timing conflicts with the current genetic model 
and therefore questions the genetic relationship between 
footwall epidosites and the source rocks for metals in basalt-
hosted VMS deposits. 

 
[1] Richardson et al. (1987) EPSL 84, 243-253. [2] ��� Alt JC 
(1995) Geophys Monograph 91, Am. Geophys. Union, pp. 85-
114. [3] Rioux et al. (2013) J. Geophys. Res. Solid Earth 118, 
2085-2101. [4] Gilgen et al. (2014) Econ Geol 109: 1585-
1610. ��� [5] Nehlig et al. (1994) J. Geophys. Res. Solid Earth 
99(B3), 4703-4713. 
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Based on the studies made by Gombosi [1], we present an 
alternative method of dating zircons using an electron probe 
microanalysis (EMPA) to measure uranium concentration [U]. 
The EPMA-FT technique avoids the hazards of thermal 
neutron irradiation and allows simultaneous chemical 
compositions to be determined. However, the EMPA-FT 
method overcomes challenges associated with the LA–ICP-MS 
technique: i) Non-destructive technique;  ii) smaller spot 
(5µm) than LA-ICP-MS (20 – 50 µm). and iii) greater 
accuracy in tracking of actinides (i.e., U, Th. Therefore, in 
many geologic applications EPMA-FT may be an 
advantageous technique due to its low cost, fast turnaround 
time, and the avoidance of neutron irradiation. After applied 
this methodology, with success, in samples of rapidly cooled 
zircons, the next step was verify the applicability of the 
electron microprobe analyzer fission track (EMPA-FT) in 
detrital zircons belonging to Bauru Basin, São Paulo state, 
Brazil. The results obtained shown agreement between the 
methodologies (see figure below): traditional Fission-Track 
and EMPA-FT. The uncertainty of the age of is affected 
mainly by components that N238 (238U quantity), ρS 
(spontaneous fission-track density) and, in the EMPA-TF case, 
Z factor.  
 

 
Figure 1. Comparison among ages by TradFT and EMPA-FT 

 

[1] Gombosi D. et al (2014) Chemical Geology 363, 312–321 
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A study of pyrite morphology and grain size distribution 

was performed in four sediment cores retrieved from a tropical 
western boundary upwelling system (Cabo Frio, Brazil) in 
order to identify micro-scale diagenetic processes. Pyrite 
framboids were predominant with a wide size distribution 
varying between 2 and 175 μm, while the individual 
microcrystals sizes ranged between 0,1 and 8 µm. The 
Framboids size distribution not changed with the depth in the 
sediment profiles, reflecting a condition of nonsteady-state for 
the pyrite grow. The low abundance of pyrite framboids in the 
upper sediment layers are probably due to the limitation of 
pyrite reactants for nucleation and growth, supported by low 
CRS (<0,06 %) and DOP (<15 %) values of the sediments.  

 Pyrite was also found as irregular masses (~130 μm) 
composed by framboid aggregates associated with euhedral 
crystals, offering nucleation surfaces for at least four 
generations of crystals, each one with relatively uniform sizes. 
The presence of poly-grown framboid, formed by the 
aggregation and fusion of minor framboids was also observed. 
The process of framboidal successive crystal overgrowths, and 
surface oxidation, as well as the dissolution of microcrystals 
may be explained by pyrite transport from reduced zones to 
more oxidizing conditions in the sediments as a result of 
benthic faunal bioturbation and physical sediment 
resuspension. These morphological characteristics added to the 
framboidal wide size distributions (>150 µm),  indicates that 
pyrite formation in the studied sediment cores occurred under a 
dynamic redox-regime with abundant oxidants, supporting that 
framboids formed under sediments with oxic or dysoxic 
conditions are larger and more variable in size than those 
formed under euxinic water conditions. 
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The genomes (DNA), transcriptomes (RNA), proteomes 

(proteins), metabolomes (metabolites), and metallomes 
(metals) of microorganisms hold valuable information about 
their physiological potential and metabolic status. Measuring 
these cellular molecules in environmental samples via “omics” 
approaches can provide important insights into what microbes 
are present and how how they are interacting with their 
geochemical environment.  However, in the oceans, where 
biological and geochemical processes are intimately linked 
across dynamic conditions in time and space, collecting 
samples that sufficiently capture environmental variation 
remains a critical challenge.  Here we describe the 
development of a rapid vertical profiling autonomous 
underwater vehicle capable of taking samples for omics and 
biogeochemistry studies.  Named Clio, this vehicle will be 
wireless and capable of high throughput sampling and sensing 
to depths of 6000 m.  At each sampling station, Clio would 
collect filtered material and filtrate from up to 150 L of 
seawater sampled at 16 to 32 depths in as little as 14 hours.  
Samples collected on filters can be preserved in situ with 
solutions such as RNAlater.  We envision that such a sampler 
will be valuable in adding a biological dimension to 
geochemical studies and programs such as the GEOTRACES.  
Ultimately, this will enable the global mapping of marine 
microbial omics in the context of geochemistry, thus revealing 
the complexity of marine biogeochemical processes and 
informing biogeochemical models. 
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The Marion Rise on the SW Indian ridge is one of the two 
largest oceanic rises. Sampling shows SWIR crust is generally 
thin and discontinuous, even over the rise. Thus, in the absence 
of thickened crust, the Marion Swell at the top of the rise 
should be supported by previously melted buoyant depleted 
mantle. Though basalts and peridotites are more refractory up 
the rise, the degree of melting inferred from peridotite Cr 
spinel and basalt Na8.0 is only moderate. The peridotites, 
however, have substantially lower bulk alumina than those 
sampled to the east and west. Thus, the Marion platform 
mantle source must be garnet-poor and therefor highly 
buoyant. This requires removal of high silica melts during the 
earlier melting, causing excess pyroxene depletion, consistent 
with a hydrous back-arc or arc environment.  

Plate reconstructions shows the Marion Swell corresponds 
to mantle pulled from beneath the Pan-African Orogenic Belt, 
during breakup of Gondwana, while SWIR mantle to the east 
and west originated beneath Archean cratonic lithosphere. The 
Pan-African Orogenic belt is a 650 to 500 Ma ~1000-km wide 
terrain consisting of accreted micro-continental fragments and 
juvenile island arcs formed by subduction and basin closure. 
The major suture zones bounding the belt are strike-slip zones 
due to southward-directed escape tectonics. These were re-
occupied during Gondwana rifting, and now bound the Marion 
Swell as the Andrew Bain and Gallieni Fracture Zones. Thus, 
the Marion Rise is likely the product of delamination of old 
arc-related lithosphere along with the Marion, Crozet, and 
Reunion Hotspots. 
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Monazite is a common accessory mineral often used for U-

Th-Pb dating of processes occurring in metamorphic and 
igneous rocks. Monazite growth can be due to fluid-rock 
interaction, offering the potential of tracking and dating fluid 
flow with SIMS in a single mineral or even in a growth zone. 
Standards are widely available for SIMS dating, but they are 
rare for accurate oxygen isotope ratio determination ([1] and 
[2]). This scarcity of standards is problematic, because it is 
known that δ18O analysis by ion microprobe is strongly 
affected by composition dependent instrumental mass 
fractionation (IMF). Here we show that IMF varies by 2 ‰ 
δ18O as a function of monazite compositions. Three new 
monazite standards were developed for SIMS analysis in the 
ternary composition space defined by the endmembers 
monazite (YREEPO4, Mnz), cheralite (CaTh(PO4)2, Chr) and 
huttonite (ThSiO4, Hut). Several monazites have been tested 
and we could retain three, which are suitably homogenous with 
Mnz0.99, Mnz0.88Hut0.09Chr0.03 and Mnz0.82Hut0.09Chr0.08. Their 
homogeneity in δ18O has been confirmed by SIMS analyses 
and their true preliminary value, measured by laser 
fluorination, ranges between 8.5‰ and 10.5‰. In addition we 
used the Moacyr and USGS-44069 monazites already 
characterized in [2]. IMF is inversely correlated to the 
YREEPO4 content of monazite only. This result is disagree 
with [1] which suggests that IMF is dependent on the Th 
content only. 
 
[1] Breecker and Sharp (2007), American Mineralogist 92, 
1561-1572. [2] Rubatto, Putlitz, Gauthiez-Putallaz, Crépisson, 
Buick, Zheng (2014), Chemical Geology 380, 84-96.  
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Fourier transform ion cyclotron resonance mass 

spectrometry (FTICR-MS) supported by X-ray absoprtion 
spectroscopy and nuclear magnetic resonance spectroscopy 
reveals (Figure 1) that humic acids in soil systems are formed 
from abiotic hydroxyl radical transformation of lignin and are 
composed of three predominant molecular structural entities: 
lignin-like, condensed aromatic, and carboxyl-containing 
aliphatic molecules (CCAM).  Extracts of lignin reacted with 
hydroxyl radical via Fenton-type chemistry show the formation 
of both CCAM as well as condensed black-carbon (BC)-like 
molecules.  The relative abundance of these molecular types in 
humic acids, which form colloids in soils, correlates well with 
the extent of humification. Kendrick mass defect analysis 
shows the prevalence of carboxylic acid and hydroxyl 
functional groups. We propose that the carboxyl/hydroxyl 
functionality is responsible for the high affinity of humic 
colloids for metals in soils. In fact the metals, especially Fe 
and Mn, are closely associated with the radical-forming 
processes that convert lignin to CCAM and BC-like molecules. 
 
Figure 1: Van Krevelen diagram for humic colloids from 
Catlin, OH. CHO only compounds are identified from unique 
molecular formulae determined from FTICR-MS.  
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Understanding the complex mechanisms of microbially-

assisted leaching of copper sulfide ore is critical to develop 
adequate processing facilities. Most studies commonly address 
dissolution of mono- or bimineralic ores or concentrates. In 
contrast, the present study aims at revealing compositional 
changes in a mineralogically complex low-grade porphyry 
copper ore during a bioleaching operation. 

We have investigated Chilean copper ore that was subject 
to mesophilic microbes in a leaching column over a total 
period of 61 days. Feed and associated bioleached samples, 
taken at different treatment times, have been analyzed by 
polarization microscopy and scanning electron microscopy 
(SEM)-based mineral liberation analysis (MLA). 

Unlike the felsic composition of rock-forming minerals, 
the sulfide assemblage, primarily made up of chalcopyrite, 
bornite, covellite, and pyrite, was overall significantly affected 
by microbial leaching. This process governed the deportment 
of Cu, since it was predominantly hosted by bornite and 
chalcopyrite and subordinate covellite. Pyrite largely dissolved 
during the initial leaching period of 12 days. Bornite and 
covellite essentially disappeared between day 19 and 36, 
whereas the chalcopyrite content remained relatively invariable 
over the entire leaching period. This may have resulted from 
the progressive formation of an identified jarosite-like phase 
over time. Such newly formed sulfate species are known to 
profoundly impede dissolution of spatially closely related 
chalcopyrite (reviewed by [1]). Thus, the Cu concentration was 
relatively stagnant as from day 12. However, 50 % of the total 
Cu was eventually recovered after 61 days. The other half 
remained in chalcopyrite. This suggests formation of new 
chalcopyrite during the leaching process, since only ~35 % of 
the total amount of Cu was hosted by chalcopyrite in the feed 
ore. 

 
[1] Li et al. (2013) Adv. Colloid Interface Sci. 197–198, 1–32. 
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Unexpected pedogenic carbonate nodules are observed in 

clayey-loamy soils of a silicate watershed (Far-North 
Cameroon). Occurrence of such pedogenic carbonates  is 
enigmatic in this semi-arid area. 87Sr/86Sr and ε(Nd) have been 
used to trace Ca and parent material that comprise nodules and 
soils [1] [2]. 

According to 87Sr/86Sr signatures of carbonate nodules 
(0.711200 ± 484 on average, n=10), their Ca source is mainly 
attributed to local granite plagioclases that show similar 
isotopic compositions. The quantity of nodules accumulated at 
the surface reach 17 kg/m2. One kilogram of nodules contains 
280g ± 25 g of Ca (n=10), whereas one kilogram of granite 
contains 8 g of Ca. Due to this budget, and despite the huge 
amount of available granite, some specific processes are 
needed to retain and concentrate Ca in this acidic geosystem.  
 The mean values of 87Sr/86Sr and ε(Nd) of clay-loamy soils 
(0.719646 ± 75 and -11.68 ± 0.23, n=4, on average and 
respectively) are close to the signature of the average Saharian 
dust (0.7179 and -12.0, respectively [3]). The clayey-loamy 
soils and the presence of smectites provide good conditions for 
Ca concentration. 

Albeit processes responsible for pedogenic carbonate 
formation remain elusive, the Ca source of North Cameroon 
nodules seems to be local, excluding any major allochthonous 
sources, contrary to the observations from other sites [4]. 
However, the aeolian part in the clayey-loamy soil plays a key 
role in the Ca conservation in this acidic geosystem. 

 
[1] Capo et al (1998) Geoderma 82 197-225. [2] Borg et 
Banner (1996) GCA 60 4193-4206. [3] Pelt et al (2013) 
Chemical Geology 341 147-157. [4] Chiquet et al (1999) GCA 
63 311-323. 
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Biomass combustion leads to widespread emission of not 
only gases but also of particulate matter, including 
carbonaceous aerosols, which can absorb or scatter incident 
solar radiation, with the consequence of affecting the Earth’s 
radiation budget. The number of installed stoves and fireplaces 
reached 5.8 million in Germany in 2009, with fireplaces 
increasing more rapidly than wood stoves. This leads to an 
increasing contribution of emissions from biomass combustion 
to the overall PM concentrations. Coarse ambient aerosols 
were collected according to national standards (VDI-2119, 
2013) with the Sigma-2 passive sampler.  

The first sampling and particle measurement campaign 
started in the heating season 2013/14 (Nov. 2013 - end of Feb. 
2014). Automated single-particle analysis for individual 
particle characterization with morphometric and densitometric 
parameters was carried out by transmitted light microscopy 
(TLM) with subsequent calculation of particle mass 
concentrations. For three of our four sampling sites in the 
Black Forest, TLM revealed that the opaque particle fraction is 
dominated by local wood burning activities. A typical right-
skewed size distribution is considered as an indicator for 
secondary particles (dp < 2.5µm), which are converted from the 
gas phase. Detailed characterization and classification of 
individual particle shape, type and especially chemical 
composition was realized by scanning electron microscopy 
with energy-dispersive X-ray spectroscopy (SEM-EDS) 
analysis, which revealed the presence of various types of salt 
phases in addition to carbonaceous material. 
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Traditional oxygen isotope values (δ18O) and clumped 

isotope signatures of calcite were used as environmental 
proxies in a broad range of carbonate-bearing environments 
comprising of ancient ocean, paleoclimate, carbonate 
diagenesis, speleothem, scaling and forensic tasks. Besides 
temperature reconstruction for a given calcite precipitate 
oxygen isotopic fractionation between calcite and water can 
also be used to estimate the isotopic composition of the 
precipitating fluid if the temperature of formation is known, 
e.g. by the application of clumped isotopes. Essential pre-
requirements to use the above relationships are isotopic 
equilibrium during calcite precipitation and unaltered isotopic 
signals. In many surroundings an amorphous calcium 
carbonate precursor phase (ACC) has to be considered for the 
formation of calcite and/or Mg-calcite, e.g. in 
biomineralization and scalings, but isotopic evolution during 
(Mg bearing) ACC (trans)formation is still not sufficiently well 
known for many isotope applications.  

Herein we present preliminary stable oxygen and clumped 
isotope data of Mg-calcite formed though ACC transformation 
at various molar Mg/Ca ratios of the precipitating solution. 
Formation and transformation were monitored by in-situ 
Raman spectroscopy at pH-stat conditions (8.30 ± 0.03) and  
25 ± 0.02°C. Results from the experimental solutions and 
precipitates sampled during (trans)formation of Mg-bearing 
ACC indicate that δ18O values of the precipitated Mg-calcite 
are affected by ACC (trans)formation pathway, whereas 
clumped isotopes seem to be unchanged. Data are discussed in 
respect to kinetically controlled isotopic effects due to rapid 
carbonate precipitation and redistribution of DIC species.     
   

739

mailto:*martin.dietzel@tugraz.at


 Goldschmidt2015 Abstracts  

 740 

Fast automated mineral analysis of 
kimberlite xenocrysts for diamond 
exploration, Lahtojoki kimberlite, 

Finland 
ARJAN H. DIJKSTRA1, BRENDAN HOARE1,  

YULIA CHEREPANOVA1 AND MARJA L. LEHTONEN2 
1Centre for Research in Earth Sciences, Plymouth Univeristy, 

UK, arjan.dijkstra@plymouth.ac.uk 
2Geological Survey of Finland, Espoo, Finland 
 

We present the results of a mineralogical analysis of 
mantle xenocrysts from the Lahtojoki kimberlite pipe,  Kaavi-
Kuopio, Finland, at the edge of the Karelian craton. We used 
fast automated chemical analysis of resin-mounted xenocrysts 
using an SDD-EDS detector on a Field Emission Gun 
Scanning Electron Microscope (FEG-SEM) using Oxford 
Instrument’s INCA Feature software. Using this approach, we 
obtained (semi-)quantitative results of >400 xenocrysts per 
hour. We use these to: 

1) Quantify the proportions of harzburbitic (G10), 
lherzolitic, wehrlitic and eclogitic and megacrystic garnets, and 
to identify suitable grains for subsequent laser-ablation ICP-
MS analysis Ni-in-garnet thermometry; 

2) Identify clinopyroxenes from gt-peridotite lithologies 
that are suitable for subsequent WDS (electron micoprobe) 
analysis for single pyroxene thermobarometry, to constrain the 
local lithosphere-scale geotherm; 

3) Identify bi-mineralic and polymineralic particles (‘mini-
xenoliths’), in particular ones obtained from eclogitic 
lithologies, for further WDS analysis for Fe-Mg exchange gt-
cpx thermometry, to better constrain the depth distribution of 
eclogites. 

Using this approach, we were able to further improve the 
layered model for the subcontinental mantle lithosphere at the 
edge of the Karelian Craton [1], to better constrain the 
diamond potential of the Lahtojoki pipe, and to demonstrate 
the value of fast automated mineralogy in diamond 
exploration.  
 
[1] Lehtonen, M.L., H.E. O’Brien, P. Peltonen, B.S. Johanson, 
L.K. Pakkanen, (2004) Layered mantle at the Karelian Craton 
margin: P–T of mantle xenocrysts and xenoliths from the 
Kaavi–Kuopio kimberlites, Finland. Lithos 77, 593-608.  
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The Fen Complex in Southern Norway is a c. 580 Ma 
igneous complex consisting of ultramafic lamprophyres, highly 
alkaline silicate rocks, and carbonatites. It is world famous for 
being the type locality for a variety of rare and rather exotic 
rock types (e.g., Sövite, Damtjernite, Fennite). Some of the 
carbonatites contain high concentrations of Rare Earth 
Elements (REE) and are therefore the focus of a recent 
exploration campaign. However, whole rock concentrations of 
Th are high, which provides an environmental obstacle for 
exploitation at present. The first metallurgical tests on grab 
samples produced a rougher flotation concentrate of a complex 
mineral assemblage. We have used advanced electron 
microscopy techniques to characterize these mineral 
concentrates in terms of modal composition, mineral 
associations and REE-mineral liberation, in order to optimize 
the recovery and grade of the REE in the mineral concentrate. 
In total 5 samples of rougher flotation concentrate were studied 
in detail with a FEG Scanning Electron Microscope with a fast 
SDD EDS detector using the Oxford Instrument programs 
Aztec and INCA Feature. We have found that careful 
mineralogical and textural SEM analysis of large polyphase 
particles provide a clear picture of the textures and associations 
of REE-minerals in the host rock, and allow to distinguish 
multiple phases of formation of (REE, Th)-fluorcarbonates and 
(REE, Th)-bearing monazite, as well as discrete Th-rich 
minerals. The INCA automated mineralogy system was used in 
order to determine grain size distribution and liberation of 
>20,000 REE-minerals, REE-bearing minerals and non-REE 
minerals in the rougher flotation concentrate. This information 
can be used in the future to improve the beneficiation 
processes of REE, and for mitigation of the environmental 
impact of Th-rich phases in the Fen Complex REE-ores. This 
study also provides a compelling case for the use of 
quantitative automated mineral analysis in mineral exploration 
and mineral processing. 
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Ophiolites, historically interpreted as ancient analogues for 
modern oceanic lithosphere, display major variations in their 
internal structure, geochemical fingerprints, and petrological 
evolution. They also show compositional and geochemical 
heterogeneities at different scales that are not consistent with 
steady-state magmatic accretion at a spreading center. We 
report here on the internal structure, geochemistry and 
petrology of the Yarlung-Zangbo suture zone (YZSZ) 
ophiolites (southern Tibet), which have been previously 
interpreted as the manifestations of mid-ocean ridge or 
suprasubduction zone (SSZ) magmatic processes. These early 
Cretaceous ophiolites consist mainly of peridotites, rare 
gabbros, mafic dikes and volcanic – sedimentary rocks. 
Extrusive sequences comprise pillowed lavas, massive lava 
flows and hyaloclastites, and commonly overlie serpentinized 
peridotites along unconformities or faults; they are interlayered 
with or overlain by mudstone, silty shale, radiolarian chert, and 
siliceous limestones. These volcanic rocks characterize E-
MORB and OIB-like basalts with high TiO2 contents (2.05 – 
3.27 wt.%); doleritic dikes with REE and trace element 
patterns also bear chemical resemblance to those of modern 
OIB rocks. The low HREE contents, strongly fractionated REE 
patterns, low Y and high Ti/Y ratios point to garnet as a 
residual phase in the melt sources of all these crustal rocks. 
The Sr-Nd-Pb isotopic data suggest an enriched alkaline 
mantle source for their origin. We hence interpret the OIB and 
E-MORB mafic-ultramafic rock sequences along the YZSZ as 
the products of plume-influenced rift-drift assemblages that 
developed during the initial stages of the genesis of the 
Neotethyan oceanic lithosphere. Some of the YZSZ ophiolites 
were subsequently affected and modified by slab-driven fluids 
and related processes in a SSZ setting. 
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Radionuclides of the 238U and 232Th natural decay series are 

ubiquitary spread in rocks and sediments. On a geological time 
scale, the daughters should have grown in a closed system into 
radiological (secular) equilibrium with their parents and the 
activity ratios of the parents and all daughters have become 
unity. At the geothermal research facility in Groß Schönebeck 
(North German Basin) we determined the radionuclide 
concentrations in samples from reservoir rocks, scalings, filter 
residues and fluids using gamma-ray spectrometry. Main 
results concerning elevated radionuclide content of 226, 228Ra 
and 210Pb in filter residues (some 10 Bq/g) and brines (some 10 
Bq/l) are published elsewhere [1] [2].  

The high radionuclide content in brine and in precipitated 
filter residues obviously stems from the host rock. The specific 
activity of less than 60 Bq/kg for radionuclides of the 238U and 
232Th series in reservoir rock is in line with the mean 
concentration in the upper earth crust and far from being 
extraordinary. Calculating the ratios of 238U, 226Ra and 210Pb, 
they differ in some samples significantly from unity, 
surprisingly. We find a deficiency of 226Ra and 210Pb compared 
to their parent 238U. Due to radiophysical properties of the 
members of the 232Th decay series similar considerations using 
data from gamma ray spectrometry are inappropriate. We 
determined the isotopes 232Th and 228Th via alpha spectrometry 
using a micro wave extraction with aqua regia as solvent. The 
ratio in some samples differ as well significantly from unity. 
This can be explained by a different geochemical behaviour of 
Th compared to 228Ra, which is arranged between 232Th and 
228Th in the decay series. However, the ratio is in some samples 
below and in others above unity A coherent explanation for 
these findings is still missing.  
 
[1] Regenspurg et al. (2014) Environmental Earth Science 72, 
4131-4140. [2] Dilling et al. (2014) Proceedings II EU-NORM 
Symposium, Prague. 
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This work aims to improve our understanding of the 
crystallization behaviour and the thermodynamic properties of 
(Mg,Fe)CO3 solid solution. Knowledge about this particular 
solid solution is particularly needed in relation with Geological 
Carbon Storage, in particular for projects as the CarbFix [1] 
that aims to in situ carbonation of basaltic rocks (especially 
rich in both these cations).  

Precipitation experiments with different initial amounts of 
the constituting ions are performed in high-pressure stainless 
steel reactors inside a Teflon lining. Two operative 
temperatures are used: 150 and 180ºC. The evolution of the 
closed SS-AS system is monitored after specific reaction time 
by analysing, filtered and dried solids, through powder-XRD, 
SEM-EDX and EMPA; the reaction solution is analysed with 
ICP-MS and Alkalimetry. 

The analysis of solids through powder X-Ray Diffraction 
allows us to refine the cell parameters and to calculate the 
molar volumes of excess, a qualitative measure of the ideality 
of the system; complementary information could be also 
deduced from an accurate peak shape analysis [2].   

The analytical concentration of the elements is the input 
for Phreeqc [3] simulations that allow to calculate the final 
activity of the ions in the different solutions. From the values 
obtained for the activity of the elements we can calculate the 
partition coefficients (DMg/Fe), doing so, we obtained direct 
information on the influence of aging process in crystallization 
behaviour of (Mg,Fe)CO3. From the equilibrium partition 
coefficients, through Phreeqc models, is possible to get 
information on the excess mixing properties of the system, the 
obtained values can be compared with literature data obtained 
in different systems with different temperatures. 
 
[1] Matter, J.M. et al (2011) Energy Procedia, 4, 5579-5585. 
[2] Katsikopoulos, D. et al (2008) Chemical Geology, 254, 87-
100. [3] Parkhurst, D.L. and Appelo, C.A.J. (2013) U.S. 
Geological Survey Techniques and Methods, 6, A43, 497 p. 
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To better understand groundwater dynamics in high 

latitude areas, we conducted a field study at three sites in 
Alaska with varying permafrost coverage. We combined a 
groundwater tracer (222Rn, radon) and electrical resistivity 
tomography (ERT) to examine the groundwater discharge 
magnitude and driving forces controlling discharge. Unlike in 
areas of temperate climate, topographically-driven flow was 
found not to be dominant in Alaska. At comparable fluxes, we 
found that different controls govern groundwater discharge in 
the representative sites. In areas with sporadic permafrost 
(Kasitsna Bay), the driver of SGD is tidal pumping, a result of 
large tidal oscillations, whereas at Barrow Point, a site with 
continuous permafrost and small tidal amplitudes, fluxes are 
mostly affected by seasonal permafrost thawing. Extended 
areas of low resistivity in the subsurface alongshore combined 
with high radon in surface water revealed that groundwater-
surface water interactions might enhance heat transport into 
deeper permafrost layers promoting permafrost thawing, 
thereby enhancing groundwater discharge. 
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Pinggu, northeast of Beijing, is located in the upstream 

water source areas of Beijing. Adjacent county, Miyun, where 
located the biggest drinking water source of Beijing - Miyun 
Reservoir. In Pinggu areas, Wanzhuang gold field and the 
tailings are major clusters from the water source, so they has 
been a threat to Beijing's drinking water security. Here, 25 
samples were collected mainly in the surface and profile of the 
mining area and the tailings. The physical and chemical 
properties of soil, the contents and chemical fractionation 
patterns of heavy metals have been studied, and 10 samples are 
graded to study the relationship between the pollution degree 
of heavy metals and particle size. Heavy metals pollution 
assessment was carried out by factor enrichment (EF), 
geoaccumulation index (Igeo), and potential ecological risk 
(RI). Most of the metal concentrations in the gold mine soil 
samples exceeded the metal background levels in Beijing. The 
contents of As, Cd, Cu, Pb and Zn showed a same distribution 
characteristic, while Cr and Ni were relatively similar. Except 
Cr and Ni, with the depth increased, the contents of Cd, As, 
Pb, Zn, Cu, and Hg almost showed a gradual decreasing trend. 
Cd had the largest proportion of exchangeable fraction, 
followed by Zn, while Pb, Cr and Cu is relatively small, 
difficult to transport and transformation. The result shows that 
the heavy metal content in the particle size of less than 10μm is 
highest. Multivariate analysis coupled with the contents of 
selected metals, showed that Cu, Cd, Zn and Pb represented 
anthropogenic sources, while Cr, Ni and Sc may represent 
natural sources. The geo-accumulation index results indicated 
that Pb, As and Cd were seriously polluted, while Ni, Cr and 
Hg were unpolluted to moderately polluted. The RI showed 
that heavy metals of Wanzhuang gold field were high potential 
risk, especially in the mining soils, tailings soils followed. Cd 
in both mining soils and tailings soils exceeded or belonged to 
high ecological risk. The result will provide a theoretical 
foundation for improving the soil quality and protecting the 
environments in the upstream of the water source areas in 
Beijing. 
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Compositional growth zonations in garnet contain 

information about important geochemical, mineralogical and 
petrological rock properties. A detailed interpretation of 
complex zoning patterns in metamorphic garnet is often 
hindered by the lack of knowledge about the contributions of 
kinetic and equilibrium effects to the trace element 
incorporation. We combine thermodynamic calculations 
together with mass balanced trace element distribution among 
coexisting phases with diffusion models that simulate 
kinetically controlled element transport in a reacting host rock. 
Comparison of the model results with natural garnets enables 
detailed interpretation of commonly observed major and trace 
element patterns in high-pressure (HP) and ultra-high pressure 
(UHP) garnets in terms of reaction paths and physico-chemical 
properties of the host rock. Our models show that the kinetic 
influence on rare earth element (REE) incorporation into 
garnet is limited in most rocks at the early stages of garnet 
growth and increases with increasing grade of rock 
transformation. We show that REE zoning patterns can be used 
to distinguish between cold (lawsonite-stable) and warm 
(epidote-stable) prograde reaction paths. Chromium 
concentration variations in garnet are also an excellent source 
of information about the reaction path. The Cr distribution in 
garnets from different UHP samples reflects initial 
transformation of magmatic clinopyroxene to 
garnet+omphacite as well as the formation of garnet from 
omphacite at UHP conditions. 

We would like to emphasise that detailed investigation and 
interpretation of trace element patterns in metamorphic garnet 
gives important insight into the reaction path of the host rock, 
which in turn has crucial implications for the interpretation of 
geochronological data from (U)HP garnets. 
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Archean Lithium-Cesium-Tantalum (LCT) pegmatites are 

an important source for rare metals like Li, Cs, Rb, Ta, Nb, Sn 
and Be, commodities that due to their rapid increasing demand 
in high technology applications are now considered as critical. 
Major deposits (e.g. Tanco/Canada, Bikita/ Zimbabwe) are of 
Meso- to Neoarchean age, exclusivelly hosted in greenstone 
belts and are interpreted to represent deriviates of recycled pre-
existing continental crust, caused by a major change in the 
tectonic structure of the Earth. LCT-pegmatites are an 
characteristic feature of the geology of the Archaean Yilgarn 
and Pilbara Craton [1]. Despite their abundant occurence in 
Western Australia, only the Greenbushes, Cattlin Creek and 
Wodgina deposits are currently exploited for Li and Ta. 
Therefore, Western Australia still possesses a great potential of 
additional resources of rare metals. The present study 
compares the whole rock trace element signatures of the 
Londonderry, Mount Deans, Cattlin Creek and Wodgina 
pegamtites with that of the Bikita pegmatite (Zimbabwe 
Craton). The pegmatite dikes are mainly composed of quartz, 
feldspar and mica as well as subordinate to minor components 
of spodumene, petalite, and Nb-Ta-Sn oxide minerals. 
Geochemically these pegmatites are metaluminous 
(ACNK=0.96) to peraluminous (ACNK>1.27) in composition 
and show typical LCT-pegmatite enrichments in Li (up to  
2.25 wt.%), Cs (up to 0.72 wt.%), Ta (up to 0.35 wt.%), Nb (up 
to 0.1 wt.%) and Sn (up to 0.46 wt.%). The application of 
element ratios like Nb/Ta (0.03-5.2), Ce/Pb (0.01-9.86), Zr/Hf 
(1.11-33.33), or Rb/Cs (1.98-72.99) are used as fractionation 
indicators and allow the definition of specific zones within the 
single pegmatites that have a high potential to host a rare metal 
mineralization. Further investigations will focus on the 
determination of the provenance of the melt that formed the 
pegmatites and their relation to specific tectonothermal events 
that were involved during the assembley of the Archean 
cratons. 

 
[1] Jacobson, M-I., Calderwood, M-A. & Grguric, B-J. (2007) 
Hesperian Press, Carlilsle/Australia. 356p.  
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Although geologic carbon storage is the most effective 
way to reduce anthropogenic CO2 emissions, publics are still 
concerned about potential risks of CO2 leakage from storage 
sites. Therefore, careful monitoring of the movement and 
leakage of CO2 is highly needed. Natural CO2-rich springs may 
provide useful insights on the groundwater quality impacts of 
CO2 leakage as well as on efficient parameters to monitor the 
CO2 leakage. For this concern, we conducted hydrochemical 
and isotopic analyses of a total of 18 naturally seeping, cold 
CO2-rich springs in the Gyeongsang sedimentary basin, South 
Korea. CO2-rich springs are characteristically high in alkalinity 
(average 2293±854 mg/L as CaCO3) and total dissolved solids 
(average 2076±756 mg/L) but have near-neutral pH values 
(average 6.28±0.26). Carbon isotope compositions of dissolved 
carbonate are -3.2±1.6‰, suggesting that they formed through 
dissolution of CO2 that did ascend from a deep magmatic 
source. The oxygen and hydrogen isotope compositions of 
CO2-rich springs are lower than ambient alkaline groundwater. 
These data indicate that the supply of CO2 from depths to 
groundwater accelerated the dissolution of silicate and 
carbonate minerals constituting an aquifer. Comparison of 
hydrochemistry data between CO2-rich springs and ambient 
alkaline groundwater indicates that the following observations 
of groundwater can be useful to detect CO2 leakage: 1) pH 
lowering and increases of the concentrations of a few solutes 
such as alkalinity, Ca and Mg and 2) the change of the carbon 
isotope compositions of dissolved inorganic carbon. 
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Phosphorus (P) is the typical limiting macronutrient for the 

growth of primary production and the threat of algal blooms. 
High P concentrations at surface water can reflect not only 
external runoff, but also that released from sediments. 
However, there is evidence that P release from sediments can 
represent a significant source of P and facilitate algal blooms; 
this process has been poorly characterised. In this study, we 
applied a non-steady state reactive transport diagenetic model 
to gain insights into the dynamics of phosphorus binding forms 
in the sediments and the phosphorus internal loading from the 
sediments of the Bay of Quinte, a Bay on the north eastern 
shore of Lake Ontario, Canada. The three basins of the Bay 
that we investigated had differences in their phosphorus 
binding forms and phosphorus release, reflecting the distinct 
spatial temporal patterns of land use and urbanization levels in 
the watershed. In the model, total phosphorus is divided into 
adsorbed phosphorus, phosphorus bound with aluminium, 
organic phosphorus, redox sensitive and apatite phosphorus, 
and dissolved phosphorus in pore water. Using the fluxes of 
organic and inorganic matter as dynamic boundary conditions, 
we simulated the depth profiles of solute and solid 
components. The model closely reproduced the fractionation 
data of phosphorus binding forms and soluble reactive 
phosphorus. We studied the effect of different conditions 
produced by human development and weather on phosphorus 
release in the Bay of Quinte.  
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Hydrophobic interactions between aromatic compounds 

play a role in biological processes, groundwater contamination 
and enhanced oil recovery, among others. In crude oil, 
aromatics usually make up 3 to 30% by weight. To increase the 
productivity of current oil reservoirs, one tries to understand 
how to influence the molecular interactions that keep the oil 
molecules at mineral boundaries.  

We were specifically interested in the interaction of 
benzene compounds. We investigated the effect of the cations 
present in 100 mM aqueous solutions of the four salts: KCl, 
NaCl, MgCl2 and CaCl2, on the hydrophobic interaction 
between benzene terminated self assembled monolayers. By 
using atomic force microscopy and the jump to contact of the 
tip to the sample, we determined the effect of the ions on the 
attractive forces. The various ions influence the frequency of 
the snap in (shown in the figure) as well as the distribution of 
the snap in distance. The monovalent ions have lower 
frequency and narrower distribution. This  can be explained by 
the accumulation of charge on the surfaces, as well as the 
influence of the ions on the creation of vapour capillaries that 
bridge between the tip and the surface. The results show how 
ions can influence long range hydrophobic interactions. 

 
Frequency of the snap in for experiments with deionized water 
and 100 mM solutions of KCl, NaCl, CaCl2 and MgCl2. 
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The Panarea Volcanic Group is comprised of a group of 

emergent islands and smaller islets, rising from the plateau of a 
submerged truncated volcanic cone in the south Tyrrhenian 
Sea. It is part of the Aeolian Island Arc, a series of seven 
islands and associated islets, together with a number of 
submerged volcanic edifices, which form a ring-structure 
around the Marsili Basin, north of the Island of Sicily. 
Volcanism in the arc is attributed to the Africa-Eurasia 
convergence zone, and is controlled locally by regional and 
local tectonic features.  

Erupted products range in composition from basalt to 
rhyolite, mostly falling in the high-K calkalkaline series, with 
few shoshonites. The geochemical composition of lavas 
sampled as part of this study indicates a slightly different 
composition in the lavas originating from the surrounding 
islets, compared to Panarea itself. 

Based on two pyroxene geobarometry, the depths of 
magma crystallisation show a polybaric distribution starting at 
the Moho (~22km depth) and continuing to approximately 
0.8km depth with differences between the crystallisation 
depths of magmas originating from Panarea itself, and from the 
surrounding islets. 

Comparisons between major and trace element ratios of the 
present study and others in the literature suggest while 
fractionation played a large role in magma evolution at the 
PVG, it cannot be solely responsible for magma petrogenesis 
in the PVG. They reinforce Panarea’s status as an intermediate 
volcano between the central and eastern Aeolian Arc, both 
geographically and geochemically. Additionally, there are 
differences in geochemistry and crystallisation depths between 
the lavas originating from Panarea, and those from the 
surrounding islets, suggesting differences in magmatic 
plumbing system and magma evolution. 
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Mantle xenoliths from the Western Ross Sea area of the 
West Antarctic Rift System (WARS) record multiple stages of 
lithospheric mantle evolution in an area of complex tectonic 
history. Here we report bulk and in-situ mineral major and 
trace element abundances, integrated with Os model (TRD) ages 
and Sr-Nd isotopes to reconstruct the geochemical and 
dynamic evolution of the lithospheric mantle. WARS xenoliths 
reveal multiple depletion and metasomatic re-enrichment 
events that appear to have occurred prior to the main episodes 
of rifting. 

Franklin Island xenoliths define two groups: (1) depleted 
harzburgite with a 1.8 Ga aluminachron (TPUM) stabilization 
age, and (2) fertile lherzolite and wehrlite with coexisting 
cpx+amph+phlog, reflecting refertilized domains. Carbonate is 
observed in two of these samples. Trace element patterns are 
strongly controlled by cpx/amph partitioning. Whole rock 
compositions are calculated from modal abundances and 
mineral compositions. Continuous trends between the two 
groups extending towards high Ca/Al, Nb/La, Zr/Hf, and low 
Ti/Eu are consistent with carbonatite metasomatism, possibly 
reflecting variable distances to the metasomatic front. 
Petrographic features indicate localized deformation of cpx, 
suggesting refertilization may have occurred prior to rifting. 

Ongoing efforts to measure Hf-Pb isotopes can further 
constrain the timing of metasomatism. Metasomatic 
refertilization trends will place constraints on the composition 
of the carbonatitic metasomatizing melt. 
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This study aims to explore the development, dynamics and 
stability of microbially produced organic C associated with 
mineral surfaces of a select mineral matrix in the rhizosphere. 
Rhizosphere, the zone immediately surrounding the plant 
roots, plays an important role in production and stabilization of 
soil organic matter, with considerably more abundant 
microbial population than in the adjacent bulk soil 
environment. 

We employed the laboratory setup of column-grown Pinus 
resinosa mesocosms [1] in a controlled environment, to 
provide a system not influenced by the presence of pre-existing 
soil humics. We applied a suite of high resolution imaging, 
crystallographic techniques, high resolution mass spectroscopy 
and 16S rRNA sequencing to characterize microbial 
communities, newly formed organic C associated with the 
plant roots and minerals surfaces, and eventual mineral 
weathering. As a field follow-up study to the lab experiment, 
we placed nylon in-growth mesh bags filled with an identical 
mineral substrate in the rhizosphere of Pinus ponderosa 
seedlings, following the experimental setup [2]. The material 
was colonized with native microbial communities, and the 
mineral substrate was processed, imaged and analyzed in a 
similar manner as the mesocosms, in effort to relate the 
common carbon compounds and microbially-induced mineral 
weathering in both systems. Although the lab columns didn’t 
show any fungal DNA presence, we found common features in 
both experimental setups, with emphasis on extracellular 
polymeric substances and SOM stabilization. The findings of 
this study provide insights into the soil organic matter 
persistence and stability in ecosystems. 
 
[1] Dohnalkova et al. Microsc. Microanal. 20 (2014), S3, 
1192-1193.  
[2] Wallander et al. Soil Biol. Biochem. 57 (2013), 1034-1047. 
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Low and very-low ore-grade ores become more and more a 
target for exploitation, especially for the copper sulfide ores. 
Due to low operational costs of bioleaching or more general 
biomining operations, they find increasing applications in the 
industrial process. However, the efficiency of biomining 
operations is strongly dependent on mineralogy and 
geochemistry of the system, i.e., the substrate, which defines 
the conditions in which a certain microbial community can 
develop and catalyze the biogeochemical processes, leading to 
solubilization of the target elements. But, many of the so-
called biomining operations lack a thorough mineralogical, 
geochemical, and microbial characterization before and during 
the process. Thus, many of these biomining operations show 
very low recoveries (5-40 %). In order to improve the 
recovery, strategies have to be developed for proper ore 
characterization taking into account the needs of the biomining 
operations. For example, nowadays the selection for the 
explotation process choise is mainly the cut-off grade. This 
selction criteria ignores the mineralogy to which the target 
elemente is associated. But, most of the recovery processes 
respond to the mineralogy and not to the target element. In 
porphyry copper systems, where most industrial bioleaching 
operations are operating today (mainly for ore grades between 
0.1 wt.% Cu to cutt-off), mineralogy is crucial for the 
recovery. For example chalcopyrite, the main ore mineral, is 
not acid leachable and shows slow oxidation kinetics at 
mesophile temperature ranges. Only if a supergene Cu-sulfides 
like covellite or chalcocite-digenite are present in the ore, 
reasonable recoveries can be reached, like in the case of 
Escondida, Chile. But this is mainly due to the acid 
leachability of the supergene Cu-sulfides and in a lesser extent 
to microbialogically catalyzed sulfide oxidation. Only with a 
thorough mineralogical characterization (e.g. by QEMSCAN® 
or MLA and sequential extractions) the necessary data is 
obtained to select the appropriate exploitation process and 
optimize the recovery for the specific ore mineralogy. An other 
often ignored key issue in such operations is the geochemistry 
of the pregnant leach solutions (PLS). Increased element 
concentrations, due to recycling and evaporation, can trigger 
the precipitation of secondary minerals, like jarosite, goethite, 
schwertmannite in the biomining operation, leading to 
inhibition of the sulfide surfaces and therfore lowering the 
recovery of the process.  
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Aqueous fluids are important agents of mass and heat 

transfer in geodynamic settings as diverse as slab subduction, 
mantle metasomatism, metamorphic devolatilization, magma 
degassing, and ore formation. Thermodynamic properties of 
aqueous solutes applicable over wide range of sub- and 
supecritical conditions, and concentrations are essential to 
interpret and predict the fluid-mediated mass transport. Here 
we review advances in the development of new equations of 
state, with emphasis on their functional forms, which arise 
from rigorous applications of critical theory and internal 
consistency between standard states and mixing properties.  

Conventional choice of the asymmetric infinite-dilution 
standard state for aqueous solutes requires by virtue of the 
Gibbs-Duhem theorem that the infinite-dilution properties 
scale proportionally with the derivatives of the respective 
properties of aqueous solvent. For instance, the dependence of 
the partial molar volumes of aqueous species on solvent 
compressibility forms the basis of density models for 
homogeneous equilibria and mineral solubilities. When this 
approach is applied rigorously, the empirical polynomials for 
partial volumetric and caloric properties in the Helgeson-
Kirkham-Flowers model may be replaced by physically based 
functional forms. This leads to a new equation of state for 
infinite-dilution properties of solutes, which are essentially 
mapped onto relevant solvent properties using a small number 
of parameters.  

Extensions of infinite-dilution properties to finite concen-
trations or to supercritical water-silicate systems should benefit 
from consistency between infinite-dilution, pure solute and 
excess mixing properties. Expansion of the Helmholtz energy 
in terms of temperature, volume and composition around the 
solvent critical point defines the composition dependence of 
partial molar properties, which, however, scales in a 
remarkable contrast to the Debye-Hückel theory, but may 
explain replace the empirical Setchénow correction. For 
geological applications, the concentrated fluids may be treated 
by a simple excess mixing models, realizing that functional 
form and limiting properties of the Margules or Redlich-Kister 
polynomials are dictated by difference between pure and dilute 
standard states. These approaches illustrate universal 
constraints, which dictate functional forms of equations of 
state for aqueous solutes.  
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The modern Tritium content in the Biosphere, formed due 

to nuclear tests and exploration of nuclear facilities, exceeds by 
20 times the natural Tritium content. During the next 10 years 
the contribution of “bomb” (due to radioactive decay) and 
“nuclear power” (due to development of nuclear energy) 
sources of Tritium will come to equilibrium. The main modern 
source of Tritium is nuclear power engineering which 
generates annually 7.6×1017 Bq of Tritium, which exceeds by 
10 times its formation from natural sources (Fig. 1).  

Figure 1: Tritium sources in the Biosphere. 
Researches on variations of the Tritium/Protium isotopic 

ratio in living and nonliving organic material in the ecosystem 
allow us to set the hypothesis on formation of Hydrogen 
isotopic composition in the biosphere exclusively in 
photosynthesis. The value of isotopic ratio 3H/1H is not 
changed during the mineralization of organic residue. 

Contrary to the mechanism formed during the biological 
evolution of living matter, organic substance and internal water 
of plants of semi-natural water-marsh ecosystem is enriched 
with heavy isotope – Tritium. The fractionating factor is 
reached to 18 in comparison with the isotopic composition of 
habitat. 

The content of organically bounded Tritium in tissues of 
water plants is directly proportional to the Tritium 
contamination of habitat. There is considerable danger in the 
substantiation of Protium atoms by Tritium in 8 essential and 2 
conditionally essential amino acids, which are synthesized by 
plants alone and transferred to animal and human organism 
trough trophic circuits only. 
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Surface mining of bitumenous (oil) sands from the 

Athabasca region of northern Alberta, Canada has resulted in 
over 930 m3 of fluid fine tailings which are contained in 
massive basins/ponds on-site and that settles into a 
microbiologically active slurry of 25-30% solids known as 
mature fine tailings (MFT). Our prevous studies have revealed 
that residual hydrocarbons in oil sands tailings are degraded 
syntrophically by indigenous microbial community, 
remediating the slurry and increasing clay settling and 
porewater recovery; this is at the cost of biogenic methane 
(CH4) emissions. Th current research utilizes anaerobic 
hydrocarbon-degrading enrichment cultures to study the 
pathways of anaerobic hydrocarbon biodegradation in tailings 
ponds. The cultures were amended with hydrocarbons such as 
iso-alkanes (C6-C8) or monoaromatics (BTEX) with or without 
the addition of FeIII mineral (FeOOH). The baseline control 
containing culture without any amendement was also included. 
Our preliminary resultssuggested that addition of FeIII 
mineralaccelerated biodegradation of hydrocarbon into CH4. 
The research is in progress to characterize FeIII-FeII cycling 
along with identification of metabolites to fully elucidate the 
pathways of hydrocarbon biodegradation. The results will 
provide great insight into the anaerobic mechanisms of 
hydrocarbon biodegradation and transformation of Fe minerals 
that can impact the reclamation strategy for managing oil sands 
tailings ponds.  et al. et al.h 
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Stacks of digital images (AVIs) of etched surface fission 

tracks (SFTs) and confined fission tracks (CFTs) in apatite 
(Ap) were collected for standard U-FT analysis: one AVI for 
reflected light; one AVI for transmitted light; both AVIs 
spanning 30 µm in X and Y directions at 24 pixel · µm-1 
resolution; 33 frames separated by uniform 0.3 µm; 8 frames 
above Ap, frame with Ap surface in focus, 24 frames below 
Ap surface and within Ap volume. 

The goal of this study is to explore a machine learning 
approach to the automated finding and characterizing of the 
tips of SFTs and especially CFTs. This approach included the 
following steps: 

Starting with a set of AVIs and an untrained machine 
learning model: 

1) Load imagery 
2)Process imagery to extract potential CFT/SFT tips 
3)Identify true tips with machine learning model (skip if 

model is untrained) 
4)Correct the model's predictions, add CFT/SFT tips to 

library 
5)Train machine learning model on tip library 
6)Goto step 1 
The algorithm returns a trained machine learning model, 

which can be used to accurately identify SFT and CFT tips in 
an unseen image. 

Results of this analysis are encouraging. The success rate 
for finding SFT and CFT tips improves significantly with 
increasing number of patterns used to train the algorithm. This 
machine learning strategy to automate the finding and 
characterizing of SFTs and CFTs in apatite deserves further 
study. An important component of this approach is the 
substantial and efficient use of human expertise to aid the 
training of the automation algorithm. 
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Introduction and Method 
Extracellular polymeric substances (EPS) in stream 

biofilms play an important role in the sorption of persistent 
toxic substances (PTS) onto the biofilms [1]. However, the 
mechanisms of interaction between EPS and organic PTS, such 
as pentachlorophenol (PCP), are still not clear. In this study, 
chemical analysis and fluorescence excitation emission matrix 
(EEM) spectroscopy were employed to determine the 
composition of EPS in stream biofilms colonized for 15, 30 
and 45 days. The binding mechanism of PCP by those EPS 
was also analyzed using UV–vis absorption and EEM 
fluorescence spectroscopy [2]. 

Results and Discussion 
The contents of polysaccharides, proteins and total organic 

carbon (TOC), and the three-dimensional fluorescence spectra 
of the three EPS showed different characteristics (Figure 1). 
The fluorescence titration data indicated the quenching process 
for all peaks was static quenching process. Both UV-vis 
absorption and EEM fluorescence spectroscopy demonstrated 
that binding of PCP to EPS did occurre and the binding was 
driven by hydrogen bond and van der Waals force. The study 
revealed the effect of culture time on property of the biofilm 
EPS and confirmed the important role of EPS in PTS sorption. 

 
Figure 1: Composition and fluorescence spectroscopy of 

EPS at different culture time. Peak A: aromatic proteins; peak 
B: soluble microbial by-product-like substances; peak C: 
humic acid-like substances. 

 
This study was supported by the National Natural Science 

Foundation of China (No. 21277056 and 21307041). 
 
[1] Zhang et al. (2010) J Hazard Mater. 175, 359-365. [2] 
Ross et al. (1981) Biochemistry 20, 3096-3102. 
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The thawing of permafrost in response to global warming 
results in significant changes in the polar and subpolar eco-
geosphere. One of the feedbacks is the fate of metals in soils 
under melting permafrost. The changing environment can 
significantly impact the cycling of metals by modifying the 
soil-water balance, vegetation types, aquatic productivity and 
land use. 

This study focuses on the biogeochemical cycle of Zn and 
Pb within a thermokarst lake system in subarctic Quebec 
(Hudson Bay, Canada) where the isotope signatures of soil, 
vegetation, lake water, and sediment cores were studied.  

We observed that 1) the Zn isotope signatures of the lake 
sediment, surrounding soils and leaves were similar 
(δ66/64ZnLyon, ~ 0.1 – 0.6‰); 2) lichens showed a heavier 
signature (up to ~0.9‰) while bottom lake waters were lighter 
(down to ~ –0.4‰). The Pb isotopes suggest that 3) the lake 
sediment cores’ main sources originate from local bed rock 
and atmospheric deposition. However, 4) during the last few 
decades, the deposition rates of sediment have increased 
significantly, and 5) inputs from local soils and vegetation into 
the lake following permafrost thaw could have contributed 
more to the deposition.  
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This study assesses the potential of stable isotope ratios to 
study the atmospheric transport of Cu and Zn. These elements 
are crucial to many biogeochemical processes but their isotope 
geochemistry in particulate matter (PM) and in possible 
sources has been little studied in detail. Developing a full 
understanding of the major sources of PM and metal is critical 
to control emissions. 

To address the Cu and Zn isotope signature of natural 
background dust, major Asian dust sources and the Sahel soil 
dust were analyzed. Airborne particulate matter from London 
and Chinese cities and potential PM sources were also studied.  

We find that i) the Zn isotope ratios among natural dust 
from major Asian dust sources and the Sahel are similar 
(~+0.4‰), but the δ65Cu values follow the trend of Sahel (~-
0.2‰) < major Chinese dust sources (~+0.2‰) < Thar Desert 
(~+0.5‰); ii) Isotope ratios on various non-combustion traffic 
and road furniture sources largely overlap, therefore, do not 
allow us to identify by just using the Cu and Zn isotope 
systems; iii) The Cu and Zn isotopic signature of the London 
PM10 aerosols range from ~ 0‰ to +0.5‰ and from ~ -0.2‰ 
to +0.3‰, respectively. There were little differences between 
the high traffic and low traffic sites, suggesting similar source 
controls, which could be from non-combustion traffic sources 
and industrial emissions; iv) The Zn isotopic signature of PM 
in the Chinese cities ranged between ~ -0.4‰ and +0.4‰, and 
lighter signatures were observed during dust storm or haze 
events. 
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Mantle xenoliths entrained in the kimberlite pipes of 

Southern India provide important constraints on the nature of 
the lithospheric mantle beneath the Central block of the 
Dharwar craton. The diamondiferous Mesoproterozoic KL2 
and P3 kimberlites hosts a suite of bimineralic and kyanite-
bearing eclogites, with eclogites in the KL2 pipe constituting 
more than 95% of the xenolith population. This dominance of 
eclogite xenoliths is unusual and compares with that at Roberts 
Victor in South Africa as well as Zagadochnaya in Siberia. 
Garnets in the bimineralic eclogites are predominantly of the 
pyrope-almandine variety, while those in the kyanite-bearing 
samples are rich in Ca. Equilibration temperatures of 1060 to 
1220°C are consistent with a depth of derivation on the order of 
of 150 to 180 km (i.e. a pressure of 4.5-5.4 GPa. 

Trace element abundance patterns of the garnets comprise 
of two varieties, being Group 1 with relatively flat HREE and 
slightly depleted LREE (SmN/LaN=34), and Group 2 with 
slightly increasing HREE and more strongly depleted LREE 
(SmN/LaN=120). Group 1 samples are characterised by 
pronounced positive Eu (Eu/Eu*=1.4-3.2) and Sr anomalies in 
recombined whole rock trace element patterns, and are some of 
the strongest anomalies for eclogite xenoliths worldwide. In 
contrast, Group 2 samples exhibit only subtle Eu anomalies 
(Eu/Eu*=1.1-1.3), and a higher abundance of compatible trace 
elements than Group 1 samples. Oxygen isotope ratios of the 
garnets range between +5.3 and +7.8 ‰ ∂18O which extends 
significantly beyond the range of primary mantle. These 
geochemical characteristics are consistent with an origin from 
gabbroic and basaltic protoliths, through the subduction of 
oceanic crust below the Central Dharwar craton. 
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Originating from glacial water in the mountains of western 

Alberta, Canada, the Athabasca River extends over 1200 km 
and passes through the third-largest oil reserves in the world, 
the Alberta bituminous (oil) sands. Due to the recent expansion 
of oil sands mining and close proximity to large surface mines 
and refineries, water quality in the Athabasca River has come 
under intense scrutiny. Arsenic (As) and selenium (Se) have 
been identified as potential contaminants that pose a threat to 
aquatic organisms and wildlife. What is not well studied 
however, are the trace metal contributions from natural 
geological formations and the oil sands activities in the region 
to the lower Athabaca River. The concentration and chemical 
speciation of As and Se are critical for assessing their 
environmental fate and behavior as well as the quality of 
Athabasca River water.  

Water samples were collected from Athabasca River and 
its tributaries as well as the groundwater seeping into the river 
downstream of oil sands operations. Preliminary results have 
proven regional groundwater inputs to be complex and highly 
variable due to vastly different converging geology. 
Groundwater ranges from normal (EC ~1500	   µS cm-1) to 
extremely saline (EC >200,000 µS cm-1). The concentrations of 
total dissolved As were measured as high as 20 µg L-1 at some 
locations and appeared to be variable depending on the 
groundwater origin. Despite areas of elevated As in shallow 
groundwater (predominantly AsIII), surface water values 
averaged below 0.5 µg L-1 at all sampling locations along  
~125 km of the river (excluding tributaries). Initial results for 
Se concentrations average < 0.15 µg L-1 in surface water and 
has resulted in the need for specialized speciation techniques, 
particularily for high salinity groundwater. Future results will 
be compared with concurrent studies evaluating isotopic 
signatures and other sourcing techniques to link natural and 
anthropogenic influences. This study provides critical 
information to communities living on the river that use the 
river as source of food and drinking water.  
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silicate glasses in the lower mantle 

SUSANNAH M. DORFMAN1, VASILY POTAPKIN2, 
ALEXANDER I. CHUMAKOV3, JEAN-PASCAL RUEFF4, 

THOMAS S. DUFFY5, CATHERINE A. MCCAMMON6 AND 
PHILIPPE GILLET1 

1Earth and Planetary Science Laboratory, Ecole polytechnique 
fédérale de Lausanne, Station 3, CH-1015 Lausanne, 
Switzerland. susannah.dorfman@epfl.ch 

2Forschungszentrum Jülich GmbH, 52425 Jülich, Germany.  
3European Synchrotron Radiation Facility, BP 220, F-38043 

Grenoble, France. 
4Synchrotron SOLEIL, L’Orme des Merisiers, BP 48 Saint-

Aubin, F-91192 Gif-sur-Yvette, France. 
5Department of Geosciences, Princeton University, Princeton, 

NJ 08544, USA. 
6Bayerisches Geoinstitut, University of Bayreuth, 95440 

Bayreuth, Germany. 
 

Pressure-induced changes in chemistry and physical 
properties of melt are key to understanding the behavior of 
magma oceans and melt-rich layers in planetary interiors. The 
behavior of iron in mantle silicate melts is particularly 
important due to its control of melt density and redox state. In 
addition, electronic spin-pairing transitions in iron may affect 
elasticity, rheology and transport properties of melts. To 
investigate changes in coordination and spin states of iron in 
high-pressure silicate melts, we performed synchrotron X-ray 
spectroscopy experiments on silicate glasses as low-
temperature analogues. 57Fe-enriched glasses of almandine 
(Fe3Al2Si3O12) and enstatite-hematite solid solution 
((Mg,Fe)(Fe,Si)O3) compositions were examined by 
Mössbauer spectroscopy and X-ray emission spectroscopy in 
the diamond anvil cell to 91 GPa at 300 K. Results are 
consistent with a gradual high-to-low spin transition in Fe3+ 
between 1 bar and ~30 GPa. The new low-spin Fe3+ component 
exhibits quadrupole splitting of 1.8-2.0 mm/s and center shift 
0.3-0.5 mm/s. The high-spin Fe2+ component, with average 
quadrupole splitting 2.0-2.2 mm/s and center shift  
0.8-1.2 mm/s, broadens with pressure due to an increasing 
range of coordination environments of iron. These changes 
correspond to a darkening of the glass to black and an 
associated decrease in radiative thermal conductivity. Spin 
transitions in melts in the mantle should be broad with respect 
to glasses or crystalline materials: no discontinuities should be 
observed in density or transport properties of melts at depth. 
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The combustion of biomass results in the emission of 

particulate matter (PM), which can negatively affect the air 
quality. The defense system of the human body can deal with 
short-term exposure of PM, however long-term exposure 
seems to overextend the defense system and increases the risk 
of cardiovascular and respiratory diseases as well as lung 
cancer [1].  

In the present study, we have exposed human Beas-2B 
lung epithelial cells over a period of 60 days to PM2.5 in a 
concentration of 100µg/ml to characterize the resulting cellular 
effects. PMs were obtained from fly ash during the burning of 
wood chips. Compared to the untreated control cells, the cell 
number significantly decreased upon exposure to PM2.5 until 
complete loss was visible. We observed that the AMP-kinase 
was activated by PM2.5 indicating a decreased energy status. 
Correspondently, the eukaryotic elongation factor 2 (eEF-2) 
was phosphorylated - a sign that translation of proteins may be 
affected. Moreover, the inducible stress kinase p38 was 
activated. As a further indication for the stress response of the 
cells translocation of the anti- oxidative transcription factor 
Nrf-2 was observed combined with an expression of the target 
stress response protein hemeoxygenase- 1 (HO-1) and an 
increased GSH- content. Based on these results it can be 
assumed that lung cells firstly try to combat PM induced 
damage, which finally results in cell loss probably due to 
autophagy which has to be confirmed by further experiments.  

Our results indicate that long-term exposure to PM may 
cause lasting damage to lung epithelial cells, which can 
possibly impair the barrier function and the regeneration 
potential of the epithelial tissue. 

 
[1] Thurston et al. (2002) JAMA 287, 1132-1141. 
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The Belaya Zima Nb and REE deposit in Eastern Sayan, 
Russia, is hosted by calcite, calcite-dolomite and ankerite 
carbonatites emplaced in a juncture zone of folds and the 
Siberian platform in Neoproterozoic. 

The concentration of Nb in early calcite carbonatites is up 
to 15700 ppm. The main primary Nb mineral here is 
pyrochlore (including the U-pyrochlore variety). The Nb 
enrichment is also reflected by the presence of accessory 
fersmite, baotite, zirconolite and others. Columbite-(Fe) 
developed as a replacement product after pyrochlore at a late 
stage of the carbonatite evolution (ankerite carbonatites). 
Alkaline silicate rocks (melteigites, ijolites, syenites) 
associated with the carbonatites are barren in Nb (up to  
620 ppm); the bulk of Nb in these rocks is contained in 
perovskite, garnet, and, to a much lesser extent pyroxene, 
amphibole and magnetite. Contents of REEs in the early calcite 
carbonatites are up to 2600 ppm. REEs are distributed among 
apatite, calcite, pyrochlore, accessory ancylite-(Ce), 
burbankite, zirconolite. Late ankerite carbonatites are strongly 
enriched in REE (in average 3.5-5 wt. %) with major REE-
minerals such as Ca-fluocarbonates, monazite-(Ce), 
rhabdophane-(Ce). These minerals precipitated later than 
LREE-bearing ankerite and dolomite.  The REE contents in the 
associated alkaline rocks is low compared to that of the 
carbonatites (up to 0.2 wt. %). The REEs are mainly hosted by 
perovskite, apatite, titanite, garnet and pyroxene. Increasing 
(La/Yb)CN in minerals from carbonatites and alkaline silicate 
rocks during their evolution and variations in key element 
ratios, such as Nb/Ta and Zr/Hf as well as chondrite-
normalized profiles of the REE- and Nb- bearing minerals 
record multistage processes of fractional crystallization from 
primary  melts and subsequent hydrothermal stages.  

 
The studies have been carried out with the support of the 

RFFR (14-05-00180, 15-35-20108). 
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Geology and Aim 
The Rosario Formation forms part of the Peninsular 

Ranges Forearc basin complex, which crops out 
discontinuously along the Pacific coast of the Baja California 
Peninsula, Mexico. The study is being performed in the San 
Fernando Canyon, between El Rosario and Punta San Carlos 
towns. In this area, the Rosario Formation comprises a lower, 
shallow marine member, overlain by an upper, deep marine 
member, including several slope channel systems. Based on 
previous research, the San Fernando channel systems consist 
of five channel complex sets (CCS1 to CCS5), each one 
characterized by three filling stages. Stage one consists of 
predominantly clast– and matrix-supported conglomerates, 
with subordinate medium to coarse grained sandstones. Stage 
two consists of units of clast-supported conglomerates with 
subordinate medium to coarse-grained sandstones, separated 
mainly by thinly-bedded turbidites (intercalation of thin beds 
of fine-grained sandstones and mudstones). Stage three 
corresponds mainly of hemipelagic mudstones. The main 
objective of this research is to determine source area and to 
compare the coarse fraction and fine fraction (fragments 
minors 2cm of size) from conglomerates of each channel set, 
combining provenance methodology such as heavy minerals, 
bulk petrography and clast counting. 

 Preliminary Results and Discussion 
Clast counting and petrographic characterization showed 

that the pebble fraction of the conglomerates is constituted at 
least 18 different, and the major part of the volume is 
composed by pyroclastic, porphyritic volcanic and sandstone 
rocks. Bulk quantification indicates that the main provenance 
tectonic mode of the fine fraction of the conglomerates can be 
interpreted as dissected magmatic arc, with subordinate 
uplifted basement and recycled orogenic contributions. The 
preliminary conclusion is that the sedimentary supply to the 
Rosario Formation was mostly derived from volcanic and 
plutonic rocks of the Upper Peninsular Ranges Arc complex 
known as the Alisitos Arc, which follows the western margin 
of the Peninsular Ranges batholith, as well as from older 
magmatic arc, and from recycling of sedimentary-
metasedimentary terrains. 
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Mantle processes fractionate transition metal stable 

isotopes as documented by distinct Fe isotope compositions of 
peridotite xenoliths in comparison to basalts. Partial melting 
and oxidation state control transition metal isotopic 
compositons, although their respective roles remain to be 
quantified. 

In contrast with Fe, Zn with an unique valence state is 
insensitive to mantle redox state and as such is a primary tool 
to investigate the effects of partial melting on transition metal 
isotope fractionation. We report Zn and Fe isotope 
compositions on 6 fertile (no or low-degree melting) and  
7 refractory peridotite xenoliths (highly depleted) from 
Mongolia (Tariat, off-craton) and Siberia (Vitim, off-craton; 
Udachnaya, on-craton). The Zn and Fe isotope data, expressed 
as δ66ZnJMC-Lyon and δ56FeIRMM-14 are respectively obtained by 
high precision measurements on a Nu Plasma II and a Nu 1700 
(HR) MC-ICP-MS on the same sample aliquot. The fertile 
peridotites have average δ66ZnJMC-Lyon values of 
+0.29±0.07‰(2SD) while refractory peridotites have average 
δ66ZnJMC-Lyon values of +0.16±0.07‰. δ66ZnJMC-Lyon are 
negatively correlated (R2=0.8) with Mg#WR, Al2O3 and Zn 
contents indicating that partial melting may induce Zn isotope 
fractionation. In contrast, fertile and refractory peridotites 
show overlapping average δ56FeIRMM-14 of +0.00±0.11‰ and -
0.06±0.11‰, respectively, though refractory peridotites appear 
slightly lighter than fertile peridotites. In addition, individual 
δ66Zn and δ56Fe values on all our samples define a weak 
negative correlation.  

Our study suggests that processes such as variation in 
redox conditions, e.g. circulation of oxidizing fluids, prevail 
over partial melting in controling Fe isotopic signature in 
peridotite xenoliths, in contrast to Zn isotopic signature that is  
affected by partial melting conditions. 
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High latitude watersheds experience two extreme seasons: 

6-9 months of cold, snow covered winter and a warm, bright, 
summer. The spring freshet between these seasons is a 
dramatic two to three week period when up to three quarters of 
the yearly precipitation runs off. The summer to winter 
transition is far less remarkable as temperatures and light 
slowly decrease. The intense seasonality and transitions in 
Arctic rivers are associated with unique biogeochemical 
signatures, soil, weathering, and water column processes. 

Discerning sources or fluxes of compounds out of Arctic 
rivers is difficult in large rivers because they represent the 
combined effect of innumerable plot-scale melt water sources, 
each coming from different soil and vegetation types and each 
experiencing a slightly different melt timing and evolution. 
Work at Arctic sites typically means field work in remote 
locations with sparse ancillary data and this provides added 
challenges. 

Spring melt is characterized by an ionic pulse of solutes, 
dissolved organic carbon and other nutrients (ammonium, 
phosphate and nitrate) leached by snow melt water from the 
surface organic mat of vegetation and near-surface soil. 
Summer and fall flows are comprised largely of shallow flow 
from a deepening seasonally thawed (“active”) layer. During 
late summer with an expanded active layer, or at sites where 
permafrost is degrading, these processes may be associated 
with an increasing mineral weathering signal into watersheds. 
The watershed biogeochemical response to precipitation in 
continuous and discontinuous terrains may also yield insight 
into subsurface permafrost geomorphological characteristics. 
Winter processes are the least studied or understood but 
overflow ice (“aufeis”) provides access to deep, old waters.  

This presentation will focus on using water stable isotopes, 
major ion concentrations, trace metals, nutrients, and 
permafrost delineation to identify biogeochemical sources in 
watersheds draining continuous and discontinuous permafrost. 
Field sites represent permafrost terrains in Alaska from the 
North Slope to the Interior. Biogeochemical processes 
associated with scaling, meteorology, and climate warming 
will be discussed. 
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In heterogeneous accretion models for Earth and other 
terrestrial planets, the early accreting phases are considered to 
have been strongly reduced [1]. Ureilites are ultramafic 
achondrites composed largely of olivine and pyroxenes that are 
thought to be derived as residues of partial melting within the 
mantle of a carbon-rich parental planetesimal to ureilites [2]. 
Despite having undergone high temperature processes and 
relatively high degrees of partial melting (20–30%), ureilites 
retain not only a significant amount of iron metal and relatively 
high abundances of siderophile elements but also contain 
phases such as iron silicides [3-5]. The presence of FeSi phases 
and other Fe-X phases (X = S, P, C) in ureilites indicates very 
low redox conditions. These conditions must have occurred at 
low pressures, since the ureilite parent asteroid is estimated to 
have been only ∼100 km in radius. Such small bodies at 
different stages of metal-silicate segregation may have 
contributed to the accreting terrestrial planets. Here we 
explore, using experimental partitioning data, isotopic and 
elemental composition, whether small planetesimals akin to the 
ureilite parent asteroid could have been the feeding bodies for 
the accreting Earth during its early reduced phase.  

 
[1] Wade, J., Wood, B.J., 2005. Earth Planet. Sci. Lett. 236, 
78–95. [2] Mittlefehldt D. W., McCoy T. J., Goodrich C. A. 
and Kracher A. (1998) In Planetary Materials (ed. J. J. Papike). 
Mineralogical Society of America. Rev. Mineral. 36. p. 195. 
[3] Herrin J. S., Mittlefehldt D. W. and Jones J. H. (2008). 
Meteorit. Planet. Sci. 43(Suppl.), #5327 (abstr.) [4] Smith C. 
L., Ross A. J. and Downes H. (2010). Meteorit. Planet. Sci. 
45(Supp.), #5221 (abstr.) [5] Ross A. J., Downes H., Smith C. 
L. and Jones A. P. (2009) Meteorit. Planet. Sci. 44, #5269 
(abstr.)  
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Bacteria influence the mineralogy of the terrestrial 

subsurface. For example, dissimilatory Fe(III) reduction is a 
ubiquitous process which influences the geochemical cycling 
of bulk and trace elements in the environment. Microbial 
reduction of arsenic-bearing Fe(III) oxyhydroxide phases (e.g. 
ferrihydrite) is thought to play a significant role in releasing 
the toxic metalloid into aquifers, threatening the lives of tens 
of millions of people worldwide [1]. To date, most 
experimental work has studied the influence of microbes on 
the overall chemistry and mineralogy of sediments. In contrast, 
nanoscale imaging approaches can provide information on the 
morphology of bacteria, biofilms, EPS and their local influence 
on the chemistry of minerals [2]. 

Our aim was to combine imaging techniques to provide a 
holistic understanding of the microbe mineral interface in these 
systems. Pure cultures of Geobacter sulfurreducens were 
grown on thin films of ferrihydrite that could be imaged 
directly without disruption, preserving the spatial distribution 
of microbes and minerals by avoiding homogenisation before 
imaging.  

A combination of epifluorescence microscopy and cryo 
electron tomography was used to image cell colonisation and 
microbe-mineral interactions at submicron resolution, 
alongside changes in metal oxidation state induced locally by 
microbial metabolism using cryo scanning X-ray microscopy 
(SXM) with near edge X-ray absorption fine structure 
(NEXAFS) of the thin film system. 

In summary, we have developed a new ferrihydrite thin 
film system to facilitate imaging the microbe-Fe interface. We 
have brought together numerous imaging techniques to analyse 
different aspects of the microbe metal interface, from bacterial 
colony proliferation to the direct impact on associated trace 
elements during iron respiration.  
 
[1] Polya D, Charlet L. Environmental science: rising arsenic 
risk? Nat Geosci. 2009;2(6):383–4. [2] Coker VS, et al. 
Characterisation of the dissimilatory reduction of Fe(III)-
oxyhydroxide at the microbe-mineral interface: the application 
of STXM-XMCD. Geobiology 2012;10(4):347–54.  
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The origin of many low-temperature metal sulfides has 
been the topic of numerous prior studies. Given the dramatic 
inhibition of thermochemical sulfate reduction at low 
temperatures, the potential role of microorganisms in sulfide 
mineralization has been proposed [1]. In this study, we have 
identified macroscopic realgar (α-As4S4) deposits in a naturally 
As-enriched wetland soil located at the Mokrsko Geochemical 
Anomaly (Czech Republic). Distribution of the elements in the 
soil profiles showed distinct accumulation of As (up to  
2.21 wt.%), S (up to 0.91 wt.%), and Corg (up to 19.4 wt.%) in 
the shallow subsurface (60-80 cm). In this slightly alkaline, 
anoxic to suboxic environment (Eh: −56 to 157 mV; pH: 7.1-
8.0) arsenic sulfide occurs as aggregates of nanocrystalline 
realgar crystallites (mean dimension: 76 nm) associated with 
particulate organic matter (roots, organic aggregates, etc.). 
Realgar is depleted in 34S (δ34Srealgar: −11.23 ‰) by  
15.6-17.4 per mill compared to aqueous sulfate, the oxidized 
sulfur source for biological reduction supplied to the wetland. 
Extraction of microbial community DNA from wetland 
samples yielded diverse PCR amplicons from dissimilatory 
sulfate reductase (dsrB) genes [2], indicating varied bacterial 
taxa capable of reducing forms of oxidized sulfur. Results of 
this preliminary investigation consistently support the 
biogenesis of realgar in the wetland. Our findings also provide 
insight into the conditions necessary to promote the 
immobilization of As in engineered systems for the treatment 
of mine drainage and wastewater effluents. 
 
[1] Pósfai and Dunin-Borkowski (2006) Rev. Mineral. 
Geochem. 61, 679-714. [2] Drahota et al. (2013) Environ. 
Pollut. 180, 84-91.  
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Precipitation of 13C-depleted authigenic carbonate is a 
tracer of sulphate-dependent anaerobic oxidation of methane 
(AOM), particularly in marine sediments (δ13C of c. -65 to -
45‰, inherited from the CH4-signature [1]). The related 
bacterial sulphate-reduction (BSR) involves large S-isotope 
fractionation [2]. Here we present new microanalytical data 
(SIMS) from Paleozoic carbonate (δ13Ccalcite:-69‰ to +33‰) 
and pyrite (δ34Spyrite:-25 to +66‰) in energy-poor fractured 
deep granitoid rocks from several sites in Sweden, revealing 
that sulphate reducers, methanogens and methane oxidisers are 
present, and have been so for several hundred million years. 
These results, together with other recently published studies, 
suggest that AOM, methanogenesis, and BSR are widespread 
processes in the deep biosphere and feature extreme, 
previously unseen isotopic variability in the minerals. The 
isotopic variability detected so far in the deep biosphere of the 
Baltic shield can be summarized accordingly. Calcite with 
anticipated Cenozoic age from SE Sweden has δ13Ccalcite of -
125‰ to +5‰[3]. The latter value is related to methane 
formed at shallower depth and the former to AOM at the 
transition to a deep-seated, -300 to -750 m, sulphate-rich water, 
i.e. reverse to sedimentary AOM. Variation within single 
calcite crystals of up to 109‰ suggests episodic AOM and 
micro-scale isotope distillation. Co-genetic BSR-related pyrite 
has a δ34S-range indicating both closed-system distillation and 
extreme fractionation (-50 to +91‰ in Sweden and 
Finland[4,5]). Studies of ongoing precipitation in boreholes 
show that isotope distillation occurs in micro-environments 
(>60‰ increase over 50µm pyrite growth) without affecting 
the bulk δ34SSO4 value [6]. Exploration of the deep subsurface 
thus gives novel insights to microbe-related isotope 
systematics in general and to micro-scale variability in energy-
poor systems in particular.  
 
[1] Aloisi et al. (2002), EPSL 203, 195-203 [2] Deusner et al. 
(2014), EPSL 399, 61-73 [3] Drake et al. (2015), Nature 
Comm. [4] Drake et al. (2013) Geochim Cosmochim Acta 102, 
143-161 [5] Sahlstedt et al., (2013) Appl. Geochem. 32, 52-69. 
[6] Drake et al., (in press) Geochim Cosmochim Acta. 
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We present the transport of two organometallic complexes, 

Gd-DTPA and roxarsone (As containing substance) and their 
metal salts (Gd(NO3)3, AsNaO2), under varying redox states. 
Gd-DTPA is used widely as a contrasting agent for MRI, while 
roxarsone is applied extensively as a food additive in the 
broiler poultry industry. Studies have shown that the transport 
of organometallic complexes in groundwater is affected by 
environmental conditions such as redox states, pH, and soil 
type. In this study, column experiments using sand and 
Mediterranean red sandy clay soil were performed under 
several redox conditions: aerobic, nitrate-reducing, iron-
reducing, sulfate-reducing, strong biologically-induced 
reducing, and strong chemically-induced reducing. Batch 
experiments to determine adsorption isotherms were also 
performed for roxarsone and metal salts. The AQUASIM 
software package was used to study physical properties of the 
porous media. We observed that the metal salts show 
essentially no transport while the respective pharmaceuticals 
display much faster breakthrough. We also found that Gd-
DTPA transport was affected by the soil type and was not 
affected by the redox conditions. In contrast, roxarsone 
transport was affected mainly by the different redox 
conditions, showing delayed breakthrough curves as the 
conditions became more biologically reduced (strong 
chemically-induced reducing conditions did not affect the 
transport). We suggest a mechanism for the trend of roxarsone 
behavior that includes adsorptive retardation for aerobic and 
nitrate-reducing conditions, and a non-adsorptive mechanism 
for iron-reducing, sulfate-reducing and strong biologically-
induced reducing conditions. We relate the delayed 
breakthrough behavior to the increasing microbial activity, 
which in turn promotes generation of lower redox potential and 
production of stronger reducing agents. The results suggest 
that Gd-DTPA is a stable complex, with potential for high 
mobility in groundwater systems, whereas roxarsone transport 
through groundwater systems is affected by redox 
environments, demonstrating high mobility under aerobic and 
nitrate-reducing conditions and delayed transport under iron-
reducing, sulfate-reducing and strong biologically-induced 
reducing conditions. 
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Concentrations of 45 elements were determined with ICP-

MS and ICP-AES tichniques in the 16 ferromanganese nodule 
samples collected in the Kara Sea during the 125th cruise of 
R/V "Professor Shtockman", 2013.  

The contents of the main ore components of these nodules, 
Fe and Mn, were found to be  4.1-25.4% and 2.0-26.5%, 
respectively, which is comparable with the nodules found in 
the other region of the Kara Sea [1]. Analysis of different 
layers, singled out visually by colour, showed that Mn/Fe ratio 
varies from 0.09 to 5.20. 

Among microelements, the ones of great interest are Ni, 
Co,  Cu, Mo, Ag, Au, Cd, Bi, Te, Tl, as well as rare earth 
elements (REE). We demonstrate, that the content of some 
elements is lower than in the oceanic nodules, but higher than 
in the nodules form most of the Arctic shelf  seas. We revealed 
relatively high concentations of Ni (73.5-481.0 ppm), Cu 
(40.1-182 ppm), Co (36.4-293.0 ppm), and Zn  
(74.2-238.0 ppm). For the samples collected near the shore 
sigfnificant Mo enrichment was found (555 and 646 ppm), 
while the average content of Mo was estimated as 341.2 ppm. 

The contents of noble metal, such as Au and Pt was below 
the detection limit, Ag – 0.01-5.5 ppm. 

The total content of 14 REE varied from 116.2 to 247 ppm. 
The concentrations of Y and Zr are very similar to the data 

reported by Baturin for the samples from St. Anna Trough [1] 
and were found to be 34.0 и 62.7 ppm, respectively. 

 
This study was supported by the Grant № 14-50-00095. 
 
[1] Baturin G.N. (2011) Oceanology 51, №1, 153-161. 
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Uranium (U) is known of its dual mode toxicity - 

radiological and chemical one, with the latter being a subset of 
particular concern. The chemical impact of U, its toxicity and 
bioavailability (i.e. ability to traverse the cell surface of an 
organism) is associated with its chemical speciation. In this 
context, the technique of Diffusive Gradients in Thin Films 
(DGT) is a potential monitoring tool for the bioavailable 
fraction, as it provides in situ measurement of the time-
averaged concentrations of labile metal species in solution. 
This study provides for the first time an insight on the 
feasibility of the DGT technique for the estimation of U 
bioavailable fraction in mining impacted environments.  

The comprehensive laboratory evaluation of DGT 
technique with different resins (Chelex, Metsorb, Diphonix 
and two experimental resins) was carried out prior to the 
application in the field. Several mining sites in France with 
different natural geochemical characteristics and different 
water treatment technologies were investigated. Three metal 
speciation and fractionation techniques- DGT, filtration 
(0.45µm, 0.2µm), ultrafiltration (500 kDa, 100 kDa, 10 kDa) 
techniques- were investigated and compared at two former 
mining sites in France. The sampling was conducted in stream 
water, upstream and downstream of the mining sites and within 
the various stages of the water treatment.  A systematic and 
significant difference was found between DGT-labile 
concentration and the 10 kDa fraction, suggesting that U is 
present as natural complexing ligands which are kinetically 
inert or/and bigger than <2 kDa.   

This study confirms strong potential of DGT technique as a 
monitoring and speciation tool in mining environments and a 
good alternative to the time-consuming ultrafiltration 
technique. 
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Changes in the distribution of stable isotope ratios 

resulting from weathering reactions provide a constraint on the 
flux of solutes through the subsurface.  To quantify 
relationships between concentration and isotope fractionation 
during weathering, we present a model that incorporates two 
factors: (1) rate-dependent fractionation and (2) heterogeneity 
in subsurface flow.  

First, recent experimental and modeling studies 
demonstrate that the overall fractionation factor associated 
with isotope partitioning for a reversible reaction is rate 
dependent.  This dependence can be quantified by replacing 
the common assumption of a constant overall fractionation 
factor with a model considering the relative influence of 
equilibrium and kinetic partitioning as a function of saturation 
state. We demonstrate the improvement gained from this 
modeling approach using a dataset of calcium isotope ratios 
associated with carbonate mineral precipitation.   

Second, variability in the travel time of fluid through the 
subsurface limits the extent to which catchments can act as 
chemical reactors, and thus the extent of isotopic fractionation. 
We use numerical simulations of reactive flow through a 
hillslope composed of spatially correlated, heterogeneous flow 
fields to demonstrate how results for flux-weighted average 
concentrations and isotopic compositions differ from the case 
of a uniform flow field.  

The combination of these two effects results in isotope 
ratios that are not readily quantifiable using simplified 
concentration-fractionaton relationships (e.g., Rayleigh 
distillation). To overcome this limitation we have derived an 
analytical solution for the steady-state isotope ratio resulting 
from a reversible reaction subject to a non-uniform travel time 
distribution, which we validate against numerical results.  The 
modeling approach outlined here offers a way to parameterize 
flux-averaged reactivity at the catchment scale, and we suggest 
that it represents an improved means of quantifying isotope 
ratios resulting from weathering reactions in the heterogneous 
Critical Zone. 

778



 Goldschmidt2015 Abstracts  

 779 

Characterizing dissolved organic 
matter in lakes along the middle and 

lower reaches of Yangtze River, 
China: Insights into the effect of 

anthropogenic activities  
YINGXUN DU, FEIZHOU CHEN AND ZHENGWEN LIU 

Nanjing Institute of Geography and Limnology, State Key 
Laboratory of Lake Science and Environment, Chinese 
Academy of Sciences, Nanjing 210008, China 

 
Yangtze River is the China's longest river and provides the 

most important freshwater resources to nearly one third of the 
population in China. The middle and lower reaches of the 
Yangzte floodplain contain around 25% of the population of 
China and are responsible for 24% of the whole national 
agricultural production. Lakes along the middle and lower 
reach of Yangtze River are always subjected to intense 
anthropogenic disturbance, such as aquaculture development, 
draining for agriculture production and sewage wastewater. 
The intense anthropogenic activity along this region should 
alter the quantity and quality of dissolved organic matter 
(DOM) in the lakes, which plays an important role in aquatic 
systems. 

In this study, surface water samples were collected from 64 
lakes along the middle and lower reaches of Yangtze River. 
Absorbance spectroscopy and excitation emission matrix 
fluorescence with parallel factor analysis (EEM-PARAFAC) 
were used to characterized the dissolved organic matter 
(DOM). With the assistance of EEM-PARAFAC, one 
terrestrial humic-like component, one microbial humic-like 
component, one tyrosine-like component and one trytophan-
like component were identified. The absorbance index, the 
fluorescence index and EEM components were related to the 
water chemistry (concentration of nitrogen and phosphorus, pH 
and DO). The population intensity and the land use in the 
regions are examined to understand better how these factors 
influence DOM characteristics in lakes. This study provides 
the information on the influence of anthropogenic activities on 
the DOM characterization and thus the aquatic ecosystems. 
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Smectite-rich clays, such as bentonites, are considered as a 

primary “buffer” material for isolating canisters containing 
high-level radioactive waste in many countries. Bentonite 
provides many important properties including e.g., low 
hydraulic conductivity and high sorption and swelling 
capacity. However many experiments have proved that 
colloids may be formed during the interaction of bentonite 
with water. It is crucial to study the behaviour of these 
particles, because stable colloidal particles may affect the 
migration capability of radionuclides and the functionality of 
bentonite buffer may be significantly reduced [1]. 

The aim of this research was to study the stability of 
bentonite colloidal particles in aqueous system under various 
conditions. The effects of concentration of the electrolyte 
(NaCl), the type of the electrolyte (KCl, CaCl2, MgCl2) and 
bentonite saturation time on the stability of colloids were 
studied. Colloidal stability was investigated by conventional 
sedimentation tests. As a testing material was chosen Czech 
Sabenil bentonite, a sodium-activated type of bentonite. The 
suspension of bentonite with deionized water was prepared in 
the ratio S:L = 180. The amount of sedimented colloidal 
particles and its time evolution was measured.  

The general results have shown that sedimentation of 
colloids occurs in three phases. The most significant point is 
the start of the second phase, where the amount of sedimented 
colloids rapidly increases. The time of the start of the second 
phase significantly differs depending on the conditions and the 
effect of the conditions on the stability is the most evident at 
this point. The results demonstrated that the stability of 
colloids decreases with increasing concentration of NaCl. The 
addition of KCl and MgCl2 has a greater impact compared to 
addition of the same amount of NaCl and CaCl2. The stability 
also decreases with increasing bentonite saturation time. It was 
also found that several layers in suspension were formed 
during sedimentation. The granulometric analyses have shown 
that the layers have significantly different particle size and 
concentration.  
 
[1] Alonso, Missana, Geckeis, García-Gutierréz, Turrero, 
Möri, Schäfer, Patelli & Rigato (2006), Journal of Iberian 
Geology 32, 79–94.  
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The Cu-Sn-W ore deposits of Cornwall (SW England) are 

related to Variscan magmatism and accompanying 
hydrothermal activity. To understand the formation of these 
deposits, the distribution of Cu, Sn and W between various 
phases during melt differentiation, fluid exsolution and 
precipitation are of key importance. Tourmaline is a perfect 
recorder of these processes as it is the only mineral present 
during all these stages in abundant quantities and it is stable 
over a wide range of p-T conditions. Incorporating trace 
elements like Cu, Sn and W into its structure, tourmaline will 
shed light on the formation of these ore deposits. 

The variety of different geological occurrences, textures 
and zoning patterns of tourmaline was analyzed by EMPA and 
reveals a compositional range between different end-members 
like dravite and schorl, feruvite, uvite, foitite, and Mg-foitite, 
with each end-member occuring as oxy, hydroxyl and fluor 
phase as well.  

Trace elements in tourmaline were analyzed by LA-ICP-
MS. Some economically important elements like Sn show 
clear systematics. Sn content in tourmaline increase from  
2-65 µg/g during magmatic stages and up to 6000 µg/g during 
hydrothermal stages. Other elements such as Cu and W show a 
more complex behavior. We therefore plan a detailed fluid 
inclusion study to obtain further insight. The precipitation of 
cassiterite (SnO2) takes place only after a certain Fe2+/Fe3+ ratio 
has been reached (about Fe3+/ΣFe	   =0.3), which we assume 
reflects the redox state of the system. With the precipitation of 
SnO2, other elements in tourmaline like Sr, Ca, Mg, Cr and in 
some cases Co increase, which could be related to the 
influence of an externally-derrived fluid or reaction with the 
host rocks and may therfore indicate the opening of the granitic 
system. 

 

781



 Goldschmidt2015 Abstracts  

 782 

Geobiology of an exceptionally 
preserved Archean microbial mat 
facies (Strelley Pool Formation, 

Western Australia) 
J.-P. DUDA1*, V. THIEL1, D. IONESCU23, N. SCHÄFER1,  

M. J. VAN KRANENDONK4 AND J. REITNER1 
 

1University of Göttingen, Göttingen, Germany  
(* correspondence: jduda@gwdg.de) 
2IGB, Stechlin, Germany 
3MPI for Marine Microbiology, Bremen, Germany 
4University of New South Wales, Sydney, Australia 
 

Paleoarchean rocks from the Pilbara Craton (Western 
Australia) provide a variety of evidence for early life on Earth 
[1]. However, some of these evidences could also be explained 
by non-biological processes [1]. Stromatolites in the 3.35 Ga 
Strelley Pool Formation are e.g. widely interpreted as biogenic 
structures [e.g. 2-4], but some authors argue for an abiogenic 
origin [e.g. 5]. Further lines of evidences are therefore required 
to make a good case for the biogenicity of these stromatolites. 
Here we describe a microbial mat facies characterized by a 
primary “zebra fabric” which is closely associated with 
stromatolites in the Strelley Pool Formation [6]. By combining 
detailed field and thin section observations with various (bio-) 
geochemical analyses (e.g. SEM-EDX, Raman spectroscopy, 
ToF-SIMS, NanoSIMS) we draw conclusions on the 
biogenicity, paleoenvironment, and taphonomical processes of 
the microbial mat facies. The results do not only confirm the 
presence of microbial mat systems in the Strelley Pool 
Formation, but also help to identify potential biosignatures in 
other Paleoarchean rocks. 
 
[1] Van Kranendonk (2006) Earth-Sci. Rev. 74, 197-240 [2] 
Lowe (1980) Nature 284, 441-443 [3] Van Kranendonk et al. 
(2003) Geobiol. 1, 91-108 [4] Allwood et al. (2006) Nature 
441, 714-718 [5] Lindsay et al. (2005) Prec. Res. 143, 1-22 [6] 
Reitner et al. (eds. 2014) GAIA inform 
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Understanding the relationships between metamorphism 
and spatio-thermal variations at convergent plate boundaries is 
important for deciphering the present-day dynamics of 
subduction zones. In particular, the interaction between 
densification due to mineralogical phase transitions and slab 
pull forces is subject to ongoing investigations. We have 
therefore developed the tool THERIAK_D (www.min.uni-
kiel.de/~ed/theriakd), which combines thermodynamic 
equilibrium computations and geodynamic models. Here, we 
present a 2D-subduction zone model that shows how the 
hydration, dehydration, partial melting and fractionation 
processes of rocks all influence the metamorphic density of the 
lithospheric and crustal parts of subduction zone. In this 
manner, we gain knowledge about the driving, metamorphic 
processes in a subduction zone like the eclogitization or release 
of fluids. Our model demonstrates that the initiation of 
eclogitization of the slab is not the only significant process that 
makes the descending slab denser and is responsible for the 
slab pull force. Instead, the densification of the lithospheric 
mantle of the sinking slab starts earlier than eclogitization and 
contributes significantly to slab pull in the early stages of 
subduction, where eclogitization does not occur. The mantle 
densification can also be seen in geophysical tomography. 
Thermodynamically modeled seismic velocities are in good 
agreement with geophysical observations. Hence, combined 
thermodynamic and numerical geodynamic models may help 
interpreting tomography imaging and enhance our 
understanding of metamorphic processes in subduction zones. 
Consequently, our approach shows that the evolution of 
subduction zones can only be assessed reliably if metamorphic 
processes are taken into account.  
 
Further Reading: Duesterhoeft, Quinteros, Oberhänsli, 
Bousquet, De Capitani (2014), Tectonophysics, 637, 20-29. 
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Biogenic birnessite minerals (layer-tpe MnO2) display a 
remarkable affinity for binding metals, and are thus of 
considerable importance towards directing the fate and 
transport of contaminant metals. The significant metal sorption 
capacity of biogenic birnessite phases is largely due to cation 
vacancy sites in the mineral. However, the presence of 
Mn(II/III) during the formation of biogenic birnessite may be a 
key factor in governing the reactivity of the mineral phase by 
sorbing to these vacancy sites. We hypothesize that increasing 
the initial concentration of Mn(II) during biogenic birnessite 
formation decreases the fraction of free vacancy sites due to 
the sorption of Mn(II/III). 

We investigated the impact of the initial Mn(II) 
concentration (0.05 – 1.0 mM) supplied to the Mn-oxidizing 
bacterium Pseudomonas putida on the structural properties and 
metal sorption capacity of biogenic birnessite. Characterization 
of the solid phase was carried out by measuring the average 
manganese oxidation number (AMON) and the Mn(III) 
content. The sorption capacity of the mineral phase was 
determined by combining Ni sorption isotherms with Ni K-
edge extended X-ray absorption fine structure spectroscopy. 
Our results show that the proportion of vacancy sites on 
biogenic birnessite that bind Ni in inner-sphere surface 
complexes decreases with increasing initial Mn(II) 
concentration present in the growth medium. The decrease in 
the reactivity of the mineral phase towards Ni sorption is 
correlated positively with an increase of the Mn(III) content 
and a decrease of the AMON of the mineral phase. These 
results indicate that the formation of biogenic birnessite in an 
environment containing large quantities of Mn(II) diminishes 
its reactivity towards metal sorption due to incomplete 
biological Mn(II) oxidation and the sorption of Mn(II/III) on 
vacancies. Our results suggest that limiting the initial Mn(II) 
concentration during biogenic birnessite formation or limiting 
the Mn(II) concentration in contact with nascent biogenic 
birnessite particles is key to maximize the metal sorption 
reactivity of the mineral phase. 
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Ardealite from Cioclovina was first described by Schadler 

(1932) from the fossil bat-guano deposit in the "dry" 
Cioclovina Cave (Şureanu Mountains, Romania). The mineral 
occurs as white pearly or earthy masses of chalky appearance. 
Our investigation shows that the mineral can be characterized 
as a P-substituted sulfate. Wet-chemical and ICP-AES analyses 
show a range of S/P ratios varying between 1/0.87 and 1/0.98. 
Although S remains the main four-fold coordinated cation in 
the structure, P is consistently present at concentrations 
between 19.10 and 20.45 wt.% P2O5 (0.928 – 0.992 apfu P). As 
concerning the cations, the mineral shows a very restricted 
range of composition. Ardealite from Cioclovina is essentially 
Fe-free and very low in Mn, Mg, Na and K. The indices of 
refraction are α = 1.530(2), β = 1.537(2) and γ (calculate for 
2Vγ = 86°) = 1.543. The measured density [Dm = 2.335(3) – 
2.342(5) g/cm3] agrees well with the calculated values (Dx = 
2.317 - 2.350 g/cm3). The average unit cell parameters refined 
from 31 sets of X-ray powder data are a = 5.719(5), b = 
31.012(28), c 6.249(7) Å and β = 117.21(6)°. The Gladstone-
Dale calculations indicate superior and excellent 
compatibilities, the spreading of the compatibility indices 
being caused by the various degrees of hydration. Thermally-
assisted XRD analyses confirm that water is lost in three steps; 
the loss of molecular water is a two-step process and is 
complete before 250°C. The first thermal breakdown products 
are brushite and bassanite. The IR-absorption spectrum of 
ardealite is characterized by a splitting of the ν3 (XO4) 
fundamentals into three well-resolved bands at ~1140, 1100 
and 1005 cm-1, indicating distorted (XO4) tetrahedrons for both 
sulfate and protonated phosphate groups. The band multiplicity 
on the IR-absorption spectrum (3ν3 + 1ν1 + 3ν4 + 2ν2) suggests 
that the protonated phosphate and sulfate groups have Cs 
punctual symmetry. The mineral derives from the reaction 
between calcium carbonate from the moonmilk flows or the 
cave floor and phosphoric solutions derived from guano, with 
or without hydroxylapatite as a precursor, at pH values up to 
5.5. 
 
[1] Schadler J. (1932), Zb. Mineral. A, 40-41. 
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Anatase occurs commonly in siliciclastic rocks as detrital 
or authigenic accessory mineral. We studied the geochemistry 
and applicability of anatase for U-Pb and (U-Th)/He 
geo/thermochronology. The well developed, euhedral blue and 
yellow crystals were collected from a Carboniferous 
siliciclastic sequence of the Intrasudetic Basin (SW Poland). 
Our data reveal that: 

- The uranium and thorium concentrations are typically 
below 5 ppm, the common lead content is variable.  

- The laser-ablation IC-PMS U-Pb geochronology yielded 
Middle Jurassic intercept age. 

- The (U-Th)/He ages cluster around 75 Ma. 
- The diffusion experiments reveal multiple diffusion 

domains indicating that the closure temperature of the anatase 
He thermochronometer is below ca. 100 °C.  

The fully euhedral character of the anatase crystals indicate 
authigenic formation, thus we interpret the post-sedimentation 
U-Pb age as formation age of the crystals. Titanium 
mobilization was connected to the breakdown of biotite and 
volcanic lithoclasts and glass within the sandstones. The 
Jurassic U-Pb age matches well to the illite K-Ar ages detected 
in several central European basins indicating enhanced fluid 
flow [1]. The (U-Th)/He age is close to the Late Cretaceous 
regional cooling event of the Sudetes [2]. We conclude that 
anatase can carry essential age information for understanding 
the timing of events in basin evolution. 
 
[1] Ziegler, K. (2006) Clay Minerals 41, 355-393. [2] Danišík, 
M. et al. (2012) Tectonics 31, TC2003. 
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While thin basaltic oceanic crust forms by decompression 

melting of the upper mantle beneath mid-ocean ridges, the 
origin of thick crust formed along back-arc spreading centers is 
less well understood.  Geophysical observations along the 
Eastern Lau Spreading Center and Valu Fa Ridge, where 
abundant basaltic-andesites and andesites erupt, indicate that 
slab-derived water plays an important role in producing these 
evolved compositions as well as a vertically differentiated 
crust.  Spreading centers located near the active Tofua Arc in 
the Lau basin produce oceanic crust that is somewhat thicker 
(8-9 km) than typical mid-ocean ridge crust, and with unusual 
vertical seismic (and by inference chemical) stratification.  The 
seismic lower crust has high wave speeds indicating more 
ultra-mafic compositions than is typical for oceanic crust, 
whereas the upper crust has lower wave speeds than typical, in 
accordance with the evolved (and high porosity) lavas erupted 
along these near-arc spreading centers.  Seismic imaging 
shows that the crustal magmatic system that produces the 
stratified crust is similar to magmatic systems found along 
fast-spreading mid-ocean ridges in that it is narrow, closely 
follows the ridge axis, contains a low melt fraction overall, and 
is capped by a thin shallow melt lens.  The geophysical 
observations suggest that the presence of slab-derived water 
entrained in mantle melts strongly influences crustal level 
magma storage and differentiation.  Despite having a 
magmatic system with a physical structure remarkably similar 
to a fast spreading mid-ocean ridge, the volcanic products of 
the near-arc magma system are much more evolved on 
average.  The Valu Fa Ridge and southern segments of the 
Eastern Lau Spreading Center produce a more differentiated 
upper crustal volcanic layer without evidence of the extensive 
crustal interaction and chemical modification sometimes 
proposed for arc settings, where thick crust and intermittent 
magma supply create an environment ripe for crustal 
assimilation and magma mixing. 
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The preservation of microbial mats in the fossil record can 

be enhanced by carbonate precipitation, which results in the 
formation of lithified mats or microbialites. These benthic 
microbial deposits date back to >2.7Ga bp and seem to have 
strongly affected the condition of the early biosphere by 
changing Earth’s redox conditions through oxygen and 
hydrogen production. More than a century of research on these 
organosedimentary objects has furnished a better, sharper 
understanding of the processes responsible for their formation 
even so much remains unknown. The difficulty of studying 
microbialites mainly result from their constitution, a highly 
complex interaction between extrinsic (the physicochemical 
environment) and intrinsic (the associated microbial 
communities) factors.  

In this keynote, I propose to review key and new aspects of 
this research by notably focusing on the notion of 
organomineralization, which differ from biomineralization by 
its lack of genetic control. Key components of 
organomineralization, which combines biologically-induced 
and –influenced mineralization, are the “alkalinity engine” 
(microbial metabolism and/or physicochemical factors 
influencing carbonate alkalinity) and the “organic matrix” or 
extracellular organic matter (EOM). New approaches,  
including molecular methods, high resolution analytical, 
chemical and physical analyses, and state of the art microscopy 
techniques have allowed to better characterize these two 
components. However, this explosion of innovative and 
exciting methods applied to modern microbialites may have 
strangely decrease the signal to noise ratio, making it 
sometimes difficult to decide what information is ultimately 
relevant for the interpretation of the fossil record. 
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Boom Clay (BC) is a poorly indurated clay considered as a 
potential host rock for deep geological nuclear waste disposal 
in Belgium. It contains from 1 to 5 wt% of natural organic 
matter that governs the fate of a wide range of  radionuclides. 
Clay sediments display small pores and the role played by 
dissolved organic matter (DOM) in the transport of 
contaminants is highly dependent on the size of the organic 
aggregates/molecules. The stability of DOM species is thus 
determinant since it controls their mobility through a clay 
sediment. This presentation aims to discuss the stability of 
DOM species in the current BC conditions at the Mol site and 
in conditions where the salinity and the cationic composition 
of the pore water are modified. The transport properties of 
DOM species as a function of their size is also discussed. 

Under the current Boom Clay conditions, i.e a pore water 
similar to 0.015 M of NaHCO3, it is estimated that around 10% 
of NOM is soluble in the pore water. The size distribution of 
soluble OM is investigated by size exclusion chromatography. 
DOM is highly heterogenous and contains a range of organic 
species from small molecules (Molecular weight (MW)  
< 100 Da) up to large and stable aggregates (MW > 100 kDa). 
With an increase in salinity the size of DOM is altered 
following two mechanisms: a shrinkage or a dissociation of the 
DOM molecules/aggregates and a coagulation. It was 
evidenced that the largest DOM species are more prone to 
coagulation which at the extreme lead to their precipitation and 
which decreases the DOM content and its degree of 
aromaticity (SUVA280). On the contrary, the 
shrinkage/dissociation mechanism is favoured for the small 
DOM species. The coagulation is largely promoted in 
presence of Ca2+ compared to a system with Na+. 

The change in size of the DOM species with salinity may 
affect their mobility through the BC layer. Transport 
experiments were performed, in BC conditions, on intact BC 
samples to study the mobility of DOM as a function of MW. 
They revealed that only DOM with MW < 10-20 kDa is 
mobile which is confirmed over a large part of the BC 
Formation by the size distribution of pore water samples 
collected via piezometers. The transport properties of DOM 
species are determined as a function of MW by using a 1D 
transport model accounting for retention, diffusion-advection 
and filtration. 
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The fundamental aspects of the reactivity of amorphous 

SCMs in cement paste remain largely unexplored. The 
Portland-SCM systems are very complex, often with multiple 
glassy compositions reacting simultaneously but at different 
speed. This is crucial, as the amount and the intrinsic reactivity 
of glassy SCM components added to cement will affect the 
strength development, the porosity, the phase assemblage and 
the durability of the binder. Understanding and predicting of 
the reactivity of SCMs is essential to increase their 
incorporation in cement and enable a conscious and efficient 
qualification and use of these waste materials. 

It has been shown recently that SEM-EDS image analysis 
can be used to measure the degree of reaction of glassy SCMs 
directly in cement paste.  This contribution compares such 
measured reactivity of calcareous fly ash glasses and the 
reactivity of four model Ca-Mg-Na-aluminosilicate glasses 
synthesised to represent those in the fly ash. A quantitative 
approach decouples the effect of fineness and the intrinsic 
reactivity of glass. The latter is correlated to the structure of 
glass estimated from the chemical composition.  The intrinsic 
reactivity of glass in cement paste was found to follow the 
same trend as the reactivity determined by dissolution 
experiment in NaOH pH 13 and at high dilution. 
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The bulk of subduction zone magmas are produced by 
partial melting of the mantle wedge metasomatized by the slab 
component. The latter is enriched in volatiles and other fluid-
mobile elements and mainly comes from subducted sediment 
and underlying altered oceanic crust (AOC). Many studies 
have shown a strong link between subduction input and arc 
output, particularly in sedimented arc-trench systems. The Izu-
Bonin system is basically sediment-poor and, thus, the 
latitudinal compositional variation of its arc magmas, 
particularly that of Pb isotopes, is coming from AOC. This is 
because Pb is one of the foremost tracers of recycled AOC, 
estimated to make up about 50% or more of the Pb in arc 
magmas.  However, whereas the Izu-Bonin arc chemistry 
requires influx of Pb from a subducted Indian-type basaltic 
crust, the spot sample of the incoming basaltic basement at 
ODP Site 1149 is Pacific-type. The apparent discrepancy of Pb 
input and output in the Izu-Bonin system thus puts into 
question the concept of the AOC being an important source of 
Pb for arc magmas and our understanding of slab input in 
general. To resolve these issues, we dredged basaltic samples 
from the active, vertical fault scarps along a ~700 km long 
section of the Pacific Plate subducting into the Izu-Bonin 
Trench during the RR1412 cruise aboard R/V Revelle in late 
2014. Our sampling transect encompasses a significant range 
of crustal ages that includes the purported compositional 
change of the Mesozoic Pacific crust at ~125 Ma. We plan to 
analyze these samples in order to perform detailed mass 
balance calculations of slab input vs. arc output that, in turn, 
will allow us to better constrain whether the AOC is indeed a 
significant source of the Izu-Bonin arc magma chemistry. 
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Dissolved nutrients such as nitrogen (N) and phosphorus 

(P) associated with direct groundwater discharge may 
influence near-shore zones of large water bodies (oceans and 
large lakes such as the Laurentian Great Lakes, part of the U.S. 
National Ocean Policy implemented by the Obama 
administration), and contribute to eutrophication, hypoxia or 
harmful algal blooms. There is, however, a lack of quantitative 
approaches, especially at regional to continental scales. While 
local field methods or models are available, targeted research 
at larger scales is scarce. Here, we review available 
assessments of direct groundwater discharge and nutrient 
transport, using examples from large inland water bodies (here, 
the Laurentian Great Lakes), as well as coastal areas 
surrounding tropical islands. We demonstrate example 
approaches, reaching from the use of the ratio of coastline 
length to hinterland area as first-order approach to estimate the 
importance of direct groundwater discharge compared to rivers 
[1]. We compare this to large-scale hydrological and 
hydrogeological models, coupled to geochemical information. 
Knowledge of near-shore groundwater quantity and/or 
baseflow (e.g., [2]), combined with assessments of nutrient 
concentrations in groundwater bodies (e.g., [3]), can set an 
upper boundary for the potential contribution, and identify 
likely hot spots of nutrient delivery via this discharge pathway.  

 
[1] Moosdorf N., et al. (2015). Grundwasser 20(1), 53-67. [2] 
Kornelsen K.C. and Coulibaly P. (2014). J. Great Lakes Res. 
40, 247–256. [3] Ontario Provincial Groundwater Monitoring 
Network (PGMN) Program (2013). Groundwater Level Data, 
Groundwater Chemistry Data, and Precipitation Data.  
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Provenance studies using the compositions of minerals in 

modern and ancient sediments have enriched our interpretation 
of Earth’s history. Tourmaline, one of the three most 
significant refractory heavy minerals, is an exceptional 
provenance indicator in (meta)clastic rocks, in part because  its 
chemistry provides a record of its geological history. 
Tourmaline forms in an exceptionally wide range of 
temperature (~150 - 950°C), pressure (1 MPa – 7 GPa) and 
chemical environments (geo/hydrothermal, metamorphic, 
igneous) and retains these environmental signatures through 
weathering processes.  To enhance tourmaline’s utility as a 
lithologic provenance indicator, 164 tourmalines from world-
wide localities representing 5 known petrogeneic associations 
were analyzed with Laser Induced Breakdown Spectroscopy 
(LIBS) and modeled using multivariate statistics.  

LIBS captures attributes of the entire chemical spectrum. 
Each spectrum contains 13,600 - 40,000 variables, depending 
on the spectrometer’s resolution. Multivariate analyses of the 
spectra uses a series of Partial Least Squares Regression 
models. In each model, one petrogenetic association is 
investigated; samples are modeled as either belonging to that 
association or belonging to the group of all other associations. 
Each investigated association is eliminated from subsequent 
models. Spectra from half of the locations for each 
petrogenetic association are used to train the models; the 
remaining half of the spectra are used to validate the models 
and calculate success rates.  

Our data indicate that tourmaline provenance can be easily 
discriminated and binned into the five categories. The first 
model recognizes calcareous metamorphic tourmalines (92% 
success). Next, tourmalines from pelitic metamorphic rocks are 
recognized (96% success) followed by tourmalines from 
hydrothermal systems (94% success). Finally, silicic igneous 
tourmalines are distinguished from those in Li-rich pegmatites 
(92% success). Overall, 74 of the 79 samples in the validation 
set were correctly identified (93.7% success rate).  Such a 
robust approach provides a new data-rich technique to 
establish source areas and to constrain tectonic and 
sedimentary processes. 
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To capture the prevailing steep and distinct 

biogeochemical gradients and associated redox processes in 
porous aquifers, high resolution sampling in the centimeter 
range is needed. At a tar-oil contaminated sampling aquifer, 
the installation of a high-resolution multi-level well (HR-
MLW) revealed the fringes of the contamination plume to be 
hot spots of biodegradation via sulfate reduction [1-3]. 

Our current study at this site links high resolution spatial 
sampling of groundwater with high resolution molecular 
characterization of solid phase extracted dissolved organic 
matter (DOM) by Fourier transform ion cyclotron resonance 
mass spectrometry (FTICR/MS). This technique benefits from 
ultrahigh mass accuracy and resolution that enable its unique 
capacity to unambiguously distinguish between CHO and 
sulfur organic compounds (CHOS) in highly complex and 
abundant mixtures of organic compounds like DOM [4-7]. 

The obtained DOM mass spectra show a remarkable high 
number of CHOS compounds. The pronounced variance of 
CHOS compounds observed along the HR-MLW is directly 
related to the distinct inorganic sulfur species gradients. 
Therefore, the specific sulfur signature of DOM provides new 
insights into the linkage of the sulfur and carbon cycle. 

 
[1] Anneser B. et al. (2008) Applied Geochemistry 23 (6), 

1715-1730. [2] Anneser B. et al. (2010) Geomicrobiology 
Journal 27 (2), 130-142. [3] Einsiedl, F. et al. (2015) 
Geochimica et Cosmochimica Acta online first. [4] Schmitt-
Kopplin et al. (2010) Anal Chem 82, 8017-8026. [5] Hertkorn 
et al. (2013) Biogeosciences 10, 1583-1624. [6] Zhang F. et al. 
(2014) Water Research 57, 280-294. [7] Tziotis D. et al. 
(2011) European Journal of Mass Spectrometry 17 (4), 415-
421. 
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Biogeochemical gradients that exist within the hyporheic 

zone play a key role in cycling carbon, both organic and 
inorganic. To investigate the impact of various processes on 
the fate and transport of carbon in the hyporheic zone, we 
develop a biogeochemical reaction network and integrate it 
into the flow and reactive transport code PFLOTRAN.  The 
model includes representations of aqueous speciation, mineral 
precipitation/dissolution reactions, sorption, and microbially 
mediated redox reactions. The specific objectives of this study 
are to (1) identify biogeochemical zonation of variables due to 
hyporheic exchanges and (2) quantify the local fluxes of 
carbon that influence the larger scale carbon cycling. Three-
dimensional reactive flow and transport simulations are carried 
out to describe the hyporheic exchange of carbon in two 
different hydrogeologic settings: (a) Rifle floodplain bordering 
the Colorado River and (b) the lower East River system, a high 
elevation catchment in western Colorado. The Rifle floodplain 
displays relatively flat topography and consists of a single 
aquifer discharging into the Colorado River, while the lower 
East River site has a rolling-to-mountainous topography with 
multiple river meanders extending over a distance of 11 km 
(Figure 1).  

 
Figure 1: Map 

displaying DEMs (m) 
and Lower East River 
meandering along its 

path 
 
 

Simulation results show the importance of including the 
activity of chemo(litho)autotrophs in predicting CO2 fluxes at 
the Rifle floodplain into the Colorado River. In the lower East 
River site, preliminary results indicate that intra-meander 
hyporheic zone flow and reaction leads to lateral redox 
zonation as well as significantly influences the flux of both 
organic and inorganic carbon into the stream system. Efforts 
are underway to upscale the local carbon cycling displayed 
with individual stream meanders to the larger East River 
system, in part by making use of the high performance 
computing platform provided by PFLOTRAN. 
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Bahama-style meteoric diagenesis of platform carbonates 

in the western US during the end of the Visean may be 
associated with the rapid expansion of late Paleozoic 
Gondwanan glaciation.  We present fourteen stratigraphic 
sections from carbonate platforms in the western United States 
that illustrate the regional distribution and variable intensity of 
physical and chemical diagenesis just below the mid-
Carboniferous unconformity.  In each section, we observe top-
negative carbon isotope excursions that terminate in regional 
exposure surfaces that are associated with karst towers, 
desiccation cracks, fabric destructive recrystallization, and 
extensive root systems. Shells containing heavy carbon and 
oxygen isotopes, surrounded by isotopically light matrix and 
reworked clasts from dissolution collapse breccia pits just 
below the unconformity in southern Nevada require a 
diagenetic origin for the top-negative carbon isotopic 
excursion. The timing of the diagenesis appears synchronous 
with similarly-scaled top-negative carbon isotope excursions 
observed by others in England [1], Kazakhstan [2], and China 
[3].  The mass flux of light carbon required to generate these 
isotopic profiles is significant when extrapolated over the 
estimated platform carbonate areal extent for the end Visean.  
We develop a simple carbon box model to illustrate that 
oceanic DIC could be significantly elevated as light carbon 
from the terrestrial weathering flux reacts with exposed 
platforms before reaching the ocean and atmosphere.  If these 
meteoric diagenetic reactions are sustained throughout the late 
Paleozoic Ice Age, atmospheric oxygen models that depend on 
the isotopic composition of DIC in the ocean are 
overestimating oxygen concentrations.             

 
[1]  Campion et al. (2015) Poster presented at: Northeastern 
Geobiology Symposium.  [2]  Ronchi et al. (2010) AAPG 
Bulletin 94, 1313-1348.  [3] Zhao & Zheng (2014) Geochimica 
et Cosmochimica Acta 141, 508-531. 
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Recent measurements have highlighted that the MORB 

mantle source has distinctly higher 3He/22Ne compared to 
primitive mantle (~10 vs. 2, respectively) [1].  We seek to 
understand the source of this difference by modeling chemical 
exchange between dunite-channel hosted basaltic liquids and 
harzburgitic wallrock during the percolation of melts to the 
surface.   

Dunite channels are thought to represent pathways for 
efficient melt extraction from the upper mantle. Percolation of 
basaltic melts through dunite channels allows them to retain 
high-pressure multiple saturation depths and the trace element 
characteristics of their mantle source. However, diffusive 
interaction of basaltic melts with harzburgite wallrock has an 
inevitable effect on the chemistry of the lithospheric mantle. In 
terms of global geochemical cycles, this effect is 
inconsequential for slow diffusing elements but can be 
significant for fast diffusiving, incompatible elements. Helium 
and neon are highly incompatible during mantle melting [2] [3] 
and He is extremely mobile [4]. Measurements of He diffusion 
in olivine suggest it is orders of magnitude faster than U, Th, 
and Ne at mantle relevant temperatures. Fast diffusion of He 
out of dunite channel-hosted basaltic melts and into U, Th, and 
volatile element depleted harzburgitic wallrock can efficiently 
fractionate He from U, Th, and Ne. These fractionations can 
then be imparted onto the depleted mantle by subduction or 
delamination of lithospheric mantle.  
 Preliminary melt percolation-diffusive interaction 
calculations suggest that preferential 3He ingassing at dunite 
channels can significantly increase 3He/22Ne of the depleted 
mantle. Because ingassing of peridotite by dunite-hosted 
basaltic melts has presumably occurred for most of geologic 
time, kinetic fractionation at dunite channels can effectively 
modulate He/Ne, U+Th/He, and potentially U+Th/Ne of the 
depleted mantle. This simple model represents an alternative to 
the multiple degassed magma oceans invoked by [1] to 
increase the 3He/22Ne of the depleted mantle. 

 
[1] Tucker & Mukhopadhyay (2014) EPSL 393, 254-265. [2] 
Heber et al (2007) GCA 71, 1041-1061. [3] Jackson et al 
(2013) EPSL 384, 178-187. [4] Cherniak & Watson (2012) 
GCA 84, 269-279. 
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The abundance of 13C-18O ‘clumps’ in calcite or aragonite 
of corals skeletons are a potentially valuable tool for 
reconstructing past ocean temperatures. However, corals are 
known to exhibit significant “vital effects” (i.e., non-
equilibrium mineral compositions) in δ18O, which complicates 
its application in paleoclimate studies, and may also exhibit 
clumped isotope disequilibrium. Here we determined mass 47 
anomalies (Δ47) in CO2 derived from both field collected and 
cultured shallow water and deep-sea coral. In two species of 
live-collected scleractinian (Enallopsammia sp.) and gorgonian 
(Isididae and Coralliidae) deep-sea corals that respectively 
have aragonitic and calcitic mineralogy, we find distinct 
clumped isotope signatures and temperature calibration slopes. 
This difference is an indication that different types of materials 
can yield unique clumped isotope calibrations. In cultured 
surface water coral (Oculina arbuscula), we find 
disequilibrium Δ47 and δ18O values that are consistent with a 
pH effect driving disequilibrium isotopic signatures. We go on 
to show that culturing specimens at elevated CO2 conditions 
drives changes in both Δ47 and δ18O that follows the same 
relationship defined for pH effects in inorganic carbonate 
precipitation experiments. This suggests that dissolved 
inorganic carbon speciation at the site of calcification and 
therefore fluid pH can effect the clumped isotope composition 
of biogenic minerals. 
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Proposed models for crustal formation in water-rich back-

arcs share similarities with models for crustal petrogenesis at 
arcs, where highly differentiated lavas are common and high-
velocity lower crustal layers have been imaged locally.  
Seafloor spreading at back-arc spreading centers leads to 
thinner crust without the long-term accumulation of the thick 
volcanic piles found at arcs, limiting the amount of crustal 
interaction and geochemical modification that may occur and 
making the water-rich Lau back-arc basin a useful setting for 
quantifying the effects of water on crustal formation.  Results 
from seismic studies in the Lau back-arc basin indicate that 
crust formed near the Tofua Arc is abnormally thick (8-9 km) 
and compositionally stratified, with a thick low-velocity upper 
crust and an abnormally high-velocity (7.2-7.4+ km/s) lower 
crust [1].  Lava samples from this area show arc-like 
compositional enrichments and tend to be more evolved than 
typical mid-ocean ridge basalts, with an average MgO of  
~3.8 wt%.  We propose that slab-derived water entrained in the 
near-arc ridge system not only enhances mantle melting, as 
commonly proposed to explain high crustal production in 
back-arc environments, but also affects magmatic 
differentiation and crustal accretion processes.  Results from 
phase equilibria modeling using MELTS indicate that the high 
water contents found in near-arc parental melts can lead to 
crystallization of an unusually mafic, high velocity cumulate 
layer.  Best-fit model runs contain initial water contents of 
~0.5-1.0 wt% H2O in the parental melts.  These model runs 
successfully reproduce geochemical trends of the erupted lavas 
while crystallizing a cumulate assemblage with calculated 
seismic velocities consistent with those observed in the near-
arc lower crust.  The resulting residual melts are also lower 
density than their dry equivalents, which aids in the extraction 
and eventual eruption of unusually evolved magmas.  We 
present results from petrologic modeling of Lau back-arc 
crustal formation that successfully predict the unusual crustal 
stratification imaged in the near-arc regions of the Lau basin, 
as well as the highly fractionated andesites that erupt there.  

 
[1] Arai & Dunn (2014), EPSL 390, 304-317. 
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There are a number of major physical pathways (air, rivers 

and ocean currents) that transport organic pollutants to the 
coastal and marine environment.  Organic pollutants are 
subject to a variety of processes in the marine environment 
such as degradation, settling, exchange with the atmosphere, 
adjective transport, water-sediment recycling and 
bioaccumulation. These processes affect the fate of organic 
pollutants in the marine ecosystem. Though there are now 
strong evidence for the long-range transport of classic 
persistent organic pollutants such as PCBs and classic 
pesticides from Asia, European and North American continents 
into the coastal seas, the occurrence and transport pathways of 
emerging organic pollutants are still not well understood. 
Additionally climate change may significantly influence the 
transport and environment fate of organic pollutants in the 
marine environment. This work is focused on studies of the 
distribution and atmospheric transport of emerging persistent 
organic pollutants such as such as halogenated flame retardants 
(HFRs) including brominated flame retardants (BFRs), 
Dechlorane Plus (DP) and organophosphate esters (OPEs), and 
phthalate esters (PEs)  in air and seawater of the marine 
environment. Initial studies have been carried out in the North 
Sea (German Bight), Bohai and Yellow seas, Atlantic and 
Pacific oceans. Emerging persistent organic pollutants have 
been determined in air, water and sediment samples. Air-water 
exchange fluxes were estimated using the two-film model. 
This work will provide new data sets to improve understanding 
of the environmental fate of emerging organic pollutants in the 
marine environment. 
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Garnets in modern alluvium from a tributary of the French 
Broad River in the southern Appalachians were analyzed using 
a new Sm/Nd detrital garnet geochronometer to generate the 
first known suite of single-grain detrital garnet ages. We 
compare these data with published detrital ages from monazite 
and zircon from the same sediment sample [1-3]. The project 
serves as proof-of-concept for the new geochrometer by 
utilizing a well-characterized sample for comparison of garnet 
ages with known prograde metamorphic events in the source 
area of the river.  

This work is pushing the boundaries of size and precision 
for small sample NdO+ analysis. Due to garnet’s low Nd 
concentations (generally <0.4 µg/g) and starting sample 
weights for single grains of <1.5 mg, the resulting TIMS NdO+ 
loads range from 17–445 pg. A 400 pg in-house standard 
yields a long-term external precision of 36 ppm (2σ), though 
internal precisions for the smallest samples can be several 
hundred ppm. Full procedural Nd blanks of 4.6 +/- 0.7 pg are 
significant for these small samples. Rigorous statisical 
propagation of blank corrections (and related uncertainties) 
were incorporated into the age determination. 

Twenty individual garnet grains (0.8-1.5 mm diameter) 
were dated by Sm/Nd TIMS analysis using clean garnet and 
leached inclusion analyses extracted from each grain to 
determine single-grain ages. The weighted mean of the full 
population of detrital garnet ages is 443 +/- 18 Ma (2σ). 

The tributary sample analyzed contains a single monazite 
age population (~450Ma) and multiple zircon age populations 
[1-3]. Garnet ages appear to agree with the age peak for 
monazite and primary peak in zircon rim ages. Detrital garnet 
geochronology could also be applied to old sediments and 
sedimentary rocks when the source area is uncertain, since 
garnet records the prograde metamorphic histories of orogens. 
 
[1] Hietpas, et. al (2010), Geology 38, 167-170. [2] Hietpas, et. 
al (2011), J Geol Soc 168, 309-318; [3] Moecher et. al (2011) 
Geosphere 7, 494-512. 
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Recent analysis of sulfur concentrations and isotope ratios 
in zoned apatite crystals via SIMS yielded a detailed record of 
sulfur variation in an intrusively crystallized system, the first 
record of its kind. More than 6‰ variation in δ34S(CDT) was 
observed in a single granite hand sample. Crystal zoning shows 
that magmas went from high sulfate and high δ34S(CDT) to low 
sulfate and low δ34S(CDT) (Economos and Boehnke, 2013). 
Concurrent magma mixing and sulfur degassing well describe 
the observed variation.  

Degassing modeling was conducted to constrain potential 
scenarios that could produce observed isotope variations. 
Isothermal decompression of a rhyolitic melt was modeled at 
850 °C between 300 MPa and ~100 MPa as a function of the 
fraction of S lost by the melt at conditions typical of wet cold 
felsic systems. Closed system degassing at fO2 of NNO +2 or 
lower is the best explanation for the observed isotope variation. 
The physical model described would be one in which fluids 
and magmas move up through the crust together and fluids are 
released when magmas stall at the level of emplacement. This 
work places a valuable absolute constraint on magma fO2 and 
has implications for the excess sulfur problem in volcanic 
systems and for quantifying sulfur behavior in intrusive 
igneous systems. 
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We present reactive transport flow cell experiments in a 

refraction index-matched, 3D, water-saturated porous medium 
of polyacrylamide beads. Two types of experiments were 
investigated, involving: a pH indicator as the reactant, and 
citrate-capped, negatively-charged gold and silver 
nanoparticles (AuNPs, AgNPs) and polyethylenimine-capped, 
positively-charged AgNPs to determine the effect of surface 
charge on NP transport behavior. The magnitude of reaction 
during transport through the porous medium can be related to 
the color change of the pH indicator or intensity of NP color, 
via detailed image analysis and sequential imaging of the flow 
cell. The setup yields measurements of the temporally evolving 
spatial concentration field. Experiments focused on point 
injection of (i) a pH-sensitive reactive tracer into a 
macroscopically uniform flow field containing water at a pH 
different from that of the injected tracer, and (ii)  AuNPs and 
AgNPs into a uniform flow field. The measurements were 
matched with continuous time random walk particle tracking 
(CTRW-PT) models, to account for non-Fickian transport, and 
require a minimal set of fitting parameters. For the pH-
indicator system, a term accounting for chemical reaction was 
established from analysis of the reactant concentrations; no 
other fitting parameters were required. The results emphasize 
the localized nature of transport and reaction, caused by small-
scale concentration fluctuations. For the NP system, the 
negatively-charged NPs behaved similarly to the conservative 
tracer. However, the positive AgNPs displayed a decreasing 
tendency over distance to attach to the oppositely-charged 
porous medium. This transport behavior is understood by DLS 
and ζ potential measurements, which showed that aggregation 
processes and inversion in particle surface charge occurred 
during transport of the positive NPs. CTRW-PT modeling 
results indicated the transport to be more non-Fickian for the 
positive AgNPs, highlighting the connection between 
attachment and transport processes. Further analysis showed 
that decreasing tendency of these NPs to attach to the porous 
medium may be correlated to the particle residence time. We 
conclude that interactions between migrating particles and the 
porous medium may alter  NP chemical properties and lead to 
significant changes in their mobility. 
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We show that enstatite crystals in andesites erupted during 
vulcanian explosions at Soufriere Hills Volcano, Montserrat 
preserve a record of the water content of the melt in which they 
grew. Furthermore, the record suggests that the pyroxenes 
were sourced from a range of depths in the crust on fast 
timescales (~5-10 hours) prior to explosive eruption. Water 
concentrations were measured along profiles in enstatites in 
pumices using both secondary ion mass spectrometry and 
Fourier transform infrared spectroscopy. Enstatites contain up 
to 229 ppm H2O and up to 1.15 wt% Al2O3, with significant 
variability between crystals and from core to rim in individual 
crystals. The Al content of the pyroxene was used to estimate a 
melt-pyroxene partition coefficient for H2O and hence the H2O 
contents of the rhyolitic melts in which the enstatite crystals 
grew. The data show that the cores record higher melt water 
contents than the rims of the crystals. Melt H2O concentrations 
reach up to 9 wt%, which implies fractionation from a 
primitive basaltic melt with a minimum of 4 wt% H2O, 
consistent with arc basalts elsewhere. A depletion in water in 
the outer 50 microns of the crystals suggests diffusive loss of 
hydrogen during magma ascent, which, when combined with 
the range in diffusivities from the literature, gives an estimated 
range in decompression timescales of up to 5-10 hours. We 
suggest that the relatively cool, crystal-rich magma preserved 
the hydrogen zoning in the enstatites prior to decompression. 
Melt inclusions recorded in plagioclase typically contain up to 
6 wt% H2O, suggesting that these were trapped in the 
shallower parts of the storage system, or during undercooling 
and magma ascent. These timescales are similar to inter-
explosion timescales during sequences of explosions in 1997, 
raising the possibility that the driving force for this repetitive 
explosive behaviour lies not in the shallow system, but in the 
deeper parts of a vertically protracted crustal magma storage 
system. 
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Recent microbial models and experimentation have 
demonstrated that dolomite precipitation is possible at low 
temperatures (<50°C) in laboratory settings, by microbial 
influence and mediation.  Many of these studies have observed 
dolomite precipitates that are intimately associated with 
microbial surfaces and microbial exopolymeric substances.  
One mechanism of nucleation and precipitation by microbial 
surfaces is high (>0.06 groups angstrom-2) carboxyl-group 
densities, through dewatering of Mg2+, favoring carbonation 
and dolomite formation.  This study investigates the role of 
solution salinity in determining cell wall carboxyl-group 
density and therefore, the likelihood for specific organisms and 
environments to favor  low-temperature dolomite formation.   

Three microorganisms, two that have been shown to 
precipitate dolomite in laboratory and field settings 
(Desulfovibrio brasiliensis; Haloferax sulfurifontis) at a range 
of salinities and a control organism that is not associated with 
dolomite precipitation (Shewanella putrefaciens) were exposed 
to growth media of varying salinities.  Cells were titrated and 
carboxyl group density was calculated. 

Carboxyl group densities increased by 275% and 170% 
when doubling salinity concentrations for Desulfovibrio 
brasiliensis and Shewanella putrefaciens, respectively.  
Similarly, carboxyl group densities decreased by 47.5% when 
decreasing salinity by 75% for Haloferax sulfurifontis.  

The high carboxyl group densities for D. brasiliensis and 
H. sulfurifontis are consistent with previous research that 
suggests that carboxyl group density (>0.6 sites Å-2) is 
necessary for dolomite nucleation.  These results, however, tie 
microbial physiology to environmental conditions and give 
insight into microbial controls on low-temperature dolomite 
precipitation in mixing zones, sabkha and hypersaline lagoon 
environments.  

805



 Goldschmidt2015 Abstracts  

 806 

Climate control on the timescales and 
pathways of carbon export from the 

terrestrial biosphere 
T. I. EGLINTON12, V. GALY2, X. FENG1, C. MCINTYRE1,  

E. SCHEFUSS23, S. TAO14, M. ZHAO4,  
B. PEUCKER-EHRENBRINK2 AND K.A. HUGHEN2 

1Dept. Earth Sciences, ETH Zürich, 8092 Zürich, Switzerland. 
2Dept. Marine Chemistry & Geochemistry, Woods Hole 

Oceanographi Inst., MA 02540, USA. 
3MARUM. Univ. Bremen, 28359 Bremen, Germany 
4Ocean Univ. China, Qingdao, China 
(*correspondence: timothy.eglinton@erdw.ethz.ch) 
 

Despite the importance of river basins for our 
understanding of present and past carbon cycle processes, there 
remain fundamental gaps in our understanding of carbon 
transfer from biological source to sedimentary sink. In 
particular, storage and transmission times of biospheric carbon 
within river basins are poorly constrained, and the factors that 
control the residence time of terrestrial biospheric carbon are 
even less well established.  

Molecular 14C measurements provide a means to assess 
timescales of carbon movement through river basins, and we 
have applied this analytical approach, focussing on plant 
waxes and lignin-derived phenols as vascular plant markers, to 
a wide range of fluvial systems in order to explore factors that 
influence the terrestrial residence time of biospheric carbon. 

As a result of these investigations, temperature and 
hydrology are emerging as primary controls on biospheric C 
storage times, with different markers of biospheric carbon 
appearing more sensitive to one control or the other. This 
contrasting behavior is inferred to reflect different particle 
associations, and mobilization and transport pathways of these 
carbon pools. These findings have important implications for 
our understanding of carbon cycle processes, as well as for 
paleoclimate, and paleoenvironmental reconstruction based on 
signals emanating from river basins that are preserved in 
aquatic sediments. Results will be discussed in this context, 
and in terms of potential changes in terrestrial biospheric 
carbon dynamics as a consequence of direct human 
intervention, and of changing climate. 
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Arsenic, a widespread redox-active and potentially toxic 

metalloid, occurs predominantly as As(V) adsorbed to Fe(III)-
(hydr)oxides or, to a lesser extent, Mn-oxides in oxic soils. 
Under oxygen-limiting conditions, the microbially mediated 
reductive dissolution of Fe(III)-(hydr)oxides mainly liberates 
dissolved As(V), which is subsequently reduced to the more 
mobile As(III). Manganese oxides have been shown to rapidly 
oxidize As(III) and Fe(II) under oxic conditions, thus reducing 
the mobility of As. However, the net effect of Mn-oxides on 
the microbially mediated reductive release of As and Fe is still 
poorly understood. Therefore, we investigated the microbial 
reduction of As(V)-bearing ferrihydrite by Shewanella sp. 
ANA-3 at near-neutral pH in the presence of different 
concentrations of birnessite. We employed wet chemical 
analyses and X-ray absorption spectroscopy to follow 
reduction kinetics of Mn(III/IV), Fe(III), and As(V). 
Additional abiotic experiments were performed to explore the 
reactivity of birnessite towards As(III) and Fe(II) in the 
presence of Mn(II), Fe(II), ferrihydrite, or deactivated bacterial 
cells. In comparison with the birnessite-free control, the 
highest birnessite concentration of 3.1 mM Mn resulted in 78% 
less Fe and 47% less As reduction at the end of the biotic 
experiment. After Mn-oxide exhaustion, we observed a 
constant molar ratio of As/Fe reduction in all treatments, 
equaling the molar As/Fe ratio in the original ferrihydrite. Our 
abiotic experiments revealed that As(III) oxidation by 
birnessite was inhibited by Mn(II), Fe(II), and ferrihydrite. In 
contrast, the oxidation of Fe(II) by birnessite was equally fast 
under all conditions. We conclude that in the presence of 
birnessite, microbially produced Fe(II) is rapidly re-oxidized 
and precipitates as As-sequestering poorly crystalline Fe(III)-
(hydr)oxides. Our results imply that the ability of Mn-oxides to 
oxidize As(III) in reduced environments is limited by the 
formation of Fe(III)-(hydr)oxides and surface passivation 
processes. The validity of this conclusion is currently being 
tested in a column experiment using As-contaminated soil. 
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Iron concentrations have been measured in samples 
extracted every mm along the growth axis of a stalagmite from 
Bribin Cave, Middle Java, Indonesia, using a 0.6 mm drill bit. 
The results show numerous peak-like enrichments of Fe of up 
to several thousand ppm, especially in dark layers. High 
resolution elemental mappings (10 µm) using synchrotron 
radiation (µXRF) revealed Fe enrichments of up to 1 wt% in 
layers of less than 100 µm thickness. Iron covaries with other 
metals like Mn, Ti or Zn, as well as with P in older parts of the 
stalagmite. However, no significant correlation with δ18O, 
δ13C, Sr/Ca or Mg/Ca has been found. 

Layers of Fe/Mn rich crusts which have been formed from 
Fe/Mn-colloidal accumulation under subaquatic conditions, are 
also present on the walls and ceiling of Bribin cave. As a 
consequence, we assume that Fe rich layers in stalagmites 
could be indicative of large floods that have led to phreatic 
conditions causing colloidal Fe or Fe rich detritus to be 
deposited on the stalagmite surface. The detrital Fe either 
originates from Fe rich cave deposits that are physically 
remobilized during floods or from pedogenic material washed 
in from the surface via surface runoff.  

So far, paleo-hydrology is mainly reconstructed from δ18O 
profiles. Floods, however, are not necessarily correlated with 
an overall change of the hydrological cycle which would be 
recorded by a shift in the δ18O signal. In fact, they rather often 
occur as single short-term events which are not traced by δ18O 
variations in speleothems, especially in deep caves where 
signals are damped. We think that measurements of Fe 
concentrations in stalagmite records, particularly those at high 
resolution, will allow detection of single flood events.  

This can help to reconstruct the influence of past climate 
changes on the frequency of extreme floods in densely 
populated areas in Indonesia.  
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Understanding geobio-interactions are of special interest 
for reconstructing early Earth’s environments and the ~3.4 Ga 
old Buck Reef Chert in the Barberton Greenstone belt marks a 
rather unexplored key stratigraphic unit. Here we present 
petrographic, major and trace element analyses, Pb-Pb ages, as 
well as multiple sulfur and iron isotope data of pyrite from the 
BARB3 drill core, obtained by the ICDP-funded Barberton 
drilling project. We focus on pyrite nodules present in organic 
carbon-rich cherts (up to 6.8% TOC).  

Nodule textures indicate early diagenetic growth. This 
finding is corroborated by Pb-Pb model ages of 3355 ± 20 Ma, 
in broad agreement with the depositional age. Multiple sulfur 
isotope data reveal that the majority of microdrilled pyrite 
samples possess a mass-dependent sulfur isotope composition 
and that cluster around the values assumed for volcanic sulfur 
(δ34S = -1.8 to 0.8‰, ∆33S = -0.148 to 0.196‰). Apart from 
this cluster, we identified subpopulations of pyrite grains with 
positive δ34S and ∆33S values showing a prominent mass-
independent signature and pyrite grains with δ34S values as 
low as -19.1‰ and ∆33S near 0‰. This distribution highlights 
that the depositional environment of the Buck Reef Chert saw 
a complex interplay between volcanic sulfur input, 
atmospheric elemental sulfur deposition and  potentially 
microbial sulfur cycling. The δ56Fe values of the same pyrite 
nodules range from 0.4 to -2.46‰, encompassing almost the 
entire range for the Archean and potentially indicate microbial 
iron cycling during deposition of the Buck Reef Chert.  

Our work demostrates a close link between different sulfur 
and iron sources and mixing processes between them, but also 
highlights the need for detailed petrographic and isotope 
studies on drill core material. We will show how such a 
combination can be used to unravel and identify the 
paleoenvironmental conditions of the Buck Reef Chert. 
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The stable isotopes of H and C constraint the origins of 
hydrocarbons, but are often insufficient to uniquely constrain 
source substrates, conditions and mechanisms of generation, 
extents and conditions of secondary destruction, and 
proportions of endmembers in mixed gases and oils. And, 
some variables of interest are not recorded in any recognized 
way by stable isotopes (e.g., storage temperatures and times). 
Intramolecular isotopic properties— ‘clumped’ and position 
specific isotope compositions — offer additional constraints 
that may advance our understanding of these issues.  

Recent innovations in high-resolution mass spectrometry 
and NMR spectroscopy have enabled site-specific C isotope 
analyses of propane and higher order hydrocarbons, site-
specific H isotope analysis of propane, and 13C-D, 13C-13C and 
D-D ‘clumping’ in methane, ethane and propane. The clumped 
isotope geochemistry of methane is relatively well established 
in the recent literature and will be reviewed in another talk in 
this session. We focus instead on recent and ongoing advances 
in understanding of the C2+ n-alkanes.  

13C-13C clumping in ethane exhibits ranges many times 
greater than predicted equilibrium effects. Suites of related 
gases exhibit correlations between 13C-13C clumping and gas 
wetness that suggest much of this range is created by an 
unrecognized form of secondary ethane cracking.  

Site specific 13C in propane (i.e., the difference in δ13C 
between terminal and central sites) in natural gases and 
experimental products indicate ranges in composition 
correlated with gas maturity, but following unexpected patterns 
of terminal vs. central position δ13C. These signals may be 
explained by partial cracking of propane at higher maturities, 
or by variable sampling of substrates that differ in site-specific 
C isotope structures.  

Site-specific D/H ratios and 13C-D clumping in C2+ 
alkanes potentially provide geothermometers that likely differ 
in their blocking temperatures; if so, they will permit 
reconstruction of temperature-time histories spanning cracking, 
transport and storage conditions. We will provide an overview 
of this concept and report initial results of experiments 
constraining the blocking temperatures of these possible 
thermometers, through measurements of T-dependent rate 
constants for D/H exchange of various sites in several n-
alkanes.  
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There has been dramatic progress in the analysis of 
molecular isotopic structures by mass spectrometry, NMR, and 
IR-spectroscopy, enabling several new sub-disciplines: the 
biogeochemistry of N2O; clumped isotope thermometry of 
CO2, carbonate, O2 and methane; food-product forensics. Other 
observations suggest many additional areas of future 
application. We will review this field, focusing on strengths 
and weaknesses of known methods, emerging analytical 
capabilities and anticipated fields of application. 

Clumped isotope thermometry of small molecules (CO2, 
CH4, etc.) arguably constitutes the largest and fastest growing 
sub-discipline of stable isotope geochemistry involving 
intramolecular isotope effects. An important question is 
whether this field can be applied to large molecules. 
Theoretical models predict that ‘clumping’ of heavy isotopes 
in large molecules should resemble better-known effects in 
small molecules. It is less clear how they will be observed at 
useful precision. One simple solution is to extract portions of 
large molecules and convert them into easily-analyzed small 
compounds; we will explain a recent effort to do this for the 
study of C-H bonds in moities from refractory organics. A 
more general solution must involve an analytical technique that 
can observe clumped isotope effects in large, intact molecules. 
NMR techniques may eventually provide a powerful approach 
to this problem, but must achieve sensitivities and precisions 
well beyond published measurements. IR specroscopy is likely 
to be restricted to small compounds simply because of the 
vibrational complexity and low volatility of larger molecules. 
We will present measurements of n-hexane and other 
compounds that illustrate how this problem may be resolved 
through mass spectrometric analysis of molecular fragment 
ions.  

The best-established use of position specific isotope effects 
examines the difference in 15N/14N between α and β sites in 
N2O (by mass spectrometry or IR spectroscopy). NMR study 
of 13C and D distributions in sugars, alkanes and other 
compounds suggest many more tools of this kind are possible. 
Application of NMR to geochemical problems is limited by 
large sample sizes (100’s of mg). We will present mass 
spectrometric methods for making such measurements on 
amino acids, alkanes and moities of larger organic compounds. 
These techniques demand careful study of source chemistry 
and are challenging to standardize, but provide a means of 
precise site-specific measurement of µm and smaller samples. 

811



 Goldschmidt2015 Abstracts  

 812 

How does river damming affect 
elemental fluxes to the oceans? 

EYDIS S. EIRIKSDOTTIR1, JORUNN HARDARDOTTIR2,  
ERIC H. OELKERS13, SIGURDUR R. GISLASON1 

1Institute of Earth Sciences, University of Iceland, Sturlugata 
7, 101 Reykjavik 

2Icelandic Meteorological Office, Bústaðavegur 9, 108 
Reykjavik  

3CNRS/UMR 5563, Université Paul Sabatier, 14 ave Edouard 
Belin, 31400 Toulouse, France 

 
Riverine transport of dissolved- and particulate material 

from the continents to the oceans is a major process in the 
global cycling of elements, such as essential nutrients. 
Damming of rivers changes the seasonality of the discharge 
and also the physical, chemical and biological properties of the 
water.  

During 2003 – 2007 the largest dam of its type in Europe 
was built in Jökulsá á Dal glacial river catchment in Eastern 
Iceland. The purpose was to make a reservoir for a 690 MW 
hydropower plant. Monitoring of the riverine fluxes of 
dissolved- and particulate elements started five years before 
the construction began and continued for five years after the 
construction was finished. This allowed the comparison of the 
elemental fluxes before and after the damming.  

Even though the seasonality of the fluxes has changed, the 
annual average flux of most of the dissolved elements is 
comparable to the one prior to damming. That is excluding the 
annual fluxes of dissolved Fe and Ti which are now 2 – 4 fold 
the before dam fluxes.  

Jökulsá á Dal is a glacial river loaded with sediments, of 
which, most is now accumulating in the reservoir. Indeed, the 
particulate flux is now only 15% of the flux prior to damming. 
These fine grained sediments, which are mostly basaltic glass, 
have high specific surface area, are highly reactive and 
dissolve fast in seawater. They carry large amounts of 
adsorbed elements on the surface which can become 
bioavailable when entering the ocean. Studies have shown that 
only if a small percentage of the particulate material dissolves 
after its arrival in the ocean it would dominate the flux of 
dissolved elements [1] and be the most important flux of 
nutrients to the costal water. The accumulation of the 
suspended material in the reservoir is therefore likely to 
diminish the riverine flux of essential nutrients to the coastal 
waters in Eastern Iceland.  
 
[1] Oelkers E.H., Jones M.T., Pearce C.R., Jeandel C., 
Eiriksdottir E.S, Gislason S.R.. Riverine particulate material 
dissolution in seawater and its implication for the global cycles 
of the elements. Comptes Rendus Geoscience, 344, 646-651. 
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Oxidation state of Fe and crystallization of precipitates 

within olivine phenocrysts from an olivine-basalt from 
Kuroshima volcano, Goto Islands, Nagasaki Prefecture, Japan, 
were investigated using electron microprobe analysis, 57Fe 
Mössbauer spectroscopy, Raman spectroscopy and 
transmission electron microscopy, to reveal the oxidation 
mechanism of olivine phenocrysts with decreasing temperature 
after the solidification of magma.  

Olivine phenocrysts in the Kuroshima basalt are apparently 
unaltered. The average Fo content of the olivine phenocrysts is 
76.2 mol%．The olivine phenocrysts  occasionally have 
precipitate minerals at their rims. The 57Fe Mössbauer 
spectrum of olivine separates consists of two doublets assigned 
to Fe2+ at the octahedral M1 and M2 sites, and a Fe3+ doublet at 
the M1 and M2 sites. The Fe2+:Fe3+-ratio is 90(5):10(1). 
Precipitates consisting of magnetite and enstatite-like pyroxene 
occur at the rims of the olivine phenocrysts, and grow parallel 
to the olivine c-axis. Moreover, clusters consisting of 
nanoscale domains of a few tens of nm in size occur in the host 
olivine. Their rounded form and appearance in transmission 
electron microscope images are similar to those of the 
magnetite precipitates, but have olivine structure and can be 
regarded as embryos of magnetite within the olivine. The 
coaxial relations of precipitates to host olivine reflect the 
crystallization process of precipitates from host olivine under 
cooling conditions after solidification of magma.  

813



 Goldschmidt2015 Abstracts  

 814 

The climate response of regional air 
pollution changes 

ANNICA M. L. EKMAN1, ACOSTA NAVARRO, J. C.2, 
VARMA, V.1, RIIPINEN, I.2, SELAND, Ø.3, KIRKEVÅG, A.3, 

STRUTHERS, H. 4, IVERSEN, T.3 AND HANSSON, H.-C.2 
1Department of Meteorology and Bolin Centre for Climate 

Research, Stockholm University, Sweden, 
annica@misu.su.se 

2Department of Environmental Science and Analytical 
Chemistry (ACES) and Bolin Centre for Climate Research, 
Stockholm University, Sweden 

3Norwegian Meteorological Institute, Oslo, Norway 
4National Supercomputer Centre, Linköping, Sweden. 
 

Emissions of aerosols and their precursors have due to air 
quality regulations drastically decreased at northern 
hemisphere mid-latitudes during the latest decades. At the 
same time, emissions in the tropics and subtropics have 
increased e.g. as a consequence of the strong economic growth 
in East Asia. Using the fully coupled ocean-atmosphere 
climate model NorESM, we assess the influence of these 
regional emission changes on the climate in different parts of 
the world, in particular the Arctic. Different mechanisms that 
couple the localized forcing with the corresponding 
temperature response are also suggested. Focusing on the 
European emission reductions of SO2 that have taken place 
since the 1980’s, a disproportionally large effect on the Arctic 
climate compared to the rest of the northern hemisphere is 
seen. Locally, the warming due to the decreased SO2 exceeds 
1K. The primary reason for this strong remote temperature 
response is an increased poleward dry-static heat transport, 
which is initiated by the enhanced meridional temperature 
gradient. The localized forcing from the reduced particulate 
sulfate at mid-latitudes also induces a shift in the stationary 
wave pattern, which promotes the increased northward energy 
transport. The results question the assumption that Arctic 
climate feedbacks are similar when subjected to an 
inhomogeneous forcing from aerosols as compared with a 
homogeneous forcing from greenhouse gases. 
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This study focuses on the Archean crust from the West 
African Craton in Mauritania (Amsaga area). The Amsaga 
Archean crust mainly consists of TTG and thrust-imbricated 
slices of mafic volcanic rocks, which have been affected by 
polymetamorphic events from the amphibolite to granulite 
facies.  

Here we report geochemical and Sm-Nd isotopic results on 
mafic rocks to identify their origin and to constrain their 
geodynamic setting. 

Two groups are distinct in their geochemical signatures. 
The first group are tholeiitic basalts, showing near flat to 
slightly fractionated LREE and HREE (La/SmN=  
0.8-2.2; Gd/YbN= 1.03-1.6). The second group are composed 
of enriched basalts and andesites, with LREE-enriched patterns 
and more fractionated LREE and HREE (La/SmN=  
3.7-4.6; Gd/YbN= 1.5-3.2). Both groups have negative Nb and 
Ti anomalies. We have obtained a whole-rock isochron 
indicating that these mafics rocks formed at 3.3 ±  0.27 Ga. 
They have positive εNdi values (+2.3 to +5.8), implying they 
were probably derived from a long-term LREE depleted 
mantle. 

These groups could be related to arc-like basalts, as they 
show many similarities with some Archean mafic rocks that 
probably formed in a supra-subduction zone. Different 
scenarios will be discussed with regard to the Archean 
geodynamics. 
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The ca. 3.53 Ga Toggekry Formation of the Nondweni 
Greenstone Belt (northern KwaZulu-Natal, RSA), consists of, 
mainly extrusive, mafic to felsic igneous rocks. More mafic 
samples (Group A: TiO2 0.8-1.2 wt.% , 1-5% MgO) have 
moderate LREE/HREE enrichment, indistinct  Eu anomalies, 
flat HREE patterns, and weak negative Nb-Ta anomalies in 
mantle-normalised trace element patterns. Intermediate 
samples (MgO 0.6-0.9, TiO2 0.3-0.4%; Group B) from the 
same area have higher L/HREE ratios (because of steeper 
HREE patterns and low Y), indistinct Eu anomalies and strong 
Nb-Ta anomalies. The most felsic and more northern group C 
has high HREE and Y (60-90 ppm), flat HREE patterns, 
Eu/Eu* =0.3-0.4 and no significant Nb-Ta anomalies. Despite 
these distinct elemental characteristics, the zircon εHfi values 
(and U-Pb ages) are indistinguishable for the three groups at 
ca. +1.5, with a depleted mantle extraction age of  
ca. 3.65-3.7 Ga. 

The Toggekry Group C is similar to ca. 3.54 Ga felsic 
Theespruit Fmt. samples (high HFSE), whereas Group B 
resembles 3.45 Ga Hooggenoeg Fmt. samples (HFSE 
depletion) from the Barberton Greenstone Belt. The three 
distinct geochemical groups within the Toggekry Formation 
cannot be related by fractional crystallisation from a common 
parental magma, but necessitate the involvement of distinct 
parental magmas. Modern tectonic environments in which such 
variable magmas can be found are volcanic arcs with localised 
rifting. 
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Critical Zone Evolution 
The Critical Zone (CZ) is the system of coupled chemical, 

biological, physical, and geologic processes operating together 
to support life at the Earth’s surface [1]. Within the CZ, 
geochemical weathering develops a zone of both elemental 
cycling and physical alteration leading to porosity and 
permeability variations. Understanding geochemical cycling 
within the CZ is integral to developing models of these 
variations. Most geochemical CZ studies, however, focus on 
shallow (< 2 m) investigations,  and do not penetrate the active 
weathering front.  In order to cultivate a understanding of how 
coupled biogeochemical and hydrological processes affect the 
transport of material through soil and weathing profiles, an 
evaluation of depth-dependent geochemical processes in deep 
weathering profile is needed.  

 
Study Questions and Methodological Approach 
Samples of weathered material from five boreholes, 7.3 to 

13 m in depth, on contrasting hillslope aspects in the Gordon 
Gulch watershed of the Boulder Creek Critical Zone 
Observatory were collected. Analysis of these samples using: 
(1) x-ray diffraction, (2) total organic carbon, (3) sequential 
extractions, (4) bedrock petrography, and (5) qualitative 
analyses, will provide insight into coupling of hydrologic, 
geologic, and biological processes that take place in the active 
weathering front, encompassed within the CZ. Depth-
dependent mass transport of elements within the heterogeneous 
weathering profile will be calculated and correlated to observe 
biogeochemical characteristics.  

Results from this study will provide a better understanding 
of overall CZ evolution in mountainous watersheds. Expected 
outcomes for this project are: (1) continuation of significant 
geochemical weathering processes at depths below 2 m, and 
(2) deeper sustainment of the weathering front on south-facing 
slope. 
 

[1] Anderson (2007) Elements 3, 307-314. 
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Palaeohydrological studies typically interpret shifts in 
sedimentary n-alkyl lipid δ2H signals as evidence of changes in 
the δ2H of precipitation and/or aridity. This approach 
implicitly assumes that any temporal shift in plant species, 
which vary isotopically and in the amount of n-alkyl lipids 
they produce, is insignificant compared with the environmental 
δ2H signal. The purpose of this contribution is to assess the 
potential impact of plant community change on sedimentary n-
alkyl δ2H values, and evaluate methods for detecting and 
quantifying these vegetation shifts. 

Firstly, we formulated a conceptual model to investigate 
the potential influence of vegetation change on the δ2H signal 
of the n-C29 alkane incorporated into sediments at Stiffkey 
saltmarsh, Norfolk, UK. Secondly, we evaluated whether n-C29 
δ13C values could detect changes in vegetation inputs to the 
marsh sediments. Finally, we considered whether a 
concentration-weighted isotope mixing model could identify 
and quantify vegetation shifts in the n-alkane record from a 
~500yr old sediment core from Stiffkey. 

Results from the conceptual model suggested that 
vegetation change alone could drive shifts of up to 40‰ in the 
δ2H signal of n-C29 incorporated into sediments, with n-C29 
δ13C values unable to identify inputs from the different C3 
plants at the marsh. Sediment core n-C29 δ2H values showed a 
positive shift of 50‰ between 1630 and 1820, with an 
associated change of <1‰ in δ13C. The isotope mixing model 
identified changing plant inputs down-core that coincided with 
this 2H/1H excursion. As large-scale hydrological trends during 
this period are unlikely to fully account for this shift, we 
conclude our sedimentary δ2H record has been strongly 
influenced by changes in marsh vegetation cover.  

These findings highlight that plant community change can 
play an important role in controlling sedimentary n-alkyl δ2H 
signals. Further, our results suggest that linked analysis of 
sedimentary n-alkyl δ13C values may not detect vegetation 
shifts, especially in settings where C3 plants dominate. New 
integrative approaches are therefore required to ensure that the 
role of plant community change can be fully accounted for 
when interpreting the sedimentary n-alkyl 2H/1H record.  
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The stepwise dissolution of primitive chondritic meteorites 

allows to investigate component-specific nucleosynthetic 
anomalies that are otherwise hidden on the bulk rock scale. 
Here, we present combined Hf and W isotope data for acid 
leachates of several primitive chondrites, also including some 
of the first sufficiently precise analyses of p-process 174Hf and 
180W. 

For sequential leaching experiments, sample powders were 
first treated with 6M HCl and divided into leachate and residue 
fractions. The residues were further treated with 3:1 HNO3:HF. 
The remaining residues were finally digested in 1:1 HNO3:HF 
using Parr® pressure vessels for 4 days at 180°C. 

Hafnium and W were separated from the same sample 
matrices using cation and anion exchange chromatography. 
Tungsten was subsequently purified on TEVA resin, and Hf 
was further purified using LN resin. Measurements were 
performed on a Neptune MC-ICP-MS at Cologne-Bonn. For 
collection of small ion beams, amplifiers with 1012Ω resistors 
were employed. The external reproducibilities (2 SD) were 
typically < 60 ppm for 174Hf (60 ng Hf) and < 50ppm for 180W 
(50 ng W).  

Our data reveal Hf and W isotope compositions that agree 
with variable contributions from s- or r-process material, 
consistent with results of [1] and [2]. In terms of p-process 
isotopes, no resolvable anomalies in 174Hf were found, whereas 
significant positive and negative 180W anomalies relative to the 
terrestrial standard are resolved for most of the leachates and 
residues. The 180W anomalies cannot be explained by variable 
contributions of radiogenic 184Os [3]. The observed dichotomy 
between 174Hf  and 180W possibly points towards different 
carrier phases for p-process Hf and W. 
 
[1] Qin L. et al. (2011) GCA, 75, 7806-7828. [2] Burkhardt C. 
et al. (2012) AJL, 753, L6. [3] Peters S. et al. (2014) EPSL, 
391, 69-76 
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The cobalt ores of Bou Azzer are associated with the 

Precambrian green stone belt along the southern Moroccan 
Atlasic fault. It is was mined from 1930 and has yielded 
approximately 70000 t of Co and about 5 t of gold. Currently, 
the Managem Group has an annual production capacity of 
2500 t metal cobalt 10000 t arsenic, 300 t metal nickel and  
250 kg of gold. The cobaltiferous mineralization occurs in the 
form of lodes and pockets at the contact of serpentinite and 
quartz-diorite, mainly consists of arsenides, sulfarsenides of 
[Co-Ni-Fe] and sulphides. Gangue minerals are quartz, calcite, 
dolomite, chlorite and rutile. Whole rock analyses of ore 
samples from different mines of the Bou Azzer district show 
that gold is irregularly distributed in the ores (0.5-49 g/t Au). 
Maximum contents of Ag, Pt and Pd are 338 g/t Ag, 43 mg/t Pt 
and 45.2 mg/t Pd, gold contents are between 0.5–50 g/t. In ores 
of the western part of the district, native gold inclusions  
(5–50µm) are found in skutterudite, chalcopyrite, cobaltite, 
gersdorffite, rammelsbergite, and molybdenite associated with 
brannerite-uraninite. In ores of the eastern part (F51-F53), two 
type of gold are observed: (i) Primary gold (2–15 µm) 
associated to niccolite and rammelsbergite (ii) abundant free 
grains of gold (5–50µm) occurs with (oxides-chlorite) 
disseminated in listwaenite rock; this gold is probably related 
to a late remobilisation phase along fracture zones. Gold 
analyses in electron-probe micro-analysis show a wide range of 
compositions [7-83.78 wt.%Ag] and up to 8.03 wt.% Hg.  
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Unequilibrated Enstatite Chondrites (EH3&EL3) evolved 
from a source region with high C/O ratio (> 0.83). The nature 
of their birth place and mode of formation is controversally 
debated i. e., either as solar nebula condensates (SCON), or by 
impact melting (IM) in parental asteroids. These contrasting 
mechanisms would imply different mineral inventories, 
cosmochemical signatures, and would leave isotopic signatures 
undisturbed (in SCON) or alternatively homogenized (IM). We 
report mineralogical, cosmochemical and nanoSIMS isotopic 
results from primitive EH3s and the EL3s MS-17 and MS-177 
(TC3 asteroid) fragments. EH3 chondrites contain a menagerie 
of sulfides consisting of FeS, niningerite (Mg Fe Mn)S, 
djerfisherite, sphalerite, minor oldhamite (CaS), FeNi metal 
and graphite. Growth zoning in (Mg Fe Mn)S to contacting 
FeS reveals a dichotomy of trends: (1) normal (FeS decrease) 
& (2) reverse (FeS increase) latter attesting thermal events in 
different asteroids. 129I/129Xe dating of djerfisherite in the most 
primitive EH3 ALHA77295 indicates an age comparable to 
oldest age of chondrules in E-chondrites (4564.2 ± 1.1 M.a; 
King et al., 2013). Mineral inventory in EL3, in contrast 
consists of FeS, alabandite (Mn Fe Mg)S, sphalerite oldhamite. 
enstatite, FeNi metal and idiomorphic sinoite. Growth 
sequence of earliest condesates is oldhamite-sinoite-graphite 
thus indicating increase in C/O ratio after sinoite. REE 
inventory of CaS in EH3 depicts positive Eu and Yb 
anomalies. The pattern in EL3 is in contrast, flat with a 
negative Eu anomaly suggesting a different source region. 
NanoSIMS study of graphite various morphologies indicates 
clear dichotomy in δ13C and δ15N signatures in the same EL3 
chondrite. Our results clearly negate the (IM) origin for both 
EH3 and EL3. 
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A recent development in isotope ratio measurement has 

been the quantification of very small isotopic variations 
associated with doubly-substituted isotopologues. The integrity 
of ion beams at such low abundances is often compromised by 
isobaric contaminants and adducts with equivalent nominal 
mass. Resolving such interferences by increased mass 
resolution allows accurate quantification of low abundance ion 
beams. 

The first of the next generation ThermoFisher Scientific 
253 Ultra mass spectrometers will be delivered to SUERC in 
June 2015. The new instrument is a high resolution double-
focusing IRMS.  This instrument achieves mass resolving 
power of >>18,000 (M/ΔM, 5%, 95 % definition) and can 
analyze a wide range of diverse gases and semi-volatile 
compounds by dual inlet sample introduction. 

The 253 Ultra has an advanced variable multi-collector 
array with 7 detector positions. 6 of the collectors can be 
moved automatically to allow simultaneous acquisition of the 
required masses in complex isotopologue systems. The 
collector array combines faraday detectors, electron multipliers 
and a high performance RPQ lens with the faradays having 
matrix switchable amplifiers (1010, 1011, 1012 gain), which can 
be deployed in variable relative mass configurations. A 
dynamic range of at least 10 orders of magnitude is thus 
available. 

We report initial results from the new instrument which 
incorporates advanced design features that differ from the 
prototype CalTech 253 Ultra. New workflow oriented Qtegra 
software facilitates data evaluation and data acquisition for  
direct molecular isotope ratio analysis. 

The 253 Ultra enables previously impossible isotopic 
analyses of gases and volatile organics and their fragment and 
adduct ions, such as: δ13C, δD and 13CH3D of methane; δ13C of 
propane and many of its fragments (enabling position-specific 
13C determination); direct analysis of e.g. δ15N, δ17O, δ18O and 
15N-18O ‘clumping’ in N2O and its fragments free of isobaric 
interferences. 
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Archaeal glycerol dibiphytanyl glycerol tetraether (GDGT) 
membrane lipids are ubiquitous in the environment. They are 
used both as biomarkers for the abundance of living archaea 
and in the reconstruction of past sea surface temperatures using 
the TEX86 proxy. However, widely observed discrepancies 
between in situ and TEX86 temperatures in the marine water 
column indicate that the physiological and ecological controls 
on lipid composition in planktonic archaea are still poorly 
understood. Moreover, the relative contributions of Eury- and 
Thaumarchaeota to the total GDGT signal remain 
controversial.   

Here, we demonstrate that the responses of membrane lipid 
compositions, and resulting TEX86 values, to growth 
temperature strongly diverge in three closely related 
thaumarchaeal pure cultures, including Nitrosopumilus 
maritimus and two novel isolates from South Atlantic surface 
water. Moreover we show that GDGT composition in N. 
maritimus depends on growth stage, growth rate, and pH, but 
not on salinity. This indicates that the TEX86 paleotemperature 
proxy is not solely dependent on temperature, but amalgamates 
several physiological and environmental factors such as 
phylogenetic composition and metabolic state of marine 
archaeal communities.  

In order to identify diagnostic lipid biomarkers for the 
activity and abundance of specific archaeal clades, we studied 
the lipidomes of >30 cultivated representatives of the three 
major archaeal phyla Eury-, Cren-, and Thaumarchaeota using 
novel, comprehensive analytical protocols. We identified 
respiratory quinones that are involved in cellular energy 
transfer in Thaumarchaeota, as well as the unique membrane 
lipid methoxy archaeol. We demonstrate that these novel 
biomarkers are well suited for tracing the presence and activity 
of planktonic Thaumarchaeota independently from GDGTs, 
thus offering high potential for distinguishing thaumarchaeal 
and euryarchaeal sources of GDGTs. 
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MC-ICPMS has revolutionised isotope ratio mass-

spectrometry but remains critically limited in some 
applications as a result of spectral interferences.  Isobars from 
common plasma gas species and matrix elements during laser 
ablation can present a major challenge to exploiting the full 
potential of MC-ICPMS. Collision cells offer an ability to 
minimise this persistent problem.  Conditions within the 
collision cell can be set to remove interferences by destruction 
of molecular ions, charge exchange or preferential reaction to 
form new species with different masses.  Yet, collision cells 
have largely been in the domain of quantitative trace elemental 
analysis, used to generally improve signal to noise rather than 
in isotopic work, where specific reactions schemes can be 
carefully tailored to the individual isotope system under 
investigation. A collision cell was used as an intrinsic 
focussing element in an early MC-ICPMS design.  However, 
full flexibility to adjust optimally a collision cell requires that 
it is independent from the main mass analyser. We will present 
the development of “Proteus”, an instrument designed to thus 
incorporate collision cell functionality into isotope ratio mass-
spectrometry.  We have coupled components from the Thermo 
Fisher Scientific iCAP Q with the Thermo Fisher Scientific 
Neptune Plus.  We have been able to marry this low energy 
introduction system to the isotope ratio analyser without 
dramatic loss in transmission and maintain isotope ratio 
stability within the specification of the Neptune.  We will 
demonstrate the capability of the collision cell in removing 
major interferences and further expound on the design concept 
behind the instrument and the additional possibilities it offers.  
The use of a laser ablation introduction system with the 
Proteus promises to push the envelope of in situ isotope ratio 
measurements. 
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A large mass difference between isotopes and high affinity 
for fluids have made lithium an increasingly well-studied 
element. For investigating magmatic and deeper processes, 
such properties are both the blessing and the curse of Li. In 
volcanic systems, all effusive deposits, and many explosive 
deposits, reside on the surface  after emplacement at high 
temperatures for an extended period. During this time, both 
degassing and crystallisation are ubiquitous.  

To investigate the effect of such post-eruptive processes on 
the Li within rhyolitic deposits, we studied a number of welded 
ignimbrites from the Yellowstone province. These welded 
ignimbrites, which were emplaced at high temperature, show 
quenched glassy margins at the top and base (where the deposit 
rapidy cools against the ground and air) and a microcrystalline 
interior, which experienced slower cooling rates. By 
comparing the vitrophyres with the crystalline interior of the 
same units, we can understand the behaviour of Li in the post-
depositional realm.   

In terms of bulk abundances, crystalline samples have less 
Li than glassy samples (21 vs. 16 ppm). Feldspar (both 
plagioclase and sanidine) is consistently higher (2x to >7x) in 
Li in the microcrystalline samples than in the glassy samples 
from the same unit, yet identical in all other trace elements.   

Bulk samples from the crystalline rhyolite have much 
higher δ7Li than those from the glassy portions (δ7Li 14.4‰ 
vs. 7.6‰) with groundmass mimicking this behaviour. By 
contrast, plagioclase in the crystalline portion (which are 
enriched in Li) are isotopically lighter than their glassy 
counterparts (δ7Li 1.8‰ vs. 5.5‰).     

Taken together, we interpret these results as reflecting the 
post-eruption redistribution of Li driven by degassing of the 
deposit and crystallisation of a rhyolitic melt on the surface. 
These results illustrate the effects of post-depositional 
processes in modifying both the distribution of Li within a 
sample and the isotopic compositions of different portions of 
the same sample (e.g. feldspar vs. groundmass). We suggest 
that, when sampling volcanics for Li isotopes, glassy materials 
provide the best proxy for the distribution of Li when the 
material left the vent.  

825



 Goldschmidt2015 Abstracts  

 826 

Crystal chemistry of Fe-serpentines in 
chondrites: A nanoscale study 
A. ELMALEH1*, F. BOURDELLE2, F. CASTE1,  

K. BENZERARA1, H. LEROUX3 AND B. DEVOUARD4 
1IMPMC, Sorbonne Univ., UPMC, CNRS, MNHN, IRD 
2LGGgE, Univ. Lille 1 
3UMET, Univ. Lille 1, CNRS 
4CEREGE, Aix-Marseille Univ., CNRS 
(*Correspondence: Agnes.Elmaleh@impmc.upmc.fr) 
 

In this study, we focus on the parameters controlling the 
formation of serpentines in chondrites, based on a nanoscale 
investigation of their crystal chemistry. Carbonaceous 
chondrites are fragments of undifferentiated small bodies 
formed in the outer solar system. Extensive water-rock 
interactions took place at early stages of their formation. In 
CM chondrites, such as Murray, they resulted in a special case 
of serpentinization, which produced Fe2+,Fe3+ - rich 
serpentines. The mechanisms controlling Fe oxidation and the 
compositional variations (Fe, Mg, Al contents) of serpentines 
are poorly understood. To address these questions, nanoscale 
investigations are required given the small size of the 
crystallites. Here we used TEM and STEM-EDS combined 
with STXM-XANES at the Fe L2,3-edges. We measured the 
angular dependence of XANES in reference single crystals of 
Fe-rich serpentines, so that orientation effects could be taken 
into account in meteorites, by combining XANES and electron 
diffraction. We focused on an altered primary component of 
the Murray chondrite. We show that strong redox, chemical 
and structural disequilibria characterize the alteration 
assemblages, and a multi stages fluid circulation history is 
documented. From this study, we propose mechanisms that 
may have played a role in the early formation of (Fe2+,Fe3+)-
rich serpentines documented in CM chondrites, as well as in 
their transformation with on-going alteration towards Fe-
poorer compositions inferred from previous petrologic, 
mineralogical and magnetic studies. 
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Rains and drizzle represent an important element in self-
cleansing process of the atmosphere. Scavenging of the 
atmospheric gaseous pollutants by rain droplets is the result of 
gas absorption mechanism [1]. In the present work we analyze 
an influence of concentration and temperature inhomogeneity 
in the atmosphere, rain droplets evaporation and radioactive 
decay of soluble gases on the rate of trace gas scavenging by 
rain. We employ a one-dimensional model of precipitation 
scavenging of radioactive soluble gaseous pollutants that is 
valid for small gradients and non-uniform initial vertical 
distributions of temperature and concentration in the 
atmosphere, assuming that conditions of equilibrium 
evaporation of rain droplets are fulfilled. It is showed that 
transient altitudinal distribution of concentration under the 
influence of rain is determined by linear wave equation that 
describe propagation of scavenging wave front. The obtained 
equation is solved by the method of characteristics. 
Scavenging coefficients and the rates of precipitation 
scavenging are calculated for wet removal of gaseous Iodine-
131 and tritiated water vapor (HTO) for exponential initial 
distribution of trace gases concentration in the atmosphere and 
linear temperature distribution. Theoretical predictions of the 
dependence of the magnitude of the scavenging coefficient on 
rain intensity for tritiated water vapor are in good agreement 
with the available atmospheric measurements. 

 
[1] Elperin et al (2015) J Environ Radioact 143, 29-39. 
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Variations in carbon and oxygen isotope ratios in cave 
carbonate deposits (stalagmites, stalactites, and flowstones) 
have been widely used as paleoclimate proxies. Carbon 
isotopes are used to infer changes in vegetation types (i.e. C3 
and C4) or vegetation intensity above caves in the past, 
whereas oxygen isotopes have been interpreted as a 
paleotemperature and/or paleorainfall proxy. A critical 
assumption  of these proxies is that cave carbonates have been 
deposited under isotopic equilibrium conditions and have not 
been modified by any kinetic effects during their formation. 
Unfortunately, no definite geochemical method exists to verify 
isotopic equilibrium in ancient cave carbonates. For example, 
the Hendy test has been criticized for its inability to identify 
isotopic disequilibrium conditions [1]. Similarly, the 
Replication test [2] may falsely indicate isotopic equilibrium 
when two (or more) cave carbonate samples have experienced 
a similar magnitude of kinetic effect.  Moreover, there are still 
difficulties using the recently developed carbonate clumped 
isotope thermometer to examine isotopic equilibrium in cave 
carbonates due to discrepancies among the existing 
calibrations, and analytical challenges. Consequently, climatic 
and non-climatic isotope signals in cave carbonates are hard to 
differntiate and quantify. 

We simulated the growth of cave carbonates under tightly 
controlled conditions (e.g., temperature., relative humidity, 
solution chemistry, and drip rate) in an artificial cave in order 
to characterize isotopic equilibrium/disequilibrium conditions 
in natural caves. Our data demonstrates that kinetic effects can 
obscure the climatic isotope signals for both carbon and 
oxygen, producing offsets as large as 25 ‰ and 3 ‰ in δ13C 
and δ18O, respectively. Key mechanisms for these kinetic 
effects were investigated in our experiemnts, allowing us to 
identify a datum for isotopic equilibrium conditions in caves.  
 
[1] Mickler et al. (2006) Geological Society of America  
Bulltien 118, 65–81. [2] Dorale & Liu (2009) Journal of Cave 
and Karst Studies. 71, 73–80. 
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In erosionally active mountain belts, individual, stochastic 

drivers of erosion such as intense rain storms or earthquakes 
can have observable effects on the sediment budgets of 
affected catchments. However, the chemical weathering impact 
of these events is often difficult to disentangle from a 
background signal. In this contribution, we demonstrate that 
the landslides generated by Typhoon Morakot in 2009 in 
Southern Taiwan systematically increase the solute outputs of 
affected catchments as a result of rapid weathering within the 
landslide deposits. 

Previous work in Taiwan and New Zealand has 
demonstrated the role of landslide deposits as sites of rapid 
weathering; the geometry of the landslide scars and deposits 
acts to collect and funnel water into the deposits, which have 
high internal surface areas composed primarily of fresh 
material, resulting in rapid weathering. The large scale effect 
of this weathering in many cases results from long term 
accumulation of landslide deposits, rather than a single event.  

Typhoon Morakot, however, generated approximately 
25000 landslides, totalling 274km2 in a 7811km2 study area 
(Lin et al. 2011), and represents one of the most dramatic 
erosional events of recent times. We sampled major rivers in 
the Southern part of Taiwan with variable landslide erosion 
resulting from the typhoon to assess the affect of the landslides 
on the solute budgets on a large scale. We also sampled 
seepage from 32 individual landslide bodies to assess the role 
of landslide size on chemical output. Using examples from the 
Taimali river in South-East Taiwan, we show that the impact 
of a single erosive event on dissolved loads can be 
distinguished at a range of scales, from individual landslides to 
streams of both small (1-10km2) and large (>100km2) upstream 
area. 

Linking average climatic conditions and weathering may 
occlude the ties between these extreme weather events that 
often drive erosion and the resultant weathering, and we 
suggest that observation of rapidly-eroding catchments over a 
full range of climatic variability is important to characterise 
weathering. 
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The flux of biologically-produced organic carbon from the 
surface ocean (the biological pump) plays an important role in 
maintaining the pCO2 of the atmosphere and the oxygen 
content within the ocean interior.  Evaluating this flux and the 
mechanisms controlling it are necessary to determine marine 
carbon cycle feedback to climate change.  The three primary 
methods for determining the biological pump: field 
measurements, satellite remote sensing, and global climate 
models suggest different geographic distributions of the flux. 
The accuracy of model and remote sensing results can be 
judged against field measurements with the assumption that 
annual net community production (ANCP) is equal to 
biological carbon export on time scales of a year or more. Field 
determinations made so far indicate much less geographic 
variability of the biological pump than satellite-derived fluxes, 
but annual measurements are not presently sufficient in 
number or geographic distribution to provide credible 
calibration.  One approach for expanding the number of field 
estimates of the biological pump is to determine the net annual 
biological oxygen production using upper-ocean oxygen mass 
balance and assume that the biological oxygen to carbon 
production ratio is 1.45.  Profiling floats with oxygen sensors 
are a feasible, affordable method for increasing the number of 
oxygen time-series locations if accurate in situ measurements 
can be made.  We show that in situ calibration of O2 sensors 
improves accuracy enough that it is possible to determine net 
annual biological oxygen production in a wide variety of 
productivity regimens of the world’s oceans. 
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Many fault surfaces have a polished, glossy appearance 
that is due to the presence of a thin layer of particles that forms 
during slip. Such layers are often less than 1 micron thick, and 
calculations based on the reaction rates for carbonate minerals 
indicate that these layers should weather away over relatively 
short times scales of months or years. However, in many cases 
polished fault surfaces are much older than this, suggesting 
that they could be resistant to weathering. In this study, we use 
atomic force microscopy experiments to determine the 
dissolution rates and patterns of polished fault surfaces. Our 
results demonstrate that these natural "fault mirrors" do in fact 
dissolve more slowly than artificially polished surfaces 
prepared from the same bulk rock. Furthermore, naturally 
polished surfaces dissolve by horizontal peeling, in contrast to 
the artificially polished samples that dissolve perpendicularly 
to the surface. Transmission electron microscopy and 
Rutherford backscattering spectrometry reveal that the layer is 
typically 150-600 nm thick, and comprises a mixture of nano-
scale particles comprising carbonate minerals and silica, and 
possibly clays and Fe-oxides as well. Our results suggest that 
such natural nano-composites could play an important role in 
controlling the weathering rates of rocks under field 
conditions, and might even be used to constrain the timing of 
seismic activity along faults.  
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Biomass burning activities are wide-spread across the earth 
and are the main source of carbonaceous aerosol particles. The 
resulting smoke particles exert significant adverse effects on 
human health, air quality, and climate. Peat lands are 
particularly important source regions of biomass smoke.  

As part of this study fine particulate matter (PM2.5) samples 
were collected in a peat bog region north of Moscow, Russia, 
and concurrently at an urban location in Moscow. Aside from 
selected physical and optical aerosol properties, detailed 
chemical speciation of the PM samples was conducted, 
comprising the quantification of molecular source tracers for 
biomass burning (levoglucosan and mannosan) and other 
carbonaceous species, as well as functional group analysis by 
FTIR. 

Measurement of chemical composition and physical 
properties of smoke emissions from smoldering burns in peat 
bogs is reported here for the first time. The organic carbon 
content in the near-source smoke particles was high, with a 
large contribution of light-absorbing compounds (i.e., brown 
carbon). Transport of peat smoke to downwind regions, 
specifically to the Moscow metropolitan area was observed 
during a haze episode, which resulted in enhanced fine particle 
mass concentrations, and was confirmed by high 
concentrations of biomass burning tracers, such as 
anhydrosugars. This study demostrated that peat fires can 
produce large amounts of smoke which can be transported to 
urban areas and thus cause harm to human and environmental 
health. 
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A sediment core of 4m depth covering a timescale from 

present to  ̴5.400 years ago was collected from Guanabara Bay, 
Brazil and it was analyzed in order to evaluate its microbial 
activity. Sediment was analyzed for some aminoacids, total 
hydrolysable amino sugars, vegetative cells and endospores 
numbers, and amino acid enantiomers (D- and L-form) of 
aspartic acid. Diagenetic indicators were applied to evaluate 
the degradation status of the sedimentary organic matter. The 
contribution of amino acids to total organic carbon and the 
ratios between specific amino acids and their non protein 
degradation products indicated increasing degradation state of 
the organic matter with sediment depth and age. Microbial 
necromass was the dominant amino acid pool contributing with 
a mean of 99.1%.  The turnover times of microbial necromass 
were in the range of 74 – 200 years and the turnover times of 
vegetative cells were in the range of 0.7 to 2.9 years. The 
microbial activity is low, being higher near the top of the core. 
The turnover times of the TOC pool increased with depth 
which indicates that TOC pool became progressively more 
refractory and unavailable to microorganisms with organic 
matter depth and age. 
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Gaseous elemental mercury is the dominant form of 
mercury in the atmosphere. Its oxidation into gaseous and 
particulate forms is thought to drive atmospheric mercury wet 
deposition to terrestrial ecosystems. The importance of gaseous 
elemental and oxidized mercury dry deposition is less well 
understood. We examined Hg mass balance and Hg stable 
isotope composition in a forested peat bog ecosystem, the Pinet 
bog in the French Pyrenees. We find that isotope signatures of 
living sphagnum moss, recently accumulated peat, and 
atmospheric Hg forms allow us to distinguish wet from dry Hg 
deposition. Sphagnum covered by UV-transparent and opaque 
glass surfaces, which eliminate wet deposition, confirm the 
observations. Similar isotope effects have been previously 
observed in a forested ecosystem. Together these findings 
suggest that Hg isotopes can be used to quantify Hg wet and 
dry deposition to terrestrial ecosystems. 
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Whilst the oral ingestion pathway has been the focus of 
much research attention, the development of in-vitro inhalation 
models are far less advanced despite increasing 
epidemiological, animal toxicological and in vitro studies 
indicating that it is the chemical composition, as well as the 
physical presence, of inhaled particles that plays a major role 
in associated toxic, carcinogenic and other related health 
effects. Modelling the lung environment is highly complex. 
With respect to the inhalation exposure route, a particle may 
reside in one of at least two ‘compartments’; the extracellular 
environment typified by lung fluid of neutral pH, and the more 
acidic environment within macrophages. In this paper we 
consider the range of parameters that require detailed 
consideration if we are to get anywhere near achieving 
adequate conservatism, robustness and applicability over a 
range of inhaled materials,  whilst maintaining the same degree 
of physiological relevance as achieved by the unified BARGE 
protocol for oral bioaccessibility [1].  Here we report on a 
method for assessing the inhalation bioaccessibility of Pb in 
the PM10 size fraction using an in vitro simulated epithelial 
lung fluid to represent the extracellular environment of the 
lung [2], and its application to a range of urban soils and 
mining waste. A comparison is made with the results of a study 
modelling aqueous chemistry in these environments, allowing 
the main metal species and their concentrations to be predicted. 
 
[1] Wragg et al. (2009). British Geol Survey open report, 
OR/07/027 [2] Boisa et al. (2014). Env Int, 70, 132–142. 
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The Oligocene Loučná Intrusive Complex (LIC) belongs to 
important Cenozoic magmatic/volcanic activity associated 
with the formation of the Eger Rift system. Three groups are 
distinguished in LIC: (i) P-rich foidites (>3 wt.% TiO2, >0.7 
wt.% P2O5, ∑alk = 7–10 wt.%), (ii) highly alkaline (∑alk = 8–
13 wt.%) foidites with low MgO (<3 wt.%); (iii) phonolites 
and tephriphonolites with high alkalis. The suite shows 
remarkable decrease of P2O5, TiO2, FeOt with MgO depletion, 
implying an important role of fractionation of apatite, titanite 
and perovskite, which are abundant in (i). Nickel, V, Cr, HFSE 
and ∑REE contents decrease from (i) to (iii) and, in particular 
HREE+Y show an abrupt depletion in (iii), as apparent from 
primitive mantle normalized LaN/YbN (15–32 for (i) and (ii) 
while 40–235 for (iii); [1]). Lithium, Rb, Ba, Sr and Pb show 
generally incompatible behavior.  

Initial 87Sr/86Sr data show a very constrained range from 
0.7037 to 0.7039 despite the range in elemental contents. 
These observations support a strictly closed-system behavior 
of the whole suite during magmatic stage. Preliminary δ7Li 
values show a large range (−1.2 to 9.0‰). Interestingly, the 
variation in δ7Li does not follow chemical and/or petrological 
trends, indicating at least some open-system process. This is 
re-inforced by negative correlation between δ7Li and [Rb], 
implying ingress of Rb-rich fluids with progressively light Li, 
perhaps of crustal origin. 

The Sr isotope ratios fall within a range of European 
cenozoic primitive melts [2], confirming mantle origin of the 
suite. On the other hand, its major and trace element 
fingerprint is distinct from other alkaline series within 
Bohemian Massif neovolcanics [3], only slightly resembling 
some members of the nearby (open system) Doupovské Hory 
intrusion [4]. 
We acknowledge support from the Czech Science Foundation 
grant P210/12/1990. 
 
[1] Lustrino & Wilson (2007) Earth-Sci Rev 81, 1–65; [2] 
McDonough & Sun (1995) Chem Geol 120, 223–253; [3] 
Ackerman et al (2015) Lithos, 224-225, 256–271; [4] Holub et 
al (2010) J Geosci 55, 251–278 
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The relationships between tectonic, erosion and climate 

control the transport and transformation of the sediments and 
can be schematically summarized as the competition between 
erosion and weathering rates. Generally, these processes are 
determined by chemical, and sometimes isotopic, mass budgets 
from river waters, soils and/or sediments. However, the 
chemical heterogenity of the parent material, even at the 
weathering profile scale, often hampers accurate determination 
of the weathering rates. 

In the present study, we explore whether B isotopes (δ11B) 
in soils and river sediments can record the mechanisms and 
forcing parameters of the weathering reactions. The key idea is 
based on the observation that cogenetic silicate minerals have 
very similar δ11B signatures and that isotopic fractionation only 
occurs during precipitation of secondary products [1]. Thus, 
we anticipate that the δ11B in coarse minerals reflects the 
source of sediments whereas the δ11B in clay fractions is 
controlled by the weathering regime. Following this model, we 
compare the δ11B in different grain size fractions (bulk sample, 
clay-sized and coarse fractions) from various 
geomorphological settings: forest soils, supended sediments 
from Himalayan rivers and paleochannel sediments from 
southest Australia. 

In forest soils or suspended sediments from active river 
channels, constant δ11B values in the coarse fractions indicate a 
petrographically unique source for the particles. By contrast, 
the δ11B in coarse fractions of sediments from Australian 
paleochannels (deposition ages: 0-100 kyr) display evidence of 
slow but regular variations that can be interpreted either as a 
change of the sources supplying the sediments or post-
depositional weathering. In all systems, δ11B in clay fractions 
significantly differ from those in the coarse ones. Comparison 
of the δ11B variations between coarse and clay fractions with 
major and trace data could help determining the conditions and 
intensity of the weathering reactions. 

 
[1] Lemarchand, D., et al. (2012) Geochim Cosmochim Ac 98, 
78–93. 
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Experiments on the benthic foraminifera Amphistegina 

lobifera and A. lessonii, demonstrate that Li/Ca and δ7Li in 
their shells allow good estimates of the seawater dissolved 
inorganic carbon [1]. The chemical and isotopic behaviour of 
these proxies are inherently connected to the biomineralization 
mechanisms of these organisms. Ca2+ is obtained directly by 
endocytosis (vacuolization) of seawater while the CO3

2- is 
obtained by a carbon concentrating mechanism (CCM). This 
CCM involves pH elevation in the vacuoles mediated by 
Na+/H+ transporter and CO2(aq) diffusion into the alkaline 
vacuoles. Li+ follows Na+ and when DIC is low this transporter 
brings more Li with low δ7Li into the vacuoles. At higher DIC 
levels the Li/Ca decreases and δ7Li is higher. These proxies are 
thus recorded in the foraminiferal shells according to the DIC 
levels in the seawater. 

Using both δ11B and δ7Li we can now estimate both the 
DIC level of the past ocean and its pH and calculate CO2(aq) and 
atmospheric pCO2. Existing records of δ7Li in foraminifera 
agree with our pCO2 estimates.  
 

[1] Vigier Nathalie, Claire Rollion-Bard; Yael Levenson; 
Jonathan Erez, (2015) Lithium isotopes in foraminifera shells 
as a novel proxy for the ocean dissolved inorganic carbon 
(DIC), CR Geoscience 
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Systematic changes in seawater chemistry over the 
Phanerozoic have been linked to changes in biomineralization 
and global climate change. These changes are measured 
primarily in biogenic carbonate, evaporite minerals, or calcite 
veins in the oceanic crust. Each has its limitations. This study 
explores the use of trace element and isotopic ratios in 
authigenic carbonate as a new proxy for seawater chemistry. 

As carbonate hardgrounds form rapidly in shallow marine 
settings, their composition should reflect that of seawater. 
Carbonate hardgrounds from seven time intervals over the 
Phanerozoic were investigated for magnesium/calcium 
(Mg/Ca) and strontium/calcium ratios (Sr/Ca), strontium 
isotopes, carbon and oxygen isotopes, and limited clumped 
isotopic analysis.  All seven studied intervals fall on the 
strontium isotope curve for the Phanerozoic and clumped 
isotope analysis supports the lack of meteoric or later stage 
diagenesis in these samples. 

Our results show that the most pristine authigenic 
carbonate within the carbonate hardgrounds records changes in 
seawater Mg/Ca throughout the Phanerozoic, with low Mg/Ca 
in the Mesozoic and early Paleozoic, transitional values during 
the Carboniferous, and higher Mg/Ca in the modern ocean. 
Sr/Ca ratios are consistent with other proxies back to the mid 
Mesozoic and remain low during the Carboniferous, 
Ordovician, and Cambrian. These results support the 
measurement of authigenic carbonates, particularly in 
carbonate hardgrounds, as an exciting new proxy to extend our 
records of seawater chemistry. 
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To define the spatial variability of base cation (BC) supply 
from weathering on a hillslope scale we investigated three sets 
of weathering equations of varying complexity: PROFILE [1], 
Transition-State Theory [2] [TST] and the Palandri & 
Kharaka [3] database. We investigated their responses to 
chemical gradients of pH, aluminium and DOC (dissolved 
organic carbon). We also used the three sets of equations to 
calculate the in-situ weathering rates in a hillslope profile in 
Northern Sweden (riparian/transition/upslope).The weathering 
rates per unit of mineral surface area was highest in the low 
pH, organic rich riparian zone. However, the strength of the 
response to chemical gradients differed significantly, with the 
PROFILE equations showing the weakest response, and the 
TST equations showing the strongest response. The total 
weathering flux was however almost identical from all three 
sets of equations (r > +0.97 for 20 monitored points). Thus, for 
this site, soil texture is a more important parameter for 
estimates of BC supply than weathering rates. Even if 
weathering was lower in the riparian zone due to lower mineral 
content, significant weathering still took place in the whole 
monitored part of the hillslope, with especially high fluxes 
from the transition zone, due to a finer soil texture. 
 
[1] Sverdrup & Warfvinge (1993), Applied Geochemistry 8, 
273-283. [2] Oelkers, Schott & Devidal (1994), Geochim. 
Cosmochim. Acta 58(9), 2011-2024. [3] Palandri & Kharaka 
(2004), Open file report 2004-1068, US Geological Survey  
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Ongoing human activities are having progressively greater 

impacts on coral reef nitrogen cycling. However, the full 
history of anthropogenic impact is unclear due to a lack of 
continuous records. We present a 168-year-long record (1820 – 
1987 AD) of the bulk nitrogen isotopic composition of coral 
derived, skeleton-bound organic matter (CS-δ15N) in a coastal 
Porites coral from the Great Barrier Reef.  CS-δ15N varied by 
less than 1.5‰, indicating that the nitrogen supplied to the 
studied coral as well as the coral’s internal nitrogen cycle were 
stable despite nearby land use having changed dramatically 
during this period. These findings are consistent with the 
strong natural buffering of inshore coral reefs against riverine 
nitrogen load in this region, and they argue against nitrogen 
input as the dominant driver of observed changes in coral reef 
health since 1990 for this particular reef.  
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Recent studies on marine sediments indicate that oxygen 

production might have started several hundred million years 
before the 2.4 Ga Great Oxidation Event (GOE), and that 
continental magins were mildly oxygenized during the 
Neoarchean [1]. It is suggested that bioproductivity of 
oxygenic photosynthesizers increased contemporaneously, 
significantly impacting the oceanic carbon cycle [2]. To 
evaluate this hypothesis, we present carbon, oxygen and iron 
isotope as well as major and trace element data on carbonates 
from near-shore drill core samples of the 2.58-2.50 Ga old 
Malmani-Campbellrand carbonate platform (South Africa). 

A slight trend in δ13Ccarb towards heavier values in the 
near-shore part of the platform might indicate an increased 
burial rate of organic material caused by an increase in primary 
production. An overall slight increase in δ18Ocarb to heavier 
values from bottom to top throughout the carbonate platform is 
apparently independent of water depth. A rather abrupt shift of 
δ13Corg from -32 to -25 ‰ suggests that there was a change in 
primary producing organisms. Raman analyses confirm that all 
organic material maximally experienced lower greenschist-
facies metamorphism.  

Fe concentration and isotope data as well as REE+Y 
patterns trend with water depth. Peritidal carbonates show 
flattened REE+Y patterns and average δ56Fe values of 
about -0.42 ± 0.06 ‰ with Fe concentrations of ca. 2800 µg/g. 
Lagoonal carbonates have REE+Y patterns with more positive 
Y anomalies, lighter δ56Fe values of about -0.70 ± 0.06 ‰ and 
Fe concentrations of ca. 5600 µg/g. Drill core samples from the 
outermost platform show Fe isotope signatures down 
to -1.25± 0.06 ‰. 

We propose that these isotopic and geochemical results can 
be used to reconstruct the development, structure and activity 
of an oxygenic photosynthetic community in a marine oxygen 
oases right before the GOE. 
 
[1] Kendall et al. (2010), Nature Geoscience 3, 647ff. [2] 
Eigenbrode & Freeman (2006), PNAS 103, 15759-15764 
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Upper Jurasic-Lower Cretaceous Inaltı Formation crops 
out widely in Boyabat (Sinop) area (Middle Pontides, N 
Turkey). Inaltı Formation consists of platform carbonates. This 
formation has laterally and vertically different lithofacies 
features. In order to determine the lithofacies features of this 
formation, a detailed stratigraphic section was measured at 
Akkaya Hill. In study area, the platform carbonates is medium-
thick bedded and grey-beige coloured. General fossil 
community cosists of benthic foraminifera, algea, coral, 
mollusc, brachiapoda, gastropoda, echinoid plate and spurs. 
The most abundant types of fauna are benthic foraminiferas 
(Anchispirocyclina sp., Alveosepta sp., Everticyclammina sp., 
Rectocyclammina chouberti sp., Mohlerina basiliensis sp., 
Trocholina sp., Mesoendothyra sp., Miliolidae sp., Valvulina 
sp.) and algeas (green algeas, Rivularia sp., Actinoporella sp., 
Thaumatoporella sp.). These fossils are very important because 
they demonstrate age of the formation and development of 
lithofacies. According to the carbonate components and 
textural features of the platform carbonates: Alveosepta oncoid 
packestone-floatstone lithofacies, Thaumatoporella ooilitic 
packestone-grainstone lithofacies, Trocholina wackestone-
floatstone lithofacies, oolitic grainstone-rudstone lithofacies. 
According to lithological and paleontological features of Inaltı 
Formation was deposited in shallow marine environment. 
These environments change from lagoonal environment with 
low energy to oolite shoals with high energy. According to 
idealized sequence of standart facies in a carbonate ramp 
(Wilson 1975), this formation was deposited in winnowed 
edge sands (6) and shelf lagoon open circulation (7) 
envirenments. Dolomitization was seen in some rock examples 
as cement forms during microscope examination. Therefore 
later, δ13C-δ18O-87Sr/86Sr isotopes and trace elements (Sr, Na, 
Fe, Mn) geochemistry will use to determine origin of dolomite. 
Besides Mg content and the source of dolomitization solution 
will be examined. 
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As the great continental polar ice sheets of the last ice age 
retreated the climate moderated while the rate of sea levels 
rise, over millennia, appeared unremitting and steady. 
However, over shorter timescales there were episodic surges in 
sea-level and rapid climate reversals.  Younger Dryas (YD) 
was such a period when warming stalled for over a thousand 
years and Northern winter temperatures dipped close to ice age 
colds. It lasted for over a millennium, from about 12,900 to 
11,600 years ago. Its effects were wide ranging and global in 
extent. Speculation on the causes of YD mostly involve, 
catastrophic, stochastic events. However, YD most likely 
originated from perturbations in the North Atlantic flow, when 
deep-water formation through the thermohaline circulation 
slowed, or at times, completely stopped. Abrupt, severe 
climate changes similar to YD are well known as last glacial 
Heinrich events, associated with ice discharge and rapid sea-
level rises. At coral islands and tropical continental margins, 
throughout the Indian and Pacific Oceans, there are two sets of 
prominent coral reef structures 50m and 100m below present 
sea-level. They have been identified as drowned reefs where 
coral growth could not keep up with high rates of sea-level 
rise. They are also present at the shelf-edge of the Great 
Barrier Reef. From here, the IODP Expedition 325 was able to 
recover fossil coral samples. Their uranium-thorium ages 
indicate a rapid ∼25 m surge in sea levels which is likely to 
have precipitated the YD cold reversal. The rapidity and 
magnitude of the sea-level rise precludes fresh meltwater cap 
as the cause and points to substantial ice discharge (Younger-
Dryas-Ice-Surge, YD-IS ) which also led to heavy winter ice 
cover and severe seasonality down to mid-latitudes in North 
Atlantic. 
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One of the main parameters controlling magma properties 
and eruption style of volcanoes is the depth of magma 
chamber. Therefore its estimation is critical to the evaluation 
of hazards associated with the future eruption in both active 
and quiescent volcanoes. This study focuses on petrological 
studies and combining to literature geophysical models to infer 
levels of magma storage in Damavand quiescent stratovolcano 
that is situated near the most populous regions of Northern 
Iran. This alkaline intraplate volcano is located in Central 
Alborz Mountains, one of the most active tectonic regions of 
Iran. Last magmatism dated back to 7300 year; however, 
fumarolic activity, warm springs and surface thermal 
anomalies revealed from our remote sensing study indicate 
existence of hot body beneath the volcano. Main lithology of 
building cone lavas include trachyandesite-trachyte with minor 
alkali olivine basalt erupted as cinder cones in southern flanks. 
Compositional data were acquired from ternary feldspar, two 
pyroxene  and olivine crystals using EPMA analysis as well as 
from whole-rock samples using XRF and several 
geobarometers were employed. Results  for alkali olivine 
basalts suggest the final pressure equilibration range of 8-10 kb 
(28-35km) that is correspondent with crystallization in lower 
crust (the thickness of crust in Central Alborz geophysically 
estimated 58±2 km and locally in the region beneath the 
volcano is 67 km). Phenocrysts in trachyandesite-trachyte 
lavas of old cone remnants record dominant pressure range of  
4-6 kb (15-22 km) that is nearly consistent with elderly 
crystallized magma chamber geophysically imaged at 20 km 
depth. Results from young lavas of new cone indicate two 
level of storage, 4-6 kb and 0.6-3kb (2-11 km). Integration of 
Geophysical studies (siesmic, local earthquake tomography, 
magnetotelluric) have revealed two hot magma chamber 
beneath the young cone, the shallowest of which lies at  
3-4.5 km depth and another at 6-8 km. However, petrological 
results proposed more wide range of levels of magma storage. 
Comparison of barometric results based on age of lavas show 
that preferential magma ponding levels changed and migrated 
upward through time. Also multi depth magma reservoirs may 
account local thickening of crust below the volcano region. 
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The role of hydrothermal systems in origins of life 

scenarios has been debated due to the perceived instability of 
amino acids at high temperatures. However, little is known 
about the stability of amino acids in the presence of mineral 
surfaces and reducing conditions that reflect the geochemical 
complexities of hydrothermal environments such as 
serpentinite-hosted hydrothermal vents. We investigated the 
decomposition of 25 mM aspartate at 200 ºC and 15.5 bars in 
gold tubes both with and without brucite [Mg(OH)2], a stable 
mineral during serpentinization, and reducing conditions 
(NH4Cl and H2(aq)). We observed that the reaction kinetics of 
aspartate are complex and vary significantly with the initial 
reaction conditions. Fluids containing aspartate alone 
decomposed to fumarate, maleate, malate, acetate, and minor 
amounts of succinate and glycine. Under reducing conditions 
(2.4 ± 0.6 mM NH4Cl and 13 ± 10 mM H2(aq)), the main 
product was succinate (8 mM), together with a total of ~1 mM 
of the amino acids glycine, α-alanine, and β-alanine. In the 
presence of brucite, we detected up to 2.6 mM α-alanine and 
glycine, but no β-alanine, which suggests that the addition of a 
mineral surface could play a stereoselective role in the 
formation of α-alanine. The presence of brucite was also 
associated with a decrease in the fumarate concentration by a 
factor of three whereas maleate concentration decreased by 
over a factor of ten, leading to an overall increase in the 
fumarate-to-maleate ratio from 0.9 to 4.5. This increase in the 
cis/trans ratio might have been caused by stereoselective 
adsorption, a pH shift, or increased Mg2+ concentrations. The 
results of this study provide clear evidence that the 
fundamental properties of a hydrothermal system, including 
mineral assemblages, reducing conditions, and dissolved 
species concentrations, may directly influence the fate of 
amino acids at high temperatures. 
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Zircon is undoubtedly the most sought-after mineral for 
geochemical studies, for its ability to provide information on 
its host rock, spanning from geochronology, tracing of source 
and processes, geothermometry, and, recently, redox 
conditions [1]. However, it is crucial to ascertain its primary 
origin, and in the past two decades there has been increasing 
evidence of its crystallization from hydrothermal fluids [2]. 
Two of the main characteristics that are widely used to 
ascertain the magmatic or hydrothermal origin of zircon are 
texture and trace-element chemistry. However, most of these 
data are contradictory and can be similarly attributed to a 
primary and secondary origin [3], resulting in a poor 
understanding of hydrothermal zircon characteristics.  

We present data on a suite of zircons from the 
Ambohimirahavavy alkaline complex, Madagascar, that 
display impressive textural, morphological and compositional 
variations, strongly suggesting a span in origin from magmatic 
to hydrothermal (Fig. 1). Clearly magmatic zircons yield ages 
of 20.40 ± 0.16 and 21.21 ± 0.44 Ma. Hydrothermal zircon 
yields a similar age of 20.64 ± 0.48 Ma. Evidence for 
hydrothermal origin includes its occurrence with quartz in 
pseudomorphs after primary minerals, as botryoidal crystals 
filling cavities, and precipitation in exoskarn [4]. Strong 
variations in the amounts and distribution of trace element also 
occur among different sectors in zoned crystals. 

Figure 1: A) Chondrite-normalized REE patterns for 
magmatic and hydrothermal zircons. B) Pseudomorph of 
fibrous zircon plus quartz after eudialyte; scale bar 200 µm. 
 
[1] Trail et al (2011) Nature 480, 79-83. [2] Schategger (2007) 
Elements 3, 51-79. [3] Hoskin & Schaltegger (2003) RIMG 53, 
27-62. [4] Estrade et al (2015) EconGeol, in press. 
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The hydration and complexation of metals in hydrothermal 
fluids are key processes controlling the mobility of elements in 
the Earth’s crust, leading for example to the formation of ore 
deposits from which the World’s supply of Fe, Mn, Ag, Au, 
Pd, Cu, Zn, Co, Pb, U, Mo is mined. In the past 20 years a 
large amount of in situ spectroscopic data, in particular 
synchrotron X-ray absorption spectroscopic data, 
complemented by increasingly accurate first principle 
molecular dynamic simulations, have dramatically improved 
our understanding of the nature and geometry of the metal 
complexes that are responsible for metal transport in the upper 
crust. This new information underpins a “Coordination 
Chemistry” approach to hydrothermal geochemistry. We 
present a periodic table of metals coordination chemistry in 
hydrothermal fluids based on a review of the literature to 
illustrate the unifying principles brought upon by the concepts 
of coordination chemistry.  

We show that the different coordination geometries (e.g. 
linear versus tetrahedral versus octahedral) of metal complexes 
control some of the first order properties of these metals in 
hydrothermal systems, such as their relative affinity for low-
density, vapour-like fluids. Recently, the diffential mobility of 
Zr in aqueous fluids and hydrated melts in subduction 
environments was related to changes in coordination geometry. 
For some elements, large fractionation and solubility gradients 
are associated with changes in coordination geometry brought 
upon by changes in pressure, temperature, and ligand 
availability (activity). These changes also affect metal ratios in 
hydrothermal fluids, including the ratios of geochemical pairs 
such as Zn/Cd, Fe/Mn, and Co/Ni.  
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Ore smelting constitutes an important source of the 
environmental pollution. Soils represent an important sink for 
smelter-derived metal(loid)s emitted into the environment and 
often exhibit extremely high metal(loid) concentrations [1] [2]. 
Topsoils are suitable indicators of the extent of contamination 
near smelters and demonstrate the key role of prevailing wind 
direction on the metal(loid) distribution [1]. Dust particles 
emitted by the smelters are composed of relatively soluble 
phases (sulphates, chlorides), which are dispersed by the wind 
and are deposited into the soils, where they dissolve and 
released contaminants can be transported downward the soil 
profiles [3] [4]. Contrasting behaviours of different 
contaminants released from smelter dusts are demonstrated on 
laboratory and field experiments in soils [3] and indicate that 
tropical soils are significantly more vulnerable to this kind of 
contamination [4]. Temporal patterns of contaminants released 
by smelters can be depicted from concentration and isotopic 
records in peat deposits from temperate areas [5] and in tree 
rings (pine and marula trees) from tropical areas (Zambia, 
Namibia) [2]. Lead isotopic tracing and variability in chemical 
and mineralogical compositions of topsoils suggest possible 
role of bushfires on re-mobilization of smelter-derived 
particulates [2] [4]. 

  
[1] Ettler et al. (2011) Geoderma 164, 73-84. [2] Mihaljevic et 
al. (2011) WASP 216, 657-668. [3] Ettler et al. (2012) ES&T 
46, 10539-10548. [4] Ettler et al. (2014) Sci. Total Environ. 
473-474, 117-124. [5] Mihaljevic et al. (2008) WASP 188, 
311-321.  
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Mining and smelting districts of northern Namibia are 
located in the dry climatic region, where strong winds are 
responsible for dispersal of contaminated dust particles. We 
investigated dusts from mines and metal smelters from this 
area using a combination of mineralogical techniques and in 
vitro bioaccessibility leaching in simulated gastric fluid (SGF) 
to assess the exposure risk for humans. Bulk concentrations of 
metal(loid)s in the mine tailing materials varied in the range of 
hundreds to thousands of ppm, but the bioaccessible 
concentrations were very low. Slag materials contained much 
higher levels of contaminants (5000 ppm As, 2.4 wt% Pb, 
6.2% Zn) and bioaccessible fractions (BAF) for these 
contaminants attained 43%, 49% and 29%, respectively. The 
highest contaminant concentrations were reported for the 
smelter dusts sampled near bag house flue gas cleaning system 
(43.7 wt% As, 4 wt% Pb, 2 wt % Zn). Being predominantly 
composed of soluble arsenolite (As2O3), smelter dusts were 
highly reactive and BAF values were elevated, especially for 
As attaining 60% of total concentration. Based on these results, 
a potential risk can be recognized, particularly from ingestion 
of smelter dusts. Daily intakes via oral exposure, calculated for 
an adult (70 kg, ingestion rate 50 mg dust per day) exceeded 
the tolerable daily intake (TDI) limits for Pb (2.3×) and As 
(187×) in the case of these materials, whereas only limited risk 
was detected for mine tailings and slags. The workers in the 
smelter are protected with the masks and their exposure to As-
bearing dusts is probably limited, but the safety measures 
should also be taken outside the factory and the risk related to 
the ingestion of polluted soil-derived dusts by local residents 
should be evaluated in the future. 
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Extracellular polymeric substances (EPS) are produced by 
many microorganisms to perform diverse functions such as the 
initial attachment of cells to solid surfaces, cell-to-cell 
adhesion, scavenging of nutrients or protection from 
dessication or toxic substances. EPS are composed of 
polysaccharides and proteins with minor contributions of 
nucleic acids and lipids, but the exact composition depends on 
on the specific bacterial or fungal strain, the growth stage, and 
the physicochemical conditions of the environment. In 
addition, the composition of EPS is often studied after 
separating it from liquid cultures by extraction, a procedure 
which is prone to several artifacts.  

We used carbon spectromicroscopy at the K-edge (STXM) 
and atomic force microscopy (AFM) to investigate 
composition and mechanical properties of EPS at high spatial 
resolution in intact biofilms of Bacillus subtilis. STXM 
allowed to quantify the contribution of proteins, non-aromatic 
proteins, polysaccharides, and lipids on EPS patches between 
bacterial cells at a resolution of 30 nm, while evaluation of 
force-distance curves gave Young`s modulus, deformation and 
tip-sample adhesion of the same patches.  

In comparison to EPS extracted from a liquid culture, the 
EPS inside the biofilm were depleted in proteins and enriched 
in lipids. During adsorption of EPS on goethite we observed a 
preferential adsorption of proteins and lipids. When the biofilm 
was grown in the presence of goethite, the secreted (non 
adsorbed) EPS were also enriched in lipids. AFM images 
revealed that the biofilm-EPS is made up of domains of 
different mechanical properties. However, this was not 
reflected in the chemical composition as seen by STXM.  

We conclude, that STXM is able to characterize the 
chemical composition of EPS in biofilms grown under 
different conditions (e.g., in the absence and presence of 
goethite) and that AFM my add further detail on the spatially 
heterogenous surface properties of EPS. 
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The temperature-dependent incorporation of Mg into the 
calcitic shells of foraminifera is a widely utilised 
palaeothermometer. However, the short residence time of Ca in 
the ocean (~1 Ma) means that seawater Mg/Ca cannot be 
assumed to be the same as present before the Pleistocene. The 
control exerted by seawater Mg/Ca on Mg incorporation 
during biologically-mediated carbonate precipitation is poorly 
understood, introducing large errors into palaeoclimate 
reconstructions. It has been frequently assumed that seawater-
shell Mg/Ca are linearly related, yet this remains largely 
untested and is not the case for inorganic calcite. Moreover, the 
sensitivity of the Mg/Ca thermometer may also vary with 
seawater chemistry. If this is the case, then even relative 
temperature shifts over geological events may be called into 
question. 

In order to address this, we present detailed calibrations of 
the relationship between seawater Mg/Ca, shell chemistry and 
temperature in the widely-utilised planktic foraminifera 
Globigerinoides ruber and the shallow-dwelling benthic 
species Operculina ammonoides. We show that the combined 
effects of seawater Mg/Ca and temperature exert a complex 
control on the Mg distribution coefficient, with the 
implications that the sensitivity of this thermometer at below-
modern Mg/Ca seawater ratios is not invariant. Specifically, 
we find a 20% reduction in the exponential component of a 
Mg/Ca-temperature calibration at a seawater Mg/Ca ratio of 
3.4 mol mol-1 (65% of modern). Both absolute Mg/Ca-derived 
temperatures and relative temperature changes should not be 
reported before the Pleistocene unless these relationships are 
characterised for the species of interest. 

Finally, we explore the application of coupled clumped 
isotope and Mg/Ca measurements in shallow-dwelling large 
benthic foraminifera. This technique provides a method of 
validating Mg/Ca-derived palaeotemperatures of coeval 
planktic species when seawater Mg/Ca was below modern, 
whilst simultaneously enabling accurate reconstruction of 
secular seawater chemistry variation. 
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Subduction of hydrated lithospheric mantle introduces 

H2O, ferric iron, oxidised carbon and sulfur to the subduction 
zone system.  The fate of these components is poorly known 
but is intimately linked to the global geochemical cycles of 
iron, carbon and sulfur, the genesis of arc-related ore deposits, 
the temporal evolution of mantle redox state and subduction-
related earthquakes and magmatism. THERMOCALC is used 
to provide first order constraints on the effect of subduction 
zone metamorphism on metamorphic redistribution of iron, 
carbon, sulfur and water in ultramafic rocks via construction of 
PT and T-X(O) pseudosections with open system calculation of 
the effect of fluid loss. 

The calculations replicate observed mineral assemblages in 
high pressure-low temperature ultramafic rocks at PT 
conditions consistent with those suggested by other workers.  
The results are consistent with open system fluid loss without 
significant fluid infiltration. Water loss is complete by 850 
degrees C, the corresponding depth of fluid loss being 
consistent with that inferred for earthquakes in subducting 
slabs. Losses of carbon and sulfur are relatively minor, at 
around <5% and <1% respectively, so it is envisaged that most 
carbon and sulfur subducted in ultramafic lithologies is 
transported to > 5 GPa, below the depths of the source zone for 
arc volcanoes.   

Oxygen activity for rocks in closed systems that evolve 
with a fixed redox budget is calculated to change from ΔFMQ 
-1 at 350 degrees C to over ΔFMQ +3 at 850 degrees C. This 
result emphasises the need to consider redox budget as well as 
oxygen activity when the results of experiments performed at 
fixed oxygen activity relative to some buffer are interpreted in 
the context of natural systems.  In open systems, 
devolatilisation is calculated to increase the redox budget and 
oxygen activity of the residue via loss of methane and H2S at 
the brucite-out and serpentine-out reactions respectively. No 
fluid-induced mechanism for oxidation of sub-arc mantle by 
transfer of redox budget from hydrated ultramafic lithologies 
to the overlying sub-arc mantle was identified, though further 
thermodynamic data on fluid species such as S3

- are required to 
confirm this. 
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The “unsinkable” RMS Titanic sank on April 14, 1912, in 

the North Atlantic Ocean on its maiden voyage from 
Southampton, UK, to New York City.  There was no single 
cause for the loss of the Titanic, rather the improbable 
combination of errors in human design and judgment, 
combined with unforeseeable circumstance, lead to the loss of 
over 1,500 lives. The failure appears to have occurred over a 
range of spatial and temporal scales – from the atomic-scale 
processes of the embrittlement of iron rivets to global-scale 
fluctuations in climate and ocean currents. Regardless of the 
specific combination of causes, this failure in design and 
practice led to impressive improvements in both.  Disaster and 
tragedy are harsh teachers, but critical to improvement and 
progress.  

The important question for the nuclear waste management 
community is: How do we learn and improve our waste 
management strategies in the absence of the benefit of failure? 
A geologic repository “operates” over a very distant time fame, 
and today’s scientists and engineers will never have the benefit 
of studying the failed system. In place of failure followed by 
improvements, we only can offer a general consensus on 
disposal strategies and their effectiveness.  However, it may 
well be that consensus leads to complacency and compromise, 
both of which may be harbingers of a failed repository. I will 
discuss these issues in the context of recent accidents and the 
release of radioactivity at the Waste Isolation Pilot Plant, a 
geologic repository for transuranic waste in southeastern New 
Mexico. 
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Radiation damage created by α-recoil nuclei affects the 

diffusion, or even the loss, of Pb, He and other noble gases, in 
solids, and therefore, should be considered in the interpretation 
of thermochronologic results. The effect of thermal events has 
been considered as the sole cause of the recovery of radiation 
damage, although there has been some evidence that α-particle 
irradiation may cause the recovery of α-recoil damage [1]. In 
this study, we have simulated the α-particle induced recovery 
of radiation damage by in situ transmission electron 
microscopy (TEM) observation of consecutive ion-irradiations: 
i.) 1 MeV Kr2+ (simulating the radiation damage by 70 keV α-
recoils), ii.) followed by 400 keV He+ (simulating radiation-
induced annealing by 4.5 MeV α-particles). The two-step 
irradiations were monitored by observing the gradual change in 
both the morphology and diffraction pattern of electron-
transparent slices, which were prepared by the diamond 
microtome method [2]. This method ensures uniform sample 
thickness (~70 nm) and irradiation in the same crystallographic 
orientation, that is the [0001] of Durango apatite. At room 
temperature, the originally crystalline apatite became fully 
amorphous at 1 dpa (displacement per atom), much higher than 
the widely cited value (~0.3 dpa), which was measured without 
controlling for sample thickness and orientation [3]. Partial 
recrystallization of the originally, fully-amorphous apatite pre-
damaged by 1 MeV Kr2+ was evidenced by the gradual 
appearance of new diffraction maxima, appearing at the lowest 
dose of 1.25×1015 He/cm2, up to the highest dose at  
2.00×1016 He/cm2. In addition to the well-established effects of 
thermal annealing, the α-annealing effects must also be 
considered when evaluating the loss of He from radiation-
damaged apatite.  

 
[1]. S. Ouchani, J. C. Dran, and J. Chaumont, Appl. Geochem., 
13(6), 707-714, (1998).   
[2]. W. X.  Li, M. Lang, A. J. Gleadow,  M. V.Zdorovets, and 
R. C. Ewing, Earth Planet. Sci. Lett., 321–322, 121, (2012). 
[3]. W. J. Weber, R. C. Ewing, and A. Meldrum, J. Nucl. 
Mater., 250(2-3), 147-155, (1997).   
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The Torres del Paine Intrusive Complex (TPIC), 
Patagonia, is a Miocene shallow crustal laccolith in which  
~88 km3 of mafic and granitic magma was emplaced in a 
backarc setting on short timescales of 162 ± 11 ka [1] [2]. It 
was built up in successive pulses, with a resolvable age 
difference between mafic rocks of the so-called ‘root zone’ (at 
~12.6 Ma) and  horizontally layered units (the ~12.45 Ma ‘sill 
complex’) [1]. Exterior to the main TPIC are numerous 
intrusive bodies and dikes with ages of ~12–29 Ma.  

The Hf isotope compositions of zircons from units within 
and around the TPIC have been determined by solution and 
laser ablation MC-ICPMS. Zircons from mafic TPIC units all 
have Hf isotope compositions that indicate a slightly enriched 
mantle source. However, zircons from the mafic sill complex 
units have higher (more juvenile) initial εHf than zircons from 
the older root zone mafic units. The shift towards more 
depleted Hf isotope compositions in the younger sill complex 
units indicates the rapid input of new juvenile material into the 
source region between ~12.6 Ma and ~12.45 Ma. A similar 
shift is also seen in bulk Nd and Sr isotope data for related 
samples [3]. Zircons from 16–17 Ma and ~12 Ma units exterior 
to the main TPIC have consistent, relatively enriched Hf 
isotope compositions similar to the TPIC root zone mafics. 
This constant Hf isotope signature over several My is in 
contrast to the rapid rejuvenation recorded by the TPIC. 
Intriguingly, the 16–17 Ma intrusives are calc-alkaline while 
~12 Ma units are sub-alkaline, yet no Hf isotopic shift is 
correlated with this significant change in bulk rock chemistry. 
Instead the major change in Hf isotope composition occurs 
within the period of sub-alkaline magmatism.  

The Hf isotope data for the TPIC demonstrate that 
significant variability in source composition is possible for 
sheeted magmatic complexes built up on very short timescales. 
The geochemical and tectonic implications of the disconnect 
between changes in major/trace element chemistry and isotope 
geochemistry will be explored. 
 
[1] Leuthold et al., (2012) EPSL (325) [2] Michel et al., (2008) 
Geology (36) [3] Leuthold et al., (2013) JPET (54) 
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The drivers of coastal water pH are far more complex than 

the open ocean and include the delivery of nutrients, acids, 
inorganic and organic carbon and alkalinity from the 
catchment, ecosystem metabolism and benthic biogeochemical 
processes. These factors that control the pH of coastal waters 
operate on a range of spatial (local to global) and temporal 
(diurnal, seasonal, episodic) scales making it difficult to 
discern trends in coastal pH due to ocean acidification (driven 
by the uptake of anthropogenic CO2). This presentation will 
demonstrate some of the various drivers of coastal pH and 
scales they operate on using three very different case studies. 
The Richmond River Estuary on the east coast of Australia 
illustrates how local episodic flooding and the associated 
delivery of acid from acid sulphate soils results in an acute 
reduction of estuarine pH (<4), far below anything likely to be 
caused by future ocean acidification. Carbon and alkalinity 
budgets for the Great Barrier Reef will be used to illustrate the 
regional influence of catchment processes, ecosystem 
metabolism and benthic biogeochemical processes on the 
acidification of a large coastal lagoon. Finally a global analysis 
of coral reef pCO2 and pH will be used to illustrate how 
regional scale inputs of organic matter and nutrients may have 
resulted in the long-term (20 year) acidification of coral reefs 
that is much faster than the open ocean. 
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The solubility of Ar in H2O-CO2 bearing basaltic melts was 
experimentally determined in the pressure range 1-5 GPa and 
at temperatures between 1350 and 1600 °C. We used piston-
cylinder apparatus (1-3 GPa) and multi-anvil apparatus 
(5 GPa). The argon concentrations in the quenched glasses 
were determined with electron microprobe, and the H2O and 
CO2 contents of the run-products were analyzed by FTIR 
(Fourier Transform Infra-Red spectroscopy). At a pressure of 1 
GPa, Ar solubility in the H2O-CO2 bearing basaltic melt is not 
strongly affected by variations of the XH2O-CO2 ratio, defined as 
the following (wt.% H2O/18.02)/(wt.% H2O/18.02 + wt.% 
CO2/44.01), with water content varying from ~0.35 to 5 wt.%. 
At 3 GPa however, it increases linearly with the XH2O-CO2. It is 
noted that for glasses with comparable water contents, the Ar 
solubility decreases with increasing their CO2 contents. By 
increasing the pressure to 5 GPa, we did not observe any 
difference in the Ar solubility in the basaltic melt versus water 
content. The experimental data can be well described by a 
thermodynamic model assuming mixing of volatile species and 
oxygen in the silicate melt. By combining the present and 
literature data an empirical equation that permits to calculate 
the Ar solubility in volatile-free and volatile-bearing basaltic 
liquids up to 10 GPa is derived. The equation is able to 
reproduce 95% of 59 Ar solubility measurements in natural 
and model basaltic systems within a standard error of ±15%. 
The above equations can be used to determine the Ar solubility 
into basaltic melts as a function of pressure up to 10 GPa, 
corresponding to a depth of about 350 km, and varying H2O 
and CO2 contents. 
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Carbonate dissolution in subduction zone fluids plays a 

role in the carbon budget in subduction zones. Depending on 
the solubility of carbonate minerals, the subducting lithosphre 
may be either strongly depleted as recently observed in natural 
samples of transport carbon deeper into the Earth’s mantle [1, 
2]. Dissolution of carbonate minerals is strongly affected by 
the environmental geologic conditions leading to different 
aqueous carbon speciation and solubility according to the 
conditions of pressure and temperature. Thanks to recent 
advances in theoretical aqueous geochemistry [3, 4], combined 
experimental and theoretical efforts now allow the 
investigation of speciation and solubility of carbonate minerals 
in aqueous fluids at higher PT conditions than previously 
feasible [4, 5]. In this study, we present in situ X–ray 
fluorescence measurements of aragonite dissolution and 
thermodynamic model of aragonite solubility in aqueous fluids 
up to 5 GPa and 500°C. The amount of dissolved aragonite in 
the fluid was measured from the intensity of the Ca K–lines at 
the ESRF–ID27 using an externally-heated membrane-type 
diamond anvil cell and an incident monochromatic focused X–
Ray beam at 20 keV. The results show a very high solubility of 
aragonite at HP-HT in pure water, tremendously enhanced in 
presence of NaCl in the solution. The data were aslo used to 
constrain the partitioning of Sr between the fluid and the 
carbonate minerals. 

 
[1] Frezzotti, M. L. et al. Nat. Geosci., 4, 703 (2011). [2] 

Ague, J. J. and Nicolescu, S. Nat. Geosci., 7, 355 (2014). [3] 
Pan et al. PNAS, 110, 6646 (2013). [4] Sverjensky, D. A et al. 
GCA, 129, 125 (2014). [5] Facq, S. et al. GCA, 132, 375 
(2014). 
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Gunflint-type microfossils form similar assemblages in 
different environments, associated with variable 
minerals (oxides, sulfides, carbonates), and are debated 
as oxygenic photosynthesizers, or Fe- or S-oxidizing 
bacteria [1-3]. 

Here, we report a new Gunflint-type assemblage of 
carbonaceous microfossils associated with siderite and Fe-
oxides, from a black chert nodule associated with a thin 
banded iron formation from the ca. 2.45–2.21 Ga Turee Creek 
Group, Western Australia. This silicified microfossil 
assemblage, dominated by filaments, represents benthic 
microbial mats. We document five morphotypes of filamentous 
microorganisms with optical microscopy combined with 
Scanning Transmission Electron Microscopy on Focused Ion 
Beam sections of microfossils. Taphonomic transformations 
and primary taxonomic features are distinguished by the 
organic micro- to nanostructures. Three out of five filamentous 
morphotypes are intimately associated with both Fe-oxides and 
siderite. The strongly positive δ56Fe values (+1.43 ‰) of Fe-
bearing carbonates indicate that the microbial mats have 
originally been encrusted by Fe(III) oxides and may thus 
represent Fe-oxidizing bacteria. Siderite is likely the product of 
the oxidation of organic matter in the filaments coupled with 
the reduction of Fe(III) biominerals, through either microbial 
or abiotic thermal processes. The filaments display striking 
similarities with those from the immediately overlying pyrite-
bearing carbonate rocks that are interpreted as S-oxidizing 
bacteria. This suggests that benthic filamentous bacteria 
adapted their metabolism to the drastic chemical changes 
during the Great Oxygenation Event. 
 
[1]Schopf et al. (2015) Proc Natl Acad Sci U S A. 112. [2] 
Planavsky et al. (2009) Earth Planet. Sci. Lett. 286, 230-242. 
[3] Wacey et al. (2013) Proc Natl Acad Sci U S A. 110. 
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The lunar meteorite Northwest Africa 773 (NWA 773) is 

composed of diverse clasts with basaltic affinities [1] [2]. 
Many of the clasts appear to represent stages of crystallization 
of a single magmatic body on the Moon [3].  If true, then 
NWA 773 can be used as a case study of igneous 
crystallization in a lunar setting, and clasts in NWA 773 can be 
used to trace geochemical processing, such as enrichment of 
H2O in late-stage magmatic liquids [4]. 

In this context, it is critical to establish which clasts belong 
to the main crystallization sequence and which clasts are exotic 
to this sequence.  The main sequence is characterized by 
progressively increasing Fe# (Fe/[Fe+Mg])  and Ti# 
(Ti/[Ti+Cr]); it begins with olivine cumulate gabbro, 
progresses to pyroxene gabbro, and culminates in symplectite 
and alkali-rich phase ferroan (ARFe) clasts [3]. ARFe clasts 
typically have RE-merrillite, +/- apatite.   

We used low-voltage (7 kV) analyses by electron 
microprobe to analyze Ca, P, F and Cl in apatites from four 
ARFe clasts, and to calculate OH abundances based on 
stoichiometry [5]. In three of the four ARFe clasts, apatites 
yielded low-Cl, variable-OH compositions typical of mare 
basalts of the Moon [5].  However, apatite from one clast has 
relatively high Cl-contents with low OH, typical of KREEP 
lithologies [5].   

Abundances of F vs. Cl vs. OH in apatite may vary during 
igneous crystallization [6], thus it is possible that the Cl-rich 
apatite formed after fractionation of F as part of the main 
NWA 773 sequence.  However, all previous analyses of apatite 
in NWA 773 have low Cl contents [4]. Thus, it is more likely 
that the ARFe with high-Cl apatite is an exotic clast from a 
KREEP-like igneous body, serving as a reminder that exotic 
clasts occur in this breccia and supporting an origin from the 
KREEP-Procellarum Terrane of the Moon.       
 
[1] Fagan T.J. et al (2003) MaPS 38: 529-554.  [2] Jolliff B.L. 
et al (2003) GCA 67: 4587-4879.  [3] Fagan et al (2014) GCA 
133: 97-127.  [4] Tartese R. et al (2014) MaPS 49: 1-24.  [5] 
McCubbin F.M. et al (2011) GCA 75: 5073-5093. [6] Boyce J. 
W. et al (2014) Science 344: 400-402. 
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Alkaline waters containing oxyanions (e.g. vanadate and 

molybdate) are an increasing problem with increased 
utilization of alkaline waste materials (slags and ashes). By 
lowering pH sorption of negative ions should increase, thus 
lowering the concentrations. Carbonic acid can be created by 
purging the alkaline waters with air lowering the pH through 
formation of calcite [1]. In this study two synthetic alkaline 
waters (A-LD and FS) were treated by purging air through the 
solutions for several hours. Original pH in the two waters were 
12.4 (A-LD) and 7.92 (FS), respectively. These pH 
corresponds to equilibrium with portlandite (Ca(OH)2) and 
calcite (CaCO3), respectively. 
 

Figure 1: pH as a function of time during purging. 
 

pH decreases sharply from around 11.5 to below 8 after 90 
hours of bubbling in the highly alkaline water (A-LD) while 
the pH is more or less unaffected in the near neutral sample 
(FS). Drop in pH coincides with a sharp drop in alkalinity as 
well (from originally 55 meq/L to around 1 meq/L). 

In the highly alkaline water vanadium (89 to 3.7 µg/L), 
zinc (3 410 to 1.1 µg/L) and lead (6 240 to 526 µg/L) decrease 
significantly while chromium (311 to 303 µg/L) and 
molybdenum (316 to 323 µg/L) are mostly unaffected. In the 
lower pH sample (FS) the affects are negligible. Probable 
removal mechanisms are sorption and/or coprecipitation to the 
formed carbonate minerals. 
 
[1] Van Zomeren A. et al. (2011) Waste Manag. 31, 2236–
2244 
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Po-210 was determined in various samples (matrices) 
collected in the Gulf of Trieste affected by the Isonzo River 
inflow. Observed levels were: 1) 1.41-3.35 mBq/L in dissolved 
phase (<0.45 μm) in seawater column (0-20 m) and up to  
26.7 mBq/L in the river, 2) 0.81-4.59 mBq/L (400-2300 Bq/kg, 
dw) in the suspended particulate matter (SPM. 0.45-200 μm) in 
the seawater column and up to 10.1 mBq/L in the river, 3)  
40 river - 158 Bq/kg gulf sediment, 4) 239 (autumn) – 415 to 
1800 (spring) Bq/kg (dw) in meso(zoo)plankton (>200 μm) 
and 5) 300-400 Bq/kg (ww) in mussels (Mytilus 
galloprovincialis) consumed by humans. In seawater, 1/4 to 
1/2 of total Po-210 was in particulate form while in the river 
the dissolved form dominates (up to 3/4). In sediments, slightly 
higher levels were encountered in the prodelta and in the 
central part of gulf. KD seawater/ SPM and seawater/sediment 
amounted to 5.106 and 6.104, respectively. Plankton 
fractionation revealed the highest levels in >200 μm 
mesoplankton (415-1800 Bq/kg) followed by 55-200 μm (388-
997 Bq/kg) and 20-55 μm (318-810 Bq/kg) microplankton. 
Data show higher levels in all matrices compared to other 
Adriatic and Mediterranean areas. Po-210/Pb-210 ratios in 
water and sediments were mostly close to 1. They greatly 
increased in trophic levels reflecting a preferential 
bioaccumulation of Po-210. Greater accumulation appeared in 
the pelagic feeding species.  
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Facultatively anaerobic piezophilic bacteria were isolated 
from deep marine subsurface sediment collected from 1498, 
1999, and 2406 meters below seafloor during Integrated Ocean 
Drilling Program Expedition 337. Bacterial cellular fatty acids 
were dominated by iso- and anteiso-branched fatty acids 
(average 85.3%), including iso-15:0 (10.3%), anteiso-15:0 
(47.8%) and anteiso-17:0 (17.3%). Phylogenetic analysis of the 
16S rRNA gene indicated that these isolates are members of 
the Firmicutes group, genera Bacillus and Clostridium, closely 
related to Virgibacillus pantothenticus, Robinsoniella 
peoriensis, and Bacillus subtilis. These isolates are gram-
positive, spore-forming, facultative anaerobic piezophilic 
bacteria, and represent the first new piezophilic species 
isolated from the deepest depth of the deep biosphere. Isolation 
of entirely gram-positive, spore-forming piezophilic bacteria 
suggests that microbial community composition and diversity 
in the deep subsurface biosphere may be significantly different 
from that in the surface biosphere. Gram-positive, endospore-
forming piezophilic bacteria may be the “unseen majority” in 
the deep biosphere. 
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The Ca isotope proxy (δ44Ca) has been applied recently to 

the interpretation of changes in the global Ca cycle associated 
with significant events in the geologic past, such as mass 
extinctions and widespread ocean anoxia. Ocean acidification, 
in particular, has been cited as the primary driver of changes in 
sedimentary δ44Ca. Such an interpretation, however, appears to 
be ambiguous, complicated, and/or poorly understood, as it has 
been used to explain both transiently increasing and decreasing 
values of sedimentary δ44Ca. 

We propose a complementary approach to the 
identification of ocean acidification events in the rock record, 
and suggest that such events should be accompanied by the 
formation of authigenic carbonate in the sedimentary column. 
This signal has the potential to be both large and ubiquitous in 
the global ocean. This proposed approach is predicated on: (1) 
the fact that Ca isotopic fractionation associated with 
diagenetic CaCO3 formation is ~0‰ (i.e., producing CaCO3 

that is ~2‰, distinct from the typical 0.6‰ CaCO3 derived 
from the surface ocean), and (2) field and model-based 
observations that ocean acidification events on an Earth with a 
silicate weathering feedback induce a prolonged deepening of 
the CCD during the recovery phase. This hypothesis is 
supported by recent measurements of bulk sediment δ44Ca over 
the Paleocene-Eocene Thermal Maximum (PETM), which 
indicate sizeable (>0.5‰) shifts in the δ44Ca of bulk carbonate 
sediments at two ODP sites over the PETM [1]. Such shifts in 
δ44Ca are large compared to the Ca isotope signals currently 
being interpreted (<0.3‰). 

An Earth system model of intermediate complexity 
(GENIE; http://www.seao2.info/mycgenie.html) is used to 
evaluate the possibility of a significant authigenic component 
associated with ocean acidification events. The output from 
simulations is used to: place the previously reported PETM 
data in context, evaluate the spatial extent of the signal, and 
suggest length scales over which the signal may be present in 
the rock record. Such constraints are critical both to 
understanding the utility of the proxy tool and to proposing 
sampling schemes for finding such signals in the rock record.  
 
[1] Griffith, Fantle, Eisenhauer, Paytan, and Bullen, (2015). 
Earth Planet Sci Lett 419, 81-92 
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AMD and PCA multivariate outlier 
detection: A case study of Chahar 

Gonbad area 
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One of the main tasks in environmental and exploration 
geochemistry is the detection of outlier data and unusual 
structures. Outliers can greatly impact the results of the 
statistical methods especially separation of anomaly from 
background, thus recognition and decision about removal or 
correction of them is one of the first steps in the analysis of 
geochemical data processing. They can be identified from a 
univariate, bivariate, or multivariate perspective based on the 
number of variables considered, and the multivariate detection 
in Chahar Gonbad area is the aim of this study. Since 
geochemical data are compositional data, so the isometric log-
ratio transformation were used for open them prior to any 
analysis. Consequently, Principal component analysis (PCA) 
and Adaptive Mahalanobis Distance (AMD) were applied on 
the stream sediment geochemical data of Chahar Gonbad area 
to recognize outliers. Based on the PCA method, about 8 
percent of data were distinguished as outlier; however this 
value for AMD technique is approximately 6 percent. The later 
method not only separate outliers but also recognize extreme 
values, therefore the outliers which identify with it are lower 
than PCA. The results of these techniques indicated that both 
of them are powerful in outlier detection, nevertheless AMD is 
more powerful than PCA.  
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Michael.Wiedenbeck@gfz-potsdam.de) 
 
The Palaeo- to Mesoarchaean Barberton greenstone belt, 

South Africa, contains strongly silicified volcano-sedimentary 
sequences. Silicification is regarded as a results of seawater 
circulation in shallow subseafloor convection cells [1], but 
other (hydrothermal) fluid sources are also discussed. To 
provide constraints on the fluid source and conditions of the 
alteration, fluid inclusion analyses in quartz veins and boron 
isotope analyses in tourmaline were carried out on chert and 
komatiite samples from the 3.3 Ga Mendon Formation.  

Fluid inclusion analyses reveal that the fluid preserved in 
vein quartz is of metamorphic origin and cannot be used to 
constrain the conditions of chert formation [2]. In contrast, 
δ11B values in tourmaline appear to be unaffected by later 
alteration. In-situ SIMS analyses reveal an extreme range of 
δ11B values from -22 to +10 ‰. Positive δ11B values (+6 to  
10 ‰) are interpreted as representing boron derived from 
seawater-altered oceanic crust. The more common δ11B values 
(-8 to -6 ‰) overlap with MORB and may represent a B-
source from the Archaean oceanic crust. The most negative 
δ11B values (-10 to -22 ‰) are restricted to the rims of 
tourmaline hosted by syn-diagenetic hydraulic breccias. 
Although the source of fluid with light δ11B values has yet to 
be identified, these results show that the boron preserved in 
tourmaline of these early hydrothermal systems was derived 
from more than one source. We identify Archaean seawater, 
mantle-derived oceanic crust, and a third source with 
isotopically light boron that may be mature continental crust or 
non-marine evaporites. This latter source must have been 
available during seafloor hydrothermal alteration and the 
deposition of the Mendon Formation at ca. 3.3 Ga. 

 
[1] Hofmann & Harris (2008), Chemical Geology 257, 224-
242 [2] Farber et al., in revision, Precambrian Research.  
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A coupled isotope approach, based on δ44/40Ca and δ26Mg 
proxies, was used to better understand the sources and bio-
geochemical pathways of two major base cations, Ca2+ and 
Mg2+, in acidified forest ecosystems in central Europe, Czech 
Republic. Specifically, we analyzed δ44/40Ca and δ26Mg in 
different ecosystem pools and reservoirs (i.e., bedrock, soils, 
biomass, streams, soil waters, and precipitation) from small 
catchments with geochemically contrasting lithologies 
including: granite (Ca-Mg poor), amphibolite (Ca-Mg rich) 
and serpentinite (Ca poor and Mg-rich) bedrocks [1]. Overall, 
our results confirmed that Ca and Mg isotopes behave 
differently during the biological uptake from soil waters into a 
biomass (i.e., fine roots of Norway spruce), where the latter 
preferentially takes up lighter isotopes of Ca, but heavier Mg, 
which was observed for all the studied lithologies. As a 
consequence, the soil-water pools tend to evolve to heavier 
δ44/40Ca, and lighter δ26Mg, and such isotope fractionation 
effect is most pronounced in the base-poor catchments and less 
pronounced, or negligible, at the Ca and Mg rich sites. 
Importantly, the atmospheric deposition at all sites yielded 
common δ44/40Ca and δ26Mg, which are however distinct from 
other sources. This, in turn, allows us to determine and 
quantify from what ecosystem pools are Ca2+ and Mg2+ ions 
being exported into the streams, as a consequence of the 
previous acid deposition [1]. Our results indicate that for the 
base-poor sites the majority of Ca in streams originates form 
the atmospheric deposition, while Mg is derived also from the 
soil-water pools. This illustrates the contrasting behavior of 
Ca2+ and Mg2+ ions in the Critical Zone (CZ), where Ca2+ has a 
tendency to be held more tightly at the soil exchange sites, 
while Mg2+ is more prone to leaching and export from soils 
into the streams. Finally, δ44/40Ca and δ26Mg data from our 
seasonal sampling (every 3 months) will be also discussed in 
terms of the changing Ca and Mg dynamics in the CZ during 
the annual forest growth cycle. 

[1] Krám et al., 2012, Appl. Geoch., 27, 1854-1863. 
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Here we report geochemical data (pH, alkalinity, cation 
and anion concetrations, and carbon isotopes) from water 
samples collected in the Ethiopian Rift Valley during a dry 
season (i.e., October) of the year 2014. Specifically, we 
collected and analyzed water samples from nine closed basin 
lakes (Shetan, Chamo, Abaya, Hawasa, Shala, Abijata, 
Langano, Ziway and Koka), five major river inputs (Meki, 
Bilate, Kulfo, Bulbula, and Tikur Woha) to these lakes, and 
also four hot springs (Wendo Genet, Shallo, Borenita and 
Shala). The acquired pH data from the above lakes collected in 
2014, were compared with the historical pH measurements 
from the identical lakes sampled about four decades ago, i.e., 
during a dry season of 1976 [see data in ref. 1]. This long-term 
prespective and comparison, indicte that the pH of all the 
studied Ethiopian rift lakes (with the exception of Lake 
Hawasa) has evolved over time towards more alkaline values, 
exhibiting a systematic increase in the pH ranging from about 
0.3 (e.g., Lake Chamo and Abaja) up to 0.7 units (e.g., Shala 
and Abijata). Importantly, the observed increase in the pH of 
lake waters is tightly coupled with an increase in the alkalinity, 
dissolved inorganic carbon (DIC), δ13C values, and the 
concentrations of Na+ and Cl- ions in the lakes. In this 
contribution we will discuss and critically evaluate (based on 
δ13C data) how different processes such as (i) enhanced water 
evaporation, (ii) riverine input of carbon from the soil erosion, 
and/or (iii) the biological fixation and uptake of atmospheric 
CO2, may have contributed to the observed progressive 
alkalinization of the studied lakes in the Ethiopian Rift Valley; 
with implications for the human-induced changes in the 
cycling and transport of carbon in the Earth’s surface 
environment, and the effects of climate change on water 
budgets and chemisty of the closed basin lakes in this region.    

[1] Vonn Damm & Edmon (1984) Am. J. Sci., 284, 835-862 

869



 Goldschmidt2015 Abstracts  

 870 

Using the ratio of herbicide parent 
compound to transformation product 
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department (*correspondence: julien.farlin@list.lu) 
 

Herbicide degradation in aquifers is much slower than in 
the topsoil, where the microbial activity is highest. However, 
since the transit times can be orders of magnitude longer, 
significant attenuation can still take place in the subsurface. 
For the time scales involved, estimating transformation rates 
in-situ is difficult and constrained by logistical issues 
(sampling duration and sampling location), while the results of 
laboratory experiments are not easily transferable to real-world 
situations. We wish to present an indirect method based on 
changes in the ratio of a parent compound to one of its 
degradation product over time. The problem is formulated as a 
system of differential equations which can be solved inversely 
using measured herbicide concentrations. Combined with 
groundwater dating, providing a 'clock', the approach is tested 
in a fractured aquifer contaminated by atrazine and its 
transformation product desethylatrazine. Estimated 
degradation half-times were equal to ten years and longer, and 
agreed with independent estimates obtained using a physically-
based numerical code. 
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Concentrations of arsenic (As) and fluoride (F-) have been 
detected in aquifers of two Tehsils of District Vehari Punjab, 
Pakistan. In Mailsi and Vehari As concentrations ranged from 
11-828 µg/L  and 12-156 µg/L  showing 100%  and 50 % 
samples exceeding the WHO limit, while F- concentration in all 
samples of Mailsi were below the WHO limits (1.5 mg/L) and 
in Vehari 3% samples exceeded the limit with range  
1.5-3.9 mg/L. The water chemistry of the area is CaMgHCO3- 

type. As and HCO3- show positive correlation (r2= 0.444), 
while significant negative correlations were found between As 
and Mn2+ (r2= -0.051) and As and Fe2+ (r2 = -0.062). 
Geochemical signatures of the groundwater show that the 
arsenic seems to be released by oxidative dissolution under the 
influence of high alkaline water and to some extent high 
arsenic concentrations are related with the high evaporation in 
the area.  
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Two supperposed basement units (the lower Sherdarwaza 

and the upper Welayati)  from Kabul Block were investigated. 
The lower is represented mostly by migmatites and gneisses 
that are derived from pelitic and psammitic lithologies with 
lenses and layers of mafic and carbonate rocks. Several bodies 
of orthogneisses are also exposed in the Sherdarwaza 
Formation. The upper unit is characterized by micaschist, 
quartzite and amphibolite. SHRIMP U–Pb data on zircon from 
the orthogneiss in the Sherdarwaza Formation indicates a 
Neoarchean age of ca 2.5-2.8 Ga for their magmatic 
crystallization. The rocks exhibit granulite facies conditions of 
5-7 kbar and 800°C and show a Paleoproterozoic age of ca. 
1.85-1.80 Ga for this metamorphism that was obtained using 
U-Pb dating on zircon and U-Th dating on monazite. Mineral 
textural relations also show a younger amphibolite facies 
metamorphism that is documented in both the Sherdarwaza 
and Welayati formations. This metamorphism occurred at 
relatively higher pressure conditions of up to 9 kbar at  
ca. 650 °C, compared to the granulite facies event. A 
Neoproterozoic age of ca 0.85-0.9 Ga, for this metamorphism 
is confirmed by Ar-Ar data on biotite and white mica as well 
as by U-Th data on monazite. By combining the presented 
results on the metamorphic petrology, geochronology and 
geochemistry, we conclude that: (1) The Kabul basement is a 
fragment of an Archean block (craton); (2) the ca. 1.85-1.8 and 
0.9-0.85 Ga metamorphism marks an important orogenic 
events for the basement rocks of the Kabul Block which was 
stabilized during the early Precambrian; (3) the two 
metamorphic ages correlate well with global-scale orogenies 
related to the assembly of the Paleoproterozoic Columbia and 
Neoproterozoic Rodinia supercontinents; (4) based on 
metamorphic characteristics and ages, the Kabul basement 
rocks show an affinity to the Neoarchean rocks of the Tarim 
and/or South China cratons. 
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The deuterium fractionation of gas-phase molecules in hot 

cores and cometary comae is believed to reflect the 
composition of the primitive ices. The deuteration of 
protostellar methanol is, however, a major puzzle because the 
isotopologue ratio [CH2DOH]/[CH3OD] is about a factor of  
20 larger in low mass hot-corinos than in high-mass hot cores. 
In this talk, we will report a new rate equation model of 
deuterium surface chemistry applied to the hot-core phase of 
protostellar sources, during which amorphous water ice is 
heated, crystallizes and eventually sublimates. According to 
recent experimental data, crystallization is accompanied in its 
very initial phase by H/D exchanges between water and 
molecules (more specifically functional groups within them) 
able to form hydrogen bonds, such as methanol and ammonia. 
The D/H ratios of such species are thus expected to equilibrate 
with the D/H ratio of water. As a result, the 
[CH2DOH]/[CH3OD] ratio is predicted to scale inversely with 
[HDO]/[H2O]. We will show that our model is able to 
reproduce the [CH2DOH]/[CH3OD]  ratios observed in the hot-
corino of IRAS 16293-2422 and in the hot-core of Orion KL, 
provided that the primitive fractionation of water ice 
[HDO]/[H2O] is about 1% in both sources. We conclude that 
gas-phase molecular D/H ratios measured in hot cores, 
protoplanetary disks or comets may not be representative of 
the original ices in the case of molecules with exchangeable 
deuterium atoms. 
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The D/H composition of volatile molecules composing 

cometary ices brings key constraints on the origin of comets, 
on the extent of their presolar heritage, as well as on the origin 
of atmospheres and hydrospheres of terrestrial planets. 
Nevertheless, the D/H composition may have been modified to 
various extents in the nucleus when a comet approaches the 
sun and experiences deep physical and chemical modifications 
in its subsurface. In this talk, we question the evolution of the 
D/H ratio of organic species by proton exchanges with water 
ice. We experimentally studied the kinetics of D/H exchanges 
on the ice mixtures H2O:CD3OD, H2O:CD3ND2 and D2O:HCN. 
Our results show that fast exchanges occur on the -OH and -
NH2 chemical groups, which are processed through hydrogen 
bonds exchanges with water and by the molecular mobility 
triggered by structural changes, such as glass transition or 
crystallization. D/H exchanges kinetic is best described by a 
second-order kinetic law with activation energies of 4300 ± 
900 K and 3300 ± 100 K for H2O:CD3OD and H2O:CD3ND2 
ice mixtures, respectively. The corresponding pre-exponential 
factors ln(A(s-1)) are 25±7 and 20±1, respectively. No 
exchange was observed in the case of HCN trapped in D2O ice. 
These results strongly suggest that upon thermal heating 1) -
OH and -NH2 chemical groups of any organic molecules loose 
their primordial D/H composition and equilibrate with water 
ice, 2) HCN does not experience proton transfer and keeps a 
primordial D/H composition and 3) C-H chemical groups are 
not isotopically modified. 
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Authigenic mineral precipitation in marine sediments is 

believed to account for at least 10% of the global carbonate 
accumulation [1] and may be an important controlling factor in 
the stabilization of cold-water coral carbonate mounds [2]. In 
sub-recent mounds located on Pen Duick Escarpment in the 
Gulf of Cadiz, secondary carbonate precipitation can be 
mediated by microbial induced changes in alkalinity associated 
with methane consuming archaea and sulphate reducing 
bacteria in a shallow sulphate methane transition zone (SMTZ) 
[3]. The 4D-DIAGENESIS@MOUND project aims to 
understand the functioning of a carbonate mound as a 
biogeochemical reactor, triggering early diagenetic processes 
in space and through time. This study focuses on the 
characterization of authigenic mineral and dissolution phases 
in two gravity cores retrieved from Alpha Mound and in-vitro 
flow experiments with an in-house designed bioreactor. 
Mineralogical variability within the carbonate mound 
sediments points towards a dynamic system. Lipid biomarker 
analysis and 3D visualization by means of multi-scaled 
nanotomography show the nature of diagenetic phases and 
elucidate a link between diagenesis and microbial activity.  
 
[1] Sun & Turchyn (2014), Nature Geoscience 7, 201-204. [2] 
Pirlet et al.  (2012), Sedimentology 59, 578-604. [3] Wehrmann 
et al. (2011), Marine Geology 282, 118-137 
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Constraints on sulfur content in the 
Earth’s core 

YINGWEI FEI 
Geophysical Laboratory, Carnegie Institution of Washington, 

5251 Broad Branch Road NW, Washington, DC, 20015. 
yfei@carnegiescience.edu 

 
It is necessary to incorporate light elements (lighter than 

iron) in the Earth’s core in order to explain the density and 
velocity discrepancies between the core and pure iron. Among 
the suggested light elements, sulfur (S) has always been 
considered as a key candidate in the core based on 
cosmochemical constraints, its chemical affinity for iron, and 
experimental data on melting, element partitioning, and 
physical properties at high pressure and temperature. However, 
the amount of sulfur in the core has been debated. 
Geochemical constraints usually place 2-3 wt.% S in the core 
[1], whereas a S-rich (9-10 wt.%) core would meet the 
geophysical constraints based on recent reasurements of 
density and sound velocity of Fe-S alloys [2, 3]. In this study, I 
examine the role of S in early planet differentiation and S 
partitioning during inner core crystallization to place addiitonal 
constraints on the amount of S that could be incoreporated in 
the core.  

Planet differentiation could have proceeded through 
efficient liquid-liquid separation or by percolation of liquid 
metal in a solid silicate matrix, depending on the size and 
interior temperature of the planetary bodies. Fe-S melt is likely 
the first metallic liquid percolated in the silicate matrix 
because of the low eutectic melting temperature in the system. 
The process can be demonstrated through 3D imaging of liquid 
metal network in silicate recovered from simulation 
experiments [4]. Without the constraint of the volatility trend, 
the metallic cores of the differentiated small bodies likely 
contain much higher S content than that of the Earth assuming 
the same initial bulk S content. I explore the possible S 
evolution from small bodies to large planets such as the Earth.  

I have also conducted experiments to determine S 
partitioning between the liquid outer core and the solid inner 
core, using both multi-anvil apparatus and diamond-anvil cell. 
The partitioning data coupled with density and sound velocity 
measurements provide additional constraints on the S content 
in the core because of the observed density and velocity 
changes at the inner core boundary. 
 
[1] McDonough & Sun (1995) Chem. Geol. 120, 223–253. [2] 
Huang et al. (2011) Nature 479, 513-516. [3] Huang et al. 
(2013) GRL 40, 687–691. [4] Fei (2013) J. Vis. Exp. 81, 
e50778. 
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The quality of sedimentary organic matter (SOM) plays a 
prominent role in controlling the most early diagenetic 
processes of carbon and essential nutrients in sediments. The 
degradability, such as amino acid degradation (DI) and chlorin 
indices (CI), and bioavailability, such as the concentrations of 
chlorins, carbohydrate, lipid, total hydrolysable amino acids, 
and biopolymeric carbon (BPC) have been performed to assess 
the quality of SOM. In the present study, the quality of SOM in 
the sediment of Lake Fuxian, the second deepest (155 m) lake 
in China, was investigated at 13 stations including the deepest 
basin during April 2013. The sediment cores were collected 
and multiple parameters described above were analyzed. The 
concentrations of total organic matter (TOC) and bioavailable 
organic matters increased rapidly at the upper 4 cm depth 
(corresponding to 1980) in all stations, which ascribed to the 
increase of phytoplankton biomass and agricultural waste input 
according to the results of δ13C, δ15N and C/N. Hereafter, the 
surface sediments of 4 cm depth were conducted to reveal the 
quality of SOM and its biogeochemical behavior. The studied 
parameters correlated strongly with each other (P<0.05), 
suggesting their consistence in the assessment of the quality of 
SOM in Lake Fuxian. The quality of SOM showed spatial 
variance with the proportion of BPC to TOC ranging from 
28% (in the deepest site) to 60% (in the site nearest to the 
shore). Principle component analysis suggested that the quality 
of SOM in the north basin facing great threat from agricultural 
non-point pollution was more reactive than that in the south 
basin which was polluted by the output from an adjacent 
eutrophic lake (Lake Xingyun). The chemical compositions of 
organic matters correlated significantly with water depth and 
its sources, and the degradability of SOM (CI and DI) was 
correlated to diffusive sediment oxygen uptake (DOU) and 
oxygen penetration depth. The continuous accumulation of 
high-quality SOM resulted in internal phosphorus pollution 
which was highly dependent on redox status in sediment was 
found in Lake Fuxian and needs further research. 
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1Department of Oceanography, Dalhousie University, Halifax, 
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2Department of Oceanography, Texas A&M University, 
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State University, Baton Rouge, USA 
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Gulf Breeze, USA 
 

A large hypoxic zone forms every summer over the 
continental shelf of the northern Gulf of Mexico because of 
nutrient and freshwater inputs from the Mississippi/Atcha-
falaya River System. Several coupled circulation-hypoxia 
models are under development for this region in order to im-
prove mechanistic understanding of hypoxia. Here we report 
results of an intercomparison of these hypoxia models, which 
is being undertaken within the NOAA-funded Coastal & 
Ocean Modeling Testbed (COMT). Four circulation models 
are included: two implementations of the Regional Ocean 
Modeling System (ROMS), one implementation of the Finite 
Volume Coastal Ocean model (FVCOM), and one implemen- 
tation of the U.S. Navy’s coastal ocean model (NCOM). In 
order to elucidate the effects of model physics on hypoxia, all 
circulation models were initially run with the same, highly 
simplified hypoxia model, which parameterizes oxygen sinks 
in water column and sediment, and includes air-sea gas 
exchange. The simplified hypoxia models were found to have 
surprisingly high predictive skill when compared with their 
corresponding full biogeochemical models. Oxygen consum- 
ption by the sediment was found to be the most important 
oxygen sink driving hypoxia generation in this region. The 
thickness of the bottom boundary layer effectively defines the 
timescale of hypoxia generation, making bottom roughness an 
unexpected but important factor in determining whether a 
model is likely to generate hypoxic conditions or not. The 
second step of the intercomparison will include a detailed 
analysis of the full ecosystem-hypoxia models. Our ultimate 
goal is to improve model formulations, hindcasts, forecasts and 
mechanistic understanding. 
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Observing ion interactions at charged 
solid-liquid interfaces using x-rays: 

From statics to dynamics* 
PAUL FENTER1, SANG SOO LEE1, ERIKA CALLAGON2, 

KATHRYN L. NAGY2 AND NEIL C. STURCHIO3 
1Argonne National Laboratory 
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3University of Delaware 
 

The interaction of ions with charged solid-liquid interfaces 
is a critical feature for understanding the transport of 
contaminants in the environment due to reactions at mineral-
water interfaces.  The actual distribution of ions at the 
interfaces is normally obscured by the presence of the liquid 
phase.  I will present recent results where we use X-ray based 
probes (e.g., x-ray reflectivity and resonant scattering) to 
observe the structures and interactions of ions at solid liquid 
interfaces through direct in-situ measurements.  Examples will 
include metal ion adsorption (structure, thermodynamics and 
kinetcs) at the muscovite-water interface, and heavy metal ion 
incorporation at the calcite- and dolomite-water interfaces.  
The results reveal the critical role of ion solvation in 
understanding adsorbed cation properties at mineral-water 
interfaces. 

 
*This research is supported by the US DOE/BES/Geosciences 
Research Program.   
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fractionation during siderite digestion 

by phosphoric acid 
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S. M. BERNASCONI1 
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University, USA.  
 

The clumped and oxygen isotope composition of soil 
siderites (FeCO3) can be exploited to reconstruct the 
temperature and precipitation conditions (i.e., δ18O value of 
meteoric water) that occurred during the warm greenhouse 
climates of the Phanerozoic. Paleoprecipitation 
reconstructions, however, can be biased by the use of incorrect 
acid digestion fractionations factors (αsiderite-CO2). Moreover, 
siderites are relatively more resistant to phosphoric acid attack 
than calcite requiring longer reaction times and/or higher 
reaction temperatures.  Here, we discuss our experiences 
measuring the clumped isotope composition of natural siderite 
samples, and we present δ18O estimates of four siderite 
samples obtained using three different acid digestion 
techniques (offline, Kiel Device, and GasBench). We find a 
constant 1.5‰ difference between the GasBench and the 
Kiel/offline digestion data. Preliminary results from the 
complete high-temperature pyrolysis (TC/EA) of the same 
siderites suggest that the published αsiderite-CO2 value [1] is only 
appropriate for one of these digestion techniques. This 
observation will be confirmed using conventional CO2 
fluorination.  Our results are similar to the technique dependent 
fractionations reported for calcite [2], and may explain some of 
the disagreements in the temperature dependence of the 
siderite-water oxygen isotope fractionations reported by 
different workers. 
 
[1] Rosenbaum, J., & Sheppard, S. M. . (1986). GCA, 50(6), 
1147–1150. [2] Swart, P., Burns, S., & Leder, J. (1991). Chem. 
Geo. 86. 89-96 
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Cobalt is a trace element in the Earth crust but it also is a 
toxic metal that can accumulate in some specific areas due to 
both natural and anthropogenic factors. Numerous studies have 
demonstrated that toxic elements can be removed from 
aqueous solution by its incorporation in mineral structures. In 
particular, the incorporation of divalent into the crystal 
structure of calcite has raised interest as a potential method for 
water decontamination. 

It is known that the presence of Co2+ in water solution 
avoids the precipitation of calcite and promotes the 
precipitation of amorphous phases of calcium carbonate. 
However, the evolution of this amorphous phase and the 
eventual polymorphic transformations that occur after 
precipitation remain unknown. 

In this work we have precipitated calcium carbonate at 
room temperature in the presence of different amounts of Co2+. 
After precipitation, the obtained solid phase was aged in the 
remaining aqueous solution for two months. The aging process 
was monitored by analyzing both the aqueous solution and the 
aged solids after specific aging times. The evolution of the 
solids was followed by X-ray Powder Diffraction, Electron 
Microscopy and X-ray Spectroscopy. The aqueous solution 
was analyzed by ICP. 

In all the experiments the initial solution is supersaturated 
for a number of crystalline phases: calcite, aragonite, vaterite, 
monohydrocalcite sphaerocobaltite... However, it was 
observed that the first precipitate is a hydrated amorphous 
cobalt and calcium carbonate that quickly evolves to a mixture 
of calcite and amorphous hydrated cobalt and calcium 
carbonate. The evolution of this solid with the aging time is 
complex. One of the most relevant changes takes place one 
hour after precipitation, when calcite dissolves and 
monohydrocalcite occurs together with the amorphous phase. 
This newly formed monohydrocalcite is also dissolved and 
aragonite precipitates after 4 days of aging. Aragonite and the 
amorphous phase coexisted in the aqueous solution at least 
after 30 days of aging. Finally, after 60 days, the crystalline 
phase Co2CO3(OH)2 was identified in the solid together with 
aragonite. 
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3School of Environmental Sciences, University of Liverpool, 
UK 

4Géosciences Environnement Toulouse, France 
 

Mantle xenoliths in Neogene-Quaternary alkali basaltic 
rocks from the Catalan Volcanic Zone are composed of 
anhydrous spinel lherzolites, harzburgites and minor olivine 
websterites. The volcanism is related to the prolongation of the 
European rift system along the Mediterranean coast of the 
Iberian peninsula. Crystallographic preferred orientations 
(CPOs), thermobarometric estimates and major and trace 
element geochemistry have been used to assess the dynamic 
and geochemical evolution of the lithospheric mantle in this 
area 

Olivine CPOs show [010]-fiber textures in most 
protogranular peridotites and websterites, whereas they change 
gradually into orthorhombic or rare [100]-fiber in most 
porphyroclastic and equigranular lherzolites. This change is 
interpreted to have occurred with decreasing temperature (T) 
and pressure (P). Fabric strength also decreases with T and P.  

There is no apparent relationships between CPOs and 
whole-rock and mineral geochemistry. Basalt components and 
mildly incompatible trace elements define a broad melt 
depletion trend, but a different melting and metasomatic 
history is envisaged for harzburgites and lherzolites. 
Lherzolites display scattering in covariation diagrams 
suggesting that simple melt depletion was not the sole process 
involved. Finally, a mainly cryptic metasomatism related to 
alkaline-carbonatite melt percolation affected the harzburgites 
and a few lherzolites. Their geochemical signature is not 
correlated with fabric strength nor equilibrium temperatures.  

It is suggested that earlier deformation event(s) followed 
by annealing resulted in olivine [010]-fiber fabrics, whereas 
the orthorhombic and [100]-fiber types reflect lower T and 
higher strain deformation in shallow shear zones. These might 
be related to the Neogene rifting event. 
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Oxygen fugacity is an important parameter controlling the 
concentration of metal elements present in mafic to ultramafic 
magmas. It plays a fundamental role in the partitioning of 
several economically important elements (e.g. Pt, Ni, Cu) 
between sulfides and silicate melts. Although the partition 
coefficients of these elements have been experimentally 
investigated by several authors, and oxygen fugacity appears to 
severely affect their variations [e.g. 1, 2], a precise and 
comprehensive determination of this effect is still missing. 
Moreover, the range of oxygen fugacities relevant to magmatic 
intrusions is probably larger than previously believed, as recent 
works [3 and abstract Iacono-Marziano et al. in this session] 
show how the interaction with sedimentary rocks can sensibly 
affect the redox conditions of the magma. 

We are performing high pressure high temperature 
experiments in internally heated pressure vessels using a 
picrite from Noril’sk 1 intrusion as starting material. The use 
of Pt capsules allows to increase the Pt content of the melt. Ni, 
Cu, Pt and Au contents in sulfide droplets and coexisting melts 
are measured by laser ablation inductively coupled plasma 
mass spectrometry, while their major element compositions are 
analyzed by electron microprobe. We present and discuss 
preliminary results obtained at different oxygen fugacities. 
 
[1]Gaetani & Grove (1997), Geochimica et Cosmochimica 
Acta 61, 1829-1846 [2]Mungall & Brenan (2014), Geochimica 
et Cosmochimica Acta 125, 265-289 [3]Iacono-Marziano, 
Gaillard, Scaillet, Polozov, Marecal, Pirre, Arndt (2012b), 
Earth and Planetary Science Letters 357-358, 319-326 
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The 572 Ma Guarany stock consists of magmatic epidote-

bearing hornblende monzodiorite to biotite granite that 
intruded Paleoproterozoic orthogneisses of the 
Pernambuco−Alagoas domain, NE Brazil. Co-magmatic 
diorite enclaves and dikes are present throughout the pluton. 
The rock types are shoshonitic and display chemical and 
isotopic characteristics typical of crustal melts, such as 
enrichment in incompatible elements, high back-calculated 
initial 87Sr/86Sr ratios (avg. 0.71253), negative εNd(0.57Ga) 
values (avg. -14.58), and high and variable (+8.3 to 
+11.1‰VSMOW) δ18O (zircon) values. Amphibole chemistry and 
whole rock Zr, TiO2 and P2O5 contents suggest that magma 
solidification at a pressure of 7 kbar and temperature ~900oC. 
Correlations between O-isotopes and whole-rock silica 
contents, and initial 87Sr/86Sr ratios with Sr concentrations 
suggest hybridization of a lower continental crust melt with 
continental crustal rocks, concomitantly with fractional 
crystallization. The parental magma was likely formed by 
partial melting of old (tDM = 2 .0Ga) quartz-poor, mafic lower 
continental crustal rocks, in a post-collisional setting, probably 
triggered by underplating of mantle-derived mafic magma 
during period of relaxation after collision.  
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treated agricultural soil  
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Nitrogen (N) and carbon (C) pools and 15N natural 
abundance in the soil-plant system were investigated in a 
reclaimed agricultural soil amended with both natural (NZ) and 
NH4-enriched (NEZ) Italian Chabazite zeolitites over an 
eleven-months monitoring period. Zeolitite were mixed in the 
top soil layer in November 2012 in quantities ranging from  
5 kg m-2 to 15 kg m-2. Sorghum vulgare Pers. was sowed 
during the experimentation and different fertilization 
reductions (up to 50%) with respect to untreated soil (CNTR) 
were applied in zeolitite treatments. pH, Cation Exchange 
Capacity (CEC), Total N (TN), Fixed (Fix) and Exchangeable 
(Exch) N-NH4, N-NO3, Microbial Biomass N (Nmic) and C 
(Cmic), Total Organic C (TOC), Total Extractable C (TEC), C 
contained into Humic Acids (HA) and Fulvic Acids (FA) in the 
soil, as well as C-N content of plants and yield were measured 
in the various parcels. In addition, δ15N in soil TN and Fix 
pools and in the different sorghum organs was measured. 
Results show that zeolitite introduction mainly affected N 
pools while the majority of C pools were not significantly 
affected. The dynamics of Fix N-NH4

+ pool reserve and its 
δ15N turnover suggest an active role in plant nutrition and a 
partial substitution by N from chemical fertilizers. N-NO3

- 
content was significantly lower in soils treated with NZ, 
suggesting a lesser N availability to nitrifying bacteria. The 
initial lower Cmic and the change in microbial C/N ratio in the 
treated parcels suggest that zeolitite introduction affected 
microbial biomass. Probably, a change of population through a 
fungal prevalence occurred as evidenced by the higher 
microbial C/N ratio in the treated soils. Plants and TN δ15N 
indicate that N contained into NEZ remained in the soil system 
until the growing season to be successively undermined by the 
crops. The low δ15N and the similar N content of plants grown 
in NZ treatments suggests a possible higher fertilization 
efficiency. TOC was significantly higher in the rhizosphere of 
all zeolitite treatments but the causes of this enrichment require 
further investigation. Zeolitite addition also brought to an 
increase in soil CEC and yield; the latter was similar or higher 
with respect to the CNTR, notwithstanding the applied 
fertilization reduction. 
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Using pynams for site-specific H 
diffusivity in clinopyroxene 

ELIZABETH FERRISS1 
1LDEO, Columbia University, Palisades, NY 10964 
 

Quantifying the distribution and behaviour of hydrogen 
point defects (also called water or hydroxyl, here H) in 
nominally anhydrous minerals (NAMs) is an area of active 
research because of H’s disproportionate effect on key physical 
and chemical properties and its potential to provide insight into 
fundamental Earth and planetary processes. Fourier Transform 
Infrared spectroscopy (FTIR) is the most commonly used tool 
for measuring H concentrations because of its relative ease of 
use, low cost, and ability to distinguish H incorporation sites. 
Over the past several decades, thousands of FTIR spectra have 
been collected, and the rate of spectra collection has increased 
with widespread availability of digital mapping stages and 
current efforts to systematically characterize H in various 
environments and experimental conditions.  

I will demonstrate pynams, a free, open-source software 
package written in Python to quickly accomplish FTIR spectra 
interpretation tasks related to H in NAMs such as plotting, 
creating baselines, estimating H concentrations, generating H 
profiles, peak fitting with Gaussians, and applying the whole-
block method to interpret diffusion data and perform 
tomographic inversions (Ferriss et al. 2015, American 
Mineralogist). The latest version of the code is publicly 
available on GitHub, a website for collaborative code 
development, at https://github.com/EFerriss. 

Examples will focus on spectra from diffusion experiments 
to obtain site-specific H diffusivities in clinopyroxene. Site-
specific diffusivities are necessary because bulk H diffusivities 
span 3 orders of magnitude with no clear correlation to sample 
chemistry and thus cannot be confidently applied to natural 
systems. 
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Over the last 10 million years (m.y.), the Great Plains 
transitioned to the modern grassland ecosystem which is 
dominated by C4 grasses. Well-preserved late Miocene to 
Holocene fossils and paleosols make the Meade Basin in 
southwest Kansas, USA a unique place to determine how 
paleoenvironmental conditions changed during C4 grassland 
evolution. δ18O values of paleosol carbonates in the Meade 
Basin (δ18Ocarb) decreased from the Miocene to Holocene while 
δ13C values increased; these trends were interpreted as an 
increase in temperature and/or in aridity coincident with an 
increase of C4 grass biomass on the landscape [1]. However, 
estimating temperature from δ18Ocarb is complicated by the role 
of source water δ18O values in δ18Ocarb values. Thus, we used 
carbonate clumped isotope (Δ47) thermometry of paleosol 
carbonate nodules to develop independent paleotemperature 
estimates and estimated δ18Owater by combining temperature and 
δ18Ocarb values. 

Preliminary temperature estimates (5-1.8 Ma) in the Meade 
Basin range from 17ᵒC to 24ᵒC with no systematic change 
through time, when compared to the modern mean annual 
(14°C) and warm season (24°C) temperatures [1]. In contrast, 
δ18Owater values increase through time. We preliminarily 
suggest that local/regional temperature change was not the 
primary factor that drove grassland ecosystem evolution here, 
while increasing δ18Owater values suggests increased aridity may 
have been a bigger influence on C4 biomass and faunal 
changes, although we cannot rule out pCO2 changes. In 
addition, Δ47 temperatures and δ18Owater may reflect numerous 
factors besides air temperature and aridity changes, 
respectively, including depositional environment differences, 
soil type/depth, and source water changes. Additional analyses 
and detailed organic biomarker records currently underway 
will help further constrain the roles of paleoenvironmental 
factors in C4 grassland expansion.   
 
[1]	   Fox, D.L., Honey, J.G., Martin, R.A., and Peláez-
Campomanes, P., (2012a), GSA Bulletin 124, 431-443. 
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Mineral surfaces are known to adsorb organic molecules 

such as nucleic acids [1] [2]. They might have concentrated the 
building blocks of biomolecules in the context of the origin of 
life, facilitating their polymerization. They also protect them 
from degradation [3] [4] contributing to an extracellular 
genetic pool used by microorganisms in soils for horizontal 
gene transfers [5]. Previous work has highlighted the 
predominant role of the edges of mineral particles in the 
adsorption of nucleotides [6], implying oxide-like adsorption 
sites. Here we further investigate the interactions of 
ribonucleotides with alumina and hematite, as a function of 
pH, ionic strength and ligand-to-solid ratio. Batch adsorption 
experiments and surface complexation calculations using the 
Extended Triple Layer Model allow us to predict the speciation 
of the surface species, the stoichiometry and thermodynamic 
equilibrium constants for the adsorption of nucleotides. Both 
oxides lead to high values of adsorption of nucleotides  
(> 2 µmol/m2). However, at high pH, hematite nanoparticles 
show a significantly higher adsorption compared to alumina. 
On alumina surfaces we propose the formation of a 
monodentate inner-sphere complex at low pH, and a bidentate 
outer-sphere complex at higher pH, both involving the 
negatively charged phosphate group [7]. This pH-dependency 
might have implications for the availability of nucleotides both 
in the context of the origin of life for polymerization and in 
modern soils for lateral gene transfer.  
 
[1] Ferris (2005), Reviews in mineralogy & geochemistry 59, 
187-210 [2] Cleaves H.J. et al. (2011), Chemosphere 83, 1560-
1567 [3] Cai et al. (2006), Environ. Sci. Technol. 40 (9), 2971-
2976 [4] Scappini et al. (2004), International Journal of 
Astrobiology 3(1), 17-19 [5] Levy-Booth et al. (2007), Soil 
Biol. Biochem. 39, 2977–2991 [6] Feuillie et al. (2013), GCA 
120 97–108 [7] Feuillie et al. (2015), Langmuir 31 (1) 240–
248 
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Infiltrations of melts/fluids in mantle rocks are witnessed 

by the presence of glass-bearing pockets in peridotite xenoliths 
scavenged by alkaline volcanism. We investigate by electron 
microprobe the chemical composition, including the Fe3+/ΣFe 
ratios, of several glass-bearing pockets around spinels corroded 
at different degrees. This study shows (1) how the structure of 
the percolating melt is modified by the accommodation of 
chemical elements produced by the dissolution of minerals and 
(2) how this process could modify the oxidation state of the 
melt. 

The dissolution/recrystallization of spinels enriches the 
melt in alumina. The spinel-derived Al3+ ions are first 
accommodated to the melt network as network-modifiers. 
Then Al3+ ions were network-formers using K+ ions, extracted 
from the aqueous fluid upon melt dehydration, as stabilizators 
within the tetrahedral site. The transfer of K+ from the aqueous 
fluid to the melt network is counterbalanced by an inverse 
transfer of CaO molecules that form crystalline phases 
exsolved upon eruption. As the melt dehydration proceeded, an 
increasing fraction of the spinel-derived alumina molecules 
were exsolved. Spinel corrosion could generate melt oxidation 
through dehydrogenation reactions resulting in the formation 
of Al3+ and Fe3+ anionic complexes within the melt network.  
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Carbonate associated sulfate (CAS) is used as a proxy to 

reconstruct the redox conditions and microbial activity in 
former seawater. Although a Phanerozoic seawater curve for 
δ34SCAS exists for more than ten years, possible effects of 
diagenesis on CAS and its sulfur isotopic composition in 
natural carbonates are not yet thoroughly constrained. To 
detect variations in CAS-concentrations and respective δ34SCAS 
values caused by diagenetic alteration, dolomite samples of the 
upper Triassic Hauptdolomit-Formation present in the 
European Alps were investigated. Three sample  groups with 
different thermal histories and burial temperatures from 100°C, 
200°C to 300° were studied. 

Our results display a broader range of CAS-concentrations 
(100°C: <10 to 1700 ppm, 200°C: <10 to 950 ppm, 300°C: 0 to 
50 ppm) and δ34SCAS-values (+13.9 to +24.9 ‰, V-CDT) than 
calcites considered to reflect for late Triassic seawater (average 
values: δ34SCAS: +18.4 ‰, V-CDT). Although the CAS 
concentrations generally vary too much to be correlated with 
specific burial temperatures, a general decrease and less 
variability in CAS content with increasing temperature is 
apparent from our data. However, samples classified as 
mudstones display decreasing CAS concentrations with 
increasing burial temperature pointing to even higher CAS 
concentrations during carbonate formation. With increasing 
crystallographic order during progressing dolomitization the 
CAS concentration decreases. Together with the strong 
positive correlation with the Mol%CaCO3, iron and strontium 
content we consider the CAS to be incorporated in the calcite 
crystal lattice. A comparison of 87Sr/86Sr with δ34SCAS displays 
a linear negative correlation within each temperature group and 
a general shift to higher 87Sr/86Sr and δ34SCAS values from 
100°C to 300°C. We conclude that the different temperature 
settings of 100°C, 200°C and 300°C within the rock-buffered 
system of the Hauptdolomit-Fm represent individual semi-
closed systems.  
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Mafic magma intrusions are believed to contribute 
significantly to the volatile (H2O, Cl, S) and (chalcophile) 
metal budgets of porphyry ore deposits. We performed 
magma-magma diffusion-couple experiments that reveal 
remarkable redox gradients near the magma-magma interface, 
which potentially explain the formation of Cu-rich vs. Au-rich 
porphyry deposits [1]. 

The experiments were conducted by using samples from 
Volcán Quizapu, representing the dacitic host magma, and 
basaltic andesite re-charge magma, respectively. Crystal-
bearing (spinel, ±plagioclase, ±opx, ±cpx) and volatile-
enriched (H2O, Cl, S) dacitic and andesitic cylinders were 
synthesized at 150 MPa, 900°C (dacite) or 1030°C (andesite) 
in cold seal pressure vessels (fO2 ~ FMQ+4). The cylinders 
were sliced, and dacite-andesite mixing experiments were 
performed at temperatures of 950 and 1000°C, FMQ+4 and 
150 MPa. The samples were rapidly quenched after 1 to 80 h.  

The andesite shows a high crystallinity of ~85% that 
decreases slowly near the interface with increasing run 
duration, while the dacite contains only a small fraction of 
spinel. The andesite has reached volatile saturation at mixing 
temperatures as indicated by the presence of vesicles, while the 
dacite is bubble-free. The vesicles remain within the mafic 
phase, indicating that the transport of S and chalcophile metals 
from the mafic to the felsic magma may be controlled by 
diffusion. Analyses of major (EPMA) and trace elements (LA-
ICP-MS) as well as WDS/EDS mapping show that the 
exchange of the major and trace elements (incl. S) is further 
limited by the crystal dissolution rate. Here, cpx dissolution is 
followed by opx, plag and spl. Fe μ-XANES analyses reveal a 
strong drop of Fe3+/Fetot near the interface, which is explained 
by the dissolution of predominantly Fe2+-rich minerals in the 
basaltic andesite. The Fe3+/Fetot gradient is equivalent to a drop 
of fO2 by ~1.5 log units. Considering the strong influence of 
fO2 on Au and Cu solubility in melts and on Au and Cu fluid-
melt partitioning [2-3], we suggest that the formation of such 
redox gradients during magma-mixing can explain the 
contrasting Au/Cu ratios of porphyry deposits. 
 
[1] Vila and Sillitoe (1991) Econ. Geol. 86, 1238-1260; [2] 
Zajacz et al. (2012) GCA 91, 140-159; [3] Zajacz et al. (2013) 
GCA 112, 288-304. 

891



 Goldschmidt2015 Abstracts  

 892 

The roles of decompression rate and 
volatiles (H2O+Cl±CO2±S) on 

crystallization in basaltic magma 
FIEGE, A.12, VETERE, F.14, IEZZI, G.35, SIMON, A.2 AND 

HOLTZ, F.1 
1Institut für Mineralogie, Leibniz Universität Hannover, 

Hannover, Germany 
2Department of Earth and Environmental Sciences, University 

of Michigan, MI, USA 
3Dipartimento di Ingegneria & Geologia, Università G. 

d'Annunzio, Chieti, Italy 
4Dipartimento di Fisica e Geologia, Università di Perugia, 

Perugia, Italy (francesco.vetere@unipg.it) 
5Istituto Nazionale di Geofisica e Vulcanologia, Roma, Italy 
 

The decompression rates (r) and the amount of volatile 
species (mainly H2O±CO2±S±Cl) are crucial parameters for the 
physical behavior of ascending magmas; volatiles affect 
magma degassing and crystallisation paths, as well as thermal 
stabilities of mineral phases [e.g., 1]. Decompression-induced 
crystallization and vesiculation have a significant effect on 
bulk viscosities of volcanic suspensions and their eruptive 
styles (e.g., effusive vs. hazardous explosive eruptions). In this 
study, we investigated the decompression-induced 
crystallization of a trachybasaltic magma, as a function of 
different volatile contents (5 wt% H2O; 0.7 wt% Cl; from 0 to 
2000 ppm CO2; from 0 to 3000 ppm S) and r. Isothermal 
decompression experiments were conducted at 1030 °C and 
log(fO2) ≈ QFM+2 by releasing pressure from 300 to 70 MPa 
at r = 0.01, 0.1 and 1 MPa/s. The phase assemblages before the 
onset of decompression were composed of 91-99 area% melt, 
2-9 area% clinopyroxene (cpx), 0-0.4 area% spinel (spl) and 0-
0.3 area% bubbles. The experimental results show that the 
crystallization of cpx during decompression is strongly 
enhanced by the presence of S, whereas spl shows less 
significant variations. Plagioclase (plag) and olivine (ol) only 
occur in the S-bearing samples decompressed at  
r = 0.01 MPa/s. We compared our results to modeled 
degassing trends (using SolEx and DCompress), phase 
assemblages (using MELTS) and available experimental 
constraints on phase equilibria in S-bearing and S-free 
systems. We suggest, that the presence of S strongly increases 
the thermal stability of cpx at lower P (~70 MPa) and has also 
a slight positive effect on the stability of spl, plag and ol. The 
remarkable increase of the modal abundance of cpx (and spl) 
observed in the S-bearing systems leads to a strong increase of 
the effective magma viscosity and, thus, can slow down 
magma ascent within the conduit and affect eruptive style. 
 
[1] Parat et al. (2008) J. Petrol. 49, 1373-1380. 
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A commonly postulated model of BIF formation involves 

Fe(II)-rich water upwelling onto continental shelves, bringing 
Fe(II) into the vicinity of oxygenic phototrophs and 
microaerophilic, chemolithotrophic iron-oxidizing bacteria 
(FeOB). This creates an Fe(II)/O2 interface where these iron-
oxidizers may played a role in precipitating iron minerals 
planktonically in the water column. However, little is known 
about FeOB in marine water columns. The goals of this study 
were to confirm the presence of planktonic FeOB in a saline, 
redox stratified system, identify these bacteria, and determine 
any associations with their presence and corresponding 
geochemical conditions. Water samples from the Chesapeake 
Bay, a redox stratified ancient ocean analog, were collected at 
various depths for geochemical analyses and inoculation of 
iron-oxidizer culture medium. Detection of microaerophilic 
FeOB correlated with regions in the water column where 
oxygen was below the detection limit (< 3 µM) and particulate 
Fe(II) was greatest. These results demonstrate that iron-
oxidizers may be particle-associated and active at lower 
oxygen concentrations than previously documented. 
Microaerophilic enrichment cultures were dominated by 
Zetaproteobacteria, a known marine iron-oxidizer, though 
unlike other Zetaproteobacteria cultures, no extracellular iron 
oxyhydroxide structures in the form of stalks or sheaths were 
observed. Anoxic phototroph enrichments were positive for 
growth and iron oxidation from all depths, and were comprised 
largely of Cyanobacteria, with a small proportion of 
Zetaproteobacteria. The Cyanobacteria produced oxygen that 
could directly oxidize iron, but may also support 
microaerophilic iron oxidation at the oxic-anoxic interface and 
anoxic zone. Overall these results support a revised conceptual 
model for the role of microorganisms in BIF precursor genesis 
that includes the potential cooperation between oxygenic 
phototrophs and microaerophilic, chemolithotrophic iron-
oxidizers. 
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There is an increasing need for underground storage of 

natural gas (and potentially hydrogen) to meet the UK’s energy 
demands and ensure its energy security. In addition, the growth 
of renewable energy technologies, such as wind power, will be 
facilitated by the development of grid-scale energy storage 
facilities to balance grid demand. One solution lies in creating 
large-scale compressed-air energy storage (CAES) facilities 
underground. Whilst a number of lithologies offer storage 
potential, only three operational CAES facilities exist in the 
UK. They are constructed in specifically designed solution-
mined salt (halite) caverns, similar to those currently used for 
natural gas storage. The influences exerted on salt dissolution 
by petrology, structure and fabric during cavern construction 
are not fully understood, with some occurences of caverns with 
non-circular cross-sections being less than optimum for gas 
storage and especially CAES.  

We have performed dissolution experiments on five key 
end-member salt lithologies from the Triassic Preesall Halite 
Formation to assess factors affecting variability in dissolution 
behaviour and cavern geometry formation. Identical sets of 
experiments were carried out on each key lithology using two 
solution strengths: a brine with a concentration of 270 g/l 
NaCl, and seawater (24 g/l). A 4 mm diameter pilot channel 
was drilled in each core, and the solutions pumped through at a 
constant flow rate of 0.58 ± 0.02 ml/min and a fluid 
temperature of 23 ± 1 oC.  

The results were compared using a combination of 
techniques including X-ray radiography and X-ray computed 
tomography, and various microscopy techniques. The brine 
experiments show that the sedimentary fabric and 
microstructure of the halite strongly influences the shape of the 
resulting solution cavity, each lithology type developing an 
entirely different void morphology. In contrast, the 
corresponding experiments using seawater all form similarly-
shaped and uniform cavities indicating the influence of the 
petrology is minimal using more dilute fluid. 
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Sample-standard bracketing is a widely used 

standardization technique for the determination/comparison of 
precise isotope ratios by MC-ICP-MS, and for some non-
traditional stable isotope systems is the only method available. 
The frequency of standard bracketing increases with required 
precision and decreasing mass. This combined with low 
sample introduction rates (typically < 100 µL/min) requires 
that a significant amount of time is needed for uptake and wash 
cycles. Sample throughput is therefore reduced. 

A newly designed ESI microFAST-MC (Omaha, USA) 
precisely and accurately loads a loop and then smoothly injects 
solution to a µFlow concentric nebulizer at defined rates from 
10-1000 µL/min. The valve on the flow injection system 
selects from two discrete parallel flow paths for standards and 
samples. This allows rapid switching between sample and 
standard solutions with minimal dead volume between the 
valve and the nebulizer. 

B and Mg isotope ratios were measured by a Thermo 
Scientific NEPTUNE Plus MC-ICP-MS (Bremen, Germany) 
using the microFAST-MC system and compared to 
measurements made using the nebulizer with self-aspiration. 
The following performance criteria were assessed: 1) internal 
precision, 2) external reproducibility of replicate 
measurements, 3) sample utilization (ions counted / atoms in 
solution consumed), 4) sample throughput and 5) 
reproducibility of sample introduction following inadvertent 
introduction of ‘contaminated’ sample matrices. 

The microFAST-MC increases sample throughput 
improves sample utilization for the lowest flow injection rates. 
External reproducibility is improved for the smallest absolute 
sample amounts using low volume solution aliquots. 

895



 Goldschmidt2015 Abstracts  

 896 

Elemental fractionation during LA-
ICP-MS analysis related to Ar plasma 

conditions 
JAN FIETZKE1* AND MATTHIAS FRISCHE1 

1GEOMAR Helmholtz Center for Ocean Research Kiel, 
Germany (*correspondence: jfietzke@geomar.de) 

 
Laser ablation inductively plasma mass spectrometry (LA-

ICP-MS) is widely used in geochemistry as a sensitive tool for 
multi-elemental analysis of natural samples. Despite huge 
efforts over more than two decades open questions remain with 
respect to the underlying processes causing matrix effects i.e. 
elemental fractionation, mass load effects, laser-induced 
fractionation etc. 

To contribute to the better understanding of fundamental 
aspects we report the results of a series of tests focusing on the 
elemental fractionation attributed to the conditions of the Ar 
plasma. These tests have been carried out using a set of  
5 silicate glass standards (NIST-SRM-610 and -612, BAM-
S005B, DING-ATHO-G, USGS-BHVO-2G) and a carbonate 
(USGS-MACS3). 

The results challenge the applicability of the commonly 
applied instrumental tuning criterion (ThO/Th < 0.5%). 
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Sulfur isotope ratio data (δ34S) can yield significant 

insights into global biogeochemical cycling over Earth history, 
providing a framework for reconstructing both global redox 
budgets and microbial metabolic activity. However, as these 
records become better resolved, coeval but divergent isotopic 
records are becoming increasingly common. These sulfur 
isotope records are characterized not just by divergent δ34S 
values, but also by differences in the spatial signature and 
magnitude of isotopic variability. Such discordant data suggest 
that we do not fully understand how isotopic signatures are 
incorporated and eventually preserved in the rock record. 
Putting these data into a detailed depositional, petrographic, 
and diagenetic context can provide insights into the origin of 
this spatial variation.  Here, we specifically look at the 
partitioning of carbonate-associated sulfate (CAS) within 
complex sedimentary carbonates and examine its abundance 
and isotopic composition as a function of depositional (and 
diagenetic) facies.  By pairing bulk records with high-
resolution synchrotron and secondary ion mass spectrometry 
(SIMS) approaches, we can increase our understanding of how 
isotopic signatures get encoded in sediments and modified 
during deposition and diagenesis.  The results enable us to 
reflect on and refine our interpretations of chemostratigraphic 
δ34S data that have the potential to constrain the behavior of 
the sulfur cycle over geological timescales. 

 

897

mailto:dfike@levee.wustl.edu


 Goldschmidt2015 Abstracts  

 898 

Comparison of the conditions of 
melting in the Martian mantle from 

surface basalts and meteorites 
JUSTIN FILIBERTO1 AND RAJDEEP DASGUPTA2 

1Southern Illinois University, Department of Geology, 1259 
Lincoln Dr., MC 4324, Carbondale, IL 62901, 
Filiberto@siu.edu 

2Department of Earth Science, 6100 Main Street, MS-126, 
Rice University, Houston, TX 77005, 
Rajdeep.Dasgupta@rice.edu 

 
Investigations of the Martian crust by rovers, and analyses 

of recent meteorite falls, have expanded our knowledge of the 
composition and age of Martian rocks. The basaltic rocks 
examined on the Martian surface (at Gale Crater, Gusev 
Crater, and Merdinani Planum) are older and have significantly 
different chemistry (higher wt% Al2O3, wider range in wt% 
SiO2, etc) than the younger shergottites [1-3]. The difference in 
age and chemistry between the surface rocks, the clasts in 
NWA 7034, and the shergottites may reflect different 
conditions of melting within the Martian interior. Therefore, 
we can combine P-T estimates for basalt formation for rocks 
from the Noachian (Gale Crater, Gusev Crater, Bounce Rock 
in Meridiani Planum, and a clast in NWA 7034 [4] [5]), 
Hesperian (surface volcanics [6]), and Amazonian (surface 
volcanics and shergottites [6-9]), to calculate an average 
mantle potential temperature (TP) for different Martian epochs 
and investigate how the thermal state of the interior of Mars 
has changed through time. 

Estimates for the average global mantle temperature during 
the Noachian based on analyses in Gale Crater, Gusev Crater, 
Bounce Rock in Meridiani Planum, and a clast in NWA 7034 
are 1450 ± 70 °C. The TP estimates for the Hesperian and 
Amazonian, based on orbital analyses of the crust [6], are 
lower in temperature than the estimates for the Noachian. Our 
analyses are consistent with convective cooling of the Martian 
interior. However, the TP estimates from the young meteorites 
are significantly higher than the estimates based on surface 
chemistry and may reflect localized ‘hot-spot’ melting. 
 
[1] Schmidt M.E. et al. (2014) JGR: Planets, 119, 
doi:2013JE004481. [2] McSween H.Y. et al. (2009) Science, 
324, 736-739. [3] Udry A. et al. (2014) GCA 141, 281-293. [4] 
Filiberto J. and Dasgupta R. (2011) EPSL, 304, 527-537. [5] 
Filiberto J. and Dasgupta R. (2015) JGR: Planets 120, 
doi:2014JE004745. [6] Baratoux D. et al. (2011) Nature, 472, 
338–341. [7] Musselwhite D.S. et al. (2006) MaPS, 41, 1271-
1290. [8] Filiberto J. et al. (2010) MaPS 45, 1258-1270. [9] 
Gross J. et al. (2011) MaPS, 46, 116-133. 
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An Agpaitic dyke was discovered in 2010. Dyke located in 
the Ensk segment of the northwestern part of the Belomorian 
mobile belt (67°15′ N, 31°30′ E). Among the major minerals of 
the dyke are the minerals of the lamprophyllite group  
(20–25 vol %), aegirine–augite (10–15 vol %), enigmatite (10–
15 vol %), nepheline (10–15 vol %), orthoclase (15–20 vol %), 
alkaline amphibole (5–10 vol %), and astrophyllite (up to 5 vol 
%). The minor minerals are represented by shcherbakovite, 
sodalite, natrolite, barite, Mn carbonate, ilmenite, rutile, 
sphalerite, goethite, barite, and sphalerite. The texture of the 
rock is porphyric: the groundmass is composed of finegranular 
nepheline and orthoclase, which are observed as individual 
large euhedral crystals as well. In addition, large phenocrysts 
are represented by the minerals of the lamprophyllite, 
enigmatite, pyroxene, and alkaline amphibole groups. Based 
on the generally accepted classifications, the studied agpaitic 
rock may be related to nepheline syenite. Agpaitic syenite of 
the dyke is extremely enriched in dispersed and rare lithophile 
elements.  The high concentrations of Zr, Sr, Ba, and REEs in 
the agpaitic dyke provide evidence for the restitic character of 
this rock.  
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Recently, some of the advanced remediation technologies 
applied for organic/inorganic contaminants removal from 
polluted waters and soils are based on utilization of nanoscale 
zero-valent iron (nZVI) particles or iron(IV)/(V)/(VI) 
compounds (so-called ferrates). NZVI particles act as efficient 
reducing agent, while ferrates are used as oxidizing agents. In 
both cases, the reaction products (i.e., after nZVI oxidation or 
ferrate reduction) are nanocrystalline, frequently nearly-
amorphous iron(III) oxides/oxyhydroxides either co-
precipitating with targeted inorganic pollutants or further 
acting as sorbents. Based on experiments aimed at removal of 
various chlorinated solvents and metals under controlled 
laboratory conditions and detailed characterization of iron-
based reaction products (i.e., employing instrumental methods 
including X-ray powder diffraction, Mössbauer spectroscopy, 
X-ray photoelectron spectroscopy, transmission electron 
microscopy), we have defined the mechanisms and efficiencies 
of contaminants removal, as well as the way of metals 
incorporation into secondary iron-based solid phases. The 
identified secondary phases are mainly represented by 
nanocrystalline maghemite [1], nearly-amorphous ferric 
oxyhydroxides, ferrous hydroxide, green rust or magnetite [2] 
depending on experimental conditions and used remediation 
technology. The results of laboratory experiments on model 
solutions [3] were compared with attenuation of metals from 
real contaminated waters (i.e., in laboratory-scale experiments) 
and also with results from localities treated by nZVI/ferrates in 
pilot scale. The authors gratefully acknowledge the support by 
the TAČR ("Competence Centres", project No. TE01020218). 
 
[1] Prucek, Tuček, Kolařík, Filip, Marušák, Sharma & Zbořil 
(2013), Environmental Science & Technology 47, 3283-3292. 
[2] Filip, Karlický, Marušák, Černík, Otyepka & Zbořil (2014), 
Journal of Physical Chemistry C 118, 13817-13825. [3] 
Prucek, Tuček, Kolařík, Hušková, Filip, Varma, Sharma & 
Zbořil (2015), Environmental Science & Technology 49, 2319-
2327. 
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To what extent are surface dissolution rates governed by 
the crystal structure? Are surface reaction rates constrained by 
the evolution of a rough crystal surface topography during 
dissolution? In order to answer these questions we analyse 
surface dissolution rates of an isochemical albite system. We 
compare spatially and temporally resolved surface reaction 
rates of an albite glass and a fully-ordered crystal of 
isochemical composition (SOCACIU et al., this volume). 

Surface evolution of both materials is quantified over a 
series of time intervals in a long-term flow-through experiment 
using atomic force microscopy (AFM) and vertical scanning 
interferometry (VSI). Surface maps of identical sample 
positions are collected after each reaction period. Material flux 
maps are then calculated from the topography data. Conversion 
of material flux maps into the frequency domain results in 
reaction rate spectra [1] [2]. The analysis of reaction rate 
spectra over reaction time reveals the dominant rate modes. 
Furthermore, the rate spectra concept provides insight into the 
existence of rate contributors that are independent of glass or 
crystal surface changes. We are now able to deconvolve the 
rate distribution in order to quantify the impact of surface 
roughness to the overall rate of dissolving solids.     
 
[1] Fischer et al. (2012), AJS, 312, 885-906 [2] Fischer et al. 
(2014), Appl Geoch 43, 132-157 
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Combining radiogenic Hf and Nd isotope compositions is a 
powerful tool to trace water mass circulation and weathering 
inputs in the present and past ocean. However, the exact 
mechanisms controlling the behavior of Hf and Nd in seawater 
and their inputs are still not fully understood and more 
seawater measurements, in particular of Hf isotopes, are 
required. Here we present the first detailed combined dissolved 
Hf-Nd isotope compositions and REE distributions, sampled 
and prepared according to GEOTRACES protocols, of four 
full water depth profiles and three shallow casts from the 
Labrador Sea, one of the important areas for North Atlantic 
Deep Water formation.  

Typical shale normalized seawater REE patterns 
including enrichment in heavy REEs and a pronounced 
negative Ce anomaly are found. The open ocean Nd 
concentrations have distinctive depth profiles with slight 
enrichments at the bottom. Higher concentrations are observed 
at shallow stations near the Canadian coast. Hf concentrations 
are less variable than those of Nd and show a slight decrease 
with water depth. No significant enrichment in Hf is observed 
in the samples near the coast.  

The Nd isotope patterns (ƐNd) of all full water depth 
profiles are similar and range from -16.4 at the surface to -11.0 
at depth. Samples collected in the shallow waters off the coast 
of Canada are significantly less radiogenic at values near -25. 
Hf isotope signatures (ƐHf) on the other hand are highly 
variable ranging from -11.7, which is the most negative value 
ever recorded in seawater, to +0.3. Newly ventilated Labrador 
Sea Water (LSW) is characterized by distinct salinity, 
temperature and oxygen signatures and by ƐNd values around -
14. In contrast ƐHf signatures are more variable and range 
between -1 and -2 in the upper part of LSW. In contrast, 
intermediate depths below 1700m show values of up to -4.9. 
This layer is likely explained by the presence of strongly 
modified colder and denser LSW formed in the early 1990s, as 
documented by long term observations in the area. 
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Dehydration melting is the most important geochemical 
process in the predominantly fluid absent lower crust, as it 
controls the differentiation of the crust through granite melt 
generation and segregation. Biotite is the main hydrous 
mineral involved in dehydration melting, because it is stable to 
high temperatures. Biotite breaks down over a broad 
temperature interval, so the partitioning behaviour of elements 
with respect to this mineral is likely to vary. Chlorine and 
fluorine are important constituents of biotite because they are 
ligands that combine with cations in hydrothermal fluids and 
melts [1], and thus control uptake of various economic metals 
into granitic melts. Furthermore, addition of F lowers the 
viscosity of silicate melts [2], allowing for more effective melt 
extraction, and magma migration and fractionation. Some 
experimental data already exist on F and Cl partitioning 
behaviour between biotite and melt at low temperatures, before 
the onset of widespread dehydration melting [3]; however, 
there is no information for the entire temperature range of 
biotite breakdown that is seen to occur in natural systems.  

Here, we report electron microprobe analyses of biotite in 
rocks from the Ballachulish and Rogaland contact 
metamorphic aureoles to determine the preference of F and Cl 
for biotite from 600°C to over 1000°C. Results show a positive 
correlation between temperature and F concentration in biotite 
(up to 5.04 wt.% F) up until 850-900°C, above which F 
content decreases (down to 0-2.5% F). Cl is low (<1 wt.% Cl) 
in all biotite above 750°C. The results show that significant 
amounts of  F may be added to melt from the breakdown of 
high temperature biotite, which is consistent with the F-rich 
compositions of hot dry anorogenic granites.  

 
[1] Keppler & Wylie (1991), Contributions to Mineralogy and 
Petrology 109, 139-150. [2] Giordano, Romano, Dingwell, Poe 
& Behrens (2004), Geochimica et Cosmochimica Acta 68, 
5159-5168. [3] Icenhower & London (1997), Contributions to 
Mineralogy and Petrology 127, 17-29. 
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Besides already established waste forms such as spent fuel or 
glasses, ceramics are considered as tailor-made potential 
nuclear waste forms for e.g. the minor actinides (MA = Am, 
Cm, Np) and Pu. Specifically zirconia based pyrochlores 
(A2Zr2O7) have favourable properties as potential nuclear 
waste forms with respect to their radiation resistance and their 
high aqueous durability [1] [2]. 

To predict the long-term behaviour of these ceramics it is 
crucial to gain insight into the structural uptake and 
environment of the actinides. Luminescence spectroscopy of 
Cm and Eu doped pyrochlore and defect fluorite ceramics 
identified the actinide and surrogate to adopt the A site of the 
pyrochlore crystal structure. Moreover the species in the defect 
fluorite structure are different from the pyrochlore species due 
to the increase of disorder when the defect fluorite structure is 
realised.  

In order to get closer to a realistic waste form Pu-
pyrochlore ceramics with 5 and 10 mol% Pu content were 
fabricated via a wet chemical synthesis route. The pyrochlore 
crystal structure was verified by X-ray diffraction and a 
homogeneous Pu-239 distribution was proven by SEM and 
EDX. Besides these bulk characterisation techniques XAS was 
applied to probe the short range order of these Pu-pyrochlores. 
EXAFS spectra at the Pu L3-edge show the coordination of Pu 
by eight oxygen which is typical for the A-site of the 
pyrochlore crystal structure. Complementary spectra of the Zr 
K-edge were recorded for a complete characterisation of the 
synthesised ceramics. 
 
[1] Ewing (2011) C.R. Geosci. 343, 219-229. [2] Finkeldei et 
al. (2014) Appl. Geochem. 49, 31-41. 
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Chemostrat have been at the forefront of taking techniques, 

previously seen as being used solely in the realms of academia, 
and making them fit for purpose for industry. For example 
chemostratigraphy has, over the last 20 years, turned from a 
niche academic technique into a mainstream tool for petroleum 
companies. Over the last few years Chemostrat has expanded 
our range of analysis from elemental, into isotopic (both stable 
and radioactive), mineralogical (for provenance and high 
resolution sand stratigraphy), and linking chemistry to geo and 
petrophysics. This paper demonstrates, through the use of 
carbonate, and clastic case studies, how a wide variety of 
geochemical data has been successfully used, in the 
commercial environment, to aid the exploration and 
development of these petroleum systems. 

Case study 1 will demonstrate how isotopic data, was able 
to provide a correlation of hitherto unseen detail to a mature 
U.K. Central North Sea chalk play.  There is no core available 
for this play, therefore, it is extremely difficult to gather 
information about the reservoir/rock properties of this play in 
traditional ways.  Therefore it will also be shown how 
elemental analysis of the cutting samples was able to produce 
invaluable information on the rock qualities of the play. 

Case study 2 will demonstrate how chemostratigraphic 
data was combined with provenance analysis in a study of a 
clastic petroleum system in a within a frontier area.  In this 
case study all elemental analysis was undertaken using 
analytical equipment that can be deployed to well site to 
provide real time analysis of material as drilling is occurring. 
Furthermore, it will be shown how this elemtnal data can be 
used to produce a suite of petrophysical logs and so intergrate 
geochemistry with geophysics.  All of this data produced a 
chemostratigraphic framework which was then used to enable 
samples to be selected for detrital zircon analysis, not as a 
provenance tool, but as a way to carry out high resolution 
stratigraphy within reservoir units.  

It is hoped that this paper will stimulate discussion 
between academic and commercial geochemists in order to 
develop new commercial geochemical tools for the petroleum 
industry. 
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In boreal forests symbiotic ectomycorrhizal fungi play 

important roles in mobilising nutrients and sequestering carbon 
belowground. The fungal mycelia increase the nutrient 
absorbing surface area of their host plant root systems and 
provide a direct pathway for translocation of photo-
synthetically derived C to microsites in the soil that are 
inaccessible to plant roots. This provision of energy-rich 
compounds powers mobilisation and uptake of nutrients from 
both organic and inorganic substrates. It is well established that 
the fungal symbionts are able to mobilise N and P from 
organic polymers with different degrees of recalcitrance. 
Renewed focus on the role of ectomycorrhizal fungi in 
weathering of minerals suggests that they are the dominant 
drivers of silicate weathering and may even buffer global CO2 
levels over geological time scales. Sustainable forest 
production requires efficient recycling of N, P and base cations 
from organic residues as well as the release of P and base 
cations from mineral substrates through weathering to replace 
those lost through leaching and biomass harvesting. The 
relative long-term importance of these two pathways under 
different harvesting scenarios, patterns of carbon allocation 
and identity and functioning of the different mycorrhizal 
species involved are still the subject of intensive research - 
using field and laboratory microcosm experiments, profiling of 
fungal and bacterial communities with high-throughput DNA 
and RNA sequencing, and measurements of stable and 
radioactive isotopes. Our studies indicate increased abundance 
of different ectomycorrhizal fungi in E-horizon material and 
superficial granite rock outcrops, and 13C stable isotope 
probing is currently being used to identify the dominant fungal 
taxa allocating C to mineral substrates. The mycelium itself 
may constitute a significant pool of base cations and new tools 
based on fractionation patterns of stable isotopes of Mg are 
being developed to distinguish between de novo supply of base 
cations via mineral weathering and recycling of mycelial 
pools. 
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A great deal of debate has surrounded the nucleation and 
growth of calcium carbonate from solution over the past 
decade, with a number of pathways to crystallisation proposed. 
Thermodynamically stable pre-nucleation clusters have been 
suggested to precede the formation of any solid precipitate [1]; 
later work suggested these could be dynamically (dis)ordered 
liquid aggregates of hydrated ions [2]. Liquid-liquid phase 
separation has also been identified to take place in 
supersaturated aqueous solution [3], and presents a possible 
precursor dense liquid phase to crystal growth. Furthermore, 
the possibility for classical growth of crystalline phases from 
constituent ions and ion pairs has not been ruled out [4]. 

Here we present in silico investigations of calcium 
carbonate species which emerge in aqueous solution. Classical 
simulations were performed using an accurate force field [2] to 
model the chemical interactions between species. We present 
data which show that ion binding in the pre-nculeation regime 
and at modest supersaturation can be explained in terms of ion-
pairs: CaCO3

0 and CaHCO3
+. At high supersaturation 

continuous dense liquids emerge in equilibrium with a lean 
solution of mainly ion-pairs and free ions. For concentrations 
between these two limits, dynamical aggregates of highly 
hydrated ions are seen, which might be thermodynamically 
distinct from the dense liquid phase, but evidence for this is not 
conclusive. The dense liquids are highly hydrated and TEM 
simulations confirm that the transmission properties are 
consistent with dense liquid phases which are observed in 
experiment.  

Free energy calculations have been performed to study 
possible transformations of dense liquid phases. A combination 
of adiabatic biased molecular dynamics with umbrella 
sampling allows us to understand relative stabilities between 
dense liquid and solid amorphous phases as a function of 
concentration and system size. 

Combined, these results allow us to conjecture phase 
transitions involved in the early stages of mineral growth from 
solution. 

 
[1] D. Gebauer et al. (2008), Science 322, 1819. [2] R. 
Demichelis et al. (2011), Nat. Comms. 2, 590. [3] M. A. 
Bewernitz et al. (2012), Fard. Discuss. 159, 291. [4] Q. Hu et 
al. (2012), Fard. Discuss. 159, 509. 
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The geochemical behaviour of phosphate and arsenate ions 

in soil and aquatic systems is determined by the presence of 
mineral surfaces and major ions. Information about the 
distribution of oxyanions over the solid and solution phases is 
essential for understanding the transport, bioavailability and 
toxicity of these compounds in the environment. Ferrihydrite is 
a reactive naturally occurring iron oxide. Its formation has 
been reported at near-neutral pH in a variety of redox-active 
environments, such as soils and sediments, or freshwater and 
marine settings. The oxidation and dissolution of Fe-bearing 
sulphide minerals associated with mine wastes and acid mine 
drainage also result in the formation of ferrihydrite, along with 
other secondary iron oxides [1]. Due to its abundance, large 
surface area and high reactivity it is considered a key mineral 
for metal sequestration and plays a crucial role in the cycling 
of iron and trace elements in natural systems.  

In the present study, we have analysed the adsorption of 
arsenate and phosphate on ferrihydrite nanoparticles in the 
presence of calcium ions. The presence of calcium ions 
enhanced the retention of these oxyanions on ferrihydrite and 
vice versa. The arsenate-calcium and phosphate-calcium multi-
component systems were described using a mechanistic 
surface complexation model. Use of this type of model enables 
prediction of the solution and surface speciation, along with 
analysis of oxyanion mobility in relation to environmental 
conditions. The mutual interactions between arsenate and 
calcium were successfully described with the model 
parameters, indicating that changes in the electrostatic forces at 
the solid/solution interface caused the observed enhancement. 
However, adsorption on the phosphate-calcium system was 
underestimated with the parameters of the single-component 
systems, indicating that additional mechanisms or processes 
should be considered, such as the formation of a phosphate-
calcium ternary surface complex or surface precipitation. 
 
[1] Jambor & Dutrizac (1998), Chem. Rev., 98, 2549–2585. 

908



 Goldschmidt2015 Abstracts  

 909 

Melting processes at the core mantle 
boundary 

G. FIQUET1* 
1IMPMC, Sorbonne Universités – Université Pierre et Marie 

Curie, UMR CNRS 7590, MNHN, IRD – Paris, France 
(*correspondence : guillaume.fiquet@upmc.fr) 

 
Partial melting has been proposed to explain mantle 

regions with ultralow seismic velocities (ULVZs) near the 
core-mantle boundary [1]. To test this hypothesis, we first 
constructed the solidus curve of a natural fertile peridotite 
between 36 and 140 gigapascals using laser-heated diamond 
anvil cells. In our experiments, melting at core-mantle 
boundary pressures occurs around 4100 ± 150 K, which is a 
value that can match estimated mantle geotherms. Similar 
results were found for a chondritic mantle [2] whereas much 
lower pyrolitic melting temperatures were recently proposed 
from textural and chemical characterizations of quenched 
samples [3]. 

We also investigated the melting properties of natural mid-
ocean ridge basalt (MORB) up to core–mantle boundary 
(CMB) pressures. At CMB pressure (135 GPa), we obtain a 
MORB solidus temperature of 3950 ±150 K. If our solidus 
temperatures are in good agreement with recent results 
proposed for a similar composition [4], the textural and 
chemical characterizations of our recovered samples made by 
analytical transmission electron microscope indicate that 
CaSiO3 perovskite (CaPv) is the liquidus phase in the entire 
pressure range up to CMB. The partial melt composition is 
enriched in FeO, which suggests that such partial melts could 
be gravitationnally stable at the core mantle boundary. 

Our observations are also corroborated by calculations 
made using a self-consistent thermodynamic database for the 
MgO-FeO-SiO2 system from 20 GPa to 140 GPa built using 
published chemical potentials for solids, liquid MgO and SiO2, 
and a standard state chemical potential for liquid FeO and 
mixing relations derived from various indirect observations. 
These observations and calculations provide a first step 
towards a consistent thermodynamic modelling of the 
crystallization sequence of the magma ocean, which shows that 
the existence of a dense iron rich and fusible layer above the 
CMB at the end of the crystallization is plausible [5], which is 
in contradiction with the conclusions drawn in [4]. 

 
[1] Williams & Garnero (1996) Science 273, 1528. [2] 
Andrault et al. (2011), EPSL 304, 251. [3] Nomura et al. 
(2014) Science 343, 522. [4] Andrault et al. (2014) Science 
344, 892. [5] Boukaré et al (2015) J.Geophys. Res, submitted. 

909



 Goldschmidt2015 Abstracts  

 910 

The effect of placer mining dust on 
human health in south eastern Iran  

M. FIROUZI1* AND F. KARIMI2 
122 Bahman Hospital, Mashhad Branch, Islamic Azad 

University, Mashhad, Iran 
*mfirozi1967@gmail.com 
2Mashhad University of Medical Sciences 
 

The study area is at the South of Iran, in Kerman area, 
Region from Ravar city. The climate of the region is 
predicted, Based on Domarten is Meta-dry and Ambrjeh based 
on, desert moderated temperate. The wind speeds between 25 
to 115 kilometers per hour, with an average daily rate of  
78 kilometers per hour during the June to August. There is also 
known as the winds of 120-day has created problems for 
residents and wildlife that ranged from 10 May to 20 October 
is blowing mines placer, the phenomenon dust. This study was 
conducted to investigate dust at Ravar area, using individual 
and environmental sampling, the value of environmental dust 
and respiratory rate were measured and analyzed by XRD. The 
analysis result shows the presence of silica, sulfur, phosphorus 
and heavy metals, spatially arsenic in the dust. According to 
the above results, using practical and implementing methods to 
reduce the value of biotech cement in dust is Essential. 
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200 samples of seafloor massive sulfides (SMS) from three 
hydrothermal fields (Ashadze, Logatchev and Semenov) 
discovered at the Mid –Atlantic Ridge (MAR) [1] have been 
analyzed for rare metals. In comparison with mean values of 
SMS of the MAR the enrichment of Au, Ag, Co, Ni, Te, Se, 
Bi, Ge, Ga, Cd, Sb and Sn were detected. 

Two forms of rare metals occurrence (minerals and 
invisible phase) were identified by EMPA and LA-ICP-MS: 

Au, Ag and Bi occur only as minerals (Au0.75 Ag0.25,  
Вi2Те2S) 

Te, Se, Co, Ni and Sb form both minerals and invisible 
phases in main and accessory minerals: (Co, Fe, Ni)9 S8,; Sb2 
S3; Ni Te2; Ag2Se;  Te up to 1%wt and Se up to 13%wt in 
galena, Co and Ni up to 1%wt in pyrite, Sb up to 0.5%wt in 
cobaltine and pyrite. 

Ge, Ga and Cd are an invisible phase in sphalerite. Ge  10 
– 1110 ppm, Ga  3.5 – 254ppm and Cd 15 -2000ppm. 

The chalcopyrite-sphalerite type (Zn-Cu) of SMS 
associatedwith gabbro-peridotites is the most enriched in rare 
metals. 

High values of rare metals in SMSdeposits of the MAR 
considerably increase economic interest tomarine minerals as a 
whole. 
 
[1] G. A. Cherkashev, V. N. Ivanov, V. I. Bel’tenev, L. I. 
Lazareva, I. I. Rozhdestvenskaya,M. L. Samovarov, I. M. 
Porosina, M. B. Sergeev, T. V. Stepanova, I. G. Dobretsova, 
and V. Yu. Kuznetsov. Massive Sulfide Ores of the Northern 
Equatorial Mid-Atlantic Ridge. Oceanology, 2013, Vol. 53, 
No. 5, pp. 607–619 
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Worldwide, a number of volcanoes display persistent 
eruptive activity for years to millenia. The Vanuatu Arc hosts a 
number of these volcanoes, including Yasur and Ambrym. Gas 
flux and whole rock uranium-series isotope data are used here 
to investigate magmatic processes that maintain such activity 
at these volcanoes. Persistent elevated gas fluxes (>>100 tons 
SO2/day) require regular magma replenishment on timescales 
of days to years. Replenishment at these rates is envisaged to 
chemically buffer the magma chamber. As such, uranium-
series isotope ratios in lavas erupted from these volcanoes are 
predicted to be invariant. This is not the case at any 
persistently active volcano. Instead, modelling of uranium-
series isotopes suggests magma replenishment occurs every 
few thousand years. These disparate estimates of 
replenishment interval raise the possibility that uranium-series 
isotopes are effected by other shallow-level magmatic 
processes at these volcanoes. Disparity between the volume of 
magma required to sustain degassing budgets at persistentlty 
active volcanoes and the actual magma output has long been 
recognised. As such, significant volumes of magma are likley 
stored beneath these volcanoes as intrusive bodies or crystal 
mushes. Recycling of this material and its mixing with 
recharge magma offers the best explaination for the variation 
in uranium-series isotopes witnessed at these volcanoes. As 
such, persistent volcanic activity is most likley associated with 
regular magma replenishment on timescales of years to 
decades, with recharge magma mixing with a crystal mush 
component in the shallow plumbing system. 
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JASON FISCHEL 
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In order to understand the long-term bioavailability of 

inorganic pollutants such as chromium(Cr) it is essential to 
quantify their cycling, stability, and sorption state. In the 
environment nontoxic Cr(III) is the preferred species, however, 
manganese(IV) oxides  and industrial activity can transform 
nontoxic Cr(III) into carcinogenic Cr(VI). Mn oxides can also 
help immobilize chromium as surface precipitates, resulting in 
surface passivation of the manganese oxides and a reduction in 
redox capacity. This process has profound implications to 
reduce the formation of chromate, sequester free chromium, 
and minimize the risk of environmental contamination. Despite 
the significance of Cr in the environment, the current 
understanding of these reactions is very limited. Our research 
seeks to address these deficiencies by elucidating the 
mechanisms of chromium oxidation on manganese surfaces. 
Additonal studies will focus on Cr(VI) desorption from 
contaminated soils. Synchrotron-based X-ray absorption fine 
structure spectroscopy (XAFS) is the only technique that can 
differentiate chromium phases which are essential to 
understanding their long term environmental stability. 
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polycrystalline material: A kinetic 
Monte Carlo study using the rate 

spectra concept 
CORNELIUS FISCHER12, INNA KURGANSKAYA2 AND 

ANDREAS LUTTGE12 
1Universität Bremen, Abt. Mineralogie, Marum; Klagenfurter 

Str., D-28359 Bremen 
2Rice University, Earth Science Dept, 6100 Main Street, 

Houston, TX 77005, USA 
 

Quantitative predictability of porosity evolution as a result 
of water-rock interaction is of great interest in multiple 
disciplines of Earth science. Related data are required as input 
parameters in reactive transport models dealing with 
challenges such as CO2 sequestration, extraction of thermal 
energy, and reservoir rock diagenesis. Crystal surface 
reactivity is an important but not constant bounding condition 
for the dynamic evolution of porosity. Dynamic systems can be 
successfully simulated using Kinetic Monte Carlo (KMC) 
methods. KMC calculations cover large enough intervals of 
both length- and time scales that are sufficient to address the 
evolution of reacting crystal domains appropriately. Here we 
utilize KMC simulations to study the evolution of reaction 
rates and surface pores in crystalline structures built-up of 
domains characterized by constant surface reaction energies 
but having varying defect densities. For the first time, we apply 
the rate spectra concept [1] to KMC results in order to analyse 
systematically the rate contributors in the frequency domain of 
rate datasets [2]. We discuss simulation results with respect to 
both, inheritance and passivation of initial reactivity in 
polycrystalline material. We furthermore highlight 
implications that result from the observed variability in pore 
volume and distribution with great potential for many 
interesting applications.  
 
[1] Fischer et al. (2012), GCA, 98, 177-185 [2] Fischer et al 
(2014), Appl Geoch 43, 132-157 
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1Dept. of Earth Sciences, University of St Andrews, KY16 
9SY, Scotland UK (*correspondence: sf67@st-
andrews.ac.uk) 

2School of Earth Sciences, University of Bristol, BS8 1RJ, UK 

3Geological Survey of Canada, Ottawa, Canada K1A 0E8 

4NIGL, British Geological Survey, Keyworth, NG12 5GG, UK 

5Edinburgh Ion Microprobe Facility, EH9 3JW, UK 
 

Zircon is widely regarded as a robust archive of crustal 
processes, especially of felsic crust, and several studies 
utilising zircon geochemistry (U-Pb–Hf–O isotopes and trace 
elements) have provided important information on the 
generation and evolution of continental crust. What has been 
less studied is how mafic rocks contribute to the zircon archive 
and the effect that metamorphism and crustal differentiation 
have on the information recorded in already existing zircon 
and zircon formed during crustal anatexis. 

We present results of in situ analyses of the isotopic and 
trace elemental composition of zircons from an Archaean 
crustal profile exposed in the Kapuskasing uplift of the Wawa-
Abitibi Belt in the Superior craton. Zircons from amphibolite 
facies mafic gneiss have remarkably uniform δ18O of  
5.5–6.3 ‰ in both cores and rims and 207Pb/206Pb ages of about  
2730 Ma. This is in agreement with values reported for 
volcanic activity in the lower grade rocks of the Abitibi [1] as 
well as inherited igneous cores from a local high-grade 
paragneiss [2]. They are therefore likely to represent a primary, 
magmatic signal. Zircons from leucosome-bearing mafic 
granulite have slightly higher, but still uniform δ18O  
(6.7–8.0 ‰) and younger and more variable ages (2580– 
2690 Ma), which are consistent with age estimates for the peak 
of metamorphism [3] and later, cross-cutting tonalite [4]. An 
older core gave ages of 2730 and 3017 Ma (at similar δ18O), 
and could represent igneous crystallisation of the mafic 
protolith and/or inheritance. Locally derived leucosome 
contains larger (> 150 µm) zircons, indistinguishable in δ18O 
and age variability from the mafic host, and smaller grains that 
show more variability in δ18O (6–9 ‰). The differences 
between amphibolites and granulites appear to be protolith 
features and not solely a result of widespread resetting during 
high-grade metamorphism. 

 
[1] King et al. (1998), Precamb Res 92, 365–387. [2] Moser et 
al. (2008), Geology 36, 239–242. [3] Krogh & Moser (1994), 
Can. J. Earth Sci. 31, 1096–1103. [4] Krogh (1993), EPSL 
119, 1–18. 
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SAMUEL M WEBB2 
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(* wfischer@caltech.edu) 
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94025 
 

Oxygenic photosynthesis is the most important 
bioenergetic event in the history of our planet—it evolved once 
within the Cyanobacteria, and remained largely unchanged as 
it was transferred to algae and plants via endosymbiosis. 
Manganese plays a fundamental role in this history because it 
lends the critical redox behavior of the water-oxidizing 
complex of photosystem II—a cubane cluster of four high-
valent redox-active Mn acts as a redox capacitor to adapt the 
native single electron chemistry of the reaction center to the 
four-electron oxidation of two water molecules to produce 
oxygen. The photoassembly of the Mn-bearing water-oxidizing 
complex largely fuels the hypothesis that Mn(II) once played a 
key role as an electron donor for anoxygenic photosynthesis 
prior to the evolution of oxygenic photosynthesis [1-3]. Here 
we review the growing body of geological and geochemical 
evidence from the Archean and Paleoproterozoic sedimentary 
records that demonstrate the oxidative branch of the Mn cycle 
switched on just prior to the rise of oxygen [4] [5] at  
ca. 2.4 billion years ago. We leverage this data against 
constraints from the structural biology and biochemistry of 
photosystem II in Cyanobacteria. These observations highlight 
that water-splitting in photosystem II evolved independently 
from a homodimeric ancestral type II reaction center [6] 
capable of high potential Mn(II)-oxidizing phototrophy. The 
ancestral homodimer reaction center also evolved a C-terminal 
extension that sterically precluded the bulky phototrophic 
electron donors used by other phototrophs like cytochrome c, 
cupredoxins, or high-potential iron-sulfur proteins, and could 
only complete direct oxidation of small molecules like Mn2+, 
and ultimately water [5].  
 
[1] Zubay G (1996) Origins of Life on the Earth and Cosmos, 
2nd ed. [2] Dismukes GC et al. (2001) PNAS, 98, 2170-2175. 
[3] Allen JA, Martin W (2007) Nature, 445, 610-612. [4] 
Johnson et al. (2013) PNAS, 108, 11238-11243. [5] Fischer et 
al. (2015) Orig Life Evol Biosph, in press. [6] Sadekar et al. 
(2006) Mol Bio Evol, 23, 2001-2007. 
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Mixing of ancient impactor signatures 
in lunar impact melt rocks 

M. FISCHER-GÖDDE1 
1Westfälische Wilhelms-Universität Münster, Institut für 

Planetologie, Münster, Germany. 
 

The surface of the Moon is characterized by large impact 
basins, most of which are believed to have formed  
4.0-3.8 billion years ago [1] [2]. Basin-forming impact events 
generate large volumes of impact melt rocks and breccias. 
These rocks contain significant fractions of the meteoritic 
projectile and hence are enriched in impactor-derived highly 
siderophile elements (HSE: Re, Os, Ir, Ru, Pt, Rh, Pd, Au) 
relative to pristine lunar crustal rocks. The HSE composition of 
lunar impact rocks provides information on the nature of 
bodies impacting the Moon and, by inference, also the Earth. 
The detailed relation of specific HSE signatures to distinct 
lunar impact basins is challenging, especially because the 
surface of the Moon was heavily reworked by several 
consecutive impacts, resulting in widespread mixing of HSE 
derived from different impactor materials. The results of HSE 
studies [3-7] on Apollo and meteoritic lunar impact rocks 
reveal the occurrence of three dominant HSE signatures on the 
Moon: (1) compositions similar to chondritic meteorites; (2) 
compositions characterized by fractionated HSE patterns 
similar to iron meteorites; and (3) hybrid HSE compositions 
between the two with non-chondritic HSE ratios, distinct from 
known meteorites. The latter have been interpreted to represent 
impactor materials with compositions different from presently 
sampled meteorites [4] [6], or alternatively, they may be 
explained by mixing of chondritic and iron meteorite impactors 
with type 1 and 2 signatures [5] [7]. The observation of linear 
trends in plots of HSE ratios from different lunar sites supports 
the derivation of the type 3 HSE signatures from binary mixing 
of carbonaceous chondrite-like and suprachondritic iron 
meteorite-like HSE endmember com-positions. Because both 
signatures are widespread and occure in impact rocks dated 
~4.2 Ga [5] [8], these two chemically diverse impactors likely 
derive from basin-forming impacts predating the later 
Serenitatis and Imbrium basins. 
 
[1] Tera et al. (1974) EPSL 22, 1-21. [2] Ryder (2002) JGR 
107, 1-13. [3] Norman et al. (2002) EPSL 202, 217-228. [4] 
Puchtel et al. (2008) GCA 72, 3022-3042. [5] Fischer-Gödde 
and Becker (2012) GCA 77, 135-156. [6] Sharp et al. (2014) 
GCA 131, 62-80. [7] Liu et al. (2015) GCA 155, 122-153. [8] 
Norman and Nemchin (2014) EPSL 388, 387-398. 
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not sampled by meteorites 

M. FISCHER-GÖDDE1, C. BURKHARDT1 AND T. KLEINE1 
1Institut für Planetologie, Westfälische Universität Münster, 

48149,Münster, Germany (m.fischer-goedde@wwu.de). 
 

Excess abundances of highly siderophile elements (HSE) 
in the Earth’s mantle probably reflect the addition of a late 
veneer of primitive meteorites to the mantle after core 
formation was complete. Previous studies have used Os 
isotopes as well as relative HSE and chalcogen abundances to 
establish a link between the late veneer and a specific group of 
meteorites. However, no single group of meteorites is 
consistent with the composition of the late veneer as inferred 
from the composition of Earth’s primitive mantle. For instance, 
Os isotopes would indicate an ordinary or enstatite chondrite-
like late veneer, but S-Se-Te systematics suggest a 
carbonaceous chondrite-like composition. 

Here we use nucleosynthetic Ru isotope anomalies to 
assess whether the late veneer can be linked to specific group 
of meteorites or, alternatively, derives from a population of 
bodies distinct from meteorite parent bodies. Our approach 
makes use of the fact that most meteorites investigated so far 
show nucleosynthetic Ru isotope anomalies and that almost the 
entire Ru in the Earth’s mantle derives from the late veneer. 
Thus, only meteorites (or a combination thereof) having a 
terrestrial Ru isotope composition can be source of the late 
veneer. We find that ordinary and carbonaceous chondrites 
display a deficit in s-process Ru nuclides relative to terrestrial 
Ru and, therefore,. cannot be the source of the late veneer. 
Enstatite chondrites display only small Ru isotope anomalies, 
which are not well resolved. However, based on their chemical 
composition, it seems unlikely that enstatite chondrites are the 
source of the late veneer. Thus,  our new Ru isotope data 
combined with compositional constraints from HSE and S-Se-
Te systematics indicate that the late veneer did not derive from 
a carbonaceous, ordinary or enstatite chondrite reservoir. 
Moreover, because all meteorites investigated so far exhibit an 
s-deficit in Ru isotopes relative to the Earth's mantle, a 
combination of meteorites (e.g., carbonaceous chondrites + 
iron meteorites) also cannot be the source of the late veneer. 
Thus, the late veneer derives from a population of objects, 
which has not been sampled by meteorites and perhaps 
represents the left-over material from the main accretion phase 
of the Earth.  
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Mo, Sr, Ba, and Sn nucleosynthetic 
anomalies in meteorites 

CAROLINE FITOUSSI, ELSA YOBREGAT, XUEYING WANG 
AND BERNARD BOURDON 

Laboratoire de Géologie de Lyon, ENS Lyon, UCBL and 
CNRS, 46 allée d’Italie, 69007 Lyon, France 

 
Nucleosynthetic anomalies in meteorites are a measure 
of the level of heterogeneity that survived mixing and 
high temperature events in the early solar nebula.  

Testing mixing models of building blocks to make 
terrestrial planets using nuclesynthetic anomalies give a great 
opportunity to use robust characteristics of the objects 
considered, i.e. that are not modified by processes such as 
evaporation, condensation, or metal-silicate differentation, 
which all induce mass-dependent fractionation. 

Nucleosynthetic anomalies in meteorites have not yet been 
measured in all meteorite classes for all isotope systems, and 
some of them can now be measured, or re-measured with 
better precision, thanks to recent anaytical advances. We have 
developed a chemical procedure allowing to measure Mo, Ba, 
Sr, and Sn isotopes from the same aliquot. Ba and Sr isotope 
measurements will be more specifically shown in Yobregat et 
al. (this meeting), and Sn isotopes in Wang et al. (this 
meeting). 

The detection of Mo nucleosynthetic anomalies by MC-
ICPMS requires very high levels of separation prior to sample 
introduction in the mass spectrometer. We have compared the 
performances of two state-of-the-art instruments (i) Nu1700 
equipped with an enhanced sensitivity interface and a DSN 
desolvator to (ii) Neptune Plus with an Aridus II desolvator, 
equipped with high sensitivity Jet cones. We tested various 
chemical separation methods and compared the ε values 
normalized to 97Mo/95Mo using NIST 3144 and various 
matrices. Production/transmission of molecular isobaric 
interferences on the Neptune Plus was much greater using this 
set up. These interferences could not be corrected with on peak 
zero and are thus unrelated to compounds introduced by the 
solvant or the gas (Ar, N, Kr). They clearly involve low level 
impurities in the final chemical separation of Mo from its 
matrice.  Measurements of Mo isotope compositions on 
terrestrial samples and meteorites will be reported at the 
meeting. 

919



 Goldschmidt2015 Abstracts  

 920 

The rise of continents on a cooling 
Earth 

N. FLAMENT1*, P.F. REY1 AND N. COLTICE2 
1EarthByte Group, School of Geosciences, The University of 

Sydney, NSW 2006, Australia  
(*correspondance: nicolas.flament@sydney.edu.au) 

2Laboratoire de Géologie de Lyon, UMR 5276 CNRS, 
Université Lyon 1, École Normale Supérieure de Lyon, 
69622 Villeurbanne Cedex, France 

 
We consider the consequences of the secular cooling of the 

solid Earth for the evolution of plate tectonics, topography, sea 
level and the composition of the oceans. 

If Earth’s mantle was 100-300ºC hotter in the Archean, the 
oceanic crust would have been thicker than at present, 
hindering the subduction of less negatively buoyant oceanic 
lithosphere. However, we show that the gravitational collapse 
of thick early continents, formed by the accumulation and 
differentiation of mantle plume products, could have resulted 
in transient episodes of plate tectonics [1]. 

Once tectonic plates became mobile, continental collisions 
would have contributed to shaping Earth’s surface. However, 
because the Archean continental lithosphere was hotter, 
continents were unable to sustain high topography [2]. 
Similarly, thick continental flood basalts accumulated on top 
of continental crust did not result in large topography but 
remained at or below sea level [3]. 

A thicker oceanic crust in the Archean would have 
decreased the water carrying capacity of the ocean basins, and 
sea levels would have been 500-2,000 m higher than at present 
[4] [5]. Combined with lower continental elevations, higher sea 
levels would have resulted in large-scale flooding of existing 
continental platforms, and as little as 2-12% of the Earth’s 
surface might have been above sea level in the Archean [4] [5]. 

As the solid Earth progressively cooled, plate-tectonics 
became self-sustaining and the continents emerged. This 
continental emergence is recorded in the Neoarchean shift of 
the 87Sr/86Sr of marine carbonates towards radiogenic 
values [5]. We suggest that surface geochemical proxies record 
Neoarchean continental emergence rather than a pulse in 
continental growth. The continental crust could have been 
extracted from the mantle early in Earth’s history, but it was 
isolated from external envelopes until the late Archean. 
 
[1] Rey, Coltice & Flament (2014) Nature 513, 405-408. 
[2] Rey & Coltice (2008) Geology 36, 635-638. [3] Flament, 
Rey, Coltice, Dromart & Olivier (2011) Geology 39, 1159-
1162. [4] Flament, Coltice & Rey (2008) EPSL 275, 326-336. 
[5] Flament, Coltice & Rey (2013) Prec. Res. 229, 177-188. 
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* Corresponding author : floury@ipgp.fr 
 

The Orgeval catchment (45 km2) is a French Critical Zone 
Observatory, part of the RBV (“Réseau des bassins versants”) 
network. It is a representative temperate argicultural catchment 
that have been been monitored for the last 50 years for water 
discharge and water table variations by IRSTEA. The geology 
consists of a typical sedimentary basin of Cenozoic age with 
horizontal layers of limestones, silcrete and marls. Two main 
aquifers are present within the cachment: the Brie and the 
Champigny aquifers. Orgeval catchment is one of instrumented 
catchments of the CRITEX program and is the locus of a 
multidisicplinary approach. Agricultural inputs and land use 
are also monitored making Orgeval an ideal basin to test the 
response of the Critical Zone to agricultural forcing [1]. 

In the paper, we report a bimonthly sampling of Orgeval 
catchment at both upstream and dowstream location. 
Rainwaters, aquifers, seepage waters, fertilizers and rock were 
also sampled and analyzed. Major and trace elements, as well 
as Sr isotopes in the dissolved load were measured during one 
hydrological cycle, between August 2013 and January 2015. 

Coupled with hydrological chronicles and fertilizer data, 
our data allows us to trace the major sources of solutes to the 
river, to constrain the mass budget of each major element in 
the basin, and to calculate long-term weathering rates. The two 
main contributions to the river solutes appear to be rainwater 
and agriculture inputs. 26% of the Na at the outet the basin is 
of rainwater origin. Sr isotopic ratios appear to be a good tracer 
to estimate the contribution of deepwaters to surface waters. 
Concentration vs. discharge relationships allow us to estimate 
chemical weathering rates integrated over 20 years. 

Overall, the geochemistry of the Orgeval CZO show that a 
precise knowledge of element budgets at the catchment scale is 
critical for predicting the evolution of the CZ in agricultural 
catchment in the next centuries. 

 
[1] J. Garnier et al. (2104) Journal of Environmental 
Management. 144, 125- 134. 
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ELAINE D. FLYNN* AND JEFFREY G. CATALANO 
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elaine.flynn@wustl.edu) 

 
Iron oxides are ubiquitous in soils and sediments and play 

a critical role in the geochemical distribution of trace elements 
and heavy metals through adsorption and coprecipitation [1]. 
Fe(II)-catalyzed recrystallization of iron oxides has been 
shown to cause incorporation of trace elements into the 
mineral structure as well as the release of preincorporated ions 
[2] [3]. The fate and transport of trace elements in iron oxide-
bearing systems may be influenced by the presence of organic 
acids. Organic acids may bind trace elements in soluble 
complexes, compete with trace elements to sorb to surface 
sites, form ternary complexes with trace elements on the 
mineral surface, or result in ligand-promoted dissolution 
releasing incorporated metals into solution [4] [5]. All of these 
processes may affect the bioavailability of nutrients and 
sequestration of contaminants.  

To better understand the impact organic acids have on 
trace element cycling, we investigated the effect of oxalate on 
Ni adsorption and release from goethite and hematite. 
Macroscopic adsorption studies suggest that oxalate suppresses 
Ni adsorption to the Fe oxides at pH 7 by forming Ni-oxalate 
complexes in solution. After accounting for solution 
complexation, oxalate also appears to alter the energetics of Ni 
adsorption. EXAFS spectroscopy shows that oxalate changes 
Ni adsorption mechanisms to goethite and hematite, suggesting 
the formation of Ni-oxalate ternary surface complexes. The 
addition of oxalate at pH 4 and 7 during Fe(II)-catalyzed 
recrystallization of goethite and hematite enhanced Ni 
released. Fe release to solution was low and increased 
stoichiometric dissolution caused by oxalate could not explain 
the excess Ni in the aqueous phase. This indicates that oxalate 
promoted further recrystallization. The effect of oxalate on Ni 
incorporation during Fe(II)-catalyzed recrstallization will also 
be discussed. This study identifies mechanisms through which 
oxalate, and likely other organic acids, modify trace metal 
interactions with iron oxides. These processes results in 
enhanced micronutrients availability and reduced sequestration 
of metals in iron oxides. 

 
[1] Brown & Parks (2001) Int. Geol. Rev. 43, 963-1073. [2] 
Frierdich et al. (2011) Geology 39, 1083-1086. [3] Frierdich & 
Catalano (2012) Environ. Sci. Technol. 46, 1519-1526. [4] 
Buerge-Weirich et al. (2002) Environ. Sci. Technol. 36, 328-
336. [5] Ha et al. (2009) Langmuir 25, 5586-5593.  
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The Scanning X-ray Microscope, operating on Beamline 
I08 of the Diamond synchrotron, provides a new opportunity 
for x-ray fluorescence (XRF) and x-ray absorption near-edge 
structure (XANES) spectroscopy, with a spatial resolution 
down to ~20 nm. The incident beam is tunable from 250 to 
4,200 eV, covering the K- or L-lines of most major and minor 
elements in extraterrestrial materials.  

We obtained XRF spectra,  producing maps of the K-line 
intensities of C, N, and O and the L-line intensity of Fe, in  
25 nm steps over a ~10 micron hydrous interplanetary dust 
particle (IDP) L2083E47, an aggregate of micron and sub-
micron grains of diverse compositions. Figure 1 shows the  
3-color overlay of the C, O, and Fe maps, allowing 
identification of carbonaceous material and location of some 
minerals, e.g. Fe spots with no O or C are likely Fe-sulfides 
(e.g., S1 in Fig. 1). We obtained an absorption image stack 
(145 images over the energy range from 280 to 310 eV) and 
extracted XANES spectra at C hot-spots in the XRF image as 
well as over the whole area of the particle (excluding the C hot 
spot at the bottom center of the image). The C hot spot at the 
bottom center of the particle (S2) has a C-XANES spectrum 
similar to disordered graphite, while the spectrum over the 
whole particle shows strong C=C and C-O3 (carbonate) 
absorptions and a weaker C=O absorption. This instrument 
provides new capabilities for XRF and XANES 
characterization of IDPs at a size scale comparable to their 
generally sub-micron grain size. 
  
Figure 1: (left) Three color map of C (red), O (blue), and 
Fe (green) for IDP L2083E47, white scale bar is 1 micron. 
(right top) C-XANES spectra of the entire particle and 
(right bottom) C hot-spot at bottom (S2). 
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Hydraulic fracturing is a technique used to extract natural 

gas or oil from low-permeability sedimentary rocks. A by-
product of the fracturing process is flowback wastewater, 
which is composed not only of the original hydraulic fracturing 
fluid but also chemical derivatives from subsurface reactions 
with the geological formation, and includes significant total 
dissolved solids, NORMs, and heavy metals. Relatively few 
components of flowback have been quantified and more 
comprehensive characterization methods are needed to 
determine more completely the composition of flowback. In 
this study, we use an interdisciplinary approach to characterize 
the inorganic and organic chemistry and toxicity of flowback 
from the Duvernay Formation in Alberta. A variety of 
analytical techniques including ICP-MS/MS, electron 
microscopy, and ion chromatography were used to characterize 
the inorganic components of the flowback solution and 
associated solids fraction. A broad range of organic 
constituents were identified and quantified using untargeted 
analysis with HPLC-Orbitrap-MS, and conventional GC-MS. 
Following the chemical characterization, LC50 and EROD 
assays were conducted to assess sources of toxicity in the 
flowback. Ultimately, these results will enhance our 
understanding of the hazards and risks associated with 
flowback and lead to improved handling and disposal 
practices. 
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We present new Fe-isotope data on > 100 basaltic samples 

from the Pacific and Indian Ocean arc systems arcs. This data 
was collected to investigate whether there is systematic 
variation in Fe isotopic compositions that may reflect differing 
oxidation and water content of different arc’s mantle wedges, 
in turn reflecting tectonic factors such as the rate of subduction 
and the age of the subducting plate (the slab thermal parameter 
(φ) [1]). Subduction arc systems have significantly more water 
than other tectonic settings and have elevated Fe3+/ΣFe values 
in the range >0.1 to 0.5 (our data has a mean of ~ 0.35), 
compared to MORB  = 0.1-0.2 [3]. Although peridotites from 
sub-arc mantle wedges have elevated oxidation the site of the 
oxidation of arc magmas remains controversial. Arguments 
using redox-sensitive element ratios (V/Sc or Zn/FeT) imply 
that oxidation of arc magmas is associated with degassing after 
the melts have left the mantle wedge source and that the 
mantle wedge has fO2 values as reduced as the source of 
MORB [2].  

Our δ57Fe data span a range from -0.2 to +0.2 (± 0.04), 
with a mean around +0.05. This is significantly lighter than the 
mean for MORB and BABBs (~+0.10) [3]. This suggests that 
sub-arc wedge peridotite is more refractory than MORB-
source. The data set shows positive correlation between δ57Fe 
and Pb- or Sr-isotope ratios and Fe3+/ΣFe. negative correlation 
between δ57Fe and Ba/La. Interestingly there is a strong 
negative correlation between δ57Fe and φ.  As the high φ arcs 
see more efficient water subduction to depth, our important 
conclusion is that if elevated δ57Fe values are indeed reflective 
of melting of more oxidised mantle [4], then this is not a direct 
result of water introduction to the mantle wedge alone. The 
positive correlations with Pb-and Sr- isotopes and negative 
with Ba/La tend to suggest heavier iron isotope signatures are a 
response to sediment subduction, perhaps transporting oxidised 
sulfur? 

 
[1] Van Keken , et al. (2011) J. Geophys Res. 116, BO1401. 
[2] C-‐T.	  Lee	  et al., (2010) Nature 468, 681-685. [3] Teng et al., 
Geochimica et Cosmochimica Acta, 107, 12-26. [4] Dauphas 
et al. (2009) Earth & Planetary Sci Let 288, 255-267.  
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79Se and 99Tc are fission products of the nuclear fuel cycle 

and, thus, are of concern during the safety assessment of a 
nuclear waste disposal site. For a comprehensive description of 
their mobility in the near and far field of a deep geological 
repository, the interactions of respective dissolved species with 
mineral surfaces are of special interest. In particular, the 
oxoanions Se(VI)O4

2− and Tc(VII)O4
− are considered as mobile 

species in aquifer due to their high solubility and negative 
charge. 

In this study, the surface reactions of these anions were 
studied by in situ vibrational spectroscopy which is a dedicated 
technique for the real time monitoring of the surface processes 
at the water-mineral interface [1] [2]. For the selenate anion, 
the formation of two different types of outer-sphere complexes 
was observed depending on the mineral’s surface. Although 
both types of sorption complexes behave like typical outer-
sphere complexes in terms of macroscopic properties, the 
different spectral signatures clearly reflect two different 
molecule symmetries. From the spectra, a slightly distorted 
tetrahedral geometry, which is close to the aqueous species, 
and a bidendately coordinated species showing a C2v symmetry 
were derived. These surface species are denoted as “extended” 
and “classical” outer sphere complexes, respectively [3] [4]. 

In homology, spectroscopic sorption experiments with 
Tc(VII) were performed. The aqueous species should share the 
same symmetry as for Se(VI), that is a tetrahedral TcO4

− ion. 
From preliminary results of the vibrational spectroscopic 
sorption experiments, mainly outer-sphere complexes were 
found which are obviously less specific as it was found for 
Se(VI).  

 
[1] Foerstendorf, H. et al. (2012) J. Colloid Interface Sci. 377, 
299–306. [2] Müller, K. et al. (2015) Environ. Sci. Technol. 
49, 2560–2567. [3] Jordan, N. et al. (2011) Geochim. 
Cosmochim. Acta 75, 1519–1530. [4] Jordan, N. et al. (2013) 
Geochim. Cosmochim. Acta 103, 63–75. 
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Small amounts of C-O-H volatiles depress the melting 

point of mantle peridotite by 150-400˚C, depending on 
pressure and oxidation state. However, the percentage of melt 
that is produced remains very low until temperatures around 
the dry solidus, thus distinguishing between an incipient 
melting regime [IMR] controlled by the action of volatiles, and 
major melting where volatiles lose their influence [1]. 

The composition of melts produced in the IMR varies 
greatly depending on pressure and especially oxidation state. 
At relatively high fO2, CO2 and H2O mixtures dictate that melts 
are SiO2-poor and carbonate-rich, corresponding to a 
continuum between carbonatite and ultramafic lamprophyre 
(UML; [2]). At low fO2, the action of CH4-H2O mixtures on 
melt compositions is poorly known, but they are probably 
close to silica-saturation and to melts produced with H2O 
alone, because CH4 merely dilutes H2O. Incipient melts will 
persist over extensive temperature intervals. They are highly 
mobile due to their low viscosities, making them exceptionally 
effective metasomatic agents refertilizing depleted peridotites, 
forming dykes of pyroxenite, in some cases containing 
phlogopite and amphibole. Many of these modified rocks are 
stored in the lithosphere over long periods of time, 
substantially expanding the range of potential source rocks for 
the diverse melts observed at the Earth’s surface. 

Mantle fO2 is strongly heterogeneous and has evolved 
through time. Redox melting and freezing processes occur 
wherever blocks with contrasting fO2 are juxtaposed. 
Subduction zones are sites of great fO2 variation and may have 
become more oxidized as the Earth evolved. Rejuvenation of 
refertilized mantle sections is a function of geodynamic 
setting, and commonly occurs where rifts break continents 
apart. Newly formed lithosphere is also reactivated during 
post-orogenic relaxation, producing potassic melts that did not 
occur until extensive redistribution in the IMR had taken 
effect. 
 
[1] D.H. Green, T.J. Falloon (1998) in The Earth’s Mantle (ed. 
I. Jackson), 311-378. 
[2] S.F. Foley et al. (2009) Lithos 112S, 274-283. 
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The Troodos igneous complex (Cyprus) is a ca. 90 Ma old, 
well preserved supra-subduction zone ophiolite. Troodos is 
unique in that it shows evidence of fluid-saturation throughout 
the complex, from its base (i.e. podiform chromitites) to its 
uppermost units - the Upper Pillow lavas (UPL). Fluid 
saturation is reflected by the presence of orbicular textures at 
all crustal levels, with orbs forming to minimize surface energy 
in one of the immiscible liquids. The UPL are no exception, 
with several outcrops in Troodos displaying decimetric orbs. 
However, it is unclear what the source of dissolved water in 
UPL tholeiites is, with possibilities including seawater, and 
recycled serpentinized oceanic crust, or pelagic sediments. 

In order to identify and characterize these components we 
have carried out a detailed high-resolution study on tholeiitic 
lavas from the UPL in Troodos. Specifically, glassy orbs were 
measured individually for their Sr-Nd-Hf-Pb isotopic 
compositions. In addition to these isotope systems, orb sections 
were measured in situ for their B isotopes using LA-MC-ICP-
MS. Boron isotopes are ideally suited to assess to which extent 
seawater may have mixed into the magmatic plumbing system 
of the UPL unit, and to test the possibility of a significant 
recycled crustal component.  

UPL tholeiitic orbs display a very narrow range in εNd and 
εHf (+7 to +8 and +13 to +15, respectively) indicating a much 
depleted mantle source. Lead isotopes, specifically 207Pb/204Pb 
vs. 206Pb/204Pb, form a mixing array with pelagic sediments. 
Furthermore, high-resolution characterization of individual 
orbicules revealed that UPL tholeiites display strong variability 
in 87Sr/86Sr (0.7039 to 0.7060) at the outcrop scale. Samples 
display δ11B between -5 and +8 with an average B content of 
ca. 5 ppm. Contrary to expectation, altered orbs and 
hyaloclastite matrixes display lighter δ11B (down to -10) and 
higher B contents (max. 200 ppm) when compared to fresh 
glass. When all isotope systems are taken into account, UPL 
lavas reflect melting of a depleted mantle source that was 
overprinted by fluid-like subduction components that in part 
originate from serpentinized oceanic crust. Subsequent low-
temperature alteration then drove δ11B to lighter values 
coupled with increased B uptake. 
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Supraglacial environments are conduits for the transport of 

melt water and stored nutrients to downstream aquatic 
environments. With increases in climactic temperatures there is 
greater potential for elevated water transport, microbial 
activity, nutrient cycling, and alterations to the environmental 
conditions of supraglacial ecosystems. It is well accepted that 
icy environments are metabolically active and dominated by 
bacteria. However the geographic distribution of bacteria in 
individual components of these icy ecosystems is poorly 
understood. The relationship between factors (e.g. 
geochemical, geographical, meteorological, and source 
material) that influence the microbial composition is not 
clearly understood. Using the MiSeq platform, bacterial 16S 
rRNA was sequenced to assess microbial community 
composition and the biogeography of supraglacial systems in 
Antarctica and Greenland. Dominant community members 
from each environment were present, but the relative 
abundance of each phylum was correlated to environmental 
parameters rather than the initial community composition. 
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Geochronologic studies of high-pressure/low-temperature 
(HP/LT) rocks can be used to determine the timing and rates of 
burial and exhumation in subduction zones by dating different 
stages of the pressure-temperature history. In this study, we 
present new in situ UV laser 40Ar/39Ar phengite ages from a 
suite of lawsonite blueschist- and eclogite-facies rocks 
representing different protoliths (metabasalt, metasediment), 
different structrual levels (within and outside of a high strain 
zone), and different textural positions (eclogite pod core vs. 
margin) to understand the timing of these events in an 
exhumed Neotethyan subduction zone (Sivrihisar Massif, 
Tavsanli Zone, Turkey). Phengite in the cores of eclogite pods 
yield ages of 90 – 92 Ma for lawsonite eclogite and 82 ± 2 Ma 
for retrogressed, epidote eclogites. Eclogite records the 
narrowest range of ages (10 – 12 m.y.) of any rock type 
analyzed. Transitional eclogite-blueschist facies assemblages 
and lawsonite + garnet + phengite veins from eclogite pod 
margins yield mean weighted ages of ~ 91 Ma, similar to the 
lawsonite eclogite pod-core age, but record a wider age range 
(~ 20 m.y.). Blueschists and quartzites record a more variable 
range of ages that may in part be related to structural position: 
samples within a high-strain zone at the tectonic contact of the 
HP rocks with a meta-ultramafic unit have more narrow age 
ranges (< 20 m.y.) and preserve younger ages, whereas 
blueschists and quartzites sampled outside of this zone display 
a larger spread of ages (22 – 38 m.y.) and preserve older ages. 
Variations in the preservation of 40Ar/39Ar ages correlate with 
the preservation of HP mineral assemblages and quartz c-axis 
fabrics as well as the effects of deformation. Collectively, 
these results show that high spatial resolution 40Ar/39Ar 
phengite data record a range of stages of metamorphism during 
subduction and exhumation, and that in situ UV laser phengite 
40Ar/39Ar ages, when considered in a geologic, petrologic, and 
structural context, document prograde (subduction) and 
retrograde (exhumation) stages of this history.  
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Over the last ~ 267 ky, the island of Lipari has erupted 

magmas with a range of compositions from basaltic andesites 
to rhyolites, with a notable compositional gap in the dacite 
field [1]. Bulk geochemical and isotopic compositions of the 
volcanic succession, in conjunction with major and trace 
elemental compositions of minerals, indicate that the rhyolites 
were dominantly generated via crystal fractionation processes, 
with subordinate assimilation. Radiogenic (Sr, Nd, and Pb) and 
stable (O) isotopes independently suggest ≤30% of crustal 
contamination with the majority of it occurring relatively deep 
in the system (in mafic compositions). Within the rhyolites, 
crystal-rich, K2O-rich enclaves are commonly found. In 
contrast to previous interpretations [2] [3], we suggest these 
enclaves represent partial remobilization and eruption of 
cumulate fragments discarded during rhyolite formation. 
Cumulate remobilization is supported by the presence of (1) 
resorbed, low-temperature minerals (biotite and sanidine), 
providing the potassic signature to these clasts, (2) reacted Fo-
rich olivine, marking the presence of mafic recharge, (3)  
An48-23 plagioclase, filling the gap in feldspar composition 
between the andesites and the rhyolites and (4) strong 
enrichment in Sr and Ba in plagioclase and sanidine, 
suggesting crystallization from a locally enriched melt. Based 
on Sr-melt partitioning, the high-Sr plagioclase would require 
~ 2300 ppm Sr in the melt, a value far in excess of Sr contents 
in Lipari and Vulcano magmas (50-1532 ppm) but consistent 
with melting of a feldspar-rich cumulate. Due to the presence 
of similar crystal-rich enclaves within the rhyolites from 
Vulcano, we propose that the involvement of cumulates in 
petrogenesis of high-SiO2 rhyolites, may be a common process 
at the Aeolian volcanoes, as already attested for a variety of 
volcanic systems around the world. 

 
[1] Forni, Lucchi, Peccerillo, Tranne, Rossi, Frezzotti (2013) 
Geol Soc Mem 37, 213-279. [2] Gioncada, Mazzuoli, Bisson, 
Pareschi (2003) J Volcanol Geotherm Res 122, 191-220. [3] 
Davì, De Rosa, Holtz (2010) Bull Volcanol 72, 991-1008. 

931



 Goldschmidt2015 Abstracts  

 932 

High lithium in Kimberley and 
Pahrump outcrops; Gale Crater, 

Mars 
O. FORNI1*, L. LE DEIT2, D. T. VANIMAN3, N. MANGOLD2, 

D. L. BLANEY4, S. M. CLEGG5, A. COUSIN1,  
O. GASNAULT1, S. MAURICE1, H. E. NEWSOM6,  
V. SAUTTER7, M. T. TOPLIS1 AND R. C. WIENS5 

1Université de Toulouse, UPS-OMP, IRAP, 31028, Toulouse, 
France (*correspondence : olivier.forni@irap.omp.eu) 

2LPGN, 44000, Nantes, France 
3PSI, Tucson, AZ 85719,USA. 
4JPL, Pasadena, CA 91109, USA 
5LANL, Los Alamos, NM 87544,USA 
6UNM, Albuquerque, NM 87131,1 USA 
7MNHN, 75005, Paris, France 
 

Lithium has been detected [1] for the first time on Mars 
with the ChemCam Laser Induced Breakdown Spectroscopy 
instrument on board MSL-Curiosity [2, 3]. The average Li 
content was about 5 to 10 ppm, consistent with that previously 
estimated for bulk Mars [4]. We report Li contents of about 25 
to 40 ppm on average in two outcrops, Kimberley and 
Pahrump.  

Curiosity spent sols 572-632 analyzing outcrops of 
sandstone, siltstone, and conglomerate at the Kimberley 
formation which is characterized by its high K content [5]. The 
average lithium content is of the order of 25 ppm for the  
676 observations. Fluorine [6] ranges from 0.1 to 0.8 wt% in 
the outcrop and is correlated with Li. For F-bearing targets, Li 
averages reach 50 ppm with a maximum value of 130 ppm and 
is correlated with Si, Al, Mg, and K suggesting that these 
phases are either micas or poorly crystalline phases such as 
those detected by CheMin [7]. Curiosity subsequently explored 
the Pahrump outcrop, which is characterized by three main 
different facies: the first one consists of decimeter-high 
resistant layers, the second one is characterized by recessive 
laminated layered terrains and the third one has platy and often 
fractured slabs [8]. The 400 ChemCam observations exhibit an 
average Li content of about 40 ppm [9]. The highest Li values 
are found in the resistant layers and Li is correlated with higher 
Mg and Cr. These observations constrain the formation 
conditions as well as the sources of these sediments. 
 
[1] Ollila et al. (2014) JGR, 119,	   1–31	   [2]	   Maurice	   et	   al.	  
(2012)	  SSR,	  170,	  95-‐166	  [3]	  Wiens	  et	  al.	   (2012)	  SSR,	  170,	  
167-‐227 [4] Beck et al. (2004) Geochim. et Cosmochim. Acta, 
68, 2925–2933. [5] Le Deit et al. (2015) LPSC, 1438 [6] Forni 
et al. (2015) GRL DOI :10.1002/2014GL062742  [7] Rampe et 
al. (2014) AGU Fall Meeting. [8] Stack (2015) LPSC, 1994 [9] 
Forni et al. (2015) LPSC, 2099  
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Mica- amphibole- rutile- ilmenite- diopside (MARID) 

xenoliths are alkali-rich, coarse-grained ultramafic rocks, 
typical for lamproite-derived metasomatism of the 
subcontinental lithospheric mantle. We conducted phase 
equilibria and trace element partitioning experiments on a 
(MARID)-like xenolith from the Boshof Road Dump of the 
Bultfontein mine in Kimberley, South Africa. Major and trace 
elements were measured on two mica-rich (>90% phlogopite) 
MARID xenoliths. Phlogopites are perpotassic, comprising 
K/Al >1 and Mg#-values of 84.5-86.5. Diopsides are very low 
in Al2O3, with values of <0.8%. Both compositions are typical 
for lamproites.    

High-pressure experiments were performed on fine milled 
material of one MARID sample and on 50/50 sandwiches with 
a synthetic harzburgite, at conditions appropriate to the non-
cratonic lithospheric mantle: 1–3 GPa, 1100°–1300°C using a 
rapid-quench piston cylinder. We determined the solidus, 
phase stabilities and major and trace element compositions of 
coexisting phases.  

In all our experiments, the solidus was controlled by 
incongruent melting of phlogopite. The solidus is located at 
1225 ± 25°C at 1 GPa, 1300 ± 25°C at 2 GPa, and 1350 ± 
25°C at 3 GPa. First results at 1 GPa and 1225°C exhibit 
strong infiltration metasomatism of the MARID-melt into the 
harzburgite. The infiltrating melt is high in SiO2, K2O and low 
in MgO due to crystallization of olivine on the expense of 
orthopyroxene (figure).  
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The last decade of research has provided very valuable 

information with respect to the isolation, growth and metabolic 
pathways of new microorganisms capable of oxidizing ferrous 
iron responsible for the formation of biogenic iron oxides 
(BIOS). In this presentation, we report on the latest research on 
the redox stability of various BIOS samples rich in metals and 
metalloids. We also question the use of gamma radiation to 
sterilize natural BIOS samples.  Our results first indicate that 
BIOS are efficient at sequestering soluble contaminants, but 
upon microbial reduction, they release some of their sorbed 
contaminants into solution. Microbial reduction rates of fresh 
BIOS have been shown to exceed those measured for synthetic 
Fe-oxides having similar mineralogy, but upon ageing, 
coarsening of the iron oxide particles in BIOS occurs, thus 
lowering the reduction rates. BIOS are currently understood to 
be stabilized by the presence of organic templates, such as 
exopolysaccaharides (EPS). This would lead one to expect that 
BIOS are more stable than abiotic iron oxides subjected to 
microbial reduction. Our results indicate that this may be the 
case if gamma radiation is not used to sterilize BIOS. 
Sterilization appears to cause structural damage to biogenic 
iron oxides as a result of the formation of radicals during the 
radiation of organic matter. Radicals are thought to play a role 
in the reduction of structural Fe(III) to Fe(II) prior to microbial 
reduction. We present new results demontrating the effect of 
gamma radiation on gamma-irradiated and non-gamma-
irradiated synthetic BIOS, and abiotic iron oxides having 
substantially equivallent mineralogy. 
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The oxidation state of Earth’s upper mantle (OSEUM) is a 

key thermodynamic parameter as it influences, among other 
variables, the depth of melting initiation by modifying solidus 
temperatures, the composition of mantle melts, the speciation 
of numerous species (e.g., Fe, S, V…), the phase relations, the 
trace element partitionning, the volcanic degassing… Despite 
intense focusing on that parameter during last decades, 
OSEUM remains poorly constrained. OSEUM is either 
estimated using Mid-Ocean-Ridge Basalts (MORB) Fe3+/ΣFe, 
or the oxidation state of abyssal peridotites[1]. Although MORB 
display log(fO2) values ~1 unity above the fO2 estimate of 
abyssal peridotites (ΔFMQ=+0.2 and -1.05, respectively [1]), 
MORB oxidation state is extensively used as a proxy of 
OSEUM[2-3]. MORB are furthermore the final product of 
oceanic magma chambers that act as reactive filters[4] through 
fractionnal crystallization, melt-rock reactions, or 
contamination at crustal levels. Such processes have the 
potential to skew the mantle signal during the ascent of MORB 
to the seafloor. Here we use SIMS measurements to track the 
contamination component at magma chamber depths, and 
µXANES measurements to estimate Fe3+/ΣFe of melts crossing 
the Moho level and of melts from the upper axial melt lens 
(AML) from which MORB are delivered. We show that AML 
melts are contaminated through interactions with the 
hydrothermally altered dikes, and that melts from which 
cumulates crystallized at Moho depth are less oxidized than 
MORB melts, delivered from the AML. Mantle derived melts 
are thus oxidized during their journey to the AML and 
consequently MORB don’t record the OSEUM any more. This 
oxidation of mantle derived melts may be related to crustal 
contamination, or to a buffering related to CO2 degazing 
during the pressure decrease from Moho to AML.  
 
[1] Foley (2011) J. Petrol. 52, 1363 [2] Kelley and Cottrell 
(2009) Science 325, 605 [3] Cottrell and Kelley (2013) Science 
340, 1314 [4] Bédard (1993) Geology 21, 77 
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Fe (III) minerals are ubiquitous in diverse near-surface 
environments, where they exert important controls on trace 
species transport. In alkaline environments such as the glass-
steel interface in geological HLW disposal sites with cement 
plugging and grouting, Fe minerals are closely associated Si 
that may affect their structure and reactivity. While it is well-
known that Si retards Fe mineral crystallization, there is 
currently an overall lack of quantitative information on the 
rates of crystallization of stable Fe minerals in the presence of 
Si at alkaline conditions. Kinetic data may be useful in 
predicting Fe mineral crystallization in these environments, 
which may have implications in the dissolution rates of 
vitrified waste and the transport of radioactive contaminants. 

Batch synthesis experiments of Fe-oxides/oxyhydroxides 
in the presence of varying amounts of Si were conducted at a 
constant pH of 10 and at 50°C to 80°C. Samples extracted at 
different reaction durations were characterized using powder 
XRD. The proportion of different phases in the product were 
estimated from XRD data using Rietveld refinement and 
plotted as a function of time to derive kinetic parameters.  

Results show the rapid precipitation of metastable 
ferrihydrite (5Fe2O3•9H2O) at high pH. At all temperatures, the 
presence of Si generally delays the appearance of crystalline 
phases. With increasing Si, the percentage and crystallization 
rate of goethite (α-FeOOH) decrease, while those of hematite 
(α-Fe2O3) increase then drastically drop at Si concentrations 
greater than 5 x 10-4 M Si. Apparent activation energies for 
goethite increase with increasing Si, indicating the inhibition 
of goethite crystallization. On the other hand, apparent 
activation energies for hematite show that hematite 
crystallization is promoted at low Si concentrations but is then 
eventually inhibited at higher concentrations. The influence of 
Si on Fe mineral crystallization may be explained by its effect 
on the dissolution and aggregation of the ferrihydrite precursor, 
which are crucial steps in goethite and hematite formation, 
respectively. 
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The Sankuru-Mbuji-Mayi-Lomami-Lovoy (SMLL) basin, 
DRC, located between the Archean-Paleoproterozoic Kasai 
Craton and the Mesoproterozoic Kibaran Belt, includes the   
Mbuji-Mayi Supergroup, a sedimentary sequence unaffected 
by regional metamorphism and containing a large diversity of 
well-preserved acritarchs [1]. Lithostratigraphically, this 
Supergroup is composed of two distinct successions (i) a lower 
siliciclastic sequence of BI Group (ca. 1175 Myr to ca. ca. 
1050 Myr, certainly older than 885 Myr [2-4]) unconformably 
overlying the northern ca. 3.0-2.6 Gyr granitoid Dibaya 
Complex [5] and overlain by (ii) a poorly constrained upper 
carbonate sequence with sparse shales of the BII Group. 
Basaltic pillow lavas overlying the Mbuji-Mayi Supergroup 
were dated at 948 ± 20 Ma [6] [7].  

To better constraint the age of this Supergroup, we are 
combining different in situ geochronological methods, in 
particular on diagenetic minerals such as monazite [8]. 
Preliminary results of U-Th-Pb datings of well-crystallized 
diagenetic monazites with Electron MicroProbe (Camparis, 
Paris) provide a new age around 1155 ± 15 Myr for the base of 
the BI Group. These results are consistent with new data on 
chemostratigraphy and biostratigraphy [9] and support the 
occurrence of worldwide changes at the Neoproterozoic / 
Mesoproterozoic boundary. 

 
[1] Baludikay et al., (2014), EGU Conf. Abstracts, 16, 16938, 
[2] Delpomdor et al., (2013), Pal.3, 389, 4–34, [3] Cahen 
(1954), Bul. SGHP, 63: 89–100, [4] Holmes & Cahen, (1955), 
CGMR, 5(1): 3–38, [5] Delhal et al., (1976), Rap. Ann. 1987-
1988. Dep. de Géologie et Minéralogie, 93-99, [6] Cahen et 
al., (1974),  Rap. Ann. 1973. Dep. de Géologie et Minéralogie, 
59-70 [7] Cahen et al., (1984), Clarendon Press, Oxford, 512, 
[8] Rasmussen & Muhling, (2007), Contr. to Min. & 
Petro., 154(6), 675-689. [9] Baludikay et al. (2015) Gt. Conf. 
Abstracts, this volume. 
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Ocean water yields an integrated global signal of 
geological and biological processes controlling the elemental 
fluxes between the lithosphere, hydrosphere and atmosphere 
that, in turn, modulate the physico-chemical conditions at the 
Earth’s surface. Therefore, understanding the distribution and 
concentration patterns of major and trace elements in seawater, 
and precipitating marine carbonates, is one of the main 
research objectives in earth system sciences. Concentrations of 
chromium (Cr) were measured in modern marine skeletal 
carbonates by an Element2 magnetic sector field ICP-MS 
(Thermo Scientific), at the Institute of Geology, Academy of 
Sciences, using a medium resolution (m/Δm = 4000) mode in 
order to separate 52Cr from polyatomic interferences eg. 
36Ar16O, 38Ar14N or 40Ca12C. The precision and fidelity of our 
Cr concentration analysis was tested on selected carbonate 
standards (JDo-1, CRM 513 and CRM 512) whose Cr contents 
are well known based on the certified or literature values [1]. 
Our measured Cr concentrations agree well with the published 
values (R2 = 0.9918, n = 3). After verifying our approach, we 
analysed calcitic and aragonitic skeletons of different marine 
organisms (Cnidaria, Mollusca, and Algae) collected at the 
Lady Elliot Island, Queensland, Australia, where we expect 
generally low concentrations of Cr as there is no nearby 
riverine input of Cr from continents at this offshore and 
carbonate reef settings. As expected, analysed samples yielded 
very low Cr concentrations in a range from about 0.01 up to 
0.79 ppm. As a next step, we will analyse marine skeletal 
carbonates from other localities (Alaska, Argentina, Italy, 
Norway), where we expect much higher concentration of Cr 
due to nearby riverine inputs of Cr from continental 
weathering, draining basaltic and ultramafic bedrocks. This 
comparison will allow us to evaluate the effect of different 
riverine Cr inputs to seawater on the concentration and 
incorporation of Cr into the marine skeletal carbonates.  
 
[1] Bonnand et al., 2011, J. Anal. Atom. Spec, 26, 528-535. 
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Combined U-series and radiocarbon dating of deep sea 
corals provides measures of the paleo seawater radiocarbon 
content. This is driven by air-sea gas exchange close to the 
surface and further influenced by advection and mixing of 
differently aged water masses at depth. Framework forming 
deep water corals generally occupy habitats at the thermocline 
depth (500 – 1000m) in the north-eastern Atlantic influenced 
by the recirculation of mostly well ventilated water masses. 
Thus, such corals offer the possibility to reconstruct the 
reservoir age history of the north Atlantic. Here, we present a 
radiocarbon compilation spanning 30000 years in age using 
corals from the Rockall Bank and the temperate east Atlantic. 
From 13000 years to present we observe a perfect match with 
the IntCal13 and IntCal09 assuming a mean 14C offset between 
atmosphere and ocean of -55±5‰. This is similar to the pre-
bomb surface reservoir effect. Between 20000 and  
28000 years, i.e. during the Last Glacial a similar offset yields 
a good match to the IntCal09 record, whereas IntCal13 would 
require higher and more variable reservoir effects, i.e. reduced 
ventilation. At 14500-13000 years, i.e. Heinrich event one, we 
observe a puzzling radiocarbon peak in the temperate Atlantic 
that exceeds the atmospheric calibration record IntCal09 and 
IntCal13 by up to 80‰. In conclusion, framework forming 
deep-sea corals may provide an archive for a new marine 
radiocarbon calibration record. Nevertheless, challenges 
remain to understand the appearance of high radiocarbon 
values that are possibly caused by coral alteration, and or U-
series open system behaviour. 
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The area around Rodriguez Triple Junction (RTJ) is 

characterized by complex structured rift valleys and isolated 
active volcanic edifices in the central graben. The structural 
development has triggered complex petrogenetic processes 
including differentiation and fractionation processes as well as 
the exhumation of deep oceanic lithosphere. The complex 
structural conditions at the RTJ and different spreading 
characteristics of the three adjacent ridges with active fault 
systems and sustainable heat supply provoke hydrothermal 
activity along the rift valleys such as the Kairei vent field. 

A series of INDEX cruises explored the southern Central 
Indian Ridge to recover hydrothermal precipitates and a rock 
suite representing the entire oceanic lithosphere and including 
basaltic, gabbroic and ultramafic lithologies. 

Gabbros are lithologically massive with variable 
compositions (olivine gabbro, oxide-rich gabbro, and norite) 
and grain sizes. They are mainly composed of plagioclase, 
partial to total serpentinized clinopyroxene and olivine, and 
monosulfide solid solution phases. Different trace element 
signatures are determined in all gabbroic samples and they 
may be grouped into differentiated and cumulate varieties 
which indicate the formation at variable depths. 

The ultramafic rocks are best classified as altered 
harzburgites with variable degrees of serpentinisation. A 
characteristic mesh structure with replaced olivine by 
serpentine and magnetite can be noticed. Minor bastitized 
orthopyroxene, chromium-spinel and relics of primary olivine 
occur in the less serpentinized samples. The occurrence of 
serpentine slickensides provides serpentinisation process 
during exhumation of the rock suites. 

It is suggested that serpentinization processes produce 
high-temperature, reducing, and acid fluids which are 
necessary conditions to form submarine sulfide deposits. This 
study attempts to distinguish the characteristics and influence 
of these metamorphogenic fluids on the sulfide precipitates and 
their associated rock suite.  
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In this study, thin layer chromatography (TLC) was used to 

examine the differences of organomineral complexes by its 
polarity. The TLC study was carried out by using various types 
of organomineral complexes of varying BET surfaces that 
were synthesized by adsorption in a gas-solid phase at 50 °C in 
the presence of atmospheric pressure for a period of 60 days in 
total darkness. Gibbsite, pseudoboehmite, boehmite and 
diaspore, and four types of phenolic compound being 
pyrocatechol, resorcinol, pyrogallol and guaiacol were used. 
The analysis was carried out by applying the ascending TLC 
method that consisted of a thin layer of silica gel and a solvent 
mixture of 1:9 hexane-methanol. Subsequent analysis of the 
TLC chromatogram was achieved in which the retention factor 
Rf was clearly identified. The TLC chromatogram showed 
specific sequences of the separated compounds which 
confirmed the existence of various reaction products of 
organomineral complexes. On examining the effects of 
sequence length, polarity gradients of the separated compounds 
were clearly observed. Two of the horizontal spot lines of the 
C6H6O2 and C6H6O3 compounds presented a distinct image 
showing the highest Rf values ranging from 0.64 to 0.83. In 
comparison, the highest Rf values of the C7H8O2 compounds 
were observed in the range of 0.71 to 0.74 which confirmed 
only one distinct spot line. The separated compounds were 
identified as intermediate reaction products that were formed 
by the organomineral complexation. As confirmed by the 
results of the polarity, charge transfers of the intermediate 
reaction products showed various intensities caused by the 
unbalanced chemical reactivity of these products. 

 
 
 
 
 
 
 
 

 
 
[1] Franke M (2002) diploma thesis, University of Trier, 187 
pp. 
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Proxy development 
The development of a new biogeochemical proxy for solar 

irradiance [1-3] has provided the opportunity to explore past 
solar input to the Earth's system, independent of reliance upon 
physical models. This proxy is based on a biochemical 
response of plants to changes in specific wavebands of 
incoming solar radiation (UV-B, 280-315 nm) [3], which in 
turn is preserved in the chemical composition of the walls of 
pollen and spores (sporomorphs) [4]. By exploring changes in 
sporomorph wall chemistry across a range of spatial and 
temporal scales, over which solar radiation is found to vary, we 
have built up a robust proxy [1-3]. 

Proxy application 
Here, we present an overview of the basis of our 

sporomorph-based solar irradiance proxy, and highlight the 
most recent application of this proxy to a high resolution 
sedimentary record recovered from Lake Bosumtwi, Ghana, 
revealing 250,000 years of solar irradiance change, focusing on 
the last 50,000 years. 

 
[1] Watson et al. (2007) Photochem. Photobiol. Sci. 6, 689-
694. [2] Lomax et al. (2008) Nat. Geosci. 1, 592-596. [3] 
Fraser et al. (2011) Pol. Res. 30, 8312. [4] Fraser et al. (2012) 
New Phyt. 195, 397-401.  
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The importance of amorphous calcium carbonate (ACC) in 

the crystallisation of calcium carbonate remains a fundamental 
question in biomineralisation.  ACC is generally reported in 
two different phases [1]: one with a high water content (~50% 
or greater) that is relatively stable and the other with a low 
water content that is transient and undergoes a rapid transition 
to calcite or another CaCO3 polymorph.  The growth of 
crystalline calcium carbonate remains an intense debate with 
varying models proposed.  ACC is frequently highlighted as a 
precursor but how and if it directly crystallises is uncertain [2], 
[3]. 

We present simulations of calcite and aragonite interfaces 
with ACC structures of varying water content.  Our results 
demonstrate that the crystalline surfaces are most stable with 
water rather than hydrated or dehydrated ACC.  We use this to 
explain why crystallisation has been observed to occur on the 
surface of ACC particles [4] removing the need for dramatic 
dehydration processes of the ACC.  

 
[1] Addadi, L.; Raz, S.; Weiner, S. (2003) Advanced Materials 
15(12), 959–970 [2] Pouget, E.M.; Bomans, P.H.H.; Goos, 
J.A.C.M.; Frederik, P.M.; de With, G.; Sommerdijk, N.A.J.M. 
(2009) Science 323(5920), 1455–1458 [3] Hu, Q.; Nielsen, 
M.H.; Freeman, C.L.; Hamm, L.M.; Tao, J.; Lee, J.R.I.; Han, 
T.Y.J.; Becker, U.; Harding, J.H.; Dove, P.M.; De Yoreo, J.J. 
(2012) Faraday Discussions, 159, 509–523 [4] Nielsen, M.H.; 
Aloni, S.; De Yoreo, (2014) J.J. Science, 345 (6201), 1158-
1162 
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A noble gas study of shallow groundwater, focusing on 
3He/4He ratios, was executed in three areas in the Upper Rhine 
Graben (Germany), covering both the eastern and western 
main faults of the rift system. Helium isotopes were applied to 
identify possible imprints of mantle derived fluids within the 
mostly young water of meteroric origin in the shallow aquifers 
[1]. In combination with other tracers – hydrogeochemistry 
including REEs, Sr and Li isotopes, REEs, 14C, SF6 and 3H – 
the dataset is used to locate and characterise hydraulically 
active parts of the fault system with the goal to develop a 
toolset for cost-effective geothermal energy exploration. 

Samples from the shallow aquifer at Groß-Gerau (western 
main fault) show an impact of mantle derived fluids revealed 
by 3He/4He isotope analyses, correlating with Sr isotope data 
[2] as well as an increase in salinity. The amount of 3He 
suggests a mixing component of mantle derived fluid of 
approximatly 5% within the aquifer, restricted to spacially 
separate locations along the fault line. 

In contrast, the investigation of two other sites at 
Heidelberg and Freiburg, both located close to the eastern main 
fault, could not identify any influence of mantle derived fluids 
in the uppermost aquifers, indicating an absence of 
hydraulically active sections of the fault within the sampling 
areas. 

Our data supports the applicability of the selected set of 
tracers in geothermal exploration and fault characterisation, in 
order to narrow down the size of the field area for further 
geophysical exploration methods. 

 
[1] Kennedy and van Soest (2007) Science 318, 1433-1436 [2] 
Schmidt et al. (2014) SDGG 85, 559-560 
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Organic carbon (OC) discharged by rivers and buried in 
continental margin sediments represents an important carbon 
sink and a valuable record of information on past 
environmental variations on the continents. In this context, it is 
crucial to understand the sources of carbon in river basins and 
the factors that influence biomarker signals during transport 
from the continental source to the oceans. In this study, we 
adopt a source-to-sink approach where concentration and 
compositional variations in branched glycerol dialkyl glycerol 
tetraethers (brGDGTs), plant wax fatty acids and lignin 
phenols in fine-grained (<63 μm) riverbank sediment deposits 
from the Danube River are investigated. In combination with 
compound-specific stable carbon and hydrogen isotope 
measurements and ultimately biomolecular 14C dating, we seek 
to establish geochemical “fingerprints” of the largest 
tributaries and follow the evolution of these signatures along 
the course of the river, from headwater tributaries to its delta. 
Spatial trends in biomarker concentrations along the river 
transect are set in context with mineralogical characteristics of 
the fluvial sediments and assessed through normalization to 
mineral-specific surface area. Surface area-normalized total 
organic carbon, brGDGT and plant wax concentrations show a 
clear trend to decreasing values (ng compound m-2) from the 
upper to the lower catchment. The distributions of brGDGTs, a 
group of soil bacterial membrane lipids that has been shown to 
record local environmental parameters, reflect the trend of 
increasing air temperature from the upper to the lower reaches 
of the Danube. This trend suggests an increasing contribution 
of soil organic carbon from tributaries joining the lower 
Danube basin to the OC that is finally delivered to the delta.  
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Studies of volcanic arc magmas suggest the presence of  

sediment-derived components in arc magma sources and thus 
indicate a flux of material from the top of subducted slabs back 
to the surface. Constraining the recycling of subducted 
sediments into the deep mantle requires a quantification of 
such sediment-loss from the slabs. 

Here we use U-Series data for volcanic arc magmas from 
the Izu arc to reassess the importance of sediment loss from 
subducted slabs within subduction zones. Trace element and 
isotopic compositions of arc magmas are usually interpreted to 
result from addition of slab-derived fluids and sediment melts 
to the mantle wedge [1]. Izu arc lavas have previously been 
shown to be unusually 'sediment-poor' [e.g. 2]. Ironically, this 
allows us a more detailed look at the flux of this component to 
the arc lava source. U-Series data from the Izu arc are 
consistent with the addition of a U-bearing fluid component. 
Their U-Th systematics also require the addition of a melt 
component. However, this component is inconsistent with the 
composition of subducted sediments. Instead, it can be 
modeled as a mixed slab melt that is dominantly derived from 
the mafic, altered oceanic crust (AOC) with only a minor 
fraction of sediment melts. Based on the thermal structure and 
trace element patterns in the Izu arc, we infer that such mixed 
slab melts are common in volcanic arcs worldwide but in most 
cases masked by the dominant influence of subducting 
sediments on trace element concentrations. 

Our observations suggest that the component in arc 
magmas traditionally identified as a sediment melt is in fact a 
mixture of sediment melts and more mafic melts of the AOC 
with up to 95 % mass fraction of the AOC. Commonly 
observed 'sediment addition' trends in arc lavas are thus caused 
by the addition of mixed sediment and more mafic AOC 
sources. This has a major impact on mass balance 
considerations for subduction zones and requires substantially 
larger sediment fluxes – and thus loss of sediments from 
subducted slabs - than previously thought. 

We discuss the effects of these observations on the flux of 
subducted sediments into the deep mantle and availability of 
this component for deep recycling. Our results emphasize the 
importance of alternative mechanisms of deep recycling of 
crustal material such as delamination and subduction erosion. 

 
[1] Elliott (2003) Geophysical Monograph 138 23-48. [2] 
Taylor & Nesbitt (1998) EPSL 164 79-98 

 
  

946



 Goldschmidt2015 Abstracts  

 947 

Simultaneous determination of 
chemical composition and stable 

isotope ratios of weathered mineral 
phases by fs-laser ablation 

DANIEL A. FRICK1*, JAN A. SCHUESSLER1,  
JOSEFINE BUHK1 AND FRIEDHELM VON BLANCKENBURG12 
1Helmholtz-Zentrum Potsdam, GFZ German Research Centre 

for Geosciences, 14473 Potsdam, Germany 
(*correspondence: dfrick@gfz-potsdam.de) 

2Institute of Geological Science, Freie Universität Berlin, 
12249 Berlin, Germany 

 
Determining simultaneously the chemical composition and 

isotope ratios of solids at µm spatial resolution using fs-laser 
ablation (fs-LA) has the potential to significantly advance our 
understanding of novel stable isotope systems (e.g. Mg, Si, 
Fe). We exploy this combination as process tracer of 
weathering at the Earth’s surface. 

Several studies at soil profile and catchment scale 
demonstrate that the Si isotope composition of soils, plants and 
riverine dissolved Si is a tracer for abiotic and/or biotic 
weathering processes [1]. Weathering and subsequent 
secondary mineral formation occurs at the nm to µm scale at 
the fluid-solid interface and produces large and variable Si 
isotope fractionation [2]. The isotope fractionation of Si 
depends on the kinetics of the reaction, the chemical 
composition and the structure of the reaction product [1]. 
Therefore, combined micro-analytical methods for in-situ 
isotope ratio and compositional analysis offer a detailed view 
into the processes of weathering and secondary mineral phase 
formation. Here we combine in-situ Si stable isotope ratio 
determination by fs-LA-MC-ICP-MS with either mass 
spectrometry (MS) or optical emission spectrometry (OES) for 
simultaneous isotope ratio and element concentration 
measurements. 

There are two feasible possibilities: (i) LA split stream [3] 
where part of the aerosol is simultaneously introduced into a 
single collector ICP-MS (or ICP-OES) and a MC-ICP-MS or 
(ii) direct observation of the analytical plasma of the MC-ICP-
MS using simultaneous, radial OES [4]. 

We are presenting and comparing both (i) LA split stream 
ICP-MS/OES and (ii) coupling of an optical emission 
spectrometer with an MC-ICP-MS. 
 
[1] Opfergelt & Delmelle (2012), C. R. Geoscience 344 723–
738. [2] Schuessler & von Blanckenburg (2014), Spectrochim. 
Acta Part B At. Spectrosc. 98, 1-18. [3] Yuan, et al. (2008), 
Chem. Geol. 247, 100–118. [4] Kaczmarek, Horn, Nehrke & 
Bijma (2014), Chem. Geol. 392, 32–42. 
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With ten stable isotopes, Sn is the element with the highest 

number of stable isotopes. It allows for the study of mass-
dependent and mass-independent isotope fractionation in 
different terrestrial and planetary materials. Recent Sn isotope 
studies have mostly focused on the provenance of terrestrial 
cassiterites (SnO2) [1] [2]. However, Sn isotopes also have the 
potential to elucidate stable isotope fractionation associated 
with magmatic differentiation and planetary moderately 
volatile element loss.  

Here we report a new technique for separating Sn 
efficiently from its sample matrix, which can also be applied to 
samples with low Sn concentrations. The Sn separation from 
the sample matrix is achieved using a two-stage liquid-
chromatography. The Bio-Rad AG1-X8 (200-400 mesh) resin 
in the first step removes most matrix elements and in the 
second stage, Eichrom Tru resin (100-150µm) separates Sn 
from the remaining Zn, Cd and In. By using a two-step 
approach, larger sample sizes (up to 0.5g) can be efficiently 
separated. The yields and the efficiency of the separation were 
tested on the basalt BHVO-2 (Hawaiian basalt) and two 
Icelandic basalts. 

Isotope measurements were performed on an MC-ICPMS 
(NU Plasma II, Nu Instruments) using a setup, which allows 
for the simultaneous detection of all Sn isotopes and the 
monitoring of isobaric interferences of Cd, Te and Xe. This is 
desirable for cosmochemical investigations. Internally 
normalised to 116Sn/120Sn = 0.4460 [3], the instrumental 
precision for the 100 ppb Sn standard (NIST 3161a) for the 
118Sn/120Sn ratio is 10 ppm (2SD, n = 30) and the measured 
ratio is in good agreement with values reported by Lee et al. 
[4]. First tests using the standard-sample bracketing method 
reveal that an instrumental precision of ± 0.063‰ (2SD, n = 
24) on δ116Sn/120Sn for a 100 ppb Sn standard solution can be 
achieved. Stable isotope data for different basalts and samples 
from lake sediments with high concentrations of inorganic Sn 
will be presented at the conference. 

 
[1] Haustein et al. (2010) ARCM 52(5), 816 [2] Yamazaki et al. 
(2013) GeochemJ 47(1), 21. [3] Devillers et al. (1983) IJMS 
50(1-2), 205. [4] Lee et al. (1995) IJMS 146-147, 35. 
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The importance of garnets within the Earth’s mantle, the 
high symmetry of the garnet structure (space group dIa3 ), 
and the manifold cation and anion substitution mechanisms 
make garnets an ideal model system to study pressure-induced 
spin-pairing transitions of 3d-transition-metal cations. 
Specifically, the spin-pairing behavior in andradite may serve 
as a benchmark for that of Fe3+ located on the octahedral B-site 
of iron-bearing magnesium silicate perovskite [1].  

We have studied synthetic cubic andradite, Ca3Fe2[SiO4]3, 
and natural tetragonal henritermierite, Ca3Mn2[SiO4]2[O4H4], at 
pressures up to 80 GPa using Raman spectroscopy, single-
crystal synchrotron X-ray diffraction and quantum-mechanical 
calculations based on density functional theory. Isosymmetric 
phase transitions were observed in the pressure ranges  
60-70 GPa and 55-70 GPa, which are associated with high 
spin-to-low spin electronic transitions in octahedrally 
coordinated Fe3+ and Mn3+, respectively [2] [3]. Changes in the 
vibrational properties will be discussed with respect to the 
structural compression and results from theoretical 
calculations. 

Financial support from the DFG (Fr2491/2-1 within 
SPP1236), the BMBF (05K10RFA, 05KS7RF1, 05K13RF1), 
and the A. v. Humboldt Foundation (J. R.-F.), Germany is 
gratefully acknowledged. Portions of this research were carried 
out at PETRA III (DESY) and at BESSY II, members of the 
Helmholtz Association. We thank H.-P. Liermann and U. 
Schade for beamline support and J. Gutzmer for the donation 
of the henritermierite crystals. 

 
[1] Lin et al. (2013) Rev. Geophys 51, 244-275. [2] Friedrich et 
al. (2014) Phys. Rev. B 90, 094105. [3] Friedrich et al. (2015) 
Phys. Rev. B, in revision. 
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Most chondritic meteorites contain chondrules, once 
molten spherical silicate droplets. It is likely that all solar 
system materials underwent the chondrule formation stage, a 
short heating event that produced melt droplets from 
aggregated dust balls.  

We provide evidence for high temperature fractionation 
experienced by components shortly before or during chondrule 
formation. A hot solar nebula must have prevailed for some 
time even at distances as far away from the sun as the asteroid 
belt.  

The chemistry of matrix, chondrules and bulk were studied 
in Jbilet Winselwan a recently found CM meteorite with 
clearly defined Mg-rich chondrules set in a fine grained, Fe-
rich matrix [1]. 

Matrix has super-chondritic Fe/Mg (av. 21.66) and Si/Mg 
(av. 1.39) ratios with little spread. The bulk is chondritic and 
chondrules, presently analyzed, must have complementary 
ratios. The refractory element pair  Al-Ti has chondritic ratios 
in bulk meteorite but is often fractionated between matrix and 
chondrules [2] [3]. Formation of Ti-rich phases at high 
temperatures and incomplete incorporation into chondrules is 
required. 

Chondrules and matrix of chondritic meteorites must have 
formed in a closed system involving extended time periods at 
high temperatures to produce the observed fractionations.  
 
[1] Russell et al. (2014) MetSoc 77 5377. [2] Palme et al. 
(2015) Chemie der Erde 74, 507-516. [3] Hezel & Palme 
(2010) EPSL 294:85-93. 
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Continental weathering and transport of dissolved elements 
from rivers to the ocean are major processes regulating 
atmospheric CO2 and thus act to moderate climate. During 
glacial-interglacial cycles, changes in weathering processes 
due to changes in ice melt (fresh water runoff), rock exposure 
and temperature may affect the chemical composition of river 
water and the concentration of suspended particulate matter, as 
well as chemical weathering rates. For these reasons, improved 
knowledge of glacial weathering processes is essential. 
The lithium isotopic composition (δ7Li) of river water is only 
affected by the formation of secondary mineral phases. It is 
independent of catchment lithology and unaffected by 
biological processes. Thus, river water δ7Li is an excellent 
tracer of weathering processes and, as the δ7Li of foraminifera 
records the Li isotopic composition of seawater, information 
from the marine sedimentary record can potentially be used to 
assess past changes in weathering processes. 
During mixing between river water and sea water, changes in 
the chemical and isotopic composition of some elements can 
occur, modifying the signal delivered to the ocean. To assess 
the effects of estuarine mixing on Li and Li isotopes, in a 
glacial system, we have analysed a series of water samples 
from Godthåbsfjorden (64° N, 51° W), West Greenland.  
Samples were taken along a section from the inner parts of the 
fjord, close to the Greendland Ice Sheet, to the offshore parts 
close to Fyllas Banke [1], in both summer and winter. We will 
present Li and Li isotope data, together with analyses of other 
key parameters (major cations and anions, salinity, 
chlorophyll, dissolved oxygen, temperature, turbidity), and use 
these information to determine whether Li behaves as a 
conservative or non-conservative element in this glacial 
estuarine environment. We will evaluate the importance of 
estuarine mixing in determining the Li and Li isotopic 
signature of the weathering flux delivered to the ocean from 
glacial weathering systems.  
 
[1] Arendt K.E. et al. (2010) Mar. Ecol. Prog. Ser. 401, 49-62. 
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Quartz is the second most abundant mineral in the Earth’s 
crust and occurs as a main phase in igneous, metamorphic and 
sedimentary rocks. It has been known since long that quartz 
can incorporate several trace elements such as H, Li, Na, K, B, 
Al, P, and Fe, depending on the formation conditions at 
different geological environments. In particular, quartz that 
formed in water-bearing systems can incorporate hydrogen as 
OH-point defects. Recent experiments on hydrogen 
incorporation in quartz exhibit a pressure dependent OH 
incorporation behaviour that may be used as information 
source of the formation conditions. In this work quartz crystals 
were grown from a spodumene-granite starting material (i.e., a 
Li-rich system) with 13-26 wt% water at 900-1050°C and  
5-20 kbar in a piston cylinder apparatus. The quenched run 
products were analyzed by IR spectroscopy and electron 
microprobe and consisted of a free aqueous fluid, quartz, and 
amorphous quench material. On a first glance, it was noticed 
that the size of the quartz crystals tends to increase with 
pressures, producing non-elongated crystals of 100µm size at  
5 kbar to progressively larger and more elongated crystals at 
10 kbar, and finally euhedral mm-sized crystals at ≥15 kbar. 
BSE images of the run products showed quartz crystals 
included in water saturated melt and confirmed that the grain 
size of quartz increases with pressures. Preliminary results for 
Al-concentration in quartz cluster around 200-300 wt ppm for 
most selected crystals, but may reach values up to 1600 wt 
ppm. IR absorption spectra revealed absorption features that 
can be assigned in particular to AlOH- (3310, 3378 and  
3430 cm-1), LiOH. (3483 cm-1) and (4H)Si-defects (3583 cm-1). 
A negative correlation between LiOH-defects and pressures 
was observed between 5 and 15 kbar, where LiOH basically 
dropped to zero. Future plans include more electron 
microprobe work and LA-ICP-MS analyses in order to 
determine the concentration of trace elements in quartz and 
evaluate the coupling of hydrogen to Li and other trace 
elements such as Al, P, and K. 
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Silicon cycling across the paleocene-
eocene thermal maximum 
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A wealth of terrestrial and marine archives document the 

effects of a large and geologically rapid input of 13C depleted 
carbon into the ocean-atmosphere-biosphere system at about 
55 Ma, often referred to as the Paleocene-Eocene Thermal 
Maximum (PETM).  Although the precise mechanisms and 
timings of the carbon input are debated, the consequences - 
increased temperature, ocean acidification and large-scale 
biotic changes - are well established. It is generally considered 
that recovery from the PETM was driven by a combination of 
enhanced silicate weathering and increased organic carbon 
burial. 

Silicate weathering is a key step in the sequestration of 
atmospheric CO2 as marine carbonates, while also releasing 
dissolved silica (H4SiO4) and forming clays. The silicon 
isotopic composition (δ30Si) of both the dissolved silica and 
the secondary clays can provide information about weathering 
rate and efficiency.  However, despite being a key component 
of the PETM recovery, potential modifications of the global Si 
cycle have not been investigated.  With the use of a simple box 
model, we demonstrate that reasonable scenarios of changes in 
terrestrial silicate weathering rates and styles compatible with 
the PETM should be visible as excursions in the silicon isotope 
record of terrigenous clays and marine siliceous organisms. 

To test these model predictions, we present new SIMS and 
MC-ICP-MS δ30Si data from sponge spicules, radiolarian tests 
and detrital clay separates from Ocean Drilling Program (ODP) 
site 1051B, where the PETM is well characterised.  This is 
supplemented with bulk sediment elemental composition and 
biogenic silica (BSi) concentrations.  Together with our box 
model, these data can be used to begin to constrain aspects of 
the global Si cycle and the silicate-weathering/CO2 feedback 
before, during, and in the recovery from the PETM. 
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Major parts of the Irish lithosphere are made up of accreted 
crustal and arc volcanic and plutonic rocks that assembled, 
together with Laurentian basement and peri-Gondwanan 
terranes, during the Caledonian Orogeny. After assembly, the 
crust was extensively modified by late- to post-collisional 
granitic magmatism astride the Iapetus Suture Zone (ISZ). 
Petrogenetic investigation of these rocks and the earlier arc 
systems aims to identify the major source inputs.  

SIMS U-Pb zircon geochronology on the oldest arc-related 
granites yielded Ordovician ages (c. 460 and 455 Ma). Late- to 
post-collisional granites yield early Silurian to Lower 
Devonian ages (c. 435, 418, 410 and 394 Ma). Proterozoic 
inherited zircon grains and cores were derived either by 
assimilation from wall rock (meta-) sediments or from hitherto 
unknown basement rocks. Several of the Devonian granites 
north of the ISZ contain inherited Ordovician zircons (c. 485, 
470 and 455 Ma) with εHfT values down to -18, consistent 
with derivation from an Ordovician arc founded on older 
continental crust.   

Hf-O isotopic analyses on dated magmatic zircons 
generally range between +10 and -1 εHfT and 5.5 to 8.5 δ18O 
which indicates a juvenile contribution to several of the 
granites. This is likely including the Ordovician arc system. A 
bimodal distribution in δ18O in several granites suggests 
involvement of isotopically distinct source rocks.  

A distinction between the εHfT from granites north and 
south of the ISZ is supported by a similar pattern in LA-
ICPMS Pb isotopic analyses of K-feldspar. Less radiogenic 
lead in the northern granites is consistent with involvement of 
Laurentian basement in their genesis. This pattern is also seen 
in coeval volcanic rocks suggesting similar source constraints 
and the likely reprocessing of Ordovician subduction-related 
arcs in the genesis of post- and late-collisional plutons. 
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The Early Aptian Oceanic Anoxic Event (OAE 1a) 

represent a major perturbation in the global carbon cycle and is 
linked to environmental, biotic and sedimentary changes. The 
signature of this event is a global positive δ13C excursion, 
associated with widespread deposition of organic rich marine 
sediments [1]. 

This study present the stratigrahic and geochemical 
characterization of an expanded pelagic marine section from 
the western Tethys. A multiproxy approach, including C-
isotope stratigraphy, biomarkers and elemental geochemistry 
has been carried out. Our results reveals that the previouly 
defined C-isotope segments 2-7 [2] are clearly recorded in an 
expanded section, which has lead to a further subdivision of 
the C-isotope profile. 

The biomarker study has revealed that OM is thermally 
mature, mainly composed of marine organic matter. Pr/Ph 
ratios and Pr/C17 vs. Ph/C18 distributions, along with the 
absence of significant biomarkers suggest that sedimetation 
took place under generally well oxigenated waters only 
punctuated by short episodes of anoxia/dysoxia. On the other 
hand, a marked increase in the sterane content during OAE 1a 
is interpreted as related to an increase in primary marine 
productivity. The RSTE elements also indicate generally well 
oxigenated conditions, with high frequency oscillations 
suggesting short episodes of anoxia/ disoxia. 

Our results suggest that a high primary productivity was 
the main control on the deposition of organic-rich sediments 
during OEA 1a in the studied section. 
 
[1] Jenkyns (2010) Geochem. Geophys. Geosyst. 11, Q03004. 
[2] Menegatti et al. (1998) Paleoceanography 13, 530–545. 

955



 Goldschmidt2015 Abstracts  

 956 

Tracing river contamination of toxic 
metalloids from coal-fired power 

plant ash ponds in the southeast US 
PHILIP N. FROELICH* 

Nicholas School of the Environment, Duke University, 
Durham, NC 27708 USA (*correspondence:  
pfroelich@comcast.net) 

 
Goldschmidt in the Blast Furnace 
Dissolved germanium (Ge), arsenic (As), selenium (Se) 

and antimony (Sb) have been measured for 30 years in 
receiving waters above and below coal-fired power plants 
(CFPP) in the southeastern U.S at USGS river gauging 
stations. These data permit calculations of fluxes from these 
plants. Metalloids are generally slightly enriched above the 
crust in coals (~3 ppm Ge, 10 ppm-As, 3 ppm-Se & 1 ppm-
Sb), but are very enriched in coal flyashes, reflecting 
volatilization during high-temperature coal firing and 
condensation from stack gases onto flyash. Typical flyash 
values are 24 ppm-Ge, 75-89 ppm-As, and up to 36 ppm-Se. 

A common mode of ash disposal in the southeastern U.S. 
is wet sluicing of hot ash from fireboxes and precipitators to 
ash retention ponds (CFPPs are rapidly being converted to dry 
ash disposal and to gas-firing). The initial pH of flyash sluice 
is acidic due to acid volatiles released during firing. Ash 
holding ponds are thus treated to increase pH above 7.5 to 
precipitate the dangerous metals Cd, Ni, Zn and Cu. Alkaline 
pH efficiently mobilizes metalloids from flyash to the aqueous 
phase. The effluents from these ash ponds with high dissolved 
metalloid concentrations are then discharged to adjaecnt 
receiving waters, cooling reservoirs, streams and rivers. As, Se 
and Sb enrichments appear to be quickly removed to fluvial 
particulates and settle downstream into river and reservoir 
sediments. Thus these three metalloids are enriched in river 
muds and carried downstream during flood events, making 
realistic assessment of ultimate transfer to reservoirs, coastal 
bays and estuaries very difficult (e.g., the Chattahoochee-
Apalachicola River and Bay system in Georgia, Alabama and 
Florida). Contaminant Ge, which is the most enriched 
metalloid released from CFPP (orders of magnitude above 
natural) is easily characterized because the natural Ge/Si cycle 
is well characterized in aquatic systems. The CFPP-derived 
fluvial Ge flux in all rivers (escape factor ~0.1 mg Ge/kg-coal 
fired) can be used to scale long-term As, Se & Sb loads 
downstream. On an annual basis about 4.1 metric tons As, 1.7 
MT Se and 0.9 MT Sb have been released from CFPPs to the 
Chatahoochee-Apalachicola river system over the past 30 
years, and ultimately to Apalachicola Bay. 
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Cordierite-quartz gneiss, an unusual metamorphic rock 
type, has been discovered to occur in thin (1-5 m wide) bands 
within the Mesoarchean Sacawee block of central Wyoming. 
The gneiss is spatially associated with mafic rocks and small 
volumes of  garnet-biotite schist within extensive outcrops of 
3.3-3.4 Ga quartzofeldspathic orthogneiss. The rocks are silica-
rich (70-79% SiO2). In some samples cordierite is well-
preserved, whereas in others it is variably replaced by sericite 
and chlorite. Biotite is a minor phase; in some samples 
muscovite and/or sillimanite are also present. The rocks are 
rich in MgO (3.1-8.3 %) and are Na2O- and especially CaO-
poor. U-Pb ages of zircon from four samples of cordierite-
quartz gneiss are 3.3 Ga, although one sample also contains 
minor age populations of 3.1 and 2.9 Ga zircon.  

Two additional samples of Mg-rich quartzose schist 
preserve sedimentary structures. One, a phyllitic sandstone 
from the Goldman Meadows Formation at South Pass, contains 
quartz pebbles and mud clasts now composed of chlorite in a 
matrix of chlorite and muscovite. It contains 3.3 Ga and older 
detrital zircons. The other, a bedded sandstone from Tin Cup 
Mountain in the western Granite Mountains, is composed of 
quartz, biotite, and cordierite. Detrital zircons are mainly  
2.86 Ga. Similar major and trace element compositions to the 
other cordierite-quartz gneiss samples permit the interpretation 
that all are metasedimentary rocks.  

We propose that these unusual rocks record rifting and 
sedimentation along the Wyoming province continental 
margin. Seawater hydrothermal metasomatism removed Ca 
and added Mg to form quartz-chlorite pelitic schist after  
2.86 Ga. Subsequent regional metamorphism between 2.65 and 
2.63 Ga formed cordierite-quartz gneiss. Sillimanite in many 
cordierite-quartz gneiss samples suggests maximum T and P of 
660°C and 4 kb. Similar origins by Mg-metasomatism and 
prograde metamorphism have been proposed for occurrences 
of cordierite-quartz gneiss in west Greenland; Orijärvi, 
Finland; Bergslagen, Sweden; and the Ammonoosuc 
Formation of New England. 
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Carbon is exchanged between the surface and the interior 
as a result of volcanism and subduction. In order to understand 
how carbon is cycled through the interior and its likely 
residence time, information is required on the forms in which 
carbon exists under various conditions. When bonded to 
oxygen in the form of carbon dioxide or carbonate melt 
components, carbon behaves as a volatile element lowering the 
melting temperatures of rocks and forming melts and fluids, 
which can migrate and rise out of the mantle. It can, on the 
other hand, also exist in reduced form as diamond and graphite 
where it behaves as a refractory element. 

Experiments and modelling has been performed to 
understand the conditions in the mantle under which carbon 
transformations between reduced and oxidized species. The 
effect of pressure on ferric-ferrous equilibria involving mantle 
mineral components will result in the tendency for carbon to 
favour reduced forms at depth. However, such an influence can 
only operate when carbon is relatively evenly distributed. 
Local enrichments of carbonate, that may occur within 
subducting lithosphere, will be too oxygen rich to completely 
pass into the diamond stability field. Such regions will instead 
be buffered at the oxygen fugacity where carbonates reduce to 
produce diamond or graphite over significant depth intervals. 
The higher ferric iron content and carbonate content of 
subducted mafic rocks allows carbon to remain mobile to 
greater depths and probably explains why such lithologies 
appear to be more represented within deep diamond inclusions.  
Increasing pressure during subduction will favour the 
oxidation of ferrous to ferric iron but this can only account for 
the reduction of a few 100 ppm carbon. The remaining 
carbonate may then be dispersed by melting, limiting the deep 
subduction of carbon. 
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Various lines of evidence, such as the super chondritic  
Mg/Si ratio of the upper mantle, have been used to argue that 
the lower mantle is chemically distinct from the upper mantle. 
One of the only approaches that can clarify this would be to 
use a mineral physical model to calculate seismic wave 
velocities for a lower mantle of a given bulk composition and 
compare these estimates with seismic observations. Models for 
seismic velocity in the lower mantle require elasticity 
measurements of the dominant mantle minerals as a function 
of pressure, temperature and composition. A petrological 
model is also required to describe the compositions of minerals 
in the lower mantle with depth for a given bulk composition.  

A bridgmanite elasticity model has been derived using 
single crystal Brillouin scattering measurements collected as a 
function of pressure and composition combined with ultrasonic 
data on polycrystalline aggregates collected as a function of 
pressure and temperature. A petrological model is derived 
using available experimental data, which mainly has to account 
for the exchange of iron between the dominant mineral phases. 
This model also accounts for the influence of an iron spin 
transition in ferropericlase. 

If it is assumed that the mantle is isochemical, then 
calculated seismic velocities match those observed for the 
lower mantle, at least in the top 1000 km. However, this model 
also assumes that the oxygen content of the mantle is constant 
and, therefore, that approximately 1 wt. % iron metal forms in 
the lower mantle. A lower mantle model that does not account 
for an isochemical oxygen content predicts velocities that are 
marginally too low to be in agreement with seismic 
observations. 
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The precipitation rate of inorganic calcite (Rcal) is a 

function of the calcite degree of saturation (Ωcal), which in turn 
is a function of the ionic composition and the ambient water 
temperature. It was found experimentally that the fractionation 
factor of the stable Sr isotopes between dissolved Sr and 
authigenic calcite (defined as Δ88/86Srcalcite-water=δ88/86Srcalcite-
δ88/86Srwater) is a function of Rcal [1], this however was never 
demonstrated in nature. In this study we use carbonate system 
parameters, CaCO3 vertical flux and the Sr isotopic 
composition δ88/86Srwater and δ88/86Srcalcite in Lake Kinneret (Sea 
of Galilee) to evaluate the relationship between Δ88/86Srcalcite-water 
and Rcal. Lake Kinneret serves as a “natural laboratory” for this 
purpose, since its Ωcal increases seasonally as a result of 
massive phytoplankton blooms, which causes calcite 
precipitation.  

Our preliminary results of authigenic calcite that were 
collected in sediment traps deployed in the lake show a wide 
range of Rcal. The Sr isotopic composition of the dissolved Sr 
(δ88/86Srwater) and the authigenic calcite (δ88/86Srcalcite) show that 
Δ88/86Srcalcite-water depends on Rcal. It is concluded that after 
proper calibration it will be possible to use downcore 
δ88/86Srcalcite data that was measured on lacustrine (and marine) 
authigenic inorganic calcite for reconstructing variations in 
calcite deposition rates. 

 
[1] Böhm F., Eisenhauer A., Tang J., Dietzel M., Krabbenhöft 
A., Kisakürek B. and Horn C. (2012). Geochim. Cosmochim. 
Acta 93, 300–314. 
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Nuclear containment glass alteration kinetic in ground water 
solutions has been proved to depend on magnesium silicates 
precipitation [1] [2]: silicon provided by the glass is consumed 
by groundwater magnesium. High orthosilic acid activities 
required for glass alteration rate to decrease cannot be 
achieved as long as Mg is available in the fluid and pH is 
sufficiently high for Mg precipitation. As a consequence, glass 
alteration rate predictions are directly dependent on data 
concerning magnesium silicate stoechiometry and solubility. 
However, crystallized minerals available in databases 
(sepiolite, talc) are stongly oversaturated in glass alteration 
conditions. Therefore, simple precipitation experiments were 
conducted in order to assess the nanocrystalline magnesium 
silicate that control glass alteration at 90 °C. Based on 
geochemical calculations assuming sepiolite precipitation with 
a solubility product modified to prevent oversaturation [1] [2], 
a methodology was proposed to design experiments. Fourteen 
experiments were prepared by mixing three solutions 
containing respectively: 2Na+Si, Mg+2Cl, HCl and changing 
their respective volumes. They were designed i). to precipitate 
around half of the elements in order to keep final 
concentrations in the same order of magnitude than initial 
concentrations; ii). to ensure no amorphous silica nor brucite 
precipitation. Due to those conditions, final pH ranged from 7 
to 8.2 at 90°C: precipitation is difficult below pH 7; Mg 
concentrations are low above pH 8.2, Experiments lasted 
several days to ensure concentrations reach a steady state. The 
magnesium silicate precipitated with a Si/Mg ratio of 1 +/- 
0.18. The ratio variations were independent from pH and 
Si/Mg ratio in the initial or the final solution, but consistent 
with experimental uncertainties. The log K90°C of the 
dissolution reaction written with Mg2+ and orthocilic acid was 
measured at -33.5 +/-2. Such solubility was very consistent 
with the one that had to be implemented to fit magnesium 
concentrations in glass alteration experiments performed in 
ground water [1] [2] even if the Si/Mg in the modeling [1] [2] 
was chosen based on sepiolite (1.5). 
 
[1] P. Jollivet, et al. (2012) JNM 420, 1–3, p. 508-518 [2] M. 
Debure et al. (2012) JNM 420, 1–3, P. 347-361 
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A series of experiments were performed to better 

understand the controlling factors of reaction pathways and 
carbon isotope fractionation during organic matter oxidation 
processes under shallow subsurface conditions on Mars. Acetic 
acid, one of the abundant soluble organic compounds observed 
in carbonaceous chondrites, was the starting material. 
Hydrogen peroxide (H2O2) or magnesium perchlorate 
(Mg(ClO4)2) was used in each experiment as the oxidizing 
agent, with Ni-magnetite being the mineral catalyst. 

Time-series measurement of CO2 generated from 
experiments has shown that its abundance was always higher 
with the presence of Ni-magnetite. The carbon isotope 
fractionation between generated CO2 and acetic acid (-21.2‰) 
was 14.3‰ in H2O2 experiments with Ni-magnetite after  
120 hours, and higher than the theoretical isotope equilibrium 
prediction value (9.5‰). In experiments without Ni-magnetite, 
however, CO2 was depleted in 13C relative to acetic acid.  

Oxidation of organic matter is a multistep, kinetic-
controlled reaction that proceeds through various reaction 
pathways and formation of organic intermediates. The 
selectivity of intermediate, corresponding overall reaction 
kinetics, and carbon isotope partitioning can be controlled by a 
number of variables, including oxidizing agent. In this study, 
the higher δ13C values of CO2 in H2O2 experiments with Ni-
magnetite may be attributed to the formation of hydroxyl 
radical (˙OH) via Fenton reaction. With ˙OH as the ultimate 
oxidizing agent, the carboxyl (–COOH) functional group in 
acetic acid would be the precursor of CO2 generated in the 
experiments. Carbon isotope measurement of intramolecular 
distribution of acetic acid has confirmed that the δ13C values of 
carboxyl and methyl (–CH3) groups were -13.4‰ and -29.0‰, 
respectively. Thus differences in δ13C of evolved CO2 could be 
derived from selective oxidation of the different carbon atoms 
within the organic molecule. 
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Fildes Peninsula is located at the southeast of the King 

George Island, which is the biggest island of the South 
Shetland Islands at the northwest of Antarctic Peninsula. The 
archipelago and the Antarctic Peninsula were part of the 
continental crust block affected by several tectonic processes 
related to the subduction since the Early Mesozoic to the 
Cenozoic times. Fildes Peninsula is comprised by basaltic and 
andesitic lavas and tuffs related to Paleocene-Eocene arc 
volcanism.  

These volcanics present secondary minerals such as 
zeolites, mafic phyllosilicates, epidote, pumpellyite, 
celadonite, adularia, titanite and calcite. It is very usual to see 
in the archipelago some of these asemblages in the volcanic 
rocks [1] [2]. Particularly in Fildes Peninsula it occur in 
amygdules, veinlets, and as replacement of phenocrysts and 
groundmass. 

Fieldwork and petrographic, XRD and SEM analyses were 
performed to study these assemblages. The mineralogy suggest 
a tendency of increase the metamorphic grade to the southeast. 
This tendency shows no pattern with the stratigraphy, which 
suggest that the burial processes are not controlling the 
formation of the minerals, in the other hand porosity and 
permeability play a significant role. Secondary mineral 
assemblages suggest low fuid pressures and that metamorphic 
temperatures reached ca. 230°C. 

The features suggest a hydrothermal metamorphism as the 
main responsible of the heat, although the source is not clear. 
Following actual models proposed to Livingstone island in the 
archipelago [2], we propose that this hydrothermal 
metamorphism is related to the geothermal activity generated 
after the cessation of the subduction and through the 
extensional volcanism in the Cenozoic. 
 
The research is funded by the project RT0614 (INACH) and 
UNAB. 
 
[1] Armstrong (1995) MinMag 47 851-870 [2] Bastias et al. 
(2013) MinMag 77 (5), 666. 
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Nitrite oxidation is a key process in the marine nitrogen 
cycle, as it is the only source of nitrate in modern oxic ocean; 
with nitrate being by far the most abundant form (~88%) of 
bioavailable inorganic nitrogen. Despite the deficiency of 
oxygen in oxygen minimum zones (OMZs), activity of nitrite 
oxidation has now been detected across various OMZs, 
including the ETNP, ETSP and Namibian OMZs, as well as 
has been modeled in the Arabian Sea OMZ.  Apart from its 
occurrence in the oxycline, nitrite oxidation also directly co-
occurs with nitrogen-loss processes, anammox and 
denitrification, in the OMZ core at comparable or often much 
greater rates.  Rates superseding nitrate reduction have also 
been observed, up to almost 1000 nM per day.  Here we 
evaluate nitrite oxidation rates measured across different 
OMZs, and confirm the crucial role nitrite oxidation plays in 
the OMZ-nitrogen cycling – it generally recycles >50% of 
reduced nitrate, thereby retaining nitrate in the system and 
potentially curbing further N-loss.  

Additional corroboration for nitrite oxidation in the OMZs 
comes from the parallel detection of nitrite-oxidizing bacteria 
(NOB), especially Nitrospina and Nitrococcus, via culture-
independent methods.  These two NOB genera appear to have 
distinct physiological adaptations to OMZ conditions: 
Nitrospina seems to have kept its microaerophilic trait from 
ancestry while maintaining a chemolithoautotrophic lifestyle.  
Nitrococcus, on the other hand, can live chemoorgano-
heterotrophically under anoxic conditions: it switches to the 
use of dissolved organic matter as sources of electrons and 
carbon, whilst reducing nitrate to nitrite and nitrous oxide. 
Genomic and experimental evidence further show its ability to 
autotrophically oxidize sulfide, thus having a role in OMZ S-
cycling as well. In fact, these Nitrococcus S-oxidation 
functional genes have quite a worldwide distribution according 
to environmental metagenome datasets. 
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Pressure-induced spin transition of iron in the lower mantle 

minerals is important to understand the dynamics of the lower 
mantle. However, we still do not have the unified image of the 
spin transition of iron in Mg-perovskite (Pv) and post-Mg-
perovskite (PPv). The prolonged controversy of the spin state 
of Fe2+ in Pv and PPv seems to have settled down that Fe2+ 
remains high spin (HS) at the dodecahedral site (A site). 
However, there is still a controversy about the preferred site 
and the spin state of Fe3+ in Al-bearing Pv and PPv. Some 
experimental results indicate that Fe3+ becomes low spin (LS) 
at the octahedral site (B site) in Al-bearing Pv and PPv that 
involve no Fe2+ [1] [2]. On the other hand, other experimental 
results indicate that Fe3+ prefers to occupy the A site and 
remains HS in Pv and PPv that involve a certain amount of 
Fe2+ [3] [4]. First-principles calculations also indicate that Fe3+ 
remains HS at the A site [5]. 

In an attempt to resolve these situations, we are trying to 
find the reasons to explain these discrepancies. So far, in the 
previous reports, Fe3+ is assumed to occupy the regular A or B 
site with space group Pbnm (Pv) or Cmcm (PPv). However, 
there is a possibility that Fe3+ may occupy the locally distorted 
site although the space group remains Pbnm (Pv) or Cmcm 
(PPv), and these possibilities have not yet been fully examined 
experimentally or theoretically. Also, coexisting Fe2+ at the A 
site may affects the preferred site and thereby the spin state of 
Fe3+ in Pv and PPv. In the presentation, these possibilities are 
discussed to resolve the above discrepancies and obtain the 
unified image of the spin transition of iron in the lower mantle 
minerals. 

 
[1] Catalli et al. (2011) EPSL 310, 293-302. [2] Fujino et al. 
(2014) PEPI 228, 186-191. [3] Mao et al. (2014) EPSL 403, 
157-165. [4] Dorfman et al. (2014) 2014 AGU Fall Meeting, 
MR24A-01. [5] Hsu et al. (2012) EPSL 359-360, 34-39. 
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The growing demand for rare earth elements (REE) and 
other metals important for modern technologies has increased 
interest in their recovery from post-consumer “end of life” 
products. New recycling processes will create new 
wastewaters, and in some cases disposal to a municipal 
wastewater treatment plant may be desired, but plant 
performance must be maintained. To assess potential effects of 
REE-containing wastewaters on biological treatment, the 
model nitrifying organisms Nitrosomonas europaea and 
Nitrobacter winogradskyi were exposed to simulated 
wastewaters containing yttrium or europium (10, 50 and  
100 mg/L), and tributyl phosphate (TBP; 0.1 g/L). Nitrogen 
removal is a critical function of wastewater treatment, and 
nitrifying bacteria are particularly sensitive to toxins. Y and Eu 
are present in the red phosphors used in fluorescent lamps, 
while TBP is commonly used for extracting REE from ore.  

Y and Eu additions at 50 and 100 ppm inhibited ammonia 
oxidation by N. europaea, and inhibition was greater at the 
higher concentrations, even when virtually all of the REE were 
insoluble. TBP added with Eu increased REE toxicity, 
although TBP had little or no effect when metals were absent. 
For N. winogradskyi, 10 ppm Eu or Y induced significant 
inhibition of nitrate production, and this increased further at  
50 and 100 ppm.  TBP alone completely inhibited N. 
winogradskyi. Differences between the cultures may be partly 
attributable to different growth media. 
Our results suggest that Y and Eu can be toxic to nitrifying 
bacteria, TBP can increase toxicity, and insoluble forms of 
these metals may contribute to toxicity. The identities of these 
insoluble forms are unknown; comparison of measured REE 
concentrations with thermodynamic model predictions 
suggested that the experimental systems were not at 
equilibrium or that heretofore unconsidered phases were 
present.  
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Introduction 
Knowing the cooling history of ordinary chondrites is 

important to constrain the thermal structure of their parent 
asteroids [1] [2]. Here we report the Li distribution in 
equilibrated LL chondrites and its implications for their 
cooling rates at low temperatures. 

Experimental 
Lithium abundances in olivine (Ol), low-Ca pyroxene 

(LPx), high-Ca pyroxene (HPx), and plagioclase (Pl) in four 
LLs, Sulagiri (LL6), DaG989 (LL6), NWA6935 (LL5), and 
NWA7545 (LL4), were determined with the NanoSIMS 50 at 
the MPI for Chemistry. Secondary 7Li+, 25Mg+, 30Si+, 52Cr+, and 
57Fe+ ions were detected simultaneously with an O- primary ion 
beam (~50 pA, 3 µm).  

Results and discussion 
Li abundances in Ol from all LLs studied here are highly 

heterogeneous. The largest heterogeneity (0.0062-20 ppm) was 
found in Ol from the LL4 NWA 7545, while the studied LL5-6 
have a smaller range of Li abundances (0.12-22 ppm). Pl and 
HPx have relatively homogeneous Li abundances in all the 
LLs. Lithium diffusion coefficients are in the order of  
Pl > HPx > Ol [3], consistent with our observation. 
Measurements of the Li partition coefficient between Pl of 
anorthite contents from 70 to 90 (An70-90) and HPx have been 
performed at high temperatures from  900 to 1200 °C [4]. If we 
extrapolate the available data of the Li partition coefficient to 
lower temperatures and to An10 (commonly observed in LL4-6), 
equilibrium temperatures between Pl and HPx of 440 and 
570 °C are obtained for the LL6 and LL4-5, respectively [5]. 
Therefore, the studied LL4 and LL5 may have cooled more 
quickly around 500 °C than the LL6, in which Li is mobile 
even at low temperatures resulting in low equilibrium 
temperatures. The relative cooling rates are consistent with the 
thermal structure of asteroids inferred from the onion shell 
model, i.e., high peak metamorphic temperatures and slow 
cooling rates in the inner parts of an asteroid compared to the 
outer parts. 
 
[1] Trieloff et al. (2003) Nature 422, 502-506. [2] Scott et al. 
(2014) GCA 136, 13-37. [3] Dohmen et al. (2010) GCA 74, 
274-292. [4] Coogan et al. (2005) EPSL 240, 415-424. [5] 
Coogan (2011) Lithos 125, 711-715. 
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High precision Nd isotopic analysis has been the center of 
interest in the community of geoscience. Nd has seven stable 
isotopes including two radiogenic nuclides of 142Nd and 143Nd, 
the decay products of short-lived 146Sm (T1/2 = 68 Myr [1]) and 
long-lived 147Sm (T1/2 = 1.06 Gyr), respectively. In addition to 
chronological applications, Nd isotopes have been extensively 
used in the study of isotope anomalies in meteorites. An 
outstanding result is the discovery that chondrites possessed 
142Nd/144Nd ratios ~20 ppm lower than that in terrestrial rocks, 
suggesting the existence of a hidden reservoir with a 
subchondritic Sm/Nd ratio deep in the mantle [2]. However, 
the effect of nucleosynthetic isotope variability in the solar 
system must be evaluated more in detail. 

Nd isotopes have been commonly measured using TIMS in 
the “static-multicollection” mode, of which the result can be 
affected by the time-related deterioration of Faraday cups [3]. 
In contrast, the “multi-static” [4] or “dynamic-multicollection” 
methods can reduce the effect of cup deterioration by acquiring 
Nd isotopes with multiple lines of different cup configurations 
within a single analytical cycle. In this study, we developed a 
modified “dynamic-multicollection” method in which 
142,148,150Nd/144Nd ratios were obtained with 2-line cup settings. 
In addition, we corrected the effect of the time difference 
between two lines within a cycle. The results were obtained by 
averaging 360 ratios with 2σ rejection, taking 4.5 hours per 
single isotopic measurement. 

Repeated analyses (n = 12) of a standard JNdi-1 with our 
dynamic method achieved the following reproducibilities; 
142Nd/144Nd: 2.8 ppm, 148Nd/144Nd: 4.5 ppm, 150Nd/144Nd:  
9.2 ppm. The reproducibilities are 3-5 times better than those 
in the static mode. Furthermore, improvement is evident for 
148Nd/144Nd and 150Nd/144Nd ratios even compared to those in 
the multi-static method (6 ppm and 19 ppm, respectively) 
conducted in [3]. Analyses of several chondrites by this 
method resulted in nearly no anomalies for 148Nd/144Nd ratios 
while they still showed deficits in 142Nd/144Nd ratios  
10–20 ppm lower than the terrestrial value.  
 
[1] Kinoshita et al. (2012) Science, 335, 1614. [2] Boyet and 
Carlson (2005) Science, 309, 576. [3] Brandon et al. (2009) 
GCA, 73, 6421. [4] Caro et al. (2006) GCA, 70, 164. 
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Sulfur, Se, and Te display similar geochemical properties. 
They are moderately volatile and chalcophile/siderophile. 
Relative to CI chondrites, S, Se, and Te are depleted in most 
inner solar system materials. Likewise, S-Se-Te are selectively 
depleted in the Earth’s mantle relative to similarly volatile 
elements. Investigations of S-Se-Te abundances in different  
chondrite classes and their distribution among chondritic 
components can provide more robust reference paremeters and 
more insights into S-Se-Te fractionation processes at nebula 
and parent body conditions. Here, accurate and precise isotope 
dilution data for S, Se, and Te in carbonaceous (CC), ordinary 
(OC), enstatite (EC), and Rumuruti chondrites (RC)  are 
presented. In general, bulk CC display CI-like S/Se ≈ 2500 and 
Se/Te ≈ 9. These values agree within error with the mean S/Se 
of 2600±700 and Se/Te of 7.9 ±1.6 suggested by [1] for the 
bulk silicate Earth. In contrast, most O, E, and R chondrites 
display much higher Se/Te which is caused by depletion of Te 
relative to Se. If the chalcogen element ratios inferred by [1] 
indeed reflect a late veneer contribution [1-3], then CC provide 
the best match among chondritic materials. To study the 
distribution and abundances of S-Se-Te among different 
components in Allende (CV3), Semarkona (LL3), and Indarch 
(EH4), a novel fs LA-ICP-MS method (Funk et al., this 
meeting) was applied. First results reveal that the more 
pronounced Te depletion relative to Se and refractory elements 
in the OC Semarkona relates to sulfide-metal assemblages 
interstitial to chondrules and that these assemblages control the 
budget of S-Se-Te in Semarkona. In the bulk rock of Allende, 
S-Se-Te display CI-like ratios and abundances are mainly 
controlled by sulfides and metals within the fine-grained 
matrix. A sulfide-rich rim around a chondrule-like object in the 
unfractionated CC Allende also displays the high Se/Te that 
we found in bulk chondrites other than the carbonaceous class. 
These results suggest that the Te depletion relates to the 
formation or thermal processing of sulfide-metal assemblages 
in different chondrites under different conditions and is likely 
related to chondrule formation.  
 
[1] Wang & Becker (2013) Nature 499: 328; [2] Rose-Weston 
et al. (2009) GCA 73: 4598; [3] Yi et al. (2000) J. Geophys. 
Res. 105: 18927. 
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In situ LA-ICP-MS analysis of S, Se and Te in components 
of chondritic meteorites provide clues to the formation of 
chondritic meteorites (Funk et al., this meeting). 

Femtosecond laser ablation is used as it offers reduced 
fractionation of volatile elements during sampling [1]. Since 
the small scale heterogeneity of chondritic matter limits the use 
of internal standardization for the correction of ablation yields, 
standardization to the sum of major element compounds was 
applied. This requires the quantification of all major elements 
with reasonable precision and ideally a reference material with 
roughly chondritic major element composition. For this 
purpose, a chondrite analog nanoparticle standard (CANS) was 
produced by flame spray synthesis [2] [3]. We aimed at a 
calibration material with all major and minor elements from 
Na to Zn (except K and V) and Se and Te in roughly CI 
chondritic proportions. The composition of CANS was 
determined by matrix matched SF-ICP-MS and OES, Q-ICP-
MS, INAA, XRF and EMP. Sulfur, Se and Te abundances 
were additionally determined by isotope dilution analysis. 
Karl-Fischer titration revealed a water content of 6.7 % (m/m). 
The composition of CANS is roughly chondritic, except that 
90% of the S was lost in the production process. The 
homogeneity of a CANS powder tablet was observed to be 
comparable to that of NIST SRM 6xx glasses. As a test 
sample, another powder tablet was prepared from a 
carbonaceous chondrite [c.f. 4]. The major and trace element 
composition was determined by various methods and 
compared with results obtained by LA-ICP-MS using different 
methods for quantification. With this preparation approach we 
can demonstrate that matrix-matched calibration standards can 
be prepared and improve the accuracy of LA-ICP-MS analysis 
of chondritic materials. 
 
[1] Koch et al. (2006) JAAS 21, 932-940; [2] Athanassiou et al. 
(2010) AS&T 44, 161-172; [3] Tabersky (2014) JAAS 29, 955-
962; [4] Garbe-Schönberg & Müller (2014) JAAS 29, 990-
1000. 
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Understanding how contaminants are transported in the 

subsurface is a major problem in hydrogeology. To help 
resolve the uncertainties associated with groundwater 
transport, complex numerical models are often used to predict 
how a contaminant plume evolves through time. However, 
numerical simulations can be costly and time consuming. 
Analytical solutions to the advection-dispersion equation 
(ADE), a partial differential equation that governs solute 
movement in groundwater, are invaluable for rapid and 
inexpensive assessments of contaminant scenarios and for 
verifying numerical models. These solutions often require 
simplified representations of the aquifer (homogeneous) and 
source region (constant concentration throughout time) which 
restrict their applicability to real systems. Although useful, 
many of these solutions are also not explicitly coded into user-
friendly programs which would promote their broader use by 
professionals. 

We present a new software package, HYDROSCAPE, 
which contains many analytical solutions to the ADE to allow 
hydrogeologists to easily compute and compare various 
groundwater contaminant scenarios. HYDROSCAPE is 
displayed in an easy-to-use interface that produces high quality 
outputs, including contour maps of the plume, breakthrough 
curves at user-defined points, concentration profiles along 
arbitrary transects, and videos of plume evolution. 
HYDROSCAPE also allows the user to import field data to aid 
with calibration. 

One advantage of HYDROSCAPE over other similar 
software packages is that the equations (e.g [1] [2]) in 
HYDROSCAPE are modified to reduce the source region 
limitations. We allow for spatial concentration variations 
within the source region, and allow the user to define an 
arbitrary source function and geometry. Although some 
restrictions still exist, by allowing the source region to vary in 
space and time, HYDROSCAPE can be applied quickly and 
easily to a wide variety of reasonably complex contaminant 
transport scenarios.  
 
[1] Baetslé LH (1969) Prog. Nuclear Energy, Series XII, 
Health Physics, 707-730. [2] Domenico PA (1987) J. 
Hydrology 91: 49-58. 
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The discovery of H-bearing species in various lunar 
samples [1] has revealed that at least some parts of the Moon’s 
interior contain a significant amount of ‘water’. Current lunar 
volatile evolution models argue for extensive devolatilization 
of the Moon-forming material, suggesting that the influx of 
chondritic matter provided water to the lunar magma ocean 
(LMO) after the Moon-forming impact [2]. Accordingly, the 
Moon is also expected to have aquired a substantial amount of 
chondritic-like nitrogen (N). 

In order to improve our understanding of the origin of N 
trapped in lunar basalts, and of the abundance and isotopic 
composition of N in the Moon’s interior, we have investigated 
coupled N and noble gas (Ne-Ar) signatures of (n=21) bulk 
fragments and mineral separates of lunar rocks (10 mare 
basalts, 1 highland breccia, 1 anorthosite) by step-wise CO2 
laser-extraction, static-mass spectrometry analysis. Noble 
gases are employed to identify samples affected by ‘exogenic’ 
(atmospheric, solar, planetary) N contributions, and to assess 
the extent of cosmic ray exposure. Solar-gas-free mare basalts 
with small proportions of cosmogenic 15N record δ15N values 
of ~0 to +27 ‰. These values best represent the isotopic 
composition of indigenous lunar N, and agree with previous 
findings [e.g., 3-5]. We conclude that lunar N is isotopically 
heavier than N in Earth’s primordial mantle  
(δ15Nmantle = <-40 to -5 ‰ [6]), inconsistent with a transfer of N 
from the proto-Earth to the Moon-forming material. Instead, 
these data can be explained by a post-giant-impact volatile 
accretion scenario whereby the LMO trapped a few ppm N 
from the assimilation of carbonaceous chondrites (δ15NCC,mean = 
+20 ± 20 ‰ [7]), and the reducing conditions during magma 
ocean crystallisation favored the incorporation of N into mafic 
minerals [8]. Thus, the mare basalt source region(s) acquired a 
large amount of N, whereas the anorthositic crust remained N-
free. 

 
[1] Robinson and Taylor (2014) Nat. Geosci. 7, 401-408. [2] 
Füri et al. (2014) Icarus 229, 109-120. [3] Becker et al. (1976) 
Proc. Lunar Sci. Conf. 7, 441-458. [4] Mathew and Marti 
(2001) EPSL 184, 659-669. [5] Mortimer et al. (2015) Icarus, 
in press. [6] Cartigny and Marty (2013) Elements 9, 359-366. 
[7] Li et al. (2013) EPSL 377-378, 311-323. [8] Kerridge 
(1985) GCA 49, 1707-1714. 
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Microbial processing of sulfur (S) is of high interest in 

peatland systems due to established linkages between mercury, 
carbon and S cycles through sulfate reduction processes [1]. 
Sulfate reduction may occur at different spatiotemporal scales 
in response to short-term and long-term water table 
fluctuations in low S environments. Budgets of major S pools 
were quantified at the S-1 bog in northern Minnesota by using 
synchrotron based S 1s X-ray absorption near-edge 
spectroscopy. S accumulation rates (0.22-1.19 g m-2 y-1) have 
shown significant within-bog spatial variability, however, 
similar biogeochemical controls govern S species distribution 
in the subsurface at the S-1 bog. Reduced organic S species 
comprised 71-84% of total S and the relative contribution of 
reduced S species increased with depth. Results suggest that 
organic disulfides undergo high S turnover and appear to be 
the most biologically dynamic and reactive pool in surface 
soils.  The co-location of methyl mercury (MeHg) and organic 
disulfide maxima in the subsurface of peat profiles suggests 
that sulfate reduction processes may be associated with high 
retention of organic disulfide and MeHg in the subsurface. 
Both indicators are predicted to be sensitive to changes in 
climate variables. 
 
[1] Kolka, R. K. et al.  Peatland Biogeochem and Watershed 
Hydrology at the MEF CRC Press, (2011) pp. 349−370. 
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Popocatépetl volcano (Mexico) is one of the world’s most 
hazardous volcanoes: located next to the Mexico City 
metropolitan area (population >20 million), it has had at least 
five major Plinian eruptions in the last 23,000 years. These 
highly explosive events punctuate periods of quiescence, 
effusive and Vulcanian activity – a pattern shown by many arc 
volcanoes. Despite its significance to eruption forecasting and 
hazard mitigation, our understanding of the factors driving 
these transitions is still very limited. Magma mixing and 
mingling, which has been shown to be a common process for 
Popocatépetl magmas, is believed to exert major influence on 
timescales and types of eruptions. 

While the present day interplinian activity is closely 
monitored and characterised, interplinian lavas in the 
stratigraphic record are poorly studied. This study presents the 
first detailed mineral and whole rock chemistry study of the El 
Fraile lavas erupted between 23 and 14 kyr BP, prior to the 
Pumice with Andesite Plinian eruption. The El Fraile lavas are 
andesites to dacites consisting of two mingled lavas with 
contrasting mineral assemblages and processing histories yet 
indistinguishable major element compositions. Black olivine-
bearing lavas record mafic inputs and evolution through crystal 
fractionation of orthopyroxene, plagioclase and Fe-Ti oxides. 
In contrast, red amphibole-bearing lavas lack evidence of 
mafic input and crystal fractionation, indicating storage 
separate from the olivine-bearing magma. 

Mingling of black and red melts occurred during eruption. 
Black lavas erupted at the end of the El Fraile sequence may 
record the beginning of stagnation and pooling of a mafic 
influx that triggered the Pumice with Andesite Plinian 
eruption. The El Fraile lavas show mineralogical and textural 
similarities to present-day eruptive products with significant 
implications for geochemical monitoring of present-day 
eruptive activity. 
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The fugacity of oxygen is a measure of the potential for 
multi-valent elements – such as iron and carbon – to gain or 
lose electrons through reaction with oxygen.  In magmatic 
systems, it is typically expressed relative to redox reactions 
such as fayalite reacting with oxygen to produce magnetite and 
quartz (ΔFMQ).  The ratio of trivalent-to-total iron (Fe3+/ΣFe) 
in basaltic glass can be determined either through wet 
chemistry or X-ray absorption spectroscopy and related to 
oxygen fugacity using equilibrium thermodynamics, providing 
proxy for oxygen fugacity of the asthenospheric upper mantle. 
A comparison of Fe3+/ΣFe ratios in ocean floor basalts with 
those from subduction settings suggests that the relative 
oxygen fugacity of the sub-arc mantle is significantly higher 
than that of the oceanic mantle [1].  Results from modeling the 
behavior of Fe3+/ΣFe during adiabatic ascent and partial 
melting of spinel lherzolite indicate that this difference can be 
explained by higher mantle temperatures beneath oceanic 
spreading centers relative to arcs, and that addition of oxygen 
from the subducted slab is not required. 

Modeling involves calculating the Fe3+/ΣFe of olivine 
using the point defect model of [2], and determining Fe3+/ΣFe 
of the bulk peridotite from inter-mineral Fe3+/Fe2+ exchange 
coefficients derived from Mössbauer data on natural spinel 
peridotites, and parameterized in terms of oxygen fugacity, 
temperature, and the Fe content of the olivine.  The Fe3+/ΣFe of 
the melt is determined by combining mass-balance with an 
equation relating the Fe3+/ΣFe of the melt to the fugacity of 
oxygen [3]. 

Modeling results indicate that at 2.5 GPa and 1440 °C, a 
spinel lherzolite with Fe3+/ΣFe = 0.05 will be at ΔFMQ = -
1.95. A 5% partial melt of this peridotite will have Fe3+/ΣFe = 
0.11. The same peridotite at 2.5 GPa and 1250 °C will be at 
ΔFMQ = -0.40, and a 5% partial melt will have Fe3+/ΣFe = 
0.19. Therefore, most – if not all – of the relative oxygen 
fugacity differences observed between the oceanic and sub-arc 
mantles reflect temperature. 

[1] Kelly & Cottrell (2009), Science 325, 605-607. [2] Dohmen
& Chakraborty (2007), Phys Chem Min 34, 409-430. [3] Kress
& Carmichael (1991), Contrib Mineral Petrol 108, 82-92.
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Kimberlitic melts have the deepest origin of all terrestrial 

magmas. They are generated by low degree partial melting of 
carbonated mantle peridotite and are rich in volatiles (CO2 + 
H2O ~20-40 wt%). Their composition is thought to be 
intermediate between carbonatite and low-silica melts such as 
basanites. In these unconventional melts, the solubility laws of 
volatiles, and their effect on the molecular structure of the melt 
have never been resolved. Here, we report the results of mix 
CO2-H2O solubility experiment successfully producing 
quenched volatile-bearing and volatile-free synthetic analogues 
of kimberlitic glasses (SiO2 content from 15 to 35 wt%; [1]). 
We further investigated these glasses by FTIR, Raman and 
NMR spectroscopy. Our results show that kimberlite melts 
display H2O solubility similar to basalts but have very high 
CO2-solubility, even at low pressure. As a consequence, 
kimberlites can retain extremely large quantities of volatiles 
during their ascent until the very last few kilometres: at 3 km, 
defined as the root zone of kimberlite diatremes, they can still 
dissolve 10-16 wt% CO2 while their maximum H2O content is 
at about 3-4 wt%. This unconventional solubility behaviour 
implies that >90% of kimberlite ascent-driven degassing 
occurs during the last 3 km below the surface and this can 
readily explains the peculiar morphology of kimberlite pipes 
and the depth of their root zone. Our spectroscopic 
investigations suggest that CO2 has a strong effect on the melt 
degree of polymerisation, hinting to a major influence of CO2 
on the melt physical and transport properties, which certainly 
affect the dyanmic of melt ascent and crystallization during the 
last minute degassing.  

 
[1] Moussallam, Morizet, Massuyeau, Laumonier, Gaillard 
(2015) Chem. Geo. doi:10.1016/j.chemgeo.2014.11.017. 

976



 Goldschmidt2015 Abstracts  

 977 

The importance of sedimentary 
cannibalism for global weathering 

JÉRÔME GAILLARDET1, JULIEN BOUCHEZ1,  
PASCALE LOUVAT1, MATHIEU DELLINGER2,  
DAMIEN CALMELS3 AND ROBERT HILTON4 

1Institut de Physique du Globe de Paris, CNRS, Université 
Paris Diderot, Sorbonne Paris-Cité, Paris, France 

2University of Southern California, Los Angeles, USA 
3University of Paris Sud, Orsay, France 
4Durham University, Durham, UK 
 

Since the BLAG model proposed by Berner, Garrels and 
Lasaga in 1983, numerous studies have attempted to refine the 
parametric dependence of weathering on temperature, runoff, 
physical erosion or biological activity.  However, the idea that 
over geological timescales, major cations delivered to the 
ocean come from ancient marine deposits and are continuously 
recycled at the Earth’s surface through dissolution-
precipitation has not attracted much attention. This recycling 
was included in BLAG, and later in the GEOCARB family of 
models, by the simple fact that limestones, which are a 
recycled component of the Earth’s surface, do not count in the 
global C budget over geological timescales. 

Nevertheless, the importance of recycling is to be extended 
to other minerals than carbonates. Here, we will review a series 
of evidences, based on isotopic tracing and trace metal 
concentrations, showing that the cations delivered to the ocean 
mainly derive from weathering reactions involving recycled 
silicates, carbonates and sulfide minerals. 

The cannibalistic nature of chemical weathering of the 
Earth’s surface is thus a first order feature of our planet that 
must now be better quantified. As a consequence, the 
geological rock cycle should be included in models of long-
term global C cycle, in which the weathering of non-recycled 
lithologies such as basalts and andesites remains a powerful 
way of subtracting CO2 to the atmosphere. 
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Biogenic calcite precipitation in the oceans is one of the 

key drivers of the marine carbon cycle. Coccolithophore algae 
are dominant marine calcifiers that produce coccoliths, minute 
calcitic scales, inside specialized intracellular compartments. 
During coccolith formation some environmental parameters 
are recorded in the mineral composition as chemical proxies by 
a mechanism that differs from solution-mediated precipitation. 
Not much is known about the intracellular pathways that are 
responsible for the transport of the constituent ions from 
seawater to the growing coccolith. Elucidating this process is 
crucial in order to understand the influence of these algae on 
modern ocean systems and to extract paleoceanographic data 
from coccoliths in sediments. 

We cultured the two model coccolithophore species 
Emiliania huxleyi and Pleurochrysis carterae in order to map 
intracellular calcium. Coccolith producing cells were rapidly 
frozen and preserved at cryogenic conditions in order to 
maintain their intracellular organization intact. We used 
synchrotron soft-X-ray tomography to acquire high-resolution 
images of single cells with a resolution of 30 nm. The 
reconstructed 3D cellular volume shows all major cellular 
organelles, as well as an immature coccolith enclosed in its 
intracellular vesicle. In addition, the cell also contained 
different intracellular compartments packed with highly 
absorbing material. Imaging the cells with X-ray energies 
around the Ca L-edge showed that some of these 
compartments, about one for each cell, are enriched with Ca. 
In situ spectroscopic analysis showed that this is a disordered 
Ca-rich phase. 

These findings suggest that intermediate stages are part of 
the calcium accumulation process from the extracellular 
environment to the coccolith vesicle. These intermediate stages 
may involve the formation of amorphous precursor phases, and 
thus might be responsible for the ‘vital effects’ observed in the 
composition of biogenic minerals such as coccoliths.  
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One of the most significant recent realizations in 

biomineralization concerns crystal formation mechanisms 
involving intra-cellular deposition of transient amorphous 
precursor phases. The initial observations on chiton teeth that 
were considered a singular curiosity appear now to be the 
norm. In cases where the precursor phases were imaged, they 
were seen to consist of nanosphere particles. Interestingly, 
some mature biogenic crystals also have bulk textures 
consisting of nanosphere particles, suggesting that the 
crystalline material preserves a memory of the precursor phase. 
Some crystals are delimited by crystallographic faces that 
appear smooth at the microscopic level, but are composed of 
nanospheres at the nanometer scale, whereas others are smooth 
even at the nanometer level. We use these morphological 
observations to integrate several biogenic crystal formation 
processes, although by no means all of them, within a general 
mechanistic framework: growth by nanosphere particle 
accretion is predominant in some cases, with amorphous 
nanoparticles being incorporated as such into growing crystals 
and preserved upon crystallization; solution-mediated ion-by-
ion growth typifies other biomineralization processes, and 
some cases involve both processes. Outstanding questions 
concern the phase of the initial transient amorphous deposits 
and the processes generating them. 

 
[1] Gal et al (2015) CrystEngComm 17, 2606 – 2615  
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Reconstruction of sea surface temperatures (SSTs) is one 
of the most important factors to understand paleoclimate 
changes. Rampen et al. (2012) [1] introduced the long chain 
diol index (LDI) expressed as the C30 1,15-diol abundance 
relative to those of C28 1,13-, C30 1,13- and C30 1,15-diols. The 
LDI in the global core top sediments showed a strong linear 
relationship with SSTs and thus a potential as a proxy for 
palaeo-SST reconstruction. However this paleothermometer 
needs to be further validated in various environments before it 
can be routinely applied for the paleoclimate studies. In this 
study we assessed the applicability of the LDI in the Ulleung 
basin of the East Sea (Sea of Japan), by analysing three 
sediment cores ARA05 (24cm), ES14-BC01 (45cm), and 
ES14-BC03 (40cm). We will present the LDI records in 
comparison with those of the more commonly used UK’37 and 
the instrumental SST data collected for each core site.  

 
[1] Rampen et al. 2012. Long chain 1,13- and 1,15-diols as a 
potential proxy for palaeotemperature reconstruction. 
Geochimica et Cosmochimica Acta. 84, 204-216. 
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Olivine hornblendites, hornblende gabbros, leucogabbros 

and hornblende biotite quartz diorites form small stocks and 
enclaves scattered at the contact between post-tectonic I-type 
Variscan granitoids and metamorphic country rocks of the 
Montnegre massif. Field relationships indicate that the 
intrusion of the mafic complex (MC) and the granitoids are 
broadly coeval and result in complex mingled zoned between 
dioritic rocks and granodiorites. The granitoids and the MC 
rocks define a calc-alcaline trend that straddles the boundary 
between medium and high-K types.  

Olivine is pseudomorphosed by phlogopite-
pleonaste±amphibole in hornblendites. These and the diorites 
have clino and orthopyroxene, but the latter is lacking in 
gabbros. Crystal zoning with contrasted concentrations of Ti 
and trace elements is observed in amphibole of hornblendites 
and gabbros. Clinopyroxene REE patterns are similar in all 
rocks but leucogabbros. An-content in plagioclase of gabbros 
is 91-84%  and ranges from 90 to 35% in zoned crystals of 
diorites. There is a significant gap in SiO2 abundance between 
gabbros and diorites, but the M number decreases and 
incompatible trace element concentrations increase gradually 
from hornblendites to diorites. All MC rocks have very 
evolved and varied Sr and Nd isotopic compositions. 

Different basic magma batches were involved in the 
formation of the MC. They experienced fractional 
crystallization under high PH2O, in an open system. Crustal 
contamination alone cannot account for the geochemical 
features of the mafic rocks, implying their derivation from a 
time-integrated enriched mantle source. 
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The 2014/15 Holuhraun volcanic eruption in Iceland produced 
~1.5 km3 of lava which flowed directly into a Jökulsá á 
Fjöllum river channel. Furthermore this eruption released each 
day on average 60,000 tonnes of SO2, 40,000 tonnes of CO2, 
and 40 tonnes of HCl into the atmosphere affecting chemical 
composition of surface waters and precipitation [1]. When 
volcanic gases such as SO2, HCl and HF condense and 
dissolve in rain, vapour and surface waters, they produce 
strong acids and ligands that lower pH, consume alkalinity and 
accelerate rock dissolution. This leads to intensified release of 
ions including toxic metals such as aluminium. On the other 
hand in the long term, it builds up alkalinity production and 
consumption of CO2. In this study we investigate the very first 
reactions at the river water−lava surface and the potential 
effect of snow melt on the river water chemical composition. 

Results of river monitoring including spot and continuous 
osmotic sampling show, that river water was affected by direct 
contact with molten lava. Even though the water conductivity 
was stable during the volcanic unrest, substantial changes in 
sulphate and dissolved carbon were observed. The volcanic 
derived strong acids titrated out the carbon−alkalinity. Water 
samples collected at the lava front show increase in multiple 
sulphur components such as SO4

2− and SO3
2−. In addition other 

water constituents’ concentrations such as F, Si, Ca, Mg, and 
Mn rose considerably during the initial lava−gas−water 
interaction. Melted snow samples collected at the eruption site 
had a pH of 3.3−4.8 with strong dependence of SO4, F and Cl 
concentrations on the pH indicating that the volcanic products 
acidified the snow. Protons balanced about half of the 
negatively charged anions; the rest was balanced by water 
soluble salt aerosols’ metals such as Al, Fe, Na, Ca, and Mg. 
The concentrations of F, Al, Fe, Mn, Cd, Cu, and Pb in the 
snowmelt surpassed drinking− and surface water standards. 

[1] Gislason et al. (2015). Geochemical Perspective Letters 
(submitted). 
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The origin and nature of mass independent sulfur isotope 

variability (MIF-S) in the Paleoarchean rock record continues 
to be debated. Preservation in pyrite depends on redox 
processes as well as the values and sign assigned to the 
products of photolysis. Here we use new pyrite data to 
empirically assess the validity of conventional and more recent 
photolysis models [1,2].  The BARB4 core, drilled as part of 
the ICDP sponsored Barberton Greenstone Belt Drilling 
project, intersects deep water siliciclastic and orthochemical 
sediments of the 3.26-3.23 Ga Lower Mapepe Formation, Fig 
Tree Group. Pyrite is common in disseminated, layered, 
agglomerate and late-stage vein forms in mudstones 
intercalated with BIFs. Here we use combined SIMS multiple 
S (δ34S, Δ33S, Δ36S) and Fe (δ56Fe) isotope data to identify the 
origin of the pyrite and constrain the δ34S/Δ33S photolysis 
array from which the sulfide was sourced. Δ33S fluctuates from 
0.42 to 2‰, but is constant at each stratigraphic depth. All 
samples lie on the Archaean reference Δ33S/Δ36S array. δ34S 
shows limited but reproducible mass-dependent fractionation 
of up to 4‰. The lack of correlations between Δ33S and δ34S 
suggests the absence of post-depositional mixing of different 
sulfur sources. Intra-grain δ56Fe variability is up to 2‰ within 
individual pyrite populations. We interpret the disseminated 
pyrite to have precipitated from porewater resembling 
Archaean seawater δ56Fe (∼0‰), whereas layered and 
agglomerate pyrite (average δ56Fe= +1‰) originated from the 
sulfidization of Fe oxides. Our data show that inversion of the 
atmospheric MIF-S signature in oxidized and reduced 
photolysis products, as suggested by [2] was unlikely and 
support a conventional model in which Δ33S heterogeneity in 
the sulfide was derived from photolytic elemental S. 
 
[1] Farquhar et al. (2000), Science 289, 756-758 [2] Claire et 
al. (2014), GCA, 141, 365-380 
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We present new geochemical data on lavas from Hasandag 
stratovolcano in the transtensional Tozgölü Fault Zone, Central 
Turkey. Samples comprise mildly alkaline basalts and basaltic 
andesites through andesites. Major element variations indicate 
abundant parental basalts with a narrow compositional range 
(9-10 wt. % MgO) suggesting frequent, small and near-
homogenous melting events. Incompatible trace element 
abundances are enriched over ocean island basalt in large ion 
lithophile elements Ba, Th, U and K, and depleted in high field 
strength elements Nb, Zr, Ta and Ti, suggesting a mantle 
source modified by slab derived fluids and melts. Sr-Nd-Pb-Hf 
isotopic data further constrain the source domain of the 
Hasandag lavas. Hasandag mafic lavas plot above the mantle 
array in εHf-εNd space with lowest values approaching those of 
continental lithosphere. Pb-Pb isotopic plots define a steep 
array almost perpendicular to the NHRL, suggesting multi-
stage mixing between ocean sediment, melts of Anatolian 
lithosphere (represented by Cretaceous ultra-potassic lavas) 
and a shared mantle component within the isotopic range of C. 
Trace element and isotopic data support changes in Hasandag 
geochemical signatures over time. Oldest volcanic products 
(~7-1 Ma) are characterized by higher Ba/La (15-21) and 
Ba/Nb (46-65) than rejuvenated <~0.15 Ma basalts (Ba/La 10-
16, Ba/Nb 16-40); Ba/Th values overlap, but are highly 
variable over time (40-135). Sr-Nd isotopic values are higher 
in older lavas (~0.7050) than in younger products (0.7041-
0.7046) (Deniel et al. 1998, Alici Sen et al. 2004, this study). 
We also explore the origin of the erupted andesites in a non-arc 
environment. Major element trends indicate a strong role for 
fractional crystallization, although abundant textural features 
in hand sample show evidence for magma mingling and 
mixing that will be investigated in detail with geochemical 
analysis. 
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saturation in flood basalt eruptions 
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Flood Basalt (FB) eruptions are considered to cause 
significant atmospheric perturbations, which have postulated 
associations with mass extinctions [1].  Recent studies of the 
Deccan Traps and Columbia River Basalt Group, demonstrate 
that only the earliest erupted lavas have been driven to S 
oversaturation, indicated by the presence of immiscible 
sulphides, unlike their later counterparts [2]. Compositional 
variations present in these FB provinces have been attributed 
to changes in volatile saturation during eruption, due to the 
assimilation of crustal material in the earlier eruptive stages 
[2], which may explain the S oversaturation present in these 
earlier magmas. In turn, this influences the nature of the 
eruption itself, enhancing an eruptions’ ability to loft S gases 
and aerosols into the upper levels of the atmosphere as well as 
controlling the size, coverage, and impact of the aerosol cloud 
[1]. Regardless of magnitude, basaltic fissure eruptions 
maintain similar eruptive styles, nature, and eruptive products. 
It is therefore logical to improve our understanding of the 
climatic and environmental impacts of these events using 
smaller scale, well-documented, modern analogues. 

This study uses established petrological techniques [3] [4] 
to determine S burden of an eruption combined with novel 
geochemical proxies to identify: (1) The source of volatiles to 
the magma, utilising the exceptional sensitivity of the 187Re-
187Os radiogenic system to the presence of crustal material, to 
differentiate between the processes of fractional crystallisation 
and crustal assimilation; (2) Duration of volatile release; (3) 
The mechanisms of release into the atmosphere, using 
siderophile stable isotope systems  (S, Cu, Zn) to identify the S 
species released into the atmosphere upon eruption, each 
having very different atmospheric impacts, indicating the 
volatile source redox conditions.  The focus case studies are 
Laki 1783-84, S. Iceland and Nornahraun 2014-2015, N. 
Iceland eruption, with the latter providing a unique platform to 
verify the petrological and isotope methods, through real-time 
lava and gas sampling.  
 
[1] Thordarson et al.  (2008), GSLSP, 213, 103-121. ��� [2] Vye-
Brown et al. (2007), EPSL. 368, 183-194. [3] Thordarson,et al. 
(1996). BV, 58, 205-225. [4] Devine et al. (1984) JGR, 89. 
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We report in situ SIMS S-isotope data for sedimentary 
pyrite from the 2.52 Ga Upper Campbellrand Subgroup, 
Transvaal, South Africa. The analysed rock is a shaly 
limestone from the Gamohaan Formation interpreted to have 
been deposited in a water depth of ca. 50-100 m, in a restricted 
basin. A previous study documented that in Δ33S vs. δ34S 
space, the pyrites define a strong linear trend with a significant 
offset from a zero intercept. The present study revisited the 
sample, carrying out further analyses of pyrite. The new data 
confirm and expand this non-zero intercept, linear array 
intersecting ca. δ34S of 0 at ∆33S of +5. One interpretation of 
this array is that it indicates mixing of unrelated S-sources in 
the sedimentary environment, specifically recycled S from 
sulphides of sulphate reducing bacteria origin, along with 
elemental S. This mixing generated isotope compositions of 
sulphides plotting to the left of the atmospheric array at a Δ33S 
value intermediate between the end-member H2SO4 and S8 
components. 

Alternatively, the non-zero intercept array may provide 
evidence that, at least temporarily, the sampled atmospheric S 
had a different composition from bulk Earth, indicating a very 
localised S-isotope signature in the Neo-archaean surface 
environment. This alternative hypothesis is supported by two 
observations. Firstly, from an analogy with Pb whose low 
residence time and low concentration in the modern ocean-
atmosphere system, analogous to S in the Archaean, permit 
effective transfer and preservation of the localised industrial 
atmospheric pollution signal into sediment. Secondly, because 
the predominant Archaean source of seawater sulphate was 
volcanogenic, the evolving nature of terrestrial magmatism, 
particularly the onset of subduction, must have influenced the 
quantity and species of S eventually incorporated into 
sediments. Thus, the hypothesis tested in this study is whether 
the large late Archaean ‘global’ S-MIF excursions and 
asymmetry can be explained by superposition of extreme local 
signals. Fallout from local volcanic eruptions could imprint 
MIF-S signals into pyrite of restricted basins, thereby avoiding 
blurring the signal in the subdued, averaged global open ocean 
S pool, in the lead-up to a new tectonic framework that 
culminated in the Archaean-Proterozoic boundary.  
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Deep aqueous fluids play a key role on the long term Earth 
differentiation. Carbon-iron redox coupling at lithological 
interfaces from the shallow to deep subduction zones, e.g. 
manifest in the reduction of carbonates to graphitic C in 
blueschist oceanic units from Alpine Corsica (1), challenged 
long held views about the role of redox and fluids on C 
transfers at depth. However, the role of charge distribution, i.e. 
pH, on metasomatism has not been fully considered in these 
studies. We show that this can now be accomplished by 
merging conventional phase-equilibrium modeling with non-
electrolyte molecular fluids, and electrostatic modeling of 
dissolved electrolytes to 3 GPa and 900 °C (2).  This approach 
is applied to constrain activity ratios and composition of 
aqueous solutes, fO2 and pH of a fluid at equilibrium with a 
model pelite lithology. Disparities between solubility 
predictions and independent experimental solubility 
measurements acquired on pelitic systems point to the 
importance of alkali-Al-Si polymers in controlling pelitic fluid 
compositions.  We find that pH is within c.a. 1-2 log units 
above neutrality, indicative of alkaline conditions, over the 
investigated P and T (0.5 – 3 GPa, 400-900 °C) and in the 
absence of anions such as halogens. C-saturated COH fluids 
(XO=1/3) exhibit pH lower than C-free fluids by ~1 pH units, 
in part due to the presence of additional C bearing ligands. 
Their nature and abundance as a function of solvent properties 
and phase assemblages along selected geotherms will be 
discussed. The causes and implications of pH fluctuations on 
the interpretation of metasomatic patterns in field and 
experimental systems will be discussed, with special reference 
to the fate of volatiles at depth. 
 

[1] M. E. Galvez et al.. Contributions to Mineralogy and 
Petrology 166, 1687-1708 (2013) [2] M. E. Galvez, C. E. 
Manning, J. A. D. Connolly, D. Rumble. Earth and Planetary 
Science Letters,  (revision) 
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Adequate paleo-environmental interpretation of the 
composition of terrestrial biomarkers deposited in river-
dominated ocean margins relies on a mechanistic 
understanding of how environmental signatures acquired on 
land are transferred to marine sediments. The timescales of 
plant wax storage and transfer in river systems is of particular 
importance as it defines the practical temporal resolution at 
which plant wax can be used to reconstruct paleo-
environments. Furthermore, constraining the residence time of 
terrestrial organic matter in river basins has broad implications 
for our understanding of the global carbon cycle as variations 
in the rate of carbon exchange between different continental 
reservoirs and the marine reservoir affects the atmospheric 
CO2 budget over relatively short timescales. Over the past 
decade, we have been measuring the radiocarbon age of plant 
waxes in transit in modern rivers and preserved in marine 
sediments deposited since the last glacial maximum. In these 
contrasted settings, the apparent radiocarbon age of plant 
waxes vary from tens to thousands of years, yet paleo-
environment records based on plant wax stable isotope 
composition often match very well independently dated 
records - such as speleothems. This raises the key question of 
the actual meaning of the radiocarbon age of organic 
molecules. This question will be adressed by focusing on the 
mechanistic aspects of plant wax storage and transfer in river 
systems as revealed by river-dominated marine sediment 
archives.  
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 N cycling in the Atlantic: Insights 
from nitrate δ15NNO3 & δ18ONO3 
measurements across the UK-
GEOTRACES 40°S transect 

RAJA S. GANESHRAM1 AND ROBYN E. TUERENA1 
1School Of GeoSciences University of Edinburgh, Edinburgh, 

UK. R.ganeshram@ed.ac.uk, R.E.Tuerena@ed.ac.uk 
 

A basin-wide transect of nitrate isotopes (δ15NNO3, 
δ18ONO3), across the 40°S (South Atlantic) South Atlantic is 
compared with 30°N (North Atlantic).  Isotopes reveal partial 
utilization of nitrate by phytoplankton and distal denitrification 
processes, transporting into the Atlantic heavy isotope 
signatures through Antarctic sourced intermediate waters.  On 
passing through the subtropical Atlantic the water masses are 
fortified with N due to reminerlisation of particles influenced 
by diazotrophy having high N:P raios (18-22:1) and light N-
isotope signatures. These modifications influence the isotopic 
signatures of the North Atlantic Deep Water (NADW) which is 
subsequently exported from the Atlantic counteracting 
enrichment in δ15NNO3 from water column denitrification in the 
Indo/Pacific basins. Using isotopic signatures, we estimate 
new N fixed in the Atlantic Ocean which suggests N2 fixation 
can produce excess N (relative P) under favourable conditions 
of adequate Fe supply and/or low denitrification. The 
implications of this to N versus P limitation in past and present 
ocean will be discussed. 
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Impact cratering has been, and still is, a major process in 

the evolution of all the solid bodies of the solar system but 
relatively few experimental studies addressed both the physical 
and chemical dissemination of the projectile during the impact 
process. These experiments demonstrated the importance of 
melting, vaporization, and mixing of projectile and target in 
the cratering process and some of them described fractionation 
processes during melting and mixing of molten projectile and 
target material. To extend this result, we performed  
3 hypervelocity cratering experiments at 3, 5, and 7 km/s, 
using a ~3mm-spheric projectile of basaltic glass doped in  
27 trace elements, and iron alloy as target material. The ejecta, 
collected in an aluminium catcher, were analysed using EDX-
SEM and LA-ICPMS techniques. Due to the entire melting of 
the projectile, ejecta consist in all runs in 10s of µm diameter - 
solidified droplet of various shapes that impacted the Al 
collector from different ballistic trajectories. Irrespective of the 
incident velocities, our preliminary results show a specific iron 
enrichment of the ejecta and a strong Si enrichment in the 
target fragment for which we cannot reject the hypothesis of a 
mechanical mixing. The trace element analyses do not show 
however any evidences for a significant elemental 
fractionation between the projectile and the ejecta. The 
implications of these results will be discussed. 
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Understanding the variation of dissolution rate of silicate 
minerals in the critical zone has important implications for 
enhancing our knowledge on weathering reactions and many 
environmental problems. While one of the most studied 
aspects of weathering is the dependence of dissolution rate on 
pH and temperature, our present knowledge on how these 
enviornmental variables affects dissolution rate is mostly based 
on emperical rate laws. 

In the present study, three new single point batch 
experimetns (SPBE) of albite dissolution were conducted 
under far-from-equilibrium conditions, pH 5 and three 
different temperatures (3.6, 25 and 50°C). The apprent 
activation energy (Eapp) derived from these experiments is 
significantly different from Eapp observed in previous studies 
under acidic conditions. Re-exmanition of data from previous 
studies shows that Eapp of albite dissolution is pH depended.  

Following Cama et al., [1] a rate law of the combined 
effect of pH and temperature on albite dissolution rate is 
proposed. The rate law that is based on theory [1], includes the 
adsorption isotherm of protons and hydroxyls on albite surface. 
The proposed rate law sucssefuly predicts albite dissolution 
rate under wide range of temperatures (3.6-300 °C) and pH 
conditions (1.3-11.75). 
 
[1] Cama, J., V. Metz, and J. Ganor, The effect of pH and 
temperature on kaolinite dissolution rate under acidic 
conditions. Geochimica et Cosmochimica Acta, 2002. 66(22): 
p. 3913-3926. 
 

991



 Goldschmidt2015 Abstracts  

 992 

Magma mixing in granite 
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Many studies have demonstrated that magma mixing 
happened during the development of granite plutons. In 
particular, the compositions of biotites in granites are strongly 
controlled by the magmas from which they crystallized. 
However, the composition of matrix biotites may not reflect 
that of original magmas because of the effect of fractional 
crystallization and late- and/or post-magmatic reequilibration. 
Nevertheless, inclusion biotites enclosed by quartz and 
feldspars in granites are naturally protected by their hosts, so 
that their primary compositions are likely original and can 
potentially record the magma mixing. This is illustrated by a 
combined study of matrix and inclusion biotites on thin 
sections from Mesozoic granites in South China.  

The biotites of different occurrences in the two-mica 
granite have no distinct difference in chemical composition. 
Relative to those in the biotite granites, biotites in the two-
mica granite are enriched in Al2O3 but depleted in MgO, 
consistent with compositions defined by biotites from typical 
S-type granites. On the other hand, all biotites from the biotite 
granites can be categorized into different groups based on 
mineral paragenesis and geochemical composition. They have 
lower A/CNK but higher Mg#, falling between the 
compositional fields of biotites from S- and I-type granites. In 
addition, two contrasting zircons populations with the same U-
Pb age occur in the biotite granite. One is bright and shows 
oscillating zonings in CL images, whereas the other is very 
dark and often overgrown on the former one. The bright 
zircons have higher δ18O values and (Gd/Yb)N, lower Hf, U, 
Th and Y contents than the dark zircons. An integrated 
interpretation of all these geochemical data indicates that 
mixing of two different magmas was responsible for the 
petrogenesis of biotite granites. Therefore, the geochemical 
study of biotite inclusions on the thin sections provides 
insights into the magma mixing in granite petrogenesis. 
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deposit in Lanping-Simao basin, 
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Mengyejing Potash Deposit in Lanping-Simao Basin of 

Yunnan (MPDY) Province is an unique and ancient chloride 
type solid potash deposit in China. The salt layer in 
Mengyejing Formation (MF) and its underlying Bashahe 
Formation (BF) were studied by XRD, ICP-MS, EPMA, 
microscopy and cooling-heating methods of halite fluid 
inclusions in order to find out the source and origin of the 
deposit. The results show that from the white halite layer 
→grayish sylvite layer→ grayish sylvite layer bearing 
carnallite, the homogenization temperatures are increase 
gradually, that is from 23.8�→27.7�→38.6�. This trend is 
consistent with the crystallization sequence of salt minerals, 
i.e., halite→sylvite→carnallite. The average value of trace 
element Bromine (Br) in evaporates of MF is 578×10-6 which 
is higher than 200×10-6, indicating Br came from sea water, 
and a small amount of marine mineral glauconite exists in 
quartz sandstone of lower BF. At the same time, lots of pyrite 
riching Co and Ni exist in grayish green mudstone of MF. 
Furthermore, comblainite bearing Co and Ni is one of the main 
mineral phases of fracture filling in the salt layer, and azurite 
and malachite that contain copper minerals are found in quartz 
sandstone of BF. The elements of Cu, Co and Ni in minerals 
were provided by deep hydrothermal because the deposit was 
located in strong active tectonic belts. Therefore, sea water and 
deep hydrothermal all provided important potassium sources 
for the formation of MPDY. 
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New major and trace element, whole rock Sr and Nd 
isotopes and zircon U–Pb ages and Hf isotope data are 
presented for rocks from the early Cretaceous Tianqiaogou 
dioritic and Taishanmiao granitic plutons at the southern 
margin of the North China Craton (NCC), in order to 
investigate their petrogenesis and geological evolution. LA-
ICP-MS U–Pb analyses for zircons from these two plutons 
yield similar 206Pb/238U ages of 122 Ma and 115–125 Ma, 
respectively. Monzodiorites from the Tianqiaogou pluton have 
whole rock εNd(t) values ranging from −6.2 to −1.3 and zircon 
εHf(t) values from +2.9 to +6.2. They are variably enriched in 
Ra, Ba, and Sr, and depleted in Nb, Ta, Zr, Hf and Ti, 
indicating that they were derived from a depleted mantle and 
underwent subsequent magma differentiation and crustal 
contamination. The Taishanmiao pluton is composed of 
metaluminous to peraluminous highly fractionated I-type 
granites that have high SiO2, Na2O, K2O, Rb, Th, and U, and 
low P, Ba, Sr, Ti and Eu contents. The granites have strong 
negative whole rock εNd(t) values (−16.1 to −7.5) and zircon 
εHf(t) values (−20.9 to −6.1). Their Nd TDM ages (1.19 to  
2.01 Ga) and zircon Hf T C 

DM ages (1565 to 2490 Ma) are much 
younger than the basement rocks beneath the southern margin 
of the NCC, suggesting derivation from an ancient crustal 
sourcewith minor involvement of mantle-derived components. 
Therefore, rocks from the Tianqiaogou dioritic pluton were 
partial melts of the mantle source. Underplating of the mafic 
magmas initiated partial melting of the ancient continental 
crust, resulting in the formation of the Taishanmiao granitic 
pluton. Their complex petrogenesis reflects a strong crust–
mantle interaction process related to lithospheric thinning 
beneath the southern margin of the NCC in early Cretaceous. 
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The awareness of the international community and the 
convergence of scientific data regarding global warming call 
for an urgent worldwide deployment of technologies 
promoting the reduction of greenhouse gas emissions. The 
capture and geological storage of CO2 is one of the appropriate 
solutions for this problem. The monitoring of CO2 storage sites 
is of paramount importance for site safety and for the industrial 
deployment of CCS technologies. 

Here, we present numerical simulations and in-situ 
monitoring studies of CO2 leakage experiments that were 
performed at the vadose scale by creating an underground CO2 
source and observing its migration towards the atmosphere 
across a natural limestone formation. The numerical model 
considered only CO2 molecular diffusion in the gas phase and 
CO2 dissolution in the irreducible water, following the 
description of a natural site on which fieldwork was 
performed. A gas geochemistry baseline was performed in key 
locations that were determined from the numerical predictions 
of the CO2 plume extension. Multiple gas compounds, stable 
isotopic composition of CO2-carbone, surface CO2-flux and co-
injected noble gases were tracked by a system of semi-
continuous gas sampling and online analysis, together with 
point-to-point mobile and laboratory analyses. In the light of 
the numerical experiments and of the potential composition of 
industrial CO2 sources, we show how the different soil gas 
parameters measured are potentially useful for the detection of 
diffuse CO2 leaks at the soil level. In addition, a geo-electrical 
monitoring was performed, which allowed tracking the 
evolution of the CO2 migration as a result of the soil resistivity 
changes due to CO2 solubility in the pore water of the vadose 
zone. 

We finally provide some recommendations for the 
monitoring of CO2 storage sites at the soil level. 
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The Puu Oo eruption is the longest lived (32+ years) and 

most voluminous (4+ km3) historic eruption of one of Earth’s 
most active and best studied volcanoes (Kilauea on the Island 
of Hawaii). The lava from this eruption has taught us much 
about the processes of magma generation and differentiation. 
The continually changing composition of the new lava 
produces unique insights in the the dynamic processes within 
one magmatic event. Since 1983, we have monitored the 
compositional and isotopic signatures of its lava, which have 
shown remarkable variations resulting from diverse crustal and 
mantle processes including crystal fractionation, magma 
mixing, assimilation of crust and melting of a heterogeneous 
plume source. Small, systematic variations in isotopes of Pb 
and Sr, incompatible trace element ratios and MgO-normalized 
major element abundances document rapid changes in the 
parental magma composition unrelated to crustal processes. 
This continuing eruption provides a dynamic laboratory for 
evaluating models of the generation and evolution of basaltic 
magmas. 
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Arsenic toxicity and the related impacts on health are 

identified as a primary concern in the world. Mining and 
metallurgical activities are one of the major sources of 
anthropogenic As [1], especially as a result of Cu and Au 
tailings. Active methods of arsenic immobilisation involve 
high input of energy and resources, while natural attenuation 
methods inputs are low in comparison [2]. However, the 
mechanisms of secondary minerals formation and the stability 
of the attenuated forms of arsenic in natural environments are 
still unclear and only few works have been published on this 
matter [3]. In this work, arsenic bearing tailings from three 
distinctive mineralogy groups (Iron-Oxide Copper-Gold, 
Porphyry copper and skarn-calcite) are weathered under wet 
and dry cycles on column systems. Analysis is carried out for 
leachates (pH, electric conductivity, anions, metals)  and solid 
phase (total digestion, XRD, SEM). The SEM results for 
Skarn-calcite mineralogy strongly suggest the formation of 
Calcium-Lead arsenates over the pyrite mineralogy, a 
secondary mineral attenuating form of the metalloid. Relevant 
oxidation processes in Porphyry copper mineralogy are evident 
in the sulphate and EC analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Garelick H., Jones H., Dybowska A., 2008. Reviews of 
Environmental Contamination Toxicology. 197: 17-61. [2] 
Parviainen, A. (2009) 28(4), 291-304. doi: 10.1007/s10230-
009-0088-2 [3] Martínez-Villegas, N. et al (2013). 
Environmental Pollution, 176, 114-122. 
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The oxygen concentration is one of the most relevant 
parameters to be measured in Oxygen Minimum Zones 
(OMZs). OMZs are defined by having water masses at 
intermediate depths containing less than 20 µM O2. Until 
recently, it was not possible to determine whether OMZs 
contain 1-2 µM O2 or are totally anoxic. The introduction of 
the STOX (Switchable Trace Oxygen) sensor improved the in 
situ detection limit by 2-3 orders of magnitude, so that 
concentrations down to about 3-10 nM can be detected and 
quantified. While being attached to conventional CTDs, the 
STOX sensors have been used to define the core of the OMZs, 
where the oxygen concentration goes sufficiently low to be 
considered functionally anoxic (below 20 nM). Drift on the 
zero signal from standard O2 sensors mounted on CTDs can to 
some extent be corrected with STOX data, so that 
concentrations down to 50-100 nM can be detected. 

In vast areas of the upper and lower OMZ oxycline, O2 is 
present at concentrations below 1µM. At such low values, the 
O2 concentration is controlling both the types of microbial 
processes taking place and the transformation rates. The STOX 
sensors and - more recently developed - high sensitivity 
optrodes can be used for the measurements of O2 during 
laboratory incubations. The time evolution of O2 concentration 
during lab incubations was used to study the respiration 
kinetics and rates of the poorly studied oxyclines of the OMZ. 
The upper part of the OMZ may exhibit a secondary 
chlorophyll peak. Our high resolution measurements of O2 
metabolism in the secondary chlorophyll peak have 
demonstrated how this community is photosynthetically active 
under almost anoxic conditions with a tight coupling between 
the O2 production and consumption, resulting in a cryptic O2 
cycle in the upper part of the OMZ. 
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Archean sedimentary rocks have amalgamated the erosion 
products of large continental areas and provide a more 
comprehensive view of the composition of Archean continents 
than the igneous rock record. Here we present new trace 
element data as well as 147Sm-143Nd and 176Lu-177Hf isotopic 
compositions for 3.23-3.26 Ga sedimentary rocks - shale, 
siltstone and sandstone - drilled in the Barberton greenstone 
belt, South Africa. Principal component analysis (PCA) of 
major and trace elements reveals that the sediment 
geochemistry is controlled by three main endmembers: (1) a 
detrital source enriched in Al2O3, K2O, TiO2, REE and HFSE, 
that is a mixture of felsic and mafic erosion products, (2) a Si-
rich component related to chert clasts and/or the silification of 
the sediments, (3) a Ca- and Fe-rich component associated 
with pyrite, Fe-oxides and carbonate. 

Most detrital samples define a linear array on a Lu-Hf 
isochron diagram whose slope corresponds to an age of 3365 ± 
370 Ma; within error of both the accepted deposition age of the 
sediments (3.23-3.26 Ga) and the U-Pb ages of detrital zircons 
(peaks at 3.25 Ga and 3.45 Ga). At the sediment deposition 
age, Nd-Hf isotopic compositions lie along the Terrestrial 
Array  (εNd(T) = -1.4 to +0.1, εHf(T) = -0.8 to +3.3), suggesting 
that the eroded Archean crust was, on average, not more than 
300 Ma older than the sediment deposition age. The Si-rich 
samples show scattered Hf isotopic compositions but define a 
linear Sm-Nd array with an age of 3818 ± 410 Ma. At the 
sediment deposition age, Si-rich samples have negative εNd 

(εNd(T) = -2.0 to -0.5) but extremely radiogenic εHf (εHf(T) = +1.4 
to +13.1). This unusually strong isotopic decoupling may 
reflect either the contribution of chert clasts having low Hf 
contents but very high 176Lu/177Hf ratios (up to 0.9), or 
significant loss of Lu (20 to 90%) after sediment deposition 
that did not affect the Sm-Nd system. Some of the Ca- and Fe-
rich samples show typical seawater REE patterns but no εNd-εHf 
isotopic decoupling at the sediment deposition age, as 
observed in modern seawater precipitates. These results are in 
line with erosion of a relatively young crust and confirm the 
lack of significantly old continental crust in the Barberton area 
at ~ 3.2Ga. 
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Correlations observed between major and minor transition 
elements in tectonically-emplaced orogenic peridotites have 
classically been ascribed to variable degrees of melt extraction. 
There is a growing body of evidence indicating that these 
chemical variations mostly reflect melt redistribution and near-
solidus reactions superimposed onto previous melting 
depletion events. Here we will assess this hypothesis using a 
large database of peridotites from orogenic peridotites in the 
westernmost Mediterranean (Ronda and Beni Bousera 
peridotites). We show that lherzolite samples show some 
trends in major elements and modal variations that are 
inconsistent with their interpretation as depleted MORB 
mantle (DMM) These trends are more consistent with 
secondary formation of lherzolites by refertilization processes 
involving a least two different near-solidus, melt-processes: 
refertilization by pyroxenite-derived melts and by hydrous 
melts leading, respectively, to secondary lherzolites with 
Ol/Opx and Cpx/Opx ratios greater than those expected from 
residues from a primitive upper mantle source. Together with 
their N-MORB, LREE-depleted pattern, their fertile lherzolitic 
composition may have been acquired as a result of melt–rock 
interaction processes associated with the thermomechanical 
erosion of lithospheric mantle by asthenosphere. Major 
refertilization of depleted subcontinental mantle is an 
alternative to the small degrees of melt extraction to account 
for LREE depletion in otherwise fertile orogenic lherzolites. 

1000



 Goldschmidt2015 Abstracts  

 1001 

Characterizing interactions between 
electrical potential, microbial activity 

and mineralogy at hydrothermal 
vents 

AMY GARTMAN*1, AUDE PICARD1, DAVID R. CLARKE2 
AND PETER R. GIRGUIS1 

1Department of Organismic and Evolutionary Biology, 
Harvard Univ., Cambridge, MA, USA 
*(agartman@fas.harvard.edu) 

2School of Engineering and Applied Sciences, Harvard Univ., 
Cambridge, MA, USA 

 
High temperature hydrothermal vents are complex 

systems, with steep thermal, chemical, and redox gradients 
over centimeter- scale spatial scales, additionally complicated 
by temporal variation. One of the most interesting features at 
these vents is the formation of hydrothermal chimneys via 
mineral deposition at the point of mixing [1]. These chimneys 
have been observed to exhibit metal-like conductivity [2] and 
host a diverse array of microbes. The mineralogy of chimney 
formation as well as the microbial metabolisms present in 
chimneys have been and continue to be explored [3]; however 
one understudied component is the role of electrochemistry in 
these systems. Here we have used a bioelectrical system in 
order to explore the ways in which electrical current, microbial 
communities and conductive and non-conductive minerals 
interact, specifically isolating differences between living and 
dead microbial communities and electrical potential on the 
system chemistry. We demonstrate that both the electrical 
potential applied to a system and the presence of a live 
microbial community have a profound influence on the mineral 
partitioning within the lab based system, and discuss parallels 
and applicability to a natural hydrothermal vent environment. 

 
[1] Tivey & McDuff (1990), J. Geophys. Res. 95, 12617-

12637. [2] Nakamura, Takashima, Kato, Takai, Yamamoto & 
Hashimoto (2010), Angew. Chem. 122, 7858-7860. [3] 
LaRowe, Dale, Aguilera, L’Heureux, Amend & Regnier 
(2014), Geochim. Cosmochim Ac. 124, 72-97. 
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Water of crystallization in gypsum can be used as  paleo-
environmental proxy to study large scale climatic variabilities 
in arid areas [1]. This is because changes in the isotopic 
composition of water of crystallization are due to isotopic 
variations in the mother brine from which the mineral 
precipitated, and the brine isotopic composition is linked to 
evaporation processes and humidity [2]. This is particularly 
important when the salts are the only traces left of the original 
water, i.e. in modern arid areas or on Mars, where sediments 
and the geomorphology of the planet hint at the presence of 
ancient flowing, liquid water. This study aims to prove that the 
δD/δ18O values of the water of crystallization extracted from 
successive precipitates or even different growth zones of 
natural gypsum (CaSO4·H2O) can reconstruct the evaporation 
history and paleo-humidity of the source water basin. The 
method was tested in a laboratory experiment that evaporated 
CaSO4 brines under controlled temperature and humidity 
conditions. The brine was left to evaporate for five days at two 
different humidities (45 and 75 RH%); subsequently, brines  
and  precipitated gypsum were sampled at 24 hour intervals. In 
this way we simulated zoned growth of gypsum. The samples 
were then analyzed for oxygen and hydrogen isotopic 
composition. Brines were analysed with a Los Gatos Research 
Liquid Water Isotopic Analyzer DLT-100 at the  Division of 
Geological and Planetary Sciences, California Institute of 
Technology, while gypsum was analysed using a Thermo 
Scientific TC/EA with modified column [3], coupled to a MAT 
253 Thermo Finnigan mass spectrometer at JPL. A mass-
balance salinity model was also developed, to take into account 
the salt effects on the activity of the brine. Encouraging 
preliminary results not only largely agree with theoretical 
models of brine isotopic evolution but also validate our novel 
hypothesis that changes in mineral composition can reveal 
details of paleo-environmental conditions. 

 
[1] Gonfiantini and Sofer (1963), Science 200, 644-646. [2] 
Sofer and Gat (1975), Earth and Planetary Science Letters 26, 
179-186. [3] Rohrssen, Brunner, Mielke and Coleman (2008), 
Analytical Chemistry 80, 7084-7089. 

1002



 Goldschmidt2015 Abstracts  

 1003 

Effect of pressure on the structure of 
albite liquid near glass transition  

S. J. GAUDIO1, C. E. LESHER12 AND S. SEN3 
1Department of Earth and Planetary Sciences, University of 

California, Davis, CA 95616, USA, (*correspondance:      
sjgaudio@ucdavis.edu, celesher@ucdavis.edu) 

2Department of Geoscience, Aarhus University, DK-8000 
Aarhus C, Denmark 

3Department of Materials Science, University of California, 
Davis, CA 95616, USA (sbsen@ucdavis.edu) 

 
The network structure and density of albite glasses 

recovered from high pressure (to 7.2 GPa) and annealing 
temperatures across the liquid-glass transition region (Tg) were 
analyzed ex situ using high-field 27Al magic-angle-spinning 
nuclear magnetic resonance (NMR) spectroscopy. For each 
pressure, 27Al NMR spectra show only subtle changes in the 
Al-O bonding environment at temperatures ranging from 
Tg−100K to Tg+50K.  From these data, we calculate robust 
values for average aluminium coordination number and the 
mean quadrupolar coupling constant (Cq)-a proxy for the 
distortion and distribution of Al-O bonding environments- at 
fictive temperatures (Tf) near Tg. While Cq increases linearly 
with density and pressure, the average Al number only 
increases above 2.6 GPa. Interestingly, in samples annealed in 
the vicinity of Tg, the fraction of [6]Al is consistent with the 
results of MD simulations with pressure[1,2].  However, we find 
that the fraction of [5]Al is greater in MD simulations, 
reflecting the structure at temperatures >1000-3000 K higher 
than what is measured experimentally in glasses, where Tf is 
much closer to Tg.  In albite and other sodium aluminosilicate 
liquids, high pressure-temperature simulation and experimental 
studies correlate maxima in O2- diffusivity with either critical 
fractions of high-coordinated Al + Si[1] or the onset of 
increasing fraction of high-coordinated Al[3].  The possible role 
of such structural controls on transport properties with pressure 
will will be discussed over all temperatures where liquid-like 
behavior exists. 

 
[1] Bryce et al. (1999) Am Min. 84, 345-356 [2]Suzuki et al. 
(2002) Phys. Chem. Min., 29, 159-164.  [3] Wang et al. (2014) 
Nat. Commun. 5, doi:10.1038/ncomms4241. 
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The green sulfur bacterium Chlorobium ferrooxidans strain 

KoFox was isolated as a phototrophic Fe(II)-oxidizer in co-
culture with Geospirillum sp. strain KoFum. Previous studies 
revealed that in this co-culture cells of strain KoFox remained 
largely free of iron minerals during Fe(II) oxidation, while cell 
surfaces of strain KoFum were observed to exhibit a thin crust 
of globular Fe particles [1]. This suggests that in this co-
culture it is the non-Fe(II)-oxidizing partner and not the Fe(II)-
oxidizer that will leave a trace in the rock record as a 
microfossil. However, as silica was present in Archaeen oceans 
in which anoxygenic photoferrotrophs thrived, its presence 
might have influenced encrustation in these cultures and our 
interpretations. 

Therefore, in this study we analyzed the encrustation 
process in the co-culture in order to answer the following 
questions: (1) How do the two strains associate with formed 
Fe(III) oxyhydroxide minerals? (2) How does encrustation 
evolve in the course of Fe(II) oxidation? (3) Do we still see the 
same encrustation pattern in the presence of silica? 

To this end, we conducted electron microscopic studies on 
the co-culture under different growth conditions, including low 
light (<50 lux) vs. normal light (>500 lux) conditions, presence 
of dissolved silica (2 mM), and the addition of fumarate  
(5 mM), which was used as an organic substrate by strain 
KoFum. FESEM and TEM imaging did not reveal a distinct 
encrustation pattern for any of the strains. Cells of both KoFox 
and KoFum were associated with minerals, but cell surfaces 
remained mostly free of iron particles and no encrustation 
could be detected. Silica did not influence this encrustation 
pattern, but it did stimulate Fe(II) oxidation, potentially by 
lowering Fe(II) toxicity to the cells, while the addition of 
fumarate increased cell numbers of strain KoFum. 
 
[1] Schädler et al. (2009) Geomicrobiol J 26(2): 93-103 
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Minerals belonging to the monazite family, REEPO4 (REE: 
Y, Sc, La-Dy) could incorporate in their structure substantial 
amounts of Th and U [1]. Moreover, monazites maintain their 
crystallinity even after geological times of exposure to self-
irradiation. Therefore, this phase appears to be a promising 
candidate as a specific matrix for the conditioning of 
transuranic elements (AnIV,AnIII). Already, many 
thermodynamic properties of monazite are reported in the 
litterature [2]. However, it’s hydrated form namely, 
Rhabdophane, REEPO4. 0.667H2O could be stabilized at low 
temperatures, and thus control the concentrations of actinides 
in solution after the leaching of the monazite matrices [3] [4]. 
For the first time, a thorough study was conducted in order to 
determine Ks,0°, ΔfG° and ΔfH° of the LnPO4. 0.667H2O end-
members (Ln = La-Dy). Both over-saturated and under-
saturated solubility experiments in acidic conditions were 
achieved at several temperatures. 

The obtained 
results indicate that 
the stability 
domain of the 
rhabdophane phase 
is limited in 
temperature and 
depend on the ionic 
radius of the 
lanthanide. The 
values of the 
solubility constant 

depend also slightly of the lanthanide, and present a minimum 
in the middle of the series (Figure 1). 

 
[1] Clavier et al. (2011) J. Eur. Ceram. Soc. 31, 941-976. [2] 
Poitrasson et al. (2004) Geochim. Cosmochim. Acta 68, 2207-
2221. [3] Du Fou de Kerdaniel et al. (2007) J. Nucl. Mater. 
362, 451-458. [4] Dacheux et al.(2013) Am. Min. 98, 833-847. 

Figure 1: KS,0° (LnPO4. nH2O, T) for T= 298 to 363 K.
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During metamorphism, the formation or recrystallization 
of accessory phases is commonly triggered by fluid pulses, 
either from an external source, or liberated by dehydration 
reactions within the rock. We combined thermodynamic 
modelling, trace element analysis, zircon inclusion chemistry 
and U-Pb dating, to tie the dissolution-reprecipitation of zircon 
to prograde dehydration reactions in UHP rocks and to provide 
robust and precise ages for these reactions. 

The Dora Maira whiteschists (Western Alps, Italy) are 
derived from an altered granite and were subducted to 40 kbar, 
720°C to form phe-grt-ky-(qtz/coe) assemblages. Zircon rims 
and monazites yield Alpine ages of 34.5-34.9 Ma. In quartz-
poor samples, zircons consist of a magmatic core surrounded 
by two metamorphic rims. Inner rims are HREE-rich, and thus 
crystallised when little garnet was present to fractionate REE. 
Outer zircon rims are depleted in HREE, indicating 
equilibrium with the garnet rims, and thus crystallised at near-
peak conditions.  

By modelling the prograde P-T path from 15 kbar, 600°C 
to 40 kbar, 720°C using Theriak, we show that the two rims 
correspond to different dehydration reactions. The first is the 
destabilisation of chlorite to produce biotite at 25 kbar, which 
produced 3.5 vol% H2O. The second zircon growth is linked to 
the progressive disappearance of biotite from 30 kbar and talc 
at 40 kbar which liberated 2.5 vol% of H2O. The δ18O values 
of the two zircon rims are identical, supporting the conclusion 
that external fluids were not involved. The fluid liberated from 
the dehydration reactions led to the dissolution of the 
magmatic zircon cores and precipitation of prograde biotite 
and phengite inclusions whose Si p.f.u. match the 
compositions of 25 and 35 kbar experiments [1] respectively. 
Monazite recrystallised only with the second reaction. The 
dates obtained for these two events are identical within 
uncertainty at 34.5 Ma, which yield a maximum burial rate of 
ca. 2 cm/yr from 25 to 35 kbar. Combined, our U-Pb, REE, 
δ18O and zircon inclusion data allow resolving the prograde P-
T-time-fluid path of the Dora Maira UHP whiteschists. 

 
[1] Hermann (2003), Lithos 70, 163-182 
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Earth’s crust is the life-sustaining interface between our 
planet’s deep interior and surface. Most “terrestrial” planets in 
the solar system have basaltic crusts similar to Earth’s oceanic 
crust, but the continental masses, areas of buoyant, thick silicic 
crust, are a unique characteristic of Earth. Therefore, 
understanding the processes responsible for the formation of 
continents is fundamental to reconstructing the evolution of 
our planet. We use geochemical and geophysical data to 
reconstruct the evolution of the Central American Land Bridge 
(Costa Rica and Panama), which evolved from an oceanic 
subduction system (where two oceanic plates collide) over the 
past 70 million years. We found that the geochemical of 
erupted lavas evolved to continental-like  signatures about  
10 million years ago - coinciding with the onset of subduction 
of more enriched oceanic crust that originally formed above 
the Galápagos mantle plume. We also found that seismic P-
waves (body waves) travel through the crust at velocities 
closer to values observed in continental crust world-wide. 
Finally, we developed a continental index based on global 
statistical analyses of all magmas produced in modern oceanic 
arcs compared to the global average composition of continental 
crust to quantitatively correlate geochemical composition with 
the average P-wave velocity of arc crust globally, resulting in a 
strong correlation (r2=0.85). We conclude that although the 
formation and evolution of the continents may involve many 
processes, melting enriched oceanic crust within a subduction 
zone - a process probably more common in the Archaean 
(~2.5-3.5 Ba) when most continental landmasses formed - can 
produce juvenile continental crust. 
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Here we present preliminary results of δ17O, δ18O, δD, and 

the derived 17O-excess and d-excess, in the hydration water of 
natural gypsum samples. Our analytical method consists of the 
thermal dehydration of gypsum and subsequent cryogenic 
trapping of the released water. Subsequently, the isotopic 
composition of hydration water is measured by cavity ring-
down spectroscopy (CRDS) using a Picarro L2140 water 
isotope analyzer, which permits simultaneous determination of 
δ17O, δ18O and δD. The analytical precision is ±0.06‰ (1σ) for 
δ17O, ±0.1‰ for δ18O and ±0.5‰ for δD, whereas for 17O-
excess and d-excess it is ±7 per meg and ±0.9 ‰ respectively, 
based on repeated analyses of an analytical-grade gypsum 
standard. We compared values of 17O-excess measured by 
CRDS with the traditional method of fluorination followed by 
measurement of O2 by IRMS.  We initially found the CRDS 
17O-excess results to be substantially different from those 
measured from IRMS. The problem was caused by 
contaminant gases (VOCs, H2S, etc.) released from natural 
gypsum samples during dehydration that spectrally interfere 
with the wavenumber used to determine H2

17O by CRDS. Use 
of the Picarro micro-combustion module (MCM) removes 
these contaminants, and 17O-excess measured by CRDS are in 
excellent agreement with IRMS results.  We analyzed a 
selection of natural gypsum from different settings, including 
lakes, marine environments, hydrothermal systems and 
gypsum caves, all with different ages. 17O-excess of hydration 
water ranged -50 to +50 per meg and is negativelly correlated 
with δ18O across the complete dataset. Conversely, as 
expected, d-excess and 17O-excess are positively correlated. 
Our results indicate that gypsum hydration water preserves 
17O-excess and d-excess of the mother water from which the 
gypsum formed. Previous studies suggest that the evolution of 
d-excess in water is controlled by air humidity and the 
temperature at the water surface, unlike 17O-excess, which is 
only dependent on air humidity [1]. Thus, the measurement of 
both 17O-excess and d-excess in gypsum hydration water can 
provide additional information on past humidity and 
temperature. 

 
[1] Luz and Barkan (2010) Geochim. Cosmochim. 74, 6276–
6286. 
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Methane-derived carbonate precipitation is a striking 

phenomenon at hydrocarbon seeps on active and passive 
continental margins worldwide, which indicates a particular 
geological history involving discharge of geofluids. Different 
types of cold seep carbonates occurred in the Pliocene shallow 
marine succession (the Yanshuikeng Formation) exposed in 
Chiasian, Western Foothills in the southwestern Taiwan. 
Petrology and geochemistry of these carbonates were studied, 
including petrology, mineralogy, C and O stable isotopes.  

The carbonates are classified into two types based on 
morphology: (1) small isolate chimneys developing in 
perpendicular to beddings,  and (2) Large carbonate mounds 
consisted of stacked carbonates crusts. Carbonate samples are 
mainly composed of carbonate minerals, clay minerals and 
terrigenous quartz and feldspar. Crusts are mostly consisted of 
dolomite, showing that they were formed in source fluids with 
low sulfate concentrations and high Mg/Ca ratios. Crusts have 
strongly depleted δ13C values (-50‰~ -40‰), indicating a 
biogenic-methane carbon source. The main minerals of small 
isolate chimneys vary from inner (mostly calcite) to outer 
(mostly dolomite). The δ13C values of small chimneys vary 
from -30‰ to -20‰, revealing the possible mixture of 
biogenic methane and organic carbon. Variations of oxygen 
isotopic compositions (-2.0‰~ 3.6‰) of all samples possibly 
reflect a 18O-depleted fluid source.  

From our data, it is obvious that Chiasian carbonates which 
are induced by anaerobic oxidation of methane, can be used to 
indicate the seepage of a cold seep system in Western 
Foothills, the southwestern Taiwan. 

 
This research is funded by the National Science 

Foundation of China (Grant No. 41203021) and the National 
Postdoctoral Foundation of China (Grant No. 2013M530231). 
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Introduction 
The electrochemical nature of the uranium-60 nanocluster 

(U60), a spherical cluster of uranyl polyhedra, has yet to be 
fully characterized since its first synthesis in 2005 [1]. While 
our initial studies on U60 and its naturally-occurring analog, 
studtite, focus on monitoring the redox behavior in differing 
solutions and concentrations in order to characterize redox 
switching in both compounds (U6+ to U5+ and U4+), we have 
recently studied local structural changes as a function of redox 
state [2]. 

Purpose 
Our hypothesis is that we can measure and calculate the 

thermodynamics and redox potential of the redox switching, 
including its kinetics and reversibility (i.e., switching within 
the cluster without destroying it) in U60 clusters and studtite as 
a function of pH, solution chemistry, and pe/Eh. In addition, 
changes in the kinetics of growth, structural, and electronic 
changes are monitored by a combination of electrochemical X-
ray Absorption Spectroscopy (XAS) and computational 
treatment of activated complexes. Synchrotron 
XANES/EXAFS allows us to determine the oxidation state of 
U as a function of the applied potential and elucidate the 
structure and changes on U60 clusters found on the electrode. 

Results 
Electrochemical results describe the proton-coupled nature 

and similarity of U60 and studtite redox behavior (peaks within 
0.1V of each other) in addition to the alteration of (UO2)2+ in 
the presence of uranyl peroxides. In situ electrochemical 
synchrotron XAS results support our initial peak 
characterizations and purity of our synthetic samples. 

Experiments induce potential to oxidize/reduce samples, 
identifying them in reference to standard electrode potentials 
and investigating redox potentials in varied conditions. These 
results can describe how actinide species in environmental 
conditions interact with mineral surfaces and surface-mediated 
redox processes. Such information is essential to any 
experiment concerning sorption, precipitation, diffusion, 
surface complexation, and solid solution formation. 

 
This study was supported by the DOE-BES grant DE-

FG02-06ER15783 and by a SCGSR fellowship to B.G. 
[1] Sigmon et al. (2009) JACS 131, 16648-49. [2] Gebarski & 
Becker (in submission) GCA. 
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Sulfur-oxidizing cable bacteria induce electrical currents in 

marine sediments and strongly impact sediment geochemistry. 
Cable bacteria are long, filamentous, multi-cellular bacteria, 
which span sediment horizons of up to several centimeters 
from the oxic surface into deeper sulfidic sediment layers. 
They employ a radically novel microbial metabolism, in which 
electrons released from the oxidation of sulfide are transferred 
from cell to cell over the length of the filament to the sediment 
surface, where they react with oxygen. Due to the spatial 
separation of electron donor and electron acceptor reactions, a 
strong acidification of the pore water is induced in deeper 
sediment layers, which has a marked impact on the overall 
biogeochemical cycling in marine sediments. 

In this study we examined a field site in the southern North 
Sea that showed cable bacteria activity using geochemical and 
metagenomic analyses. Pore water profiles of sulfate and 
sulfide indicated highly active cryptic sulfur cycling, whereas 
strongly increased concentrations of divalent cations (Ca2+, 
Mg2+, Mn2+, Fe2+) in the suboxic zone indicated strong mineral 
dissolution. 

Cable bacteria density was assessed using fluorescent in 
situ hybridisation and quantitative PCR. Genomic DNA for 
shotgun sequencing was extracted from different sediment 
depths: the oxic sediment surface, the suboxic zone where 
neither oxygen nor sulfide was present and deeper sulfidic 
sediment where cable bacteria were not abundant. Using 
metagenomics analyses near-complete genomes of cable 
bacteria were recovered, while other genome bins could be 
assigned to members of Flavobacteraceae and Alpha, Gamma 
and Deltaproteobacteria. Analysis of these genome bins 
provides a first insight into the metabolic interactions of the 
microbial community in electro-active sediments under field 
conditions. 
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Multitudinous novel analytical online techniques for 

measuring stable isotope ratios of light elements (HCNOS) 
have revolutionized and greatly expanded applications in 
numerous scientific sub-disciplines over the past two decades. 
However, 2H/1H ratios of hydrogen (expressed as δ2H values) 
in chemically more complex organic substrates have been 
subject to controversial matrix effects in spite of good 
reproducibility in a given analytical context. This caveat 
applied especially to high-temperature pyrolysis (e.g., TC/EA, 
HTP), as well as to methods previously used with elemental 
chromium in a temperature range of 800-1000°C. A simple 
HCO-stoichiometry induced no matrix effect. However, major 
and irreconcilable isotopic discrepancies could arise when the 
conversion of organic H to H2 was incomplete and 
accompanied by isotope fractionation. The presence of 
heteroatoms like nitrogen or chlorine in an organic sample 
during high-temperature pyrolysis led to the production of 
gaseous byproducts HCN and HCl with isotope fractionation in 
the product H2. In spite of good reproducibility of δ2H values, 
the isotope fractionation could amount to 25 mUr (or ‰) 
towards more negative δ2H values relative to classical off-line 
methods that are not affected by the formation of HCN and 
HCl. An inexpensive and effective remedy for on-line methods 
is the use of chromium powder and/or granules at temperatures 
of 1050-1500 °C. Chromium is able to chemically scavenge all 
elements from organic matter except hydrogen, thus resulting 
in 100% yield of H2. Practical methods for high and low flow 
online systems are presented. We provide an update on the 
ring-test calibration of new international organic stable isotope 
reference materials that are slated for release in 2015.  
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Most rock-forming silicates are solid solutions and much 

research has been done to determine their crystal chemical 
properties. Garnet solid solutions (i.e. X3Al2Si3O12 with X = 
Mg, Fe2+, Mn2+ and Ca) have random long-range X-cation 
disorder in space group Ia-3d. However, the structural state of 
Fe-bearing garnets at the local scale is not known. 

Garnet from a grospydite xenolith from the Roberts Victor 
kimberlite, S. Africa was studied by 27Al and 29Si MAS NMR 
spectroscopy. Paramagnetically shifted resonances were 
measured to determine the local structural state of the X-
cations. The crystals have the formula Grs46.7Prp30.0Alm23.3. The 
composition, the lack of measurable zoning, as well as the 
mode of occurrence, make this garnet a key sample for 
investigating the possible presence of short-range X cation 
order.  

The 27Al MAS NMR spectrum shows a very broad 
asymmetric resonance located between 100 and -50 ppm. It 
consists of a number of individual closely overlapping 
paramagnetically shifted resonances. The 29Si MAS NMR 
spectrum shows two resonances. S0 is located between about -
60 and -160 ppm and S4 is centered at roughly 95 ppm. Both 
are composite resonances containing many overlapping peaks. 
S0 contains local information for SiO4 groups that do not have 
any edge-shared Fe2+-containing dodecahedra. S4 involves 
various local configurations where there is one edge-shared 
dodecahedron containing Fe2+. The measured intensity of S0 
and S4 are roughly similar to calculated intensities assuming 
random Fe2+-cation mixing. These first results do not indicate 
any overt short-range X-cation order in grospydite garnet. 
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Fluids and gases expelled at cold seeps and hot vents allow 
insights into deep subsurface processes and affect the chemical 
budget of seawater. Recent findings indicate that transform-
type plate boundaries (TTPBs) are active sites of fluid 
expulsion triggered by tectonic activity. The investigation of 
TTPBs is the central theme of the multidisciplinary EU-COST 
funded project FLOWS. FLOWS was initiated due to the 
recent occurrence of large earthquakes and the discovery of 
related seepage of deep sourced fluids in old oceanic TTPBs. 
The Guaymas Basin (Gulf of California, Eastern Pacific) may 
serve as a young oceanic counterpart in which young oceanic 
crust, intersected by short spreading segments and strike-slip 
faults is buried under organic-rich sediments. Pore fluids from 
vents and seeps in the Guaymas Basin will be studied on a 
research cruise with RV SONNE in June 2015 in order to 
quantify fluid sources and diagenetic processes. Particular 
attention is given to quantification and sourcing of methane-
rich fluid seeps, triggered by igneous intrusions into organic-
rich marine sediments. Fluid emission from such sites might 
significantly contribute to the global methane budget. Our 
specific research focus will be on isotope tracers (e.g., δ11B, 
δ18O, δD, δ13C, 87Sr/86Sr, He and other noble gases) and 
hydrocarbons (e.g., δ13C, δD, C1-C12). First results will be 
presented and compared to other relevant seep locations. 
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Hot spring systems in the Geysir geothermal area, Iceland, 

have been studied for Si isotope fractionation in a natural 
setting where sinter deposits are actively formed. The silica 
concentrations in the spring and stream waters stay relatively 
constant downstream from the hot-spring outflow, irrespective 
of increased amorphous silica supersaturation associated with 
decreasing temperature (SiO2(aq): 290 to 560ppm). Dissolved 
silica in the spring waters and outflowing streams had an 
average δ30Si value of +0.2‰, in contrast with the siliceous 
sinters in the streambeds that had δ30Si between -0.1‰ and -
4.0‰. This is consistent with a preferred incorporation of the 
light Si isotope in the precipitate, whereby δ30Si values 
decrease with decreasing temperature and increasing distance 
from the spring. The resulting magnitude of solid-water 
isotopic fractionation generally increases from -0.7‰ at 80°C 
to -3.7‰ at 20°C, which is qualitatively consistent with recent 
experimental evidence for the temperature dependence of Si 
isotope fractionation during silica precipitation from a flowing 
solution [1]. However, a relatively constant offset of ~2‰ 
between field and experimental fractionation values indicates 
that temperature alone cannot be responsible for the observed 
shifts. We infer that Si isotope fractionation is related to the 
precipitation rate, which itself is dependent on temperature, 
saturation state and solid-fluid interface area. The combined 
data sets suggest that Si isotope fractionation in aqueous 
environments is largely controlled by precipitation kinetics, 
whereby water-rock ratios, system geometry and fluid flow 
dynamics play a central role. Consequently, the fractionation 
behaviour during precipitation of silica from saturated 
solutions in natural environments should be regarded as a 
system-dependent feature. 
 
[1] Geilert S., Vroon P.Z., Roerdink D.L., Van Cappellen P. 
and van Bergen, M.J. (2014). GCA 142, 95-114. 
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Information on the mechanism of fluid-driven phase 

transformations is usually obtained by ex situ analyses of the 
reaction products after quenching the experiments. Ex situ 
experiments, however, deliver mineralogical and textural 
information only after the sample has been cooled down to RT 
and dried so that it is often difficult to gain information about 
the dynamics of the alteration process. To overcome such 
drawbacks, we have applied in situ and real-time hyperspectral 
Raman spectroscopic imaging to investigate the aqueous 
fluorination of tooth at 21°C, the corrosion of borosilicate glass 
at 70°C, and the replacement of celestin by strontianite at 
21°C. Using Raman spectroscopy, structural and chemical 
information can be obtained such as, e.g., interfacial strain, 
phase composition of binary solid solutions, concentrations of 
aqueous oxo-anions and their speciation (often pH sensitive) at 
the solid-fluid boundary. For the in situ investigations, we 
designed and built special fluid cells that allow measuring the 
formation of the reaction product(s) and the solution with the 
direction of the laser beam parallel to the direction of the 
reaction front plane with a lateral resolution in the order of 5 to 
10 µm. With this setup, the dynamics of the respective process 
could be studied. For example, during aqueous corrosion of 
borosilicate glass at 70°C in 0.1M HCl we observed the fast 
formation of amorphous silica that replaced the glass and 
initially acted as a protective barrier, slowing down the 
corrosion process. With increasing reaction time, however, the 
sudden formation of a crack/gap at the glass-silica interface 
could be observed that caused an increase of the glass-silica 
replacement rate. Future experiments will be carried out with 
solutions that are labeled with 18O and/or D. Since the 
incorporation of 18O and D in solid and aqueous species will 
cause a large frequency shift or even new isotopologue bands 
[1], their concentration in the various phases can be quantified. 
This will allow, for instance, studying in situ the transport of 
chemical species such as H2O, OH, and aqueous oxoanions 
through the growing product phase(s) and possibly the fraction 
of isotopes between solid and fluid during the process. 
 
[1] Geisler et al. (2012) Geochimica et Cosmochimica Acta 90, 
1-11. 
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The production volume of manufactured nanoparticles 

(NPs) in 2010 was estimated around 285,000 metric tons. As 
highlighted in recent studies, a significant fraction of them is 
likely to be released in soils and waters, raising important 
concerns regarding their impact on ecosystems. In soils, their 
fate is expected to be partly controlled by their interaction with 
microbial biofilms. However, relatively few studies have 
explored reactions occurring in this key environmental 
compartment. Therefore, the main goal of this research is to 
understand how NPs size, structure, and composition control 
their diffusion at the biofilm/mineral/water interface.  

Shewanella oneidensis MR1 biofilms grown on oriented 
single crystals (Fe2O3(0001), Al2O3(0001) and (1-102)) were 
exposed to Ag NPs. Their partitioning at this complex interface 
was measured in situ using X-ray Standing Waves 
spectroscopy. To determine the role of the NPs overall charge 
for their reactivity, 3 different coatings representative of 
manufactured NPs have been tested: one mineral negatively 
(SiO2) and positively (SiO2-NH2) charged coatings, and one 
organic (PVP) negatively charged coating.  

Experimental results show an important difference in 
partitioning as a function of single crystals used and the NPs 
coating types. While the negative SiO2 coated NPs diffuse 
quickly (in less than 30 min) through the negatively charged 
biofilm to the positively charged mineral surface, the positive 
SiO2-NH2 coated NPs remain trapped in the biofilm matrix. 
The negative PVP NPs display an intermediate behaviour, 
demonstrating the importance of the coating type for NPs 
reactivity at this biofilm interface. Moreover, exposure kinetics 
is a key parameter, and significant differences in NPs profiles 
have been measured between 3 hours and 24 hours of 
exposure. 
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The NW Pacific hosts two large oceanic plateaus of 
volcanic origin: Shatsky and Hess Rise located ∼1200 km 
apart. Shatsky Rise volcanism started 145 my ago at the 
Pacific-Farallon-Izanagi triple junction [1]. Its geochemical 
composition is consistent with involvement of a mantle plume, 
although no ultimate evidence for a deep mantle origin could 
be provided. Much less is known about Hess Rise. Based on 
DSDP drilling results, the igneous basement of Hess Rise most 
likely formed between ∼110-100 Ma [2], about 35 my later 
than the Shatsky Rise, which would reflect a similar time lag 
as suggested for the two main volcanic pulses detected at 
Ontong Java, the largest known oceanic plateau [3]. The 
inferred age progression along Shatsky and Hess Rise would 
be consistent with the idea that both plateaus formed over the 
same hotspot [4], with Hess Rise representing a second pulse 
of the Shatsky plume. Both plateaus seem to be connected by 
two features: 1) a broad belt of seamounts, the Ojin Rise 
Seamounts, and 2) Papanin Ridge, a narrow ridge that turns 
from a SSW-NNE-oriented extension of Shatsky Rise into a 
SE-oriented structure pointing towards Hess Rise. Both 
features could represent time-progressive hotspot tracks but no 
age information is available from these structures thus far. 
Here we present new trace element and isotopic data from Ojin 
Rise Seamounts, northern Shatsky Rise dredge, and Hess Rise 
DSDP drill core samples. We compare our results with 
recently published Shatsky Rise data sets, in order to evaluate 
a possible genetic relationship among them. Interestingly, our 
preliminary Hess Rise data show a similar isotopic spread to 
Shatsky Rise, with Nd isotope ratios trending towards an 
Enriched Mantle (EM) composition. A similar trend is also 
suggested for some late stage Shatsky and Ojin Rise seamount 
samples. 
 
[1] Geldmacher et al. (2014) Int. J. Earth Sci. 103, 2351-2357. 
[2] Vallier et al. (1983) Geol. Soc. Am. Bull. 94, 1289-1307. 
[3] Tejada et al. (2002) J. Petrol. 43, 449-484. [4] Sager (2005) 
Spec. P. Geol. Soc. Am. 388, 721-733. 
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TBC – as arranged with Carol Frost 
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We propose a new hypothesis that the information about 
the Hadean Earth's seawater was recorded on the Moon's 
surface. Understanding of the Hadean Earth’s environment is a 
key to reveal the origin of life on the Earth. However, the 
information about the Hadean Earth’s environment is very 
limited, because there is no geological rock record on the 
present Earth. On the other hand, some parts of the lunar 
surface have very old rock records during Hadean time (4.5–
4.0 Ga), and we already have lunar samples via Apollo 
missions and lunar meteorites. Therefore, we focus on the 
Moon. 

Hadean Earth has been thought to have experienced a lot 
of asteroid and/or comet bombardments [e.g.,1], and Hadean 
Earth had oceans, which is supported by oxygen isotopic 
composition of Hadean zircon minerals [2,3]. Therefore some 
amount of Hadean seawater would be splashed into the space 
by such an intense meteor bombardment. If this is correct, 
some fraction of salt dissolved in Hadean seawater must have 
spreaded over the Moon's surface. We may get the information 
about Hadean Earth’s seawater from lunar samples. 

According to our preliminary estimate, about 20% of 
Hadean seawater would be splashed out during Hadean time, if 
the volume of the Hadean ocean is the same as that of the 
present Earth’s ocean. Since the Moon orbited much closer to 
the Earth in Hadean time, significant amount of salt that was 
dissolved in the Hadean seawater is carried to the Moon’s 
surface ( ~ 1 cm salt layer globally on the lunar surface). 

We have investigated the feasibility of this hypothesis by 
using numerical simulations of meteor impacts on the Earth 
covered with oceans, and will discuss how to test this 
hypothesis. 
 
[1] Chyba (1999) Nature 343, 129–133. [2] Wilde et al. (2001) 
Nature 409, 175–178. [3] Mojzsis et al. (2001) Nature 409, 
178–181. 
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3INGV, Palermo (Italy) 
 

Sulfur is an essential volatile component of basaltic 
magmas and it is mostly dissolved as S6+ and/or S2- depending 
on the redox conditions. 

Mt. Etna continuously discharges enormous quantity of 
SO2 (~3563 t/d [1]). However these high flows are not fully 
understood in terms of S origin (magmatic or crustal) and of its 
behavior during magmatic evolution (fractional crystallization, 
magma mixing, vapor/melt fractionation [2]). 

Our research combines the study of sulfur in natural 
olivine hosted melt inclusions with an experimental study on S 
solubility in hydrous alkali basalts at magmatic conditions. 

We report new data of S in melt inclusions, belonging to 
six of the most characteristic Etnean eruptions of the last  
14 ky, from the oldest and most primitives (Mt Spagnolo and 
FS eruptions) up to the recent paroxysm event of April 2013. 
These melt inclusions were entrapped at different depths inside 
the magmatic system (up to ~ 18 km, corresponding to a 
pressure of almost 5 kbar) as defined by H2O-CO2 contents. 
Sulfur content, evaluated by EMP and SIMS methods, reach 
3600-4100 ppm in the most primitive melt inclusions of Mt 
Spagnolo and 2006 eruptions (Fo87 and Fo80).  

Sulfide globules were observed in some melt inclusions of 
2002/3, 2008 and 2013 products, but also in host olivine 
crystals, probably reflecting sulfide saturation of the melt 
during the entrapment of the melt inclusions. 

We therefore carried out IHPV experiments in Etnean 
mafic melts at sulfide saturation in order to investigate how the 
variations in S content observed in melt inclusions can be 
explained by the changes in magma composition and/or 
magmatic conditions (T-P-fO2)  
 
[1] Salerno, Burton, Oppenheimer, Caltabiano, Randazzo, 
Bruno & Longo (2009), Journal of Volcanology and 
Geothermal Research 183, 76-83. [2] Liotta, Rizzo, Paonita, 
Caracausi & Martelli (2012), Geochemistry Geophysics 
Geosystems 13, Q05015. 
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Levoglucosan, used in receptor models as the specific 

tracer of particulate matter emissions from biomass burning, 
has long been considered being stable in the atmosphere. 
Lately, ambient and laboratory studies showed that the 
levoglucosan concentration strongly decays in aerosol particles 
exposed to OH radicals. Here, isotopic analyses can provide 
evidence for chemical processing since this causes changes in 
the relative abundance of heavy to light isotopes due to the 
kinetic isotope effect (KIE).  

In this work, levoglucosan chemical stability was studied 
by exploring the isotopic fractionation of the reactant during 
the oxidation, in aqueous solutions and by exposing atmo-
spherically relevant particles to gas-phase OH. In both cases, 
the samples, experiencing different extent of processing, were 
isotopically analyzed by using Thermal Desorption/Liquid 
Extraction - Two Dimensional Gas Chromatography - Isotope 
Ratio Mass Spectrometry. From the dependence of levo-
glucosan δ13C and concentration on the reaction extent, the 
KIE of levoglucosan oxidation by OH in aerosol particles and 
aqueous solution was determined, showing values of 
1.00235±0.00031 and 1.00185±0.00017, respectively. Both 
show good agreement within the uncertainty range.  

The obtained laboratory kinetic data on the isotope effects 
of the levoglucosan degradation were employed to interpret 
ambient observations. Compound specific isotopic measure-
ments of levoglucosan were carried out for ambient aerosol 
sampled during biomass burning episodes at different sites in 
Guangdong province, China. Further, the origin and pathways 
of the probed air masses were determined, basing on back 
trajectories calculated with the Lagrangian particle dispersion 
model FLEXPART from ECMWF meteorological data. The 
results combining laboratory KIE studies, observed δ13C in 
field and back trajectory analyses show that the chemical loss 
of levoglucosan, typically employed as molecular tracers of 
biomass burning aerosol, can add up to 70% in air masses with 
a photochemical age of 3.2•1011 molec s cm-3.  
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The Faroe and the Azores islands in the North Atlantic are 

produced by melting of anomalously hot/wet and 
geochemically distinct mantle of the Icelandic [1] and Azores 
[2] plumes, respectively. Numerous studies have investigated 
the chemical composition of basalts from both localities to 
infer mantle source compositions and to place constraints on 
the dynamic emplacement of both oceanic plateaus. The 
emergence of the Faroe islands is related to North Atlantic 
rifting 55-56 Ma ago, whereas the Azores islands are less than 
10 Ma old, but initial volcanism may already have started  
39 Ma ago [3]. 

Melt inclusions represent mantle melts that are trapped in 
phenocrysts, which usually formed over a large range of 
pressures and temperatures during melt ascent and evolution in 
the shallow mantle and crust. Their chemical composition 
often exceeds the isotopic variability observed in their host 
lavas [4] and therefore offers insights into magmatic processes 
that are not apparent from the aggregated, erupted lavas.  

We will present new major (EMP) and trace element (LA-
ICPMS) data along with Sr isotope ratios (MC-ICPMS) from 
melt inclusions in forsteritic olivines (Fo>88) from primitive 
basalts (MgO > 8 wt.%). The major (and trace element 
compositions) from the melt inclusions are corrected for post-
entrapment modification via crystallisation and re-equilibration 
with their host crystals during cooling. This allows direct 
comparison of melt inclusion and host lava compositions. 
Strontium strongly partitions into the melt, and thus 87Sr/86Sr of 
the melt inclusions are little affected by post-entrapment 
processes and reliably reflect the isotopic composition of their 
parental melts. The involvement of the depleted and enriched 
components in both settings will be (re-) evaluated with the 
aim to further constrain mantle melting and magma mixing 
processes, as well as the extent of source heterogeneity and the 
nature of possible mantle components. 

 
[1] Holbrook et al. (2001), EPSL, 190 (3-4). [2] Saki et al. 
(2015), EPSL, 409. [3] Beier et al. (2015), GSA Special Paper, 
511. [4] Maclennan (2008), GCA, 72 (16). 
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We critically evaluate hypotheses for the timing and 
mechanisms of oil formation based on new Re-Os data for a 
confined petroleum system in the Norwegian North Sea. 

First, we separated a crude oil into maltene (MALT, 
heptane-soluble, ~95 wt% of oil) and asphaltene (ASPH, 
heptane-insoluble, ~5 wt% of oil) fractions. Re-Os contents 
and 187Os/188Os and 187Re/188Os isotopic ratios systematically 
increase from MALT to crude oil to ASPH. All samples form a 
precise Re-Os isochron with an age of ~110 Ma (late Early 
Cretaceous) and initial 187Os/188Os ratio (Osi) of ~0.52. 

Second, we leached with chloroform Lower Cretaceous 
siltstone-sandstone reservoir rocks to extract impregnated 
hydrocarbons (~1.8 wt% of rock). Leached hydrocarbons have 
higher Os and significantly higher Re contents than ASPH 
from the related crude oil, and notably different Re-Os isotopic 
ratios. All leached samples yield a precise Re-Os isochron with 
an age of ~7.3 Ma and high Osi of ~ 4.86.  

Third, calculations show that ingrowth of 187Os from the 
heaviest ASPH could increase Osi from 0.52 to 4.86 between 
~110 Ma and ~7.3 Ma, providing a possible link between the 
crude oil and the chloroform-extracted reservoir rock 
hydrocarbons. Hence, the Re-Os ages may represent the timing 
of oil formation (~110 Ma) and of subsequent oil migration 
in/out of the sandstone (~7.3 Ma). However, our regional 
studies on organic-rich shales suggest that at 110 Ma the 
presumed Upper Jurassic source rocks likely had 187Os/188Os 
substantially higher than 0.52. Therefore, the oil may have 
been produced instead by Lower Cretaceous shales. 
Alternatively, the lightest portions of the oil, produced at  
7.3 Ma from an Upper Jurassic source, contained little Re and 
Os and were therefore subject to significant contamination. 
Through a yet unknown mechanism, this moderately light oil 
may have acquired Re and Os along its migration path or 
within the reservoir rock, resulting in a Re-Os isochron that 
reflects the age and Osi of the reservoir rock, and not of the oil 
source rock. 

Future Re-Os analyses of pristine (oil-free) resevoir rocks 
may help discriminate between these hypotheses. 

 
Support provided by the Norwegian petroleum industry 

under the CHRONOS project. 
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The dynamics of chemical species in soils is usually 

altered by a range of biotic processes, especially those related 
to the activity of plant roots (e.g. uptake, exudation, 
microbiologically-mediated reactions). Several models can 
simulate the development in space (3D) and time of root 
systems for most plant species but they are very limited 
regarding reactive transport processes. Conversely, several 
comprehensive reactive transport models exist for the vadose 
zone but none of them can readily include root growth. 

This communication is aimed at presenting results of the 
coupling of the soil version of the reactive transport model 
MIN3P [1] with the root system model ArchiSimple [2]. The 
scientific and technical approaches used to perform this 
coupling will be briefly presented. Results of two example 
applications will be shown in order to illustrate the new 
capabilities. These applications will concern problems of 
pesticide and phosphate dynamics in the soil plant system. 
 
[1] Mayer et al. (2012) Reactive transport modeling in variably 
saturated media with MIN3P: Basic model formulation and 
model enhancements. In Groundwater reactive transport 
models), pp. 187-212. Bentham Science Publishers Ltd. [2] 
Pagès L. et al. (2014) Calibration and evaluation of 
ArchiSimple, a simple model of root system architecture. 
Ecological Modelling 290, 76-84. 
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The October-November 2010 eruption was the first VEI 4 
eruption of Merapi since 1872. It was the first time that a 
larger than ‘normal’ eruption at Merapi was well-monitored, 
with seismic, ground deformation and gas emission data all 
available to enhance the interpretation of petrological and 
geochemical data. Here, we present short-lived U-series 
isotope data from various lithologies erupted from Merapi in 
2010 to place constraints on the timescales of pre-eruptive 
magma ascent and degassing in an attempt to link the complex 
subsurface processes to the volcano monitoring signals 
recorded in the build-up of the eruption. The results are 
complemented by preliminary U-series isotope data from calc-
silicate xenoliths that are used to assess the timing of crustal 
assimilation at Merapi. 

Basaltic andesite scoriae from the initial explosions on 26 
October 2010 show the lowest (210Pb/226Ra)0, i.e. they represent 
the magma most degassed of 222Rn. Near-equilibrium 
(210Pb/226Ra)0 in the basaltic andesite lava dome, which 
extruded between 29 October and the peak of the eruption on 5 
November, and its conspicuous light grey basaltic andesite 
inclusions may suggest no or only recent 222Rn degassing at 
timescales < 2 years. The lava dome samples are characterised 
by (210Po/210Pb)0 << 1, indicating that Po is almost entirely 
degassed from the dome lava. By contrast, the inclusions have 
higher (210Po)0 and (210Po/ 210Pb)0 than the dome lava. 210Po-
210Pb disequilibrium in these inclusions indicates Po degassing 
on a timescale that correlates with the beginning of seismic 
unrest in early September 2010. We associate this unrest with 
the intrusion of magma at shallow depth within the volcanic 
edifice, forming a degassed and crystalline plug. This plug was 
later disrupted by the magma feeding the initial explosions on 
26 October and the subsequent, rapidly extruding lava dome. 
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Zircon is a mineral present in many igneous rocks, and it is 

known to host numerous trace elements, including U and Th. 
This is why zircon is an essential mineral for geochronology. 
Knowledge about zircon saturation in crustal melts can provide 
information about the temperatures of zircon crystallisation or 
it can help to identify inherited zircon [1]. Watson and 
Harrison [2] proposed a consistent model for peraluminous to 
metaluminous melts, which links zircon saturation with 
temperature (750°C to 1020°C) and composition. Considering 
the fact that zircon is an ubiquitous mineral and occurs not 
only in peraluminous or metaluminous but frequently also in 
peralkaline rocks, we present new experimental data on zircon 
saturation in more complex compositions (i.e. metaluminous to 
peralkaline melts) and at higher temperatures (1200°C) to 
serve as an extention of Watson and Harrison (1983) model 
[2]. 

Some preliminary saturation experiments were performed 
at 0.7GPa, 1000°C and 1200°C in a piston-cylinder apparatus. 
The quenched glasses were analyzed by electron microprobe 
with an acceleration voltage of 15 kV and a beam current of 
15nA. 

Our first results show much higher zircon saturation in 
peralkaline melts compared to more aluminous melts. 
Furthermore, our data clearly indicate that zircon saturation 
critically depends on temperature and melt composition. Zr in 
melts at zircon saturation increases with increasing NBO/T, 
which indicates that zircon saturation is strongly related to 
changing melt structure. We are currently working on an 
improved model to decribe zircon saturation in a wide range of 
melt compositions, pressures and temperatures.  

 
[1] Hanchar, J.M., Watson, E.B., 2003. Zircon saturation 
thermometry. Reviews in Mineralogy and Geochemistry 53 (1), 
89–112. [2] Watson, E.B., Harrison, T.M., 1983. Zircon 
saturation revisited: temperature and composition effects in a 
variety of crustal magma types. Earth and Planetary Science 
Letters 64, 295–304.  
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Iron µXANES spectra were adquired at the K-edge (7112 
eV), using a Si (311) monochromator, on chromite grains with 
different micro-structures (partially altered, porous, zoned and 
homogeneous). Spectra were collected in fluorescence and 
transmission mode simultaneously with a beam size of 
2x1µm2. Results show that Fe3+/(Fe3++Fe2+) ratio of 
homogeneous chromite and partly altered chromite rims is very 
homogeneous varying from 0.7 to 0.8 and from 0.3 to 0.4, 
respectively. This ratio becomes more variable in zoned 
chromite (0.3-0.8) and porous chromite (0.3-0.9). The latter 
shows heterogeneous distribution of Fe3+ and Fe2+: whereas 
Fe2+ tends to be evenly distributed in chromite grains (except 
near fracture walls) Fe3+ concentrates along fracture walls and 
highly fractured zones.. Assuming that Fe2+ and Fe3+ were 
supplied together to porous chromite by fluids circulating 
along fracture networks, these results suggest that Fe2+ diffuses 
faster than Fe3+ in spinel-type structures. A supply of Fe2+ and 
Fe3+ under increasing fluid/chromite ratios results in the 
formation of zoned and homogeneous ferrian chromite. Our 
new data provide additional constraints for the two-stage 
model of formation of ferrian chromite during metamorphism 
as suggested by [1]. In this model, the formation of ferrian 
chromite takes place once magnetite component is suplied to 
the previously formed porous chromite. In addition, our results 
further constrain the formation of homogeneous ferrian 
chromite in systems where fluid infiltration is favored by 
chromite deformation.[2] . 

 
 [1] Gervilla, Padrón-Navarta, Kerestedjian, Sergeeva, 
González-Jiménez & Fanlo (2012), Contrib. Miner. Petrol. 
164, 647-657; [2] Satsukawa, Piazolo, González-Jiménez, 
Colás, Griffin, O'Reilly, Gervilla, Fanlo & Kerestedjian 
(2015), Lithos (in press). 
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Modern crustal growth is intimately related to subduction 
and plate tectonics, however how and when this tectonic 
regime started remain controversial. Most present-day 
subduction initiation mechanisms require acting plate forces 
and/or pre-existing zones of lithospheric weakness, which are 
themselves the consequence of plate tectonics. In contrast, 
spontaneous plume-induced subduction initiation does not 
require pre-existing lithospheric fabric and is viable for both 
stagnant lid and mobile/deformable lid conditions. Here, we 
present results of 3D numerical modelling of plume-induced 
subduction and associated crustal growth resulting from 
tectono-magmatic interaction of an ascending thermal mantle 
plume with oceanic lithosphere. We demonstrate that 
weakening of the lithosphere by plume-induced magmatism is 
the key factor enabling subduction initiation at the margins of a 
crustal plateau growing above the plume head. We argue that 
frequent plume-arc interactions recorded in Archean crust 
could reflect either plume-induced self-sustained subduction or 
plume-induced episodic lithospheric drips predicted by our 
models for hotter mantle conditions. We furthermore suggest 
that such plumes set up conditions favouring global plate 
tectonics initiation in Precambrian Earth possibly resulted from 
interaction of multiple subduction zones created by several 
nearly simultaneous vigorous mantle plumes during enhanced 
mantle activity periods and peaks of juvenile crust formation. 
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The determination of the potassium radioisotope 40K is 
required in several chronological methods such as K-Ar dating, 
electron spin resonance (ESR) and optically stimulated 
luminescence (OSL). Traditionally, the determination of 40K is 
carried out by flame photometry or atomic absorption 
spectroscopy (ASS) for K-Ar, and in situ dosimeters for ESR 
and OSL. The availability of new-generation high-efficiency 
and low-background Gamma well detectors might offer an 
alternative method, non-destructive, to determine precisely 
40K. In order to explore such a possibility, five certified 
Geostandards  (feldspar, trachyte, biotite, glass and glauconite) 
from CRPG Nancy, France were used to calibrate the energy 
and efficiency of the Gamma well detector at GEOTOP, 
Montreal. Following the calibration, aliquots of 20 samples 
that have been previously analyzed for their K content by AAS 
in the K-Ar laboratory of the University of Paris-Sud were 
analyzed for the activity of 40K by gamma spectroscopy. The 
results show a good agreement between the two methods in 
both their accuracy and precision. The major advantage of the 
Gamma Spectroscopy is the non-destructive nature of the 
analysis; the same sample aliquot can be used to perform 40Ar 
measurement and therefore avoid uncertainties related to 
sample heterogeneity in K-Ar dating. Another key advantage is 
the rapidity of the measurements; depending on the K2O 
content of the samples, counting time lasts only a few hours, 
avoiding long and tedious chemical treatment. 
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The Qazan intrusion is a part of the Urumieh-Dokhtar 
magmatic belt. This pluton with probably Oligo-Miocene age, 
occurred due to intensive volcanic activity during the Alpine 
orogenic which is composed of granodiorite to tonalite rocks. 
The pluton is mainly composed of felsic minerals, such as 
quartz, plagioclase and alkali feldspar. Ferromagnesian 
minerals are biotite, amphibole and clinopyroxene. Dioritic 
enclaves are common in the pluton which vary extensively in 
diameters. Mineral chemistry of the pyroxenes from the diorite 
enclaves indicate augite - diopside composition that locally 
have undergone oralitic alteration. Chemical composition of 
the clinopyroxenes confirmed a subduction geological setting, 
the pressure of 7-14 kbars and the temperature of  
1150-1200 °C as well as the presence of high percent water 
content in the magma. High oxygen fugacity and water content 
increment during magmatic evolution could represent that the 
clinopyroxenes were crystallized during magma ascent and 
within different pressures. 

 
[Source] Xiong, F., Chang-Qian, M.,  Zhang J.,  Liu, B. (2012) 
The origin of mafic microgranular enclaves and their host 
granodiorites from East Kunlun, Northern Qinghai-Tibet 
Plateau: implications for magma mixing during subduction of 
Paleo-Tethyan lithosphere. Mineralogy and Petrology Volume 
104, Issue 3-4:  211-224. 
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The Qazan Igneous Complex is located 140 kilometers 

north-west of Isfahan city. This area is located within the 
Urumieh-Dokhtar magmatic arc. The composition of the 
intrusion ranges from gabbro to granodiorite. The whole-rock 
data show these rocks to be subalkaline, calc-alkaline and 
metaluminous to slightly peraluminous. The rocks are 
characterized by enrichment of lithophile elements (LILEs) 
and depletion of high field strength elements (HFSEs). The 
Qazan rocks have weak concave-upward rare earth element 
(REE) patterns, suggesting that amphibole played a significant 
role in their generation during magma segregation. Relative 
depletion in Al and enrichment in Ca vs. Fe+Mg+Ti, and the 
patterns of trace and rare earth elements suggest that these 
rocks formed along a destructive plate margin and were 
derived from a lower crustal source. The magma probably 
formed by partial melting of amphibolites. Mixing of such 
mantle derived mafic melts with the lower crust derived melts 
could have formed the diorite magma.  

 
[Source] Parlak O (2006) Geodynamic significance of 
granitoid magmatism in the southeast Anatolian orogen: 
Geochemical and geochronogical evidence from Göksun-
Afs¸in (Kahramanmaras¸ Turkey) region. International 
Journal of Earth Sciences 95: 609–627. 
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Assessment of heavy metal pollutants: Ni, Cr, V, As, Cu, 
Pb, Cd, Zn and Mo was conducted soils of Kamoo area, north 
of Isfahan, Iran, using enrichment factor ratios (EF), 
contamination factor (CF), pollution load index (PLI) and 
geoaccumulation index (Igeo) methods. Ninthy soil samples 
were collected during the dry season from Kamoo areas to 
determine the spatial distribution and possible sources of heavy 
metals at Kamoo, Isfahan, Iran. A total of 45 surface soil 
samples were collected and the concentrations of heavy metals, 
such as Ni, Cr, V, As, Cu, Pb, Cd, Zn and Mo, were analyzed. 
The spatial distribution characteristics of these metals were 
demonstrated by environmental geochemical mapping. The 
mean concentrations of Ni, Cr, V and As are close to the 
background values. Enrichment factors show that the soil 
concentrations of Cu, Pb, Cd, Zn and Mo were higher than the 
background values, especially Cu. Multivariate geostatistical 
analysis suggests suggest origins of pollution sources are 
lithogenic occurrences.  
 
[Source] Cevik, F. Goksu, M. Derici, O. Findik, O. (2009) An 
assessment of metals pollution in surface sediments of Seykan 
dam by using enrichment actor, Geoaccumulation index and 
statistical analysis. Environmental Monitoring Assessment, 
152, 309-317. 
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In the Banat area, the contact metamorphism is related to 
various shallow level magmatic intrusions of Upper 
Cretaceous age, that lead in the Ciclova – Oraviţa zone to the 
formation of some particular, high-temperature calc-skarns 
deposits. Gehlenite-bearing skarns occur at the very contact 
between dioritic or monzodioritic bodies and carbonaceous 
sequences of Mesozoic.  

From geochemical point of view the mineral reactions, 
leading mainly to the formation of carbonate and silicate 
minerals, can be restricted to the CaO – SiO2 – H2O – Al2O3 – 
CO2 system, in which calcite was the principal reactant. Rare 
mineral parageneses, that form only at extreme temperatures of 
contact metamorphism, includes gehlenite, monticellite, 
perovskite, hydroxylellestadite, Ca-Tschermak diopside, 
wollastonite-2M, (Ti-bearing) grossular-andradite. The 
peculiarity of this skarn deposit is that magnesian (åkermanite-
bearing) and no calcic skarns appear durring the magmatic 
(prograde) stage, due to high magma temperatures (more than 
800oC) and at very shallow depths of formation (hundred of 
meters). This is due to the calcium equilibrium with the calc-
alkaline magma in a very wide range of CO2 fugacity at 
temperatures, typical minerals of the peak metamorphic 
assemblage beeing wollastonite, åkermanite-rich melilite, Ti-
rich calcic garnet, pyrrhotite, whereas the subsequent 
paragenesis (stage II) is due to local decreases in fluid pressure 
and includes gehlenite, Ti-poor calcic garnet, monticellite, Al-
rich diopside, magnetite, perovskite, and probably a Ca-Si 
mineral (kilchoanite?). It seems that the disparities that arise 
regarding to the characteristics of the formation, structure and 
mineralogy of the skarns developed at the very contact 
between this intrusive body and a calcareous sequence, results 
mainly due to variations in the availability of aluminum, 
silicon, iron, alkalis and CO2 at various stages of the 
skarnification process. An early hydrothermal stage (stage III) 
produced retrogression of the first two stages and a paragenesis 
including vesuvianite, clintonite, fukalite, katoite, 
hydroxylellestadite. 

The wide development of the vesuvianitic skarns compared 
to the gehlenitic skarns, is another particularity of this skarn 
area. 

1034

mailto:cristina.ghinet@igr.ro


 Goldschmidt2015 Abstracts  

 1035 

Geochemistry of ophiolitic 
metagabbros and younger granites 
around Wadi Arais, south eastern 

desert, Egypt 
M. F. GHONEIM1, E. M. LEBDA2 AND M. Z. KHEDR2 

1Geology department, Faculty of Science, Tanta University. 
2Department of Biological and Geological Science, Faculty of 

Education, Tanta University at Kafr El-Sheikh. 
 

The ophiolitic metagabbros (78.8 Km2) are associated with 
ultramafic masses and geochemical studies revealed that, the 
studied metagabbros are derived mainly from tholeiitic with 
minor calc-alkaline magma. The mixed TH and CA magma 
series of the present rocks are similar to that developed in 
restricted back-arc marginal basin and similar to the ophiolitic 
class-I. The studied metagabbros belong to low Ti-ophiolite 
and fall mainly within oceanic gabbor field. The studied 
metagabbros are transitional between ocean floor and island 
arc and exhibit a back-arc marginal basin setting. These results 
confirm with the ophiolitic metagabbros of Eastern Desert, 
which exhibit a back-arc marginal basin setting. Spider 
diagrams of the studied metagabbros are enriched in both 
HFSE and LILE. Relative enrichment of Sr and Ba are 
pertaining to plagioclase, biotite and amphibole accumulation. 
In contrary, depletion of Ni and Cr suggest significant olivine 
and pyroxene fractionation.  

The granitoid rocks in the present area (117 Km2) possess 
field and compositional characteristics that justify considering 
them as Y.G. Petrochemical composition of the studied 
granites (IGUS) shows that, Arais granite falls mainly within 
alkali-feldspar granite, whereas Abu Bayt and Al-Hindusi 
granites have monzogranite to subordinate syenogranite 
composition. Arais granite is similar to GII granite of 
Greenberg (1981), while Al-Hindusi and Abu-Bayt granite are 
similar to GIII (e.s: Fawakhier granite). The present granitic 
rocks are mainly peraluminous with slightly metaluminous 
compositions (Arais granite), originated from magma of 
alkaline to calc-alkaline affinity and of A-type. The studied 
Y.G formed favor formation under extensional probably post-
orogenic granite setting and also similar to A2 group of Eby 
(1992). The present granites have crystallization temperatures 
ranging from 650 C° to 685 C° at PH2O = 5 Kb. and have been 
emplaced at depths from 20-30 Km. The studied Y.G show 
enriched LREE, depleted HREE and large negative Eu, Cr and 
Ni anomalies. The geochemical modelling of the examined 
rocks by using REE fractional crystallization model based on 
the lower crust parent magma of Taylor and Mclennan (1985). 
This model of monzogranite fractionation based on alternative 
genesis between partial melting and fractional crystallization 
process. It deduced monzogranitic melt is derived through 20% 
partial melting of lower crust followed by 60-80% fractional 
crystallization. Meanwhile, petrogenesis of Arais alkali-
feldspar granite is derived through 55-75% fractional 
crystallization of monzogranitic parent melt. 
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A global concern because of its potential for long range 

transport and toxicity, atmospheric mercury is loosely defined 
as gaseous elemental mercury (GEM), reactive gaseous Hg2+ 
mercury species (RGM) and particulate mercury (Hgp) with the 
chemical speciation of RGM long recognized as unknown. But 
what chemical species does RGM actually consist of? 

Typically, RGM is collected on a KCl denuder, 
decomposed to GEM for cold vapor atomic fluorescence 
spectroscopy analysis whereby chemical speciation is lost. 
Direct chemical speciation is possible using mass 
spectrometry. In a novel technique, RGM species are trapped 
on packed sorbent traps before thermal desorption into an 
APCI-MS for detection. Urban air in Montreal sampled 
suggest the detection of HgBr2 and HgCl2 using mercury mass 
spectrometry. [1] 

Using a variety of techniques, in addition to mercury mass 
spectrometry, including condensation particle counters, 
electron microscopy, nanoparticle tracking analysis and cold 
vapour atomic fluorescence spectroscopy, the speciation and 
phase of mercury species can be explored. 
 
[1] Deeds, Ghoshdastidar, Raofie, Guerette, Tessier and Ariya 
(2015) Journal of Analytical Chemistry Just Accepted 
Manuscript DOI: 10.1021/ac504545w 
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The recent activity of Mount Etna can be explained 
envisaging that eruptions are triggered by magma mixing or by 
decompression of shallow (6-4 km b.s.l.) magma batches. In 
such a type of feeding system, characterized by the absence of 
a persistent magma chamber, mixing occurs between magmas 
with very similar geochemical features but that underwent to 
different fractionation histories, constrained by the intensive 
physical parameters of the magmatic system. 

In this contribution, we face up different aspects of the 
crystallization history of Etnean magmas from the mantle 
source to the surface, focusing on textural and compositional 
variations of clinopyroxene and plagioclase as a tool to record 
changes in the physical and chemical parameters of the 
magmatic system. 

We estimated the T, P, fO2 and H2O content of Etnean 
magmas using several crystal-melt partitioning equations. 
These data were used to reconstruct the primitive features of 
mantle equilibrated magmas and the stability field of 
clinopyroxene and plagioclase. Both textural and 
compositional features of plagioclase and clinopyroxene were 
then used as archive of chemo-physical changes in the Etnean 
plumbing system for interpreting a variety of magmatic 
processes such as magma mixing, input or loss of volatiles, 
polybaric crystallization and the ascent rate of magma.  
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Biohydrometallurgy is nowadays an accepted technique, 

which is mainly applied in heap leaching of copper ores [1], 
but also in recovery of cobalt [2] or even in gold [3] 
exploitation. However, there are still several possibilities for 
improvement. Especially sufficient leaching of chalcopyrite, a 
quite important Cu-mineral, is quite hard to achieve. It already 
has been shown, that the addition of some detergents like 
chloride or silver can enhance the Cu-liberation from 
chalcopyrite [4] [5]. Unfortunately these elements are quite 
toxic for the used microorganisms [6]. Consequently it is 
necessary to find the maximum concentration where no 
inhibition occurs.  

Since the capacity of iron-oxidation plays the key role in 
bio leaching the iron-oxidation rate can be taken into account 
as a possible indicator for toxicity. Unfortunately sampling as 
well as  iron measurements are quite time consuming, therefore 
we propose to use the respirometric measurement inside the 
OxiTop© system. Given that 1 mol O2 is used by the oxidation 
of 4 mol Fe2+ it is possible to observe the iron-oxidation in a 
sealed batch indirectly by a pressure decrease. Due to 
automated recording of the pressure values, it is not necessary 
to take care for the samples for several days. 

Acidithiobacillus ferrooxidans DSM14882 was grown in 
300 mL DSMZ medium no. 882 (2.5 mmol Fe2+), remaining 
200 mL air. After a significant pressure decrease, all batches 
were opened and up to 1% (w/v) NaCl was added. Afterwards 
all batches were closed air-tight again. The same test was 
repeated with two mixed cultures from the Mine “Reiche 
Zeche” (Freiberg, Saxony, Germany). 

With this procedure we were able to observe a change in 
the iron-oxidation rate as well as in the amount of oxidised 
iron with increasing NaCl concentration. With this system it 
was, as proposed, quite easy to determine toxic concentrations 
of possible detergents. Furthermore it will be possible to apply 
this procedure to other aerobicly growing autotrophs. 

 
[1] Pradhan et al. (2008) Miner. Eng. 21, 355–365. [2] Brochot 
et al. (2004) Miner. Eng. 17, 253-260. [3] Brierly & Brierly 
(2013) Appl. Microbiol. Biot. 97, 7543-7552. [4] Yoo et al. 
(2010) Miner. Eng. 23, 471–477.[5] Córdoba et al. 
Hydrometallurgy 93, 97–105. [6] Zammit et al. (2012) Appl. 
Microbiol. Biot. 93:319–329. 
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At Les Pradals, Commune de Mons, Département Hérault 

(France) lightning struck a coarse-grained granitic rock 
consisting of quartz, potassium feldspar, albite, muscovite, and 
bluish tourmaline (schorl), as well as accessory Mn-rich 
almandine garnet, apatite, and zircon. The granite surface is 
covered by black, vitreous surface coatings, which exhibit a 
thickness of only a few tens of micrometers and are 
characteristic of a rock fulgurite, i.e. a lightning-derived glass. 
The fulgurite layer is highly vesicular and consists of an 
optically isotropic matrix, in which many small (< 1 µm to 
several µm across) non-isotropic mineral inclusions are 
embedded. The matrix also contains black, carbonaceous 
particles, which cause the observed opacity. 

Using transmission electron microscopy we show that 
planar deformation lamellae occur within quartz in the 
substrate of this rock fulgurite. The lamellae exist only in a 
narrow zone adjacent to the quartz/fulgurite boundary and are 
comparable to planar deformation features (“shock lamellae”) 
caused by hypervelocity impacts of extra-terrestrial objects. 
The lamellae are oriented parallel to one of the prism faces and 
also to the composition plane of Dauphiné twins. 

Our observations strongly suggest that the lamellae 
described here have been formed as a result of the fulgurite-
producing lightning strike. This event must have generated a 
transient pressure pulse, whose magnitude, however, is 
uncertain at this stage. 
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Hydrocarbons are ubiquitous components occurring in a 

wide range of environments on Earth. Distinguishing 
hydrocarbons origin and mechanism of formation has wide 
implications for understanding Earth geochemistry [1] and for 
tracing biogenic and non-biogenic organic matter for 
extraterrestrial exploration [2]. Despite tremendous efforts 
using chemical and isotopic analyses (13C, 2H), a clear 
distinction is often made difficult due to overlap of signatures 
for different origins. Clearly therefore, new proxies must be 
explored in order to refine this information.  Position-specific 
isotopic composition provide unique information regarding the 
sources, sinks and processes related to natural molecules [3] 
[4]. 

Here we evaluate a system consisting of on-line pyrolysis 
coupled with GC-C-IRMS [5] for the determination of the 
position-specific 13C isotopic composition of short-chain 
hydrocarbons (propane, butane). This system enables the 
breakdown of hydrocarbons and subsequent analysis of the 
fragments formed from which the original intramolecular 
isotopic composition can be calculated. Preliminary results 
show different position-specific isotope composition 
depending on the source of the hydrocarbons. 
 
[1] Sephton & Hazen, 2013, Rev. Mineral. Geochem. 75, 449 
[2] Telling et al., 2013, Astrobiology, 13, 483 [3] Gilbert et al., 
2012, P.N.A.S. 109, 18204 [4] Gilbert et al., 2013, Organic 
Geochemistry, 62, 56 [5] Corso & Brenna, 1997 P.N.A.S. 94, 
1049 
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Nacre, the iridescent inner lining of many mollusk shells, 
is widely studied due to its formidable fracture toughness. 
Nacre is iridescent because its structure alternates thin organic 
sheets and ~0.5µm-thick aragonite crystalline tablet layers. 
Mechanisms of nacre biomineralization have been 
documented: organic sheets form first [1] and these underpin 
aragonite polymorph selection [2-4]; each nacre tablet starts 
growing from a single Nudelman site [5]; tablets form a 
Voronoi construction [6], with near-epitaxial crystal growth [7-
9] through Checa bridges [9] [10]; and c-axes gradually order 
away from the nacre-prismatic boundary [9] [11]. What 
factors, biological or physical, determine nacre layer thickness 
(LT), however, remains unknown. Here we provide evidence 
that LT may depend on environmental temperature (T). We 
observe strong correlation of T and LT, measured with 
clumped isotopes [12] and Polarization-dependent Imaging 
Contrast (PIC)-mapping [13], respectively, in Pinna shells 
from the Cretaceous, Eocene, Miocene, and modern. 
 
[1] G Bevelander et al., Calc Tiss Res 3, (1969). [2] AM 
Belcher et al., Nature  381, (1996). [3] G Falini et al., Science  
271, (1996). [4] RA Metzler et al., J Am Chem Soc  132, 
(2010). [5] F Nudelman et al., J Struct Biol  153, (2006). [6] M 
Rousseau et al., J Struct Biol  149, (2005). [7] TE Schäffer et 
al., Chem Mater  9, (1997). [8] IC Olson et al., J Am Chem Soc  
134, (2012). [9] IC Olson et al., J Struct Biol  184, (2013). [10] 
AG Checa et al., J Struct Biol  176, (2011). [11] PUPA Gilbert 
et al., J Am Chem Soc  130, 17519, (2008). [12] JM Eiler, 
Earth Plan Sci Lett  262, (2007). [13] PUPA Gilbert et al., 
Proc Natl Acad Sci USA 108, (2011). 
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CO2 capture and subsequent geological storage of CO2 is 

an industrially proven means of abating anthropogenic CO2 
emissions from point sources. For the technology to be 
universally deployed it is essential that a robust, reliable and 
inexpensive means to trace the migration and fate of the CO2 
injected into the subsurface exists [1]. Monitoring during 
injection will increase confidence that the site characteristics 
were correctly determined and met.  

The noble gases (He, Ne, Ar, Kr and Xe) are present in 
trace quantities in natural and engineered CO2 streams. There 
are three distinct sources of noble gases in subsurface fluids 
(namely crust, mantle and atmosphere) which are isotopically 
distinct. Further, they are inert and are not affected by 
chemical reactions in the reservoir. Consequently the noble 
gases are extremely powerful tracers of both the CO2 source, 
and when combined with carbon stable isotopes, the 
subsurface processes that control the fate of CO2. 

We will present a summary of noble gases and stable 
carbon isotope tracing techniques in CO2 storage. This will 
include a comparison of recently obtained noble gas and C 
isotope data from the Cranfield CO2-EOR reservoir (MS, 
USA) with previous work undertaken on global natural CO2 
reservoirs [2] [3]. Our results illustrate that good progress has 
been made in using noble gases to determine both the short-
term and long-term fate of CO2 in the subsurface and in the 
determination of the extent of interaction with the formation 
water that the injected CO2 has undergone. 

Given the breadth of the applications of noble gases in CO2 
storage and monitoring it is imperative that the progress made 
in this field is continued. Hence, future pilot and early 
industrial scale CO2 injection studies should continue to 
investigate the behaviour of noble gases in the subsurface to 
further develop noble gas monitoring for future deployment. 

 
[1] Scott et al. (2013), Nature Climate Change, 3, p105-

111 DOI:10.1038/nclimate1695 [2] Gilfillan et al., (2008) 
GCA 72, p.1174-1198. DOI:10.1016/j.gca.2007.10.009 [3] 
Gilfillan et al., (2009) Nature, 458, p.614-618. 
DOI:10.1038/nature07852 
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For decades, the Ediacaran-Cambrian radiation of animals 
has been linked to Neoproterozoic growth in biospheric 
oxygen. However, given the low levels of O2 (<1% PAL) 
required to support simple/primitive animal life, it has been 
argued that increasing pO2 is more relevant to the evolution of 
carnivores and other highly motile animals than it is to the 
origin of animals per se (1). By contrast, recent analysis of 
chromium (Cr) isotopic fractionation in Mesoproterozoic and 
Neoproterozoic rocks has provided support for the hypothesis 
that even the earliest stages of animal evolution may have been 
constrained by oxygen availability (2). Here we present new 
Cr-isotope data from a suite of well-preserved marine 
carbonates that demonstrate active terrestrial weathering of Cr 
in the late Mesoproterozoic (~1.1 Ga), as well as potential 
modification of local Cr-isotope signals by marine redox 
cycling. Our sample set includes carbonates from the 
Turukhansk Uplift succession (Siberia), the El Mreiti Group 
(Mauritania), the Vazante Group (Brazil), and the Society 
Cliffs Formation (Canada), providing a global perspective on 
Cr-cycling in the late Mesoproterozoic. Our results suggest 
that levels of oxygen sufficient to support early animals were 
attained long before metazoans actually diverged, but also that 
the transition from transient, regional oxygen enrichment to 
permanent and global state change may be a Neoproterozoic 
phenomenon.     
 
[1] E.A. Sperling et al. (2013) Proceedings of the National 
Academy of Sciences, USA 110, 13446-13451. [2] N.J. 
Planavsky et al. (2014) Science 346, 635-638.   
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Atmospheric particle phase, viscosity, and mixing state are 

inherently intertwined with one another. How particles change 
and evolve, particularly as a function of relative humidity, is 
crucial for evaluating the lifecyle of atmospheric aerosols. One 
method to obtain insight into particle phase/viscosity uses 
scanning transmission x-ray microscopy/near edge x-ray 
absorption structure spectroscopy (STXM/NEXAFS) to 
measure the total carbon absorption of individual collected 
particles as a function of particle size. A comparison of field 
samples with laboratory generated alpha-pinene and limonene 
secondary organic aerosols (SOA) shows that these laboratory 
SOAs are less viscous than field samples. A second method to 
examine particle viscosity is tilt-angle scanning electron 
microsopy imaging. This method has recently been used to 
verify semi-solid particles from the Southern Great Plains site.  

The third method, and the primary focus of this 
presentation employs a creative approach with quartz crystal 
microbalance techniques to examine particle phase and 
viscosity during water vapor uptake. First, these experiments 
provide direct measurments on the mass based water vapor 
uptake. By additionally quantifying the coupling of these 
aerosols to the substrate and changes in the coupling as a 
function of relative humidity, may allow determination of 
particle viscosity as a function of relative humidity. Here, we 
present the general method and characterization using salts, 
sugars, and laboratory generated SOA to illustrate the potential 
utility of this technique. 
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The I-Xe system is based on the decay of 129I to 129Xe with 

a half life of 16 Myr [1] [2].  While both elements are volatile 
and so depleted in the solid phasein the early solar system, 
xenon is substantially less readily incorporated into minerals, 
so the high I/Xe ratios required for chronological 
measurements pertain even in what appear to be high 
temperature samples.  The I-Xe system has been calibrated 
against the (uncorrected) Pb-Pb system via the correlation in 
apparent ages observed across a range of samples [3]. 

Constraints on the timescales for accretion may be (i) 
gained from the earliest ages of individual clasts and 
chondrules extracted from primitive meteorites or (ii) inferred 
from the earliest ages of achondritic samples.  The I-Xe age for 
Ibitira is consistent with the Pb-Pb age [4].  The earliest I-Xe 
ages of clasts and chondrules from chondrites corresponed to 
4567 Myr [5] [6].  In the case of chondrules it is debatable 
whether this represents chondrule formation or parent body 
(re)setting of the system.  However, individual clasts of either 
igneous or shock origin appear to require the prior existence of 
planetesimas for their production. 

The range of I-Xe ages observed in chondrules from the 
most primitive meteorites has long been considered to be 
inconsistent with their exclusively recording chondrule 
formation.  In the absence of other plausible processes, it 
seems likely that processes related to impact events were 
responsible for setting or resetting the clock.  It is apparent that 
chondrules that are now adjacent were reset in distinct events 
separated by millions of years before assembly into the rock in 
which they now reside.  It is thus possibe that that they provide 
an insight into the decline of the impact rate as the solar system 
debris disk dissipated.  A simple model based on the most 
extensive available dataset (that of the meteorite Chainpur [5] 
[7]) indicates that the collision rate in the asteroid belt declined 
as t-1.7 over the first ~60 Myr of solar system evolution. 
 
[1] Jeffrey and Reynolds (1961) J. Geophys. Res. 66 3582.  [2] 
Gilmour et al. (2006) Meteorit. Planet. Sci. 41 19. [3] Gilmour 
et al. (2009) Meteorit. Planet. Sci. 44, 573.  [4] Iizuka et al. 
(2014) Geochim. Cosmochim. Acta 132, 259. [5] Swindle et al. 
(1991) Geochim. Cosmochim. Acta 55, 861. [6] Gilmour et al;. 
(2000) Meteorit. Planet. Sci. 35, 445.  [7] Holland et al. (2005) 
Geochim. Cosmochim. Acta 69, 189. 
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Manganese oxides (e.g., MnO2) are among the strongest, 
naturally occurring oxidants and can oxidize hazardous organic 
compounds containing amine or phenolic groups to potentially 
less hazardous species. In addition to occurring naturally, 
manganese oxide minerals are created during treatment of 
drinking water that relies on chemical oxidation and filtration 
to remove reduced transition metals (e.g., Fe(II) and/or Mn(II)) 
prior to introduction into the water distribution system. 
Although oxidative transformation pathways of a variety of 
organic contaminants by Mn oxides are relatively well 
understood, little is known about how the mineral surface 
evolves during organic contaminant oxidation. Oxidation of 
inorganic contaminants (e.g., As(III), Cr(III)) results in 
accumulation of both oxidized inorganic contaminants (e.g., 
As(V) or Cr(VI)) and reduced Mn (e.g., Mn(II) and Mn(III)) at 
the mineral surface. Accumulation of these reaction products 
results in decreased inorganic contaminant oxidation rates. 
Similarily, the organic contaminant oxidation rate decreases as 
reaction byproducts accumulate. For example, the rate of 
bisphenol A (BPA) oxidation by δ-MnO2  decreases as Mn(III) 
accumulates on the mineral surface, resulting in a decrease in 
the average oxidation state of the Mn mineral. Interstingly, the 
oxidation rate continues to decrease despite stabilization of the 
mineral’s Mn(III) content, although Mn(II) accumulation is not 
observed. This points to an, as yet, unidentified reaction 
intermediate that limits BPA oxidation. This work seeks to 
identify mechanisms limiting oxidation of phenols by pure, 
lab-synthesized Mn oxides as well as mixed Fe/Mn oxides 
recovered from a Mn removal system utilized for drinking 
water treatment. Identification of rate-limiting steps in organic 
contaminant oxidation by Mn oxides is critical to predicting 
their mobility and longevity in environmental systems. It may 
also allow the reuse of Mn-bearing solids that would otherwise 
be discarded.  
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Receptor models are increasingly being used to explain 

atmospheric environment results and evaluate the common 
characteristics of a particular region. The aim of this study was 
to investigate the chemical composition of fine aerosol (PM2.5) 
as a function of its spatial distribution in Rio de Janeiro, Brazil, 
by PCA followed by a Multiple Linear Regression Analysis 
(PCA-MLRA). The data set comprehended from 6 sites with 
sources and socioeconomically activities distinct, such as: 
traffic, marine aerosol, industrial and soil. The parameters 
adopted were PM2.5, associated with organic and inorganic 
chemical species and meteorological conditions. Inorganic 
characterization was performed by ICP OES to determine 
metals (Al, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Ti, V, 
and Zn). Organic characterizations were done by GC/FID/MS 
to determine aromatic (46 PAHs) and aliphatic hydrocarbons 
(C12-C40). Besides that, the total water-soluble organic 
compounds (WSOC) were determined by TOC analyzer. 
Additionally, local meteorological information (relative 
humidity, temperature, wind speed, radiation intensity, 
atmospheric pressure and rainfall of the last 48 hours) was also 
used for a better explanation of the results of the models. The 
concentrations of PM2.5 ranged from 1 to 59 µg m−3, WSOC 
and metals from less than 1 to 43 µg m−3. Hydrocarbon 
concentration was found from 0.25 to 19.3 ng m−3. PAH’s 
usually not quantified in environmental, especially the mass 
278 and 276, showed a greater ability to discriminate and 
separate the samples geographically in relation to the origin of 
the contamination. In Rio de Janeiro Metropolitan area 
precipitation is the most important meteorological 
phenomenon affecting particulate matter and hydrocarbon 
concentrations. More details about the model and its 
applications and sources are presented in the meeting.  
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The Philae Lander of ESA’s Rosetta Mission landed 
succcessfully on, but immediately rebounded from, the nucleus 
of comet 67P/Churyumov–Gerasimenko. Thereafter the 
COmetary SAmpling and Composition Experiment (COSAC), 
a pyrolysis Gas Chromatograph–Mass Spectrometer, on board 
Philae made, while in resumed flight, unique mass spectral 
measurements of the organic species thrown upward due to the 
lander’s impact. We here will discuss the several organic 
species identified in these COSAC data [1]. Further we will 
extrapolate the identifications to develop a perspective of a 
conjectural complex organic chemistry occuring on the 
nucleus. The extrapolation will attempt to fill the void between 
the unprecedented COSAC identifications and historical 
macromolecular chemistry models of the nucleus [2]. Our 
endeavour is: to rationalize the physio-chemical processes that 
lead to the synthesis of non-volatile macromolecular organic 
material on the nuclear surface; to assess their background in 
historical literature [3], and to elucidate how the species 
detected by COSAC are minor constructs of this complex 
material. 

 
[1] Goesmann et al (2015), Science (under review) [2] 
Jessberger et al (1988), Nature 332, 691-695; Lawler & 
Brownlee (1992), Nature 359, 810-812. [3] Ehrenfreund et al 
(2004), Comets II, 115-133. 
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The chemical composition of minor and trace elements 

within calcareous organisms is generally considered to be 
related to the ratio of an element to Ca in seawater.  However, 
with some exceptions, these relationships have not been 
constrained.  In the experiments described here we have grown 
the scleractinian coral, Pocillopora damicornis, for a period of 
nine weeks.  In these experiments, the concentrations of Ca2+ 
and Mg2+ were increased separately (Ca = +2.5 and +5 mmol 
and Mg = + 4 and +8 mmol above normal) and in combination.  
In one experiment the concentration of Sr was increased by  
90 µmol. While the corals showed robust growth in all 
treatments, the highest rates were observed in the experiments 
in which Mg2+ had been added. Interestingly there were no 
differences in growth rates between the control and the 
elevated Ca2+ experiments. The Sr concentration of the 
skeletons behaved as expected with respect to Ca and identical 
results were found compared to previous work [1].  Raising the 
Mg/Ca ratio of the seawater appeared to affect the Sr 
distribution coefficient, as suggested previously.  Elements 
such as S, P, and B increase were inversely correlated to the 
elemental ratio relative to Ca, so that the concentration of these 
elements increased as the Ca concentration increased. This 
behaviour may be related to the fact that these elements are 
present in seawater as anion complexes and may be partitioned 
relative to carbonate rather than calcium. Additional 
experiments are currently being conducted to decrease Mg2+ 
concentrations and to increase Ca2+ concentrations to match the 
seawater composition of ancient oceans.   
 
[1] Swart, P.K. (1981) Palaegeography, Palaeoclimatology, 
Palaeoecology, 34, 115-136.  

1049



 Goldschmidt2015 Abstracts  

 1050 

Environmental pressure from the 
2014–15 eruption of Bárðarbunga 

volcano, Iceland 
S. R. GÍSLASON1*, G. STEFÁNSDÓTTIR2, M. A. PFEFFER2, 

S. BARSOTTI2, TH. JÓHANNSSON3, I. GALECZKA1,  
E. BALI1, O. SIGMARSSON14, A. STEFÁNSSON1,  

N. S. KELLER1, Á. SIGURDSSON2, B. BERGSSON25,  
B. GALLE6, V. C. JACOBO6, S. ARELLANO6, A. AIUPPA5, 

E. S. EIRÍKSDÓTTIR1, S. JAKOBSSON1,  
G. H. GUÐFINNSSON1, S. A. HALLDÓRSSON1,  

H. GUNNARSSON1, B. HADDADI4, I. JÓNSDÓTTIR1,  
TH. THORDARSON1, M. RIISHUUS1, TH. HÖGNADÓTTIR1, 
T. DÜRIG1, G. B. M. PEDERSEN1, Á. HÖSKULDSSON1 AND 

M. T. GUDMUNDSSON1 
1Nordvulk, Institute of Earth Sciences, University of Iceland, 

Sturlugata 7, 101 Reykjavík, Iceland *sigrg@hi.is, 
img3@hi.is, eniko@hi.is, olgeir@hi.is, mtg@hi.is 

2Icelandic Meteorological Office, Bústaðavegi 7-9, 108 
Reykjavík, Iceland gerdur@vedur.is, melissa@vedur.is, 
sara@vedur.is  

3Environment Agency of Iceland, Suðurlandsbraut 24, 108 
Reykjavík, Iceland thorsteinnj@umhverfisstofnun.is 

4Laboratoire Magmas et Volcans, Observatoire de Physique du 
Globe de Clermont-Ferrand, CNRS—Universite´ Blaise 
Pascal—IRD, 5 rue Kessler, 63038 Clermont-Ferrand 
Cedex, France  

5Università di Palermo, 90123 Palermo, Italy 
alessandro.aiuppa@unipa.it 

6Chalmers University of Technology, Department of Earth and 
Space Sciences, Hörsalsvägen 11, 412 96 Gothenburg, 
Sweden bo.galle@chalmers.se 

 
The effusive Bárðarbunga eruption that began on 31 

August 2014 is the largest in Iceland for more than 200 years, 
producing 1.5 km3 of lava by January 21 during the first 144 
days.  The SO2 emission during this time was 8.7‒11.0 Mt, 
twice the amount emitted from the EU in 2011. Ground level 
concentration of SO2 exceeded the hourly average health limit 
over much of Iceland for days to weeks. Anomalously high 
SO2 concentrations were measured at several locations in 
Europe in September. The lowest pH of fresh snow‒melt at the 
eruption site was 3.3 and 3.2 in precipitation far away from the 
source. Elevated dissolved H2SO4, HCl, HF, and metal 
concentrations were measured in snow and precipitation. 
Environmental pressures from the eruption and impacts on 
populated areas were minimised by its remoteness, timing, and 
climate. The anticipated primary environmental pressure is on 
surface waters, soils, and vegetation of Iceland. 
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Kimberlite magmas are of economic and scientific 
importance because they represent the major host to diamonds 
and are probably the deepest derived magmas from continental 
regions. In addition, kimberlite magmas transport abundant 
mantle and lower crustal xenoliths, thus providing fundamental 
information on the composition of the sub-continental 
lithosphere. Despite their importance, the composition and 
ascent mechanism(s) of kimberlite melts remain poorly 
constrained. Phlogopite is one of the few minerals that 
preserves a history of fluid migration and magmatism in the 
mantle and crust and is therefore an invaluable petrogenetic 
indicator for kimberlites. Here we present major and trace 
element compositional data for phlogopite from the 
Bultfontein kimberlite (Kimberley, South Africa, i.e. the 
kimberlite type-locality) and from entrained mantle xenoliths. 
Phlogopite macrocrysts (>0.5 mm) in the Bultfontein 
kimberlite display concentric compositional zoning patterns. 
The rims of some grains exhibit compositions analogous to 
kimberlite groundmass phlogopite (i.e., high Ti-Al-Ba; low-
Cr), whereas other rims and intermediate zones (between cores 
and rims) exhibit higher Cr and lower Al-Ba concentrations. 
The latter compositions are indistinguishable from matrix 
phlogopite in polymict breccia xenoliths (considered to 
represent failed kimberlite intrusions) and from overgrowth 
rims on phlogopite in other mantle xenoliths. Consequently, it 
is suggested that these phlogopite grains crystallized from 
kimberlite melts and that the high Ti-Cr zones originated from 
early kimberlite melts at mantle depths. It is suggested that 
successive pulses of ascending kimberlite magma 
progressively metasomatized the conduit along which later 
kimberlite pulses ascended, producing progressively 
decreasing interaction with the surrounding mantle rocks. We 
postulate that these processes represent the fundamental 
mechanism of kimberlite magma ascent. Our study also reveals 
that, in addition to xenoliths/xenocrysts and magmatic phases, 
kimberlite rocks incorporate material crystallized at mantle 
depths by previous kimberlite intrusions (‘mantle-derived 
anteliths’). 

1051



 Goldschmidt2015 Abstracts  

 1052 

Chlorine and bromine stable isotope 
diffusion through natural porous 

media 
T. GIUNTA13*, A. MAINEULT2, M. ADER1, M. BONIFACIE1 

AND P. AGRINIER1 
1IPGP, 1 rue Jussieu, 75238 Paris Cedex 05, France 

2Sorbonne Universités, UPMC Univ Paris 06, CNRS, EPHE, 
UMR 7619 METIS, 4 place Jussieu, 75005 Paris, France 

3Centre de recherches sur le stockage géologique du CO2, 1 
rue Jussieu, 75238 PARIS cedex. 

(*correspondence: giunta@ipgp.fr)  
 

Chlorine and bromide are widely assumed to be natural 
conservative tracers in subsurface water systems. In some 
groundwater and porewaters, δ37Cl has been recognized as an 
efficient tool to identify diffusion, a potentially important 
process of transport of solute in natural water reservoirs.  

Yet, the chlorine isotope fractionation factor during 
diffusion (α) is still debated. Free-water diffusion experimental 
works (such as Richter et al., 2006 or Eggenkamp et al., 2009) 
lead to α(Cl) of about 1.00155 and α(Br) of about 1.00064, 
whereas α(Cl) deduced from field-work studies (such as Groen 
et al., 2000 or Lavastre et al., 2005) are often superiors to 
1.0020.  

In this study, we attempted to experimentally explore the 
effective diffusion of both chloride and bromide in a natural 
porous media. Experiments were achieved in a diffusion cell 
with a Lavoux carbonate rock and two Fontainebleau 
sandstones. As all parameters of diffusion were precisely 
controlled, we developed a 1-D diffusion model allowing to 
optimize the effective diffusion coefficient and the isotope 
fractionation factor at the same time. Our results are very 
consistent with previous experimental studies in free-water, 
demonstrating that effective diffusion of two isotopes in a 
porous media is well described by their respective diffusion 
coefficients in free-water times a tortuosity parameter. We 
concluded that the relatively high α values deduced from field-
work studies cannot be accounted for reflecting additional 
processes within the porosity. 

Finally, we explored our results and their implications to 
understand high “natural” isotope fractionation factors, in the 
light of the recent theoretical framework for solute diffusion 
proposed by Bourg et al., (2007). 
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Arsenic-containing lipids (arsenolipids) are newly 
discovered natural products of currently unknown function.  
They have so far been identified only in marine animals and 
algae. Sediment samples collected from various extreme 
environments (hot springs, hydrothermal vents and hypersaline 
lakes) have previously been analysed to determine their lipid 
profiles.  Some of the samples contained high arsenic 
concentrations, which raised the question of the arsenic being 
present as arsenolipids.  In the current study, the lipids were 
extracted from the sediments by a modified Bligh and Dyer 
extraction and analyzed by HPLC/elemental mass 
spectrometry (inductively coupled plasma mass spectrometry, 
ICPMS).  Of the 27 samples analysed, only those from the 
high saline region of Great Salt Lake contained appreciable 
quantities of arsenolipids, mainly arsenic-containing 
hydrocarbons (example shown below). 

 

The presence of unique non-arsenic containing archaeal 
lipids like isoprenoidal cardiolipins and archaeols with sulfated 
sugars is indicative of halophilic microbial populations, which 
is confirmed by 454 pyrosequencing data. Since the life in 
these sediments is mainly microbial, we assume that the 
observed arsenolipids also have a microbial origin. 
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Sečovlje Salina (northern Adriatic) represents a successful 

model of symbiosis between the conservation of outstanding 
biodiversity and the cultural heritage and traditional use of the 
natural resources found within Sečovlje Salina Nature Park 
(KPSS) [1]. Apart from implementing traditional salt-making, 
the production of saline mud (fango) and brine are the most 
important saline products and factors of local wellness and spa 
offer. Mud properties, functions and user safety depend on 
their origin and composition. Heavy metals are recognized as 
human health and environmental contaminants and 
consequently, their presence/concentrations need to be 
evaluated according to various application forms of healing 
muds (peloids). There is limited data available regarding the 
sorption, leaching, and transport of metals in the healing muds.  

Therefore the mud samples from 2013 were analysed for 
elemental composition (ICP-MS) and organic content (% TOC, 
% TN). To estimate the mobility of selected heavy metals a 5-
step sequential extraction procedure was performed. The 
increase of brine salinity (covering the saline mud) and pH and 
organic matter decrease resulted in selective substitution and 
“incorporation” of individual elements in mud. Decreasing 
trend with increase of brine salinity for concentrations of 
elements such as Fe, Mn, Ni, Zn, Zr, K, Ti Al and Si was 
observed. Concentrations of investigated elements are 
comparable to theirs mean concentrations in surface sediments 
from Central Adriatic Sea [2]. The mobility potential of heavy 
metals in mud samples decreases in the following order: 
Mo>Cu>As >Pb>Ni>Zn>Cd.  

 
[1] http://www.kpss.si/en/the-park [2] T. Dolenec, J. 
Faganeli, S. Pirc, Major, minor and trace elements in surficial 
sediments from the open Adriatic Sea: A Regional 
Geochemical Study, Geol. Croat. 51(1) (1998) 59–73 
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In recent years there has been growing interest in exploring 

the interactions between chemically reduced basaltic rock and 
the hydrologically-active subseafloor aquifer, from the 
perspective of small-scale microbe-mineral interactions to 
global-scale biogeochemical cycling. Here, we present the 
relationship between fluid chemistry, mineral phases, and 
biomass production (C) in subseafloor fluids from a relatively 
young (~8 million years) oceanic ridge crust that is very 
hydrologically active and dominated by aquifer mixing with 
oxic bottom seawater. At North Pond, a site on the flanks of 
the Mid-Atlantic Ridge, custom CORK (Circulation Obviation 
Retrofit Kit) observatories were installed into IODP boreholes 
in order to access crustal fluids (~330mbsf) and initiate 
investigations into hydrology, geochemistry, and microbial 
ecology of the subsurface aquifer. The crustal fluids were 
oxygen-deplete in comparison to background seawater, but still 
aerobic, thus potentially fueling a variety of microbially-
mediated inorganic and organic transformations. Fluids were 
sampled in situ and shipboard, from multiple depth horizons of 
two neighbouring CORKs, for analyses of particulates using 
STXM (scanning transmission X-Ray microscopy, and of 
dissolved phase iron speciation using CLE-ACSV (competitive 
ligand exchange-adsorptive cathodic stripping voltammetry).  
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To make progress in understanding the origin of life, we 
require a deeper understanding of abiotic organic synthesis in 
geological systems. One way to obtain new information is to 
explore environments on the modern Earth that contain 
evidence of abiotic organic synthesis. Hydrothermal vents can 
serve as analogues of early Earth environments, and they have 
provided insights that continue to guide studies of prebiotic 
chemistry. However, there is another modern environment that 
is less publicized but contains evidence of abiotic organic 
synthesis [1] – deep fracture fluids hosted in the Kidd Creek 
volcanogenic massive sulfide ore deposit in the Canadian 
Shield. The sulfide mineralogy may make this environment an 
analogue to the hypothesized iron-sulfur world of prebiotic 
chemistry [2], and there may be plenty of time for a complex 
organic chemistry to develop based on the >1.5 Ga residence 
times derived from noble gases in these saline fluids [3]. 

Our team has collected a large amount of geochemical data 
from field work in the Kidd mine. As a first step in assessing 
its relevance to prebiotic chemistry, we used the field data to 
evaluate the thermodynamic potential (chemical affinity, A) for 
the synthesis of a variety of organic compounds (e.g., 
hydrocarbons, aldehydes, fatty acids) using an approach 
similar to [4]. The results of our calculations support the 
hypothesis of abiotic organic synthesis at Kidd Creek [1]. In 
calcite-buffered fracture fluids, we find that almost any organic 
compound can be synthesized from CO2 with respect to the 
reaction energetics. The synthesis of CH4 is most favorable (A 
= 140 kJ/mol), consistent with its abundance [1]; but even 
traditional “high-energy” compounds such as glyceraldehyde 
and pyruvate can be formed (A > 0) with activities as high as 
~10−4. Kidd Creek appears to be a promising new model 
system for prebiotic chemistry, as the low temperatures and 
high fugacities of H2 [5] are very conducive to abiotic organic 
synthesis. We are presently exploring possible mechanistic 
pathways, and expanding the calculations to include N-bearing 
species. 
 
[1] Sherwood Lollar et al. (2002) Nature 416, 522-524. [2] 
Wächtershäuser (1992) Prog. Biophys. Mol. Bio. 58, 85-201. 
[3] Holland et al. (2013) Nature 497, 357-360. [4] Shock & 
Canovas (2010) Geofluids 10, 161-192. [5] Sherwood Lollar et 
al. (2014) Nature 516, 379-382. 
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The record of ancient lunar impact rocks (LIR) may 

provide constrains on the composition of material accreted late 
to the Moon and the terrestrial planets [1-3]. Increasingly 
precise highly siderophile element (HSE) and osmium isotope 
data are now available for ancient lunar impact melt rocks but 
the origin of observed differences in composition is debated.  

In the simplest case, HSE budgets of LIR are assumed to 
be controlled by a HSE-rich impactor and HSE-poor lunar 
crust. In these cases, regressions of HSE vs. Ir from different 
subsamples of the same rock should yield linear trends with 
slopes corresponding to the HSE/Ir ratio of the impactor. 
However in some cases, scatter beyond analytical uncertainty 
and curved trends are observed and interpreted as either 
subcentimeter-scale fractionation processes during 
crystallization [2] or simply incomplete mixing of HSE carrier 
phases from impactors of different compositions [3]. Another 
unanswered key question is whether slopes derived from linear 
correlations of HSE abundances in a LIR represent the 
signature of a specific ancient impactor or mixing and 
homogenization of multiple impactor compositions during the 
impact process. 

Many Apollo 16 LIR display more strongly fractionated 
HSE patterns compared to samples from other landing sites, 
which tend to be closer to chondritic compositions. We will 
present new data on metal- and sulfide-rich separates that 
suggest that small-scale fractionation processes are due to solid 
metal-liquid metal partioning of the HSE and sulfur. 
Differences in abundances and ratios of the HSE between 
metal separates are controlled be the abundances of light 
elements like sulfur. Modelling of fractional crystallization 
indicates closed system crystallization of solid metal and 
sulfur-rich metal from already fractionated metal melt 
compositions. The latter likely were formed by impacts of 
large fragments of planetesimal cores. 

 
[1] Puchtel et al. (2008) GCA, 72, 3022-3042. [2] Fischer-
Gödde and Becker (2012) GCA, 77, 135-156. [3] Liu et al. 
(2015) GCA 155, 122-153.  
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The decline in ocean oxygenation induced by 

anthropogenic global warming is a matter of growing concern. 
The most important areas of oxygen depletion in today´s 
oceans are tropical oxygen minimum zones (OMZs). An 
increase in the magnitude of oxygen depletion and OMZ 
extension might endanger habitats, currently rich in pelagic 
fish. Indeed, tropical OMZs have expanded over the last  
60 years [1]. Thus, a quantitative oxygen proxy in OMZs is 
highly desirable. 

Iodine/calcium (I/Ca) ratios in marine carbonates have 
been shown to be a valuable proxy for oxygen concentrations 
in the ambient water masses [2]. We explored the correlation 
between I/Ca ratios in four benthic foraminiferal species from 
the Peruvian OMZ to bottom water oxygen concentrations 
([O2]BW) using quadrupole ICP-MS [3]. All species showed a 
positive trend in the I/Ca ratios correlated to [O2]BW. The 
highest significance has been found for the shallow infaunal 
species Uvigerina striata (I/Ca = 0.032(±0.004).[O2]BW + 
0.29(±0.03), R² = 0.61, F = 75, P < 0.0001). Although benthic 
foraminiferal I/Ca ratios are a promising redox proxy some 
methodical issues need to be considered: (a) the iodine 
volatility in acidic solutions, (b) a species dependency of the 
I/Ca-[O2]BW correlation, and (c) the inter-test variability of I/Ca 
between specimens from the same species and habitat. 

To assess also the intra-test heterogeneity, I/Ca ratios have 
been measured with secondary ion mass spectrometry (SIMS) 
on cross-sections of single foraminiferal specimens. 
Furthermore, cleaned and uncleaned specimens have been 
compared. Specimens treated with oxidative cleaning before 
embedding showed an iodine depletion compared to uncleaned 
specimens. Our results show that I/Ca ratios in benthic 
foraminifera are a valuable quantitative [O2]BW proxy in the 
Peruvian OMZ which can be extended to callibrations for other 
OMZs as well, if methodological issues are carefully 
considered. 
 

[1] Stramma et al. (2008) Science, 320, 655-658. [2] Lu et al. 
(2010) Geology, 38, 1107-1110. [3] Glock et al. (2014) 
Biogeosciences, 11, 7077-7095. 
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2MINPET, Ghent University, johan.degrave@ugent.be 
 

Multi-method thermochronology (apatite and titanite 
fission track; and apatite and zircon U-Th-Sm/He data) 
elucidate the exhumation history of Central Asia, the world`s 
largest and most active intracontinental deformation zone, 
located between Tibet and Siberia. 

Besides the occurrence of preserved Early Mesozoic 
geomorphic features (such as internally drained plateaus or old 
erosion surfaces), most of the current Central Asian relief is 
related with an important phase of Late Jurassic – Early 
Cretaceous exhumation. This Mesozoic exhumation pulse is 
thought to be related with the progressive consumption of the 
Palaeo-Tethys Ocean and associated collisions of Gondwana-
derived terranes to Eurasia in the south and to the closure of 
the Mongol-Okhotsk Ocean to the northeast. Major fault 
systems within southern Central Asia (Tian Shan) record 
Cenozoic episodes of fault-induced rapid exhumation during 
the Early Palaeogene (~55-45 Ma) and Oligocene (~33-22 Ma) 
to Miocene (~10-8 Ma), related with the consumption of the 
Neo-Thetys and subsequent India-Eurasia collision. Fault 
systems within northern Central Asia (Altai-Sayan) mainly 
record rapid fault-induced exhumation during the Late 
Cretaceous – Early Palaeogene (~90-60 Ma), which is thought 
to be a far-field response of the collapse of the Mongol-
Okhotsk Orogen between Siberia and China-Mongolia. In 
addition, a renewed phase of Plio-Pleistocene (~3-1 Ma) 
reactivation was documented, which enhanced the present 
northern Central Asian mountainous relief. 

Although many of the hypothesised links between 
intracontinental exhumation and the prevailing plate-margin 
tectonic processes need to be tested further, they allow a first-
order insight into stress propagation pathways from the 
Eurasian margin to the continental interior. We further 
highlight the strength of combining multiple 
thermochronometers for exhumation studies. 
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Quantitative predictability of nanoparticle and colloidal 

retention on crystal surfaces is a challenge in both technical 
and natural environments. Interaction forces between particles 
and collector surfaces and the resulting retention efficiencies 
can be calculated for simple collector geometries, only. 
Calculations are not feasible for more complex and irregular 
rough collector surfaces, such as crystal surfaces with pits and 
edges at the submicron scale. Thus, predictions about particle 
retention efficiency do often fail for many applications. 

In order to tackle this problem quantitatively, we apply 
flow-through experiments and utilize collector surfaces with 
well-defined variability in surface roughness [1] [2]. The 
collector surfaces were machined using lithography techniques 
and consist of a regular pattern of holes with depth variation at 
the submicron scale. We conducted adsorption experiments 
under electrostatically unfavourable conditions using 
negatively-charged COOH-functionalized particles in order to 
mimic a variety of important technical and natural settings. 
Results show that only a narrow range of collector surface 
roughness is responsible for enhanced particle retention. The 
existence of such a critical roughness range has important 
consequences for multiple applications, such as reservoir 
engineering and reconstruction of diagenetic processes. 
 
[1] Fischer et al. (2012), AJS, 312, 885-906 [2] Fischer et al. 
(2014), Appl Geoch 43, 132-157 
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The Hess Deep Rift, where the Cocos Nazca Ridge 
propagates into the young, fast-spread East Pacific Rise crust, 
exposes a dismembered, but nearly complete, lower crustal 
section. The extensive exposures of the plutonic crust were 
drilled at 2 sites during ODP Leg 147 (Nov. 1992-Jan. 1993) 
and IODP Expedition 345 (Dec. 2012-Feb. 2013). We report 
preliminary results of a bulk rock geochemical study (major 
and trace elements) carried out on 109 samples representative 
of the different drilled lithologies. 

Gabbroic rocks recovered by drilling at Hess Deep span a 
wide range of modal compositions from troctolites to 
gabbronorites. Olivine gabbro and troctolite are dominant at 
IODP Site U1415 interpreted as sampling the lowermost part 
of the gabbroic crust. U1415 gabbroic rocks have dominantly 
primitive compositions except for one gabbronorite rubble 
similar in composition to upper gabbros sampled at ODP Site 
894. Olivine gabbro, gabbro and gabbronorite overlap in 
composition with high Mg# (79-87) and Ni (130-570 ppm), 
low TiO2 (0.1-0.3 wt.%) and Yb (1.3-2.3 x chondrite) and 
positive Eu anomaly (Eu/Eu*=1.9-2.7). Troctolite has high 
Mg# (81-89), Ni (260-1500 ppm) and low TiO2 (<0.1 wt.%) 
and Yb (~0.5xchondrite) and large Eu/Eu* (>4). Gabbroic 
rocks from ODP Site 894 comprise gabbronorite, gabbro, 
olivine gabbro and gabbronorite. They have evolved 
compositions with Mg# 39-55, Yb 4-8 x chondrite and Eu/Eu* 
1-1.6. Basalts were recovered at Sites 894 and U1415: they 
have low Yb (10-12xchondrite) and are depleted in the most 
incompatible elements (Ce/Yb=0.6-0.9xN-MORB). 

The main geochemical characteristics of Sites U1415 and 
894 gabbroic rocks are consistent with formation as a cumulate 
sequence from a common parental MORB melt; troctolites are 
the most primitive end-member of this sequence. They overlap 
in composition with the most primitive of slow and fast spread 
crust gabbroic rocks. 
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Pyrite/As-pyrite/arsenopyrite concentrate, derived from the 

flotation plant of the Olympias polymetallic deposit 
(http://www.eldoradogold.com/assets/europe/projects/olympias
/), Kassandra mines (Chalkidiki, Greece), was investigated 
using a combination of microscopic, analytical and 
spectroscopic techniques. The sulfide mineral constituents 
were investigated using optical microscopy, XRD and SEM-
EDS/WDS. The representative sample in study was found to 
contain 17 µg/g Au and 23 µg/g Ag, as well as Pb  
(0.524 wt.%), Sb (713 µg/g) and Cu (711 µg/g). Besides, it 
was found to contain significant amounts of Cd (55 µg/g), Sn 
(43 µg/g) and Ni (9 µg/g). The REE content of the material is 
very low (∑REE+Y: 5 µg/g). This also stands for actinides  
(U: 1.4 µg/g; Th: 0.5 µg/g) giving a very low natural 
radioactivity, as indicated by gamma-ray spectroscopy (HPGe) 
measurements. Particular emphasis was given to the 
elucidation of the oxidation state of Au, by means of Au LIII-
edge High Energy Resolution Fluorescence Detection X-ray 
Absorption spectroscopy (HERFD-XAS), in the Stanford 
Synchrotron Radiation Lightsource. According to preliminary 
results (see Figure below), Au exists in a higher oxidation state 
(e.g. >Au3+) with 
rather limited Au0. In 
that case, a coupled 
substitution 
mechanism of the 
type Au3+ + Cu+ ↔ 
2Fe2+, has been 
suggested in the 
literature to explain 
the incorporation of 
Au in pyrite. 
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Pervasive nucleosynthetic anomalies in differentiated 

meteorites involving a deficit of the s-process isotopes are 
observed for several elements (e.g., Ru, Mo). For Os however, 
large nucleosynthetic isotope anomalies are known from acid 
leachates and residues of primitive chondrites, but not for bulk 
chondrites and differentiated meteorites. This implies that 
constant relative proportions of presolar s- and r-process Os 
carriers were maintained in primitive chondrites during nebular 
and planetary processes.  

In this work, heterogeneously distributed s-process Os 
isotope enrichments are reported for ureilites, which are 
carbon-rich ultramafic achondrites dominantly composed of 
olivine and low-Ca pyroxene. These correlated Os isotope 
anomalies reach up to µ186Osi=336±13 ppm,  
µ188Os=60±4 ppm, and µ190Os=34±2 ppm. Given the observed 
homogeneity of Os in all types of primitive chondrites, this 
enrichment must have been caused by the selective removal of 
r-process Os host phases, probably metal, during rapid 
localized melting on the ureilite parent body [1]. The melting 
and mixing history of ureilites undoubtedly affected other 
presolar carriers, such as silicates and oxides, differently, 
resulting in hard to predict preservation of nucleosynthetic 
anomalies in other elements in ureilites. As such, the Os 
isotopic heterogeneity reported here for ureilites implies that 
isotopic anomalies measured for other elements, interpreted to 
reflect nebular heterogeneities [2], may partly or wholly result 
from parent body processing of carbonaceous chondritic 
precursor components. Further, the complementary metallic 
melts extracted from ureilites are predicted to have an Os 
isotope anomaly with an s-process deficit, like those observed 
for Mo and Ru in other meteorites. Planetary differentiation 
must now be considered a factor in expressing nucleosynthetic 
anomalies in differentiated meteorites before such anomalies 
can be attributed to nebular processes or injections from 
nearby stellar sources. 
 
[1] Rankenburg, et al. (2008) GCA 72, 4642-4659. [2] Warren 
(2011) GCA 75, 6912-6926. 
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Mixing between mafic and felsic magmas in shallow level 
magma chambers is considered as a primary factor triggering 
volcanic eruptions. Recent developments in microfluidics have 
enabled us to better understand the complex processes 
associated with magma mixing from the hybrid rocks of the 
Ghansura Rhyolite Dome (GRD) of Proterozoic Chotanagpur 
Granite Gneiss Complex (CGGC), Eastern India. 

The hybrid rocks from GRD have formed due to the 
mixing of a phenocryst-rich basaltic magma and host rhyolite 
magma. The hybrid products have preserved amphibole-rich 
microzones (ARM) in contact with fine grained felsic zones. 
The ARM dominantly consist of amphibole surrounded by 
other mineral phases like biotite and plagioclase. Amphibole 
crystals occurring in the core of ARM are actinolite, while 
those occurring in the rim are of hornblende composition. 
Veins of amphibole have been observed moving out from the 
ARM into the felsic zones. An interesting feature about the 
amphibole veins is that as they venture into the felsic zones 
amphibole converts to biotite, and also the veins undergo 
viscous folding. Amphibole display pargasite substitution from 
the core of the ARM to its margin and further extending into 
the veins where the mineral is completely replaced by biotite.  

From mineral chemical, textural and thermometric 
analyses we infer that when mafic magma, containing 
phenocrysts of augite, came in contact with felsic magma the 
two remained as separate entities at first due to pronounced 
thermal and rheological contrasts. The first interaction that 
took place between the two phases is diffusion of heat from the 
hotter mafic magma to the colder felsic magma followed by 
diffusion of elemental components between them. The 
diffusion of cations from the felsic to the mafic system like H+, 
Al3+ and other cations reacted with the clinopyroxene 
phenocrysts in the mafic magma to form amphibole crystals. 
The formation of amphibole crystals in the mafic system 
greatly increased the viscosity of the system allowing the 
amphibole crystals to venture into the adjacent felsic magma as 
veins. As these veins traversed in the felsic medium, they were 
acted upon by compressive stress and underwent viscous 
folding to enhance mixing between the two  magmas.   
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A key challenge for assessment of source-rock and shale 

gas potential is to determine and predict the vertical and lateral 
distribution of specific properties in organic-rich deposits. A 
number of these properties, such as mineralogy and amount 
and type of organic matter are linked to surface-water 
productivity, bottom-water oxygenation and sedimentology. 
Here, we apply a multidisciplinary analytical approach aimed 
at predicting prosperous zones and intervals by addressing 
surface water productivity patterns, bottom water redox 
conditions and the relationship of these parameters with the 
mineralogical and petrophysical properties in Lower Toarcian 
(Early Jurassic) organic-rich shales from NW-Europe.  

Samples from subsurface cores of the Posidonia Shale 
Formation in the Netherlands and from outcrops of the Jet rock 
in Yorkshire, UK were analysed for major and trace element 
compositions, Fe-speciation, palynology, TOC and δ13C. Fe-
speciation indicates remarkably stable anoxic bottom water 
conditions throughout the organic-rich shale units in the 
Netherlands and in Yorkshire, whereas bottom water euxinia 
varies episodically. Elevated biological productivity appears to 
be the main driver for organic matter accummulation. The 
mineralogical brittleness index indicates variations both 
vertically and laterally, due to detrital input and carbonate 
formation.  

A high-detail stratigraphic framework was obtained via 
isotope- and chemostratigraphy, which enables the results to be 
compared in a paleogeographic context. Extrapolation of the 
results using wireline log-based properties will be used to 
achieve a better understanding of the heterogeneity of the 
Toarcian organic-rich shales on a regional scale. This may aid 
towards assessing prolific areas for shale-gas and conventional 
source-rock potential. 
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The Prairie Pothole Region (PPR) extends from Alberta, 
CAN to Iowa, USA and hosts millions of wetlands that provide 
rich habitat for migratory waterfowl. Alteration of the 
underlying FeS2-bearing glacial till controls the chemistry of 
PPR wetland water which evolves to SO4

2- dominance. Our 
data from a 92 ha site near Jamestown ND, USA, document an 
upper zone of oxidized glacial till (iron oxide-rich, FeS2 

depleted, and CaSO4•2H20-bearing) that has a mean thickness 
of 6.1 m and overlies unoxidized FeS2-bearing till. Detailed 
petrographic studies and similar δ34S values of till-hosted FeS2 
(mean;-19‰) and CaSO4•2H20 (mean;-17‰) confirm that 
FeS2 is the source of SO4

2-. δ34S values of dissolved sulfate are 
more positive in groundwater (mean;-11‰) and wetland water 
(mean;-6‰) as a result of microbial sulfate reduction. 

Oxidation of pyritic till is widespread in the region. Data 
from nearly 500 well logs in a 103 km2 area surrounding the 
ND study site document oxidation to an average depth 7.8 m. 
We studied geochemistry of ~180 wetlands from this same 
area together with 77 wetlands from throughout the USA PPR. 
The δ34SSO4 range;-23 to +22‰, is large for terrestrial surface 
waters. Wetland size and δ34S values are positively correlated 
The larger wetlands overlie outwash glacial outwash sands and 
have enhanced groundwater connectivity. We attribute this 
correlation to both a larger ratio of bottom sediment area to 
water volume (resulting in more efficient removal of 
isotopically light reduced S to sediments) and to input of 
microbially modified SO4

2-from groundwater in better 
connected wetlands. Thus, sulfur geochemical processes scale 
consistently from local to regional in the ecologically 
important PPR. 

 

1066

mailto:jrover@usgs.gov
mailto:dmushet@usgs.gov


 Goldschmidt2015 Abstracts  

 1067 

Pacific phosphorus burial over 
geological time 

TOBIAS GOLDHAMMER1, JINSOOK MOK2,  
JOSEPH MARSHALL3, JUNG-HO HYUN2 AND  

TIMOTHY G. FERDELMAN3 
1MARUM Center for Marine Environmental Sciences, 

University of Bremen, Bremen, Germany 
(tgoldhammer@marum.de) 
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The biogeochemistry of phosphorus (P) in the seabed of 

the open ocean has not received much attention over the last 
decades. Processes controlling P sequestration and 
regeneration, and the P budgets of these environments are 
poorly constrained. But in fact, the sediments underlying the 
vast ocean basin are major players in the global P cycle alone 
for their sheer extent. Here, we present data from the seafloor 
beneath the ultra-oligotrophic South Pacific Gyre (SPG), 
characterized by ultra low primary production, inferior 
sedimentation rates, and barely detectable microbial activity 
and biomass. 

We have investigated the bulk elemental geochemistry and 
binding forms of iron (Fe) and P in sediment samples retrieved 
by IODP Expedition 329. The cores cover a productivity 
transect from the ultra-oligotrophic center of the SPG to the 
mesotrophic waters east of New Zealand, and extend up to 100 
millions of years back in time. The sedimentary P contents 
were exceptionally large, and P was mainly bound in rather 
stable mineral phases. The highest P contents were located 
beneath the center of the gyre, and the depth trends of P 
speciation were highly variable across the productivity 
transect. 

In our contribution, we will discuss (1) the contemporary 
balance of P burial vs. regeneration in seabed beneath the SPG, 
(2) the close coupling of the cycles of P and Fe cycles, and (3) 
the concept that a continuous inorganic flux of hydrothermal 
Fe bypasses the contemporary P cycle and controls P burial 
over geological time in the ultra-oligotrophic South Pacific. 
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2School of Chemical Engineering, University of Queensland, 
Brisbane, Australia 
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Lab experiments were conducted on fresh core from the target 
formations of the Wandoan geosequestration project in the 
Surat Basin, Queensland, Australia. The Surat core samples 
were taken from a stacked reservoir-seal sequence. The Upper 
Triassic to Lower Jurassic Precipice Sandstone is the potential 
CO2 storage reservoir, with the overlying Lower to Middle 
Jurassic Evergreen Formation acting as the primary seal.  

Geochemical reaction investigations of the CO2-H2O-rock 
system of target formations were carried out using both batch 
and continuous flow reactors. For most samples, the conditions 
of 60°C and 12 MPa were used to simulate in situ conditions of 
the site. The fluids of the batch reactors were sampled over a 
period of some 28 days, as this project is focused upon the 
short-term behaviour of the near wellbore environment during 
injection. Geochemical modelling using GWB was used to 
explore possible mineral reactions during the experiments. 
Both mineral dissolution and precipitation took place, with 
dissolution being predominant. 

Sample characterisation before and after reaction included 
X-ray micro-CT scanning, QEMSCAN, SEM-EDS, stressed 
and unstressed permeability, rock strain response, and Hg-
porosimetry. Carbonates and some silicates such as iron-rich 
chlorite reacted during the experiments, with overall sample 
porosity and permeability increasing in most cases, although 
less so for the low-reactivity Precipice Sandstone than for 
samples with more varied mineralogy. 

The pre and post reaction CT-scans of samples were used 
to build pore-scale models using an in-house extended Lattice 
Boltzmann Model (XLBM) for understanding fluid flow and 
local changes to the flow architecture at the mesoscalse, 
including porosity change with calcite dissolution. Large scale 
near wellbore modelling using GEM and very conservative 
simplifying assumptions showed a substantial improvement in 
injectivity in more reactive lithologies 
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In order to exploit water from the Guarani Aquifer System 
for human consumption, six boreholes were drilled through the 
volcano-sedimentary pile of the Paraná Basin. They reached 
600 to 1,600 meters in depth, crossing the Serra Geral 
volcanics and also the sedimentary rocks above (Caiuá and 
Bauru groups) and below (Botucatu and Rio do Rasto 
formations) these lavas. Rock chips collected during drilling 
were composed to represent 8 meters depth, totaling 687 
samples. They were grinded (<200#), digested with aqua regia 
and analysed by ICP-MS (Low Detection Limit = 10 ppb Hg). 
Statistically anomalous Hg values were recognized mainly in 
the base of the volcanic pile and also in the top of the 
sedimentary rocks underneath it (Figure 1). 

Figure 1: Hg chemostratigraphy of the Paraná LIP. 
 
If the presence of Hg was due to the volcanic activity, then 

high concentrations of this element should be expected 
throughout the volcanic pile. Considering the basin as a 
complex volcano-sedimentary system, we suggest that these 
high Hg contents would be partially associated to the 
contamination of the tholeiitic magma as it ascended though 
the sedimentary rocks, especially the black shales and coal 
seams of the Palermo and Irati formations. Hydrovolcanic 
events would transport fragments from these sedimentary 
rocks to form volcaniclastic deposits, which are interspersed 
with basaltic lava flows. As the volcanic pile thickens, the 
volcaniclastics gradually become composed by former basaltic 
and reworked breccia fragments. This implies that the 
lowermost rocks would be more contaminated than the 
uppermost ones, regardless of whether they are LTi-LP or  
HTi-HP lavas. This may explain why the higher Hg contents 
are mostly present near the base of the Serra Geral Group. 
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Douro, Vila Real, Portugal; 

2CEMUC Centre, University of Coimbra; 

3Agronomy Department, Universidade de Trás-os-Montes e 
Alto Douro, Vila Real, Portugal. 

 
Lamego is located in the Upper Douro Winegrowing 

Region. The Cathedral of Lamego, dating back to the XII 
century, is one of the Douro region’s most emblematic 
monuments. It underwent several interventions, thus the 
variety of architectural styles. Several studies were carried out 
to assess the causes of the present weathering forms: 
lithological identification; petrographic and chemical studies; 
weathering forms; physical-mechanical characterization; 
ageing tests; fungal isolation and identification by molecular 
techniques. At least five different granites were used and a 
petrographic study shows all present some evidence of 
hydrothermal alteration and also meteoric action, such as the 
presence of secondary minerals, intercrystal deformations and 
intra and intergranular fractures. Petrophysics and dynamic 
characterization confirmed the degree of weathering of all the 
rocks and allowed the study of their porous network. Several 
types of weathering forms are responsible for either some 
significant damage in the masonry or for denigrating their 
aesthetic and architectural beauty. Cartographic mapping 
demonstrated biological colonization, dominated by lichens 
and associated fungi, is the major weathering form, followed 
by colour changes, patina, black crusts, plates, granular 
disintegration, black films and fissures. Sampling and 
correlation with 27 species of lichens identified fifteen fungal 
species colonizing the monument. A mineralogical and 
chemical study of weathering forms and soluble minerals 
revealed the predominance of soluble salts such as gypsum, 
calcite and halite, and rare sulphate was found, making it also 
possible to correlate the origin of black crusts and patina with 
the deposition of pollutants due to the observation of fly ash. 
The origin of these salts is due mainly to the underground 
waters that ascend by capillarity through the walls. 

 
Acknowledgement: Thanks are due to Municipality of 

Lamego. 
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Marine sulphate oxygen isotope records from the Cenozoic 

have been interpreted to reflect changes in the aerial 
distribution of organic-rich sediments and are linked with 
differences in patterns of oxidative sulphur cycling in organic-
rich versus organic-poor sedimentary environments. Euxinic 
depositional environments, which were likely more common in 
earlier time periods, may also impact oxygen isotopes in 
marine sulphate. Specifically, the presence of sulphide in the 
water column has the potential to drive patterns of oxidative 
sulphur cycling that are district from patterns in systems where 
sulphide production is restricted to the sediment. Here, we aim 
to assess what is the effect of the expansion of euxinia in the 
marine realm on oxygen isotopes in marine sulphate. We 
present coupled sulphate oxygen and sulphur isotope data from 
modern euxinic systems with varying sulphate concentrations 
and use the data to evaluate the relative impact of sulphate 
reduction versus sulphide oxidation on the oxygen isotope 
composition of sulphate. We apply the results in a simple box 
model to explore how the expansion of euxinia in ancient 
oceans affects the oxygen isotope composition of marine 
sulphate. Our findings provide insight into patterns of 
oxidative sulphur cycling in euxinic depositional environments 
and impacts on oxygen isotope composition of marine 
sulphate, which will aid in interpretations of marine sulphate 
oxygen isotope records from ancient oceans. 
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A system that combines and compares the capabilities and 
analytical benefits of LIBS and LA-ICP-MS was evaluated for 
micrometer-scale, spatially-resolved, elemental analysis of 
basalt glass samples. The ablation system consisted of a Nd: 
YAG laser operated 266nm. A  Czerny-turner spectrograph 
with ICCD detector and Quadrupole based mass spectrometer 
were selected for LIBS and ICP-MS detection, respectively. 
This tandem system allows simultaneous determination of 
major and minor elements (Si, Ca, and Al), and trace elements 
(Ce, Cr, Sr, Y, Zn and Zr) in basalt samples. The research 
focused on calibration strategies, specifically the use of 
emission and mass spectra for multivariate data analysis.  
Partial Least Square Regression (PLSR) was shown to 
minimize and compensate for matrix effects in the emission 
and mass spectra improving quantitative analysis by LIBS and 
LA-ICP-MS, respectively.  The study provides a benchmark 
against which to evaluate results for more complex matrices 
including minerals. 
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Intense weathering and 
geochemical dispersion in a Tertiary 
palaeochannel system: the DeGrussa 

Cu-Au deposit marker, Australia 
IGNACIO GONZALEZ-ALVAREZ1*, WALID SALAMA1, 

MONICA LEGRAS1, PAUL HILLIARD2 AND  
RICHARD BECKLEY2 

1*CSIRO, Mineral Resources Flagship, Perth, Western 
Australia; ignacio.gonzalez-alvarez@csiro.au 

2Sandfire Resources Ltd., West Perth, 6005, Western Australia  
 

Ore deposits are localized geochemical oddities having 
unusually high concentrations of one or more ‘trace’ elements 
(Ni, Co, Cu, Au, Cr, Sc, Nb, REE, HFSE). They can be seen as 
exceptional geochemical markers for decoding complex 
element dispersion due to successive weathering events over 
long time periods. The DeGrussa Cu-Au deposit is hosted in 
Proterozoic turbidites, mafic basalts and intrusive dolerites, 
and is located in the Naracoota Formation in the Bryah Basin, 
on the margin of a Tertiary palaeochannel system.  The clay-
rich palaeochannel sediments have mean Chemical Index of 
Alteration (CIA) values of ~95, with low absolute contents of 
Sr, Ca, K, Mg and Na, and high concentrations of Al2O3 (mean 
~22wt%) and CIA-Eu/Eu* covariation of extreme values. This 
is interpreted as the result of exceptionally intense post-
depositional weathering and/or deposition of already 
weathered sediments. Strikingly, Cr (~370ppm), Ni (~60ppm), 
V (~350ppm) and Sc (~35ppm) are widely enriched in the 
sedimentary cover as well as in the fresh sedimentary 
basement rocks (turbidites, siltstones) compared to Upper 
Continental Crust (UCC) averages of ~70, ~35, ~100 and 
~15ppm respectively. These elements are significantly 
depleted in the ore. Copper, Ag, In, As and Se are enriched 
throughout the sedimentary cover relative to UCC. 
Sedimentary units above the Tertiary channel package have 
higher anomalous concentrations of As (mean ~8-12ppm) and 
Mo (~1.2-1.3ppm), compared to ~5 ppm As and ~1.0 ppm Mo 
in the channel clays. Covariation of CIA-Eu/Eu*, CIA-ΣREE 
and Sr-Eu/Eu* could be indicative of a large catchment area. 
However, the pervasive metal enrichment of the sedimentary 
cover reflects a drainage system with a restricted catchment 
with sediment provenance linked to the area of the local 
mineral system or to the Proterozoic basement rocks enriched 
in Cu, Ag, Cr, Ni, V and Sc. The relative significance of 
overprinting by vertical chemical dispersion from fresh 
basement rocks versus mechanical dispersion due to 
sedimentary dynamics remains uncertain. 
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Ombrotrophic peat-bogs are peatlands developed under 
only atmospheric water input, which constitute approximately 
75% of northern Alberta[1]. Here we evaluate subtle 
compositional changes on the bottom section of a peat-bog 
core in order to identify the potential input of petroleum from 
the Alberta oil sands. The bottom 34 cm of a core containing 
sediment overlain by a peat-bog was subsampled and cold 
extracted. The soluble material was analysed by two 
techniques, Gas Chromatography Mass Spectrometry (GC-
MS) and Fourier Transform Ion Cyclotron Resonance-Mass 
Spectrometry (FTICR-MS) using electrospray ionization in 
negative ion mode (ESI-N) and atmospheric pressure 
photoionization in positive (APPI-P) ion modes. 

The total extractable organics relative to the total sample 
mass varied from 0.33 to 3.49 % for the peat and from 0.18 to 
0.44 % for the sediment. APPI-P results show that peat 
samples contain cyclic hydrocarbons with 3 to 10 double bond 
equivalents (DBE) with a strong predominance at DBE 6, 
while the sediments contain a broader distribution of 
hydrocarbons with similar abundances from 3 to 15 DBEs. O7 
to O9 heteroatom compounds are abundant at the top of the 
peat-bog section decreasing with depth, accompanied with an 
increase of O1 through O3, nitrogen and sulfur-containing 
compounds (e.g., O4S, O3S and O2S) in ESI-N. GC-MS data 
show an odd over even prevalence of n-alkanes, n-alkan-2-
ones maximizing at C27 and C29, respectively and a 
predominance of phytosterols (sitosterol and stigmasterol) over 
triterpenoids all of which indicate in situ higher plant detritus. 
Although changes in the molecular composition with depth 
suggest in situ biomass input and ongoing microbial 
degradation and humidification processes, the distribution of 
alkyl-phenanthrenes in the sediment and adjacent peat suggest 
mature organic matter is most likely a fingerprint from 
compounds derived from the oil sands. Our preliminary results 
demonstrate great potential of this technique for studying the 
presence of oil-derived compounds in complex organic 
mixtures such as peat-bogs. 
 

[1] Vitt et al. (1994). Artic and Alpine Research. 26 (1): 1-13. 
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In natural systems MnO2 typically occurs as a biomineral 
assemblage consisting of inorganic particles and microbial 
biomass. Both the inorganic and organic fractions of the 
assemblage can be powerful oxidants of organic carbon. The 
latter rely on a set of enzymes to drive specific oxidative 
transformation of reduced C-substrates. The former are strong, 
less specific, abiotic oxidants that rely on interfacial 
interactions between the C-substrate and the mineral. 
Therefore, organic matter can either be oxidized biotically to 
fuel microbial activity or abiotically at the mineral surface. We 
expect that both biotic and abiotic pathways can lead to 
synergistic transformation of organic matter in biomineral 
assemblages. 

We compared the oxidation of soil reduced-C compounds 
when added to Pseudomonas putida-MnO2 assemblages, 
purely abiotic δ-MnO2 and P. putida-only suspensions. To 
track the reactions, we combined FTIR spectroscopy with time 
dependent measurements of pH, dissolved oxygen and Mn(II)aq 
concentration, using reductive dissolution of MnO2 as a proxy 
for abiotic oxidation of the organic substrate. We found that 
glucose added to a δ-MnO2 suspension at circumneutral pH 
was not transformed, which indicates that glucose oxidation by 
MnO2 may be kinetically hindered due to the poor affinity of 
aldehydes for MnO2 surfaces. In biogenic MnO2, glucose 
addition promoted the reductive dissolution of the mineral. We 
explain this observation by extracellular enzymatic oxidation 
of glucose to gluconate by Pseudomonas putida, which 
generates a carboxylic acid moiety that facilitates MnO2 

reduction.  
This mechanism highlights the geosymbiotic nature of 

biological and chemical oxidation in biomineral assemblages, 
such that oxidation of the organic molecule by the assemblage 
occurs to a greater extent than in either component alone. We 
propose that more complex molecules such as natural organic 
matter may undergo similar oxidative transformations in soils 
by the coupled action of biotic and abiotic agents. 
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We present results of a comprehensive study of δ18O 
values throughout the Geordie Lake gabbroic intrusion located 
near the centre of the Proterozoic Coldwell Alkaline Complex. 
The complex intruded Archean rocks near the beginning of the 
main stage of midcontinent rift magmatism. The study 
comprises a total of 200 whole rock and mineral separate 
analyses for surface and core specimens collected from all 
gabbroic and underlying syenitic units along the 2.5 km strike 
length of the intrusion. Preliminary results show a strong 
spatial correlation between Cu-Pd mineralization and low (1-
3‰) δ18O values that may be significant in developing a 
vectoring tool to blind mineralization and to help interpret the 
petrogenesis of the intrusion and mechanisms of ore formation. 

The Geordie Lake intrusion consists primarily of gabbro, 
olivine gabbro and augite troctolite that is characterized by 
compositional and textural heterogeneity in the lower half, and 
a strong plagioclase lineation at the top. Augite troctolite 
contains skeletal olivine interpreted as a chilled feature. Cu-Pd 
mineralization is associated with the cross-cutting augite 
troctolite intrusions and actinolite-albite alteration.  

In general, the δ18O values of the gabbro decrease down-
hole, with minimum values near the syenite contact or within 
troctolite intrusions, regardless of alteration intensity. 
Preliminary interpretations of the low (1-3‰) δ18O values for 
augite troctolite suggest they are magmatic, and that 
subsequent alteration to albite and actinolite further modified 
the δ18O signature. 
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The oceans are absorbing anthropogenic CO2 from the 
atmosphere lowering surface ocean pH, a concern for 
calcifying marine organisms. Predicting the impact of this 
ocean acidification is challenging for two reasons: 1) each 
species appears to respond differently and 2) our observations 
of natural pH changes are limited in both time and space. 
Carbonate δ11B is a promising proxy for investigating ocean 
pH, particularly in corals where records can be long and high-
resolution (monthly).  However, offsets from thermodynamic 
relationships found in corals have made it challenging to 
reconstruct accurate records of pH from corals.  Here we 
reconstruct 222 years of biennial seawater pH variability in the 
Sargasso Sea from a brain coral, Diploria labyrinthiformis. 
Hydrographic data from the Bermuda Atlantic Time-Series 
Study (BATS) are available to calibrate the coral δ11B to 
Sargasso Sea pH, lessoning the challenges of coral specific 
offsets.  The coral-derived record allows for differentiation of 
pH changes from surface temperature versus those from ocean 
circulation and biogeochemical changes. We find that ocean 
pH does not simply reflect atmospheric CO2 trends; rather, 
circulation/biogeochemical changes account for >90% of pH 
variability in the Sargasso Sea and more variability in the last 
century than would be predicted from anthropogenic uptake of 
CO2 alone. 
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Chronological studies indicate that the parent bodies of 
ordinary chondrites accreted shortly, ~3 x106 y, after the 
isolation of the solar nebula from the instellar medium. The 
following period of thermal metamorphism lasted for  
~100 x106 y. However, the details of this evolution as well as 
the structure of the parent bodies of these first planetary 
objects are still debated. Is the parent body characterized by a 
layered structure with the most metamorphosed material in the 
center while less metamorphosed material is located at the 
outer zones? Or, do these bodies possess a rubble pile 
structure,  implying that high and low temperature cooling 
occurred in different planetary environments? 

We will present a systematic investigation with Mn/Cr 
systematics and oxygen isotopes on chromites that were 
separated from different classes (H-, L-, LL-)  and types (4, 5, 
6) of ordinary chondrites. Chromite formed during thermal 
metamorphism and this mineral phase is present in a low 
abundance (0.3-1.0 %) all classes et types of OCs.  

New oxygen data (n=5) of are fully consistent with 
previous findings that LL and L chondrites exhibit the highest 
and that H chondrites showing the lowest Δ17O values 
respectively [1]. 

 We will discuss the new Cr data of chromites in an 
approach that is similar to the ‘Sr initial method’ that has been 
applied to phosphates [1,2]. Chromites are characterized by 
very low (< 0.01) Cr/Mn ratios. Therefore, their Cr isotopic 
composition does not change with time, it is “frozen in”. In 
consequence, the Cr composition measured today in chromites 
can directly be compared to the Cr isotopic evolution of the 
solar system. Assuming an initial solar system composition of 
Cr and an elemental Mn/Cr ratio similar to CIs (0.71), this 
evolution of the Cr isotopic composition can be traced over 
time and when an appropriate time anchor is used, the Cr 
isotopic composition can directly be transformed into absolute 
ages. 
 
[1] Clayton et al. (1991) GCA 55, 2317-2337; [2] Sanz et al. 
(1969), EPSL 7, 33-43; [3] Podosek & Brannon (1991),  
Meteoritics 26, 145-152. 
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East Pana intrusion is a part of the Fedorovo-Pana mafic-
ultramafic layered plutonic complex cropping out within the 
major Paleoproterozoic (2.4-2.7 BA) greenstone belt in the 
central part of the Kola Penisula, Russia. Information about 
mineral chemistry for the East Pana intrusion is sparse. We 
have carried out electron microprobe and laser ablation ICP-
MS analyses of rock-forming minerals (augite, pigeonite, 
plagioclase) and sulphides in the upper mineralised section of 
the East Pana stratigraphy (the so-called mineralised Zone B). 
The mineralised section comprises several 30-50 cm thick 
PGE-enriched layers (reefs) in a 3 km thick sequence of 
modally and texturally layered gabbronorites. Samples for this 
study were collected from drill cores intersecting the 
mineralised layers. Our results show that major and trace 
element compositions of minerals within mineralised layers 
and in barren rocks vary broadly (see the Figures), probably 
implying changes in magma composition.  

 
The project has been sponsored by RSF grant No. 14-17-

00200. 
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Naturally-occurring calcium (Ca) isotopes in human blood 

and urine reflect net bone mineral balance (BMB). They have 
been used to monitor cancer progression in multiple myeloma, 
and the extent of bone loss in astronauts and bed rest patients. 
However, no direct measurements of isotopic fractionation 
between actively forming bone and blood has been reported.  

Precipitated calcium phases are isotopically lighter than 
co-existing solution. In contrast, dissolution does not 
fractionate, so soft tissue δ44/42Ca changes represent the balance 
between bone formation and resorption. When the formation 
rate exceeds resorption rate, blood becomes isotopically 
heavier due to preferential incorporation of isotopically light 
calcium in bone. This technique originated from the observed 
δ44/42Ca isotopic offset of ~0.70 ±0.05‰ between animals’ diet 
and bone [1]. Heuser and Eisenhauer [2] estimated the offset 
between diet and bone in humans as ~-0.65‰ (δ44/42Ca), but 
measured an offset of -0.3‰ between blood and bone in 
minipigs [3]. Observations of diet-bone differences can not 
distinguish between a) isotopic fractionation during absorption 
during digestion, b) fractionation between different Ca-
containing proteins and free Ca in blood and c) fractionation 
during bone formation.  

To address this challenge, murine preosteoblasts (cell line 
MC3T3-E1) were cultured and passaged three times. Safranin 
staining confirmed Ca mineralization and mitosis, indicating 
the cells were actively producing mineralized matrix. We 
measured the δ44/42Ca value of the cells, media, protein fraction 
>60 kDa, and the Ca-free isotonic solution used to rinse the 
cells. The osteoblasts are significantly isotopically lighter than 
the media, while the protein fraction is only slightly 
isotopically lighter than the media. This suggests that a 
primary control on isotope fractionation in bone is the 
mineralization, not digestion or fractionation between free and 
protein-bound calcium. 

 
[1] Skulan and DePaolo (1999) PNAS 96:24, 13709-13714. [2] 
Heuser and Eisenhauer (2010) Bone 46, 889-896. [3] Heuser et 
al (2007) GCA 71 (Suppl. 1):A402. 

1080



 Goldschmidt2015 Abstracts  

 1081 

Radionuclide-mineral redox 
interactions: Current progress and 

future outlook 
CHRISTOPHER A. GORSKI1* 

1Department of Civil & Environmental Engineering, 
Pennsylvania State University, University Park, PA 16802, 
USA (*correspondence: gorski@psu.edu)  

 
Radionuclides, such as technium (Tc) and uranium (U), 

exist in multiple oxidation states in the environment, which 
affects their speciation, solubility, and reactivity. In virtually 
all cases, radionuclide oxidation states are determined by their 
chemical and biological surroundings. Radionuclides 
commonly participate in interfacial electron transfer reactions 
with minerals and amorphous solids that contain redox-active 
elements, most commonly iron (Fe) and manganese (Mn). The 
ability to estimate the mechanisms, rates, and extents to which 
these radionuclide-mineral redox interactions occur is critical 
both for designing effective radioactive waste storage 
repositories and remediating existing water contamination. 
Doing so requires simultaneous knowledge of both the 
molecular-scale mechanisms by which electron transfer occurs 
as well as the thermodynamics of the electron transfer step(s).  

Here, I will focus on the thermodynamics of radionuclide-
mineral electron transfer reactions. Our current abilities to 
estimate and rationalize reaction rates and extents using 
thermodynamic values, such as reduction potentials (EH), is 
undoubtedly improving, due notably to advances in 
computational simulations [1] and the development of new 
electrochemical techniques capable of analysing solid-phase 
samples. I will discuss these approaches, what information we 
have gained from them, and their inherent challenges. In 
parallel, the results yielded from these experimental and 
modelling advances have been humbling due to the fact that 
minerals exhibit redox behaviour that is far more complex than 
previously thought. In many cases, electron transfer to and 
from minerals is irreversible and cannot be described using 
simple models, such as the Nernst equation. Additionally, 
subtle changes in a mineral’s morphology and elemental 
composition may profoundly impact their reduction potential 
values and subsequent reactivity. Such changes are particularly 
important when redox reactions induce mineralogical changes, 
including the structural incorporation or release of 
radionuclides. I will conclude the talk with where I see this 
field moving in the future and the critical questions that should 
be addressed.   

 
[1] Arumugam & Becker (2014) Minerals. 4, 345-387. 
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Seasonal trends in mercury (Hg) and methylmercury 

(MeHg) in phytoplankton and zooplankton were investigated 
in Long Island Sound, off the coast of Connecticut (USA).  By 
measuring plankton through the different periods, we 
examined if there are measurable differences between %MeHg 
(proportion of Hg as MeHg) in the spring and fall, versus the 
summer, when productivity, growth rate and bloom sizes of 
plankton species are remarkably different. 

Phytoplankton and zooplankton were collected during each 
season and sorted into multiple size fractions. Each size was 
measured for Hg and MeHg, in addition to chlorophyll a, 
carbon (C), nitrogen (N) and sulfur (S).  Stable isotopes for 
carbon (C12, C13) and nitrogen (N14, N15), were assessed from 
zooplankton in order to quantify elemental content and trophic 
position.  Water column components (Hg, MeHg, nitrate, 
DOC) were also measured at each station.  Planktons were 
collected from multiple stations at two locations in order to 
investigate the impact of additional environmental factors: the 
Western Sound, which usually experiences anoxic waters 
during the summer, and the Eastern Sound, which experienced 
no anoxia during the study.  The fall cruise included additional 
stations along the continental shelf off Long Island to compare 
coastal to shelf plankton.  These measurements help to 
establish potential seasonal differences in Hg and MeHg at the 
base of the coastal food chain, and the onset of 
bioaccumulation. 
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American Cordillera 
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1Geological Sciences, Stanford Univ., Stanford, CA, USA 
2WiscSIMS, University of Wisconsin, Madison, WI, USA 
 
 Preservation of pre-magmatic (inherited) domains in 
zircons within magmatic rocks reflects zircon-oversaturated 
thermal and/or chemical attributes of melts. Integrating modern 
high spatial resolution U-Pb age, trace element (TE), and 
18O/16O isotope analyses guided by CL+BSE imagery can 
provide invaluable insights about otherwise inaccessible deep 
crustal region(s). This study characterizes inherited zircon 
domains in a suite of 40 Ma muscovite porphyry dikes from 
east-central Nevada and Utah that are associated with the Early 
Cenozoic ignimbrite flareup in the interior of the North 
American Cordillera (NAC). The predominant inheritance is 
2.45 Ga (and lesser 2.62 Ga) cores with typical magmatic TE 
overgrown by 1.7 Ga domains with magmatic and 
metamorphic TE.  The remainder of inheritance is 0.7-2.7 Ga 
cores lacking 1.7 Ga overgrowths or wholly Jurassic or Late 
Cretaceous age cores. The predominant group (2.45/1.7 Ga) 
yields significantly lighter δ18O results (+1 to +4‰) than the 
latter (0.7-2.7 Ga) group (+6 to +12‰). Significantly younger 
overgrowths (ranging ~100-45 Ma) are also observed on most 
Precambrian cores from both groups, and commonly exhibit 
core-like δ18O results, or in rare cases, several ‰ heavier. 
 Low δ18O Precambrian domains typically exhibit 15-30% 
discordance with calculated mean, min, and max α-dosages of 
5, 0.5, and 15 (x1015/mg) respectively, suggesting radition 
damage facilitated alteration, although zircon OH/O ratios near 
background and intradomain reproducability of δ18O results in 
single grains are less consistent with δ18O depletion of 
metamict domains (Wang et al., 2014). At the grain scale, 
≤100 Ma annealing provides a minimum age for the 
acquisition of the low δ18O signature. At the crustal scale, ≤100 
Ma overgrowth suggests depth below the BDTZ and thus 
below the reach of isotopically light fluids. Although regional 
subsurface crustal architecture is controversial, low and high 
δ18O Precambrian zircons were likely derived from basement 
and cover of the NAC miogeocline, respectively. If zircon δ18O 
is inherited from bulk crust, basement alteration timing is 
uncertain, but likely predated deposition of the miogeocline 
sequence. ≤100 Ma domains indicate zircon growth spanned 
the Sevier and Laramide orogenies at depth, continuing until 
the onset of the ignimbrite flare up. Magmatism and high heat 
flow ca. 40-35 Ma likely re-equilibrated deep crust bulk rock 
δ18O to more normal values.           
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in the Urals: An indicator of timing of 
mantle upwelling and exhumation 

I. GOTTMAN1*, E. PUSHKAREV1, E. BELOUSOVA2,  
1IGG RAS, Pochtovy 7, Yekaterinburg, Russia, 620075 

(pushkarev.1958@mail.ru) 
2 GEMOC, DEPS Macquarie University NSW, 
Australia, 7001 
 
Geological Background 

The lherzolite allochthons situated in the Main Uralian 
Fault zone (MUF) (Southern Urals, Russia) are accompanied 
by serpentine mélange comprising blocks of different high 
pressure garnet-bearing rocks [1, 2, 3]. Garnetites are a rare 
example of HP rocks in the mélange. They consist of 80-90% 
of high-Ca almandine-pyrope garnet, high-Al pargasite and 
contain a lot of zircon, Zr-rutile, ilmenite and apatite. The 
garnetites are enriched in LREE, Zr, Sr, Ba, Nb, and we 
suppose their metasomatic origin. Rutile contains high amount 
of Zr up to 0.4% that reflects a high temperature origin 
(T>800oC) of mineral and rock respectively. Small inclusions 
of srilankite, ilmenite and uraninite have been found in rutile. 
During the exhumation and rodingitization, zircon was 
replaced by baddeleyite. The different type of mineral-
geochronometers allows determine the age evolution of 
garnetite from the HP-HT conditions up to LP rodingitization 
Discussion of Results 

The earlier HP-HT-stage of garnetite formation took place 
probably at 440 Ma and it was indicated by crystallization of 
magmatic zircon and Zr-rutile which had captured Ba and Sr-
rich phases. These event was related with upwelling of hot 
mantle material through the slab-window which had been 
formed at the end of Ordovician subdaction in the Southern 
Urals. The next important event corresponds to 425-405 Ma [2, 
3] time interval and reflects an exhumation process of HP 
rocks. Low pressure transformations of garnetite start at 400 
Ma (zircon rims) and continuer up to 375-360 Ma (late rutile 
and baddeleyite formation) when MUF structure was closed 
and huge ophiolite allochthons were formed. 

The study is supported by RFBR: 13-05-00597 
 
[1] Pushkarev. (2013) MinMag. 77, 2006 
doi:10.1180/minmag.2013.077.5.16  
[2] Scarrow et al. (1999) Ofioliti. 24, 241–248. 
[3] Scarrow et al. (2000) Ofioliti. 25, 103–115. 
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Explanations for atmospheric CO2 (CO2,atm) variations over 
glacial-interglacial and millennial time scales change invoke 
significant changes in the sequestration of carbon in the deep 
ocean. Despite observational evidence for variations in the 
(surface) ocean-atmosphere exchange of CO2 and varying 
carbon export into the abyssal ocean that suggest the 
partitioning of carbon among the oceanic and atmosperic 
reservoirs, changes in deep-ocean carbon sequestration remain 
qualitatively and quantitatively poorly constrained. 

Here, we reconstruct changes in respired dissolved 
inorganic carbon (DIC) in the deep sub-Antarctic Atlantic 
during the last deglacial and mid-glacial periods based on 
bottom water [O2] estimates via the offset of pore water, i.e. 
G. affinis, δ13C from bottom water, i.e. C. kullenbergi, δ13C in 
sediment core MD07-3076Q (44°9.2’S, 14°13.7’W, 3770 m 
water depth). We complement these analyses with qualitative 
estimates of past variations in sedimentary redox-conditions by 
determining the authigenic accumulation of redox-sensitive 
trace elements, i.e. uranium and manganese, in authigenic 
coatings of planktonic and benthic foraminifera. 

We find that bottom water [O2] variations in the deep sub-
Antarctic Atlantic strikingly co-varied with CO2,atm variations 
during the last deglacial and mid-glacial periods. When 
extrapolated to the global deep ocean below 3 km water depth 
(i.e. below the putative 'chemical divide'), these changes 
translate into a respired carbon change of 509±68 Gt C (early 
deglaciation) and 292±111 Gt C (mid-glacial period), which 
greatly exceed the carbon mass gain by the atmosphere implied 
by Antarctic ice-core CO2,atm records. We discuss possible 
pathways of respired carbon from the deep ocean to the 
atmosphere by considering the ocean DIC buffer (i.e. Revelle) 
effect. We further assess the influence of variations in the 
Redfield ratio and the ocean volume on our deep ocean carbon 
storage estimates, and compare these with other available 
calculations based on 14C ventilation ages. 
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We monitored mineral reactions of geologically relevant 

phases in-situ using energy-dispersive as well as angle-
dispersive synchrotron X-ray diffraction in combination with 
an ex-situ assessment of the run products by focused ion beam 
(FIB) assisted transmission electron microscopy (TEM). We 
used the pulsed laser deposition technique (PLD) to deposit 
nanoscale reactant layers on top of single crystalline substrates. 
By using a thin film geometry and by applying low 
temperatures and short run durations, nanoscale reaction bands 
were synthesized. The in-situ experiments provide constraints 
for the temperature-dependent onset of a mineral reaction and 
the subsequent growth kinetics.  

For one experimental setup initially amorphous MgO 
layers were deposited on top of (0001)-oriented corundum (α-
Al2O3) substrates. In this setup spinel (MgAl2O4) growth was 
detected at temperatures ≥900°C. The spinel grows (111)-
oriented into the substrate and the reactant layer. A corundum-
grown spinel sublayer can be distinguished from a periclase-
grown sublayer in TEM micrographs. The diffusion 
mechanism in this system – namely counterdiffusion of the 
cations through a rigid oxygen sublattice – can be deduced 
from the relative thickness proportions of these sublayers. 
Largely diffusion-controlled reaction kinetics were inferred 
from the evolution of the integrated intensity of the 111 spinel 
Bragg reflection at 900°C whereas at higher temperatures the 
interface reactions became increasingly rate-limiting [1]. A 
thermodynamic model [2] was applied to the data to extract the 
kinetic parameters characterizing spinel rim growth. Faster 
reaction kinetics were found using periclase substrates. 
Coherent interfaces and a negative reaction volume at the 
periclase/spinel phase boundary seem to promote the spinel-
forming reaction in this setup. 

[1] Götze et al. (2014) PCM 41, 681-693. [2] Abart and 
Petrishcheva (2011) AJS 311, 517-527. 
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Detailed studies were carried out at Katedan Industrial 

Development Area near Hyderabad, India. Soil, sediments, 
groundwater and surface water samples were studied for their 
major, minor and trace elemental contamination. The main 
objectives of the study were (i) Assessment of extent of 
pollution in soil and water (ii) To delineate the source of 
pollutants as natural or anthropogenic (iii) Preparation of 
Geochemical/distribution maps of various toxic elements for 
water/soil/sediments (iv) To give suitable recommendations for 
minimizing the contamination and to suggest preventive and 
remedial measures. 

The study area consists of granites of igneous origin 
belonging to the Archaean age. 250 soil samples were 
collected from a depth of 5 - 15 centimeters (top soil) covering 
entire study area.  About 150 sediment samples were collected 
during pre- and post-monsoon season along the streams, Lake 
Periphery and from different parts of lake. Soil and sediment 
samples were analyzed by X-ray fluorescence spectrometer for 
trace elements e.g. arsenic, vanadium, chromium, nickel, 
copper, cobalt, molybdenum, strontium, rubidium, lead, zinc 
and 10 major oxides. 90 surface water and 100 groundwater 
samples were also studied. 

It was observed that main sources of contamination were 
(i)free discharge of industrial effluents in open streams,(ii)  
random solid waste (hazardous) dumping by the side of road 
and lakes (iii) 0pen sewage and (iv) random garbage dumping. 
The studies revealed that surface soil was highly contaminated 
with arsenic (up to 100 mg/kg), lead (up to 2000 mg/kg), 
chromium (up to 800 mg/kg) and zinc (up to 1600 mg/kg). 
Groundwater showed very high concentrations of arsenic (93 
ug/kg), chromium (330 ug/kg), nickel (240 ug/kg), lead (1500 
ug/kg), zinc (5000 ug/kg) and cadmium (37 ug/kg). The studies 
show that all the Medias in the study area are contaminated: 
surface, soil, sediments, subsoil, surface water and 
groundwater. The contaminants on the different media are 
inter-related through water streams connecting five lakes in the 
area. There is a need for holistic approach for remediation 
involving all the industries. 
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 Monazite is widely used in U-Th-Pb dating of magmatic or 
metamorphic rocks and hydrothermal ore deposits. Frequently, 
monazite presents compositional and isotopic zoning. As solid 
state diffusion is very slow in monazite, the compositional 
domains correspond to successive crystallizations and/or 
replacement induced by dissolution-precipitation process 
during hydrothermal alteration or metamorphic reactions that 
release water. In nature, monazite recrystallized by 
replacement can incorporate significant amounts of non-
radiogenic Pb, with possible disturbance of U-Pb and Th-Pb 
isotopic systems, particularly at low temperature (T < 400°C).  
 In this study, Pb incorporation mechanisms have been 
investigated during hydrothermal monazite replacement 
(Manangotry, standard, 555 ± 2 Ma) at 300, 400, 500 and 
600°C, at pressure of 2 kbar under alkali conditions (NaOH 
1M in 18O doped solution) in the presence of quartz.  
 At 300°C, no evidence of monazite replacement was 
observed. From 400 to 600°C, experimental products show a 
replacement texture with pristine monazite (Mnz1) surrounded 
by one alteration rim (Mnz2), with a different composition 
(SEM and EPMA). Micrometric pores and Si- rich inclusions 
occur within both Mnz1 and Mnz2. Replacement degree 
increases with temperature. The 18O signature (RAMAN, 
Nano-SIMS) confirms the secondary origin of the replaced 
Mnz2 and Si-rich inclusions. Mnz2 contains various Pb 
amounts (hundreds to thousands of ppm, EPMA), which are 
lower for the highest temperatures. The isotopic in-situ U-Th-
Pb dating of Mnz2 (LA-ICPMS) confirms the presence of 
radiogenic Pb inherited from Mnz1 with no isotopic Pb 
fractionation. Finally, a TEM study (currently in progress) 
should provide more insights on the re-distribution of inherited 
Pb within the secondary Mnz2. 
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The Seiland Igneous Province (SIP) consists of large 
volumes (>5,000 km3) of mafic, ultramafic, silicic and alkaline 
melts intruded into the lower continental crust (25-30 km 
depth) from 570-560 Ma under an extensional regime. The SIP 
may therefore represent the exposed deep plumbing system of 
a large igneous event.  Ultramafic melts were intruded into 
partially solidified gabbro-norite in three separated phases. The 
first two phases are composed of rhythmically and modally 
layered pyroxene dominated cumulates whereas the final phase 
is a cryptically layered dunite. Contamination of ultramafic 
melts by partial melting of gabbro is evident, but the variations 
in geochemistry and mineralogy of the ultramafic series are 
dominated by fractional crystallization and reactive melt 
infiltration processes. Sulphides are present throughout the 
complex and two reef deposits were identified; one enriched in 
Ni + Cu (0.38% Ni, 0.12% Cu) and the other in PGE (0.64 
ppm Pt+Pd+Au, 0.15 ppm Os, 0.27 % Ni). These are locally 
associated with mafic OPX rich-pegmatites. Whilst the two 
reefs have similar chondrite normalized PGE spectra, they 
have distinct δ34S isotope signatures. A positive Os anomaly is 
also observed.   
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Carbonate deposits have been found on two islands in the 
Arctic Archipelago over 450 km apart (two locations on Prince 
Patrick Island and over 100 on Ellef Ringnes Island). Stable 
isotope values from all locations show highly depleted δ13C 
values, consistent with an origin through oxidation of methane 
seeping into the sea floor. Fossils from seep locations indicate 
a consistent Early Albian age (113-107 Ma), indicative of a 
major basin wide methane generation and migration event. 
Burial and thermal history model indicates thermogenic gas 
production from the main source rocks of the basin (Middle-
Late Triassic Murray Harbour and Hoyle Bay formations) 
occurred ~140-60 Ma, with peak gas production rates ~113-
100 Ma, consistent with timing based on paleontological 
control. However, stable isotope data suggest an additional 
contribution from biogenic sources, likely organic rich shales 
of Middle Jurassic to Early Cretaceous age that remained 
within the biogenic gas window during seep mound formation. 
The low thermal maturity of the basin in the Prince Patrick 
region also requires either long-distance migration of 
thermogenic gas or great biogenic contribution.  

Methane seep mounds are commonly associated with 
normal faults and/or fractures associated with salt diapirs, 
suggesting that they served as primary conduits for gas 
migration. Timing of methane seepage is consistent with 
regional extension associated with rifting and opening of the 
Amerasia Basin. Enhanced rifting and sedimentation then 
combined to form maximum burial conditions for gas 
generation and migration.  
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In this study we have investigated water uptake and 
heterogeneous chemistry of model and authentic sea spray 
aerosol particles.  Results of multi-component model systems 
(mixed inorganic and mixed organic/inorganic) show size 
dependent water uptake of model systems when comparing 
small (100 nm) versus large (micrometers) sized particles. 
AFM phase imaging, Raman spectral maps and SEM/EDX 
analysis of encapsulated particles show that these differences 
are attributed to size dependent mixing states, i.e. whether 
particles are homogeneously mixed or phase separated.  These 
data are used to better understand and analyze the water uptake 
of authentic sea spray aerosol particles generated in a unique 
ocean-atmosphere wave channel.  Similarly, heterogeneous 
chemistry of model systems including pure sodium chloride, 
lipopolysaccharides and long chain carboxylic acids are used 
to better understand the range of reactivities of nitric acid 
recently reported for sea spay aerosol particles generated in the 
wave channel.  These studies provide important insights into 
the transport, transformations and aging of sea spray aerosol 
particles as they are transported in the atmosphere. 
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Fungi are important organisms in ecosystems, acting as 

destruents, parasites or symbionts. Their fruiting bodies 
(=mushrooms) can accumulate metals including radionuclides 
[1]. However, for mushrooms rather limited knowledge is 
available on contents and distribution of rare earth elements 
(REE), a group of f-block metals with growing importance in 
biogeochemical cycles.  

In the former U mining area Ronneburg/Germany, for 
which high REE concentrations in groundwater and soil 
solution have been reported [2], 32 fruiting bodies of Lactarius 
pubescens were sampled in autumn 2011 and 2012. This 
fungus is common in obligate ectomycorrhizal relationship 
with Betula sp., a pioneer plant in the location. The associated 
soil had pHCaCl2 4.0; its bulk ∑REE content was 141.3 µg g-1 
from which 9.0 µg g-1 were bioavailable (extraction with 
NH4NO3 and CH3COONH4). 

Fruiting bodies were separated into stipes, lamellae, pileus 
and pileipellis, dried and digested with HNO3. The highest 
REE contents were found in the pileipelles and lamellae (e.g. 
for La: <2.58 and <0.34 µg g-1). Stipes and pilei had lower 
contents (La: <0.14 and <0.04 µg g-1), which is consistent with 
their function as transport, rather than storage systems. In older 
fruiting bodies, the lamellae and pileipelles were characterized 
by slightly higher contents of REE and Al, while contents of 
Ca, Cd, Co, (Cu), Mn, S, and Zn were decreased. For the 
pileipelles also P was higher and Fe was lower for older 
mushrooms. After normalizing REE contents to Post Archean 
Australian Shale [3], the resulting REE patterns showed that 
the positive Ce anomaly present in the bioavailable soil 
fraction is missing in biomass. Light REE (La-Nd) were 
stronger enriched in lamellae and pileipelles. Middle REE 
(Sm-Dy) enrichment was found both in soil and fungal 
biomass. This indicates that the fungus is able to mobilise 
stronger bound REE from other soil fractions than the 
biovailable one, redistributing them in the fruiting bodies. 
  
[1] Falandysz & Borovička (2013), Appl. Microbiol. 

Biotechnol. 97, 477-501. 
[2] Grawunder et al. (2015), Appl. Geochem. 54, 100-110. 
[3] McLennan (1989), Rev. Min. Geochem. 21, 169-200. 
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Terrestrial climate data is restricted to well-preserved plant 

remains, fossils, and geologic landmarks such as lacustrine 
sediments and paleosols. Chemical analyses rely on the 
exceptional preservation of these sediments, and isotopic 
analyses of these sediments are rough estimates at best. 
Furthermore, the resolution of proxies diminishes with 
increasing age. A reliable, spatially and temporally widespread 
terrestrial proxy is needed. The unique ganoine scales of gar 
from the family Lepisosteidae, which are >95% hydroxyapatite 
and thus are highly resistant to diagenetic alteration, hold much 
promise towards increasing the resolution of terrestrial 
paleoclimate knowledge. Gar are an ancient freshwater fish 
lineage that extends back into the Cretaceous 100 Ma and have 
remained relatively unchanged during that time span. Fossil 
gar have been found in Europe, India, South America, and 
north and central Africa in addition to North America. Modern 
gar still retain a large geographic range, spreading across the 
United States east of the Mississippi River from New 
Hampshire down to the Gulf of Mexico. These fish are an ideal 
model species as they can withstand temperatures ranging from 
4°C to at least 31°C, salinities up to 31 ppt, and do not venture 
more than a few km’s from their place of birth [1]. The 
δ18Ophosphate of modern gar scales, collected from individuals 
along a north-south transect across the United States, are 
measured and compared to the average δ18Owater and 
temperature of each locality. A δ18Ophosphate calibration line is 
compared to previously published curves [2] [3]. Coupled with 
a temperature estimate from an independent proxy, the 
δ18Ophosphate values of gar scales from the fossil record will 
allow researchers to see changes hydrological cycle, as seen in 
δ18Owater, through time and space. 
 
[1] McGrath (2010) PhD Thesis, 177 p. [2] Pucéat et al. 
(2010). EPSL 298:135-142. [3] Kolodny et al. (1983). EPSL 
64: 398-404. 
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A significant body of work exists on the chemistry of pore 
waters from DSDP and ODP cores (e.g. [1] [2]) showing large 
gradients in sea salt cations and anions interpreted in terms of 
diagenetic  reactions such as the formation of Mg-rich clays 
and dolomite [3]. Another class of diagenetic reactions 
involves the breakdown of organic matter and trace element 
behaviour [4]. The translation of chemical gradients into fluxes 
requires estimates of pore water chemistry across the sea water 
- sediment surface boundary. Application of the chemistry of 
benthic foraminiferal calcite for  seawater palaeochemistry 
requires estimation of the chemistry of pore waters which may 
differ from that of bottom seawater because of diagenetic 
reactions. 
 We collected multi-core samples from 10 sites on cruise 
RRS James Cook JC089 on the southwest Iberian continental 
margin. Pore waters were extracted from the core surface and 
at 1 cm depth intervals down core (typically to ~40 cm depth) 
using Rhizon samplers and analysed for Alkalinity, DIC, 
∂13C, major cations (e.g. Na, K, Mg, Ca, Li, B, Sr) and 
reactive trace metals (e.g. Mn, Fe, Ba, Mo, V, U) as well as O2 
penetration and pH determined using microelectrodes. This 
allowed us to inspect chemical behavior at the bottom water - 
sediment interface. Examples of results are a large gradient in 
∂13C of DIC, the similarity of zero O2 penetration followed by 
an increase in Mn concentration and then decrease to zero, the 
similarity of Li to Mn and, in contrast to much DSDP/ODP 
work, Ca2+ and Mg2+ both decrease with depth in pore waters 
near the sediment surface. 

 
[1] Gieskes (1975) Annu. Rev. Earth Planet. Sci. 3, 433. [2] 
Sayles (1981) Geochim. Cosmochim. Acta 45, 1061. [3] 
Higgins & Schrag (2010) Geochim. Cosmochim. Acta. 74, 
5039. [4] Froelich et al., (1979) Geochim. Cosmochim. Acta. 
43, 1075  
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Modelling of the aftermath of giant impacts entails 
assumptions about the phase relations of silicate materials and 
properties of the resulting system. Yet, the relevant low-
pressure, high-temperature conditions are barely accessible by 
experiment, leading to huge uncertainties on such assumptions. 
As the first step in addressing this limitation, we present results 
of first principles molecular dynamics simulations on low 
density (100-1800 kg/m3) SiO2 fluid at 4000-5000 K. Our low-
density simulations reveal a molecular liquid structure (Si-O 
coordination number <2). 

In parallel with our simulations, we have parameterised a 
modified Redlich-Kwong (MRK) equation of state (EoS) for 
the Si–O fluid system, built on the species {Si, O, SiO, O2, 
SiO2} subject to simple mixing rules. The model is well 
supported by the structural and equilibrium properties drawn 
from our simulations, and shows remarkable consistency with 
independently determined phase relations at 0.1 MPa [1]. 
Notably, the MRK model predicts that liquid of bulk SiO2 
composition boils incongruently, with an Si-enriched negative 
azeotrope becoming apparent above ~10 MPa. The model 
differs in a number of predictions from the commonly used 
EoS of Melosh [2] for SiO2 fluid, which, crucially, omits 
explicit speciation, imposing congruent boiling. 

We expect our better supported model to put more accurate 
thermodynamic limits on the modelling of giant impact-related 
processes: for example, on the silicate-liquid maxcondentherm 
(generalised critical temperature), which defines the lowest 
temperature at which mass exchange can take place between a 
proto-planet and its debris disc without chemical fractionation. 
Future work will see the simulations and modelling extended 
to the MgO-FeO-SiO2 system. 

 
[1] Schnurre et al. (2004) J Non-Cryst Solids 336, 1-25. [2] 
Melosh (2007) Meteorit Planet Sci 42 2079-2098.  

1095



 Goldschmidt2015 Abstracts  

 1096 

Linking marine carbonate 
preservation to past climate through 

the filter of the biological pump 
SARAH E. GREENE1*, SANDRA ARNDT1,  

SANDRA KIRTLAND TURNER12 AND ANDY RIDGWELL12 
1School of Geographical Sciences, University of Bristol, 

Bristol BS8 1SS, UK 
*correspondence: sarah.greene@bristol.ac.uk 
2Department of Earth Sciences, University of California, 

Riverside, Riverside, CA 92521, USA 
 

The preservation of marine calcium carbonate can be used 
as a paleoclimate proxy because of the requirement that 
terrestrial weathering and carbonate burial remain balanced 
over long timescales. However, changes in deep sea carbonate 
preservation (e.g. the carbonate compensation depth) are 
challgenging to interpret because of the complex interplay of 
processes governing marine carbonate chemistry. 

The recycling of organic matter plays an important role in 
the preservation of calcium carbonate because aerobic 
respiration and secondary redox reactions decrease the stability 
of calcium carbonate minerals in the water column and in 
sediment pore waters. Thus to interpret changing temporal or 
spatial patterns in carbonate burial  requires a holistic 
understanding of the ways in which organic carbon cycling, 
both in the water column (the biological pump) and in marine 
sediments, affects marine carbonate preservation. This is 
especially critical for warm greenhouse climates, because a) 
the strength and operation of the biological pump may have 
been quite different from today and b) greenhouse climates are 
more prone to anoxic events, meaning that anaerobic 
respiratory pathways, which have markedly different effects on 
carbonate chemistry than aerobic respiration, must be 
considered.  

Using an Earth system model of intermediate complexity 
(cGENIE) we explore the role of the biological pump 
(including export productivity, organic matter reactivity, and 
the rain ratio) on the preservation of deep sea calcium 
carbonate. In conjunction with these experiments, we use a 1D 
reaction transport sediment model (BRNS) to quantitatively 
explore the role of organic matter depositional fluxes (quantity 
and quality) and the resulting benthic redox dynamics 
(including the role of anoxia/anaerobic pathways) on the 
preservation of calcium carbonate. Our results show that deep 
sea carbonate burial patterns can be surprisingly resistant to 
changes in the recycling of organic matter, highlighting that 
the carbonate system is rife with feedbacks and balances 
brought about by carbonate buffering. 
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As we continue to assess the volatile inventory of the 
Moon as a whole, different types of lunar lithologies give 
contrasting views.  Apatite in mare basalts appears to indicate 
generally low volatile contents at the time of apatite saturation, 
while the picritic green and orange mare glasses indicate 
volatile contents similar to parts of the Earth’s upper mantle.  
Apatite in KREEP has been dry and generally Cl-rich, with 
high δ37Cl.  A volatile-rich lunar magma ocean would likely 
lead to volatile saturation at the base of the lunar crust, where 
the KREEP liquid is expected to reside at the end of magma 
ocean crystallization.  Here we measure the F and Cl content of 
late-stage glasses in contact with apatite in KREEP basalts 
15382 and 15386, as well as volatile contents and D/H of 
apatite in 15382.  We find 300 ppm OH in apatite, on the low 
end of lunar basaltic apatite hydroxyl contents, and high δD of 
+1364±96‰ (2σ).   

The Cl contents of late-stage glasses in 15382 and 15386 
are generally 300-400 ppm Cl, ranging almost up to 1000 ppm 
Cl.  The F content is correspondingly high as well, but with a 
high Cl/F (wt) ~10.  We calculate the content of Cl and F in 
15382 whole rock to be 27 ppm and 313 ppm, respectively.  
The main carrier of Cl in 15382 and 15386 is glass, not apatite.  
If we use P as a proxy for KREEP, we calculate 101 ppm Cl 
and 1159 ppm F in urKREEP. If we compare 
volatile/refractory trace elements with similar incompatibility, 
we obtain Cl/Nb (wt) = 0.37 and F/Nd (wt) = 2.5 for KREEP 
basalt 15382.  These ratios are similar in the olivine-hosted 
melt inclusions of 74220, suggesting similar Cl/Nb and F/Nd 
between KREEP and the most volatile-rich lunar samples.  
Considering the different magmatic histories between KREEP 
basalt and the orange glasses, similarities in these ratios are 
surprising and will be discussed. 
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The P-V-T behavior of FeO(OH) and MnO(OH) has been 
determined under high pressures and high temperatures up to 
7.5 GPa and 500 °C using a MAX 80 cubic anvil high-pressure 
apparatus (DESY, HASYLAB, Hamburg, Doris III, Beamline 
F.2.1). The samples, synthetic goethite (α-FeO(OH)) [1] 
respectively a natural groutite/manganite specimen were mixed 
with vaseline to ensure hydrostatic pressure transmitting 
conditions, NaCl served as an internal standard for pressure 
calibration. Energy dispersive diffraction patterns were 
collected at a fixed 2θ angle (θ ≈ 4.52°). 

At P > 7.1 GPa and T > 310 °C respectively P > 6.3 GPa 
and T > 350 °C the transformation goethite – ε-FeO(OH) was 
observed. The transformation pressure is slightly lower than 
reported by [2]. Between 400 °C and 450 °C the sample 
dehydrated to hematite. By fitting a Birch-Murnaghan EOS to 
the data, the bulk modulus of goethite was determined as 
112.26 ± 2.26 GPa, (K' = 4), VT,0 = 138.79 ± 0.10 Å3 ·exp 
[∫(0.497 ± 0.103) × 10–4 dT], (∂KT/∂T)P = –0.033 ± 0.020 GPa 
K–1. The V0 value is in very good agreement to the value from 
the literature [1]. Our value for K supports [3] and disagrees 
with [4]. The obtained bulk modulus for ε-FeO(OH), K = 
143.4 ± 14.9 GPa, V0 = 66.18 ± 0.15 Å3, (K' = 4), is in 
accordance with literature values [4] [5]. 

Groutite and manganite are more compressible than their 
Fe-analogues. Interestingly, groutite disappeared at P ≈ 5.5 
GPa and T = 300 °C, only manganite remained. At T > 450 °C 
the sample dehydrated to manganosite (MnO). 

 
[1] Majzlan J. et al. (2003) Am. Min. 88, 855–859. [2] Voigt 
R., Will G. (1981) N. Jb. Min. Mh. 1981(2), 89–96. [3] Nagai 
T. et al. (2003) Am. Min. 88, 1423–1427. [4] Gleason A.E. et 
al. (2008) Am. Min. 93, 1882–1885. [5] Suzuki A. (2010) Phys. 
Chem. Min. 37, 153–157. 
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Living systems are far from thermodynamic equilibrium 

and create local chemical environments in which physiologic 
processes such as biomineralization takes place. 
Disequilibrium is not sustained after death and all tissues will 
be altered by equilibration during diagenesis. Metastable 
carbonates such as aragonite and high-Mg calcite are subject to 
strong chemical driving forces and transform to stable low-Mg 
calcite. With increasing diagenesis, the signature of the 
biogenic structure gradually fades and is replaced by inorganic 
alteration features. 

To understand transformation processes during diagenesis 
we subjected Arctica islandica aragonite and Terebratalia 
transversa low-Mg calcite, to hydrothermal targeted alteration. 
Alteration is performed in the presence of three chemically 
different fluids, two distinct experiment times and 
temperatures. We investigate, relative to unaltered shell 
material, microchemical and micro- and nanostructural 
characteristics of the altered shells with micro-Raman, EPMA 
and electron backscattered diffraction (EBSD).  

An increase in temperature from 100 °C to 175 °C exerts 
the most dominant influence on shell phase and shell 
microstructure transformation. Irrespective of fluid chemistry 
and duration of experiment, at 100 °C, we still observe large 
portions of pristine shell material, with only some newly 
formed non-biological calcite and aragonite at the two 
peripheries of the shell. At 175°C the original shell 
microstructure is almost completely overprinted, especially 
that of Arctica islandica. Aragonite is completely transformed 
to irregularly oriented large calcite units and shell patches 
where an EBSD signal indicating a crystalline mineral is 
absent. In Terebratalia transversa the overall microstructure of 
the shell is distorted but still preserved to some degree, e.g. the 
outline of calcite fibres. However, the pristine biogenic calcite 
nanoparticles are replaced by recrystallized calcite single 
crystals. 
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Mantle samples from >250 km depth are few, small and 

torn from their context; to study the deeper mantle we have 
relied largely on geophysics, and petrologic interpretation of 
geophysical data.  Interpretation of lithospheric seismic data 
has been hindered by ambiguity between T and non-unique 
effects of composition.  However, recent development of 
multi-observable probabilistic tomography has minimized this 
problem, allowing more robust separation of T and lithology 
effects, resulting in radically new insights into lithospheric 
composition, evolution and dynamics [1]. At the same time, 
large bodies of peridotite in major collisional belts (Tethys, 
Urals) have been shown to contain not only diamonds but 
relics after majoritic garnet, and mineral assemblages requiring 
remarkable negative fO2 anomalies.  These super-reducing, 
ultra-high pressure (SuR-UHP) assemblages can tell us 
something new about the deeper mantle.  Chromite chemistry 
indicates that these peridotite bodies were formed, or seriously 
modified, in shallow SSZ-type environments; they were then 
deeply subducted. The origins of the SuR-UHP mineral 
assemblages and the processes that have allowed their 
preservation are still unclear; they may be related to processes 
in the Transition Zone, or at shallower depths within the 
diamond stability field.  After residing in the deep upper 
mantle or Transition Zone for 100-200 Ma [2], they were 
rapidly excavated from these depths (6-10 Ma), and emplaced 
at shallow levels, perhaps even to the sea floor.  Dynamic 
modelling shows that this excavation was driven by the 
rollback of a slab stalled in the Transition Zone. However, this 
excavation process represents a previously unrecognized 
mechanism of mantle recycling. It has provided us very large 
samples of very deep mantle, well exposed for detailed study.  
Mike O’Hara would have loved this!  

[1] Afonso et al. (2015) EPSL (under review); [2] McGowan et 
al. (2015) Geology 43, 179-182. 
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Attempts to systematically relate zircon trace element (TE) 

abundances to source rock compositions to determine 
provenance have been challenging, as diagnostic signatures in 
zircon from some common tectono-magmatic settings remain 
elusive. Taking into consideration successful immobile 
element geochemical fingerprints for lavas, and a compilation 
of over 5300 recent SHRIMP-RG zircon trace element 
analyses, new criteria are presented that distinguish mid-ocean 
ridge (MOR), arc, and ocean island (& plume-proximal MOR) 
settings. Elemental ratios in zircon most effective for 
fingerprinting tectono-magmatic provenance are systematically 
related to lava composition from equivalent settings. 

Existing discriminations using U/Yb vs Hf or Y 
differentiate ~90% of MOR from continental zircon. However, 
they do not effectively distinguish TE-enriched ocean island 
settings (i.e., Iceland, Hawaii) and continental zircon. 
Combined U-Nb-Sc-Yb proxies provide more complete 
distinction of zircon from these settings. Low U/Yb ratios of 
MOR zircon (typically < 0.1) mirrors their parental magmas 
and reflect long term incompatible-element-depletion of the 
MORB mantle. Plume-influenced sources are separated from 
MOR by higher U/Yb, Nb/Yb, and Nb/Sc. For zircon with 
U/Yb > 0.1, high Sc/Yb separates arc settings from low-Sc/Yb 
plume-influenced sources. On a diagram of U/Yb vs Nb/Yb, 
most MOR and ocean island zircons define a broad “mantle-
zircon array”, whereas arc zircons are shifted to higher U/Yb at 
constant Nb/Yb. The trends mimic those observed in basalts.  

While we suggest that scandium is useful for provenance 
studies, its behavior probably reflects contrasting melt 
fractionation trends between tholeiitic and calc-alkaline 
systems (especially the role of amphibole) more than 
differences in primitive magma source. On select plots (e.g., 
Sc vs. Yb, Ti vs. Sc, Ti vs. Yb) MOR zircons define trends of 
enrichment that contrast those defined by zircon from arc 
systems. 
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The supply of particulate material to natural waters plays a 

vital role on the global cycles of the elements. Notably, the 
mass of most elements brought by rivers to the ocean as 
particulate material far exceeds the corresponding dissolved 
flux [1] [2]. For example, the global flux of the limiting 
nutrients Si, P, and Fe transported to the oceans within 
particles exceeds the corresponding dissolved flux by factors 
of 50, 100, and 350, respectively [1]. As such it seems 
reasonable to expect a close link between the particulate 
material supply and primary productivity in natural waters. 

To explore this link, a series of batch system growth 
experiments were performed with a typical freshwater 
cyanobacteria Synechococcus sp. grown in dilute BG11 media 
in the absence and presence of basaltic (Iceland) and 
continental (Mississippi) riverine particulate material. Results 
demonstrate that these riverine particulates significantly 
increase cyanobacterial biomass production. This increase 
likely reflects the dissolution of the particulates liberating 
nutrients to the fluid phase, as confirmed by ICP-MS analyses.  
Particulate dissolution is enhanced by increasing pH due to 
metabolic activity. The link between microbial growth rate and 
the particulates was also confirmed through the direct 
attachment of microbes to particulate surfaces likely through 
an increase in production of exopolymeric substances (EPS), 
which potentially may facilitate also a higher burial efficiency 
of organic carbon. 
 
[1] Jeandel & Oelkers (2015) Chem. Geol. 395, 50-66 [2] 
Oelkers et al. (2011) Appl. Geochem. 26, S365-S369 
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It is not a new information that our Planet has more 
nitrogen than it should have, compared to the other terrestrial 
planets in the Solar System [1]. Our atmosphere is 
anomalously enriched in this volatile element [2]. It is 
unknown, however, how the nitrogen in the atmosphere is 
transferred to the Deep Earth [3] and how the endogenous and 
exogenous cycle of nitrogen operates, although we know that 
some mantle minerals and even the core (due to nitrogen 
slightly calcophile behavior [4]) are capable to retain 
significant amounts of nitrogen [5].  

The most intriguing part of the overall nitrogen cycle is the 
connection between the atmosphere and the mantle. How could 
nitrogen descend to astenospheric or even deeper levels? We 
believe that clay minerals (such as smectites) could be able to 
convey nitrogen from the surface to the deep Earth in a 
subduction zone setting. In order to follow this idea, we are 
performing HPHT experiments on clay minerals doped with 
nitrogen in its ammonium (NH4

+) form. These experiments are 
conducted on a 1000 tonf hidraulic press, with varied 
temperatures (from room temperature to 700ºC) and pressures 
from 2.5 to 7.7 GPa; and on a diamond anvil cell at pressures 
up to 12 GPa at room temperature. FTIR and XRD analysis are 
performed in in situ and ex situ runs. . 

Our first results suggest that smectite could be able to 
retain nitrogen in its NH4

+ form under 4 GPa and temperatures 
up to ~250°C. Above this temperature, smectite changes 
gradually to a Illite-Smectite mixed-layered structure and 
finally reaches the muscovite-like structure at 500ºC, which is 
stable up to 700°C. In all these conditions, these phases retain 
nitrogen, which is verified by the characteristic spectral bands 
of ammonium on FTIR analysis. These experiments suggest 
that in a cold subduction environment [6], such as Valparaiso 
or Alaska subduction zones, nitrogen could be re-introduced 
into the mantle.  

 

[1] Lécuyer et al., (2000) EPSL, 181, 33-40. [2] Bebout et al., 
(2013) Elements, 7, 333-338. [3] Cartigny & Marty, (2013) 
Elements, 7, 359-366. [4] Roskosz et al., (2013) Geochim. 
Cosmochim. Acta, 121, 22-30. [5] Li et al., (2013), EPSL, 377-
378, 311-323. [6] Maruyama & Okamoto, (2007) Gond. Res., 
11, 148-165.  
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The environmentally safe disposal of radioactive waste is a 
major and pressing challenge for modern societies. Safety 
assessment calculations identified 79Se in high level radioactive 
waste as a key radionuclide that could contribute to the release 
of radioactivity in the biosphere. Se(IV) was identified as the 
predominant form in vitrified high level waste. The oxyanionic 
character of 79Se in combination with its long half-life of  
3.27 105 years causes an enhanced risk potential for radiotoxic 
impairment of the biosphere. 

The prevailing redox conditions in the spreading medium 
and corresponding speciation strongly influence the fate of Se. 
Reduced Se species [Se(0), Se(-II)] exhibit a low solubility in 
aqueous systems resulting in a limited mobility and 
bioavailability. Under oxidizing conditions, the Se speciation 
is dominated by the oxyanions SeIVO3

2- and SeVIO4
2-, that have 

higher solubities. In addition to these higher solubities, clay 
based engineered and geological barrier systems are not very 
efficient in retaining oxyanions: the predominantely negatively 
charged mineral surfaces present in such reactive barrier 
systems preclude any significant chemical retention of anions. 
Thus anionic nuclides might eventually diffuse from the 
repository through the hostrock reaching the biosphere.  

The present study visualizes in-situ micro-scale reactive 
transport of Se(IV) within undisturbed natural samples of two 
potential deep argillaceous hostrock formations (Opalinus and 
Upper Toarcian claystone). To characterize the transport and 
Se-mineral interactions in the micro-heterogenous clay rock 
matrix, we used a combination of synchrotron-based micro-
imaging techniques – µXRF, µXRD, and µXAS – and created 
two-dimensional Se oxidation state images.  

Spatially resolved chemical information from within the 
undisturbed porous medium turned out to be a necessity 
concerning the identification of the most relevant reactive 
transport processes.  
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We have developed a two-dimensional numerical model of 

multi-phase coarsening, diffusive trace element partitioning, 
and near-fractional melting. The model is applied to the 
generation of melts in MORB and OIB sources, and results are 
compared to (and constrained by) density functions from a 
MORB database and age-dependent La/Sm and Sm/Yb 
systematics in OIB’s. Our principal conclusions are: (1) OIB 
sources are dominantly cool (1300-1450°C), (2) OIB sources 
are not enriched in trace elements compared to MORB, (3) 
OIB source melting is a non-equilibrium process, and (4) 
effective partition coefficients for Samarium in the mantle 
source assemblage may be significantly different from recent 
experimental values. The figure below shows a typical 
prediction of our models around the garnet transition depth. 
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Saharan dust that is transported over the Atlantic Ocean 
provides an important input of phosphorus (P) to the 
oligotrophic waters of ocean _ENREF_3_ENREF_3and the 
P-depleted rain forests of America. In order to establish more 
firmly the role of Saharan dust events as P suppliers, the dust-P 
sources needs to be identified. From analysis of phosphate 
oxygen isotopes of all the major Saharan dust events of 2011 
over the North-Eastern Atlantic, supported by remote-sensing 
imagery, we infer that the dust-P originates from widespread 
sedimentary sources and magmatic P “hot-spots”, in which the 
latter enrich the dust in bioavailable-P. We also characterized 
the atmospheric dust P across a seasonal cycle in a tropical 
lowland rain forest in Panama. Our measurements from a 
yearly dust sampling campaign indicate that long-range 
transport of Saharan dust constitutes an important P input to 
Panamanian tropical forests. Our results provide have 
important implications for our understanding of modern 
nutrient budgets.  
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The work focused on Tl uptake by white mustard (Sinapis 

alba L.) grown on two Tl-rich sphalerite contaminated soils 
with different characteristics. White mustard was chosen as the 
tested plant species because of its high biomass yield and 
potential capability of extracting significant amounts of Tl. 
Rhizospheric conditions were simulated to assess the risk 
associated with sulfide microparticles entering agricultural 
(top)soils. 

A mass of 100 g of soil mixture, homogenously spiked 
with ZnS (1 wt.%), was put into 150 mL PP pots. Then  
20 seeds of mustard in each pot were sown. Plants were 
harvested after 28 days: roots, stems and leaves were collected 
separately. The residual solutions after acid digestion of the 
biomass were analyzed for Tl and Zn concentrations, by ICP-
MS. 

Maximum Tl amounts were detected in biomass grown on 
the acidic Cambisol. The maximum Tl content was found in 
the leaf, followed by stem and root, demonstrating its 
substantial translocation. In our experiment, Tl was highly 
bioavailable, and was taken up by white mustard. Considering 
the Tl content in plant biomass and its content in the soils, 
cultivation of Tl-accumulating plants in mining-affected areas 
should be monitored, or alternatively excluded from growing 
for human nutrition (if Tl is present). 

 
This study was supported by the internal project of the 

Czech University of Life Sciences Prague (CIGA 20142007) 
and Czech Science Foundation (GAČR 14-018665). 
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Interactions of CO2-rich aqueous fluids with mantle 

peridotite have major implications for geochemical budgets 
and microbial life in oceanic lithosphere through the formation 
of carbonate minerals and reduced carbon species. However, 
the underlying mechanisms controlling the transformation of 
CO2 to carbonates and hydrocarbons in ultramafic-hosted 
hydrothermal systems remain incompletely understood. 

We present an experimental study investigating carbonate 
formation pathways during hydrothermal alteration of 
peridotite under strongly reducing conditions. We reacted 
powdered harzburgite with a Ca-rich aqueous fluid at 300°C 
and 35 MPa for 1.7 years. We then injected a CO2-rich fluid 
and allowed the system to react for 8 more months. Fluid 
speciation and mineral analyses suggest that serpentinization 
of harzburgite led to the precipitation of serpentine, brucite, 
magnetite, and calcite, in addition to other minor phases 
including chlorite and sulfur-poor Ni sulfides. Subsequent 
injection of a CO2-rich fluid caused dolomite, Ca-dolomite and 
high-Mg calcite to form at the expense of olivine, calcite and 
brucite. Replacement textures with dolomite filling mesh 
centers and forming reaction rims over olivine are strikingly 
similar to those found in carbonate-altered serpentinites from 
Atlantis Massif (30°N, Mid-Atlantic Ridge). 

Our experimental findings suggest that short-lived CO2 
injections in Ca-bearing serpentinization systems favor the 
early precipitation of dolomite. Prolonged exposure to CO2(aq)-
rich fluids is needed to form magnesite as suggested by results 
from reaction path modeling. Although magnesite formation is 
possible in hybrid mafic/ultramafic mid-ocean ridge 
environments, the short-lived supply of CO2-rich fluids, e.g., 
due to magmatic degassing during diking events, likely limits 
magnesite formation. We conclude that dolomite precipitation 
is favorable even under strongly reducing conditions in 
subseafloor serpentinization systems, and may contribute to 
carbon uptake at slow- and ultraslow-spreading ocean ridges. 
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Quantification and understanding of silicate mineral 
weathering have important implications for many 
environmental problems. Yet, except the recent study of 
Gruber et al., [1], rate laws for silicate minerals dissolution, 
which are based on experiments conducted under ambient 
conditions (close-to-equilibrium, low temperature and acidic-
neutral pH), are lacking. The dissolution rates of silicate 
minerals are very slow under ambient conditions and the 
change of the ion concentration is lower than the uncertainty 
associated with measurement. As a result, the uncertainties 
attributed to the derived dissolution rates are very large 
causing the rates to be insignificant. In order to overcome these 
analytical difficulties, dissolution experiments are usually 
conducted under far-from-equilibrium, elevated temperature 
and very high or low pH conditions.  

Here we present new experimental results of single point 
batch experiments (SPBE) of albite dissolution in a spiked 
solution. The novel method that use Si isotopes [2] enables 
detecting rates that otherwise can’t be detected using 
conventional methods under ambient conditions. Albite 
dissolution rates were determined under neutral-acidic pH, 
temperatures of 3.6, 25 and 50 °C, and a wide range of under 
saturation conditions (ΔGr). The activation energy (Ea) of 
albite dissolution was found to be identical within uncertainty 
to Ea derived from the elevated temperature experiments in 
previous studies. The dependency of the dissolution rate on 
deviation from equilibrium (f(ΔGr)) was in agreement with the 
prediction of the proposed rate law of Gruber et al., [1] which 
is based on the stepwave model. However, the value of ΔGcrit 
was found to be significantly different, suggesting an effect of 
extrinsic properties of the experimental environmental 
conditions. 

 
[1] Gruber, C., et al., Resolving the gap between laboratory 
and field rates of dissolution. Geochimica et Cosmochimica 
Acta, 2014. 147: p. 90-106. [2] Gruber, C., et al., A new 
approach for measuring dissolution rates of silicate minerals 
by using silicon isotopes. Geochimica et Cosmochimica Acta, 
2013. 104: p. 261-280. 
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The majority of atmospheric methane is reported to be 
microbial, generated by microbial methanogenesis via the 
acetoclastic or hydrogenotrophic pathways. Conventional 
carbon and hydrogen stable isotope ratios have been widely 
used to apportion the relative contribution of microbial 
methanogenesis in the environment and to track metabolic 
shifts in response to climate change. However, two 
physiologically distinct types of methanogens and three 
different metabolic pathways often produce methane with a 
wide range of overlapping δ13C and δD values. Thus, 
conventional stable isotope measurements do not always 
unambiguously identify the methane source. 

It has been suggested that the “clumped isotope” (13CH3D) 
composition of methane, can reveal the temperature at which 
the methane was formed. In microbial culture experiments and 
environmental samples, however, we found that most 
microbial methane corresponds to inferred growth 
temperatures that are significantly higher than the actual 
growth temperatures. To examine the main factors controlling 
the 13CH3D abundance of microbial methane, we conducted 
pure culture experiments of methanogens grown on H2/CO2, 
acetate, and methanol. The source of H in methane was also 
investigated by culturing methanogens with isotopically-
labeled water and substrates. Our results demonstrate a general 
trend between thermophilic and mesophilic methanogens, and 
between hydrogenotrophic and acetoclastic pathways in 
combined bulk δ13C, δD, and Δ13CH3D systematics. We 
compare these results to methane from natural environments 
including swamps, gas hydrates, and the bovine rumen to gain 
a first order understanding of 13CH3D systematics in nature. 
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Water is probably the most abundant and the most 
important volatile component in the deep Earth. Numerous 
studies focused on its role in Earth’s mantle. However, there 
are other important volatile elements (e.g., C, S, N, or the 
halogens F, Cl, Br and I) which may have similar effects on 
mantle mineral properties and melting processes, but there is 
scant data on this. During the last years, interest in the role of 
halogens in the mantle has increased. Several recent studies 
focused on halogen partitioning and incorporation of halogens 
in nominally anhydrous minerals (NAMs) like olivine or 
pyroxene (e.g. [1-6].) 

Here we investigate the stability of minerals of the humite 
group (e.g. clinohumite and chondrodite) in the Earth’s mantle. 
Humite-group minerals are able to store much more water or F 
than NAMs but are only known as accessories in mantle rocks. 
OH--rich humite endmembers are only stable at low 
temperatures, However, adding small amounts of F or Ti can 
stabilize these phases to higher temperatures [7] [8]. To 
determine the P-T stability of F-bearing humite-group 
minerals, experiments were performed in the water-free system 
MgO-SiO2-F, at T up to 1900°C and pressure up to 17 GPa in 
both piston-cylinder and Walker type multi anvil apparatus at 
Münster University. The different F-rich phases were 
characterized using Raman spectroscopy, SEM and EPMA.  

Our preliminary results show that the T-stability of F-
humites is significantly higher than the stability of their OH- 
counterparts. When modeling global halogen and water cycles, 
humite-type minerals, especially when they contain F, have to 
be taken into account as effective water and halogen carriers in 
subduction zones.  
  
[1] Bernini et al., 2013, CMP 165, 117-128. [2] Beyer et al., 
2012, EPSL 337-338, 1-9. [3] Dalou et al., 2014, Progress in 
Earth and Planetary Science 1, 26. [4] Fabbrizio et al., 2013, 
CMP 166, 639-653. [5] Crépisson et al., 2014, EPSL 390, 287-
295. [6] Wu & Koga, 2013, GCA 119, 77-92 [7] Stalder & 
Ulmer, 2001, CMP 140, 670-679. [8] Hinz & Knuth, 1960, Am 
Min 45, 1206. 
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A set of peridotite xenoliths from Allegre (French Massif 

Central) have been selected to analyze the major element 
compositions and lithium (Li) concentration and isotopic 
compositions to explore the Li exchanges during the melt-rock 
interactions and then to further highlight the role of 
melts/fluids in the evolution of the sub-continental lithospheric 
mantle. Their host magma erupted 3 Ma ago and formed a lava 
lake at the surface. Some petrographic features are suggestive 
of host magma percolation into these xenoliths. 

The Li elemental and isotopic results of robust in-situ 
analysis by SIMS indicates at least two-stage metasomatism 
have induced the complicate intra- and inter-mineral Li 
distribution and isotopic fractionation. The extremely high Li 
concentration in Cpx (up to 50ppm) and the steep increase of 
Li contents in marginal areas of some olivine grains can be 
ascribed as recent diffusive uptake from infiltrated host 
magma. Whereas the interior zones of olivine, surviving the 
infiltration of host magma, have preserved the pristine Li 
contents and δ7Li signatures prior to entrainment by host 
magma. Unexpectedly,  the cores of olivine contains similar or 
slightly larger amount of Li (from 1.3ppm to 4.4ppm) than the 
normal mantle, but their Li isotopic compositions are very light 
with δ7Li as low as -25‰. Moreover, the Li isotopic 
fractionation between Cpx and Ol (Δ7LiOl-Cpx) ranges from -
8.1‰ to -1.4‰, values totally different from literature data for 
peridotites. Thus, prior to their entrainment by host magma, the 
peridotites from Allegre have suffered mantle metasoamtism 
by a melt of extremely low δ7Li, which probably derived from 
partial melting of subducted materials in Variscan orogeny.  

Due to the different diffusive rates of Li in Ol and Cpx, 
these two mineral phases show the Li elemental and isotopic 
imprints of two different metasomatic events. Meantime, we 
can use the distinct profile patterns in Ol and Cpx to 
quantitively restrict the duration of the cooling process of the 
lava lake. 
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The Devrekani (Kastamonu, N Turkey) massif, located at 

the Sakarya zone in the central Pontides, contains various 
metamorphic rocks. The petrography, petrochemistry, 
petrology, geochronology and metamorphic evolution of the 
massif, including amphibolite, orthogneiss, paragneiss, 
metacarbonate and quartzite were investigated. The 
amphibolites and gneisses are mainly composed of hornblende 
(Mg#: 0.48-0.74), clinopyroxene (Wo46-52En35-38Fs11-18), 
plagioclase (An05-98), quartz, biotite (XAnn: 0.33-0.49, XPhl: 
0.24-0.52; Mg#: 0.33-0.59), garnet (Alm43-80Grs0-18Prp5-23And0-

4Sps10-33), K-feldspar (An0-1Ab3-26Or73-96), cordierite (Mg#: 
0.33-0.71), sillimanite, hercynite and Fe-Ti oxide. The 
mineralogical assemblages reflect characteristics of sillimanite 
zone, upper grade amphibolite-lower grade granulite facies and 
Barrovian-type MP/HT metamorphism. Thermobarometry 
calculations show 6±1.25 kbar, 775±25°C (Pmax.: 8.62 kbar, 
Tmax.: 827±22°C) and 20-22 km depth. Petrochemical data 
suggests that amphibolites, orthogneisses and paragneisses 
were derived from protoliths of island arc tholeiitic basalt, I-
type calc-alkaline volcanic arc granitoid; shale-wackestone 
characterizing active-passive continental margin, respectively. 
The metamorphics have 87Sr/86Sr= 0.708914-0.734935, 
144Nd/143Nd= 0.512149-0.51299 ratios, εNdi= (-9.54)-(+6.89) 
values and TDM= 1.27-1.85 Ga. Based on U-Pb zircon dating 
data, protoliths are related with Paleozoic and pre-Paleozoic 
(668-293 Ma) province and Permo-Carboniferous  
(316-252 Ma) magmatism. Besides, the peak metamorphism 
could have taken place during the Jurassic time regarding to U-
Pb zircon (199-158 Ma) and 40Ar-39Ar hornblende/biotite  
(192-153 Ma) dating. Conclusively, Devrekani massif can be 
ascribed as products of Jurassic continental extensional arc 
metamorphism in Central Pontides. 
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As part of research on new clean and durable energy 

sources, we intend to understand the H2 formation and 
consumption mechanisms in terrestrial environments. Natural 
occurrences of H2 have been extensively studied in 
environments such as mid-ocean ridges and ophiolites where 
oxidation of ferrous iron is believed to play a key role in the 
production of H2. Natural H2 also occurs in intracratonic 
contexts [1-4] and the role of Fe in this geological settings is 
not yet understood.  

In Eastern Kansas, few wells were reported to produce H2, 
with the presence of gabbro and iron-rich sediments in the 
vicinity[3],[4]. A moderately deep well (450 m) gives access to a 
groundwater saline aquifer loaded with dissolved H2. Water 
displays a neutral pH, with a high Fe content (1.2 mM), 
comparable to the Pavin lake or the Mississipian Dome Salt 
aquifer. In these aspects, this water greatly differs from waters 
associated with H2 in ophiolitic contexts. H2, N2 and CH4 are, 
however, the major dissolved gas species, similarly to 
ophiolotic contexts. In the intracratonic context studied here, in 
addition to these major gases, He from crustal origin is 
measured at the percent level. 

We could demonstrate that H2 has a much deeper origin 
than the aquifer studied. Moreover, the data suggest strong 
consumption of H2 in the aquifer sampled by the well, possibly 
due to ferric iron reduction. We propose several 
models/pathways to explain the origin and fate of H2 in this 
intracratonic setting, mostly based on the redox reactions of 
iron that could happen both in crust and sediments. 

 
[1] B. Sherwood Lollar et al., Nature, vol. 516, no. 7531, pp. 
379–382, 2014. [2] N. V. Larin et al., Nat. Resour. Res., 2014. 
[3] R. M. J. Coveney et al., Am. Assoc. Pet. Geol. Bull., vol. 
71, no. 1, pp. 39–48, 1987. [4] K. D. Newell et al., Nat. 
Resour. Res., vol. 16, no. 3, pp. 277–292, 2007.  
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Microbial mats are a dominant characteristic of 
Mesoproterozoic sedimentary successions and are commonly 
preserved due to a lack of grazing pressure [1]. They were 
present in shallow marine as well as deep oceanic settings. 
Phototrophic coastal mats may have produced a significant 
fraction of oxygen in the atmosphere, and oxygen-enriched 
cyanobacterial layers may have hosted the evolution and 
radiation of aerobic eukaryotes [2] [3]. Next to body fossils, 
molecular fossils (biomarkers) may yield additional insights 
into the microbial composition and physiology of microbial 
communities at the dawn of eukaryotic life. 

Here we present biomarkers, bulk and compound-specific 
isotopes, organic petrological images, iron speciation 
chemistry, and elemental and minerological compositions of a 
Mesoptroterozoic benthic mat system. Exceptional 
preservation has enabled studies on porphyrins and their 
isotopic composition providing valuable information about the 
dominant phototrophic organisms. To our knowledge this is 
the oldest unambiguous report on sedimentary porphyrins. 

The data describe a benthic microbial community that 
thrived beneath relatively shallow waters. The water column 
was predominantly ferruginous, but oscillated between euxinic 
and oxic conditions. Although eukaryotic fossils are found 
within the formation, biomarkers diagnostic for crown group 
eukaryotes remain beneath detection limits. Instead, the 
community was dominated by anoxygenic phototrophic purple 
and green sulfur bacteria, cyanobacteria and microaerophilic 
methanotrophs. The structure and N-isotopic composition of 
porphyrins are diverse, but indicate that cyanobacteria were the 
dominant phototrophic organisms. 

 
[1] Pecoits et al. (2012) Science 336, 1693-1696. [2] 

Gingras et al. (2011) Nat. Geosci. 4, 372-375. [3] Des Marais 
(1991) Palaeogeogr. Palaeoclimatol. Palaeoecol. 97, 93-96. 
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wetland reoxidation using µXAS 
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M. AL-SID-CHEIKH1 AND M. PEDROT1 

1University of Rennes, France (*correspondence: 
helene.guenet@univ-rennes1.fr)  

2Soleil Synchrotron, Saclay, France  
 

Organic matter (OM)-rich areas that undergo alternating 
redox conditions in accordance with the water saturation, such 
as wetlands, can play a significant role in the groundwater 
contamination by arsenic (As) [1]. Under reduced conditions 
(high-water period), Fe-oxyhydroxides, OM and As are 
solubilised. However, there is a lack of data on the fate of As 
when the water level decreases, namely when wetland reduced 
soil solutions are reoxidized. Several hypotheses could be 
considered: (i) As is not totally oxidized and As(III) is bound 
to colloidal OM via sulfhydryl (SH-) groups or ii) As(III) 
and/or As(V) are bound to colloidal reoxidized Fe embedded 
within OM matrix. 

We developed an experimental device able to collect the 
oxidation byproducts directly in wetland soils. To state about 
the As fate, we performed µXRF and µXAS analysis of these 
solids at the As, S and Fe K-edge. 

The µXRF mapping highlighted the heterogeneous 
distribution of As, S and Fe. Despite the oxidized conditions, 
XANES showed that S occurred in different oxidation states 
including 21% as SH- OM functional group, and that 10 to 
40% of As is AsIII (supporting the first hypothesis). Previous 
nanoSIMS data showed that As and S are colocalized in few 
spots. Unfortunately, EXAFS analysis did not reveal any 
distance related to As bound to OM (via C or S) but only As-
Fe(III) distances. EXAFS revealed that Fe is as strongly 
amorphous iron oxides that are heterogeneously organized 
(one layer of octahedra to more). These results highlight the 
role of OM in conditioning the oxidation byproducts of 
wetland and their ability to trap As either as As(V) or As(III). 
The influence of S needs, however, to be assessed.  
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greenschist facies conditions: 
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Alpine deformation in the ophiolitic Morteda-Farinole 
nappe of Corsica occurs under greenschist facies conditions. It 
is characterized by a series of exhumation-related regional 
scale shear zones in metagabbros. These ductile faults are cm- 
to dm- in width and are filled by tremolite ± chlorite schists. 
This occurrence offers a unique opportunity to study 
mechanisms of low-grade shear zone formation and weakening 
processes controlled by mineralogical changes in the 
metamorphosed upper oceanic crust in the shallow part of the 
subduction system. 

A detailled field study allowed us to sample undeformed 
metagabbros, foliated metagabbros as well as schists recording 
different degree of deformation within the fault system. 
Petrological observations associated to thermo-geochemical 
modeling indicate that the metagabbros to tremolite-, chlorite-
bearing schist transformation occurred under open system 
conditions. The main feature of this metasomatic process is a 
drastic gain in MgO accompagnied by a significant decrease of 
Al2O3.  

Based on these data, we discuss the role of inheritance 
from the early evolution of the oceanic crust as well as its fate 
during the Alpine orogeny. Deciphering softening processes 
controlled by the transformation of metagabbros into tremolite-
schist is of major importance in order to understand the 
rheological/seismogenic behaviour of the upper mafic crust in 
general. 
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F. GUIDO-GARCIA1, G. T. W. LAW2, J. R. LLOYD1 AND  

K. MORRIS1* 

1Research Centre for Radwaste Disposal and Williamson 
Research Centre, School of Earth, Atmposheric and 
Environmental Sciences, Univ. Manchester, Manchester, 
UK.  

2The Centre for Radiochemistry Research, School of 
Chemistry, Univ. Manchester, Manchester, UK. 

(*correspondance: kath.morris@manchester.ac.uk) 
 
The impact of biogeochemical processes on redox-active 

iodine are poorly defined despite the significance of I-129 
(half-life 16 million years) in radioactive waste destined for 
deep geological disposal and in radioactively contaminated 
land scenarios. Under oxic conditions, iodate (IO3

-) dominates 
inorganic iodine speciation. Iodate is reactive with mineral 
surfaces leading to retention on sediments / minerals present in 
natural and engineered environments. These interactions 
potentially limiting the potential migration of iodate through 
the geosphere. In contrast, reduced iodide (I-) has higher 
solubility in groundwater and, as a consequence, redox cycling 
has the potential to be a key control on iodine transport within 
the subsurface: Release of I- formed during bioreducing 
conditions is significant in the context of radio-iodine 
contaminated land and waste managament and significant 
scavenging of IO3

- to solids is also possible during reoxidation 
of contaminated materials.  

To gauge the environmental relevance of such processes, 
the fate and speciation of iodine has been studied in a range of 
sediment and mineral systems undergoing redox biocycling 
processes and at relatively low iodine concentrations in 
experiments. Analyses include geochemical, mineralogical and 
iodine aqueous speciation data using HPLC-ICPMS 
techniques. Data from these systems will be presented in the 
context of their influence on inorganic iodine speciation and 
solubility in sediment and key mineral systems. 
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Several lines of evidence suggest that after ~1.8 billion 
years ago (Ga), the architecture of Proterozoic oceans was 
characterized by oxygenated surface waters, overlying 
sulphidic mid-depth waters along productive ocean margins, 
and anoxic ferruginous (Fe-containing) deeper waters. The 
spatial extent of sulphidic water masses likely varied, but this 
redox structure is thought to have persisted until the first 
Neoproterozoic glaciation ~0.717 Ga. In contrast, geochemical 
analyses of later Neoproterozoic basins suggest much scarcer 
sulphidic conditions whilst the global ocean remained largely 
ferruginous until the oxygenation of the deep ocean around 
0.58 Ga. However, a major gap in the redox record exists in 
the early Neoproterozoic, hampering a detailed redox 
reconstruction of the terminal Proterozoic oceans. 

Here, we utilise Fe-S systematics to assess ocean redox 
conditions across a suite of early Neoproterozoic successions 
(~1.0 to 0.717 Ga). Our data show a global transition from 
sulphidic to ferruginous mid-depth waters in the earliest 
Neoproterozoic, coincident with the amalgamation of the 
supercontinent Rodinia at low latitudes. We suggest that 
ferruginous conditions were initiated by an increase in the 
relative influx of highly reactive Fe, driven by a change in 
weathering regime and the precipitation of extensive 
continental evaporites on Rodinia. Such a radical change in 
redox conditions may also have major implications on the 
cycling and the availability of nutrients, and we complemented 
our geochemical dataset with detailed P speciation. Our results 
suggest that P was effectively removed in association with Fe 
minerals and sequestered in the sediment, driving the early 
Neoproterozoic ocean oligotrophic. 
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Zinc is today one of the most widely spread elements in 

environmental systems as a result of human activities. For  
15 years, zinc isotopes appeared to be a powerful tool to 
decipher Zn sources [1], as well as the processes controlling its 
transfer to and within the environment. However, part of Zn 
isotopic cycle at Earth’s surface remains poorly known. For 
example, the isotopic fractionation factors associated to zinc 
sorption onto organic matter [2] and oxides [3-5] are known 
with an enrichment in heavy isotopes of sorbed Zn, but are still 
missing for Zn sorption onto clays.  

In this study, we measured the isotope fractionation 
induced by Zn sorption onto a certified kaolinite (50mg of 
KGa-2 from CMS was introduced in each batch). A first set of 
experiments was conducted at two different ionic strengths 
(0.01 and 0.1M) by varying pH from 3 to 9. A second set was 
realized at two fixed pH (4 and 6) and constant ionic strength 
(0.01M) but with Zn concentration ranging between 5 and 
1500µM. Sorption evolution is correctly fitted by a two-site 
model including 1/ an ionic exchange reaction at low pH onto 
permanent negatively charged sites located on basal sheets and 
2/ a specific inner-sphere complexation at high pH onto pH-
dependent charged sites located on the clay edges.   

Zinc sorption is characterized by an enrichment of heavy 
isotopes on the kaolinite surface with different ∆ solid-solution 
corresponding to the different sites: exchange sites 
0.18±0.04‰ and edge sites 0.49±0.04‰. An agreement was 
observed between theoretical isotopic evolution predicted 
using our two-sites model and experimental measurements. 
Fractionation during ionic exchange is attributed to a change in 
symmetry for Zn surrounded by water molecules compared to 
aqueous specie. For edge sites, spectroscopic studies indicated 
a conservation of average Zn-O bond length and coordination 
number of Zn during its sorption [6]. We thus explained Zn 
isotopic fractionation by a shortening of Zn-O bond length at 
the mineral surface, in opposition to a lengthening of 
remaining Zn-O bonds. 
 
[1] Chen et al. (2008) ES&T [2] Jouvin et al. (2009) ES&T [3] 
Pokrovsky et al. (2005) JCIS [4] Juillot et al. (2008) GCA [5] 
Balistrieri et al. (2008) GCA [6] Natchegaal et al. (2004) JCIS. 
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the heteromorphic reactions during 

differentiation 
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The term "heteromorphism" is applied to the crystallization 

of magmas of nearly identical chemical composition into 
different mineral assemblages. It is commonly used for 
variation in development of distinct mineralogies produced by 
diverse kinetic paths during the solidification of chemically 
similar or identical magmas. We study ultrapotassic rocks that 
intruded fore arc basins of Pontide magmatic arc as dykes and 
stocks during Upper Cretaceous subduction of NeoTethys 
ocean. We focus on Kalecik region where numerous composite 
dykes of leucite-diopside (LDL) and phlogopite-diopside 
lamprophyres (PDL) cut the fore arc and Ankara mélange 
units.  

The composite dykes have no sharp border and LDL 
changes through a transitional zone to PDL lithology. The two 
lithologies  have identical chemical composition, including Sr, 
Nd and Pb isotopes. The only exception is demonstrated by the 
antipathetic behaviour of K2O and Na2O due to severe 
analcimization of primary leucite. The lavas display a clear 
subduction signature in their trace element patterns similar to 
abundant coeval calc-alkaline andesites of Pontide arc.  

The clinopyroxenes from each lithology were measured to 
detect if any compositional diversification exist on the mineral 
scale. They are all diopsidic, represented by the identical trace 
element characteristics and are similar to Roman type 
clinopyroxene in terms of their Al tot (a.f.u) and Ti tot (a.f.u) 
variations. Similar, but extremely low δ18O values (LDL:  
2.6 %o, PDL: 2.4%o) obtained from separated diopside 
crystals are another strong evidence that the LDL and PDL 
were crystallized from the same parental ultrapotassic melt. 

The absence of leucite in PDL and the abundance of 
phlogopite should be controlled by volatile content variations 
during the solidification of chemically similar or identical 
magmas. The differentiation of PDL and LDL may be caused 
by heteromorphic reactions. 
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The Karakartal porphyry deposit is located near the 
Kabataş village (Kemaliye-Erzincan) in a metallogenic zone 
covering Divriği (Sivas)-İliç-Kemaliye (Erzincan) and Tunceli 
provinces of east central Anatolia. The region has a complex 
geological setting with the presence of Mesozoic to Tertiary 
rocks. Early-Middle Eocene subvolcanic rocks (SVR) intrude 
Jurasic-Crataceous limestones and Early Eocene clastic and 
volcanic rocks. Field observations on cross-cutting 
relationships between magmatic phases show at least four (pre- 
and syn- mineralization, post mineralization dykes and post 
mineralization volcanic rocks) different magmatic episodes. 
These magmatic phases have gabbroic to granodioritic 
compositions and are geochemically similar to volcanic arc 
granites.  

This study aims at exhibiting mineralisation and cooling 
history of the Karakartal porphyry system based on U-Pb, 
Ar/Ar and U-Th/He geochronology. Zircon U-Pb data from 
SVRs, (potassicly altered) syn-mineralization- and post-
mineralization dykes, and post mineralization basalts indicate 
emplacement ages of 49.2±1.5 Ma, 45.81±0.44 Ma and 
43.2±1.2 Ma, respectively. Ar/Ar ages from biotites and K-
feldspars of K-silicate alteration are determined to be 
49.86±0.32 Ma and 47.32±0.57 Ma, respectively. (U-Th)/He 
thermochronology on zircons from potassicly altered SVR’s, 
however, give an age data of 45.8±0.8 Ma. These age 
constraints from magmatic rocks and potassic alteration zones 
within them indicate that magmatism was initiated in the 
region at around 50 Ma and continued till around 43 Ma, 
lasting for around 7 Ma. Commencement of porphyry system 
is nearly coeval with the initial magmatism and went on till 
about 45 Ma, characterised by zircon thermochronology.  

 
This project was financially supported by the Turkish 

Science Foundation (Tübitak) through the 110Y308 project. 
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Ultramafic xenoliths in Late Miocene alkali basalts from 

Thrace, NW Turkey comprise spinel-bearing lherzolites and 
subordinate dunites. Host basalts are sparsely olivine-phyric 
with ~2 mm pheno- and xenocrysts in a hypocrystalline 
groundmass of plagioclase, olivine, trace titanomagnetite and 
minor glass. Olivine in xenoliths and host basalts have core 
compositions ranging between Fo71-95.  

Pristine xenoliths from this area record variable degrees of 
depletion presumably related to removal of mafic silicate melt 
(Aldanmaz et al. 2005) seen from trends in Cr# (atomic Cr/[Cr 
+Al]) from coexisting cpx and spinel.. We present new 
petrographic, SEM and electron microprobe analyses on a 
subset of the xenoliths have been infiltrated by a metasomatic 
fluid rich in both C and CaO. Reaction between this fluid and 
the lherzolite produced intergranular textures in olivine 
(reduced grain size in narrow zones presumably related to fluid 
flow) and chemical modification of Cr-spinel. Spinels show 
kelphytic rims and sharply reduced Cr contents consistent with 
a highly reducing metasomatic fluid interaction. Cr# variations 
from core to rim of spinels in metasomatized xenoliths (~0.48) 
are much higher than those of fresh samples (0.01) and 
calculated fO2 in metasomatized samples are lower (FMQ-1) 
than those of fresh samples (FMQ+1). Results of 
geothermobarometry on coexisting cpx and opx (Mg# 82-90) 
in xenoliths (Brey & Kohler 1990, Putirka 2008) indicate P 
~0.9 GPa, T ~975 ºC for pristine samples and 3.3 GPa,  
1275 ºC for metasomatized xenoliths. 

Host basalts have some of the lowest Sr isotopic values 
recorded across Anatolia, and Sr-Nd-Pb-Hf signatures within 
the range of the C mantle component (Aldanmaz et al, in 
review), consistent with evidence that the pristine xenoliths 
sample anhydrous DMM or OIB-like peridotite. We suggest 
that the metasomatic fluid records interaction between this 
mantle and slab-derived fluids at the onset of slab rollback. 
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Multiple sulfur isotope systematics of geothermal fluids at 

Krafla NE Iceland were studied in order to determine the 
source and reactions of sulfur in the systems, as an example of 
a geothermal system hosted on a divergent plate boundary. 
Fluid temperatures ranged from 192 to 437°C with liquid 
water, vapor and superheated vapor being present in the 
reservoir. Dissolved sulfide (S-II) and sulfate (S+VI) 
predominated in the water phase with trace concentrations of 
thiosulfate (S2O3

2-) whereas sulfide (S-II) was the only species 
observed in the vapor phase.  

The reconstructed sulfur isotope ratios of the reservoir 
fluids based on samples collected at surface from two-
phase  and vapor only  well discharges indicate that  δ34S 
and  Δ33S of  sulfide in the reservoir  fluid  range  from  -1.5  to 
+1.1‰  and  -0.001 to  -0.017‰, respectively,  whereas δ34S 
and  Δ33S of sulfate  are  significantly different  and 
range  from  +3.4 to +13.4‰  and 0.000 to  -0.036‰, 
respectively.  Depressurization boiling upon fluid 
ascent  coupled with  progressive fluid-rock interaction and 
sulfide mineral (pyrite) formation results in the liquid 
phase becoming progressively isotopically lighter with respect 
to  both  δ34S and  Δ33S. In contrast, H2S in the vapor phase 
and pyrite formed become isotopically heavier. The observed 
Δ33S and δ34S systematics for geothermal fluids at Krafla 
suggest that the source of sulfide in the  reservoir  fluids is the 
basaltic magma, either through degassing or upon dissolution 
of  unaltered basalts. At high temperatures, insignificant SO4 is 
observed in the fluids but below ~230°C significant 
concentrations of SO4 are observed, the source  inferred  to be 
H2S oxidation.  Sulfate  originating  from the meteoric source 
water of the geothermal fluids is inferred  to  be 
negligible.  The two  key factors controlling the multiple sulfur 
isotope  systematics of geothermal fluids are, (1) the isotopic 
composition of the source material and (2) the isotope 
fractionation associated with aqueous and vapor speciation and 
how these changes as a function of processes occurring in the 
system including boiling, oxidation and  fluid-
rock  interaction.  
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The moon is known for its mare/highland dichotomy. 

However, the characteristics of lunar geochemistry [1], 
topography and geophysics represented by crust thickness 
indicate that the global tectonic framework of the moon may 
be a ternary pattern. Based on the Chinese Chang’e-1 
topography data, Th and iron concentrations derived from the 
lunar prospector data [2], and the crust thickness revealed by 
data from GRAIL [3], three elements of lunar tectonic 
framework are preliminarily recognized (figure 1). The three 
elements are the mare tectonic which mainly covers the 
procellarum and its neighbouring mare basins, the highland 
tectonic which mainly covers the highland in the farside, and  
the south pole-aitken basin tectonic which is dominately 
occupied by the great south pole-aitken(SPA) basin. The most 
prominent feature of this tectonic framework is that the role of 
SPA basin is highlighted. Besides, each of the tectonic units 
extends both on the horizontal and in the vertical, and their 
evolution processes are distinctive. The ternary pattern of lunar 
tectonic framework may be a result of the magma ocean 
evolution to a large degree, and this paper is a start to establish 
a coupled lunar tectonic framework. 

Figure 1: A comparison of lunar tectonic frameworks based 
on different objects.Base map shows the lunar crust thickness. 
 
[1] Jolliff et al. (2000) JGR-Planets 105, 4197-4216. [2] 
Lawrence et al. (1998) Science 281, 1484-1489. [3] Wieczorek 
et al.(2013) Science 339, 671-675. 
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High As groundwater has been found in the shallow 

groundwaters in the flat plain of the Hetao basin. Little is 
known about As and U concentrations in deep groundwaters, 
which has been intensively used for irrigation and drink. 
Incompatible distributions of groundwater As and U were 
found in deep groundwater from the piedmont areas of the 
Langshan Mountains. High U groundwater was mainly found 
in the recharge area of the alluvial fans, while high As 
groundwater in the flat plain. High As groundwaters were 
characterized by high Fe and Mn concentrations, and low Eh 
and low concentrations of Mo and NO3

-. However, high U 
groundwaters had relatively high concentrations of Mo and 
NO3

-, and low concentrations of Fe and Mn, which mostly 
occurred in oxic-suboxic conditions. Bedrock samples taken in 
the mountains, including schist, diorite, conglomerate, 
carbonate vein, granite, and phytite, had high As contents 
between 21.1 and 32.7 mg/kg, and U contents between 0.12 
and 8.05 mg/kg. Arsenic was found to be enriched in pyrite 
and biotite in the bedrock, while U in calcite and biotite. 
Aquifer sediments were mostly transferred from mountain 
areas, where As was released from weathering of pyrite and 
biotite and fixed in the secondary Fe/Mn oxide minerals during 
sediment transport. In the flat plain, aquifers gradually 
developed to anaerobic conditions. In the reducing conditions, 
the aquifer sediments released the fixed As from the secondary 
Fe/Mn oxide minerals (Guo et al., 2011). Although 
precipitation of authigenic pyrite would scavenger dissolved 
As after Fe(III) and SO4

2- reduction, dissolved As 
concentration were normally high due to the limited removal 
of As by pyrite coprecipitation (Guo et al., 2013). Groundwater 
U in the alluvial fans came from dissolution of carbonate 
minerals and weathering of biotite, and was transported as 
U(VI) carbonate complexes in the aquifers under oxic 
conditions (Spycher et al., 2011). However, U(VI) was reduced 
to U(IV) and fixed into sediments as groundwater flowed 
through the transition zone with Mn reduction (Banning et al., 
2013). The incompatible distribution of groundwater As and U 
endangers drinking water supply, which requires further 
investigations. 
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Accurate knowledge of the solubility and diffusivity of 

water in CO2 is essential for numerical modeling the dry-out 
and salt precipitation processes during the injection of dry 
carbon dioxide into reservoirs. However, the experimental data 
at high pressures and temperatures are very limited. 

We observed the evaperation of brine by CO2 via Raman 
spectroscopy, determined the water molar fraction in carbon 
dioxide at equilibrium (Figure 1) from 40 to 180 oC at 
pressures from 10 to 30 MPa, and measured diffusion 
coefficients of water in supercritical carbon dioxide from 100 
to 140 oC at pressures from 10 to 30 MPa (Table 1). 

Figure 1: Water molar fraction in carbon dioxide phase. 

D (10-8m2/s) 
10 MPa 20 MPa 30 MPa 

100 oC 16.5 6.48 0.70 

120 oC 25.9 9.36 1.73 

140 oC 29.4 10.7 5.43 
Table 1: Diffusion coefficients (D) of water in CO2. 
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The Changjiang (Yangtze River) is the largest river in 
China, which plays a critical role in terrestrial material cycle 
and ecosystem health of the East China Sea. In recent years, 
the Changjiang delivered a huge amount of nutrients into the 
estuarine and coastal areas, resulting in the deterioration of 
marine environment such as the occurrences of red tide and 
hypoxia off the estuary. How the estuarine and shelf sediments 
that are originally weathered from the land respond to the rapid 
changes of oceanic environment may significantly influence 
the material cycle and biogeochemical process in the East 
China Sea and the West Pacific. 

In this contribution, an experimental study was carried out 
to examine the release rates of major elements (Ca, K, Mg, Mn 
and Fe) from the surface sediments in the Changjiang Estuary, 
aiming to explore the element release behavior and mechanism 
in terms of ocean acidification. Under the wide pH ranges of 
simulated seawater from 4.0 to 8.0, the release fluxes of Ca, K, 
Mg, Mn and Fe from four sediment samples increase rapidly 
while the sediments reacting with the solution, and then show 
different variations. The dissolution rates of the elements 
decrease with the simulated seawater pH increasing from 4.0 to 
7.0, but increase while the pH increasing from 7.0 to 8.0. 
Furthermore, Ca, K and Mg have relatively higher dissolution 
rates than Mn and Fe. The different release rates of these 
elements are closely related to the original mineral 
composition of the studied sediments and the reaction kinetics. 
Overall, although the release rates of the elements are 
relatively slow, the enhancing ocean acidification could cause 
significant release of major elements from naturally-weathered 
terrigenous sediments into the ambient marine environment, 
which has to be considered carefully in the future studies on 
global environmental change and ocean chemistry. 

 
Acknowledgements: This work was supported by NSFC 

research fund (Grant No: 41225020, 41376049). 
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Strikingly brilliant structural colors were independently 

evolved by organisms to fulfill a variety of functions, using 2D 
or 3D arrays of chitin or cellulose fibers, calcite or guanine 
crystals. Optical systems based on intra-cellular arrays of thin 
guanine crystal platelets are found in a variety of marine and 
terrestrial animals, such as fish, copepods, crabs, chameleons 
and spiders. The colors are produced by constructive 
interference of light reflected from stacks of guanine crystals 
alternating with layers of cytoplasm.  

The silvery lustre observed from the skin and scales of 
many types of fish is generated by broadband reflectance over 
the entire spectrum of visible light. The lustre is produced by 
crystal/cytoplasm stacks in slightly disordered arrangements 
and spacings, which modulate the iridescence and reflectance 
intensity.  

Certain families of small marine planktonic crustacean 
copepods are found in different colors covering the whole 
visible spectrum, and each color is characterized by well-
defined spectral characteristics, forming true photonic crystal 
arrays. Each color is created by specific and precise spacings 
between uniformly thick guanine crystals within the stacks. 

The fresh water fish Neon Tetra has the ability to change 
the structural color of its lateral stripe in response to a change 
in the light conditions, from blue-green to indigo, forming 
truly tunable photonic crystal arrays. Reversible variations in 
crystal tilt within individual arrays are responsible for the 
light-induced color variations.  

The insights gained from the understanding of how biology 
modulates reflectivity can provide inspiration for the design of 
artificial optical systems with properties yet hardly achievable, 
if at all, in artificial materials. 
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Komatiites are ultramafic rocks formed by high degrees of 
partial melting. A fundamental question in their genesis is 
whether they are derived from dry and hot mantle or due to its 
hydrous melting at much lower temperatures. Because of 
strong alteration, primary volatile abundances of komatiitic 
magmas remain controversial. The Late Cretaceous (~90 Ma) 
komatiites of the Gorgona Island, Colombia, are well suited for 
the study of volatiles because they are much fresher compared 
to most of their Archean counterparts.  

We have studied O isotopes in the same olivines Fo89−93 
from the Gorgona komatiites and picrites, for which melt 
inclusion major, trace and volatile element and B isotope data 
have already been reported [1,2]. A distinctive feature of these 
melt inclusions is their high concentrations of volatile 
components and boron (0.3−1.0 wt% H2O, 0.02−0.07 wt% Cl, 
0.8−2.0 ppm B), which show positive anomalies in the 
depleted, primitive mantle normalized trace and REE spectra 
and range from −11.5 to +15.6‰ of δ11B. Based on these data, 
direct assimilation of seawater, NaCl saline brines, altered 
oceanic crust, serpentinized peridotite and marine sediments 
was shown to be unlikely and an input of less than 3 wt% of 
11B-enriched fluid, carrying also H2O and Cl, into the mantle 
source has been proposed. The CRPG-Nancy CAMECA IMS 
1280HR ion microprobe was used for O-isotope analysis. The 
olivines (63 olivine grains from 6 lava samples, 407 individual 
measurements) were systematically analyzed (1) as close as 
possible to the previously studied melt inclusions, (2) in the 
centre and (3) near the grain boundaries. The majority of 
olivines are mantle-like, with δ18O ranging from +4.8 to 
+5.5‰, but with a subordinate number of values ranging from 
4 to 6‰. The observed δ18O vs. δ11B relationships also argue 
against significant magma contamination by crustal rocks, 
thereby supporting our latter conclusion about possible deep 
mantle origin of H2O and other volatile components in the 
Gorgona komatiites.  
 
[1] Kamenetsky et al. (2010) Geology 38, 1003−1006. [2] 
Gurenko and Kamenetsky (2011) EPSL 312, 201−212.  
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Molybdenum is a contaminant from slags produced in steel 

processing, but is also an essential element important 
particularly for N2 fixation. Usually molybdenum exists as 
hexavalent tetrahedral MoO4

2- ions in solution. In soils it may 
be sorbed not only to Fe/Al (hydr)oxides, but also to organic 
matter. The binding is pH-dependent, with strong adsorption at 
pH < 5-6, and with low or insignificant adsorption at higher 
pH. By use of Mo K-edge X-ray absorption spectroscopy we 
studied the coordination environment of Mo(VI) on model 
sorbents, and on the O and B horizons of a Spodosol. The 
results were used to develop geochemical models able to 
predict the Mo partititioning in soils.  

EXAFS spectroscopy showed MoO4
2- ions to bind 

tetrahedrally to 2-line ferrihydrite as an edge-sharing bidentate 
complex, with Mo-O distances of around 1.76 Å and with a 
Mo…Fe distance at 2.80 Å. A minor contribution from a 
corner-sharing bidentate complex (Mo…Fe = 3.55 Å) was 
detected. An edge-sharing bidentate complex was dominant 
also on Al(OH)3 (Mo…Al = 2.62 Å). XANES and EXAFS 
spectra collected for the Bs horizon sample were similar to 
those of Al(OH)3, indicating an Al(OH)3-type precipitate, 
probably allophane, to dominate Mo(VI) binding.  

For Suwannee River Fulvic Acid at pH 4.0, and for the O 
horizon sample the EXAFS the results were different. Here 
Mo(VI) formed a complex in an octahedral configuration (2 
Mo=O at 1.76 Å, 2 Mo-O at 1.99 Å and 1 Mo-O at 2.25 Å), 
with C atoms at larger distances (> 3.2 Å). Under the 
experimental conditions, no polycondensation was detected 
(i.e. no Mo…Mo distances were found). 

The results were used to fine-tune the CD-MUSIC model 
for Mo(VI) adsorption to ferrihydrite, and to develop a new 
model for the prediction of Mo sorption to organic matter. 
Examples of model fits are shown in the presentation. 
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Explosive volcanic eruptions release large amounts of 
hydrogen chloride, which under some circumstances may 
deplete the stratospheric ozone layer. However, the magnitude 
of this effect is unclear, because various processes in the 
eruption column could remove HCl from the volcanic plume. 
One potentially important, but poorly studied process is the 
adsorption on volcanic ashes. Therefore,  the adsorption of 
HCl on volcanic ashes was experimentally studied from -76 to 
+ 150 ˚C to simulate the behavior of HCl in the dilute parts of 
a volcanic plume.  Finely ground synthetic glasses of andesitic, 
dacitic, and rhyolitic composition served as proxies for fresh 
natural ash. HCl adsorption is an irreversible process and 
appears to increase with the total alkali content of the glass. 
Adsorption kinetics follows a first order law with rate 
constants of 2.13 . 10-6 s-1 to 1.80 . 10-4  s-1 in the temperature 
range investigated. For dacitic composition, the temperature 
and pressure dependence of adsorption can be described by the 
equation ln c = 1.26 + 0.27 ln p - 715.3/T, where c is the 
surface concentration of adsorbed HCl in mg/m2, T is 
temperature in Kelvin, and p is the partial pressure of HCl in 
mbar. The data imply that adsorption of HCl on ash increases 
with temperature, probably because of the increasing number 
of accessible adsorption sites. This temperature dependence is 
opposite to that observed for SO2, so that HCl and SO2 are 
fractionated by the adsorption process and the fractionation 
factor changes by four orders of magnitude over a temperature 
range of 300 K. The assumption of equal adsorption of 
different species is therefore not appropriate for deriving 
volcanic gas compositions from analyses of adsorbates on 
ashes. However, with the experimental data provided here, the 
gas compositions in equilibrium with the ash surfaces can be 
calculated. Our data also show that HCl adsorption on ashes is 
very efficient and under most circumstances greatly reduces 
the fraction of HCl reaching the stratosphere, so that the effect 
of volcanic HCl on stratospheric ozone is likely limited. 
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Given previously published carbon release estimates, the 

Paleocene-Eocene Thermal Maximum (PETM) is the closest 
geological analogue to current anthropogenic fossil fuel 
emissions. In addition to 5-6 ºC of surface warming, this ~56 
Ma event was associated with pronounced ocean acidification, 
recently reported to amount to a drop in oceanic mixed-layer 
pH on the order of 0.3 pH units at central North Pacific 
Shatsky Rise [1].  

Calculating the global carbon budget using observed δ13C 
changes alone cannot reveal the source and amount of carbon 
released whereas changes in carbon compensation depth offer 
only a weak constraint. Therefore we use a new boron isotope 
based estimate of mixed layer pH  from DSDP Site 401 (NE 
Atlantic) as a second, δ13C-independent constraint. We then 
employ these observational constrains in a time-dependent 
fashion using the GENIE Earth System Model to 
simultaneously ‘invert’ both (i.e., the δ13C and pH) records. 
We use this data-model approach to determine, for the first 
time, the source of carbon and magnitude of atmospheric pCO2 
rise associated with this event. 
 
[1] Penman, DE et al. (2014). Paleoceanography 29, 357-369. 
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The Hf-isotope record of Hadean and Archaean zircon 
supports the view that the Hadean protocrust was relatively 
long lived (several 100 Ma) but was then apparently destroyed 
quite rapidly between 4.0 and 3.85 Ga. One possibility is that a 
high giant impactor flux was responsible for the destruction of 
the Hadean crust,  perhaps aided by basaltic resurfacing in 
response to decompression melting of the mantle. However, 
until now, there has been no direct terrestrial evidence to back 
up this proposal. 

Here we present new field, petrological and geochemical 
data from the 1.85 Ga Sudbury impact crater. We report a 
systematic stratigraphic succession of volcanic shards in the 
crater fill. The lower portion of the fill (breccias) is dominated 
by blocky shards that have the same chemistry as the 
underlying meltsheet. The first appearance of a different shard 
type, often lenticular (chlorite-dominated; previously termed 
‘green shards’), occurs at the top of the breccia and becomes 
the dominant shard type of the overlying tuff. These lenticular 
shards, characterised with in situ analysis (SEM EDS and LA-
ICP-MS), yielded many juvenile features, in particular REE 
patterns identical to modern N-MORB. In addition, we present 
high-precision major and trace element data for carefully hand-
picked ash matrix. This shows that the ash experienced limited 
chemical alteration and also that there is an upwards trend 
towards more juvenile magma. 

This new evidence suggests that phreato-magmatic 
reworking of the crustal melt sheet was followed temporally by 
a separate episode of emplacement of juvenile mantle-derived 
magmas. We propose that the juvenile magma was not 
generated by melting target rocks during the impact itself but 
may haven been caused by mantle upwelling/heating after 
cavity collapse. The first occurrence of juvenile shards 
coincides with strong reorganisation of the crater floor along 
major faults, an observation compatible with material flow 
below. Our new evidence suggests that even >150 km 
terrestrial impact basins could have become resurfaced with 
basalt. Therefore, cratering by giant (>1000 km) impacts and 
concomitant reworking are a likely viable mechanism for 
destroying the Hadean protocrust. 
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Magnetite (Fe3O4) is one of the most important biominerals 

found in anoxic zones of soils and sediments. Its content in 
trace elements depends on the composition of the medium 
from which it grew and on the elemental partitioning between 
the parent medium and the mineral. In turn, trace element 
analyses of magnetites could provide precious information on 
the media and processes that govern their formation. In order 
to better understand the trace and minor elements incorporation 
in biomineralized magnetites, we determined, using ICP-MS, 
the incorporation pattern of 34 trace elements in synthetic 
magnetites, of about 10 nm, synthesized in aqueous solution 
under controlled conditions. The partitioning coefficients 
follow trends consistent with a model of elastic energy penalty 
in magnetite, which mask crystal field effects. A geochemical 
code (CHESS) is adapted to model these results and to predict 
trace element contents of magnetite in a large range of 
biogeochemical contexts. This modeling is then compared to 
the results of a novel analytical approach that allowed us to 
measure the contents in the same trace elements of magnetites 
obtained from cultures of magnetotactic bacteria [1]. This 
comparison is then used to infer some geochemical 
characteristics of the biomineralization medium of the 
magnetites produced in bacterial magnetosomes showing that 
the trace element content of magnetites may act as a valuable 
reporter of the biomineralization medium. 

 
[1] Amor M, Busigny V, Durand-Dubief M, Tharaud M, Ona-
Nguema G, Gélabert A, Alphandéry E, Menguy N, Benedetti 
MF, Chebbi I, and Guyot F (2015) Chemical signature of 
magnetotactic bacteria. PNAS 112, 1699-1703.  
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The physical and chemical structure of protoplanetary 

disks, including the radiation field and gas temperature, can be 
probed by the emission and spatial distribution of molecules. 
Theoretical models predict that the vertical and radial 
attenuation of the radiation field will result in a vertical and 
radial stratification of molecules, where radicals like CN will 
dominate the UV-illuminated disk surface and the outer low-
density disk, where radiation can penetrate to the disk 
midplane, while molecules such as HCN are mainly present in 
a protected layer between the disk surface and the cold 
midplane. The CN/HCN ratio can thus be used to constrain the 
radiation field in disks and how this relates to the disk density 
profiles. HCN and CN isotopologues are additionally potential 
probes of the disk thermal structure since 15-N fractionation 
should depend sensitively on the formation temperature — 
higher fractionation is expected in colder environments. We 
will present ALMA observations of CN, HCN and 
isotopologues, at high-angular resolution (~0.6”), in two 
protoplanetary disks — DM Tau and MWC 480 — exposed to 
different stellar radiation fields. We find that, in agreement 
with model predictions, the CN/HCN ratio increases with 
radius. We also find interesting sub-structures suggestive of a 
complex radial dust and/or radiation profile. We also provide 
the first measurement of the 14-N/15-N ratio in a disk. We find 
a low 14-N/15-N ratio, i.e., high fractionation in MWC 480, 
comparable to what is observed in comets. 

Figure: Continuum emission, CN and HCN moment zero 
maps in MWC 480 (upper), and radial profiles (bottom).  

The image part with relationship ID rId75 was not found in the file.
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Using compositional data of melt inclusions (n=610) in 
three different plutonic rocks, we have reconstructed the 
geochemical evolution of the immiscible silicate and carbonate 
melt, and various crystalline phases in the subvolcanic 
reservoir of Kerimasi Volcano in the East African Rift.  The 
results of microthermometric experiments for the melt 
inclusions combined with the relevant phase diagrams show a 
temperature-ranges from 1150-1000 through 1000-900 to  
900-700 oC for crystallization of the studied afrikandite, 
jacupirangite and calciocarbonatite, respectively. Silicate-
carbonate liquid immiscibility occurred during the generation 
of carbonatite magmas from a CO2-rich melilite–nephelinite 
parent magma to natrocarbonatite through calcic carbonatite 
magma at pressure range from 10 to 2 kbar. All these indicate 
that immiscible silicate and carbonate melts separated from the 
afrikandite body, which was followed by the formation of 
jacupirangite from these separated melts. Calciocarbonatite 
started to crystallize from the calcic carbonate melt that was 
physically separated during formation of jacupirangite. The 
fractionating mineral phase assemblage and the element 
partitioning systematics upon silicate–carbonate melt 
immiscibility are strongly depended on the parental magma 
composition.  Our results indicate that preferential partitioning 
of oxidized sulfur (as SO4

2−), Ca and P (as PO4
3−) into the 

carbonate melt may promote the partitioning of Nb, Ta, Pb and 
all REE into this phase.  However, changes in the partition 
coefficients of elements between minerals and the coexisting 
melts along the liquid line of descent are rather significant at 
Kerimasi.  This is why, in addition to the REE; Nb, Ta and Zr 
are also enriched in Kerimasi calciocarbonatites. Volatiles 
were incorporated principally in nyerereite, shortite, 
burbankite, nahcolite and sulfohalite, as identified by Raman 
spectrometry. These extremely unstable minerals cannot be 
found in the bulk rocks, because of alteration by secondary 
processes.  Based  on these data, an evolutionary model is 
developed for Kerimasi plutonic rocks, which contributes to 
our better understanding of the petrogenesis of carbonatites 
and associated silicate rocks. 
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Identifying how injected CO2 is stored in the subsurface is 

a fundamental challenge for carbon capture and storage. 
Developing universally deployable tracing tools will increase 
confidence that stored CO2 remains intact. We will present 
work, which examines the applicability of the isotopic 
composition of noble gases (He, Ne, Ar) present as minor 
natural components in CO2 injected into the Cranfield oil field 
(MS, USA). Samples of gas from injection and production 
wells were taken one and three years after the start of injection 
in mid 2008. 

Neon isotope data are consistent with simple binary mixing 
between the injected and in-place natural gas. Coherent 
correlations with He and Ar isotopes allow the natural gas end-
member composition to be determined. He, Ne and Ar isotope 
ratios correlate with CO2 concentration illustrating that the 
noble gas fingerprints of the injected gas  are preserved and are 
effective tracers of the sequestration process. Furthermore, the 
noble gases identify the loss of a significant amount of CO2 
from the free gas phase in several 2009 samples. We will show 
that the noble gases have potential for quantifying CO2 storage 
and identifying the mechanism of storage in carbon 
sequestration sites.  
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The rare earth element (REE) fluorocarbonate mineral, 
bastnäsite-(Ce), and REE phosphate mineral, xenotime-(Y), 
are the main light (L)REE- and heavy (H)REE-bearing 
minerals, respectively, in magmatic-hydrothermal REE 
deposits. Our understanding of how these REE deposits form, 
however, and the effects of hydrothermal processes on the 
mobilization of the REE, is very limited due mainly to the 
paucity of thermodynamic data for these minerals.  

In this study, we report new experimentally determined 
thermodynamic properties for the REE fluorocarbonate 
minerals bastnäsite-(Ce) and parisite-(Ce) [1]. We also report 
measurements of the the solubility of xenotime-(Y) from 100 
to 250 °C and water saturation pressure (psat). Our data differ 
by orders of magnitude from those that can be calculated from 
currently available calorimetric data [2]. The new mineral data 
have been incorportated in the numerical simulation code 
GEM-selektor (http://gems.web.psi.ch) together with available 
experimental data for aqueous REE species. Using the new 
data, we have modeled hydrothermal fluid-rock interaction 
processes at 450 to 150 °C and 1 kbar. These simulations of 
crustal REE ore forming processes were employed to explain 
the behavior of REE in hydrothermal fluids of peralkaline 
granitic and carbonatitic systems. The Strange Lake REE-Zr-
Nb deposit in Canada and the HREE deposit in Lofdal, 
Namibia, are used as test examples. We explore a commonly 
occuring replacement reaction of zircon by xenotime and the 
effect of different ligands and acids (i.e. HCl(aq), HF(aq) and 
H3PO4(aq)) in delineating the physico-chemical conditions 
prevailing during the hydrothermal stages of REE ore 
deposition.  
 
[1] Gysi & Williams-Jones (2015), Chemical Geology 392, 87-
101 [2] Gysi, Williams-Jones & Harlov (2015), Chemical 
Geology 401, 83-95.  
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We separated dust particles from the mesh-filtered sets on 
rainy days (daily precipitation > 10 mm), non-rainy days, and 
heavy dust storm days. On microscopic examination, we 
observed carbon-bearing anthropogenic particles, (carbon-
touched) iron-oxide, iron-sulfide, and various silicates 
including quartz and feldspar. The lowest pH was in winter 
(pH=5.6) and autumn (pH=5.8), and the average highest pH of 
6.2 was measured in the spring. During Asian Dust Storm 
(ADS) events sampled precipitations were very alkaline, 
pH>6.5, and are due to strong inputs of alkaline species to the 
precipitation, which transported from China, Mongolia and 
Siberia. The pH level of ADS and the soil of its origin is 7.9-
9.2. ADS events were present in the 7.5 per cent of the total 
events in Daejeon. PH values of precipitations were similar 
during ADS from different origin. Electric conductivity (EC) 
of ADS samples were 70.58 μS/cm, higher than that of non 
ADS samples 48.09 μS/cm reflecting impurities in the 
samples. 
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Subduction zone magmatism is regarded as the main 
mechanism by which new continental crust is created. Exposed 
profiles of paleo-arc crusts (e.g., the Talkeetna, Bonanza, and 
Kohistan sections) have been studied in much detail and 
variable mechanisms for their evolution from a primitive 
basaltic to a bulk andesitic composition, such as remelting of 
the lower crust, extensive fractionation and delamination of the 
residual products, were proposed (e.g. DeBari and Greene, 
2011). However, little is known about the deeper crust in 
active oceanic island arcs, although it is here where the early 
stages of continental crust formation occur. 

The New Hebrides Island Arc is a young, active 
subduction zone in the SW Pacific. Its southern back-arc, 
known as the Coriolis Troughs, was the focus of RV Sonne 
cruise SO-229 in 2013. During this expedition, two sections of 
the rifted island-arc crust were sampled, one at the western 
side of the Nifonea Ridge (SE Vate Trough) and the other at 
the eastern side of the southernmost Futuna Trough. At 
Nifonea 21 samples (mostly tholeiitic basalts) were collected 
from 1962–1506 m water depth and at Vate 36 samples 
(mostly basaltic andesites) were collected from 3271–1008 m 
water depth. The phenocrystic association in the Vate crust is 
Pl > Ol > Cpx > Sp, whereas, in the Futuna lavas, Ol is absent 
and Opx crystallizes, indicating relative higher pressures of 
crystallization in Futuna relative to Nifonea. Major and trace 
elements vary substantially in the individual profiles without a 
clear trend with decreasing depth, but the uppermost lavas 
generally are more homogenous in both profiles. Isotopic 
compositions and trace element ratios generally reveal a more 
depleted nature for the Vate crust where most of the lavas have 
87Sr/86Sr = 0.70245–0.70409, εNd = 9.2–10.0, and Nb/Y < 
0.15. The Futuna crust is typically characterized by 87Sr/86Sr = 
0.70393–0.70401, εNd = 5.8–6.3, and Nb/Y > 0.15. This 
implies significant changes in source fertility. Opening of the 
Coriolis Troughs progressed from south to north, which is 
consistent with a time-integrated depletion of the mantle 
underneath. Precise Ar-Ar ages will shed more light on the age 
and duration of processes leading to the formation of both 
crusts and a better understanding of the evolution of newly 
formed island arc crust during its early stages. 
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The alternative buffer materiall field test (ABM) was 

started at the Äspö (S) underground Hard Rock Laboratory in 
2006. Three packages with twelve different compacted clays 
(0.3 m diameter doughnuts) were vertically stacked around a 
central heating rod made of carbon steel that would heat up the 
clay to up to 130 °C. In April 2013 the second package 
(ABM2) was excavated, 6½ years after the installation.  

The scope of the present work aims at resuming the studies 
by Svenson and Hansen [1] on ABM1, by focussing on Fe 
redox chemistry at the Fe-bentonite interface, by combining 
supplementary chemical (phenanthroline), spectroscopic 
(Mössbauer, IR, Raman) and diffraction methods (XRD and 
µXRD). 
 

 
Figure 1: Interaction zone between greenish Deponit clay 

and Fe corrosion product. First collected Mössbauer data 
suggest an increased paramagnetic Fe2+ content toward the 
oxygen sentitive blue zone (presumably due to presence of 
reduced clay and/or green rust) and an enrichment in magnetic 
species (presumably goethite) toward the red zone. 

 
[1]Svensson, P.D., Hansen, S. (2013) Redox chemistry in two 
iron-bentonite field experiments at Äspö hard rock laboratory, 
Sweden: An XRD and Fe K –edge XANES study. Clays and 
Clay Minerals, 61, 566-579.  

1142

mailto:jebril.hadi@geo.unibe.ch


 Goldschmidt2015 Abstracts  

 1143 

Quantifying pH dynamics in a 
changing ocean  

M. HAGENS1 AND J. J. MIDDELBURG1* 
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*correspondence: j.b.m.middelburg@uu.nl 
 

The ocean provides an important ecosystem service to 
mankind by absorbing 25-30% of the anthropogenic carbon 
dioxide and > 90% of global warming. This service comes at 
the expense of changes in ocean chemistry. Here we present 
explicit equations for calculating the sensitivity of protons to 
changes in ocean chemistry. These expressions can include as 
many acid-base systems as desirable and are fully consistent 
with existing equations that only include the carbonate and 
borate acid base systems. Moreover, a similar generic approach 
can be applied to the Revelle factor. Such expressions are 
instructive to advance our understanding of pH dynamics in a 
changing world or the impact of biogeochemical processes on 
pH. 

Using these expressions  and observed changes in DIC, 
TA, temperature and salinity, we  were able to reproduce 
seasonal pH evolution at three time-series stations: ALOHA 
(Pacific), DYFAMED (Mediterranean) and Iceland Sea 
(Atlantic). Moreover, we identified contrasting patterns for 
each of three study sites. At the subtropical Station ALOHA, 
temperature variability dominates the trend in pH year-round. 
pH at DYFAMED is dominated by the DIC signal between 
November and May and by the temperature-driven pH changes 
in the remainder of the year. In the Iceland Sea, where TA also 
shows significant seasonal variability, DIC variability 
dominates the trend in pH for most of the year, with the 
exception of early summer and early winter, when temperature 
and TA are the respective dominant drivers. 

Using these analytical expression and CO2 and temperature 
projections for the year 2100 we show that ocean pH will be 
3.5 to 4 times more sensitive to changes in ocean chemistry, 
but ocean pH becomes less sensitive to temperature and 
salinity. 
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Methane is the second most important long-lived 
greenhouse gas in Earth’s atmosphere. It also reacts with Cl•, 
OH•, and other reactive molecules to produce the methyl 
radical (CH3•). The rates and isotopic signatures of these 
reactions are of interest for understanding the budgets of 
methane, water vapor, CO and reactive species in air. In this 
study we estimate kinetic isotope effects (KIE) for the doubly 
substituted isotopologues of methane, CH2D2 and 13CH3D, 
reacting with OH• and Cl•, using electronic structure modeling 
and transition state theory. It is known that reactions with OH• 
and Cl• cause residual atmospheric methane to become 
enriched in D compared to the source methane. Our models 
predict distinct signatures of lower Δ13CH3D and ΔCH2D2 
relative to the source composition. The model Δ13CH3D results 
agree with another recent study [1] and the results for ΔCH2D2 
agree with previous measurements of relative reaction rates [2] 
[3]. 

We predict that Δ values are more strongly affected by 
reaction with Cl•, compared to OH•. In a Rayleigh model at 
T=293K, assuming initial isotopic equilibrium, Δ13CH3D in the 
reaction with OH• drops from +6.1 at f =1 to +3.2 at f =0.1, 
whereas in the reaction with Cl• Δ13CH3D drops to –11.8 over 
the same range in f. ΔCH2D2 in the reaction with OH• goes 
from +20.9 to –5.4 whereas in the reaction with Cl• it drops to 
–76.4. These predictions may be useful to constrain the origin 
of methane affected by destruction by the hydroxyl and 
chlorine radicals in the atmosphere. The characteristic 
relationship between Δ13CH3D vs. ΔCH2D2 caused by each  
sink may make it possible to back-project from the 
composition of methane in air to estimate the contributions 
from individual sources. 
 
[1] Joelsson L.M.T., et al., (2014), Chem. Phys. Letters, 605-
606,152-157 [2] Gierczak T., et al., (1997), J. Phys. Chem. A, 
101(17), 3125-3134 [3] Feilberg K. L., et al., (2005), Int. J. 
Chem. Kinetics, 37(2), 110-118.  
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In modern industrialized societies there are a large, and 
increasing, number of man-made chemical substances. Today 
>100 000 are produced in such amounts that they qualified for 
the REACH pre-registration list. 

The wide variety of chemical substances occurring in 
consumer goods and chemical products will be emitted and 
lead to human and environmental exposure to mixtures of 
chemical substances, which has the potential to exert a 
combined toxicological effect. To make things worse the 
parent compounds may also transform in the technosphere or 
in the environment. 

To handle such a complex emission scenario one may 
apply a top down (starting at the source) or bottom up 
approach (starting at the receptor end). This presentation will 
cover both. 

As an example of the top-down approach, we have 
developed a molecular emission model with which it is 
possible to estimate the annual economy-wide emissions of 
organic chemicals from consumer goods and building 
materials. 

We have also used direct measurements of emissions from 
sewage treatment plants and city dump cites to nearby 
recipients. Non-target screening analyses revealed a large 
number of emerging contaminants and transformation products 
of concern. 

Finally, we have indications of secondary pollution. Very 
toxic brominated dioxins that are formed naturally in the 
environment and seems to increase in concentration as a result 
of climate change and increased nutrient load. 
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The mobility of metals in fluids of the Earth's crust and 

precipitation of metals in ore forming processes depend 
strongly on the speciation of the metal cations in the fluids. In 
the case of gold, complexes with sulfur and, to a lesser extent, 
chlorine are thought to play a dominant role in Au mobilization 
and deposition. In particular, current speciation models focus 
on hydrogen sulfide (HS-) as the most important ligand for 
gold [1]. However, this picture may be challenged by the 
discovery that the radical ion S3

- is a stable sulfur species in 
aqueous solution at elevated pressures and temperatures [2]. It 
is therefore a new candidate for the formation of complexes 
with gold (and similar metals) in hydrothermal fluids. 

Here, we present results of first-principles molecular 
dynamics simulations of various gold-sulfur complexes in 
water at  hydrothermal conditions. From a structural point of 
view, these simulations demonstrate, in combination with 
experimental EXAFS data, that gold is coordinated by two 
sulfur ligands in a quasi-linear arrangement. Furthermore, 
using constrained dynamics, we calculated the free energy of 
ligand-exchange reactions and found that gold has similar 
affinities for HS- and S3

-. Since S3
- dominates over HS- in most 

S-rich acidic to neutral fluids at elevated temperatures [2], S3
- 

may indeed be a major carrier of gold in geological fluids. 
 

[1] Seward (1973),  Geochim. Cosmochim. Acta 37, 379-399 
[2] Pokrovski and Dubessy (2015), Earth Planet. Sci. Lett. 
411, 298-309 
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Reconstructed changes in seawater calcium and 
magnesium concentration ([Ca2+], [Mg2+]) predictably affect 
the ocean’s acid/base and carbon chemistry. Yet inaccurate 
formulations of chemical equilibrium “constants” are currently 
in use to account for these changes. Here we develop an 
efficient implementation of the MIAMI Ionic Interaction 
Model [1] to predict all chemical equilibrium constants 
required for carbon chemistry calculations under variable 
[Ca2+] and [Mg2+] [2]. We investigate the impact of [Ca2+] and 
[Mg2+] on the relationships among the ocean’s pH, CO2, 
dissolved inorganic carbon (DIC), saturation state of CaCO3 

(Ω), and buffer capacity. Increasing [Ca2+] and/or [Mg2+] 
enhances “ion pairing,” which increases seawater buffering by 
increasing the concentration ratio of total to “free” 
(uncomplexed) carbonate ion. An increase in [Ca2+], however, 
also causes a decline in carbonate ion to maintain a given Ω, 
thereby overwhelming the ion pairing effect and decreasing 
seawater buffering. Given the reconstructions of Eocene [Ca2+] 
and [Mg2+] ([Ca2+]~20mM; [Mg2+]~30 mM), Eocene seawater 
would have required essentially the same DIC as today to 
simultaneously explain a similar-to-modern Ω and the 
estimated Eocene atmospheric CO2 of ~1000 ppm. During the 
Cretaceous, at ~4 times modern [Ca2+], ocean buffering would 
have been at a minimum. Overall, during times of high 
seawater [Ca2+], CaCO3 saturation, pH, and atmospheric CO2 

were more susceptible to perturbations of the global carbon 
cycle. For example, given both 

Eocene and Cretaceous seawater [Ca2+] and [Mg2+], a 
doubling of atmospheric CO2 would require less carbon 
addition to the ocean/atmosphere system than under modern 
seawater composition. Moreover, increase in seawater 
buffering since the Cretaceous may have been a driver of 
evolution by raising energetic demands of biologically 
controlled calcification and CO2 concentration mechanisms 
that aid photosynthesis. 
	  
[1] Millero F.J., and Pierrot, D. (1998) Aquatic Geochemistry, 
4, 153-199 [2] Hain, M., Sigman, D., Higgins, J., Haug, G. 
(2015) Global Biogeochemical Cycles, 
doi:10.1002/2014GB004986 
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Precambrian banded iron formations (BIFs) provide unique 
archives of the early Earth. However, post-depositional 
alteration and metamorphic processes influence the chemistry 
and mineralogy of BIFs and make the interpretation of primary 
sedimentary processes challenging. Anoxygenic phototrophic 
or microaerophilic Fe(II)-oxidizers may have played a key role 
in the precipitation of the primary BIF precipitates, i.e. Fe(III) 
(oxyhydr)oxides. Although, the organic carbon content in BIFs 
is very low, the negative δ13C values in BIF carbonates could 
stem from biomass-derived carbon. However, it is unknown i) 
whether abiotic oxidation of organic carbon coupled to Fe(III) 
reduction induced by pressure and heat can oxidize the organic 
carbon from primary BIF sediments to CO2 and ii) whether this 
leads to negative δ13C values in carbonates. 

To answer these questions, we simulated diagenesis 
experimentally in gold capsules at 1.2 kbar and 170 °C with 
ferrihydrite or hematite mixed with either untreated or p/T-
pretreated bacterial biomass, which simulates partially 
degraded sedimented organic carbon. We identified and 
quantified the gases formed, quantified and characterized the 
residual kerogen phase and determined the δ13C values for both 
gaseous and solid-phase C-fractions. 

We found that the carbon in gases and kerogen becomes 
isotopically lighter when biomass is oxidized abiotically by 
Fe(III), and Fe(II) carbonates are formed. These results are in 
agreement with the possible formation of 13C-depleted 
carbonates in BIFs during diagenesis. 
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A key question pertaining to Earth System evolution is the 

geologic history of ocean pH. The acid-base balance of the 
ocean was probably instrumental in maintaining Earth's 
habitability, and has likely impacted biological aspects such as 
the evolution of bio-mineralization and microbial metabolisms. 
The pH of the ocean is governed by the abundance of 
atmospheric CO2 and the conservative ion charge balance. 
Therefore, the major processes that control atmospheric CO2 
levels and seawater composition also control ocean pH. 
Atmospheric CO2 levels are thought to have decreased in 
response to a brightening Sun over the past ~4.5 Gyr. 
Concurrently, progressive atmospheric oxidation likely 
resulted in increasing oceanic concentrations of oxidized 
species, such as sulfate, and a decline in the concentrations of 
reduced species, such as ammonia. And, throughout geologic 
history, the oceans were continuously saturated with respect to 
carbonate minerals and remained undersaturated with respect 
to gypsum and halite. 

Here we ask: can a baseline trajectory be established in 
light of known secular changes and plausible limits on ocean 
chemistry? Specifically, what can be said about the evolution 
of ocean pH in response to a brightening Sun (declining CO2), 
and an increasing oxidation state of the surface environment 
through Earth history? We employ a simple model of the Earth 
System, which includes the major chemical components of 
seawater and carbonate chemistry, as well as the responses of 
continental and seafloor weathering, and alteration of seafloor 
sediments to variations in these components. We find that 
higher CO2 levels in Earth’s past generally lead to lower pH, 
but the exact response depends on the sensitivity of silicate 
weathering rates to CO2 (Fig. 1A). Moreover, the response 
depends on the oxidation state of the surface environment 
through the abundance of seawater sulfate (Fig. 1B). Thus, the 
range of possible behaviours of ocean pH may be richer and 
more nuanced than previously suggested. 

Fig. 1: Ocean pH as a function of pCO2. Sensitivity to the 
dependence of silicate weathering on rainwater pH (A), and to 
seawater sulfate concentrations (B). 
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This project has been driven by the knowledge that 

organisms often use biomolecules to control the nucleation and 
growth of calcium carbonate through controlled 
biomineralisation. This control can produce remarkable crystal 
shapes, quite unlike those obtained by precipitation of the same 
mineral from solution. Several species of single-celled algae 
use polysaccharide molecules to control complex platelets of 
calcite known as coccoliths. Experimental studies1 have shown 
that the chemical and physical composition of the molecule 
(e.g. branched vs linear, acidic vs non-acidic) has a noted 
impact on its effectiveness in controlling the growth of the 
mineral. This project is directed to understanding this 
relationship using simulations of a range of polysaccharide 
molecules absorbing onto various calcite surfaces in the 
presence of water. We have undertaken a study of the effect of 
differing chemical connectivity and acidity upon the 
adsorption of a number of polysaccharide decamers to flat, 
stepped, and kinked surfaces of calcite. Acidic and branched 
polysaccharides show stronger binding and reduced flexiblity 
at the surface in comparison with linear, nonacidic species. 
The systems with the greatest relative stabilization with respect 
to pure calcite-water interface are those with high energy 
defects (kinks) and highly branched, acidic polysaccharides, 
suggesting that the known reduction in the growth rate of 
calcite crystals inthe presence of these acidic, polysaccharides 
may be due to the effective coverage of high energy sites 
associated with calcite growth, blocking the growth 
mechanism during their residence. Additionally, a suggested 
metric for the estimation of polysaccharide to calcite binding 
energies, and thus their effectiveness at inhibiting calcite 
growth, is given, wherein the difference between the number 
of hydrogen bonding pairs present when the polysaccharide is 
in solution and in vacuo was shown to correlate strongly with 
overall binding energy. 
 
[1] Nielsen et al (2012); Cryst. Growth Des. 12, 4906−4910 
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The origin of carbonate magmas is still enigmatic. The 
composition of carbonatites with their peculiar mineral 
association and chemistry have profound implications for the 
geochemistry of the mantle and the distribution of many 
incompatible trace elements. 

We present preliminary EMPA data for minerals from an 
amphibole-rich pyroxenite body fenitized by carbonatite 
intrusion as well as for secondary phlogopites and apatites 
grown at the contact of these rocks. The carbonatites are 
composed of 3–12 mm calcite grains with homogeneous ma-
jor element composition both from the massive occurrences as 
well as from enclosures within amphibole/pyroxene clus-ters. 
Minor amounts of Mg (0.4 wt.%), Sr (0.8 wt.%), Fe (0.6 wt.%) 
and Mn (0.1 wt.%) are typical, irrespective of the textural 
setting of the carbonate mineral. Large apatite xeno-crysts 
(0.2–5 mm) occur at the contact between carbonate and 
pyroxene–amphibole clusters. The apatite has uniform com-
position characterized by the presence of F (3.1 wt.%), Na  
(0.1 wt.%) and Sr (0.4 wt.%). Notably, calcite is depleted in 
Mg (0.3 wt.%), and Sr, Fe and Mn are not present in the  
10–25 µm thick zone at the contact with apatite. This can be 
explained by the migration of Sr, Fe and Mn from calcite into 
crystallizing apatite during the intrusion of the carbonatite 
magma into the pyroxenite. The fenitization has produced Na-
rich clinopyroxenes and amphiboles in the pyroxenites. Beside 
the apatite, both titanite and phlogopite (0.1–5 mm grains) 
occur in the contact zone between carbonate and pyroxene–
amphibole. Titanite from the contact zone is remar-kably 
enriched in Nb (up to 2.3 wt.%). In contrast, Nb con-tent in 
small accessory titanite grains in the relatively pristine 
pyroxenite is <0.2 wt.%. Phlogopite and titanite appear to be 
formed as direct products of reactions between carbonatite 
magma and pyroxenite. Allanite is a significant accessory 
phase in carbonate with up to 8.4 wt.% La and 12.4 wt.% Ce. 
The presence of phases enriched in alkali elements, F, REE, 
and Nb can be viewed as a product of reaction between 
carbonatite magma and surrounding pyroxenite indicates a 
significant role of incompatible element-enriched melts and 
fluids associated with carbonatite magma. 
 
This study was supported through the Czech Science 
Foundation grant 15-08583S. 
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The Bohemian Massif hosts abundant bodies of 

garnet/spinel peridotites commonly accompanied by layers of 
mafic rocks such as spinel/garnet pyroxenite and eclogite. A 
suite of pyroxenites from the Czech and Austrian parts of the 
Variscan Bohemian Massif, which varies in composition and 
origin, has been analyzed for Lu–Hf (whole rock and mineral 
separates) and Re–Os (whole-rock) isotopic compositions. The 
pyroxenites were sampled from nine localities in the Gföhl 
Unit and Kutná Hora Complex of the Moldanubian Zone and 
they represent garnet clinopyroxenites and/or websterites with 
one occurrence of spinel websterite.  

Studied pyroxenites have variable Re and Os 
concentrations with ranges from 0.103–1.45 ppb and 0.15 to 
4.43 ppb, respectively. These contents are in compliance with 
variable isotopic ratios of 187Re/188Os (0.48–16.6) and 
187Os/188Os (0.1425–0.4751). Some of the studied pyroxenites 
have slightly suprachondritic values of γOs (330 Ma), which is 
in agreement with their derivation from subcontinental 
lithospheric mantle. However, most of the studied pyroxenites 
display variable, highly radiogenic γOs with values up to +274 
suggesting significant contribution of recycled crustal material 
(subducted oceanic crust) into the migrating upper mantle 
melts from which they were crystallized. Osmium model ages 
(TMA) of the studied pyroxenites yield values from 0.4 to  
21.5 Ga. 

The whole-rocks and mineral separates (garnet, 
clinopyroxene) show variable Lu and Hf concentrations and 
isotopic ratios. Lutetium concentrations vary between  
0.004 ppm and 1.082 ppm, while Hf contents between 0.076–
1.071 ppm. Isotopic ratios of 176Hf/177Hf range from 0.282383 
to 0.288707 corresponding  to variably negative εHf values (at 
330 Ma) from –7 to –0.1 in few samples, but predominantly 
positive εHf values varying from +0.5 to +66 in the rest of 
samples. Two to three-point Lu-Hf isochrons yield an age of 
337 ± 4 Ma, 337 ± 5 Ma and 353±17 Ma, while one four-point 
isochron yield 337 ± 11 Ma. These values are similar to 
previously obtained Sm-Nd ages for host garnet peridotites. 
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Crystal structure and crystal chemistry of nepheline in 
melilite-olivine nephelinite from Hamada, Shimane Prefecture, 
Japan, were investigated using single-crystal X-ray diffraction 
and electron diffraction methods in order to clarify the 
structural property and to reveal relation between ionic 
substitution among four independent tetrahedral sites and 
incommensurate (IC) structure. The Si contents of Hamada 
nepheline are 1.024-1.042 atoms per formula unite (apfu; O = 
4), indicating slightly excess Si content. Single crystal X-ray 
diffraction data of the nepheline were collected at 200 °C, -
173°C and room temperature (RT). Space group is determined 
as P63, and R1 and goodness-of-fit are converged to  
2.63 - 3.63 % and 1.08 - 1.23, respectively, by taking four 
types of twin cells into refinement. In this study, derivation of 
O1 atom from triad axis was observed at -173°C, suggesting 
existence of incommensurate structure. Moreover, in addition 
to O1 oxygen atom, deviations of oxygen atoms at two or three 
oxygen positions are recognized, which is a new result 
indicating incommensurate structure in nepheline. However, 
the deviation of O1 atom from triad axis is not resulted in from 
the X-ray diffraction data at 200 °C and RT. It seems to be 
consistent with the fact that there are no satellite reflections in 
the electron diffraction pattern at RT.  

Merohedral twin in natural nepheline and oxygen disorder 
other than O1 oxygen are new finding in this study. 
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A frequently discussed topic in impact cratering is the fate 
of carbonates upon impact [1]. Specifically, the question is 
whether carbonates released from high shock pressures 
(sufficient to melt coexisting silicates) will decompose and 
liberate CO2 (e.g., [2]), or will be preserved as melt in 
impactites (e.g., [3]). Here, we present first evidence of calcite 
melts in impact and laser melting experiments recently 
performed in the context of the Multidisciplinary Experimental 
and Modeling Impact Research Network (MEMIN) [4]. 

Impact experiment A30-5610, performed with a two-stage 
light-gas gun at Fraunhofer Ernst-Mach-Institut, Freiburg, 
Germany, involved the impact of a 6.17-mm-diameter basalt 
sphere onto a block of Carrara Marble at 4.94 km s–1, resulting 
in a peak pressure of ~51 GPa. The accompanying laser 
melting experiment A5, performed with a pulsed Nd:YAG 
laser at Technische Universität Berlin, involved the rapid 
melting and subsequent quenching of parts of the contact zone 
between a basalt block and a calcite block. Both experiments 
yielded calcite grains that mostly show low-grade shock 
effects, e.g., pronounced twinning (up to three sets of twins in 
a single grain). Occasionally, ejecta particles composed of 
calcite and a silicate melt (presumably originating from the 
basalt projectile) are found in the impact experiment, showing 
degassing and melting of calcite. In the laser melting 
experiment, degassing and melting of calcite is indicated in 
direct contact to a basalt melt zone. In both cases, calcite melts 
are recognized by (i) loss of calcite grain boundaries, as well as 
in-situ appearance of flow textures and vesicles, (ii) 
isotropisation of presumably glassy areas, and (iii) distinctly 
different Raman spectra characterized by disappearance of the 
characteristic calcite bands at 155, 287, 714, 1087, and  
1439 cm–1. Based on optical microscopy, SEM, and Raman 
spectroscopy, we conclude that calcite melts were produced in 
both types of experiments.  

[1] Ivanov and Deutsch (2002) PEPI 129, 131–143 [2] 
Osinski et al. (2008) GSA Spec. Pap. 437, 1–17. [3] Pierazzo 
and Artemieva (2012) Elements 8, 55–60. [4] Poelchau et al. 
(2013) MAPS 48, 8–22. 
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The increase of nitrate in water bodies has raised serious 

concenrns to the health of human and ecological cycle. 
Recently, catalytic nitrate reduction using bimetallic catalysts 
has been found as a promising technology to safely and 
selectively reduce nitrate to nitrogen. The key challenge in 
catalytic nitrate reduction research is to enhance the reactivty 
and selectivity of bimetallic catalysts. Hence, extensive 
research have been reported to improve the reactivity and 
selectivity using various combinations of bimetals and support 
materials. For example, TiO2 and Al2O3 supported bimetallic 
catalysts have been found highly reactive, and selective 
towards nitrogen. However, such metal oxide  support 
materials are expensive, soluble, and unstable during the 
reduction process. The leaching of trace metals is toxic to 
aquatic life and also against economic feasibility. On the other 
hand, inexpensive support materials such as NZVI and iron 
oxides are eco-friendly but have relatively low reduction 
kinetics and nitrogen selectivity. These drawbacks have limited 
the field scale application of catalytic nitrate reduction 
technology. Hence, there is still a huge room for the 
development of highly reactive, selective, and eco-friendly 
catalysts for the removal of nitrate. Nano ZSM-5 (NZSM5) 
zeolite was selected as support material in this study, due to its 
high chemical and thermal stability, high surface area, eco-
friendly nature, and insolubility in water. A highly reactive and 
selective NZSM5 supported bimetalic catalyst was developed 
by extensive optimiztion of promoter metals, noble metals, and 
calcination temperatures. Interestingly, Sn-Pd combination was 
found to be most reactive and selective for nitrae reduction, 
unlike widely reported Cu-Pd combination.  Optimal catalyst 
composition was 1%Sn-1.6%Pd/NZSM5 resulting in fast 
nitrate reduction kinetics (k = 15.79 ×10-2 min-1 ;  
k’= 60×10-2 min-1 g catalyst-1), and high nitrogen selectivity 
(85%) and removal (100%).  
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The delay in the rise of oxygen to present day levels at the 
end of the proterozoic represents an important gap in our 
understanding of ancient biogeochemical cycling. One 
hypothesis suggests contributions to primary production by 
anoxygenic phototrophs, including metabolically versatile 
cyanobacteria, effectively limited oxygen production 
throughout Earth's middle age. Little Salt Spring, a karst 
sinkhole in Sarasota County, FL, USA, has low sulfate 
concentrations (<5 millimolar) and micromolar concentrations 
of both oxygen and sulfide in the photic zone, conditions that 
may have been widespread in surface oceans during long 
stretches of the Proterozoic. Phototrophic pinnacle mats 
comprised of cyanobacteria and green sulfur bacteria occupy 
the sediment-water interface in the sunlit upper basin of the 
sinkhole. The water chemistry of the sinkhole combined with 
these conspicuous microbial populations provide a model 
analog system for determining the role of anoxygenic 
photosynthesis in the delay of oxygenation of the surface 
oceans.  

Bicarbonate uptake indicates higher levels of primary 
productivity in the light. Inhibition of photosystem II via 
DCMU reveals cyanobacterial members of the pinnacle may 
be capable of anoxygenic photosynthesis and thus contributing 
to primary production in the absence of oxygen evolution. 
Indeed, characterization of the dominant cyanobacterium from 
the pinnacle mat indicates the isolate is capable of both 
anoxygenic photosynthesis and synthesis 2-methyl hopanoids, 
important biomarkers. The isolate requires no induction time 
following the addition of sulfide to perform anoxygenic 
photosynthesis. Under the optimal light conditions for 
oxygenic photosynthesis, rates of anoxygenic photosynthesis 
are nearly twice as high. This characterization represents a 
significant step toward unraveling the role of biology in 
planetary redox evolution. In Little Salt Spring, anoxygenic 
phototrophs contribute to primary productivity in the water 
column where sulfide and oxygen co-exist. These data support 
the hypothesis that anoxygenic phototrophs, including 
metabolically versatile cyanobacteria, could have played a role 
in delaying the rise of oxygen on early Earth. 
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227Ac (22 yr half-life) diffuses from sediment and is 
mixed vertically and horizontally as it decays, providing a 
distribution that can be used to infer transport rates for other 
solutes in the deep ocean. Profiles were collected during the 
fall of 2013 at 19 stations along the US Peru-Tahiti 
GEOTRACES transect by pumping water through acrylic 
cartridges impregnated with MnO2, to trap Ac, Th and Ra. 
Because extraction efficiency has been found to vary in past 
efforts, two cartridges were deployed in series to allow 
estimation of extraction efficiency for each sample. 

Results indicate that: 1. Cartridge extraction efficiency for 
Ac and Th was usually 0.65-0.70, quite good given the high 
pump rate through the fibers (~6.5 L/min), although some 
cartridges were anomalously low. 2. Profiles showed an 
increase toward the bottom, from activities of ~0.3 dpm/m3 at 
2000 m (close to 231Pa parent activity) to >0.9 dpm/m3 near 
the bottom. 3. Some isolated maxima appear near 2500 m, 
west of the East Pacific Rise, which probably represents 
modest input of Ac from hydrothermal sources. In addition to 
dissolved Ac, there is particulate Ac associated with the Fe 
rich neutrally buoyant plume particles. 

Estimates of vertical mixing, based in part on assumptions 
of the parent 231Pa activity, indicate 1-D diffusivities of  
4-27 cm2/s. Integrated excess 227Ac is ~3-10x lower than 
expected from 231Pa in sediments and predicted biodiffusivity. 
Additional work is in progress to complete measurements of 
231Pa and to integrate these results with those from 228Ra 
distribution. 
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Ultraclean analytical procedures and an improved 

decontamination method have been developed to minimize 
contamination problems and to accurately determine Pb 
isotopic compositions in North Greenland Eemian Ice Drilling 
(NEEM) deep ice core sections with concentrations at the sub-
picogram per gram level. In the case of the analysis of Pb 
isotopes using thermal ionization mass spectrometry (TIMS), 
ionization efficiency can significantly vary depending on 
sample loading on the filament with silica-gel activator. A new 
silica-gel activator produced by PL-7 (Fuso Chemical) has 
replaced the previously used colloidal silica activator produced 
by Merck. A PL-7 silica-gel activator was then validated to 
provide sufficiently enhanced ion beam intensity for Pb isotope 
analysis with a very small amount (a few tens of picograms) of 
Pb. The blank contributions from reagents, laboratory 
materials and silica-gel activator were carefully evaluated. The 
results show that these blanks are negligible for the 
concentrations of Pb to be measured in the NEEM ice core. 
The decontamination and analysis of the artificial ice cores and 
selected NEEM ice core sections by means of an improved 
decontamination method confirmed the cleanliness and 
effectiveness of the entire analytical procedures. 
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Bioleaching is based on the metabolic activity of various 

chemoautotrophic bacteria (e.g., Acidithiobacillus thiooxidans 
and A. ferrooxidans). To investigate the bioleaching 
characteristics of A. ferrooxidans and A. thiooxidans, 
bioleaching of Pb, Cu, and As from contaminated soil near a 
refinery was conducted using a sulfur-oxidizing bacterium, A. 
thiooxidans, and an iron-oxidizing bacterium, A. ferrooxidans.  

 
Table 1: The experimental sets for bioleaching using A. 

thiooxidans and A. ferrooxidans 

Set Soil 
Energy 
source 

Inoculum 
Removal (%) 

Pb Cu As 
A 

15 g Sulfur 3 g 
A. thiooxidans  33 53 52 

B Deionized water  21 29 40 

C 

15 g 

Fe2+ 3 g A. ferrooxidans  35 61 64 

D Fe2+ 0 g A. ferrooxidans  11 29 14 

E Fe2+ 3 g Deionized water  33 56 53 

F Fe2+ 0 g Deionized water  2 4 18 
 
Both bacteria supplied with their respective energy sources, 

S and Fe2+, resulted in decrease in slurry pH from 2.3 to 
1.3~1.5. The sulfur oxidizer led to the high concentration of 
dissolved Pb and As in the slurry; however, the highest 
removal of the elements from the soil was observed in the 
presence of the iron oxidizer. The result was due to adsorption 
of Pb and As onto Fe(III) colloidal suspensions which formed 
after Fe2+ oxidation by the iron oxidizer. After 3-week 
microbial leaching process, Pb concentration was still higher 
than the soil pollution criteria regulated by Korean government, 
which was due to formation of insoluble PbSO4(s) or adsorption 
onto Fe(III) precipitates. After the bioleaching process, the 
readily exchangeable fraction of Pb and Cu appeared to 
increase in the treated soil, thus bioleaching period was 
required to be extended for safe reuse of the soil.  
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Concentrations of dissolved silicon in river waters reflect a 

complex interplay among chemical weathering of primary 
silicate minerals, uptake in secondary clay minerals, 
hydrothermal input and formation and dissolution of opal 
phytoliths. We applied the Ge/Si ratio to assess the different 
sources of dissolved Si in rivers hailing from the eastern 
Tibetan Plateau – the Salween, Mekong, Chang Jiang 
(Yangtze), Hong (Red) and Huang He (Yellow) – and from 
Mt. Baekdu. Elevated riverine Ge/Si ratios were observed in 
areas of high geothermal activity in the Salween, Chang Jiang 
and Mt. Baekdu streams. In the Huang He and Hong River 
basins geothermal influence was not as pronounced but 
weathering of sulfide- and coal-bearing minerals seemed to be 
responsible for the high Ge/Si ratios. In rivers where input 
from hydrothermal and sulfide weathering are minimal, 
intensity of weathering has an effect on the Ge/Si ratios. 
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Fumarolic activity of Mt. Melbourne volcano, located in 
Northen Victoria Land, Antarctica, has been recently observed 
to increase. As a preliminary apporach to assessing changes in 
the volcanic activities, we determined water isotope 
composition (δ18O, δ17O and δD) of ice collected from a 
fumarolic ice tower newly formed by emitting steam. The 
analysis of the ice pieces (n = 40) taken from a single wall of 
the ice tower resulted in a range of the isotope composition, 
which reflected different degrees of isotopic fractionation 
during vapor deposition on the ice wall. In the δD–δ18O plot, 
pronounced enrichment of 18O relative to the Global Meteoric 
Water Line (GMWL) were observed in all samples, suggesting 
that the isotope composition of the vapor source was shifted by 
magmatic water or water-rock interaction. In contrast, meteoric 
water vapor would have little effect on the isotope composition 
of the ice tower during its formation, because a good linear 
relationship (r2 > 0.97) was observed between δD and δ18O 
with a slope of ~7.5 close to that of GMWL. The slightly lower 
slopes (7.5 and 0.524) than GMWL (8 and 0.528) both in the 
δD–δ18O and δ’17O–δ’18O (δ’ = ln(δ + 1)) plots could be 
explained by the kinetic effect during the vapor deposition. 
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Considering the pathological process of diabetes in 

systemic inflammation and endothelial dysfunction, people 
with pre-diabetes might be more susceptible to air pollutants in 
terms of cardiovascular impact.  

We recruited 120 non-smoking 50-65 years old individuals 
from Peking University. Hourly mean concentrations of 
PM2.5, BC, CO, SO2, NOx, O3, and particle size distribution 
were monitored in PKU campus, PM2.5 filter samples were 
collected 24 hours every day. Participants were invited for the 
clinical visits four times a year, up to 6 visits in total. Serum, 
plasma, exhaled breath condensate (EBC) and urine were 
collected during each visit. Biomarkers included: cell counting, 
biochemistry endpoints and cytokines in blood; FENO, pH 
values and cytokines of EBC; MDA in urine; endothelial 
function related endpoints; HRV. Linear mixed-effect models 
were fitted to estimate the associations between biomarkers 
and air pollutants, with the exposure window lagged up to  
14 days. 

We found the associations of particles were significant 
with increased FENO, White blood cells (WBC), while 
insignificant with HRV and biochemistry endpoints in serum. 
The association of FENO and WBC was the strongest with 
number concentration of particles with size of 100-200 nm. 
The associations of particles with size of 100-200 nm were 
significant with FENO and WBC from lag 1 hour and 
throughout the 14 days, while the significance was shorter for 
the particles with smaller and larger sizes. 

The association between acute respiratory and systemic 
inflammation with PM concentration of fine particulates 
depended on particle size. Association of FENO and WBC 
with size segregated particles showed different lag patterns, 
suggesting the mechanism of the particle-induced health effect 
might be independent by the particle size. 
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FeS has been recognized as a good scavenger for arsenic 

and other redox sensitive contaminants under anoxic 
conditions. To create a suitable adsorbent for flow-through 
systems such as permeable reactive barriers, it has been 
suggested that this material can be coated onto sand. To apply 
the FeS-coated sand in field conditions, the oxygen sensitivity 
of FeS would be one of the most difficult problems to 
overcome. In this study, FeS suspension was modified using  
L-cysteine to enhance the oxidation resistance of FeS. The 
oxidation resistances of FeS and modified FeS(mFeS) were 
then tested with in-situ oxidation experiment using a 
synchrotron X-ray beam energy. With the developed 
synchrotron beam-induced oxidation method, the oxidation 
state of sample could be effectively measured in real time. 
Contrary to expectations, the results of the oxidation test using 
X-ray beam energy, however, showed that the mFeS was not 
successfully modified in terms of its oxidation-resistance. The 
original FeS showed the slower oxidation rate compared to that 
of mFeS. Although the attempt of the modification of FeS to 
the oxygen-resistant phase ended in failure, this study provides 
many useful information regarding chemical properties of FeS 
system under various pe and pH conditions and suggests a 
novel real time oxidation test method using a synchrotron  
X-ray beam energy.  
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Geothermal power generation is one of the utilization of 

the natural energy in the world. For the safety use, however, 
there is still silica scale problem that we should overcome. In 
general, geothermal fluids becomes oversturated with respect 
to amorphous silica after flashing under an atomospheric 
pressure. Silica scale deposits from these fluids in reduction 
wells and pipes. To prohibit the silica scaling, silica restraint 
and removal methods have been examined by many 
reserachers but there are problems (corrosion, high cost and so 
on) so far. The aim of this study is to collect the oversaturated 
silica with cationic reageant which dose not contain any metal 
ions and to make the deposited silica to cosmetics.  

We did the examination by the three steps; (1)Reagents 
addition tests to compare reagent concentration, silica 
concentration after the treatment, and retaining time (no 
retaining time:NRT and 15 minutes retaining time:15RT) in 
various conditions, (2)analysis of chemical and mineral 
compositions of the silica slurry using a X-ray fluorescence 
analysis (XRF) and X-ray diffraction (XRD), (3)Calculation of 
the sedimentation rate of the silica slurry.  

We examined several experiments to collect the silica in 
various conditions using the cationic reagents at Sumikawa 
geothermal plant, Northeast Japan. The silica collection 
examination used the hot geothermal water from well SC-4 in 
which silica concentration is 1,050 mg/l. The results show that 
the reagents addition concentration is suitable to be ca. 50 mg/l. 
The silica concentration in the fluids after additon of reagent 
with NRT is higher than those with 15RT. This means that the 
reagent selectively reacts with polymer silica than monomer 
silica. The recovered silica is composed of mainly SiO2 
(>93%) and Na (0.5) and Al (0.2) and is in amorphous state. 
As for the sedimentation rate of silica slurry after reagent 
additon, the rate in the NRT experiment is faster than 15RT. 
From these field experiments, the silica concentration 
decreases to 400 mg/l within 1 minutes after retaining time of 
15 minutes with the cationic reagent concentration of 50 mg/l. 
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In 1960, Tilton [JGR 65, 2933] calculated Pb diffusivity 
from discordant U-Pb zircon analyses. His estimated D/a2 = 8 
E-19 s-1 was long unquestioned as quantifying high-T Pb loss 
in zircon. Belief revision followed the coupling of imaging to 
in situ dating: cathodoluminescence (CL) [Gebauer et al, 
SMPM 68 (1988) 485] and back-scattered electrons (BSE) 
[Hanchar & Miller, Chem Geol 110 (1993) 1]. Discordant 
zircon (monazite, xenotime, etc) grains consist of young rims 
accreted onto/into older cores; age gradients are sharp, no Pb 
diffusion gradients are seen. As U-Pb discordance in crystal-
line non-radiation damaged grains is caused by diachronous, 
heterochemical mineral generations, strict diffusionism is 
superseded, and closure temperatures are irrelevant. Petrology 
controls U-Pb ages [Villa & Williams, in: Harlov & 
Austrheim, Metasomatism (Springer, 2013), Chap. 6]. 

Qualitative and quantitative maps (CL, BSE, EPMA) of K-
feldspar and micas document patchy textures and mineral 
replacement reactions. It is important not to confuse causes and 
effects: heterochemical microstructures are not the cause of Ar 
loss, they are its effect. Ar loss occurs first, during dissolution 
of the older mineral generation; replacement textures form 
later, when the replacive assemblage recrystallizes. 
Heterochemical mineral generations are diagnosed and dated 
by their Ca/Cl/K systematics in 39Ar-40Ar (e.g. Ca/K vs Ar/K 
diagrams: young biotite intergrowing old amphibole, adularia 
replacing microcline, etc; Cl/K vs Ar/K: sericite overgrowing 
K-feldspar, muscovite retrograding phengite, etc). Mixed 
mineral generations are observed to be the cause of staircase-
shaped age spectra [Villa & Hanchar, GCA 101 (2013) 24], 
while stepheating of crystals with age gradients gives plateaus 
[Hodges et al, Geology 22 (1994) 55]. Age gradients are 
unrelated to staircase age spectra. 

There is a profound analogy between the U-Pb and K-Ar 
systems. No intra-grain bell-shaped Pb and Ar diffusion pro-
files have been observed. Pb and Ar diffusion are both slower 
than mineral replacement rates. Patchy retrogression textures 
are always associated with heterochemical signatures (U/Th ra-
tio, REE patterns, Ca/Cl/K ratios). Single-generation minerals 
give concordant ages; discordance is caused by mixing 
heterochemical diachronous mineral generations. Dating con-
cordant and discordant eclogites from the W Alps proves that 
the petrologic context is as essential as mass spectrometry for 
accurate geochronology [Villa et al, J Petrol 55 (2014) 803]. 
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The world-class iron deposits in the Norrbotten region of 
northern Sweden (e.g., Kiirunavaara) are considered the type 
locality of apatite iron oxide (IOA) deposits, but whose origin 
has been debated for many years. Two opposing theories for 
their formation suggest that these iron ores were emplaced 
through either: 1) immiscible silicate liquid-iron oxide melts; 
or 2) that the iron was transported and emplaced by 
hydrothermal fluids. Our U-Pb dates of zircon agree with 
previously reported dates (1900 to 1880 Ma), but our data 
provide a more accurate time frame of 1884 to 1880 Ma for the 
emplacement of the metavolcanic country rocks that host the 
main ore body at Kiirunavaara. A syenite and granite that 
intrude the footwall of the deposit at have been dated at ca. 
1880 and ca. 1874 Ma, respectively. Zircon crystals that were 
dated from the ore main body are similar to the granite 
intrusion (ca. 1874 Ma). The oxygen and Hf isotopic 
composition has also been determined in situ on the zircon 
grains that were previously dated in these samples. Zircon 
grains from metavolcanic host rocks and the granite and 
syenite intrusions have δ18O ~3‰, and εHfi=-6 to -10), 
whereas the zircon grains from the ore samples have δ18O 
~7‰, and εHfi=-5 to +3) and are distinctly different. The low 
oxygen isotopic values strongly indicate the involvement of 
high temperature hydrothermal fluids. Zircon from the 
volcanic host rock and granite have near stoichiometric 
compositions. However, crystals from the ore and syenite 
contained elevated Fe and P concentrations and have low 
analytical totals. FTIR spectroscopy done on selected zircon 
grains from the ore and syenite intrusion revealed that they 
contained several weight percent of H2O. A magmatic-
hydrothermal fluid system is proposed to have mobilised iron 
and subsequently concentrating it in these massive iron oxide 
deposits. 
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Methane cycling and its role in climatic variation 
throughout Earth’s history have been studied extensively, but a 
complete understanding of methane’s closely coupled 
relationship to the sulfur cycle is still largely unresolved. 
Modern and ancient methane seeps are ideal natural labs for 
studying these coupled cycles and their geochemical 
fingerprints. This study focuses on ancient methane cycling 
and its relationship to sulfur metabolic pathways by tracing 
sulfur, carbon, and oxygen isotopes in a Cretaceous seep 
system. This system is marked by a complex fabric paragenesis 
as captured by petrographic relationships of the carbonate 
phases. Carbon and oxygen isotopic variation and trace metal 
abundance measured in these complex phases aid in unraveling 
the complex diagenetic processes and burial history. Sulfur 
isotopes in pyrite have been considered in previous studies of 
seeps, but pyrite formation is ultimately limited by the 
availability of reactive iron and therefore only captures the 
earliest diagenetic processes. A better way to track sulfur 
cycling is by following the pathways of dissolved sulfate, 
using carbonate-associated sulfate or CAS. Though commonly 
used to track evolving seawater composition, CAS can also 
constrain conditions of diagenetic carbonate precipitation. 
CAS concentrations and isotopic compositions were measured 
using both traditional and novel micro-CAS methods. 
Preliminary data suggest paired isotopic and concentration 
measurements of CAS may provide insight into sulfate 
reduction rates and thus potential sulfide availability in these 
systems. Rates of sulfate reduction are highly variable both 
spatially and temporally in seep environments, and play a 
major role in the redox landscapes at these sites, where sulfate 
reduction and sulfide oxidation may be the dominant metabolic 
processes. Furthermore, CAS isotopic relationships and 
inferred rates of sulfate reduction and sulfide production can 
be used as a backdrop for assessing thiotrophic and 
methanotrophic symbiosis in the macrofaunal assemblages 
associated with these unique settings.  
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Serratia sp. bacterium produces amorphous calcium 
phosphate (BHAP), with a larger specific surface area and a 
more reactive surface compared to synthetically produced 
hydroxyapatite [1]. Previous research has shown that BHAP 
can remediate up to 10 times more Sr2+ and Co2+ from 
groundwaters than commercially available hydroxyapatite [2]. 
It has also shown promise in remediating radionuclides from 
saline waters. 

Serratia sp. contains high levels of an atypical phosphatase 
enzyme located in the bacterial periplasmic space, attached to 
organic extracellular polymeric substance (EPS) and free in 
solution; this enzyme cleaves glycerol-2-phosphate (G2P), 
liberating inorganic phosphate for BHAP formation [2-4]. 
Evidence suggests that the growth of BHAP is controlled 
within spatial localisation of the biological space and in close 
proximity to cells [2-4]. Images from transmission electron 
microscopy and atomic force microscopy show a network 
around the bacteria, consisting of EPS template and BHAP.  

Small angle neutron scattering (SANS) was carried out to 
examine size, shape, internal structure and spatial arrangement 
of bio-nanomaterial growth over time. Preliminary data of 
BHAP saturated bacteria showed fractal cluster models (eg, 
primary radii <10 Å, fractal dimensions around 2.7-2.8 and 
final cluster sizes between 150-350 Å).  
 
[1] Oelkers and Montel. (2008) Elements 4, 113-116. [2] 
Handley-Sidhu et al., (2011) Environ. Sci. Technol. 45, 6985-
6990. [3] Askarieh et al., (2000) Waste Management 20, 93-
106. [4] Handley-Sidhu et al., (2011) Biotechnol. Lett. 33, 79-
87. 
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The Jurassic layered mafic Dufek Intrusion, Antarctica, is 

characterised by enrichment of platinum-group elements 
(PGE) in the evolved upper part of the 8 – 9 km thick 
intrusion. PGE enrichment (up to ~ 800 ppb) occurs in 
gabbroic cumulates rich in Fe-Ti oxides and in thin Fe-Ti 
oxide layers. It is most prominent in the lower 300 m of the 
upper third of the intrusion. However, the PGE enrichment is 
highly variable even in samples of similar mineralogy; 
elevated PGE concentrations are not evident macroscopically 
since sulphides are very rare or absent.  

To better understand the PGE fractionation that is inter-
preted to be related to the late-stage formation of oxide-rich 
cumulates, we intend to investigate the trace elemental 
composition of Fe-Ti oxides by LA-ICP-MS. The results of 
our preliminary electron microprobe study of Ti-magnetite 
from cumulates of the upper third of the intrusion indicate 
positive correlations among Ti, V, Cr, Ni, Mg and Al that 
mainly follow fractionation trends with upward decreasing 
element abundances. An obvious reversal in Ti-magnetite 
composition occurs at about 1000 m below the top of the 
intrusion that approximately correlates with reversals shown 
by the variation trends of the associated pyroxenes. Above this 
reversal, a further peak of PGE enrichment is indicated.  

The observed compositional variations in Ti-magnetite 
underline that fractional crystallisation under mainly S-
undersaturated conditions and related changes in magma 
composition due to extensive oxide crystallisation as well as 
repeated magma influx into the crustal Dufek magma reservoir 
have to be discussed as major processes governing the PGE 
fractionation in the Dufek Intrusion.  

Deviations from the general variation trends shown by Ti-
magnetite of individual cumulates from the Stephens 
Anorthosite Member, the cyclic succession of anorthosites, 
gabbros, and magnetitites showing the highest PGE contents of 
the intrusion so far, as well as compositional differences 
observed for Ti-magnetite from thin oxide layers and their 
hosting gabbros have to be further evaluated by more detailed 
data.  
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Sanidine megacrystals weighing up to 10 kg are found at 
several eruption centers of the Quaternary Eifel volcanic fields, 
Germany. The origin of these highly perfect sanidine 
megacrystals with unusual physical properties is poorly 
understood [1]. In order to shed light into their formation the 
chemical composition and structural features of both the host 
crystal and various types of inclusions have been studied 
employing a combination of different methods.  For example, 
the arrangement, shape, size and internal microstructure of 
inclusions were studied with polarization and scanning 
electron microscopy, chemical composition of solids were 
investigated using electron microprobe analyses, EDX and 
cathodoluminescence, composition and density of fluid phases 
by microthermometry. 

Two generations of inclusions can be roughly 
distinguished. The first generation (I) has been trapped during 
crystal growth and thus provide an insight into environment 
and conditions of crystallization. First generation inclusions 
can be divided in two major types. Type A consists usually of 
single crystals of apatite, pyroxene, biotite, titanite, zircon, 
pyrochlore and nosean with well developed crystal 
morphology, whereas type B contains solids (minerals and/or 
glass) together with a fluid phase. With respect to the fluid 
filling microthermometric analysis allows subdivision into four 
groups. Group I-B1 shows melting of ice at temperatures in the 
range from –9 °C to –2 °C. In group I-B2 dissociation of 
clathrate is observed at temperatures between +6 °C and  
+15 °C indicating the presence of CO2. Group I-B3 inclusions 
contain CO2 and H2O as separate phases at room temperature. 
In group I-B4 no phase transitions can be observed. Inclusions 
of the second generation (II) are significantly larger (up to 
several millimetres in diameter) and contain mainly a silicate 
glass phase. They formed at a later stage probably during a 
reinjection of fresh melt and provide information on the 
processes which eventually lead to eruption. 
 
[1] Zeipert, C., Wondratschek, H., 1981. Ein ungewöhnliches 
Temperverhalten bei Sanidinen von Volkesfeld/Eifel. N. Jb. 
Mineral, Mh.9, 407-415 
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Motivation and Approach 
Serpentinization plays a crucial role in the geochemical 

cycling of water and solutes between the ocean, crust and 
mantle. The fluid mobile elements Li and B are powerful 
tracers for mass transfers associated with serpentinization. 
However an explicit experimental investigation of partitioning 
and isotope fractionation of Li and B during serpentinization 
does not exist. 

We conducted multiple batch experiments (100 °C, 
200 °C; 400 bar) reacting fresh olivine (5g; Fo90; [B] =  
<0.01 μg/g; [Li] = 1.66 μg/g) with seawater-like fluids  
(75 ml, 3.2 wt.% NaCl), which were adjusted in composition 
with respect to Li (0.2, 0.5 µg/ml) and B (10 µg/ml). We used 
Dickson-type reactors, consisting of collapsible 100-mL Ti-
capped gold reaction vessels housed in steel autoclaves. 
Concomitant fluid samples were analyzed for pH, major and 
minor element concentrations (ICP MS) and Li and B isotope 
ratios (MC ICP-MS). The data provides information on the 
reaction progress and the ongoing isotope fractionation. 
Analyses of solid reactants and reaction products via TG/DSC, 
SEM, XRD, AGFM and MC ICP-MS facilitates a 
comprehensive quantification of the serpentinization reaction.  

Results 
At 200 °C we could confirm a reaction turnover of about 

70% after 224 days. The product mineral assemblage matched 
equilibrium thermodynamic computation results (EQ3/6). A 
distinct B incorporation into the solid reaction products was 
accompanied by pronounced isotope fractionation ([B]Solids = 
23.6 μg/g; Δ11BS-F = - 4.7 ‰). In the same run, isotopically 
light Li was leached from primary olivine ([Li]Solids =  
0.48 μg/g; Δ7LiF(initial-final) = -16.48 ‰). At 100°C, the reaction 
turnover was lower (~11 %), but a significant B uptake could 
also be observed ([B]Solids = 9.1 μg/g). The observed isotope 
fractionation was greater at 200°C (Δ11BS-F = - 13.7 ‰). In 
contrast to Li-leaching at 200 °C, product mineral phases at 
100°C took up significant amounts of Li from the fluid, but the 
associated isotope fractionation was small (([Li]Solids =  
2.05 μg/g; Δ7LiF(initial-final) = -0.27 ‰). 
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The mass extinction at the Triassic-Jurassic boundary is 

recognized as one of the Big Five Phanerozoic extinction 
events. Major carbon cycle perturbations across the boundary 
are recorded as negative excursions in inorganic and organic 
C-isotope marine sediment records worldwide and have been 
interpreted to reflect a massive input of depleted carbon to the 
atmosphere.  This investigation of biomarker and compound 
specific δ13C in the marine record supports observations of a 
terrestrial ecological turn-over at the boundary. 

Two cores from the Danish Basin, spanning the late 
Rhaetian and early Hettangian in a proximal paralic setting are 
dominated by shallow marine mudstones. New bulk δ13Corg 
records complement the existing δ13Corg record from Lindström 
et al., 2012 [1]. Saturate and aromatic hydrocarbons were 
analyzed for biomarker abundances.  N-alkanes in the the 
saturate fraction were analyzed for compound specific δ13C. 

Ts/(Ts+Tm) ratios around 0.5 and Rock-Eval analysis 
indicate low thermal maturity.  Bulk δ13Corg values in both 
sections generally range around -24‰ to -26‰ (VPDB) with a 
few smaller sharp negative excursions to values around -27‰ 
to -29‰ and one dominant negative excursion (corresponding 
to neg-II in Lindström et al., 2012 [1]) that appears in both 
cores with values in the range -29‰ to -31‰. The 
predominance of long chained n-alkanes suggests a 
considerable input of terrestrial organic matter throughout the 
sections. Carbon isotope analysis of n-C25, n-C27, and n-C29 n-
alkanes are depleted relative to bulk organic matter with values 
between -28‰ and -34‰.  At neg-II, the values are as low as -
37‰. Such depleted δ13C values in terrestrial organic matter 
likely represent a combination of enhanced photosynthetic 
fractionation of CO2, a depleted atmospheric CO2 source, and 
other environmental stresses. 
 
[1] Lindström et al. (2012) Geology 40, 531-534 
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The most widely applied climate proxies in speleothems 

are stable carbon and oxygen isotopes (δ13C and δ18O) which 
can be measured at high temporal resolution. The 
interpretation of these signals in terms of past climate 
variability, however, is complex because various processes 
occurring in the soil, the epikarst and inside the cave may 
affect both δ13C and δ18O values [1]. 

Here we present laboratory experiments aiming to 
understand the basic physical and chemical processes affecting 
the δ13C and δ18O values during precipitation of CaCO3 on the 
surface of a stalagmite. We (i) test whether calcite precipitation 
occurs under conditions of isotopic equilibrium and (ii) 
determine the fractionation factors in dependence of the 
experimental parameters, such as temperature, supersaturation 
with respect to calcite and cave pCO2. 

In our experiments, thin films of a CaCO3-CO2-H2O-
solution supersaturated with respect to calcite flow down an 
inclined CaCO3-plate or sandblasted borosilicate glass plate. 
Dripwater is sampled at different flow distances and, thus, 
different residence times on the plate. Afterwards, pH, 
electrical conductivity and the δ13C and δ18O values of the DIC 
are determined. We observe an exponential decay of 
conductivity documenting progressive precipitation of calcite 
[2]. The corresponding precipitation time is ca. 500 s. Both, the 
δ13C and δ18O signals show an increase along the flow path due 
to progressive precipitation of CaCO3 and degassing of CO2. 
We also determine the δ13C and δ18O values of the precipitated 
calcite. This enables the determination of fractionation factors 
between the DIC and the precipitated CaCO3. First results 
show strong kinetic fractionation for carbon isotopes, whereas 
the fractionation of oxygen isotopes are in the range of the 
equilibrium values. 

 
[1] Dreybrodt and Scholz (2011), Geochim. Cosmochim. Acta 
75, 734-752. [2] Hansen et al. (2013), Geochim. Cosmochim. 
Acta 105, 242-251. 
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High altitude soils are often shallow and thus fragile to 
erosional processes. Mountainous areas are therefore sensitive 
to humanly induced environmental changes (e.g. mining, 
forestry) and to climate change. Due to their geological 
properties and resources mountain environments have often 
been exploited since the beginning of metallurgy and the 
Pyrenees are no exception. Trace metal concentrations in the 
Ariège region, where extensive mining (Ag, Fe) occurred from 
the Antiquity to the 19th century, indicate that ≥600 tons of 
anthropogenic lead is stored in peat and organic soils on the 
Pyrenean northern slopes. Similar conclusions can be drawn 
for other metals (Zn, Bi). The fate of these trace elements in 
relation to climate or abrupt environmental changes (e.g. flood, 
clear cutting) is poorly understood. Once released from 
surrounding soils the catchment can be highly enriched in the 
bioavailable fraction of these metals causing a 
bioaccumulation in river biota. Preliminary results show that 
levels of tot-Hg in brown trout (Salmo trutta) from our study 
sites surpasses litterature values by 10 times or more. By 
linking data from atmosphere – soil – peat – water – sediment 
– biota, and the transfer between these continuums, we are 
studying the fate of legacy pollutants (Pb, Ag, Bi, Sb, Hg, As 
and U) in three mountain catchments (Etangs de Bassies, 
Largentière and Bernadouze) all located in the french 
Pyrenees. We aim to infer the potential risk these elements 
pose on river biota (e.g. fish) and to do so we combine 
traditional geochemical analysis (ICP-OES, HR-ICP-MS) with 
stable isotopes (Pb and Hg, δ13C & δ15N) and analysis of 
radiocarbon and radionuclides (210Pb, 137Cs, 241Am and 7Be) to 
investigate the origin of these elements. We are also studying 
the bioaccumulation within the catchments i.e. the transfer of 
metals from the water and organic substrate to the river biota 
(e.g. fish). Our goal is to assess the potential harmful exposure 
these legacy pollutants may pose to the environment, to 
humans and to society at large. 
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We report the geochemical composition of basalts from 
Nuugurigia (Tau) Atoll on the Ontong Java Plateau (OJP). This 
atoll stands on the basement of OJP, and is possibly related to 
a late-stage volcanism on OJP. Basalts were sampled by 
dredge haul during R/V Mirai cruise in 2012 from three small 
volcanic cones on the northeastern ridge of Nuugurigia. Some 
rocks are pillow basalts with altered glass margin. They are 
mildly alkalic basalts involving plagioclase with minor olivine 
(altered) and clinopyroxene. 

These basalts have more enriched isotopic signature 
toward EM1 compared to any rocks from OJP (including those 
from Solomon Islands). Their isotopic signature is close to, but 
even more enriched than, that of some basement rocks from 
Manihiki Plateau (Site 317) [1]. This reinforces the presence of 
EM1 component from OJP that has been recognized as a major 
source of Manihiki Plateau [2]. These basalts show unique 
trace element characteristics. They show mildly enriched 
pattern in the spidergram with robust Sr positive spike and Zr-
Hf negative spike. We confirmed that this was not caused by 
alteration by comparing trace element abundance of less-, 
moderately-, and highly-altered parts of rocks with laser-
ablation ICP-MS technique. Sr enrichment and Zr-Hf depletion 
relative to rare earth elements is a feature shared with quartz-
bearing garnet pyroxenite found as xenoliths from Solomon 
Islands [3]. Moreover, such xenoliths show enriched isotopic 
characteristics; thereby we intepret that the basalts from 
Nuugurigia is a melting product of the garnet pyroxenite 
underplating beneath the OJP lithosphere. 

Ishikawa et al. [3] suggested that the quartz-bearing garnet 
pyroxenite was delaminated granulitic lower crust from 
Rodinia supercontinent. Such lower crustal material would 
have been transported upwards by a mantle plume, stored 
beneath the OJP lithosphere, and then recently melted to form 
a late-stage volcano on OJP. 
 
[1] Hoernle et al. (2010) GCA 74, 7196-7219. [2] Tejada et al. 
(2013) EPSL 377-378, 84-96. [3] Ishikawa et al. (2007) EPSL 
259, 134-148. 
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Cr isotopic anomalies recorded in BIFs [1] and paleosols 
[2] have been interpreted as "whiffs" or pulses of atmospheric 
O2,g in the late Archean and early Proterozoic. This 
interpretation is based on the assumption that the oxidation of 
Cr(III) can only be catalyzed by Mn(IV) [1] [3]. Here, we 
plotted equilibrium diagrams of Cr and Mn in the aqueous 
environment as functions of pH and the partial pressures of 
O2,g or H2,g. We also included experimental and theoretical 
evidence of equilibrium isotopic fractionation for Cr3+/CrO4

2- 
and amorphous-Cr(OH)3/CrO4

2- [4] [5], assuming no 
fractionation for Cr3+/Cr(OH)3,am and HCrO4

-/CrO4
2-. The 

diagrams show that equilibrium fractionation of Cr isotopes 
can only be expected near the redox boundary between Cr(III) 
and Cr(VI) species. However, in order to oxidize Cr(III) with 
Mn(IV), the pO2,g or pH2,g must cross the boundary of 
Mn2+/MnO2,cr, which is at more oxidizing conditions widely 
separated from the Cr(III)/Cr(VI) boundary. Consequently, at 
the conditions of the Mn(II)/Mn(IV) boundary there can be no 
equilibrium fractionation of Cr isotopes. Our results suggest 
that if the fluctuations in Cr isotopic composition on the early 
Earth represent equilibrium fractionation, they may correspond 
to small variations in environmental pH or redox, but not 
variations in the amounts of atmospheric molecular O2 or H2. 
The important point is that equilibrium Cr isotopic 
fractionations occur at low partial pressures of both O2,g and 
H2,g conditions under which there is no significant amount of 
either gas in an atmosphere in equilibrium with an aqueous 
solution. 
 
[1] Frei R, Gaucher C, Poulton SW, & Canfield DE (2009) 
Nature 461, 250-253. [2] Crowe SA, et al. (2013) Nature 501, 
535-538. [3] Oze C, Bird DK, & Fendorf S (2007) P Natl Acad 
Sci 104, 6544-6549. [4] Wang X, Johnson TM, & Ellis AS 
(2015) Geochim Cosmochim Ac 153, 72-90. [5] Schauble E, 
Rossman GR, & Taylor Jr HP (2004) Chem Geol 205, 99-114.  
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The effects of mantle melting and the subsequent re-

equilibration processes in the region of the Subei Basin 
(Eastern China) are here explored through the study of major 
and trace (including H) element distributions among minerals 
entrained in xenoliths from Lianshan Cainozoic basalts. They 
are anhydrous, medium/coarse-grained sp-bearing lherzolite 
(cpx-rich lh; lh and cpx-poor lh)  and  harzburgites. The  cpx-
rich lh do not record textural and chemical metasomatic 
efffects and are close in composition to Primitive Mantle (PM). 
In turn, cpx-poor lh (and lh) and harzburgites,  record the 
circulation of a silicate melt (with crustal components) in a 
variably depleted mantle sector well before the entrapment of 
the xenoliths by the host basalt. The temperatures, determined 
with both ol-sp and cpx-opx geothermometer, are fairly 
constant from harzburgites to cpx-rich lh and  never exceed 
1021°C . Measured mineral water contents indicate that the 
whole rock contains, on average, 19+7 ppm of H2O without 
any systematic variation among rock types nor correlation with 
Al2O3, light-REE and Yb (or Y) contents of cpx. On the basis 
of  water contents  of primary melts we calculate  the  water 
contents of the fertile mantle between 328 and 1440 ppm. 
Considering these estimates Lianshan cpx-rich lh (<3% of PM 
partial melting)  have significantly lower water contents with 
respect to the theoretical values. Based on these petrographic 
and geochemical features, we suggest that cpx-rich lh 
constitute fragment of upwelling fertile asthenosphere, which 
caused the removal/erosion of the lowermost part of 
lithospheric mantle. This asthenosphere portion may have been 
incorporated in the lithospheric region (represented by cpx-
poor lh and harzburgites)  since Jurassic and it may have 
progressively cooled down after one (or more) partial melting 
episodes. The water depletion can be accounted for a 
continuous loss by diffusion during the subsolidus chemico-
physical readjustment, well after (>5My, based on modelled 
H2O solid-solid diffusion rate) the occurrence of the last 
melting episode.  
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Over the past few hundred thousand years, Earth’s climate 
has oscillated between cold glacial periods of low atmospheric 
CO2, and relatively short, warm interglacials with high 
atmospheric CO2. The mechanisms controlling glacial 
inception and termination are complex but involve changes in 
the Atlantic Meridional Overturning Circulation (AMOC). The 
AMOC not only plays a role in the redistribution of heat but 
also of carbon in the ocean-atmosphere system. Changes in the 
carbonate chemistry of the deep North Atlantic Ocean should 
provide insights into the carbon cycle, but a long, quantitative 
reconstruction of deep Atlantic carbonate ion concentration 
([CO3

2-]) has yet to be generated. 
Here we present deep water [CO3

2-] based on benthic 
foraminiferal B/Ca in core MD01-2446 (3547 m) on the 
Iberian Margin in the eastern North Atlantic Ocean, a location 
that is ideal for examining changes in the AMOC. Our results 
show generally low [CO3

2-] during glacial periods and high 
[CO3

2-] during interglacials, a pattern that is consistent with 
past AMOC changes. Detailed evolutions of [CO3

2-] at major 
climate transitions (e.g., glacial inception and termination) and 
long-term [CO3

2-] changes will be investigated. Deep water 
[CO3

2-] will be considered together with other proxies such as 
benthic δ13C from the same core to provide insights into the 
carbon cycle in the deep Atlantic Ocean and its impact on 
atmospheric CO2. 
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Few attempts have been made to define past intervals of 

natural Baltic oxygen depletion in an integrated context 
spanning the large range of water column redox conditions 
observed in the Baltic today (oxygenated, vascillatory, 
mangenous, euxinic). Here, using the highest resolution Baltic 
Holocene record to-date at Landsort Deep, captured during 
IODP Expdition 347, and a combined Fe-Mn-Mo approach, we 
specifically define the degree of past oxygen depletion. Iron 
geochemistry confirms that two sapropel units were deposited 
under anoxic bottom waters (Anoxic Intervals 1 and 2; AI-1 
and AI-2). Both Fe-speciation and Mo concentrations (>100 
ppm) indicate euxina during AI-1 and vacillating euxinic and 
ferruginous bottom waters during AI-2. Molybdenum isotope 
data confirm that sedimentary Mo delivery during AI-1 was 
maintained by persistently albeit weakly euxinic conditions—
in contrast to  a combination of Mn/Fe oxide hosts and 
weak/transient euxinia during AI-2. Indeed, extreme Mn 
enrichments (10-15 wt. %) and appreciable non-pyritic Fe in 
AI-2 relative to AI-1 indicate an anoxic background with 
accumulation of dissolved Mn and Fe buried as oxides during 
periodic oxygen flushing events. Today, Landsort Deep is 
characterized by weakly euxinic conditions stable on decadal 
timescales1, seemingly similar AI-1. This comparison suggests 
that, more similar to modern weakly stratified Baltic sub-
basins1, redox variations during AI-2 occurred on shorter time 
scales with a lower reducing potential than during other anoxic 
intervals at Landsort Deep. 

 
1Carstensen et al., (2014) PNAS 111, 5628-5633. 
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West Virginia is experiencing a rapid increase in 

exploration of the methane-rich Marcellus Shale. One of the 
risks associated with shale gas development is stray gas 
contamination. [1] Yet studies in other areas of the 
Appalachian Basin  have shown  evidence for both naturally 
occuring methane from upflow of deep saline groundwater [2] 
[3] and stray gas contamination from leaking shale gas wells. 
[1] In order to evaluate the impact of hydraulic fracturing on 
the water quality of shallow aquifers in northwestern West 
Virginia, the chemistry of drinking water wells were 
investigated in 110 private drinking water wells sampled 
between May 2012 and August 2014. Geochemical and isotope 
variations (δ13C-CH4,  δ18O,  87Sr/86Sr, δ11B and δ7Li) in 
drinking water wells located <1km and >1km from active shale 
gas wells were analyzed to determine the source of methane 
and dissolved constituents in the groundwater in the study area. 
Chloride concentrations ragned from <1 ppm to 2,200 mg/L. A 
subset of the study wells had elevated salinity (chloride > 50 
mg/L) and Br/Cl ratios (>0.0015) that resemble the 
composition of Ca-rich brines. The 87Sr/86Sr, δ11B and δ7Li 
variations suggest that the saline groundwater originated from 
naturally occurring processes, such as upflow of deep-seated 
saline groundwater, similar to what observed in northeastern 
PA. [1] [2] 
 
[1] Darrah, Vengosh, Jackson, Warner and Poreda (2014), 
PNAS 111, 14076-14081. [2] Warner, Jackson, Darrah, 
Osborn, Down, Zhao, White and Vengosh (2012), PNAS 109, 
11961-11966. [3] Wunsch (1993), Thesis Series 5: Kentucky 
Geological Survey.  
 

1180

mailto:jennifer.harkness@duke.edu
mailto:eleanor.kern@duke.edu


 Goldschmidt2015 Abstracts  

 1181 

Zircon behaviour in hot orogens 
S. L. HARLEY1* 

1School of GeoSciences, University of Edinburgh, James 
Hutton Road, Edinburgh EH9 3FE, UK. (*correspondence: 
nicola.rigonat@ed.ac.uk) 

 
The definition of prolonged HT/UHT event histories in the 
deep interiors of hot orogens requires the use of mineral 
chronometers that are responsive to reactions occurring in the 
rocks and which have diffusional closure temperatures in 
exceess of the UHT range of interest (>900°C). Zircon is the 
most important of  the small number of accessory minerals that 
fulfil these criteria, particularly as it may also provide 
information on temperature (Ti in zircon thermometry) and the 
context of its formation in relation to major mineral phases 
such as garnet (REE partitioning, O-isotopes). The processes 
that govern zircon behaviour in HT/UHT environments include 
zircon crystallisation from partial melts locally and transiently 
saturated in Zr; coupled dissolution-precipitation in the 
presence of both melts and fluids, often driven by mineral and 
mineral-melt-fluid reactions, and; zircon precipitation that is 
decoupled from in-situ dissolution (e.g. Zr exsolution from 
high-T rutile). Two examples that serve to demonstrate the 
variety of ‘messages’ that can be carried by zircon in UHT 
belts are presented here. 
Very long-lived UHT is demonstrated for the Archaean Napier 
Complex, Antarctica, from U-Pb, REE and Ti microanalysis of 
anatectic zircons. UHT occurred from 2586±8 Ma at T > 
914±28°C (Ti: 47±10 ppm) as recorded in one leucosome, to 
2557±5 Ma for zircon in a second leucosome at T> 945±20°C 
(Ti: 59±9 ppm), and to 2510-2480 Ma in leucosomes 
crystallised at >850°C. Post-UHT cooling through 800°C at 
2510-2430 Ma is recorded by lower-Ti irregular zircon rims. 
UHT metamorphism in the Napier Complex was prolonged: 
>950°C for at least 30 Ma, followed by slow cooling over 70-
100 Ma at 2°C/Ma. 
In the Trivandrum Block of India in-situ U-Pb and REE 
microanalysis of zircons, complemented by garnet and 
monazite chemistry, demonstrates initial crystallisation of 
skeletal-planar zoned zircons, with hollow tubular core regions 
in which micro- and nano-granite former melt inclusions are 
now preserved, under initially open-system conditions from ca. 
570-550 Ma. Further precipitation of zircon to partially or 
completely infill the tubes occurred in equilibrium with melt, 
garnet and monazite only by 535 Ma – indicating some 40 Ma 
of melt migration and residence under HT/UHT conditions 
(860-940°C) in this hot orogen 
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Ultrahigh-temperature, or UHT, metamorphism occurs where 
rocks of the continental crust are subjected to temperatures in 
excess of 900°C at pressures of 0.6-1.2 GPa, with peak-T 
dT/dz gradients of 30-50°C/km [1] [2]. UHT presents a 
challenge to thermomechanical models for orogenesis, 
requiring significant heat input either from the mantle or from 
the self-heating of crust enriched in radiogenic elements. 
UHT metamorphism can now be established on the basis of a 
variety of major- and trace element themometers (e.g. Al in 
orthopyroxene, Ti in quartz and zircon, Zr in rutile), diagnostic 
mineral assemblages (e.g. Al-orthopyroxene + sillimanite + K-
Feldspar + quartz and sapphirine + quartz in pelites; Fe-Mg 
pigeonites in metaironstones; ternary feldspars in pelites), and 
calculated phase diagrams for specific rock compositions. 
Examples of these approaches to characterising UHT are 
presented, focussing on the Napier Complex and Mather 
Supracrustals of Antarctica. 
Amongst his many contributions to petrology and geoscience, 
Mike O’Hara must be recognised as one of the first proponents 
of what we now call UHT metamorphism [3]. In 1978 he 
proposed that the Scourian granulites of the Lewisian of NW 
Scotland experienced peak conditions of “ca. 1150±100°C; 
15±3 kbar” based on his reintegration of pigeonites, ternary 
feldspars and lamellar intergrowths of pyroxenes,plagioclas 
and Fe-oxide. He also proposed that considerable partial 
melting occurred during this ‘UHT’ event – a scenario 
supported by recent work [4]. Whilst his temperature estimates 
were in detail too high, based on what are now outdated 
thermometers, the most recent P-T estimates based on 
thermodynamic modelling [5] yield conditions (8.5-11.5 kbar, 
875-975°C) that at their upper end are compatible with 
O’Hara’s implicit assignation of the Scourian as a UHT 
granulite belt. 
 
[1] Harley (2008) J. Met. Geol. 26, 125-154. [2] Brown (2006) 
Geology 34, 961-964. [3] O’Hara & Yarwood (1978) Phil. 
Trans. Roy. Soc. Lond. A 288, 441-456. [4] Johnson et al. 
(2013) J. Geol. Soc. Lond. 170, 213-326. [5] Johnson & White 
(2011) J. Geol. Soc. Lond. 168, 147-158. 
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Trends in whole-rock and mineral chemistry are seen along 

a north-south 95 km traverse of late Archean tonalitic-
granodioritic lower crust, Shevaroy Block, Eastern Dharwar 
craton, southern India (Hansen and Harlov, 2007, J Petrol, 48, 
1641-1680). SIMS analysis of zircon (Zrn) from 29 samples 
reveals domains of magmatic zoning, mostly with ca. 2550 Ma 
ages, recording the emplacement of granitoid protoliths. 
Magmatic Zrn was modified during metamorphism in two 
distinct stages: replacement and overgrowth by variably U-Hf 
enriched, slightly Th-Y-HREE depleted Zrn (Type (i)), 
followed by replacement and overgrowth by U-Th-Y-HREE 
depleted Zrn (Type (ii)). Type (i) Zrn is dominant in the 
amphibolite-facies gneisses and formed at ca. 2540-30 Ma, 
predating retrograde titanite growth at ca. 2500 Ma. Type (ii) 
Zrn appears near the Opx-in isograd and increasingly 
consumes protolith Zrn with increasing metamorphic grade. 
Type (ii) ages spread from 2530 to 2500 Ma.  With increasing 
metamorphic grade southwards, whole-rock compositions 
become decoupled from magmatic protolith Zrn, and in 
correspondence with U-Th-Y-HREE depleted Type (ii) Zrn 
demonstrate open system chemical depletion during  
2530-2500 Ma metamorphism event. In contrast, Type (i) Zrn 
records an earlier stage of metamorphism, probably associated 
with anatexis, that does not involve significant bulk depletion. 
Mineralogical and whole-rock compositional changes can be 
accounted for by progressive dehydration and oxidation 
reactions. Although in situ anatexis and melt extraction could 
play a role, whole rock and Zrn trace element depletion data 
can also be explained by the action of externally-derived low-
H2O activity brines migrating up through the lower crust 
during orogenesis similar to that described by (Newton and 
Manning, 2010, Geofluids, 10, 58-72).  
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Stirred gypsum (CaSO4·2H2O) precipitation experiments 
(initial saturation state = 2.3, duration ≈ 1h) were conducted in 
the presence of glycine (190 µM), L-alanine (190 µM), D- and 
L-arginine (45 µM), and L-tyrosine (200 µM) to investigate 
the effect of simple organic compounds on the kinetics and the 
Ca isotopic composition of the resultant minerals. Relative to 
abiotic controls, glycine, tyrosine, and alanine inhibited 
precipitation rates by ~10, 27, and 29%, respectively, while L- 
and D-arginine accelerated crystal growth by ~25 and 70%, 
respectively. With the exception of tyrosine, amino acid 
induced inhibition resulted in crystals with Δ44Ca values 
~0.3‰ lower than the control (Δ44Ca = δ44Casolid - δ44Cafluid). In 
contrast, crystals from the tyrosine and D- and L-arginine 
experiments had similar Δ44Ca values as the controls. The 
solution in all experiments lost 70% of Ca(aq) to the solid, 
making them comparable to previous abiotic experiments [1]. 
Growth inhibition by glycine, alanine and tyrosine is most 
likely due to the difference between the pI of the amino acids 
and the gypsum surface. At the pH of the growth solution 
(~5.7), the amino acids have a net negative charge whereas the 
gypsum surface (PZNC = 7.5) has a net positive charge, creating 
an electrostatic gradient that induces attachment between the 
amino acid and the surface. By contrast, arginine  has a net 
positive charge in solution, which precludes attachment. Ab 
initio molecular modelling of the (010), (-111), (110), (120),  
and (011) faces suggests that glycine inhibits growth by 
binding to Ca sites on the crystal surface via the deprotonated 
carboxylic group. We suggest that the binding of glycine and 
alanine  to the gypsum surface increases the energetic barrier 
of Ca2+ adsorption on the growing surface, thus inducing an 
isotopic fractionation effect. The proposed mechanism may be 
relevant to biogenic marine calcite, given the range of organic 
molecules found in sea water with deprotonated functional 
groups, potentially contributing to the isotopic composition of 
foraminiferal tests and nannofossils. 
 
[1] Harouaka et al. (2014); GCA; 129 157 
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The production of unconventional shale gas and oil 
continue to increase in the US and abroad. The Eagle Ford 
Shale has been an example of an economic success story with 
combined production of oil, condensates, and wet gas. Despite 
these successes, production has been spatially variable and 
hampered by high H2S contamination. Nonetheless, to date 
there has been a dearth of published reports on gas chemistry 
including compound-specific stable isotopes, noble gases, or 
H2S concentrations. Here we combine compound-specific 
stable isotopes (C1-C5), the full suite of noble gas isotopes  
(He-Xe), and general gas compositional analyses (including 
H2S) with site-specific seismic data. Our preliminary results 
indicate the presence of mantle-derived noble gases and carbon 
dioxide in producing oil and gas wells. Interestingly, with 
increasing mantle contributions, we identify distinctly higher 
maturity hydrocarbons and elevated levels of H2S associated 
with local faults. Most of the Eagle Ford samples fit the 
Natural Gas plot (δ13C vs. 1/n) with r2 values better than 0.980, 
while those that do not, also show anomalies in their noble 
gases and other gases indicative of low initial fluids-in-
place. The slopes of individual samples on the δ13C vs. 1/n 
plots vary with inferred maturity and apparent mantle 
contributions. One prospective implication is that a single 
thermal pulse, the intensity of which varied regionally, 
generated the regulated the thermal maturity of Eagle Ford 
gases and the formation of H2S via thermal sulfate reduction. 
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Understanding the biogeochemistry of tungsten (W) in 
natural systems has been to some extent incomplete to date.  W 
is very mobile in certain forms in sediments, having a complex 
behaviour (Bednar et al., 2006) [1].  This has prompted further 
work, as highlighted in this study, in high W bearing evaporite 
lakes, such as Soda Lake and similar lakes near Fallon, NV 
along with surficial sediment geochemistry study from the city 
of Fallon. 

Preliminary lake water results from this study shows that 
the depth distribution (0 to 25 m) of W in Soda Lake varied 
from 642 to 673 µg/L; average pH being 9.6 and ORP 260 mV 
in Soda Lake; with mean average Mo concentrations at 825 
µg/L; Fe and Mn at 20.4 µg/L at 19.9 µg/L respectively.  Other 
lakes have W in the range of 3.4 to 4.3 µg/L. The Fallon town 
drinking waters are shown to contain 9.7 to 15.3 µg/L. 

W in surficial sediments collected from the city of Fallon 
is primarily in the form of exchangeable WO4

2-, as well as 
uninterpreted polytungstate species.  In Fallon, available W 
decreases with soil depth (0-1 m) as W metal is oxidized and 
then dissolved releasing WO4

2-, which is polymerized and 
adsorbed onto Fe/Mn oxides. Within these sediments, W tends 
to co-localize with other metals (Co, Zn, Ti) and is sometimes 
found associated with Mn in near surface soils.  The study 
seeks at understanding W binding mechanisms with associated 
oxyanions and other anions like sulfides and sulfates in the 
lake water and in  surficial soil samples. 

 
[1] Bednar et al. (2006) Talanta 80, 1257-1263. 
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Olivine and orthopyroxene phenocrysts from picrite and 
picrite basalt lavas and dykes (Mg# 64-80) from the Tuli and 
Mwanezi (Nuanetsi) regions of the ~180 Ma Karoo LIP have 
δ18O values that range from 6.0 to 6.7 ‰. They appear to have 
crystallized from magmas having δ18O values about 1 to 1.5 ‰ 
higher than expected in an entirely mantle-derived magma. 
Olivines from picrite and picrite basalt dykes from the 135 Ma 
Etendeka LIP of Namibia and Karoo-age picrite dykes from 
Dronning Maud Land, Antarctica do not have such elevated 
δ18O values. The Etendeka picrites show good correlations 
between δ18O value and Sr-, Nd- and Pb-isotope ratios that are 
consistent with previously proposed models of crustal 
contamination (e.g. Thompson et al., 2007). High δ18O values 
in selected Tuli/Mwenezi picrites obtained by laser 
fluorination were confirmed by SIMS. Previously a variety of 
models that range from crustal contamination to derivation 
from the ‘enriched’ mantle lithosphere have been suggested to 
explain average εNd and εSr values of -8 and +16, and high 
concentrations of incompatible elements such as K are typical 
of picrites from the Mwanezi (Nuanetsi) region. However, the 
primitive character of the magmas, combined with the lack of 
correlation between δ18O values and radiogenic isotopic 
compositions and MgO contents or Mg# are inconsistent with 
crustal contamination. An 18O-enriched mantle source having 
high incompatible trace element concentration and enriched 
radiogenic isotope composition appears to be required. 
Incorporation of crustal material into the mantle by subduction 
or delamination of the lower crust are the most likely 
mechanisms for enriching the mantle in 18O. Elevated initial Sr 
isotope ratios, εNd values of -8, and δ18O values about 1 ‰ 
higher than expected for mantle-derived magma are also a 
feature of the Bushveld mafic and ultramafic magmas, and the 
possibility exists that a long-lived 18O-enriched mantle source 
has existed beneath southern Africa. 
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Models for the black shale-hosted base metal deposits are 
typically linked to the eruption of metal-enriched fluids into a 
euxinic ocean water column, providing a simple mechanism 
for metal transport and precipitation.  Such models implicitly 
assume that bottom waters are generally euxinic during the 
deposition of organic-rich black shales.  However it is now 
recognized that rich accumulations of organic matter can form 
in the presence of low levels of oxygen. 

We examine three types of evidence for euxinia in long 
cores from two Upper Devonian black shale sequences, the 
Woodford Shale in the Permian Basin, west Texas, USA, and 
the Horn River Shale, Horn River Basin, northeastern British 
Columbia, Canada: trace metal concentrations, pyrite framboid 
sizes, and in a low maturity Woodford core, the concentration 
of the biomarker isorenieratane, which records the presence of 
green-sulfur bacteria in the water column. 

In the Woodford Shale, all parameters clearly record 
euxenic conditions in one relatively narrow interval: greatly 
elevated isorenieratane concentrations, which indicate the 
presence of sulfidic waters extending into the photic zone; 
small pyrite framboid sizes, which indicate precipitation of 
pyrite in the water column, and elevated Mo/Al ratios, 
consistent with euxenic conditions.  But outside of this ~ 3 
meter zone, evidence for strongly developed euxenia is 
generally lacking and is only supported by elevated Mo/Al 
ratios, despite the presence of strong enrichment in organic 
carbon.  If euxenic bottom water developed, it was restricted to 
a thin layer at the base of the water column.  In the Horn River 
Shale, Mo and Mo/Al ratios are lower by 4X relative to the 
Woodford, indicating even less development of euxenia.  Thus 
evidence from these black shale sequences indicates that 
euxenia was an episodic and uncommon phenomenon.  This in 
turn suggests that the stratigraphically restricted ore horizons 
may result not from short-lived incursions of metals into a 
basin but instead from short-lived euxenic events. 
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Mineral-fluid reactions are important controls on element 

and carbon cycling, yet predictions of large-scale mass 
transport are hindered by the scale-dependence of reaction 
rates and the use of the continuum approach in numerical 
models that represent porous media with volume-averaged 
properties [1] [2]. In particular, the unsaturated zone exhibits 
highly heterogeneous microenvironments that are subject to 
significant physical change during evaporation, imbibition, and 
drainage [3]. We hypothesize that pore scale reaction rates will 
be highly dynamic in these environments, but few experiments 
to date have allowed direct visualization of reaction progress in 
unsaturated material [4]. Here, we use microfluidics 
experiments to examine mineral dissolution-precipitation 
reactions under evaporative conditions and identify pore-scale 
processes that control reaction rate. The reaction of brucite 
[Mg(OH)2] with gaseous CO2 to form carbonate minerals was 
directly visualized using a glass micromodel. The entrainment 
of mineral particles by a mobile gas-water interface during 
evaporation dramatically altered the relative abundance of 
reactive mineral surface area and fluid reservoir volume. This 
ratio, which directly influences reaction rate and reaction 
progress, was observed to vary by orders of magnitude during 
a single experiment. Force balance analysis revealed that silt to 
sand-sized particles could be mobilized by the retreating gas-
water interface due to surface tension forces, a size fraction 
likely to include the reactive primary minerals in soils (e.g., 
feldspars). In addition, the heterogeneous distribution of 
brucite within the micromodel was observed to dictate the 
extent and distribution of secondary carbonate precipitates. 
The potentially dynamic nature of the reactive primary phase 
distribution, suggests that spatial and temporal variability of 
pore scale reaction rate may be significant during evaporation, 
imbibition, or drainage in the unsaturated zone.  
 
[1] Molins et al. (2012) Water Resour. Res. 48, W03527. [2] Li 
et al. (2006) Adv. Water Resour. 29, 1351-1370. [3] Bresson & 
Moran (1995) Eur. J. Soil Sci. 46, 205-214. [4] Kim et al. 
(2013) Lab Chip 13, 2508-2518.  
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Young solar nebula models suggest that the disk is initially 

hot enough such that the chemical complexities inherited from 
the collapsing cloud have been reset out to distances as large as 
30 AU [1] [2]. The disk then cools reforming ices. 
Observations and models of protoplanetary disks do not show 
such high temperatures unless accretion rates are extremely 
high, which only occurs during the deeply embedded phase 
(Menv > Mdisk). Two-dimensional physical and radiative transfer 
models were used to calculate the temperature structure of 
embedded disks. The solid and vapor fractions of H2O, CO2, 
and CO were determined by considering the density dependent 
thermal desorption. The water snowline is a strong function of 
stellar accretion rate once the accretion energy is greater than 
the protostellar luminosity as shown in the figure below. The 
location of the water snowline can be up to 60 AU depending 
on the stellar accretion rate. Through such an analysis, most of 
the observed water emission [3] [4] is found to be due to the 
warm inner envelope (Tdust > 100 K). Our results suggest that 
large hot disks can only be found during the embedded phase 
of the star and planet formation.  

Figure 1: Water snowline as a function of accretion rate for 
the given envelope mass (Menv), stellar radiation (L*), and disk 
masses (Md).   
 
[1] Scott (2007) AREPS 35, 577-620. [2] Pontoppidan et al. 
(2014) PPVI, 363-385. [3] Jørgensen & van Dishoeck (2010) 
ApJ 710, L72-L76. [4] Persson et al. (2012) A&A 541, A39. 
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Rutile (TiO2) is a common accessory mineral found within 

high-grade metamorphic rocks and its mineral chemistry can 
provide insight into P-T conditions and processes occurring 
within subduction zones and collisional orogens. To develop 
the utility further, we have undertaken a detailed study of 
mineral inclusions found within rutiles from HP-UHP and 
UHT rocks. Constraining peak metamorphic conditions from 
such rocks is often compromised by the effects of retrogression 
but great progress has been made by careful investigation of 
mineral inclusions (such as coesite and microdiamonds) 
shielded within robust minerals such as  garnet and zircon. So 
far, this approach has not been widely used within rutile. 

In this contribution, we have studied rutile from a number 
of localities (HP-UHP: Syros, Greece; Sesia Zone and Dora 
Maira Massif, Western Alps; UHT: east Antarctica). Trace 
element concentrations have been measured using LA-ICP-MS  
in order to deduce the nature of the protolith (metamafic vs 
metapelitic) and to apply the zirconium-in-rutile thermometer. 
Electron microprobe analysis of mineral inclusions and their 
matrix counterparts has been used to assess the comparability 
of mineral chemistry and the viability of applying conventional 
barometry to mineral inclusions in order to constrain P-T 
conditions. Raman spectroscopy has also been applied to silica 
inclusions to identify the polymorph. 

So far, our study has shown that in HP-UHP rutile, the 
nature and mineral chemistry of the inclusions match the 
minerals in the matrix of the respective samples and are thus 
reliable recorders of metamorphic conditions. In turn, this  
permits the application of conventional geothermobarometry 
and average pressure-temperature (AvPT) calculations to be 
applied directly to the inclusions. Raman spectroscopy has also 
shown that rutile in UHP rocks can retain preserved coesite, 
therefore it is a good repository to look for evidence for UHP 
metamorphism in otherwise retrogressed samples. Preliminary 
obervations in UHT rutile suggest that mineral inclusions may 
also be useful for geothermobarometry.  

The study of mineral inclusions in conjunction with trace 
element analysis of rutile provides a novel method for 
recovering peak P-T conditions of UHP (and potentially UHT) 
rocks. 
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The end of the Palaeozoic marks the largest environmental 
disaster in the Phanerozoic, the Permian-Triassic Mass 
Extinction (PTME; ~252 million years ago). The PTME is 
distinguishable by the extinction of approximately 90% of 
marine biota over a very short period of time (< 0.5 Ma). 
Biomarkers, atomic and molecular fossils, can persist through 
diagenesis and are especially useful in reconstructing 
paleoenvironmental conditions and dynamics such as organic 
matter source, ocean oxygen levels, and thermal maturity of 
the rocks. Using biomarkers to understand the most 
devastating event at the Palaeozoic-Mesozoic boundary 
provides important inferences on understanding the marine 
ecosystem and paleoenvironment. Studies of biomarker 
geochemistry at the PTME do not provide a complete global 
paleoenvironmental model. The organic geochemistry of the 
Neo-Tethys will provide necessary knowledge to better 
understand the extinction horizon and recovery throughout the 
ocean basin. We provide a low resolution preliminary 
biomarker investigation of the southern Neo-Tethys.  

The section includes the Permian black shale from the 
Gungri formation, the superimposed ferruginous layer, and the 
Triassic interbedded shale limestone from the Mikin formation 
(Spiti Valley, Himachal Pradesh, India). Various biomarkers 
were identified and quantified by Gas Chromatography-Mass 
Spectrometry (GC-MS) and we further refined the biomarker 
stratigraphy through compound specific isotope ratio mass 
spectrometry (GC-IRMS) where we identified δ13C of 
individual biomarkers. Evaluating the biomarkers of the Neo-
Tethys provides information on the extent of the extinction 
horizon and recovery of the shelf primary producing and 
microbial ecosystems, paleoenvironmental conditions, and 
chemostratigraphic correlations. Specifically, this research 
better determines the (1) thermal maturity and biomarker 
presence to develop further studies and (2) assess general 
basinwide conditions to decouple local (Neo-Tethys) and 
regional (Paleo-Tethys) environmental change occurring at the 
time of the extinction. Results of the biomarker analysis are 
compared to previously published biomarker results from other 
sections of similar stratigraphic and time period surrounding 
the PTME.  
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The Red Sea, an elongated semi-enclosed water body 

located between the hyper-arid Sahara and Arabia deserts, is 
highly sensitive to regional and global climate change. Water 
circulation in the Red Sea is controlled by sea level changes 
that impose varying degrees of exchange across the shallow 
Bab-el-Mandeb Straights. During glacial periods, limited 
connection resulted in weakend water circulation, while 
interglacials are characterized by a more vigorous, lagoon-like 
mode of circulation. The seawater composition is influenced 
by both water mass mixing and external inputs. Fluvial and 
riverine inputs are negligible, and most terrigenous inputs are 
eolian, originating from local and distal sources, mainly in 
north Africa. 

In order to constrain the different inputs and to determine 
what processes controlled them in the past, the isotopic 
composition of Neodymium (Nd) and trace element 
concentrations were determined in ferromanganese oxides and 
the decarbonated terrigenous fraction of marine sediment cores 
covering the last interglacial to present. The cores are located 
in the north Red Sea and the Gulf of Aqaba (GOA), a semi-
enclosed basin at the northern tip of the Red Sea.  

εNd values range from -0.9 to -5.0 and -2.5 to -6.4 for the 
oxides and terrigenous fraction, respectively, with a consistent 
depletion of εNd in the terrigenous fraction relative to 
corresponding oxides. In the Red Sea, εNd in both fractions 
correlate well with sea level changes, while GOA sites display 
more uniform secular evolution. A characteristic GOA εNd of -
6 is thought to represent the local terrigenous input 
composition, which is dominant during the last glacial cycle. 
By contrast,  the last interglacial is controlled by a far more 
radiogenic end member (-2.5).  

Building on the identification of the primary terrigenous 
end members in the north Red Sea region, and coupling them 
with corresponding authigenic ferromanganese oxides, which 
trace bottom water compositions, we present a history of the 
late Quaternary evolution of the north Red Sea and the GOA.  
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Understanding the evolution of geogenic matter fluxes in soils 
after the application of rock products in the top layer is 
relevant to evaluate the alteration of soil solutions and their 
concomitant saturation states. In the future the practice of 
applying rock products will continue and presumably, areas 
affected will spread [1]. This trend will likely be driven by 
attempts to optimize carbon dioxide removal by inorganic 
carbon sequestration, increasing biomass production, soil 
organic carbon stocks, and afforestation. Those efforts demand 
a certain amount of geogenic nutrients, which need to be 
supplied and replaced. 

After the application of 22 kg m-2 olivine powder into the 
upper 10 cm of the soil, release patterns and the downward 
transport of an array of elements, as well as reaction processes, 
are investigated in a mesocosm experiment established at 
Antwerp University. 

Elevated DIC and Mg concentrations are detected in cases 
of olivine  presence in mesocosms with wheat and barley, if 
compared to the mesocosms without plants and/or olivine. 
Such a signal is not observed for dissolved silica. Elevated Ni 
and Fe contents in soil solution are observed too, but Cr 
remains comparably low. In general, the enhanced weathering 
signal has not progressed below 30 cm in depth after one year. 
New data on the geochemistry of soil particles and minerology 
will be presented, and the role of plant transpiration on 
solution geochemistry will be discussed. 

 
[1] Hartmann, J., et al. (2013) Enhanced chemical weathering 
as a geoengineering strategy to reduce atmospheric carbon 
dioxide, supply nutrients, and mitigate ocean acidification. 
Reviews of Geophysics; 51(2), 113-149. doi: 
10.1002/rog.20004 
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Riverine dissovled organic carbon (DOC) is a complex 
mixture dervied from terrestrial and aquatic sources. The 
detailed molecular composition of DOC depends not only on 
source but also on the nature and extent of the biogeochemical 
processes that alter and remove carbon. To explore the 
combined effects of photochemical (UV oxidation) and 
microbial degradation on DOC composition we conducted 
photo-oxidation experiments followed by microbial carbon 
degradation studies. We used samples from two reservoirs 
(Lks Powell and Mead) and one river site (Lee’s Ferry) on the 
Colorado River to explore differences in residence time, prior 
UV exposure history, and carbon source. DOC bioavailability 
over two-weeks ranged from 5 to 25%. Results from 2D 
fluorescence spectroscopy revealed that photo-oxidation by 
natural sunlight primarily removed the terrestrial humic 
fraction of the riverine DOC; this loss of humic carbon 
generally left the residual DOC less bioavailable than the non-
photo-oxidized material (Fig. 1). These results suggest changes 
in DOC composition along the river may be due primarily to 
photochemical alteration, while changes in DOC concentration 
reflect differences in biological carbon degradation. 

 

Fig 1. DOC bioavailability in UV oxidized (white) and non-
oxidized (black) samples from three sites on the Colorado 
River. Photoxidation generally reduced DOC bioavailability. 
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While considerable attention has focussed on the effects of 

secondary processes on lithophile element abundances in the 
mantle, the effects of metasomatism on the concentration, 
mobility and fractionation of platinum group elements (PGE) 
and Re, and the strongly chalcophile elements Se and Te, has 
been the subject of less scrutiny. Critically, estimates of HSE 
and strongly chalcophile element abundances in PUM may 
have been derived by including a large number of 
metasomatized and refertilized samples whose HSE and 
chalcophile element abundances may not be representative of 
melt depletion alone. Peridotite xenoliths from Kilbourne 
Hole, New Mexico, USA, potentially provide an alternative 
means for testing existing assumptions regarding PUM HSE 
and strongly chalcophile element abundances. Superimposed 
upon the effects of melt depletion is the addition of 
metasomatic sulfide in approximately half of the xenoliths 
from this study, while the remaining half have lost sulfide to a 
late S-undersaturated melt. Despite these observations, the 
Kilbourne Hole peridotite xenoliths have HSE systematics that 
are indistinguishable from orogenic peridotites and peridotites 
used for the determination of PUM HSE abundances, with the 
exception of Os. Osmium in peridotite xenoliths is particularly 
vulnerable to the effects of supergene weathering and for this 
reason, peridotite xenoliths may not be suitable for making 
predictions of the abundance of Os in PUM. Despite earlier 
studies attesting to the relative immobility of Se during 
supergene weathering, low S, Se, Os and Se/Te in the 
Kilbourne Hole peridotites suggests that Se may be more 
mobile than originally thought. The behaviour of tellurium 
appears to be controlled by a different phase to that which 
governs the behaviour of the PGE, Re and Se. In particular, it 
appears that Te added to melt depleted peridotite in a 
metasomatic sulfide is more difficult to remove in a S-
undersaturated melt than the PGE and Se. 

 

1196



 Goldschmidt2015 Abstracts  

 1197 

Widespread inorganic drinking water 
contamination in Australia – its 
prevalence and impact on public 

health management 
PAUL HARVEY1, HEATHER HANDLEY1 AND  

MARK P. TAYLOR2 
1Department of Earth and Planetary Sciences, Faculty of 

Science and Engineering,  Macquarie University, 
Sydneym, NSW, Australia, 2109 

2Department of Environmental Sciences, Faculty of Science 
and Engineering,  Macquarie University, Sydneym, NSW, 
Australia, 2109 

 
Environmental contamination research in Australia has 

given little attention to household drinking water supplies, 
despite international research highlighting the potential health 
risks of inorganic contaminants.  

Our investigations incorporate a community engagement 
and education program to assist in accessing samples and study 
sites and to facilitate an understanding of inorganic 
environmental exposures in understudied parts of the 
continent. In order to identify contamination sources we have 
applied a range of analytical techniques including lead isotope 
fingerprinting. Research findings have identified persistent 
and elevated arsenic, lead, copper and manganese in rural 
Australian drinking water and its infrastructure. Current data 
shows that maximum concentrations in potable water for lead 
and copper exceed 500 μg/L and 3000 μg/L, respectively, with 
town, tank, and bore supplies all contributing contaminants to 
drinking water. Major water transfer pipelines have also 
contributed to environmental contamination through the 
weathering and deposition of paint and solder leaving soils 
contaminated with up to 20,000 mg/kg of lead. 

The research identifies a suite of previously unrecognized 
exposure issues associated with drinking water supplies in 
Australia. Research outcomes will be used to drive change in 
the existing health management strategies and regulatory 
policy. 

1197



 Goldschmidt2015 Abstracts  

 1198 

Evolution of export production, SST 
and seawater δ18O in the Antarctic 
Southern Ocean across the MPT 

A. P. HASENFRATZ1, A. MARTÍNEZ-GARCÍA1,  
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G. H. HAUG1 

1Geological Institute, Department of Earth Sciences, ETH 
Zurich, Switzerland 

2Institute of Geological Sciences and Oeschger Center for 
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3Godwin Laboratory for Paleoclimate Research, Department of 
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The mid-Pleistocene transition (MPT; 1.25–0.7 Myr) 

marked a fundamental change in the periodicity of the climate 
cycles, shifting from a 41-kyr to a high-amplitude 100-kyr 
cycle without any significant change in orbital forcing. 
Hypotheses to explain the MPT involve changes in glacial 
dynamics, non-linear responses to orbital forcing, and internal 
changes in the carbon cycle. Specifically, a decrease in pCO2 
during peak ice age conditions and the associated global 
cooling is often proposed as one of the possible triggers for the 
MPT. Previous results have indicated that the Southern Ocean 
provides a coherent two-part mechanism for the timing and 
amplitude of the glacial/interglacial pCO2 variations. However, 
there is still much uncertainty and debate regarding the 
response of the Antarctic Southern Ocean biogeochemistry to 
changes invoked by the MPT, and its contribution to the 
proposed pCO2 variations. Here, we show 1.5 Myr-long 
records of export production, sedimentary CaCO3 and 
foraminiferal stable isotopes from South Atlantic ODP Site 
1094. Paired measurements of δ18O and Mg/Ca on planktonic 
N. pachyderma allow us to calculate seawater δ18O that is 
known to vary linearly with salinity in the modern ocean. 
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Modelling the geochemical impact of 
hydrogen interaction with minerals 

and aqueous species using GEM-
Selektor geochemical modelling 

package 
NEDA HASSANNAYEBI1 AND SIROOS AZIZMOHAMMADI 2 

1neda.hassannayebi@unileoben.ac.at 
2siroos.azizmohammadi@unileoben.ac.at 
 

Prior to implementing large-scale underground hydrogen 
storage, its practicality regarding possible interaction among 
existing phases in the reservoir is critical. Geochemical 
modelling and study of possible reactions that could occur as a 
consequence of hydrogen injection, is one of the key steps in 
assessing feasibility of large scale underground hydrogen 
storage.  

The available dataset from the upper Austria Molasse basin 
was used to build a geochemical model. The geochemical 
model involving hydrogen, formation water and minerals was 
setup using GEM-Selektor (GEMS) package. The SUPCRT92 
thermodynamic database of GEMS, was selected as the core 
database for the modelling. Thermodynamic data of the 
mineral assemblage has been reviewed and solid solutions for 
clay minerals were created and integrated into the core 
thermodynamic database.  

Initial equilibrium status of the reservoir considering 
formation water, minerals and gas phase at in situ P = 107 bar 
and T = 40°C was evaluated and then new equilibrium status 
of reservoir re-evaluated by considering hydrogen in the 
system. Despite limitations and uncertainties of geochemical 
modelling, such as not considering kinetic rates in the 
modelling, the main results can be summarized as follows: (1) 
as H2 introduced, CH4 is formed, (2) H2 only appears in the gas 
phase when enough amount of H2 gets injected, (3) there is a 
decreasing trend in the contribution of H2 to reactions in 
aqueous, gas, and mineral phases with increasing amount of 
injected H2, (4) there is an increasing trend in pH as H2 is 
injected,  and (5) as the system is titrated by H2, some mineral 
alterations (dissolution and precipitation) are observed. These 
results will be validated by further experimental data.  

 
This work is part of the unique collaborative research 

project (Underground Sun Storage) funded by “Klima- und 
Energiefonds” which is currently conducting in Austria.  
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Engineers School of Tunis, University of Farhad Hacched,  

2Research unit of Geochemistry and environmental Geology, 
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Introduction 
Located in an arid region of Northwestern Tunisia, Oum 

Ali Thelept is a deep Miocene sedimentary aquifer, where 
groundwater is the most important source of water-supply [1].  

Methodology 
For better management of groundwater resources, a data of 

16 groundwater samples collected during January-February 
2014. Stable isotope (∂18 O and ∂2H) and 35 hydro chemical 
parameters were considered.  

Hydrochemical modeling, multivariate statistical analyses 
and GIS approaches were used to establish the hydrochemistry 
of groundwater in Oum Ali Thelepte aquifer 

Results and interpretation 
The interpretation of analytical data showed that the 

abundance of major ions was identified as follows: 
Ca>Mg>Na>K and HCO3>SO4>Cl. Concentrations of trace 
elements were within the permissible level for human us. The 
water facies gradually changes from Ca-HCO3 type to Mg-SO4 
type and are controlled by rock-water interaction. 

The various major ions and trace element concentrations 
are under the permissible limit given by the drinking water 
guidelines. 

Irrigation indices (SAR, Na%, PI. RSC) show that major of 
groundwater samples were within the safe quality categories 
for irrigation 
 
Hassen I et al.,  (2014) Hydrogeological Modeling of 
Kasserine auifer system, Central Tunisie. 10th International 
Hydrogeological Congress of Greece / Thessaloniki 223-230. 

1200



 Goldschmidt2015 Abstracts  

 1201 

How comparable are carbonate 
elemental laser ablation ICP-MS data 

between laboratories? 
E. HATHORNE1, D. GARBE-SCHÖNBERG2,  

E. ANAGNOSTOU3, A. BENTHIEN4, D. BLAMART5,  
J. BIJMA4, T. CHEN6, D. CHEW7, L. CLARKE8, J. COOK9,  

L. DE NOOIJER10, B. DHUIME6, E. DOUVILLE5,  
S. EGGINS11, J. FEHRENBACHER12, J. FIETZKE1,  

R. FRANKS13, A. GERDES14, A. GREIG15, A. HERRMANN16, 
R. MERTZ-KRAUS17, W. MÜLLER18, P. ONUK19,  
G.-J. REICHART10, N. ROBERTS9, A. SADEKOV20,  

K. SIMON21, H. SPERO12, B. STOLL22, F. THIL5, U. WEIS22, 
S. WHITE13, J. WOODHEAD15 AND S. WU21 

1GEOMAR Helmholtz Centre for Ocean Research Kiel, 
Germany (ehathorne@geomar.de) 
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To answer this question, pressed powder pellets of natural 
carbonate reference materials (JCp-1 and JCt-1) were sent to 
>20 participating laboratories around the world tasked to 
analyse both spots and line scans on five different parts of each 
material. Preliminary data for Li, B, Na, Mg, Mn, Sr, Ba, and 
U measured in 8 laboratories are generally within consensus 
values from solution techniques and compare well between 
laboratories. The complete dataset will allow us to compare 
different pellet preparation methods, data from different laser 
systems and ICP-MS instrumentation and the influence of 
additional gases and smoothing devices. 
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Doubly charged argide ion 
interferences in the ICPMS  

B. HATTENDORF1, B. GUSMINI1, L. DORTA1, R. S. HOUK2, 
M. REIHER3 AND D. GÜNTHER1 

1Laboratory for Inorganic Chemistry, ETH Zurich, Switzerland 
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2Ames Laboratory, Iowa State University, USA 
3Laboratory of Physical Chemistry, ETH Zurich, Switzerland 
 

Doubly charged polyatomic ions consisting of argon and 
alkaline earth metals were found to occur as spectral 
interference in ICPMS spectra. The relative abundances of 
(MAr)2+/M+ were even found to occur at higher levels than the 
corresponding (MAr)+/M+ reaching levels of 10-4 on a NU 
Plasma HR MC- ICPMS used in this study. For conventional 
nebulization, abundance ratios were found to be lower by 
about an order of magnitude. The (MAr)2+ abundances depend 
on the ICP operating conditions, generally following those of 
the doubly charged alkaline earth metal ions (M2+). Quantum 
mechanical calculations indicate that these species can be 
formed via association of an M2+ to a neutral argon atom and 
their bond energy can reach values of 0.4 ev (Ba) to  
1.3 eV (Mg), while the singly charged species are exhibit much 
smaller bond energies (0.07–0.19 eV).  

Even though the (MAr)2+ ions occur only at moderate 
abundances in the ICPMS, their contribution to ion signals 
measured for analyte ions may be substantial, especially in 
isotope ratio measurements. The low abundance of (MgAr)2+ 
renderings this species least problematic. The bias determined 
for 33S+/32S+ isotope ratios was about 10-7 for samples with 
equimolar Mg and S concentrations. (CaAr)2+ only interferes 
with Ca isotopes but was found to cause a bias of -0.3 per mil 
on 43Ca+/42Ca+ and 44Ca+/42Ca+ intensity ratios. (SrAr)2+ on the 
other hand was found to cause detectable spectral interferences 
on 63Cu+/65Cu+ and 64Zn+/66Zn+ intensity ratios (-0.02 and  
-0.3 per mil respectively for equimolar Cu, Zn and Sr), while 
Sr isotope ratio measurements are significantly affected by 
(BaAr)2+ (0.05 and 0.013 per mil for 87Sr+/86Sr+ and 
88Sr+/86Sr+, equimolar). The latter can explain matrix effects [1] 
[2] recently observed in Sr isotope ratio analyses in presence of 
trace Ba concentrations. It is expected that other elements with 
similarly low second ionization energies like rare earth 
elements will also lead to spectral interferences of similar 
magnitude and may affect isotope ratio analyses in particular.  
 
[1] Souza G.F. et al., Geochim. Cosmochim. Acta, 74, 2010, 
2596-2614 [2] Scher H.D.et al., Geochem., Geophys., Geosyst., 
15, 2014, 499-508 
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Discovery of a 2.4 Ma, VEI 5 Plinian 
eruption on Guadeloupe 
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3ZH,UK (*correspondance: sjh1e13@soton.ac.uk) 

 
Reconstructing the history of island arc volcanoes is 

important for determining the threat they pose.  Such studies 
are difficult to undertake, however, because erosion, later 
eruptions, etc., obscure and destroy the record of individual 
volcanic centers, with much of the erupted material being 
rapidly transported to the oceans.  Hence, cores of marine 
sediment can provide a more complete history of an arc 
volcano than subaerial exposures.  This approach requires 
identification of the depositional mode of marine tephra layers 
(flow versus fallout deposits) and their precise origin from 
closely spaced volcanic islands.  We show here how high 
precision Pb isotope ratios and trace elements can be used to 
fingerprint tephra sources from individual volcanic islands in 
the Lesser Antilles, and how detailed component analyses of 
tephras can be used to determine their depositional mode.  
Using these techniques, we have been able to identify an  
~18 cm thick tephra layer comprising an upper 6 cm layer and 
a lower 12 cm layer) from IODP Site U1396 as having 
originated from Guadeloupe (~80 km to the east) and the fact 
that it was emplaced as an airfall deposit. Models of tephra 
deposition indicate that the lower layer was part of a ~10 km3 
tephra deposit formed from a VEI 5 Plinian eruption from 
Basse-Terre, Guadeloupe 2.36 Ma.  This is the largest eruption 
ever discovered in the Northern Lesser Antilles and has 
important implications for our understanding of volcanic 
hazards in the region as well as providing information 
concerning the evolution of volcanic centers in island arc 
settings. 
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Polycyclic aromatic hydrocarbon 
geochemistry in a marine area 

affected from the dumping of polluted 
dredged river sediments 

I. HATZIANESTIS 
Hellenic Centre for Marine Research, Institute of 

Oceanography, 19013, Anavyssos,  jhat@hcmr.gr 
 

Polycyclic aromatic hydrocarbons (PAHs) are widespread 
contaminants in the marine environment and considered 
persistent organic pollutants. PAH sources levels, composition 
and geochemistry were studied in the sediments of a coastal 
site in Saronikos gulf, Greece, where the dredged urban river 
(Kifissos river) sediments were dumped for a period of  
20 months (May 2010 - December 2011). Kifissos river is the 
metropolitan river of Athens and is highly contaminated by 
PAHs. Surface sediments were collected from 5 stations prior 
of dumping, during dumping operations (October 2010, April 
2011, October 2011) and 4, 12 and 24 months after the end of 
dumping. PAHs were determined by gas chromatography - 
mass spectrometry, applying the appropriate procedures. In 
total 46 individual compounds including the alkylated ones 
were quantified and several characteristic source ratios were 
calculated: for the four ring and larger parent compounds 
specific isomeric ratios, while for the smaller parent PAHs the 
C0/(C0 + C1) ratios for several alkyl PAH series. 

 Total PAHs were increased in surface sediments from  
451 ng/g to 6175 ng/g during dumping and decreased to  
3351 ng/g 4 months after dumping and to 1570 ng/g 24 months 
after dumping. The composition of PAH mixtures and the 
examination of the various diagnostic criteria revealed a clear 
predominance of pyrolytic compounds, coming from different 
combustion sources, before dumping. During dumping, high 
abundances of methylated PAH were recorded, similar to those 
measured in the river sediments, showing petroleum origin. 
After dumping a part of methylated derivatives were lost, 
resulting in equal amounts of pyrolytic and petrogenic PAH 4 
months after the dumping, while after a period of 24 months, 
although total PAH concentrations remained increased, their 
compositional profiles were again characteristic of combustion 
origin, comparable to those before the dumping. 
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Cr(VI) contamination of soils and waters has historically 

been attributed to anthropogenic sources; however, indigenous 
Cr residing within geologic strata represents a far more 
distributed threat to human health.  Chromium(III) within 
minerals common to ultramafic rocks, their metamorphic 
derivatives, and weathering products can be oxidized to Cr(VI) 
via reaction with Mn-oxides.  Limiting the reaction, however, 
is the physical separation of solids having limited solubilities, 
resulting in transport limited rates.  Here we examine, within 
soil aggregates, the coupled processes leading to the oxidation 
of Cr(III)- and mixed Cr(III),Fe(III)-hydroxides by biogenic 
and abiogenic Mn-oxides. 

In order to investigate the mechanism of Cr oxidation 
within structured media, artificial soil aggregates were 
constructed from Cr(OH)3- and Cr0.25Fe0.75(OH)3-coated quartz 
grains; aerated solute flow was then induced around the soil 
aggregate. For abiogenic Mn-oxides, synthetic birnessite was 
mixed into the aggregates; for biogenic Mn-oxides, aggregates 
were inoculated with the Mn(II)-oxidizing bacteria Leptothrix 
cholodnii and Mn(II) was provided within solutes. In 
aggregates simulating low carbon environments such as 
fractured serpentinite or subsurface sediments, we observe 
Cr(VI) concentrations within advecting solutes more than 
twenty-times the California drinking water standard.  
Chromium(VI) production is highly dependent on Cr-mineral 
solubility; increasing Fe-substitution decreases aqueous Cr(VI) 
generation. Further reduction occurs in carbon-rich 
environments, such as surface horizons of soils, aggregate 
interiors become anaerobic and experience metal reducing 
conditions. Aggregates inoculated with dissimilatory metal-
reducing bacteria result in limited Cr(VI) production with 
abiogenic or biogenic Mn-oxides. In all aggregates Cr(III)-
oxidation is dependent on proximity to higher-valent Mn-
oxides. Using μ-XRF imaging, we observe Cr(VI) enrichment 
within Mn-oxide hotspots. Our results illustrate Cr(VI) 
generation from reaction with Mn-oxides within (unmixed) 
structured media  and highlights the control of microbial 
communities on both Cr oxidation and reduction. 
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1UJV Rez, a.s., Hlavni 130, Rez, 250 68 Husinec, Czech Rep.  
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3IRIS, Prof. Olav Hanssensvei 15, 4021 Stavanger, Norway 

Introduction 
REPP-CO2 was launched early 2015 as a joint Czech-

Norwegian research project focusing primarily on the 
development of the CO2 geological storage technology in the 
Czech Republic. The project represents a major step in the 
advancement towards validation by means of a pilot project in 
geological settings similar to possible future CO2 storage sites.  

The core part of the project focuses on the first preparatory 
phase of the research pilot project on CO2 geological storage. 
This consists of obtaining the necessary data (geological, 
geophysical, well log, etc.), constructing a three-dimensional 
geological model of the storage complex, developing a 
dynamic simulation model, which will be subsequently used to 
model the storage complex behavior during the site’s 
operational (CO2 injection) phase and post-injection one, 
executing a risk analysis, and compiling a monitoring plan. In 
future stages these outcomes could be used  as a basis for a 
future Storage Site Permit Application.  

A critical element of the project, supporting the actitivies 
mentioned above, is the characterisation of reservoir rock and 
caprock behaviour under dynamic (CO2 injection) and static 
(post-injection) conditions. This is addressed using both static 
and dynamic experiments with supercritical CO2 (scCO2).  

Experimental work 
A detailed characterisation of both formation (reservoir 

and caprock) and groundwater was carried out. A 
representative synthetic reservoir brine (Na-Cl type) was 
prepared from existing analyses of deep groundwater reservoir 
samples.  

The static experiments were based on long-term 
interactions of scCO2 with different types of rock sample 
materials under CO2 storage site conditions namely, 10 MPa 
pressure and  35°C temperature.  

In addition, the permeability of rock samples  was 
measured using both with water and scCO2 in a dynamic 
(flow-through) apparatus. For both static and dynalic 
experiments, rock samples were thorougly characterized pre- 
and post-testing and changes in rock mineralogy, porosity and 
permeability were determined/quantified.  

 
The project is supported by a grant from Norway. 
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Selenium (79Se, T1/2 = 3.77·105 yrs) belongs among long-

lived fission products, being present in spent nuclear fuel 
(SNF). Due to the long lifetime of the radioisotope, the 
complex chemistry, its high mobility and mainly anionic 
character, Se contributes significantly to the risk associated 
with the storage of radioactive waste in deep underground 
repositories in geological environment. The retention of 
selenium in the environment depends namely on its actual 
oxidation state.  Selenium can occur in–II, 0, IV and VI 
valence states  Sorption decraseses with increasing oxidation 
number. Therefore, selenate (SeVIO4

2-) is namely considered as 
highly mobile, non-sorbing selenium specie in comparison 
with other species. .  

The presented experiments are focused on the study of 
selenate sorption and diffusion within granitic rock from the 
Grimsel test site (GTS). The results will complement in-situ 
diffusion experiment in GTS, performed within the 
international project LTD III (Long Term Diffusion Phase III).   

The migration behavior of selenate was studied by sorption 
and diffusion experiments under anaerobic conditions in glove 
box in order to simulate conditions during in-situ experiment 
in GTS. The sorption distribution coefficients were determined 
by static batch method with crushed granitic material as a solid 
phase (S/L  ratio = 1:10; c(Se)= 10-5 mol/l). The diffusion 
coefficients were determined using through diffusion method 
on granitic dics (c(Se)= 10-3 mol/l). The experimental set-up 
was unique due to fully laboratory anaerobic  conditions in the 
glove box.  

The results of experiments confirmed the non-sorbing, 
conservative behavior of selenate. Comparison of results with 
selenate sorption data obtained on Czech and Swedish granitic 
shows similar behavior of selenate on studied crystalline rocks 
irrespective to redox conditions.     
 
This research was funded by SURAO. 
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Silicon is an essential nutrient for diatoms, who use it to 
build their cell frustule. These organisms play an important 
role in the fixation of atmospheric CO2. They are responsible 
for ~40% of total oceanic primary production, and are thought 
to be one of the most efficient exporters of carbon to the deep 
ocean [1]. As a result, they are believed to have played a key 
part in controlling past climatic change [2]. Recent research 
indicates that glaciers may export significant quantities of 
nutrients to downstream ecosystems [3-5]. Enhanced silicate 
dissolution has been postulated to occur in ice sheet subglacial 
environments [6], therefore it seems logical that silicon export 
from ice sheets to near coastal regions may be high. Although 
a number of silica budgets have been constructed for the 
oceans [7] [8], only one includes potential ice sheet influence, 
and the data used is limited [9]. Here we discuss the 
importance of the Greenland and Antarctic ice sheets in the 
global silicon cycle. Presented is a detailed timeseries of 
dissolved and amorphous particulate silicon concentrations 
from subglacial meltwaters exciting two glacial catchments of 
the Greenland Ice Sheet. We highlight the importance of a 
labile amorphous silicon phase in meltwaters, with significant 
export of silicon across a salinity gradient. We also present the 
first concentrations of iceberg derived silicon, with large 
silicon export to the open ocean likely. Budgets for ice sheets 
reveal a new, large component of the global silicon cycle. 

 
[1] Sarthou et al. (2005) J Sea Res 53, 25-42. [2] Tréguer & 
Pondaven (2000) Nature 406, 358-359. [3] Hood & Scott 
(2008) Nat Geosci 1, 583-587. [4] Raiswell & Canfield (2012) 
Geochem Perspect 1, 1-220. [5] Hawkings et al. (2014) Nat 
Comm 5. [6] Wadham et al. (2010) Global Biogeochemical Cy 
24(3), GB3025. [7] Laruell et al. (2009) Global 
Biogeochemical Cy 23, GB4031. [8] Tréguer & De La Rocha 
(2013) Annu Rev Mar Sci 5, 477-501. [9] Tréguer (2014) C R 
Geosci 346, 279-286. 
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Rivers are the dominant source of iron (hydr)oxides to near 
coastal sedimentary environments.  Sediment iron (hydr)oxide 
concentrations have been linked to carbon burial1, weathering 
regimes have been linked to changes in riverine (hydr)oxide 
prodution2, and weathering regimes are linked to climate 
change creating a potential global climate feedback cycle. We 
have analyzed river waters and sediments from Iceland for iron 
stable isotopes to better understand the controls on (hydr)oxide 
formation in glacial and non-glacial river systems.  

Riverine sediments transported via glacial rivers have an 
isoptic composition within error of fresh basalt implying the 
material will have a similar reactive iron composition to fresh 
basalt.  Sediments transported via precipiation fed rivers have 
isotopic composition close to Icelandic soils suggesting they 
are enriched in reactive iron realtive to fresh basalt.  Even with 
the realtive difference in reactive iron concentration between 
glacial and precipiation fed rivers the higher absolute sediment 
loads in glacial rivers suggest glacial systems transport more 
reactive iron to the ocean than precipitation fed catchements. 

The relative balance of glacial versus precipitation  
dominated weathering in sub-artic terrains depend on Earth’s 
climate. Evidence strongly suggests that (hydr)oxides protect 
organic matter from microbial degradation creating a global 
‘rusty sink1’ for organic carbon in marine sediments.  Carbon 
burial moderates atmospheric carbon dioxide levels and 
Earth’s climate, potentially creating a weathering driven iron-
carbon burial-climate feedback cycle. This ‘rusty river 
hypothesis’ significantly expands upon Martin (1990)’s Iron 
Hypothesis2 by eliminating the geographic constraints and the 
need to link primary production to carbon burial inherant in 
Martin’s original hypothesis. 
  
[1] Lalonde, K., et al (2012). Nature. 483, 198-200 [2] Martin 
J.H (1990) Paleocean. 5(1), 1-13 [3] Raiswell, R et al (2006). 
GCA. 70, 2765-2781. 

1209



 Goldschmidt2015 Abstracts  

 1210 

Partners in crime: Combined mush 
disaggregation and in situ 

crystallization in a basaltic sill 
BEN HAYES1*, C. JOHAN LISSENBERG2 AND  

JEAN H. BÉDARD3 
1University of the Witwatersrand, Johannesburg, South Africa 
2Cardiff University, Cardiff, UK  
3Geological Survey of Canada, Québec City, Canada 
(*correspondence: ben.hayes@wits.ac.za) 
 

Currently, there is debate on basaltic sill differentiation. 
End-member mechanisms proposed are: 1) emplacement of 
diverse crystal mushes and 2) internal post-emplacement 
differentiation by fractional crystallization. A porphyritic 
basaltic sill (POS) from the Franklin LIP, situated on Victoria 
Island in the Canadian Arctic, is ~16-m thick and probably 
cooled in <10 years, based on conductive heat-loss 
calculations. The POS chilled margins contain a diverse 
phenocrystic assemblage, including: cpx glomerocrysts 
(pyroxenitic); plag glomerocrysts (anorthositic); and cpx+plag 
glomerocrysts (gabbroic), as well as isolated compositionally 
identical phenocrysts of cpx, plag and olivine. Recognizable 
phenocrystic assemblages are embedded in sub-ophitic 
dolerite, which grades texturally from quenched glass (at both 
margins) to medium-grained internal facies that indicate 
slower cooling. The phenocrystic assemblage and the matrix 
doleritic facies can be distinguished petrographically and in 
terms of mineral chemistry. Pyroxenitic cpx (Mg# 80-75) and 
anorthositic plag (An79-65) glomerocrysts have relatively 
uniform core compositions throughout the POS. This is in stark 
constrast to cpx (Mg# 75-25) and plag (An65-35) in the doleritic 
matrix, which are generally more evolved and show a broader 
range in composition as a result of normal core-rim zoning. 
Inverse Fe-Mg melt modeling suggests that pyroxenitic cpx is 
slightly more primitive than the POS magma, indicating 
crystal-melt disequilibrium. Their rims, however, are in 
approximate equilibrium with the host dolerite. This 
decoupling suggests that the phenocrystic assemblage 
represent dissagregated crystal mushes that were delivered into 
the POS during magma emplacement. In contrast, the matrix 
dolerite’s minerals record progressive post-emplacement 
inward differentiation driven by fractional 
crystallization/residual melt percolation.  
 

1210

mailto:ben.hayes@wits.ac.za


 Goldschmidt2015 Abstracts  

 1211 

Impact of nano-scale iron sulfides on 
abiotic oxidative dissolution of UO2 

K. F. HAYES*, J. CARPENTER AND Y. BI 
Department of Civil & Environmental Engineering, 

University of Michigan, Ann Arbor, MI 48109, USA 
(*Correspondence: ford@umich.edu) 
(carpenter.julian@gmail.com, ybi@umich.edu) 
 
Nano-scale iron sulfide precipitates formed under sulfate 

reducing conditions may buffer U(IV) insoluble solid phases 
from re-oxidation when oxidants reenter the reducing zone. In 
this study [1], sediment column experiments were performed 
to quantify the effect of biogenic mackinawite on U(IV) 
stability in the presence of nitrite or dissolved oxygen (DO). 
Two columns, packed with sediment from abandoned U 
contaminated mill tailings site near Rifle CO, were 
biostimulated for 62 days with an electron donor (3 mM 
acetate) in the presence (BRS+) and absence (BRS-) of 7 mM 
sulfate. The bioreduced sediment was supplemented with 
synthetic uraninite (UO2(s)), sterilized by gamma-irradiated, 
and then subjected to sequential oxidation by nitrite and DO. 
Biogenic iron sulfides produced in the BRS+ column, mostly 
as mackinawite, inhibited U(IV) reoxidation and mobilization 
by both nitrite and oxygen. Most of the influent nitrite  
(0.53 mM) exited the columns without oxidizing UO2, while a 
small amount of nitrite was consumed by iron sulfides 
precipitates. An additional 10-day supply of 0.25 mM DO 
influent resulted in the release of about 10% and 49% of total 
U in BRS+ and BRS- columns, respectively. Influent DO was 
effectively consumed by biogenic iron sulfides in the BRS+ 
column, while DO and a large U spike were detected after only 
a brief period in the effluent in the BRS- column.  A 
mechanistic interpretation for the inhibited UO2 dissolution by 
iron sulfides will be provided based on the recently completed 
continuously-mixed flow-through reactor studies [2] [3] using 
synthetic FeS  and UO2 nanoparticles. 
 
[1] Carpenter, Bi, & Hayes (2015), ES&T 49, 1075-1085.[2] Bi 
& Hayes (2014), ES&T 48, 632-640. [3] Bi & Hayes (2014), 
ES&T  48, 13402−13411. 
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Mineral ecology of carbon: 
Predictions of “missing” minerals 
R. M. HAZEN1*, G. HYSTAD2, R. T. DOWNS3 AND  

J. GOLDEN3 
1Geophysical Laboratory, Carnegie Institution, Washington, 

DC 20015, USA (*correspondence: rhazen@ciw.edu) 
2Department of Mathematics, University of Arizona, Tucson, 

AZ 85721, USA 
3Department of Geosciences, University of Arizona, Tucson, 

AZ 85721, USA 
 

Mineral ecology, the study of the diversity and distribution 
of minerals on Earth and other terrestrial planets and moons, 
exploits large mineralogical databases to identify deterministic 
versus stochastic aspects of mineral evolution [1] [2]. Of the 
~5000 species approved by the International Mineralogical 
Association (rruff.info/ima), a few minerals dominate Earth’s 
crustal volume and are very common (i.e., 101 species are 
reported from more than 1000 localities in the crowd-sourced 
database mindat.org). However, most mineral species are rare: 
22% of species are known from only one locality, and more 
than half of all minerals are reported from 5 or fewer localities 
(mindat.org). This type of frequency distribution, which is also 
characteristic of the words in a book or the biomass in an 
ecosystem, conforms to a Large Number of Rare Event 
(LNRE) distribution [2] [3].  

When applied to mineral statistics, LNRE distribution 
functions can be exploited to estimate the number and nature 
of as yet undiscovered species. Here we apply a Generalized 
Inverse Gauss-Poisson (GIGP) function to the 403 known 
minerals of carbon, using the 82,922 mineral species-locality 
pairs tabulated in mindat.org (as of January 2015). We find 
that carbon-bearing minerals, for which more than 25% of 
approved C species are known at only one locality, conform to 
a LNRE distribution.  

Our model predicts that 548 C minerals exist on Earth 
today, indicating that ~145 species have yet to be discovered. 
Furthermore, by analyzing subsets of the most common 
additional elements in (i.e., C + O = 378 species; C + H = 282 
species; C + Ca = 133 species; C + Na = 100 species), we 
predict that the majority of missing carbon-bearing species are 
hydrous carbonates, including ~50 missing calcium-bearing 
carbonates and ~80 missing sodium-bearing carbonates. We 
predict more than 20 missing species in the system C-Na-O-
H±Ca±Y. We suggest, therefore, that previously overlooked 
mineral species (possibly white, poorly-crystalized phases) 
await discovery in alkali lakes, their associated evaporites, and 
in alkalic pegmatites.  
 
[1] Hazen et al. (2015) Canadian Mineralogist, in press. [2] 
Hystad et al. (2015) Mathematical Geosciences, in press. [3] 
Baayen (2001) Word Frequency Distributions. Kluwer, 
Dordrecht.   
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Mineral record of crustal evolution: 
The roles of episodic mineralization 

and preservational bias 
R. M. HAZEN1*, X.-M. LIU1, E. S. GREW2, R. T. DOWNS3 

AND J. GOLDEN3 
1Geophysical Laboratory, Carnegie Institution, Washington, 

DC 20015, USA (*correspondence: rhazen@ciw.edu) 
2School of Earth and Climate Science, University of Maine, 
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3Department of Geosciences, University of Arizona, Tucson, 

AZ 85721, USA 
 

The mineral record of crustal evolution reflects both 
changing paragenetic processes and preservational biases 
through deep time. Dramatic changes relate to episodic 
mineralization associated with convergent margin 
metallogenesis during five intervals of presumed 
supercontinent assembly at ~2.8 to 2.5, ~1.9 to 1.7, ~1.2 to  
1.0, ~0.6 to 0.5, and ~430 to 250 Ga, corresponding to 
assembly of Kenorland, Nuna, Rodinia, Pannotia, and Pangaea, 
respectively [1-3]. These intervals are represented by peaks in 
ages of zircon [4-6] and production of minerals of B, Be, Cu, 
Hg, and Mo [1] [2] [7-9]. Not only is mineralization enhanced 
in suture zones during collisional events, but also suture zones 
are more likely to be preserved. 

Deposition of black shales, which are often employed as 
proxies for conditions at Earth’s near-surface, has been 
episodic [10]. Significant intervals of Earth history, including 
those related to supercontinent fragmentation and increased 
rates of organic carbon burial, reveal enhanced production of 
black shale. 

By contrast, sedimentary carbonate (Ca-Mg-Fe-Mn) 
deposits occur almost continuously in the rock record since 
~3.5 Ga, implying that at least some formations both form and 
can be preserved through most of Earth history [11]. 

Important unanswered questions related to detrital minerals 
from the Hadean (> 4 Ga) include the timing and severity of 
the late heavy bombardment and the production and 
survivability of impact-generated mineralized hydrothermal 
zones [12].  

 

[1] Hazen et al. (2014) Econ. Geol. Special Pub. 18, 1-15; [2] 
Huston et al. (2010) Econ. Geol. 105, 571-591; [3] Nance et al. 
(2014) Gondwana Res. 25, 4-29; [4] Valley et al. (2005) 
Contrib. Min. Pet. 16, 215-240; [5] Condie et al. (2011) Geol. 
Soc. Am. Bull. 123, 951-957; [6] Voice et al. (2011) J. Geol. 
119, 109-126; [7] Hazen et al. (2012) Am. Mineral. 97, 1013-
1042; [8] Golden et al. (2013) Earth Planet. Sci. Lett. 366, 1-5; 
[9] Grew & Hazen (2014) Am. Mineral. 99, 999-1021; [10] 
Condie et al. (2001) Precambrian Res. 106, 239-260; 
[11] Liu et al. (2014) Trans. Am. Geophys. Union; [12] 
Schwenzer & Kring (2013) Icarus 226, 487-496. 
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Multi-fluid in carbonate reservoir: 
Geochemistry evidence from cement 

of Ordovician in Erdos Basin, 
northwest China 

Z. L. HE, J. T. ZHANG, Q. DING, Y. P. SUN AND X. H. JIN 
SINOPEC Petroleum Exploration & Production Research 

Institute, zhangjt.syky@sinopec.com 
 

The multi- fluid have an important effect on the formation 
and evolution of the carbonate reservoir. Cement, as the 
product of fluid flow, is a recorder of the type, active process 
and mechanism of the movements as well. In this study, we 
investigate the mineralogy and geochemistry of cement in 
different geological periods of Ordovician in Erdos basin, 
Northwest China, so as to reveal the formation of the carbonate 
reservoir.  

Dolomite containing anhydrite is the major reservoir rock. 
The cement of the rock mainly comprised of calcite, silt 
crystalline dolomite, and coarse crystalline dolomite, with a 
small amount of quartz, kaolinite, pyrite, etc. The composition 
of those cement indicated a multi-periods fluid flow and 
various controlling mechanisms. It’s a significant difference in 
mineralogical and geochemical characteristics among various 
cement. The coarse crystalline type of the calcite fully filled 
the pore. The calcite showed orange color under 
cathodoluminescence, and the medium Mn content 
(108~302ppm), relatively low Fe content (661~1851ppm) and 
the lowest δ18O‰ (PDB) (-9.4‰~-16.4‰) of the calcite 
indicated an atmospheric origin. Silt crystalline dolomite 
showed a light orange color under cathodoluminescence, or a 
dark red color relative to matrix dolomite with two parts: the 
core and the cortex. The overall Fe content and Mn content 
(886~2107ppm and 30~185ppm, respectively) were close to 
matrix dolomite as well. Furthermore, the δ18O‰(PDB) 
(-9.8~-11‰) and δ13C‰(PDB) (-0.7~-2.3‰) was partial 
negative compared to that of the matrix dolomite (1.4~-2.5‰), 
and showed a dual effect from both atmospheric and 
hydrothermal fluid flow. Coarse crystalline saddle dolomite 
have a higher Mn and Fe content 
(29112~47147pp，364~565ppm, respectively), less negative 
δ18O‰ (PDB) (-9.9~-11.3‰) and δ13C‰ (PDB) (-1.7~2.9‰), 
indicated characteristics hydrothermal fluid.  

In regional scale, calcite are mainly distributed eastern of 
Erdos basin, showed a low topography in ancient karst period. 
In the western basin, silt crystalline dolomite was the major 
cement type and showed the influence from ancient 
sedimentary environments. 

 
This work was supported the National Basic Research 

Program of China (Grant No. 2012CB214802) 
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Iron isotope systematics of the 
Tongshankou porphyry–skarn Cu–

Mo deposit, eastern China 
ZHI-WEI HE*, FANG HUANG, HUI-MIN YU, SHA CHEN, 

JIN-TING KANG AND XING-CHAO ZHANG 
School of Earth and Space Sciences, University of Science and 

Technology of China, Hefei, China 
(*correspondence: hezw@mail.ustc.edu.cn) 
 

Iron isotopes are useful to trace metal source and unravel 
the mineralization processes in mineral deposits. Here we 
present a study of iron isotope systematics of Tongshankou 
porphyry-skarn Cu-Mo deposit from Eastern China to 
understand the iron isotope behaviors during magmatic-
hydrothermal processes and constrain the evolution of ore-
forming fluid in the deposit. The Tongshankou deposit consists 
of porphyry ore within the granodioritic stock and skarn ore 
along the contact zones with carbonate rocks [1]. 

Significant iron isotopic fractionation has been observed in 
the deposit. Sulfide minerals (pyrite and chalcopyrite) from 
potassic and phyllic alteration zones within the porphyry stock 
show moderately light Fe isotopic compositions. The mean 
values (n = 8) of δ56Fe for pyrite and chalcopyrite are -0.13‰ 
and -0.22‰, respectively, indicating that the early high-
temperature (> 300-400 oC) ore-forming fluid exsolved from 
the stock is enriched in light Fe isotopes. δ56Fe of sulfides 
associated with the early dry skarn minerals (garnet and 
diopside) ranges from -0.49‰ to +0.07‰, indistinguishable to 
the values of sulphides from the porphyry stock. This indicates 
that the skarn ore-forming fluids mainly come from the 
magmatic porphyry system. Notably, sulfides from the late 
skarn stage display a wide range of δ56Fe from -1.62‰ to 
+0.75‰. Both the lightest and heaviest δ56Fe compositions are 
observed in massive sulphides associated with carbonates far 
away from the stock, which has experienced low temperature 
(< 150 oC) alteration. Taking into account the extensive water-
rock interaction in skarn system, it is proposed that the large 
variations in Fe isotopic signatures of sulfides from the late 
skarn stage may reflect the striking change of the 
physicochemical conditions of the ore-forming fluid. In 
summary, iron isotopes of sulfide minerals show a genetic 
response to porphyry and skarn mineralizing processes, and 
they record information of metal sources and fluid evolution 
histories. 
 
[1] Li et al. (2008) Mineralium Deposita 43, 315-336. 
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Quantifying aerosol mixing state in 
the field through diversity measures 

ROBERT M. HEALY12*, NICOLE RIEMER3,  
MATTHEW WEST3, JOHN C. WENGER2 AND  
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1University of Toronto, ON, Canada 
2University College Cork, Ireland 
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*correspondence: robert.healy@utoronto.ca 
 

A recently developed framework for quantifying aerosol 
particle diversity and mixing state based on information-
theoretic entropy [1] has been applied to single particle mass 
spectrometry field data collected in Paris, France. 

Single particle composition estimates are used to calculate 
single particle species diversity (Di). Di is low (~2) for small 
fresh combustion particles that contain high mass fractions of 
elemental and organic carbon but low mass fractions of 
inorganic ions. Conversely, Di is higher (~4) for larger, more 
aged carbonaceous particles containing similar mass fractions 
of elemental carbon, organic carbon, ammonium, nitrate and 
sulphate [2]. 

The average single particle species diversity (Dα) can be 
related to the species diversity of the bulk population (Dγ) to 
derive a mixing state index value (χ) at hourly resolution. This 
mixing state index is a single parameter representation of how 
well mixed a particle population is at a given time. Values of 
0% and 100% represent full external and internal mixing, 
respectively. Aerosol in Paris is estimated to be 59% internally 
mixed on average for the size range investigated, and χ is 
found to depend on local emissions, chemical processing and 
regional transport.  

The index described here (χ) represents a means by which 
to assess aerosol mixing state in other locations. The error 
introduced in climate models when full internal mixing is 
assumed can also be investigated using this approach.  
 
[1] Riemer and West (2013), Atmospheric Chemistry & 
Physics, 13, 11423-11439. [2] Healy et al. (2014), Atmospheric 
Chemistry & Physics, 14, 6289-6299. 
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Recrystallization kinetics of calcite, 
morphology controls, and the 
influence of Eu3+ and SeO3

2- 
FRANK HEBERLING1 AND LEONIE PAULIG1 

1Karlsruhe Institute of Technology, PO Box 3640, 76021 
Karlsruhe, Germany 

 
Calcite is ubiquitious in natural environments. Adsorption 

of contaminants at the calcite surface may retard the transport 
of these chemical species through the pedo- or geosphere. 
Spontaneous recrystallizatioin of calcite may even lead to the 
structural incorporation of the trace elements into the calcite 
structure. This mechanism may constitute a major sink for 
contaminants, even at calcite saturated conditions where 
coprecipitation cannot take place. A fundamental 
understanding to what extent calcite recrystallizes during a 
given time, the mechanisms and the kinetics involved, and the 
interplay between these mechanisms and trace element 
incorporation is therefore one key issue if one wants to predict 
the fate and transport of contaminants in the geosphere. 

The results of batch type recrystallization experiments 
measured by 45Ca2+ isotope exchange, using various calcite 
powders will be presented. They show that recrystallization 
rates depend strongly on particle size, morphology and 
roughness of the used calcite. The rates vary from some 
monolayers recrystallization during three month to full 
recrystallization of the particles within 24 hours. 

Eu3+ is known to sorb strongly at the calcite surface [1] and 
to be readily incorporated into the calcite structure [2]. It has 
hardly any influence on the recrystallization kinetics. Our 
results allow the precise determination of a partition coefficient 
for Eu3+ in calcite (D= 642±1). 

Structural incorporation of SeO3
2- into calcite is 

energetically very unfavourable [3]. The change in the lattice 
constants induced by SeO3

2-  entrapment in calcite are 
evaluated based on surface diffraction data. The high energy 
cost of SeO3

2- incorporation into calcite is in line with the 
retardation of calcite growth as observed in previous AFM [4] 
and batchtype [3] experiments. However, the recrystallization 
kinetics of very rough ground calcite is not influenced by the 
presence of 10-6 mol/L of SeO3

2-. This is interpreted as an 
indication that the calcite growth retardation by SeO3

2- depends 
on the growth mechanism. 

 
[1] Piriou et al. (1997), JCIS, 194 [2] Marques-Fernandez et al. 
(2008), JCIS, 321 [3] Heberling et al. (2014), GCA, 134 [4] 
Renard et al. (2013), Chem. Geol. 340 
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Laser-induced melting experiments: 
Simulation of impact processes 
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2Inst. für Geologische Wissenschaften, FU Berlin, Germany 
 

Impact processes and associated melting including mixing 
of projectile and target material cannot be studied with 
conventional experimental tools, but through hypervelocity 
impact experiments, which are expensive and time consuming. 
This study introduces an experimental approach using a high-
energy laser beam simulating the virtually instantaneous 
melting associated with meteorite impact. 

Laser-induced melting experiments (LE) were conducted 
with the Trumpf Haas HL 3006D laser welding facility at the 
Technical University of Berlin, aiming at the production and 
investigation of target (sandstone) and projectile (iron 
meteorite and steel) melts and their mixtures. The LE were 
able to produce features very similar to those of impactites 
from meteorite craters and cratering experiments [1-4], this 
includes formation of lechatelierite, partially to completely 
molten sandstone, and injection of projectile droplets into 
target melts. Target and projectile melts experienced 
significant modification during chemical interaction of these 
coexisting melts. Emulsion textures, observed within 
projectile-contaminated target melts, indicate phase separations 
of silicate melts with different chemical compositions during 
quenching. This liquid immiscibility phenomenon was recently 
described for the impact glasses of the Wabar craters [2] [3] 
and Meteor crater [3]. The laser technique does not reproduce 
typical high-pressure shock effects, e.g. planar deformation 
features in quartz, but it can be definitely used to simulate 
high-temperature effects of an impact, mainly for the 
investigation of geochemical processes. 

LE allow (i) high-temperature melting to better constrain 
primary melt heterogeneities before mixing, and (ii) the 
quantification of element partitioning processes between 
coexisting projectile and target melts. Processes of minor 
partial melting of single minerals up to complete melting and 
homogenization of target and projectile material can be 
simulated within one laser-induced melting experiment. 

 
[1] Folco et al. (2015) MAPS 50-3, 382–400 [2] Hamann et al. 
(2013) GCA 121: 291–310. [3] Hamann et al. (2014) 77th 
Meeting of the Meteoritical Society, Abstract #5222. [4] Ebert 
et al. (2014) GCA 133, 257–279. 
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Iron-ing out the details of soil organic 
matter cycling: The unique role of Fe-

bearing minerals in regulating 
organic matter transformation in soils 

K. HECKMAN1 
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94550, USA (kaheckman@fs.fed.us) 
 

Interest in the influence of mineral chemistry on soil 
organic matter cycling has been steadily growing, with the role 
of iron specifically garnering a great deal of attention. 
Empirical evidence from both lab and field based studies 
suggest that the interactions of Fe-bearing minerals and 
colloidal Fe species are unique from the interactions of the soil 
mineral matrix as a whole and may have a disproportionate 
influence on soil organic matter. We present results from a 
suite of studies examining Fe-organic matter interactions 
which utilize a broad range of technical approaches and 
highlight the use of radiocarbon analysis in terrestrial carbon 
cycle studies. Data suggests that interaction of organics with 
Fe-bearing moieties induces consistent partitioning of organics 
between dissolved and surface bound organic matter pools, 
including significant consequences for N and P availability and 
biodegradability of soil organic matter. Selective dissolution 
techniques have revealed that Fe-humus complexes comprise a 
significant pool of soil organic matter which cycles on a 
shorter-term basis across a variety of ecosystems types, while 
sequential density separation combined with x-ray diffraction 
imply concentration and long-term preservation of N-rich 
organics on Fe-bearing crystalline mineral surfaces. Our results 
explore the unique and multifaceted roles of Fe in regulating 
organic matter transformation and preservation in a range of 
soil types. 
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Siilinjärvi, Finland. 
 

The Siilinjärvi carbonatite-glimmerite complex is the 
oldest carbonatite deposit currently mined for phosphorous, 
and one of the oldest known on Earth at 2610 ± 4 Ma. The 
carbonatite-glimmerite is a 900 m wide and 14.5 km long 
tabular body of glimmerite with subordinate carbonatite, 
surroundeed by fenites. The rocks range from nearly pure 
glimmerite (tetraferriphlogopite = tfp) to carbonatite  
(>50% modal carbonate), but the latter forms only 1.5% by 
volume of the complex. Carbonatite occurs as as thin (few cm) 
roughly vertical anastamosing lamella in glimmerite which 
grade into slightly later and thicker (10 cms) vertical veins that 
are concentrated in the center of the complex. The laminated 
structures may represent late consolidation of culmulates. 
Despite the large carbonate-phlogopite modal variablity, the 
compositions of primary phases calcite, dolomite, tfp, apatite 
and richterite do not vary significantly across the complex. 
Moroever, the distribution of apatite is rather uniform, with 
average glimmerite and carbonatite containing 10.4 and  
9.9 modal % apatite, respectively. 

Compositionally the carbonatite veins are calsio-
carbonatites, whereas the glimmerites are potassic ultramafic 
rocks with Mg# over 0.8. All are cumulates, but are 
geochemically linked, showing similar trace element trends, 
such as evident mantle normalized negative Ti-and Nb-
anomalies, possibly related to early fractionation of Ti-
magnetite or titanite. Average C-O isotopic compositions 
δ13C=3.7‰ and δ13O=7.4‰ [1] indicate a mantle derivation 
[2]. Characterisitics described above suggest that the Siilinjärvi 
complex formed via crystal accumulation from mantle-derived 
magmas passing through a large, well mixed magma chamber. 
Recently described mica-richterite-carbonate dykes in the 
vicinity are prospective as potential parental magmas, but 
further work is needed to understand the full range of dykes in 
the area. 
  
[1] Tichomirowa et al. (2006) Lithos 91, 229-249. [2] Taylor et 
al. (1967) Geochim. Cosmochim. Acta 31, 407-430. 
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The Penrhyn Basin (PB) encompasses more than  

2,000,000 km2 of the central South Pacific where manganese 
nodules (south of 10° South) show the highest concentrations 
per square meter of seabed over the largest area of any nodule 
field in the global ocean, with more than 124,000 km2 showing 
>25 kg/m2. This nodule field encompasses much of the Cook 
Islands Exclusive Economic Zone (EEZ), parts of Kirabati and 
French Polynesia EEZs, and adjacent international waters. 
These nodules are predominantly hydrogenetic reflected by 
slow growth rates (mean 1.9 mm/106 yrs) and δ-MnO2 and X-
ray amorphous iron oxyhydroxide mineralogy. The paucity of 
diagenetic input can be explained by low primary productivity 
in surface waters and resultant low organic matter contents in 
seafloor sediment, producing oxic seafloor and sub-seafloor 
environments. The nodules contain high mean concentrations 
of Ti (1.20%), Co (0.41%), and total rare earth element plus 
yttrium (REY; 0.167%, 17% of which are heavy REY); they 
also contain relatively high concentrations of Mo, Ni, Nb, V, 
W, and Zr. These are the highest mean Ti, Co, and REY 
concentrations compared to nodules from all other nodule 
fields. When compared with the Clarion-Clipperton Zone 
manganese nodules, currently the area of greatest economic 
interest, the PB nodules show higher nodule abundances, and 
are more enriched in the green-technology, high-technology, 
and energy applications metals, Co, Ti, Te, Nb, REY, Pt, and 
Zr, but have lower concentrations of Ni, Cu, and Li, with sub-
equal amounts of Mo. The PB nodules show a significant 
resource potential for these critical metals because of their high 
prices and high demand in the global market, and also because 
of the high nodule abundance, which is important as it allows 
for a smaller mine-site footprint and therefore a smaller 
environmental impact.  
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During the Precambrian and Early Phanerozoic, reefal 
structures were built by microbialites. Since the Middle 
Ordovician, reefal microbial carbonates were associated with 
skeletal metazoans, which succeeded in an overall decline in 
microbialite occurrences. However, during environmental 
crises, microbialites have been major components of marine 
ecosystems throughout Earth history.  

In Holocene post-glacial coral reefs, the occurrence of 
microbialites has been interpreted to reflect an ecosystem 
response to environmental change. The microbialites are well 
preserved and volumetrically abundant, offering an excellent 
opportunity to study formation mechanisms. Our evidence 
shows that sulfate-reducing bacteria played an intrinsic role in 
the precipitation of microbial carbonate in coral reefs off 
Tahiti, Vanuatu, Belize and the Maldives. With more nutrients 
and organic matter distributed in the reef ecosystem during the 
last sea-level rise, anoxic microenvironments preferentially 
developed. Such conditions favored heterotrophic, particularly, 
sulfate-reducing bacteria. It is suggested that matrix-solute 
interaction related to the activity of sulfate reducers induced 
carbonate precipitation in extracellular polymeric substances. 

In contrast, after the End-Permian mass extinction, 
microorganisms formed microbialite bioherms, which covered 
wide areas on the Early Triassic ocean margins due to the lack 
of metazoan reef builders. Well preserved microbialites from 
Iran and Turkey (both Neotethys) were studied for their lipid 
biomarker inventories. Molecular fossils of cyanobacteria, 
archaea, anoxygenic phototrophs, and sulfate-reducing bacteria 
indicate the presence of layered microbial mats on the seafloor. 
In association with metazoans other than corals (sponges, 
bivalves, gastropods, ostracods) and foraminifera bioherms 
developed on the ocean margins. In contrast to reef-
microbialite formation in the Holocene, the biomarker 
evidence suggests that photosynthetic CO2 removal by 
cyanobacteria possibly contributed more significantly to 
carbonate precipitation. 

1222



 Goldschmidt2015 Abstracts  

 1223 

Oxygen isotopic evidence from Karoo 
flood basalt olivines for 

metasomatism of the sub-Gondwanan 
upper mantle 

J. S. HEINONEN1*, A.V. LUTTINEN1 AND  
M. J. WHITEHOUSE2 

1Finnish Museum of Natural History, University of Helsinki, 
P.O. Box 44, FI-00014 Helsinki, Finland 
(*correspondence: jussi.s.heinonen@helsinki.fi) 

2Swedish Museum of Natural History, Box 50007, SE-104 05 
Stockholm, Sweden 

 
We report oxygen isotopic compositions for hand-picked 

olivine phenocrysts of Jurassic (~190-180 Ma) continental 
flood basalts (CFBs) and related intrusive rocks from 
Vestfjella, western Dronning Maud Land, Antarctica.  

Previous studies have shown that the CFBs exhibit highly 
heterogeneous trace element and radiogenic isotope 
compositions (e.g., εNd from -16 to +2 at 180 Ma) indicative of 
contamination with lithospheric mantle and continental crust. 
Importantly, our dataset also includes dike rock samples that 
do not show evidence of lithospheric contamination  
(εNd of +8 at 180 Ma) and derive from mantle sources similar 
to those of MORBs of the Southwest Indian Ridge, the modern 
successor of the Africa-Antarctica rift system. 

Oxygen isotopic compositions were determined in-situ 
with Cameca 1280 ion microprobe at the Laboratory for 
Isotope Geology, Swedish Museum of Natural History. The 
majority of the oxygen isotopic compositions of the dike rock 
olivines (δ18O = 4.2–6.1‰; Fo = 75–92 mol. %) are 
compatible with MORB sources. The CFB olivines, however, 
are characterized by notably heavier compositions  
(δ18O = 6.2–7.5‰; Fo = 70–88 mol. %). 

The oxygen isotopic compositions of the rocks do not 
correlate with radiogenic isotope compositions or trace 
element ratios diagnostic of crustal contamination. Instead, 
positive correlations of δ18O are observed with trace element 
ratios such as K/Nb, Ba/Nb or Pb/Ce that indicate metasomatic 
enrichment. The correlation is especially strong in the case of 
K/Nb, which is most effectively buffered by the primary 
magma compositions. We suggest that the oxygen isotopic 
compositions of the CFB olivines record large-scale 
(subduction-related?) metasomatism of the sub-Gondwanan 
upper mantle prior to the break-up of the supercontinent. 
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40Ar/39Ar geochronology of 0-20 ka alkali-feldspar from 
Changbaishan volcano along the China/North Korea border is 
challenging due to incorporation of xenocrysts and melt 
inclusion hosted excess argon. Published studies with well-
behaved, plateau style spectra on multi-grain aliquots are 
shown to be inaccurate by as much as 100% of the eruption 
age when single crystals are step-heated with moderate 
resolution. Despite perception that exceedingly small  
(5e-17 moles) amounts of radiogenic 40Ar cannot be measured 
accurately using Faraday amplification, we show that Faraday 
noise is not rate-limiting in conducting high precision – high 
accuracy geochronology of Holocene single crystals.  Most 
important to successful dating is the high-sensitivity of the 
ARGUS VI, coupled with low-background and blanks for the 
mass spectrometer, and accurate 36Ar measurement afforded by 
multi-collection on an ion counter. Although 1013 Ohm 
resisters are desirable at 40Ar, 39Ar and 37Ar, use of 1012 Ohm 
resistors do not dramatically impact geochronology precision. 
Single crystal dating of a known ca. 1000 CE eruption at 
Changbaishan resolved ages of crystals at this age and also 
confirmed significant contamination by discrete xenocryst 
populations of 3 ka, 6 ka and 10 ka. These xenocrysts prohibit 
multigrain analysis and demonstrate that earlier eruptive 
sequences are being recycled through multiple magmatic 
episodes. The Qixiangshan eruption is dated at 10.5±0.2 ka 
(1σ) that is concordant with U-series zircon results. Xenocrysts 
are present and range up to 140 ka. The phenocryst population 
demonstrates variable concentrations of melt inclusion hosted 
excess argon that degasses during initial heating steps. This 
further demonstrates the requirement to step-heat single grains 
as total fusion experiments and/or total gas ages are 
inaccurately too old. Variable alkali-feldspar ages from these 
near zero age eruptions may provide clues as to why sanidine 
ages scatter well beyond analytical precision for deep time 
samples. If xenocrysts occur that are nearly equal to true 
eruptions ages and/or if unidentified excess argon is ubiquitous 
in ancient sanidines it maybe that the youngest population best 
approximates the actual eruption age.   

1224

mailto:matt@nmt.edu


 Goldschmidt2015 Abstracts  

 1225 

Influence of background electrolyte 
on ThIV sorption behavior 

S. HELLEBRANDT1*, M. SCHMIDT1, K. E. KNOPE2, 
S. S. LEE2, J. E. STUBBS3, P. J. ENG3, L. SODERHOLM2 

AND P. FENTER2 
1Institute of Resource Ecology, Helmholtz-Zentrum Dresden-

Rossendorf, 01328 Dresden, Germany 
(*:s.hellebrandt@hzdr.de) 

2Chemical Science and Engineering Division, Argonne 
National Laboratory, Argonne, IL 60439, USA  

3Center for Advanced Radiation Sources, University of 
Chicago, IL 60637, USA  

Studying and understanding the behavior of radionuclides 
at the water-mineral interface on a molecular level is of high 
importance for making reliable statements for the safety 
assessment of nuclear waste disposals. Clay minerals are 
relevant for nuclear waste disposal sites, due to their 
retardation properties. Muscovite, a phyllosilicate material, is 
structurally similar to clay minerals but forms large single 
crystals with high quality surfaces, necessary for surface X-ray 
diffraction.  

In a series of experiments we demonstrate that the 
background electrolyte has a significant influence on the 
sorption behavior of actinides, specifically thorium(IV). We 
study the sorption of Th(IV) (cTH = 10-4 mol/L), the softest of 
the tetravalent actinides, at the muscovite basal plane with 
several background electrolytes (NaClO4, KClO4, LiClO4). 
Previous investigations [1], with sodium chloride (10-1 mol/L) 
as background electrolyte, act as reference for these 
experiments. We find that the sorption behavior of thorium is 
substantially affected by both, changes in the electrolyte cation 
(Li+, K+) and anion (Cl-, ClO4

-). 
Briefly, compared to NaCl as background electrolyte, we 

observed increased sorption with LiClO4 in the system (See 
table 1 below). On the other hand NaClO4 almost completely 
supressed sorption at high ionic strength, while a lower ionic 
strength of NaClO4, as well as KClO4, decreases sorption [2]. 

 
  NaCl hiNaClO4 loNaClO4 KClO4 LiClO4 

c 
(mol/L) 10-1 10-1 10-2 10-1 10-1 

θ 
(Th/AUC) 0.4 0 0.04 0.07 4.90 

Table 1: Sample overview with background electrolyte 
concentration and occupancy of Th/unit cell (AUC = 46.72 Å2). 

 
[1] Schmidt et al. (2012) Geochim. Cosmochim. Acta 88, 66-
76. [2] Schmidt et al. (2015) Geochim. Cosmochim. Acta 
(under review). 
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Even though the platinum-group element (PGE) 

concentrations in magmatic ores and basaltic rocks are at the 
low ppm to low ppb level, the noble metals Os, Ir, Ru, Rh, and 
Pt commonly form discrete mineral phases, many at liquidus 
temperature. The most common platinum-group minerals 
(PGM) are PGE alloys, sulfides, arsenides, sulfarsenides, and 
tellurides. We investigate experimentally the behavior of Os, 
Ru, Ir, Rh and Pt in S-As-Te-bearing sulfide and silicate 
systems between 1300 and 900°C. We show that	  long before 
saturation is reached in silicate and sulfide melts discrete (µm-
sized) PGM can crystallize as liquidus phases, some (if not all) 
PGE occur in associated form, in the form of nanoclusters, 
nano-particles, and nano-phases (Helmy et al. 2013). Osmium 
tends to associate preferentially with other PGE to form metal-
metal associations, Ru associates mostly with S, Ir and Rh 
seem to prefer the anionic ligands As and S, and Pt associates 
preferentially with Fe, As, and Te. When finally discrete 
phases become stable, the PGM associations likely reflect the 
chemical affinities of the PGE with their preferred ligands that 
were stable at superliquidus temperature as nanophases: Os as 
metallic Os-Ir-Ru alloys, Ru mostly as sulfide (RuS2 laurite), 
the elements Ir, Rh as sulfarsenides  (irarsite IrAsS, 
hollingworthite RhAsS) and Pt as arsenide and telluride 
(sperrylite PtAs2, moncheite PtTe2). The distribution of the 
noble metals among silicate, sulfide, and metal phases may be 
governed by the surface properties of of their nano-
associations rather than by the chemical affinities of the metals 
or their charged cationic species. Selective complexing 
followed by physical separation leads to noble metal 
fractionation in nature. Caution is advised in applying simple 
system experiments that do not contain the appropriate anionic 
ligands to model the fractionation of PGE in complex natural 
compositions. 
 
[1] Helmy H. et al. (2013) Nature Communications, 4, DOI: 
10.1038/ncomms3405. 
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Water dissolved in silicate melts and glasses is usually 

present in the form of two species, free molecular water H2Om, 
and OH-species. We used a mathematical approach similar to 
[1] to determine the H2Om and OH content in hydrous rhyolitic 
glasses from Raman spectra at 3000 cm-1 to 3750 cm-1. The 
approach is based on a least-squares optimization algorithm 
and the key assumption that the water band can be expressed 
as a linear combination of two partial Raman spectra related to 
the two species. Our model makes no assumptions on the 
shape of the partial Raman spectra. Several hundreds of Raman 
spectra covering a water range from 0.6 to 3.1 wt. % served as 
input data. The key results are (Fig.1): (1) Both partial Raman 
spectra have strong spectral overlap. (2) Shape and position of 
the maxima is different, i.e., OH has a very broad and highly 
asymmetric band, whereas H2Om shows mainly a narrower 
more symmetric band. (3) Partial Raman spectra can be used to 
determine water species concentrations in hydrous glasses. 
 

Fig. 1. Modelled decomposition of Raman water bands 
into their two species contributions. Inlay shows the calculated 
partial Raman spectra for OH and H2Om.  
 
[1] Zakaznova-Herzog, V.P., Malfait, W.J., Herzog, F., and 
Halter, W.E. (2007), J Non-Cryst Solids, 353, 4015-4028. 
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Serious problems are faced in several parts of India due to 
the presence of high concentrations of fluoride in 
drinking water which causes dental and skeletal fluorosis to 
humans. The study area of higher fluoride concentration in 
Sonbhadra district, Uttar Pradesh, India is bounded between 
Latitude 240 15’ to 240 30’ N and Longitude 83 015’to 83030’. 
Panda river flows through the area which is a tributary of 
Kanhar river. Sonbhadra district is quite challenging in view of 
its topographic features and habitats of poor and tribal people 
in affected villages. The present work is aimed to assess the 
hydrogeological characteristics playing a role in fluoride 
contamination of groundwater in Sonbhadra district (U.P). 
This includes the assessment and monitoring of 
hydrogeological parameters like lithology, ground water level, 
and also to analyze the different chemical parameters & 
correlate the hydrogeological parameters with chemical 
parameters to understand their impact on fluoride 
contamination. Twenty two ground water samples and 12 rock 
samples were collected from the study area in Sonbhadra 
district. Chemical parameters like pH, F-, TDS, EC, hardness, 
alkalinity, chloride, phosphate, Ca, Mg, Na, K have been 
analyzed with standard analytical methods. Petrological study 
of rocks show that the rocks present in that area are mainly 
granite, granite gneiss and pegmatite. Alteration of fluoride 
bearing minerals through fractures present in the rock leads to 
leaching of fluoride in the groundwater. Generally, fluoride 
concentration is observed increasing in shallow water level due 
to erosion and the contact time with fluoride bearing minerals, 
but it is not always positively correlated with ground water 
level. Therefore, the role of weathering of different fluoride 
bearing minerals is more dominant reason for leaching of 
fluoride in groundwater. From the chemical analysis it has 
been observed that fluoride concentration in 8 villages 
exceeded the permissible limit (1.5ppm) out of 22 villages. 
The results of the present work prove useful in further detailed 
investigations on fluoride contamination based on 
hydrogeological evaluation. 
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The Fe(III)(oxyhydr)oxide mineral, ferrihydrite, is thought 
to be of considerable importance in the control of Early 
Proterozoic dissolved trace element concentrations through 
adsorption and coprecipitation processes. Ferrihydrite is 
therefore often modeled in the reconstruction of early ocean 
chemistry linked to primary productivity, carbon burial and the 
oxygenation of the ocean-atmosphere system. This has gained 
particular significance in calculations of marine phosphate (P) 
concentrations through time, since sedimentary P levels in 
Fe(III)(oxyhydr)oxides scale positively with dissolved 
seawater levels [1]. However, as seen previously, P sorption to 
ferrihydrite decreases with the high Si concentrations that 
characterized the early oceans [2] with a recent study 
increasing the complexity with Ca and Mg cations negating the 
effect of Si on P sorption [3]. To further these models, using a 
simple empirical model with rapid hydrolysis, this study shows 
the effect of arsenic, a strong phosphate competitor, on P 
adsorption onto preformed ferrihydrite & lepidocrocite and 
coprecipitation with ferrihydrite in a NaCl solution containing 
As and P. The experiments were carried out at Si 
concentrations of 0.67 and 2.2 mM, to represent the Si 
saturation of cristobalite and amorphous Si, respectively. The 
results iterate that in the presence of As, Si has a negligible 
effect on the sorption of P on Fe(III)(oxyhydr)oxides. This 
would have been very important in the Early Proterozoic 
oceans exposed to at least 3-4 times greater hydrothermal 
activity and ultra-fast mid-ocean spreading than today [4]. Our 
results are more in support of the fact that the Early 
Proterozoic oceans likely had lower dissolved P concentrations 
than at present. 
 
[1] Feely et al. 1998 Geophys res lett 25 (3) 2253-2256 [2] 
Konhauser et al. 2007 Science 315 1234 [3] Jones et al. 2015 
Geology 43 (2) 135-138 [4] Baross & Hoffman 1985 Orig life 
15 327-345 
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Geological evidence strongly suggests that anoxygenic 
phototrophy originated during Archean time and that oxygenic 
photosynthesis evolved later, sometime before the rise of 
atmospheric oxygen around 2.3 Ga. Previous work has shown 
that lateral gene transfer played an important role in the 
evolution of phototrophy, however the timing of the 
acquisition of phototrophy within extant anoxygenic 
phototrophic clades is currently unknown.  

We used comparative genomics to show that the α, β, γ  
classes of Proteobacteria were ancestrally aerobic. Genes 
encoding for the molecular machinery of aerobic respiration 
(bc1 complex and cytochrome oxidase) are congruent with the 
phylogeny of the Proteobacteria, demonstrating that they were 
present in the ancestor of this clade. However genes encoding 
for anoxygenic phototrophy are not congurent with the 
phylogeny of the Proteobacteria, suggesting that it was 
acquired later, after aerobic respiration. This is consistent with 
cross-calibrated molecular clocks that place the origin of the 
Proteobacteria at ~2.0 Ga, well after the rise of atmospheric 
oxygen. Similar analyses on other anoxygenic phototrophic 
clades (Chloroflexi, Chlorobi, Acidobacteria, and 
Gemmatimonadetes) strongly suggest that they also acquired 
the ability to perform phototrophy via lateral gene transfer 
after the rise of atmospheric oxygen.  

This work shows that while anoxygenic phototrophy is a 
very old metabolism, the extant anoxygenic phototrophs 
acquired this ability after the rise of atmospheric oxygen. 
Therefore none of these clades could have been the progenitors 
of phototrophy, and other unknown organisms must have been 
performing anoxygenic phototrophy in the Archean. 
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Several recent studies and hypotheses propose oceanic O2 
concentration variations linked to climate. These possibly lead 
to anoxic conditions in the Pacific Deep Water during the Last 
Glacial Maximum (LGM). The growth rate of ferromanganese 
crusts strongly depends on the dissolved O2 concentration in 
bottom waters. The previously investigated Equatorial Pacific 
FeMn crust VA13-2 (146° W, 9° 25' S, 4830 m) was re-
analysed for its growth, resolving the LGM for the first time. 
This only corresponds to the first 300 ± 10 µm as the growth 
rate is merely 10.30 ± 0.88 mm/Ma. Using a spatial and depth 
resolution of 12.6 mm2 and 5-20 µm depth intervals four 
profiles were studied, to measure the 230Th/Mn ratio for each 
layer. The temporal growth rate development was obtained by 
using 230Th-excess dating combined with a 230Th constant flux 
model. The achieved time resolution is 500 a. A significant 
slowdown of the growth during the LGM is visible in all four 
profiles. Hence, a noticeable O2 depletion in the Pacific Deep 
Water is apparent during the LGM. A complete stop of growth, 
however, signifying anoxic conditions, can be excluded on the 
achieved resolution. 
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Lithium and its isotopes (7Li and 6Li) are a promising and 
robust tracer of chemical weathering of continental silicate 
rocks. Secondary minerals formation during chemical 
weathering is accompanied by the preferential incorporation of 
6Li, what drives the dissolved lithium isotopic composition 
(δ7Li) of waters toward values much higher that the source 
rocks in general. Here, we investigate the dissolved δ7Li of the 
Congo river, the second largest watershed in the world. 

Dissolved δ7Li at Kinshasa over the year 2010 vary from 
14‰ to 22‰ and is negatively correlated with the discharge. 
On the basis of the relationship between dissolved δ7Li and 
both 87Sr/86Sr (a source tracer) and Li/Na, we suggest that this 
large variation can be explained by the mixture between waters 
inherited from two extreme continental weathering regimes: 
one end-member with high δ7Li (≈ 25‰) representing waters 
washing out from lateritic soils covering the periphery of the 
basin and in which Li is highly sequestered (≈ 75%) into 
secondary minerals products and another one represented by 
black rivers with low δ7Li (average of 5.7 ± 0.11‰, N = 2) 
coming from the swampy central depression in where 
secondary mineral products initially formed in lateritic soils 
are redissolved in the organic-rich upper layers of the soils. 

Our results show that δ7Li is a conservative tracer in the 
Congo river system and that rivers draining flat continental 
areas, although typical of « transport-limited » regime can 
exhibit very contrasted dissolved δ7Li and not only low values 
as it is usually thought. 
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The distribution of trace-elements in the ocean is controlled by 
their input, removal and internal biogeochemical cycling. 
Assessing the rates at which these process move trace metals is 
fundamental to understanding the modern distribution, the 
supply of trace metals to photic surface waters, and the 
response of ocean biogeochemistry to change (in the past and 
future). 
The differential solubility of the isotopes in the U and Th 
decay chains, coupled to their wide range of half-lives, provide 
a wide range of tools with potential to quantify the rates of 
processes involved in trace-metal cycling.  We will overview 
developments in the application of these U-series rate-meters. 
Insoluble Th, for instance, has recently been suggested as a 
tracer for dust input, combining long-lived 232Th with shorter-
lived 230Th to quantify the rates of modern dust addition 
averaged over a few years. We will summarize recent results 
for this tracer, augmenting with new data for the South 
Atlantic, and test the application of this proxy using an ocean 
model of thorium isotopes. 
Ra-isotopes have seen recent appication to assess lateral and 
vertical mixing, though the relative impact of mixing in  
2-dimensions can be difficult to separate.  We will use existing 
and new data from the South Atlantic to demonstrate the use of 
this approach and the impact of 2D mixing on 1D calculations. 
We will also over-view a range of other potential U-series 
tracers, such as 234Th to assess downward fluxes of trace 
metals, 230Th to assess sediment inputs from dissolution, and 
231Pa to assess advection.  Recent and new data will be used to 
illustrate the power of such tools to elucidate the operation of 
global trace-element cycles in the ocean.   
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Dissolved silicon, silicic acid, is an essential nutrient for 

several marine organisms that contribute to carbon uptake and 
cycling in the oceans. The major oceanic sink of silicic acid is 
the production of biogenic opal by diatoms, which are 
photosynthetic algae that make their intricate shells from 
amorphous silica. Diatoms contribute towards a significant 
proportion of the export of organic carbon out of the surface 
waters into the deep-ocean and marine sediments. Other 
organisms utilise silicic acid in order to construct skeletons, 
such as planktonic radiolarians and benthic sponges. 

The development of silicon isotope analysis in seawater 
and biogenic opal has led to advances in our understanding of 
the silicon biogeochemical cycle over the last two decades. 
With the improvement in analytical capability and modelling 
efforts, there have been step changes in our understanding of 
water column processes, biogenic uptake of silicon, and the 
use of silicon isotopes, and other stable isotope systems, in 
opal to reconstruct past changes in nutrient cycling.  

Here, I will be exploring some of the new developments in 
the use of silicon isotopes as archives of nutrient cycling 
including a new cases study from the last glacial termination. 
Combined downcore diatom-spicule records hold great 
promise for the reconstruction of water column silicon cycling 
in the past, constraining not only silicon input and availability 
but also uptake and utilisation in surface waters. 
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Lying between the charismatic carbonate system 

perturbations at the Palaeocene-Eocene Thermal Maximum 
and the K-Pg boundary, the carbon-climate system of the 
Palaeocene epoch remains relatively understudied. Yet 
Palaeocene marine sediments record a number of short- and 
long-term carbonate system changes that, through their study, 
may allow us to better understand the evolution of the Earth’s 
carbonate system. Evidence to date suggests the climate cooled 
and CO2 levels dropped in the early Palaeocene [1] before a 
progressive warming towards the greenhouse climates 
observed prior to the PETM [2]. The most extreme estimates 
of CO2 during this interval from leaf stomatal indices would 
imply suprisingly low atmospheric pCO2 comparable to those 
observed after Antarctic glaciation [3], despite boron isotope 
measurements suggesting very low ocean pH at this time [4]. 
Besides this, the Palaeocene spanned one of the most dramatic 
shifts in deep ocean δ13C of the Caenozoic [2], several 
transient carbonate system re-organisations [5] and marine 
lysocline fluctuations [6] that remain poorly understood.  

Here we present a new record of surface ocean pH across 
this crucial interval in Earth history, as recorded in planktic 
foraminiferal δ11B. These MC-ICPMS-derived boron isotope 
measurements extend high-resolution records of ocean pH 
back a further 10 million years in geological time, and provide 
the basis for new estimates of atmospheric pCO2 during the 
Palaeocene. In doing so, they provide new insights into the 
long-term effects of bolide impacts, the evolution of 
greenhouse climate states, and the baseline for later 
hyperthermal events in the Palaeogene.  

 
[1] Hollander et al. (1993) Palaeo.3 104, 229-237. [2] Zachos 
et al. (2001) Science 292, 686-693. [3] Beerling & Royer 
(2011) Nature Geosci. 4, 418-420. [4] Pearson and Palmer 
(2000) Nature 406, 695-699. [5] Coccioni et al. (2012) Terra 
Nova 24,380-386. [6] Hancock and Dickens (2006) Proc. 
ODP, Sci. Results 198, 1-24. 
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We present spherically symmetric thermal evolution 

models for ordinary and carbonaceous chondritic asteroids of 
the 100 km sized class assuming an onion shell structure. The 
hydrostatic pressure and heat conduction equation are solved 
by finite difference or element methods. The models consider 
heating by radioactive decay (26Al, 60Fe), sintering of the 
powder-like initial material, and melting of the material at 
higher temperatures. The porosity- and temperature-
dependence of the heat conductivity is considered [1-3].  

The models are fitted to closing ages and closure tempera-
tures of a number of radioactive decay systems for H 
chondrites, acapulcoites, and lodranites, to model the thermal 
evolution of the parent bodies of the H chondrites and of the 
acapulcoites and lodranites by varying its model parameters 
and the depth of the burial layers of the meteorites. For all 
cases the observed cooling history can be fitted very well 
indicating that the onion shell model can successfully describe 
the evolutionary history of those parent bodies. The models 
also indicate that the bodies formed rapidly compared to the 
half-life of 26Al. 

Measured values of the bulk heat conductivity of 
chondritic material from different meteorites vary by a factor 
of ~4. This is most likely due to differences in the composition 
and structure of the material. Thermal models depend 
significantly on the bulk heat conductivity. In earlier work we 
treated the bulk heat conductivity as a free parameter in our 
models and used a parametrised dependence on porosity.  

To improve models we determine the value of the heat 
con-ductivity of chondritic material by numerical modelling. 
We model the rate of heat flow in a heterogeneous medium 
consisting of several materials and including pore space. We 
solve the heat conduction equation for a cube with a certain 
mineral compo-sition and pore distribution to derive an 
effective heat conduc-tivity for composed media. We present 
the current progress of this modelling for chondritic matter of 
different composition to explore the dependence of heat 
conductivity on the composition and its implication for thermal 
models of asteroids.  

 
[1] Henke et al. 2012 A&A 537, A45, [2] Henke et al. 2013 
Icarus 226, 212, [3] Gail et al. 2015 A&A 576, A60 
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Reactive Fe (oxyhydr)oxides preferentially undergo early 

diagenetic cycling and cause a diffusive flux of dissolved Fe2+ 
towards the sediment-water interface. The partitioning of 
sedimentary Fe has traditionally been studied by applying 
sequential extractions. We modified an existing leaching 
method [1] in order to enable δ56Fe measurements on specific 
Fe mineral fractions. Those are siderite/sorbed Fe, 
ferrihydrite/lepidocrocite, goethite/hematite, and magnetite. 
The selectivity of extractions was tested by leaching pairs of 
58Fe-spiked and unspiked synthetic minerals. Insignificant 
amounts of goethite and hematite are dissolved in 
hydroxylamine-HCl targetting ferrihydrite/lepidocrocite. The 
determination of reducible oxides leached by dithionite was 
found to be slightly compromised in presence of magnetite.  

Removal of extraction matrix was achieved by repetitive 
oxidation, heating, Fe precipitation, and column separation. 
The new method was applied to a short sediment core from the 
North Sea. Downcore mineral-specific variations in δ56Fe 
revealed differing contributions of Fe oxides to redox cycling. 
Acetic acid soluble Fe and ferrihydrite/lepidocrocite-Fe 
showed increasing δ56Fe values with depth in accordance with 
progressive dissimilatory iron reduction (DIR). Low δ56Fe in 
acetic acid soluble Fe relative to ferric hydrous oxide-Fe is 
consistent with the fractionation pattern between sorbed Fe(II) 
and ferric substrate during DIR experiments [2]. 
Goethite/hematite- and magnetite-Fe do not show δ56Fe trends 
with depth. The results demonstrate the importance of δ56Fe 
analysis on individual Fe fractions that differ in origin and 
reactivity. The developed procedure provides a basis for 
specific Fe isotope studies in past and present environments 
that undergo or underwent redox changes. 
 

[1] Poulton and Canfield (2005), Chemical Geology 214, 209-
221. [2] Crosby et al., Geobiology 5 (2007), 169-189. 
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The nitrogen (N) stable isotope record of seawater is 
reflected in the organic components of marine sediments. 
However, the majority of deep-time N isotope data comes from 
total organic carbon (TOC) or kerogen, which tends to 
homogenize primary, secondary, and diagenetic isotopic 
signals. In contrast, porphyrins, the degredation products of 
chlorophyll, are diagenetically stable, readily extractable, and 
originate from surface ocean-dwelling photosynthetic 
organisms. Recent analytical developments have allowed for 
the rapid acquisition of porphyrin δ15N values [1]. In addition 
to recording primary N sources, the isotopic difference 
between porphyrin and corresponding biomass has been shown 
from laboratory culture to vary taxonomically. The utility of 
this approach has been demonstrated for the extraordinarily 
negative porphyrin δ15N values during Cretaceous Oceanic 
Anoxic Event 2 [2-3], which also show that export production 
throughout the event was ~80% eukaryotic [3]. These negative 
values differ from distinctively positive modern ocean  δ15N, 
exposing our limited understanding of the complex N cycle 
deep in the past. This motivated us to study a range of organic 
sediments spanning the last ~600 million years. We will 
present porphyrin δ15N records to investigate the evolution of 
the marine N cycle during the Phanerozoic and during critical 
events in Earth’s redox history (e.g., OAEs). Preliminary 
results show that the preservation of porphyrins is 
heterogeneous and is dependant on source rock lithology, with 
shales being the richest reservoirs. In such samples as 
measured to date, δ15N values are generally negative (< -3‰). 
We propose that such values reflect a fundamentally different 
mode of ancient N cycling linked to major changes in global 
marine redox budgets. 
 
[1] Higgins et al. (2009) Anal. Chem., 81, 184-192. [2] 
Kashiyama et al. (2008) Org. Geochem. 39, 532-549. [2] 
Higgins et al. (2012) PNAS 109, 2269-2274. 
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Protoplanetary disks around young stars are the birthplaces 

of planetary systems. They share many of the properties of the 
"solar nebula" from which the Sun and our planetary system 
formed, but show a large diversity in mass, size, and physical 
structure. Both the physical and chemical state of 
protoplanetary disks provide the initial conditions for planetary 
system architectures and planet composition.  

Protoplanetary disks are characterized by a wide range of 
temperatures, densities, and radiation environments leading to 
regions of different chemistry and atomic and molecular 
content. In addition, the disks contain small dust particles - the 
seed particles for planetesimal formation - which provide 
surfaces for chemical reactions and freeze-out in the cold disk 
midplane regions. They also  shield the inner parts of disks 
from ionizing cosmic rays and UV photons. The review talk 
will summarize the physical and chemical structure of these 
disks and will place the solar nebula in the wider context of 
disks around young stars.  

Infrared and (sub)millimeter observations are providing a 
first inventory of the molecular and dust content of disks. I will 
summarize the main observational findings and will especially 
discuss the origin of water on Earth and other exoplanets.  
 
[1] Henning, Th., Semenov, D.: Chemistry in Protoplanetary 
Disks. Chemical Reviews. 113, 9016-9042. 2013. 
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The Rum Eastern Layered Intrusion (ELI) is the product of 

a ~60 Ma open system magma chamber. Its coupled 
peridotite/troctolite macro-rhythmic units represent 
crystallisation of multiple batches of basaltic and picritic 
magma. Within the ELI, Unit 10 has long been considered a 
classic example of batch fractionation of magma, successively 
producing peridotite, troctolite ± olivine gabbro. However, the 
Unit 10 peridotite contains numerous harrisite layers that are 
commonly associated with diffuse, laterally discontinuous 
platinum-group element enriched Cr-spinel seams (chromitite) 
occurring at their bases, tops and interiors. These features are 
inconsistent with simple batch fractionation of magma. We 
present detailed logs of the Unit 10 peridotite, together with 
mineralogical and textural analyses of chromitites and their 
host peridotites. Critically, harrisite layers exhibit cm-scale 
flame-structures that suggest displacement of melt into the 
overlying cumulate, indicating an intrusive origin for the 
harrisite. Quantitative textural analysis indicates all seams 
formed via in situ crystallisation under relatively similar 
conditions, with evidence of minor chemical and physical 
modification (e.g. postcumulus Fe3+ enrichment in coarsened 
harrisite-hosted Cr-spinel). Unmodified Al (+Mg)-rich Cr-
spinels occur at some seam margins where porosity is 
effectively sealed, with increases in Cr-spinel Cr# and Fe3+ 
observed in the surrounding peridotite; a presumed effect of 
reaction with the intercumulus melt. We suggest that harrisite 
in the Unit 10 peridotite is intrusive and that small volume 
replenishments are responsible for incremental construction of 
the body as a whole, similar to recent interpretations of parts of 
Unit 12 and 14. An implication of this model is that the 
chromitites formed in situ, following injection of the picritic 
magma. The formation of intrusive chromitite in layered 
intrusions is also known from the platiniferous Merensky Reef 
of the Bushveld Complex, where 6 sill-like seams undercut the 
main ore body (i.e. intrude the footwall), highlighting the 
potentially important economic implications of our model. 
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New U-Pb age constraints and Hf-isotope compositions are 
presented for megacrystic zircons derived from kimberlites 
erupted at 19 locations across southern Africa. Neodymium 
isotope data are also presented for zircons from some sites. We 
demonstrate that these zircons preserve a record at least two 
temporally and compositionally discrete metasomatic events. 
The influence of these events extends over length-scales of 
thousands of kilometres, apparently unaffected by lithospheric 
structure. 

A detailed investigation of the most recent event reveals 
that the metasomatic agent is best characterised as a 
carbonatite melt with a high Lu/Hf composition. This 
carbonatite was itself derived from a source carrying an 
unradiogenic Hf isotope signature similar to source rocks that 
generate lamproite magmas, and was stored and subsequently 
tapped by successive kimberite magmatic events. As a 
consequence, zircon megacrysts that formed shortly prior to 
kimberlite eruption, preserve a circa 60 Ma record of this 
metasomatised mantle source, including the evolution of its 
Hf-isotope composition through time. 

This model has important implications for kimberlite 
petrogenesis as, alhtough the latter are slightly younger (based 
on independent geochronological data) there is a close 
similarity between the Hf (and Nd) isotope compositions of the 
zircon megacrysts and their host kimberlite magmas. The 
latter, like the zircon megacrysts, also preserve a correlation 
between Hf isotope composition and age.  
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Elevated concentrations of nitrate (NO3

-) in groundwater 
are common in the Atlantic Coastal Plain, USA, due to 
application of chemical fertilizers to agricultural fields. Much 
of the nitrogen (N) load to the Chesapeake Bay is first stored in 
groundwater before being discharged to coastal waters through 
base flow in streams. Biogeochemical reactions occur to varied 
extents in the streambed sediments through which  
groundwater discharges to gaining streams. In one low-relief 
stream on the Eastern Shore of Virginia, denitrification in 
streambed sediments removed 70-90% of the NO3

- from 
groundwater [1]. This research explores hydrological and 
geochemical characteristics that may limit the potential for 
similar behavior in other streams. 

Four streams with annual N flux of 3-7 kg NO3
- per ha 

were studied to elucidate hydraulic and biogeochemical 
properties. Hydraulic head measured in piezometers installed 
60, 100, 150 cm below the sediment-water interface was 
directed upward with groundwater rising 4-20 cm higher than 
the stream-surface elevation. Sediment cores were collected, 
and  porewater and sediment were extracted at 10-cm intervals. 
Hydraulic conductivity was measured using small falling-head 
permeameters, organic matter (OM) content by ignition, and 
NO3

- concentration by ion chromatography. Although draining 
a geologically uniform region, sediment varied physically and 
chemically among streams. Hydraulic conductivity had a 
strong inverse relationship to OM content. Combining 
hydraulic head with conductivity, we found the longest 
residence time of groundwater to be associated with OM-rich 
intervals that controlled upward flow rates. NO3

- concentration 
had a weak inverse relationship to OM, but concentration in 
the porewater was low overall. The stream with the most 
conductive sediments had the highest NO3

- concentrations. For 
three streams, NO3

- exceeded levels in porewater suggesting 
that upstream surface-water conditions were an unquantified 
and influential factor in determining stream NO3

-  
concentration even in strongly gaining streams. 
 
[1] Gu, C., G. M. Hornberger, A. L. Mills, and J. S Herman.  
2008. Influence of stream-groundwater interactions in the 
streambed sediments on NO3

- flux to a low-relief coastal 
stream. WRR 44, W11432, doi: 10.1029/2007WR006739. 
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There are two main types of melting of deeply subducted 
felsic crust. Sediment melting in oceanic subduction zones is 
triggered by the influx of aqueous fluids at temperatures of 
750-900°C. In subducted continental crust, melting is related to 
the breakdown of the hydrous phase phengite typically at 
temperatures of ~1000°C, 4.5 GPa. In this contribution, we 
compare results from high pressure experiments and 
geochemistry of ultrahigh-pressure rocks to evaluate the 
chemical signature and fate of crustal melts produced at  
100-150 km depth. 

Experiments on partial melting of felsic crust at subarc 
depth show a systematic change of melt compositions. With 
increasing temperature, the K2O content of melts increases 
moderately, the LREE contents increase dramatically, whereas 
the water content decreases. Melts produced at 750-900°C 
have trace element patterns similar to arc lavas.  

Partial melting of metasediments in subducted continental 
crust at diamond facies metamorphic conditions is documented 
in the Kokchetav massif (Kazakhstan). In rare cases, melt 
inclusions are trapped in peak metamorphic garnet. 
Experimental homogenisation of the inclusions allowed major 
and trace element analysis of these melts. The melts are 
granitic and are characterised by extreme enrichments in 
LREE, Th and U but only moderate enrichment in LILE and 
no depletion in Nb. Restitic garnet-bearing gneisses have 
complementary depletion patterns. The melt compositons are 
remarkably different from the trace element signature found in 
arc basalts, arguing against involvement of this type of melting 
in the generation of arc crust.  

The interaction of felsic melts with mantle wedge 
peridotites can lead to a variety of modified melt compositions, 
as well as to a large range of metasomatic rocks. The K2O, 
LREE and H2O systematics of arc lavas are best explained by 
minimal interaction of sediment melts with peridotites 
indicating that melt transport in channels is likely above 
subducted oceanic crust.  Element recycling is more complex 
in continental subduction zones. A large variety of magmas 
ranging from felsic, intermediate to mafic compositions can be 
generated from melting of the crust and variably 
metasomatised mantle.  
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Active volcanoes are commonly associated with high-

enthalpy geothermal system. The Krafla high-enthalpy 
geothermal system provides a good opportunity to study the 
hydrogeology and associated fluid chemistry of such systems.   
Krafla is an active central volcano, located in NE Iceland. Over 
forty deep wells have been drilled into the system with fluids 
discharged temperatures of <200 to >450°C with reservoir 
fluids being liquid only, two phase liquid and vapor and 
superheated vapor only.   

Here, we present a new combined hydrological and 
chemical model for such high-enthalpy geothermal systems 
across P-T conditions.  The model is based on combining the 
heat and fluid mass transfer modelling [1] with fluid-fluid and 
fluid-rock interactions as a function of temperature, pressure, 
enthalpy and composition (T-P-h-X).  Within the reservoir at 
temperatures of 250-300°C liquid water predominates. Under 
these conditions, the concentrations of most major elements 
are controlled by equilibrium with secondary minerals. 
Geochemical modelling and observations at Krafla support 
these findings. Around the magma intrusions, superheated 
vapor is formed by fluids discharged by the IDDP-1 well at 
450°C. According to the model, superheated vapor is produced 
upon heat addition by the intrusion to the surrounding 
geothermal water resulting in boiling to dryness, precipitation 
of non-volatiles (Si, Fe, Mg, Al, SO4, Na, K, Ca) whereas 
volatiles (CO2, H2S, Cl, F, B) are unaffected. By mass, quartz 
is the predominant secondary mineral around the intrusions. 
The chemical composition of the modelled and observed 
superheated vapor compared well. 
Upon ascent and depressurization of the liquid geothermal 
water and the superheated vapor various processes may occur, 
including superheated vapor condensation, mixing and 
depressurization boiling. This leads to formation of two-phase 
liquid and vapor fluids, dilute acid fluids produced upon vapor 
condensation and mixtures thereof. Such fluids are indeed 
observed within the Krafla system supporting the results of the 
geochemical modelling. 

 
[1] Hayba, DO, Ingebretsen SE (1997) Multiphase 
groundwater flow near cooling plutons. Journal of 
Geophysical Research 102: 12, 235-252.  
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Coccoliths represent a valuable sedimentary archive to 

derive palaeoenvironmental information in the pelagic realm, 
potentially augmenting the palaeoceanographic toolbox by 
complementing/supplementing widely-used foraminiferal data. 
A growing number of laboratory culture studies have evaluated 
the dynamic nature of isotopic fractionation in coccolith calcite 
when produced under a range of environmental manipulations 
[1-5]. These approaches aim to develop a mechanistic 
understanding of the vital effect and correct the palaeorecord 
for the vital effect. Furthermore, several study cases 
highlighted the use of the vital effects per se as potential 
palaeo-proxies [1] [6-7]. 
Here, we address the fundamental question of how such in 
vitro calibrations are transferable to the natural environment 
and ultimately to the sedimentary archive. By comparing 
analyses of laboratory cultures (coccolithophore algae 
biominerals), core top (subfossils) and downcore (calcareous 
nannofossils) from Pleistocene glacial-interglacial cycles, we 
show how a suite of critical environmental parameters (e.g. 
temperature, pH, DIC, nutrient availability, and light 
irradiance) are recorded in coccolith calcite derived from the 
bloom-forming and alkenone-producing Noelaerhabdaceae 
family (Emiliania huxleyi and Gephyrocapsa oceanica), and 
discuss discrepancies between these approaches. 
 
[1] Rickaby et al. (2010), Clim. Past, 6, 771–785 [2] Ziveri et 
al. (2012), Biogeosciences, 9, 1025–1032 [3] Candelier et al. 
(2013), Geochim. Cosmochim. Acta, 100, 264–281 [4] 
Stevenson et al. (2014), Geochim. Cosmochim. Acta, 128, 225–
235 [6] Hermoso et al. (2014), Geochim. Cosmochim. Acta, 
141, 612–627. [7] Hermoso M. (2014), Cryptogamie 
Algolologie, 35, 323–351. 
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San Miguel or Chaparrastique is one of the several active 
stratovolcanos (2129 m a.s.l., around 1500 m high, eastern El 
Salvador) ubicated in the Volcanic Coastal Front, mainly 
characterized by quick accumulation of lavic and pyroclastic 
materials ranging from basaltic andesite to basalt in 
composition [1]. Some evidence of reawakening since summer 
of 2011 (enhanced SO2 emission) concluded at December the 
29th of 2013 with a short explosive episode leading to an 
emission of fine ash 5 km over the crater,that then dispersed in 
E to W direction at distances of around 90 km from the vent, 
been then deposited and covering a large part of the country. 
The previous similar eruption (Santa Ana volcano, 2005,  
W El Salvador) caused a 7-year cicle of damage to coffee 
plants. A sampling survey completed 2 days after the eruption 
provided up to 13 samples representative of the area and 
thickness of ash deposition. The physical and chemical of 
samples, as well as their leachates has been conducted 
following a protocol [2] [3] by SEM-EDS, XRF, quantitative 
XRD, laser granulometer, ICP-MS, and TG-TDA techniques. 
A widespread in-plume Ca-sulphate aggregation of ash sample, 
and a pattern of leaching similar to cases in comparable raw 
chemical composition of magma [3] are the most prominent 
results of the study.  
 
[1] Chesne et al 2004. Physical and chemical evolution of San 
Miguel volcano, El Salvador. Geol.Soc. of America Spec. 
Paper, 375, 213-226. [2] Ruggieri et al. 2010. Environmental 
geochemistry of ancient volcanic ashes, Journal of Hazardous 
Materials 183, 353-365 [3] Ruggieri et al 2011. Environmental 
geochemistry of recent volcanic ashes from Southern Andes. 
Environmental Chemistry, 8, 236–247. 
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This communication presents the results obtained so far 
through a study on well integrity in a natural analogue for the 
geological storage of CO2. Both a spa and a CO2 production 
plant are present in the site of interest, which is situated in 
Southern Tuscany.  

At considerable depth the upflow of deep CO2 is mainly 
controlled by a regional NW-trending structure, parallel to the 
Apennine chains, whereas the local structures become 
important at shallow depth, as revealed by both the boreholes 
drilled for CO2 production and the maps of CO2 diffuse flux 
from soil.  

The diffuse CO2 flux from soil was measured by means of 
the accumulation chamber method in selected zones of the 
study area, to assess the natural CO2 leakage through the soil. 
The measured CO2 flux data were partitioned in different 
populations and mapped. Merging the obtained data with those 
from previous studies, it was possible to estimate a total 
diffuse output of deep CO2 of ∼48.7 ± 8.1 ton/day from an area 
of ∼7400 m2.  

Reactive Transport Modelling was used to investigate the 
integrity of an ideal well for CO2 exploitation with Portland-
type cementing material by means of the software  package 
TOUGHREACT v2.1. 

The elements involved in the model are: carbonate host 
rocks, Portland cement, stainless steel casing, and fluids 
flowing in the borehole, constituted by CO2 and water. 
Measured CO2 flux data were used to constrain CO2 saturation 
in the soil. 
 
Acknowledgement: This research was supported by the CO2 
REACT Marie Curie Initial Training Network. 
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Climate change is warming tundra ecosystems in the 

Arctic, resulting in the accelerated decomposition of soil 
organic matter (SOM) and release of carbon to the atmosphere. 
In the water-saturated soils that dominate Arctic landscapes, Fe 
redox cycling influences anaerobic decomposition of SOM and 
production of carbon dioxide (CO2) and methane (CH4). In this 
study, we combined geochemical analyses with synchrotron-
source microprobe techniques (X-ray absorption near edge 
structure spectroscopy, X-ray fluorescence spectroscopy, and 
X-ray diffraction) to examine Fe speciation and mineralogy 
across redox gradients in seasonally-thawed soils at the Barrow 
Environmental Observatory (BEO) in northern Alaska. Our 
objective was to identify coupled Fe and microbial processes 
that affect decomposition of organic matter.  

Tundra soils contained abundant iron oxyhydroxide 
minerals in the solid-phase and suspended in the soil solution. 
Iron was enriched relative to other metals in organic horizons, 
indicating that Fe was input to the organic horizon via upward 
diffusion and precipitation rather than cryoturbation and 
mixing with the mineral horizon. Dissolved Fe(III) was highest 
at the organic/mineral interface in the active layer, and 
organic-complexed ferric species likely serve as electron 
acceptors driving microbial respiration of SOM in oxygen-
limited areas. Pore waters also contained abundant carboxyl-
containing organic molecules which can serve as substrates for 
methanogenesis and anaerobic Fe-reduction. Both Fe-reduction 
and methanogenesis were measured in complementary soil 
incubation experiments. Our results indicate that Fe redox 
cycling and vertical transport impact SOM degradation in 
anoxic tundra soils. Fe-reduction near the permafrost boundary 
produces Fe(II) that diffuses upwards in the soil profile and is 
oxidized to Fe-oxyhydroxide minerals and organic-complexed 
Fe(III). Ferric iron influences organic matter decomposition by 
providing an abundant electron acceptor for microbial 
decomposition reactions, and Fe-bearing minerals provide 
reactive surfaces that sorb organic compounds and the 
limiting-nutrient P. These biogeochemical processes will 
become increasingly important to C fluxes as warming 
temperatures thaw mineral horizons that underlie surface peat 
layers. 
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Archean greenstone belts provide a unique archive of early 
Earth processes. A growing database of geochemical and 
isotopic data from greenstone belts worldwide is aiding the 
development and refinement of models of pre-Wilson Cycle 
tectonics and crustal evolution.  Here we present, for the first 
time, new geochemical and isotopic data from a previously 
unstudied greenstone belt; the Aouéouat Greenstone Belt, 
Réguibat Shield, West African craton.  

We dated representative ultramafic – felsic greenstone belt 
lithologies using U-Pb zircon LA-ICP-MS to 3.00-2.99 Ga, 
whereas TTG-plutonic rocks crystallised between 2.97 and 
2.93 Ga. This places the Aouéouat Greenstone Belt firmly in 
the Mesoarchean, a time in Earth’s history for which there is 
great debate as to the active tectonic processes. 

In addition to the U-Pb zircon data, we present Nd isotope 
and whole rock major and trace element geochemistry of the 
rocks to help elucidate the origin and evolution of the 
Aouéouat Greenstone Belt. The oldest rocks in the volcanic 
stratigraphy are ultramafic-mafic and possess trace element 
and isotope signatures (Th/Nb, rare earth element, εNd) 
consistent with the tapping of a depleted mantle source. In 
contrast, younger mafic to felsic volcanic rocks exhibit trace 
element patterns that suggest either an enriched source, or 
crustal contamination. The TTG-plutonic rocks exhibit trace 
element patterns akin to those seen in TTG rocks worldwide, 
with characteristic LREE enrichment.  

The results add to the global geochemical and 
geochronological database that is important for understanding 
early Earth processes and greenstone belt formation. There 
were two distinct processes involved in creating Aouéouat belt 
stratigraphy. A possible model is presented and reference made 
to the classical subduction vs sagduction debate. 
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Batu Tara is an ultrapotassic stratovolcanic island in the 

eastern Sunda arc that has experienced semi-continuous 
strombolian-vulcanian activity from mid-2006 to present. The 
cumulative extrusive volume of this eruption cycle is minor, 
consisting primarily of ash, isolated blocks, bombs, and small 
flows ejected down the eastern escarpment. Lavas are vesicular 
porphyritic with clinopyroxene (Cpx), plagioclase (Pl), and 
phlogopite phenocrysts in a groundmass of Pl, leucite, 
titanomagnetite, olivine, apatite, Cpx, and glass. 
Petrographically they are most similar to the “younger group” 
of biotite-leucite tephrites described previously [1-3] but lack 
leucite phenocrysts and contain abundant groundmass olivine. 
Cpx phenocrysts in the latest eruptives are similar to older 
sequences, but tend toward lower Al, AlIV/Al, Fe3+, Ti, and 
especially Cr, and lack the high Mg/Fe and Cr repetitive bands 
common in older sequences [2,3]. Such bands, plus strongly 
zoned olivines and occasional Cr-spinel inclusions, probably 
reflect repeated intrusions of primitive melts into a pre-existing 
evolved reservoir. Thus, magma replenishment likely played a 
central role in triggering past eruptions. Another key 
distinction of the recent eruptives is that their apatites contain 
much higher concentrations of Cl (0.7-1.1wt%), SO3 (up to  
0.9 wt%), and calculated OH. Additionally, copper iron sulfide 
inclusions in phlogopite indicate sulfide saturation occurred at 
least locally within the magmatic system. These observations 
suggest that more recent magmas contain a significantly higher 
content of pre-eruptive volatiles. Batu Tara has transitioned 
from a voluminous, effusive, edifice-building volcanic system 
driven by input of primitive magmas, to an explosive eruption 
style where magmas lack evidence of direct primitive magma 
input but are enriched in volatiles such as Cl, H2O, and SO3. 
Such transition could be due to maturation and evolution of a 
pre-existing magma reservoir or a shift in source region or 
source transfer mechanisms. In any case, this change holds 
implications for the interpretation of monitoring data, 
anticipation of future eruptions, and evaluation of volcano 
hazards from this island. 
 
[1] Brouwer (1940) Geol Exp Less Sunda Isl, Amsterdam. [2] 
Stolz et al. (1988) CMP 98, 374-389. [3] Van Bergen et al. 
(1992) Lithos 28, 261-281. 
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In recent years, several studies have been published that 

aimed at calibrating the U isotope system in modern settings as 
a paleoredox proxy. Such studies may improve the framework 
for interpreting U isotope records by unraveling the 
fundamental controls on the sequestration of uranium into 
sediments. However, not all processes can be examined in a 
modern context.  Many geological processes operate on either 
timescales too long to observe in modern environments, or do 
not occur in surface environments. Dolomite is a common 
mineral in many sedimentary rocks. However, while dolomite 
occurs in considerable amounts in the geological record, it is 
not very common in modern depositional settings and 
generally forms during diagenesis. It is therefore important to 
understand whether dolomitization had a significant impact on 
the U isotopic composition of dolomitized rocks. 

The U isotopic composition (δ238U) of a dolomitized 
Jurassic carbonate platform was studied to assess whether 
dolomitization can have an impact on the uranium isotopic 
composition of carbonates rocks. A positive correlation 
between redox sensitive elements (U, Re, Mo, and V) and 
δ238U confirms that the authigenic uptake of uranium under 
reducing conditions preferentially incorporates uranium 
enriched in 238U.  This shifts the δ238U of bulk carbonate 
sediments to values that are heavier than the contemporaneous 
seawater. The magnitude of this offset appears to correlate 
with the level of authigenic enrichment of redox sensitive 
elements as amples with high Re and V concentrations and 
high Re/Mo ratios have the most enriched δ238U values. This 
positive correlation between redox sensitive elements and 
δ238U does not change within the dolomitized interval. This 
suggests that during dolomitization the uranium isotopic 
composition of the limestones was not altered. Therefore, our 
results indicate that the dolomitization process does not result 
in sediments depleted in 238U.  
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The origin of ophiolitic plagiogranites can be attributed to 
different magmatic and hydrothermal processes. To address the 
chronology of these processes in the Oman ophiolite, we 
investigated plagiogranites, granites, quartz diorites and 
gabbros from the crustal and mantle sections in Wadi 
Haymiliah and Somrah. 40Ar/39Ar ages were determined on 
amphiboles, micas and K-feldspars. Amphibole ages from the 
crust range from 103.6±1.0 to 93.6±0.7 Ma. The higher ages 
suggest that at least some parts of the crust were generated 
prior to the time span regarded as major formation period of 
the ophiolite (96.5 to 94.5 Ma) [e.g., 1]. In general, the 
amphibole ages display a “normal” top-to-bottom cooling 
within the crust. In contrast, the mica ages (97.6±0.7 to 
95.4±0.7 Ma) from mantle-hosted granites imply a rapid and 
decoupled bottom-to-top cooling at the base of the ophiolite, 
which is best explained by intra-oceanic thrusting. The 
youngest ages (89.9±1.5 to 72.1±1.8 Ma) from mantle-hosted 
granitic K-feldspars indicate subsequent cooling at a much 
slower rate, likely due to the limited heat capacity of the 
overridden plate. Whole rock trace element data in 
combination with the new ages indicate plagiogranite 
formation and cooling at different times, and reflect processes 
in response to a transition from spreading to intra-oceanic 
thrusting. The sheeted dyke hosted-plagiogranite from Wadi 
Haymiliah formed due to fluid-induced partial melting of 
gabbroic crust [2, 3], and emplaced the ophiolite close to an 
active ridge likely at >98 Ma. In contrast, gabbro unit-hosted 
Somrah plagiogranites and Wadi Haymiliah quartz diorite as 
well as mantle-hosted Wadi Haymiliah granites were formed 
from melts that originated from a fluid- and sediment-
contaminated mantle by fluid-induced partial remelting during 
intra-oceanic thrusting, at about 97 to 93 Ma. 
 
[1] Rioux, M. et al. (2012): J Geophys Res 117, B07201. [2] 
Koepke, J. et al. (2004): Contrib Mineral Petrol 146, 414-432. 
[3] Rollinson, H. (2009): Lithos 112, 603-614. 
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Despite the increasing problem of groundwater pollution 
with nitrate, only little is known about microbially driven 
nitrogen turnover processes and the corresponding microbial 
groups in aquifers. In this study we investigated spatial and 
temporal distribution patterns of microbial communities 
involved in nitrification, autotrophic and heterotrophic 
denitrification, and anaerobic ammonia oxidation (anammox) 
in two superimposed pristine limestone aquifers along a 
groundwater observation transect of eight wells (12 to 88 m 
depth) located in the Hainich region (Thuringia, Germany). 
Since these processes are partially or exclusively carried out by 
autotrophic organisms, we also wanted to evaluate their 
potential to support carbon autotrophy in these pristine 
systems. Concentrations of oxygen (up to 300 µmol L-1) and 
nitrate (up to 520 µmol L-1) were higher in the lower aquifer 
compared to the mostly anoxic upper aquifer. Quantitative 
PCR targeting bacterial and archaeal amoA genes encoding 
ammonia mono-oxygenase revealed a higher genetic potential 
for nitrification in the lower, oxic aquifer at nitrification rates 
of 0.6 nmol NOx L-1 h-1. Incubation experiments revealed a 
potential for nitrate reduction with both inorganic and organic 
electron donors, pointing to autotrophic and heterotrophic 
denitrification in both aquifers. Abundances of nirS genes 
encoding nitrite reductase and anammox-related 16S rRNA 
genes showed maximum abundances of 3.6 x 107 and 1 x 107 
L-1, respectively, in the anoxic upper aquifer where nitrate and 
ammonium co-occurred at concentrations of 30 µmol L-1. A 
potential contribution of anammox to nitrate reduction was 
further supported by maximum concentrations of [3] -
ladderane [FAME] (2.6 ng L-1) indicative of active anammox 
bacteria at the same sites. Our results clearly show that pristine 
limestone aquifers harbor the potential for microbially driven 
oxic and anoxic nitrogen transformation reactions and that 
autotrophic denitrification and anammox might play an 
unexpectedly important role. 
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High field NMR spectra of Murchison meteorite 
methanolic extracts revealed primarily aliphatic extraterrestrial 
organic matter (EOM) with near statistical branching of 
commonly C3-5 units separated by heteroatoms and aromatic 
units. Carbon NMR spectra were dominated by methylene and 
methyl carbon; strong apodization revealed methin carbon of 
which about 20% was aromatic. Extrapolation provided  
5-7% aromatic carbon present in Murchison soluble EOM. 

Compositional heterogeneity in Murchison methanolic 
extracts was visible in NMR and FTICR mass spectra obtained 
from a few cubic millimeters of solid Murchison meteorite; 
increasing sample size enhanced uniformity of NMR spectra. 
Intrinsic chemical diversity and pH dependent chemical shift 
variance contributed to the disparity of NMR spectra. FTICR 
mass spectra provided distinct clustering of CHO/CHOS and 
CHNO/CHNOS molecular series and confirmed the prevalence 
of aliphatic/alicyclic (73%) over single aromatic (21%) and 
polyaromatic (6%) molecular compositions, suggesting 
extensive aliphatic substitution of aromatic units as proposed 
by NMR.  

Murchison soluble EOM molecules feature a center with 
enhanced aromatic and heteroatom content which provides 
rather diffuse and weak NMR signatures resulting from a huge 
overall chemical diversity. The periphery of Murchison EOM 
molecules comprises flexible branched aliphatic chains and 
aliphatic carboxylic acids. These project on narrow ranges of 
chemical shift, facilitating observation in one- and two-
dimensional NMR spectra. The conformational entropy 
provided by these flexible surface moieties facilitates the 
solubility of EOM. 
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The small variations in triple oxygen isotope fractionation 

(expressed as Δ17O = δ’17O - λ * δ’18O) have proven to be an 
important tool for investigating the hydrological cycle. Past 
hydrological cycles are frequently studied using the δ18O of 
chemical sediements, but their Δ17O systematics are poorly 
understood, mainly due to a current lack of δ17O data. 

Gypsum (CaSO4 · 2H2O) forms in environments with a 
negative water budget including soils, sediments, lakes and 
restricted marine basins. Isotope fractionation factors between 
gypsum hydration water and the brine are well known for δ18O 
[1] and δD [2], but not yet for δ17O.  

We have constrained an empirical fractionation factor from 
a recent natural setting in the Atacama Desert in Chile. A set of 
10 ponds with increasing salinities (from 37 g/l to 173 g/l) was 
sampled for both water and gypsum. In δ’18O vs. Δ17O space, 
the water samples plot on an evaporation curve that passes 
through local groundwater and intercepts the global meteoric 
water line [3]. Gypsum hydration waters plot on a parallel 
curve to ambient water. Hence the triple oxygen isotope 
composition of gypsum hydration water can give insight into 
both the δ18O of the brine from which gypsum precipitated and 
the δ18O of the pristine (i.e. unevaporated) water source. 

In the Atacama desert case, the water source is meteoric 
water. In the case of a restricted marine basins, this ‘pristine’ 
water source is a mixture of meteoric water and seawater. The 
δ18O of such a mixture can be constrained from gypsum 
hydration water and allows estimating mixing ratios between 
seawater and meteoric water.  

For the Messinian salinity crisis (5.96 to 5.33 Ma ago), 
strontium isotope systematics suggest a strong influence of 
meteoric waters [4]. Our preliminary Δ17O data from 
Messinian gypsum samples (lower gypsum evaporites from 
Maiella, Italy) support this view. 

 
[1] Gonfiantini and Fontes (1963) Nature 200, 644-646. 

[2] Fontes and Gonfitiani (1967) Comtes. Rend. Acad. Sci. 
Paris 265, 4-6. [3] Surma et al. (2015) this conference. [4] 
Schildgren et al. (2014) Geochem. Geophys. Geosys. 
10.1002/2014GC005332. 
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Mike O’Hara’s 1968 paper in Nature [1] was important 
because it demonstrated that ocean floor basalts (MORB) 
could not be primary magmas of mantle peridotite, a minority 
view of one at the time.  His preferred model was that such 
basalts formed from more picritic primary magmas after 
olivine fractionation, in agreement with solutions to the 
primary magma problem [2] [3]. This is supported by the 
existence of large olivine grains in olivine-phyric magmas, 
often called “phenocrysts”. High precision electron microprobe 
analyses were obtained on large millimeter-sized olivine grains 
hosted by basalts from the Siqueiros Fracture Zone of the East 
Pacific Rise.  Results show no significant core-rim changes in 
Ni, Ca, Mn, and high Mg numbers. These olivine grains have 
compositions that are similar to model olivines in equilibrium 
with anhydrous partial melts of mantle peridotite [4]. It is 
concluded that these olivine grains are accidental crystals that 
were plucked from the residual peridotite melting region below 
the East Pacific Rise. We call them “pyrocrysts” to convey that 
they originated from the hottest part of the magmatic system, 
the partial melting region. They differ from phenocrysts which 
are large grains that form by partial crystallization, and which 
typically display normal core-rim zoning in Mg number, Ni, 
Ca, and M. These are also observed in Siqueiros MORB, but 
phenocrysts that mix with new batches of magma can 
transform to antecrysts with reverse core-rim zoning. 
Pyrocrysts form by partial melting, and phenocrysts form by 
partial crystallization. Olivine pyrocrysts were also found in 
subduction zone volcanoes from the Kamchatka and Central 
American arcs, and they reveal in their Ca contents the 
introduction of water from the slab to the mantle wedge. 
Pyrocrysts can display reverse zoning owing to slab melt-
wedge rock reaction. In general, the study of olivine pyrocrysts 
offers new opportunities to study direct samples of melting 
regions below all tectonic environments.  
 
[1] O’Hara, M.J. (1968), Nature, 220, 683-686. [2] Herzberg, 
C. & O’Hara, M.J. (2002), J. Petrol., 43, 1857-1883. [3] 
Herzberg, C. & Asimow (2015), G Cubed, 
10.1022/2014GC005631 [4] Herzberg, C. (2011), J. Petrol., 
52, 113-146. 

1256

mailto:herzberg@rci.rutgers.edu
mailto:max.gavrilenko@rutgers.edu
mailto:3cvidito@scarletmail.rutgers.edu


 Goldschmidt2015 Abstracts  

 1257 

Novel analysis approach and new 
insights from FTICR-MS of soil 

organic matter 
NANCY J. HESS1, MALAK M. TFAILY1, NIKOLA TOLIC1, 

ALEJANDRO HEREDIA-LANGNER1 AND  
E. ROBBY ROBISON1 

1Pacific Northwest National Laboratory, Richland WA 99352 
USA 

 
The focus on ecosystem stress and climate change is 

currently relevant as researchers and policymakers strive to 
understand the feedbacks between soil C dynamics and climate 
change. The rhizosphere, where plant roots and their exudates 
meet microbial and fungal communities their metabolites, is a 
critical zone of dynamic C exchange and transformation in the 
belowground ecosystem. Successful development of molecular 
profiles that can link plant and microbial metabolic processes 
with soil C chemistry would  greatly facilitate assessments of 
soil C dynamics and sustainability  in response to changes in 
land use and climate.  

Fourier transform ion cyclotron resonance mass 
spectrometry (FTICR-MS) has enabled the examination of 
organic molecules, directly from soil matrices, with ultrahigh 
mass resolution and sub-ppm mass accuracy. In this study, 
EMSL’s extensive expertise and capabilities in FTICR-MS 
proteomics were leveraged to develop extraction protocols for 
the characterization of carbon compounds in SOM, thereby 
providing the chemical and structural detail needed to develop 
mechanistic descriptions of soil carbon flow processes.  Using 
statistical approaches to analyze the mass spectrum we have 
been able to differentiate closely related soils prior to assigning 
chemical formula. Using molecular assignments we identify 
thousands of individual compounds in complex soils from 
diverse ecosystems within the USA. We found that the yield of 
the chemical extraction was largely dependent on the type of 
solvent used and its polarity.  Using this approach and 
metabolic network analysis we have identified possible 
chemical reactions relating classes of organic molecules that 
reflect abiotic and biotic processes which impact soil carbon 
composition. Examples of this approach will be presented from 
field studies of simulated climate change, vegetation 
restoration of long-term agricultural fields, and natural fire 
events. These novel approaches better enable soil scientists to 
address the challenging socioeconomic demands on the soil 
ecosystem. 
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The formation of the core via percolation is an attractive 

pocess to form planetary cores early in the planets evolution.  
Even magma ocean scenarios require percolation of the iron-
sulfide melt through underlying solidified silicate mantle. 
There is currently a debate whether he dihedral angle of iron-
sulphide melts in an olivine matrix is low enough to allow the 
formation of a percolating network.  However, even if the iron-
sulfide melt reaches melt fractions large enough that it can 
percolate, it may not be able to drain completely from the 
silicate portion of the mantle. Here we use three-dimensional 
computations of texturally equilibrated networks in irregular 
polycrystalline media to study the hysteresis in the topology of 
the pore space. For dihedral angles above 60 degrees we show 
that even an initially percolating melt network eventually 
disconnects as the melt drains and the porosity drops. This 
inevitably traps iron-sulfide melts in the silicate mantle. We 
suggest that it has to be evaluated if this is consistent with 
geochemical observations, otherwise the percolation 
hypothesis has to be revaluated.  
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The emission of particulate matter (PM) from biomass 
combustion can negatively affect human health. Macrophages 
serve as an essential line of defense against PM that penetrates 
deep into the lungs. To investigate the effect of PM from 
biomass combustion, cell cultures of PMA-differentiated THP-
1 macrophages were exposed to PM2.5 obtained from 
combustion of wood chips (mainly softwood). Major 
components of this PM are potassium sulfate, calcium minerals 
and amorphous silicon-/aluminum-rich substances. 

PM2.5 was able to activate the stress-dependent kinases p38 
and JNK. Activation of p38 kinase led to the nuclear 
translocation of the transcription factor Nrf-2, which was 
prevented by the p38 inhibitor LN950. Induction of Nrf-2 is 
known to result in an increase of the antioxidant capacity of 
cells and the synthesis of stress response proteins such as heme 
oxygenase-1 (HO-1) [1]. Accordingly, we demonstrated that 
PM2.5 also induced the synthesis of HO-1 by a p38 dependent 
mechanism. The exposure of THP-1 cells to PM2.5 only 
resulted in a slight increase of intracellular oxygen radicals 
(ROS). This moderate increase was able to activate JNK in a 
negative feedback mechanism because the antioxidant 
buthylhydroxyanisole reversed the observed induction of JNK. 

Our results show that PM2.5 emitted during softwood 
combustion only havs a slight potential to stimulate the 
formation of aggressive ROS in cells because cells may induce 
a cytoprotective mechanism by increasing the redox potential 
via the p38/Nrf-2 pathway. Therefore, it can be concluded that 
short-term exposure to PM2.5 from this type of biomass 
combustion does not cause serious health effects.  
 
[1] Gorrini et al. (2013) Nat.Rev.Drug Discov 12, 931-47. 
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The Planitz vitrophyre is assumed to form part of the 

Rochlitz-Ignimbrite, an extensively distributed Late Paleozoic 
volcanic unit in Saxony (Germany). For the first time, we 
present an interpretation in glass and mineral chemistry 
(electron microprobe and mineral liberation analysis) of the 
pyroxene-bearing vitrophyre. 

Glomerophyric textures and two differently coloured types 
of volcanic glass (80 vol.-%) of andesitic and rhyodacitic 
composition suggest magma mingling processes. This is 
confirmed by the occurrence of mineral zonation like 
bytownite core rimed by andesine in plagioclase. Pyroxene has 
augite core rimed by enstatite-ferrosilite. Moreover, we 
detected unzoned pyroxene, biotite with an annite composition; 
kalifeldspar reveals sanidine to Na-sanidine composition.  

The mineralogical results were used for calculation of 
pyroxene and feldspar geothermo- and barometry to 
reconstruct crystallization temperature and pressure. The 
crystallization temperatures for pyroxene range between 951°C 
and 839 °C and between 727,79 °C and 929,75 °C for feldspar. 
The depth of the magma chamber estimated between 21 and 28 
km. 
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Sanidinites are volcanic ejecta and contain mainly sanidine 

and sodalite group minerals. The very porous fabric of these 
rocks is an indication of their aggregation from a gaseous 
magmatic phase. The large sanidine crystals (up to several 
centimeters) are mostly interlocking, creating large cavities 
between some crystals (Fig. 1). In these pores Zr crystallizes as 
oxide baddeleyite (ZrO2) or silicate (zircon ZrSiO4). The 
euhedral shape is a further indication of the formation of these 
minerals out of the gas phase.  
 

	  
Figure 1: A) BSE image of a sanidinite from Laacher See 

(Germany), B) Sketch of the marked section in A) with the 
main mineral phases sanidine (fsp) and sodalite (sdl) 

 
The formation of sanidinites is suggested to be an example 

for solvothermal processes in natural systems. Solvothermal 
processes imply the solvation, transportation and 
recrystallization of refractory elements and HFSE (high field 
strength elements) like Zr in the gas phase. In particular 
interest for technical application is the “densification” of 
sanidinites by the growth of Zr-minerals in the cavities.  

A novel technical application of this process is the 
solvothermal densification of Y-stabilized Zr-oxide ceramics 
as protection layers against corrosion of the steel superheater 
in waste incineration plants. The main gas phases in waste 
incineration plants are H2O, CO2, sulfate and Cl; they are 
comparable to the gas composition in magma chambers.  

Preliminary results obtained from whole rock analysis 
from sanidinites from Laacher See (Germany) show a positive 
correlation between LOI, sulfate, Cl, and Na with the HFSE 
like Zr. The results of this study can be used to improve the 
reaction conditions for the densification of synthetic Zr-oxide 
ceramics by solvothermal Zr-transport processes.  
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Primitive meteorites and their components preserve direct 

records of processes in the protoplanetary disk (PPD). One of 
the most important records are preserved in µm to mm sized, 
once molten silicate droplets (chondrules). Many chondrules 
are mineralogically zoned with olivine in the center and low-
Ca pyroxene at the rim (e.g. [1-8]). Such zoning cannot be the 
result of chondrule melt crystallisation, as the zonation should 
then be reverse. Formation on the meteorite parent body 
(=asteroid) is impossible. Rim pyroxenes are the result of 
chondrule melt interaction with the surrounding PPD gas. But 
although chondrule zonation is a pivotal feature to understand 
PPD processes, no systematic study of this zoning exists. 
We studied 223 chondrules in 15 different chondrites, from 6 
different chondrite groups (CH, CM, CO, CR, CV, R), plus 33 
chondrules from Berlin (2009), to constrain the overall 
systematic (appearance, abundance, etc.) of mineralogically 
zoned chondrules. 
The fraction of zoned chondrules in 12 out of 13 carbonaceous 
chondrites ranges from 62 to almost 100%, with an average of 
~75%. The exception is Mokoia, with 29% of zoned 
chondrules. Almost all zoned chondrules have porphyritic 
textures (99%), and are FeO poor, type I chondrules (95%). 
Many of the low Ca-pyroxene rims have a non-uniform 
thickness. In most chondrules, the pyroxenes poikilitically 
enclose olivine. Apparent rim thicknesses vary – an artifact of 
chondrule sectioning. Taking this into account, the average rim 
fraction of zoned chondrule is ~30 vol.%. 

Mineralogically zoned chondrules must have acted as open 
systems and interacted with the surrounding PPD. This lead to 
fractional condensation, SiO enrichment in the gas phase and 
the reaction of chondrule olivine + SiO(g) to low-Ca pyroxene 
on chondrule rims. Such fractional condensation might even 
led to an additional silica rim around chondrules as described 
by [4] [5], and has been reported in the disk around the T Tauri 
star Hen 3-600A by [9]. 
 
[1] Scott & Taylor 1983. JGR 88:B275 [2] Grossman et al. 
2002. MAPS 37:49 [3] Tissandier et al., 2002. MAPS 37:1377 
[4] Hezel et al., 2003. MAPS 38:1199 [5] Krot et al., 2004. 
MAPS 39:1931 [6] Libourel et al, 2006. EPSL 251:232 [7] 
Chaussidon et al., 2008. GCA 72:1924 [8] Jones 2012. MAPS 
47:1176. [9] Honda et al., 2003. ApJ 585:L59 
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Silicate weathering is of primary importance in the long 

term global climate due to associated CO2 sequestration. This 
study aimed to determine the controls on chemical weathering 
over a 15 month period (May 2007 – July 2008) in a sub-
tropical, monsoonal climatic regime in western India. Here, 
highly seasonal rivers rising at the Western Ghats escarpment 
discharge into the Arabian Sea. The Ghats present a 
topographical barrier to the SW monsoon, and thus generate 
one of the world’s highest orographic gradients. 

Two river basins were selected for this study, the Zuari and 
the Chapora, both characterised by high seasonal precipitation 
and run-off, with c. 85% occurring during the monsoon months 
(June – September). The rivers flow steeply down the Ghats 
then across the low-lying Konkan - Kanara coastal plateaux 
much of which is heavily weathered and covered by laterite. 
The water samples (n = 13 per month) were collected from 
seven sites along the Zuari River and six sites along the 
Chapora River. The samples were analysed using ICP-MS for 
cations and ion chromatography for anions. 

Major and trace element concentrations were found to be 
very low throughout both basins, although a marked increase 
was observed for various elements (e.g., Ca, K, Mg, Na, Rb, 
Sr, V, Cr, Mn, Fe, Co, HCO3

-) shortly after the onset of the 
monsoon. We interpret this as a ‘rinse-out effect’. Despite 
absolute concentrations decreasing with increasing river run-
off, total element fluxes increase during the monsoon. 
Additionally, due to the low elevation of the coastal plain, tidal 
effects are observed c. 40 km inland becoming forced seaward 
during the monsoon by high river flows. 

Continental weathering is controlled by numerous factors, 
including lithology, climate, vegetation and anthropogenic 
effects; it is highest in the humid tropics due to high 
temperatures and precipitation. This study shows that the 
degree of weathering and the extent of weathering residuum 
are also major limiting factors for elemental fluxes in tropical 
catchments. 
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NWA 6704 is an ungrouped primitive achondrite found in 
Algeria in 2010. It is composed mainly of low-Ca pyroxenes, 
less abundant Ni-rich olivine, feldspar, chromite, awaruite, 
heazlewoodite, pentlandite and whitlockite. The U-Pb dating 
of this meteorite shows the crystallization age of  
4563.75 ± 0.41 Ma [1]. This ancient primitive achondrite 
provides unique insights into growth and differentiation of 
planetesimals in the very early stage of solar system evolution. 
To better understand the formation processes of this meteorite, 
we have conducted textural and mineralchemical study of two 
polished thin sections (TS-1, TS-2) using SEM-EDS-EBSD, 
EPMA and LA-ICP-MS. 

The texture of this meteorite is properly represented by 
aggregates of orthopyroxene megacrysts (Fs40-42En53-57Wo3-7 : 
opx) with interconnected hollows filled with finer interstitial 
phases rather than poikilitic textures as previously reported [2]. 
Other phases, i.e., olivine (Fa50-53), chromite, awaruite  
(78-81 wt% Ni), and feldspar (Ab91-93An5-6Or2) occur in the 
interstices and the hollows. Olivine also occurs as vermicular 
inclusions within the opx megacrysts. In TS-1, opx grains are 
generally <6.2 mm long and several of them include 
vermicular olivine, whereas opx megacrysts in TS-2 are  
>4.5 mm and up to 1.56 cm across and only a few of them 
inclue vermicular olivine. The negative correlation between the 
opx size and the number of vermicular-olivine bearing opx, the 
hollow morphology, and optical continuity of interstitial and 
hollow-filling feldspars suggest that the vermicular olivine and 
its host opx acted as nuclei for rapid growth of skeletal 
megacrysts under extreme supercooling. Some pigeonite 
rimming opx megacrysts, however, contain submicrometer–
size augite (Fs17En45Wo39) exsollution lamellae. We obtained 
~1050˚C temperatures with two-pyroxenes [3] and 770˚C with 
olivine-spinel FeMg-1 exchange geothermometers [4]. The 
cooling rate between 1100-950˚C was estimated to be 
~0.02˚C/hr from the thickness and wavelength of multiple 
exsolution lamellae [5], indicating significant decrease in the 
cooling rate at a later magmatic - subsolidus stage.  
 
[1] Iizuka et al. (2013) LPSC 44, #1841. [2] Irving et al. (2011) 
MetSoc 44, #5231. [3] Lindsley & Andersen (1983) Geophys. 
Res. 88, 887-906. [4] Ballhaus et al. (1991) CMP 107(1), 27-
40. [5]  Takagi et al. (2014) JPGU Abstr. 
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Ba has seven stable isotopes consisting of p-, s-, and r-

process nucleosynthetic origin. Most previous Ba isotopic 
studies of meteorites focused on the variation of r- and s-
process nucleosynthetic components due to additional inputs in 
the early solar system.  135Ba and 137Ba isotopes are sensitive to 
s- and r-process variations, and often have deficits and/or 
excesses in chemical separates and whole rocks in 
carbonaceous chondrites due to the existence of presolar grains 
[1] [2]. Furthermore, the isotopic variation due to the existence 
of presolar grains gives disadvantages to find the contribution 
of the isotopic excess of 135Ba decayed from the presently 
extinct radioisotope 135Cs (t1/2=2.3 Ma). However, as a 
particular case, barium isotopic composition of the chemical 
separates from chondrules in the Sayama CM2 chondrite 
shows the excess of 135Ba isotopic abundance up to  
(0.33 ± 0.06) %, which is independent of the isotopic 
components from s- and r-process nucleosyntheses [3]. The 
isotopic excesses of 135Ba correlate with the elemental 
abundance of Ba relative to Cs, showing chemical and isotopic 
evidence for the existence of presently extinct radionuclide 
135Cs in the early solar system. Similar isotopic excess of 135Ba 
is also found in some Allende CV3 CAIs [4]. 

Meanwhile, Ba isotopic deviation patterns of eucrites show 
much flatter than those in carbonaceous chondrites, and little 
evidence for additional nucleosynthetic components and 
radiogenic 135Ba decayed from extinct 135Cs.  The results 
conclude that the isotopic information of the additional 
nucleosynthetic components disappears during the evolution 
process of eucrites.   
 
[1] Hidaka et al. (2003) EPSL 214, 455-466. [2] Carlson et al. 
(2007) Science 316, 1175-1178. [3] Hidaka and Yoneda (2013) 
Sci. Rep. 3, 1330. [4] Bermingham et al. (2014) GCA 133, 
463-478.  
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Primitive achondrites like acapulcoite-lodranites are 
important materials to investigate the early differentiation 
processes of asteroids. Short-lived radionuclide chronometers 
are useful to understand the first few million years of the solar 
system history. In this study, we have performed internal and 
external isochrons for several acapulcoite and lodranite using 
the 26Al-26Mg system in order to unravel their geological 
history.  

We have analyzed 3 acapulcoite and 1 lodranite meteorites 
(Dho125, Dho290, Y981505 and Y981725 respectively. We 
performed mineral separation on Dho290 and Y981725 by 
using isodynamic magnetic separator (Frantz, L-1) and could 
obtain Mg isotopic data from 3 separated fractions and one 
bulk rock for both of meteorites.  

All bulk rock fragments have δ26Mg* deficits  
(-0.0004 to -0.072) and subchondritic to chondritic 27Al/24Mg 
ratios, in agreement with a previous study [1]. The δ26Mg* 
deficits of these acapulcoites and lodranite can be interpreted 
as the evidences of the early formation of this group of 
meteorites.  

We obtained internal isochrons with (26Al/27Al)0 of 
(6.57±2.93)x10-7 and (1.05±1.68)x10-5 for Y981725 and 
Dho290 respectively. While the error associated to Dho290 is 
large and still under investigation, Y981725 gives a formation 
age of 4.6±2.1 Ma. This is in agreement with a previous Hf-W 
study [2], hence confirming an ancient metamorphic/melting 
episode at the very beginning of the solar system on the 
acapulcoite/lodranite parent body.  Those ages will be refined, 
bringing new insights into the early differentiation of asteroids.  

 
[1] Larsen et al. (2011) ApJ 735, L37. [2] Touboul et al. 
(2009) EPSL 284, 168-178.  
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In soils, oxide nanoparticles are important by creating a large 
reactive soil surface area, typically in the range 1-50 m2/g. The 
charge of metal (hydr)oxide surfaces promote the binding of 
organc matter as well as oxyanions such as phosphate. Organic 
matter may associate with oxide nanoparticles building an 
organo-mineral fraction where phosphate and organic matter 
are in competition for binding to the oxide surface. In addition, 
organo-mineral association may also contribute to the 
stabilisation of organic matter against microbial decompostion 
and oxidation. However, carbon may also be stable in soils by 
its inherent chemical nature, e.g. in case of black carbon.  
An improved methodology based on work of Mikutta et al. 
(2006) with a mild chemical oxidation (NaClO) and mineral 
dissolution (HF) has been applied to differentiate between 
stable and instable organic matter and to determine the role of 
mineral protection versus chemical recalcitance. In addition, 
the reactive oxide surface has been determined by measuring 
the phosphate release upon diluting soils with NaHCO3 
(Hiemstra et al. 2010). These approaches have been applied to 
understand stabilization of organic matter soils focussing on 
antropogenic Plaggen soils versus Terra Preta soils.  

 
[1] Mikutta, R., et al (2006). Biogeochemistry, 77, 25–56. [2] 
Hiemstra, T. et al. (2010) Geochim Cosmochim Acta, 74(1), 
41–58 

1267



 Goldschmidt2015 Abstracts  

 1268 

Mass transfer in mafic gneiss during 
upper-amphibolite facies chloride 

brine infiltration   
FUMIKO HIGASHINO1*, TETSUO KAWAKAMI1,  
NORIYOSHI TSUCHIYA2, M. SATISH-KUMAR3,  

MASAHIRO ISHIKAWA4 AND GEOFFREY H. GRANTHAM5 
1Department of Geology and Mineralogy, Kyoto University, 

Japan (*correspondence: fumitan@kueps.kyoto-u.ac.jp) 
2Tohoku University, Japan  
3Niigata University, Japan 
4Yokohama National University, Japan 
5Council for Geoscience, South Africa 
 

In the granulite facies lower crust, chloride brines have 
been considered as important fluid species that can coexist 
with CO2-rich fluids [1] [2]. In addition to fluid inclusions, Cl-
rich biotite (Bt) and hornblende (Hbl) are the potential 
indicators of the presence of brines. In the central Sør Rondane 
Mountains, Antarctica, ca. 1 cm-thick Grt-Hbl vein 
discordantly cuts the gneissose structure of Grt-Opx-Hbl 
gneiss. With a distance from the vein center, Cl in Bt and Hbl, 
and K in Hbl gradually decrease and become constant at ca. 
1.6 cm, and Na-richer rims of plagioclase (Pl) become thinner. 
REE and Sc in garnet, and Sc, V, Cr, Y, Nb, and REE in Hbl 
increase as a distance from the vein, whereas Zn, Rb, Sr, Ba, 
Pb, and U in Hbl, and Sr, Ba, and Pb in Pl gradually decrease. 
Overall increasing/decreasing trend of these trace elements 
show diffusion-like profiles, although trace element zoning 
within each mineral is slightly observed. Distances where trace 
element concentrations become constant is dependent on 
elements, and not on mineral species. The P-T conditions of 
vein formation is estimated to be ca. 700°C, 0.7GPa from 
geothermobarometry.  

Variation in whole-rock composition shows a mass 
imbalance around the vein, suggesting the vein formation in 
open system [3]. Using Zr as an immobile element, the mass 
balance analysis [4] based on the whole-rock chemical 
variation with a distance from the vein revealed that Li, Cu, Rb, 
Ba, Pb, and U were added to the wall rock of the vein. Li, Cu, 
Rb, Ba, and Pb tend to be incorporated in fluids rather than 
melts [5-9], supporting that the Grt-Hbl vein was formed by 
the brine infiltration. Possible mechanisms responsible for the 
formation of chemical and microstructural characteristics in 
the wall rock are also discussed.  

 
[1] Newton et al. (1998) [2] Harlov (2012) [3] Oliver & Bons 
(2000) [4] Ague (1991) [5] Keppler (1996) [6] Keppler & 
Wyllie (1991) [7] Borchert et al. (2009) [8] Kawamoto et al. 
(2014) [9] Webster et al. (1989) 
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Measurements of O2/N2 ratios of trapped air in Antarctic 
ice are used to reconstruct atmospheric O2/N2 over the last 
million years.  O2/N2 ratios of trapped gases in ice cores are an 
imperfect recorder of atmospheric O2 as previous studies have 
shown that O2 is depleted relative to N2 due to preferential 
exclusion of O2 during bubble closeoff.  This introduces 
significant noise into the record (±5-10‰) but still permits the 
most precise reconstructions of atmospheric O2 in the geologic 
record to date. Our records from the from the Allan Hills blue 
ice area (BIA) as well as previously published studies of 
Vostok [1] and EPICA Dome C [2] indicate remarkable 
stability in atmospheric O2 over the last million years, with a 
likely range of < 1%.  Assuming geologic sources and sinks of 
O2 totaling ~10 Tmol/yr, the data imply that sources and sinks 
of atmospheric O2 have been in balance to within ±2% since 
the Mid-Pleistocene.  This result is surprising in light of 
observations of a four-fold increase in the rate of physical 
weathering and sedimentation over the Plio-
Pleistocene [3] and the strong empirical relationship between 
organic carbon and pyrite burial (O2 production) and 
sedimentation rate [4]. 
 
[1] Bender, M.L. Earth and Planetary Science Letters, 
2002. 204: p. 275-289. [2] Dreyfus, G., PhD Dissertation, 
Department of Geosciences. 2008, Princeton University: 
Princeton NJ. p. 237. [3]  Molnar, P. and P. England,  Nature, 
1990.346(6279): p. 29-34. [4] Hartnett, H.E., et al., Nature, 
1998. 391(6667): p. 572-574. 
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 COSIMA, the COmetary Secondary Ion Mass Analyser,  

is one of the three scientific in-situ dust instruments onboard 
the Rosetta spacecraft [1]. Rosetta has been orbiting comet 
67P/Churyumov-Gerasimenko since August 2014. COSIMA is 
collecting cometary particles in the inner coma by exposing 
metal targets. It then images the targets periodically in search 
of the captured particles. A variety of particle morphologies 
are seen. A sample particle is shown in Figure 1. 

 Figure 1: A cometary particle collected by COSIMA [2] 
 
Some of the identified cometary grains are further 

investigated by SIMS (Secondary Ion Mass Spectrometry. The 
high resolution mass spectra contain positive or negative ions 
of elements, organic molecules and molecular fragments 
originating from the selected grain surface. 
 
[1] Kissel et al. (2007), Sp. Sci. Rev. 128, 823-867. [2] Schulz 
et al. (2015), Nature, 518, 216-218. 
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Mass-dependent fractionation of ‘non traditional’ stable 

isotopes has emerged as a tool to investigate a variety of 
geological processes. Important driving forces for mass-
dependent isotopic fractionation are variable valence or 
coordination states between different phases. Owing to its 
various valence states, molybdenum is an attractive element to 
investigate for mass-dependent fractionation of its isotopes 
during geological processes. Recent contributions have studied 
Mo isotope fractionation during core formation, mantle 
differentiation, and crust formation [1-3].  

In silicate rocks, 6+ and 4+ are the most common valence 
states of Mo, with the change occuring at an oxygen fugacty 
around one log unit below the iron-wüstite buffer [4] [5]. 
Although an experimental study [6] found 0.19±0.03‰ 
fractionation in 98/95Mo isotope ratios between liquid metal and 
liquid silicate, it remains unexplored whether Mo isotope 
fractionation can occur between Mo6+ and Mo4+ in the silicate 
portions of planetary objects. 

To investigate the effect of valence state on Mo isotope 
fractionation, we have conducted a series of metal-silicate 
liquid equilibration experiments between oxygen fugacties of 
10-12.7 and 10-9.9 at 1400°C. XANES analyses of the silicate 
glasses indicate a change in Mo6+/ΣMo from ~0.66 to  
~0.07 between oxygen fugacities of  10-9.9 and 10-10.8, based on 
pre-edge peak amplitudes indicative of Mo6+. 

Preliminary analyses of Mo isotope compositions by 
solution MC-ICPMS, emplying a double spiking technique, 
reveal that silicate liquids have ~0.20‰ heavier 98/95Mo 
compared to Mo metal, which is within error of a previous  
study [6]. This indicates that no resolvable fractionation 
between Mo6+ and Mo4+ occurs to a precision of ~0.04‰. An 
implication is that variations in Mo isotope compositions 
observed between silicate rocks are probably not driven by 
fractionation between Mo6+ and Mo4+. 
 
[1] Burkhardt et al. (2014) EPSL 391, 201-211.  [2] Voegelin 
et al. (2014) Lithos 190, 440-448.  [3] Liang et al. (2013), 
Mineral Mag 77, 1607.  [4] O’Neill and Eggins (2002), Chem 
Geol 186, 151-181. [5] Farges et al. (2006), Can Min 44, 731-
753.  [6] Hin et al. (2013), EPSL 379, 38-48. 
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Suspended sediment is present in all rivers, yet discussions 

focussing on stable metal isotope fractionation in the dissolved 
load of rivers tend to overlook the potential for interactions 
between the dissolved and the particulate load. Indeed, 
suspended sediment concentrations are often not reported 
together with other standard hydrological parameters such as 
pH and discharge. 

Recent work1,2 from Iceland has revealed that stable Ca 
isotope values (δ44Ca) are greater than those reported in the 
local basaltic bedrock. This has lead to two alternative, but not 
mutually exclusive, interpretations. There could be mixing 
with hydrothermal calcite2 or Ca could be precipitating in 
secondary phases1. A further study3 from New Zealand also 
pointed to the importance of mixing with carbonates in order to 
explain the observed stable Ca isotope values. However, in 
both these localities it was observed that in rivers draining 
glaciated catchments, δ44Ca values were positively correlated 
with suspended sediment concentrations (SSC) raising the 
possibility that the lighter Ca isotopes could be preferentially 
adsorbed onto sediment surfaces. 
 The observed correlations between SSC and  δ44Ca values 
could simply reflect the fact that in glaciated catchments high 
SSC are associated with high discharge and at high discharge 
more carbonate may be expected to weather. However, if this 
were the case then no correlation would be expected between 
δ7Li and SSC since δ7Li is not expected to be affected by 
carbonate weathering. In fact, δ7Li is correlated with both SSC 
and δ44Ca in Icelandic glaciated catchments, suggesting that 
the dissolved load isotopic composition could be modulated, at 
least in part, by the particulate load. Distinguishing between 
these two alternative scenarios is important in order to 
determine the key processes controlling global riverine stable 
isotope fluxes to the ocean. 

 
[1] Hindshaw et al. (2013), EPSL 374, 173-184 [2] Jacobson et 
al. (2015), EPSL 416, 132-142 [3] Moore et al. (2013) Chem. 
Geol. 341, 110-127. 
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The dynamics of the Earth’s interior is reflected in 

processes at the Earth’s surface, where rigid plates 
(lithosphere) are subjected to stress as they move on the 
underlying ductile asthenosphere. At the time that plate 
tectonics theory was developed in the 1970s, scientists 
believed that the asthenosphere was molten, although the true 
nature of the asthenosphere remains enigmatic. Hirano et al. 
[1] reported petit-spot volcanoes on the subducting old Pacific 
Plate off the Japan Trench. The melt that feeds these volcanoes 
possibly originates from the asthenosphere, and the melt is 
likely to ascend along fractures related to a concave flexure of 
the outer rise. Such tiny volcanoes are likely to be ubiquitous 
in zones of plate flexure, which have recently been reported 
from the oceanward slope of the Tonga, Chile, and Java 
trenches [2-4]. It is possible that such zones are not restricted 
to the outer-rise flexure of lithosphere prior to subduction, as 
similar flexing has been reported from the extensional Basin 
and Range [5] and southern offshore of Greenland [6]. Petit-
spot melt is expected to provide information on asthenospheric 
components located just below the lithosphere.  

Important clues to the origin of petit-spot lavas are the 
EM-1 signature [7] and the high levels of carbon dioxide (CO2) 
in the magma prior to degassing [8]. Carbonatite melt has been 
proposed as a key material in explaining the electrical 
conductivity of oceanic asthenosphere [9] [10]. The high CO2 
contents of petit-spot lavas raise the possibility that CO2 affects 
the source components and their melting, although we must 
also consider lithospheric contamination during ascent of the 
magma. The lava of petit-spots provides information on the 
geochemical characteristics of, and partial melting in the 
asthenosphere. 

 
[1] Hirano et al. (2006) Science 313, 1426-1428. [2] Hirano et 
al. (2008) Basin Res. 20, 543-553. [3] Hirano et al. (2013) 
Geochem. J. 47, 249-257. [4] Taneja et al. (in press) 
Gondwana Res. [5] Valentine & Hirano (2010) Geology 38, 
55-58. [6] Uenzelmann-Neben et al. (2012) Geophys. J. Int. 
190, 1-7. [7] Machida et al. (2009) Geochem. Cosmochim. 
Acta 73, 3028-3037. [8] Okumura & Hirano (2013) Geology 
41, 1167-1170. [9] Gaillard et al. (2008) Science 322, 1363-
1365. [10] Sifré et al. (2014) Nature 509, 81-85. 
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Rapid and unremitting developments in both the laser 
ablation technique and the multiple collector-ICP-mass 
spectrometry (MC-ICPMS)  have revolutionized the precision 
of the isotopic ratio measurements [1]. With the multiple-ion 
counting system equipped in the MC-ICPMS, together with the 
new correction technique for the initial disequilibrium for the 
U-Th-Pb decay series, higher analytical precision and accuracy 
can be obtained from young zircons (e.g., <0.1Ma) [2]. 
Moreover, shorter analysis time achieved by the MC-ICPMS 
setup results in shallower ablation pit (<1µm).  Major problem 
associated with the multiple-ion counting technique would be a 
non-linear time-dependent changes in the gain and the 
background (dark noise) of the collectors.  This is one of the 
large sources of analytical error in the resulting U-Th-Pb ages.  
To minimise the systematical error in the U-Th-Pb age 
measurements, an ion counting system utilising a compact-type 
Daly collector was introduced [3]. Several unique features 
could be derived by the Daly collector, such as (a) smaller 
time-changes in gain and background level of the collector, (b) 
wider dynamic range covering 0 to >5 Mcps, and (c) clear 
difference in the pulse intensity against the noise intensities.  
With the Daly ion collector, better precision and accuracy in 
the U-Th-Pb isotope ratio measurements can be made. 

Another important feature of the laser ablation-ICPMS 
technique is the analytical capability for sensitive 
elemental/isotopic mapping analysis, which could be widely 
used to evaluate the system closure for the decay series 
nuclides. Combination of the elemental imaging and the U-Th-
Pb age determination can provide further precise and reliable 
age data from various minerals such as zircon, monazite or 
carbonates.   
 
[1] Hirata et al. (2003) J. Anal. Atom. Spectrom., 158, 1283-
1288. [2] Sakata et al., Geostand. Geoanal. Res., 38, 409-420. 
[3] Daly (1960) Rev. Sci. Instrum., 31, 264-267. 
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Earth’s inventory of principle volatiles C, H, N, and S, is in 
part a legacy of the magma ocean stage of differentatiaon.  
Ratios of these volatiles are powerful tools for understanding 
these processes, as they monitor relative fractionations even 
when absolute concentrations are less-well defined.  The C/H 
ratio of the bulk silicate Earth (BSE), defined from surface 
reservoirs and minimally degassed oceanic basalts is 1.3±0.3, 
which is 5-15 X lower than the C/H ratio of carbonaceous and 
enstatite chondrites and 2-5 X lower than ordinary chondrites.  
Explaining the strongly subchondritic C/H of the BSE by 
events post-dating the catastrophic era of terrestrial 
differentiation remains highly challenging, and therefore this 
ratio strongly argues that significant fractions of the BSE H 
inventory were delivered before or during the magma ocean 
stage of Earth history.  The BSE C/N ratio is widely 
considered to be superchondritic, but previous estimates [1] [2] 
vary by nearly an order of magnitude.  A reevaluation of 
oceanic basalt C and N derived from C/Nb and C/Ba ratios of 
oceanic basalts [3], combined with N derived from N/40Ar 
basalt ratios with the terrestrial K and Ar budgets, propagating 
all uncertainties, yields a revised C/N estimate of 42±12, which 
is ~2X greater than CI and CM chondrites, but plausibly 
similar to more degassed CO and CVs.  This suggests an 
important role for parent body processing of C and N, but 
importantly, C is much more siderophile than N, and so core 
formation should greatly diminish C/N.  The fact that the BSE 
is not strongly subchondritic seems to demand catastrophic 
selective loss of N from the BSE, presumably by atmospheric 
blow off of an N-rich, C-poor atmosphere.  However, current 
constraints on C and N solubility and metal/silicate partitioning 
suggest that blow-off cannot create subchondritic C/N unless 
either core formation is a minor effect or the C/N ratio of 
precursor matierals was elevated compared to CI chondrites. 
The C/S ratio of the BSE is 0.5±0.1, which is similar to 
chondritic.  Given that C is more siderophile than S, this likely 
argues for siginficant replenishment of C and S by a late 
veneer.  Reconciling C/H, C/N, and C/S ratios of the BSE 
simultaneously presents a major challenge that almost 
certaintly involves a combination of parent body processing, 
core formation, catastrophic atmospheric loss, and partial 
replenishment by a late veneer.  
 
[1] Halliday (2013) GCA 105, 146-171. [2] Marty (2012) 
EPSL 313: 56-66. [3] Rosenthal (2015) EPSL 412:77-87. 
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The Nuclear Waste Management Organization (NWMO) is 

responsible for implementing Adaptive Phased Management, 
the approach selected by the Government of Canada for long-
term management of used nuclear fuel generated by Canadian 
nuclear reactors. The ultimate objective of APM is the 
centralized containment and isolation of Canada’s used nuclear 
fuel in a Deep Geological Repository in a suitable crystalline 
or sedimentary rock formation. In May 2010, the NWMO 
published and initiated a nine-step site selection process to find 
an informed and willing community to host a deep geological 
repository for Canada’s used nuclear fuel. The site selection 
process is designed to address a broad range of technical and 
social, economic and cultural factors. 

The suitability of candidate areas will be assessed in a 
stepwise manner over a period of many years, and the site 
evaluation process includes three main steps: Initial 
Screenings; Preliminary Assessments; and Detailed Site 
Characterizations.  As of March 2015, NWMO has completed 
Initial Screenings for 22 communities, and completed the first 
phase of Preliminary Assessments (desktop) for  
20 communities. Phase 2 of the preliminary assessments has 
been initiated in a number of communities, with field activities 
such as high-resolution airborne geophysical surveys and 
geological mapping. This paper describes the approach, 
methods and criteria being used to assess the geoscientific 
suitability of communities currently involved in the site 
selection process. 
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Boreal rivers are crucial when seeking to understand the 

transport of iron into the Arctic Ocean. Previous studies of 
boreal river systems shows iron to be hosted in: i) complexes 
with soil organic matter,  iron-organic colloids, ii) inorganic 
particles-colloids, (oxy) hydroxides, iii) truly dissolved  
(<1 kDa) iron-organic complexes. 

Transmission Electron Microscopy (TEM) was used to 
analyse the particulate (>0.22 µm) and colloidal (<0.22 µm) 
phases in the Lena River system in NE Russia. Samples were 
collected from major tributaries and the main channel in July 
2012 and June 2013, following the spring flood. TEM 
observations were supported by geochemical analysis of the 
bulk particulate, colloidal and dissolved fraction. The 
particulate fraction was leached to separate the identified iron 
phase and results were compared with Visual MINTEQ 
modelling.  

For all samples our data show that >55% of iron occurs in 
the particulate fraction. In contrast the >50% of DOC occurs in 
the truly dissolved (<1 kDa) fraction. The particulate and 
colloidal iron is mainly present in the form of ferrihydrite and 
not observed to be complexed with DOC. This is contrary to 
observations in other boreal rivers. In tributaries draining the 
Verkhoyansk Moutain Range, and South Aldan Shield, which 
are areas with low DOC concentrations, the particulate 
ferrihydrite associates with aluminosilicates. Whereas, in 
tributaries draining the Central Siberain Plateau which is 
dominated by wetlands, forest and high DOC, particulate 
ferrihydrite associates with autochthonous organic matter. 
Evidence from leaching and modelling shows that tributaries 
drainng the Central Siberian Plateau, contain the highest 
proportion of ferrihydrite. We propose that ferrihydrite has two 
main origins in the Lena River catchment area: abiotic 
precipitation in tributaries draining mountainous terrain and 
biologically mediated precipitation in tributaries draining the 
low lying wetlands and forest. 
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The Irish Zn-Pb orefield is one of the world’s largest 

hydrothermal Zn-Pb ore districts, but uncertainty in the timing 
of mineralization made distinguishing between different 
potential genetic models for ore formation difficult. Three 
main proposals for the timing of mineralization have been 
suggested. The first model is that the deposits formed in the 
shallow subsurface shortly after or during deposition of the 
host rocks (~350Ma). The second is that these deposits formed 
after significant burial (<340Ma), and the third is that they 
formed during the Variscan orogeny (310-290 Ma). 
Distinguishing between these different possibilities is possible 
using pyrite Re-Os isochron methods. Hnatyshin et al. (2015) 
[1] determined robust Re-Os ages for the Lisheen Main Zone 
(346.6 ± 3.0 Ma, MSWD = 1.6 ) and the Silvermines B-zone 
(334 ± 6.1 Ma, MSWD = 19).  

However, some pyrite samples fromt the Irish deposits 
produced isochrons that show a greater amount of complexity. 
In particular, the high quality results produced by the Lisheen 
Main Zone are not replicated using samples from the Lisheen 
Bog Zone. Whereas a very similar age is produced  
(345 ± 11 Ma) the scatter in the data is much higher  
(MSWD = 80). To determine the source of the scatter a variety 
of different techniques were used to characterize both sets of 
samples, including petrographic imaging, back-scattered 
electron imaging, trace element mapping, in-situ sulfur isotope 
measurements, as well as acid leaching experiments. The 
results  show that the Bog Zone samples contain a much more 
complicated suite of intergrown sulphide minerals and contain 
multigenerational pyrite showing distinct textural and chemical 
differences, likely resulting in the excess scatter observed in 
the Re-Os data. Ultimately, these results suggest that screening 
out excessively complicated samples is required when trying to 
produce precise and accurate ages using pyrite Re-Os 
geochronology. 

 
[1] Hnatyshin. et al. 2015, Geology, v. 43, p. 143-146.  
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Characterized by elevated surface temperatures and 
atmospheric CO2, the early Eocene epoch is regarded as a 
potential analog for future warm climates. A long-standing 
conundrum in our understanding of the early Eocene climate is 
its flatter-than-present latitudinal surface temperature gradient 
reconstructed from geological proxies. This feature has been 
challenging to reproduce in model simulations, especially the 
subtropical warmth inferred for both poles using the archaeal 
lipid-based TEX86 paleothermometer. Although widely applied 
across realms and time-scales, this proxy is associated with 
uncertainty in the water depth origin of the lipids, which is 
difficult to constrain via the spatial proxy-temperature 
relationship in globally distributed marine surface sediments 
due to the strong correlation of seawater temperatures at 
different depths in the water column. Here we take an 
alternative approach to constrain this uncertainty, by 
comparing temperature variability inferred from multiple 
proxies over a broad range of time-scales, spanning millennial 
to multi-million years. Our analysis shows that TEX86 
systematically overestimates the magnitude of temperature 
variability across all time-scales. The most parsimonious 
explanation is that the calibration is fundamentally biased, 
likely as the archaeal temperature signals originate from 
greater water depths. Using the independent estimate of past 
temperature variability, we constrain the range of possible 
recording depths of TEX86. Our reinterpretation of TEX86 
reconciles the proxy-model mismatch in early Eocene without 
having to force the Eocene simulation with an unrealistic CO2 
level or to invoke missing physics in the climate models. 
Further, this finding has implications for the large body of 
TEX86-based reconstructions, especially those of past warm 
climates, which rely heavily on this proxy.  
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Boron isotope geochemistry has gained significant 

momentum over the past two decades, laboratory and field 
calibrations have been established and the proxy has been 
applied over the Cenozoic and beyond. Critics of the proxy 
have expressed concern about differences between analytical 
techniques, temperature and vital effects, potential 
incorporation of boric acid, diagenesis, as well as δ11Bsw 
varying over multimillion-year time scales. We have 
synthesized the current state of understanding of this proxy as 
part of the process of writing a boron proxy book that 
addresses many critical questions. Does independent evidence 
for vital effects agree with proxy observations? Can boron 
coordination in the CaCO3 lattice tell us about which aqueous 
boron species is incorporated? What is the effect of aqueous 
boron isotope fractionation and temperature variability on 
boron incorporation, pH and pCO2 estimates, and how good is 
our understanding of δ11Bsw? This synthesis aims to highlight 
how far we have come, but also lay out remaining problems 
that require further validation. 
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Depleted and enriched geochemical compositions have 

been found at the oldest (~85-70 Ma) end of the Hawaiian-
Emperor hotspot chain. The origin of these components is 
controversial. During two R/V SONNE 201 cruise legs, fresh 
lavas were recovered from the NW Emperor seamounts 
(Suizei, Tenji and Meiji). Major and trace element and Sr-Nd-
Hf-Pb-Os isotope investigations provide new insights into the 
origin and evolution of the Hawaiian plume volcanism in the 
Late Cretaceous. The recovered samples range from enriched 
tholeiites and alklai basalts (e.g., La/Yb = 1.5-6.5) to depleted 
tholeiites (La/Yb = 0.7-1.2). Initial Pb and Nd isotope ratios 
form a tight inverse linear array, consistent with mixing of 1) 
an enrihced Kea-type component found in present day 
Hawaiian tholeiites (Abouchami et al., 2005, Nature 434: 851-
856) and 2) a depleted component with less radiogenic Nd than 
Pacific MORB at a given Pb isotopic composition. Initial Pb 
and Os isotope ratios correlate inversely whereas Nd and Os 
isotope ratios correlate positively. The depleted component has 
radiogenic (superchondritic) Os and thus cannot be derived 
from a MORB source. Therefore, we believe that the Suizei 
depleted endmember was a component in the Hawaiian plume, 
possibly derived from recycled metasomatized oceanic 
lithospheric mantle (Regelous et al. 2003, J. Petrol. 44: 113-
140; Huang et al. 2005, G-cubed 6: 1-52; Portnyagin et al., 
2009, EPSL 287: 194-204) or ancient non-chondritic primitive 
mantle (Jackson et al., 2010, Nature 466: 853-856; Jackson and 
Carlson, 2011, Nature 476: 316-319). The enriched 
component, with similar Sr-Nd-Pb isotope ratios to the 
Hawaiian Kea component, however, has subchondritic Os 
isotope ratios, suggesting recycled ancient subcontinental 
lithospheric mantle in the source. The subchondritic Os 
contrasts with slightly superchondritic ratios found in lavas 
from Mauna Kea, posing the question as to whether the Kea 
component was really present in the early Hawaiian plume or 
if the differences in Os isotopic composition simply reflect 
temporal heterogeneity in the plume source. 
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The most common method to determine the oxidation state 

of Fe in Earth materials is the Mössbauer spectroscopy, but 
other methods like XANES, EELS and the “flank method” for 
the in situ determination with high spatial resolution have been 
developed meanwhile. The “flank-method” by electron 
microprope (EMP) is based on the concomitant change of the 
intensity and of the wave length of the iron Lα and Lβ 
emission lines with the iron oxidation state and is well 
calibrated for garnets [1]. Our aim is to extend such a 
calibration to clinopyroxenes. Well characterized samples with 
known Fe3+/ΣFe are necessary for this approach. One kind of 
calibration materials were clinopyroxene members of acmite-
hedenbergite-diopside-ferrosilite solid solutions that were 
synthesized at high pressures and temperatures. The other kind 
were homogeneous clinopyroxenes that were handpicked from 
garnet peridotite and eclogite xenoliths and megacrysts from 
kimberlites and alkalibasalts. Their total iron contents ranged 
from 2.7 to 7.0 wt%. The Fe3+/ΣFe ratios were determined by 
Mössbauer spectroscopy and range from 0.14 to 0.5. These 
samples serve as standards to develop the flank-method for 
clinopyroxenes. The cpsLß/cpsLa ratios as measured by 
EPMA vary with the cpx composition in an analogous way as 
for garnets. Our first tests show that the error for Fe3+/ΣFe is 
around ± 0.05 (1σ) at present.  

 
[1] Höfer and Brey (2007) Am. Min. 92, 873-885 
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It is widely accepted that the Archaean tonalite-
trondhjemite-granodiorite (TTG) suite  formed  substantial by 
partial melting of hydrated mafic crust in the stability field of 
garnet-amphibolite and rutile-bearing garnet-pyroxenite. Yet, 
there is no consensus regarding the geodynamic setting in 
which these rocks formed and contributed to cratonic 
stabilization.. In Eo- and Palaeoarchean high-grade gneiss 
terranes deformation and migmatization  have often obliterated 
the primary magmatic relationships, making it impossible to 
place constraints on the magmatic history of single intrusive 
granitoid suites.  

We investigated the well-preserved, non-migmatitic 3.43-
3.48 Ga dioritic to tonalitic Tsawela gneiss (TG) suite of the 
Ancient Gneiss Complex (AGC, Swaziland), that intruded the 
>3.5 Ga Ngwane Gneiss which represents the oldest 
compontent of the AGC. We used a combination of major and 
trace element chemistry, Hf-Nd whole-rock isotope 
systematics, Pb-Pb zircon geochronology and Hf-in-zircon 
isotope analyses to infer the magmatic evolution of these 
rocks. Geochemical modelling using  major and trace elements 
suggests that the TG formed by mixing of partial melts of the 
Ngwane Gneisses and juvenile melts from mafic tholeiitic 
sources that do not show negative Nb-anomalies. Initial εHf 
and εNd values are +0.1 - +3.7 and -0.1 to +0.6, and initial εHf 
values of the zircons are +0.4 to +2.0, respectively, indicating 
that the isotope systems were efficiently homogenized during 
magma mixing of approximately equal amounts of tholeiitic 
magma and magma derived from partial melts of  >3.5 Ga 
Ngwane Gneiss crust. Underplated and intraplated tholeiitic 
melts were possibly triggered by a mantle plume, which also 
triggered partial melting of the >3.5 Ga crust. Alternalitvely, 
fractional crystallization of wet mantle-derived melts could  
account for the compositional variability of the TG and its 
isotopic homogeneity. We propose that magma mixing and 
assimilation-fractional crystallization must be taken into 
account when crustal evolution models are derived based on 
Hf-Nd isotope compositions.  

1283

mailto:jeh@zedat.fu-berlin.de


 Goldschmidt2015 Abstracts  

 1284 

New insight into Emiliania huxleyi 
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Coccolithophores (single-celled calcareous algea) belong 
to the most important marine pelagic calcifiers controlling 
global carbon cycles. Their cells are surrounded by a 
“coccosphere” of interlocking calcareous coccolith-platelets, 
which are radial arrays of intricately shaped calcite crystallites 
embedded in a thin organic matrix sheath. For the abundant 
species Emiliana huxleyi (E.hux) we investigated the 
crystallites and the cells by TEM and HRTEM methods, with 
FIB sectioning1,2 as well as by ultramicrotome sectioning and 
high-pressure-freezing/cryo-TEM techniques which preserve 
the structure of the soft biological parts. Unlike the calcite of 
foraminifera and multicellular organisms, the precisely shape-
controlled calcite crystals of E.hux are not composed of an 
assembly of Ca-carbonate nanoparticles; the spokes of the 
coccoliths consist of two single crystals which display a few 
boundaries between mosaic blocks. We found a mean of 20 
(but up to 30) coccoliths packed in up to four – not always 
complete - layers around the cells2. The vesicles in which the 
coccoliths grow are initially attached to the cell nucleus (!) and 
then migrate outward for exocytosis when the coccoliths are 
complete. From the images we obtained a cellular particulate 
organic carbon (POC) quota of 7.2(+/-2.1) pg/cell and a 
particulate inorganic carbon (PIC) quota of 5(+/- 1.5) pg/cell; 
implications on sinking velocity can also be made from the 
calculated cell density2. 
 
[1] Hoffman R et al. (2014) Nanoprobe crystallographic 
orientation studies of isolated shield elements of the 
coccolithophore species Emiliania huxleyi. Europ. J. 
Mineralogy 26: 473-483 [2] Hoffman R et al. (2015) Insight 
into Emiliania huxleyi coccospheres by focused ion beam 
sectioning. Biogeosciences 12: 825-834 
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Canonical trace element ratios, discovered in the 80s by 
serendipity, were originally thought to constrain bulk-silicate-
Earth (BSE) values of elements such as Rb, using the 
apparently uniform Ba/Rb ratios of global MORB and OIB. 
Later, it became clear that some of these “uniform”, now 
widely called “canonical”, ratios (e.g. Nb/U and Ce/Pb) differ  
dramatically between crustal and mantle-derived settings and 
cannot possibly represent BSE values. This meant that such 
ratios should be more useful as tracers of intra-oceanic 
(MORB, OIB) versus arc-type and continent-derived melts, 
opening the possibility of using them as tools in geodynamics.  

However, several studies raised questions, partly based on 
statistical grounds, about the entire concept. More seriously, 
trace elements in several OIB groups deviate systematically 
from the canonical values, thus raising the question whether 
these should be interpreted as true exceptions or merely as a 
demonstration of circularity. Thus, OIB data may not offer a 
very good basis for defining canonical ratios in the first place. 

To remove this circularily as well as other issues, I re-
evaluate canonical ratios using recent, very high-quality 
datasets on MORB samples only. These data represent nearly 
global coverage, and they include both depleted and enriched 
samples, but exclude on-ridge OIB and back-arc samples. They 
span about two orders of magnitude of incompatible element 
concentrations, and the canonical ratios clearly reflect source 
ratios in much the same way as isotopoe ratios do. 
Improvements include a first-order correction for plagioclase 
fractionation on Ce/Pb ratios, an effect neglected in the 
original 1986 treatment. Remarkably, perhaps by coincidence, 
the “new”, MORB-based canonical values for Ce/Pb and Nb/U 
are virtually identical to those published in 1986. 

The well-constrained, MORB-based canonical trace 
element ratios can serve as a stable and, perhaps more 
important, independent basis for evaluating equivalent ratios in 
OIBs, which are more variable, not only in isotopically 
extreme OIB groups but also in more “ordinary” OIBs such as 
Iceland or Hawaii. When combined with isotope data, 
canonical ratios can thus provide a much richer picture of the 
nature of OIB sources than isotope ratios alone. 
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The Archaean geological record is characterized by 
greenstone belts, i.e. curvi-linear, commonly bifurcating 
outcrop areas of volcano-sedimentary rocks that are wrapped 
around and/or intruded by different generations of granitoids. 
They occur in various states of preservation in Archaean 
cratons, but are also common in some Palaeoproterozoic 
granitoid-greenstone terrains.  

Greenstone belts are direct evidence for non-actualistic 
tectonic processes on Earth, reflecting secular evolution of the 
Earth mantle and crust. They are characterised by submarine, 
predominantly mafic volcanic rocks that are interstratified or 
tectonically interleaved with volcaniclastic, siliciclastic and 
chemical sedimentary rocks of marine to terrestrial 
environments. Gold, nickel and iron form important ore 
deposits in greenstone belts, reflecting specific enrichment 
processes. The volcano-sedimentary successions have recorded 
very different physico-chemical conditions of the ancient Earth 
surface, and are the prime target for the study of the co-
evolution of the atmosphere, hydrosphere, and biosphere. 

In order to investigate a particularly well preserved archive 
of Palaeoarchaean surface processes, five holes were drilled in 
the course of 2011/2012 in the Barberton greenstone belt of 
South Africa, funded by the International Continental Drilling 
Program. One drill core (BARB3) sampled well-preserved 
chemical sedimentary rocks of the c. 3.4 Ga Buck Reef Chert. 
Abundance of organic matter, sulphides and Fe-bearing 
carbonates in specific intervals or associated with specific 
sedimentary facies of the chert succession reflect changes in 
the oceanic, environmental and hydrothermal conditions in a 
shallow marine Palaeoarchaean setting. A combination of 
detailed petrographic core analysis, aided by trace element and 
stable isotope data characterises the habitat of early life, 
geochemical cycles and marine/hydrothermal conditions  
3.4 Ga ago. 
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The conventional stable isotope ratios 13C/12C and 18O/16O 
in atmospheric CO2 are a powerful tool for unraveling the 
global carbon cycle. In recent years, it has been suggested that 
the abundance of the very rare isotopologue 13C18O16O on m/z 
47 might be a promising tracer to complement conventional 
stable isotope analysis of atmospheric CO2 [1, 2, 3, 4]. Here we 
present an automated analytical system that is designed for 
clumped isotope analysis of atmo- and biospheric CO2. 

The carbon dioxide gas is quantitatively extracted from 
about 1.5L of air (ATP). The automated stainless steel 
extraction and purification line consists of three main 
components: (i) a drying unit (a magnesium perchlorate unit 
and a cryogenic water trap), (ii) two CO2 traps cooled with 
liquid nitrogen [5] and (iii) a GC column packed with Porapak 
Q that can be cooled with liquid nitrogen to -20°C during 
purification and heated up to 240°C in-between two extraction 
runs. After CO2 extraction and purification, the CO2 is 
automatically transferred to the mass spectrometer. Mass 
spectrometric analysis of the 13C18O16O abundance is carried 
out in dual inlet mode on a MAT 253 mass spectrometer. Each 
analysis generally consists of 80 changer-over-cycles. Three 
additional Faraday cups were added to the mass spectrometer 
for simulatneous analysis of the mass-to-charge ratios 44, 45, 
46, 47, 48 and 49. The reproducibility for δ13C, δ18O and Δ47 
for repeated CO2 extractions from air is in the range of 0.11‰ 
(SD), 0.18‰ (SD) and 0.02‰ (SD), respectively. 

This automated CO2 extraction and purification system 
will be used to study the clumped isotopic fractionation during 
photosynthesis (leaf chamber experiments) and soil respiration. 
 
[1] Affek, H. P., Xu, X. & Eiler, J. M., Geochim. Cosmochim. 
Acta 71, 5033–5043 (2007). [2] Affek, H. P. & Eiler, J. M., 
Geochim. Cosmochim. Acta 70, 1–12 (2006). [3] Eiler, J. M. & 
Schauble, E., Geochim. Cosmochim. Acta 68, 4767–4777 
(2004). [4] Yeung, L. Y. et al., Proc. Natl. Acad. Sci. 106, 
11496–11501 (2009). [5] Werner, R.A., Rothe, M. & Brand, 
W.A., Rapid Comm. Mass Spec. 15(22), 2152-2167 (2001). 
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The nature of exchangeable cation of bentonite (or, more 

properly, montmorillonite, the principal component of 
bentonite) greatly affects swelling, permeability and diffusivity 
properties [1]. Available diffusion data on compacted bentonite 
are mainly obtained from experiments with bentonite samples 
saturated by solution of sodium salt. However, within the long-
term evolution of the deep geological repository, the bentonite 
barrier will be saturated by the host formation groundwater 
whose chemistry may be furthermore altered by the presence 
of cementitious materials and corrosion products. As a 
consequence, conversion into Ca-bentonite by cation exchange 
might be expected.  

This work aims to characterize the effects of the interlayer 
cation (Na+ or Ca2+) on the diffusive properties of bentonite. 
We followed the concluding proposals in work [2] that it 
would have been more realistic to first compact the bentonite 
samples and then to saturate them with the different solutions. 
Czech commercial Ca/Mg bentonite, partially Na-activated on 
the production line, was compacted at 1300 and 1600 kg/m3 
and saturated with two solutions of equal ionic strength (0.1 M 
NaCl and 0.033 M CaCl2). HTO, I- and Sr2+ through-diffusion 
experiments were performed. The conversion rate into the Na- 
or Ca-form using this procedure was investigated using XRD 
and Cu(II)-trien method. In addition, HTO diffusion 
experiments on fully converted samples into Na- or Ca-form 
were performed.  

Ongoing results showed that effective diffusion coefficient 
for HTO appears to be higher in Na-bentonite. This 
observation corresponds with findings of [2], but is in 
contradiction to [1-3]. In case of iodide, one of the most 
critical radionuclides, diffusion in Ca-bentonite is much faster 
than in Na-bentonite. It indicates the significance of the aspect 
of the exchangeable cation on the clay barrier effectiveness. 

 
[1] Choi and Oscarson (1996) J. Contam. Hydrol. 22, 189. [2] 
Melkior et al. (2009) J. Hydrol. 370, 9. [3] González Sánchez 
et al. (2008) Appl. Geochem. 23, 3840. 
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The use of Cd isotopes as proxy for modern ocean nutrient 
utilization by phytoplankton has become an important tool in 
marine geochemistry. Of particular interest is the applicability 
of Cd isotopes as tracer of past marine bio-productivity. 
However, the detailed fractionation processes of cadmium 
isotopes in the marine realm are still debated. Most studies 
favour substitution for Zn atoms in carbonic anhydrase of 
Diatoms as the main driver for the fractionation. Cd isotopic 
data of carbonate leachates from the Ediacaran Xiaofenghe 
section on the Yangtze Platform, S-China have been analysed 
together with trace element concentrations, N and C isotopic 
compositions. The data, obtained by using the double spike 
method and TIMS (ε112/110Cd relative to NIST SRM 3108, 
external precision: ± 8ppm) show εCd of +0.06 to +1.07 in the 
cap carbonates and in the lower Doushantuo, but significantly 
lighter values (-3.53 to -0.79) in the overlying Doushantuo and 
Dengying strata. Neither Cd concentrations, nor isotopic 
compositions correlate with P or Zn abundances. Given the 
experimentally derived αCaCO3-Seawater of 0.99955 for the 
fractionation of Cd into carbonate, seawater in equilibrium 
with these carbonates should have εCd between 0.97 and 5.57, 
which is in the range of modern surface water. However the 
trend to lower values in the upper Ediacaran does not represent 
the signal expected for increased bio-productivity. The upper 
Doushantuo displays substantial fluctuations of Y/HoPAAS, 
Pr/SmPAAS, N and C isotopic compositions, presumably caused 
by mixing of seawater with freshwater masses. Carbonates 
with negative εCd in this part of the section show negative 
Ce/Ce* anomalies and high δ13Ccarb, which may indicate 
carbonate precipitation in shallow oxic water subjected to 
increased evaporation and variable salinity. Our data suggest 
that the variations in the Cd isotope composition of Ediacaran 
carbonates at Xiaofenghe are most likely a result of kinetic 
fractionation of Cd into inorganic carbonates and may be 
solely controlled by salinity rather than by bio-productivity.  
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Chemical fossils, biomarkers, have become a standard tool 
of geochemists in the petroleum industry and the geosciences. 
Various “processes” serve as drivers of biomarker indicators: 
depositional environment type, lithology, geologic age, 
thermal maturity, or degree of alteration.  These indicators 
have become widely used to constrain petroleum source facies 
and the conditions at deposition.  Ideally, indicators are 
specific to a particular process, but often, more than one factor 
make a significant impact on indicator response.  For example, 
24-norcholestanes have been noted to be present in relatively 
high amounts in diatomaceous source rocks and the oils 
derived from them.  Increases in 24-norcholestane ratio are in 
general parallel to diatom evolution.  Moderate amounts are 
observed in the Cretaceous and much higher amounts in 
Tertiary sediments and oils making the ratio useful as an age 
diagnostic biomarker.  However, despite geologic age, select 
environments do not promote strong flourishing diatom 
growth, e.g., equatorial and warm ocean environments like the 
Mesozoic Tethys.    Extended Tricyclics Ratio (ETR) is 
generally an indicator of intense algal productivity, usually 
marine upwelling environments.  The occurrences of high ETR 
are not equally distributed through geologic time (Precambrian 
through Tertiary).  Strong ETR response is most commonly 
observed in periods of high global temperature or warming 
global (ocean) temperatures.   Other geologic age and 
depositional environment indicators will also be discussed. 
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Noble gases and stable isotopes have previously been used 

to quantify the extent of interaction between CO2 and 
groundwater in natural subsurface CO2 reservoirs [1] [2]. 
However, the timing of reservoir influx is poorly constrained 
and has been variously estimated between 56Ka [3] and 1.5Ma 
[4]. In order to understand the extent of slow interactions 
between carbon dioxide, subsurface fluids and the host rock, as 
well as to be able to compare older with younger carbon 
dioxide reservoirs, it is crucial to know the age of reservoir 
filling. 

Here we present a new general model for estimating 
directly the time of carbon dioxide reservoir infill applied to 
the Bravo Dome gas field. The model is constructed using the 
diffusion of groundwater derived noble gases entering the gas 
column at the gas water contact and yields ages on the order of 
15,000yrs. Combining the approximate emplacement time of 
15,000yrs with the gas volume that has been subject to 
dissolution enables estimation of dissolution rates for 
comparison with other well studied CO2 systems. 

 Oxygen isotope data do not show a clear diffusion profile  
which we interpret as due to re-equilibration of residual water 
in pore spaces. Isotopic re-equilibration of gases with water, as 
well as formation temperatures, will also be explored using 
temperature information derived from clumped CO2 isotopic 
analysis. 

 
[1] Gilfillan et al., (2008) GCA 72, 1174-1198; [2] Dubacq et 
al., (2012) EPSL 341–344, 10-19; [3] Stroud, J. R. (1997) New 
Mexico Institute of Mining and Technology; [4] Sathaye et al., 
(2014) PNAS 111, 15332-15337. 
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B/Ca ratios of calcitic foraminifer shells are influenced by 

seawater carbonate chemistry (seawater [B(OH)4
-/HCO3

-],  

[CO3
2-], and pH), and as such are increasingly being used as a 

proxy to reconstruct past changes in ocean pH, inorganic 
carbon content, and saturation state. However, the behavior of 
this proxy is subject to modification by the combined effects of 
metabolic processes (i.e., respiration, photosynthesis) and the 
foraminifers’ efforts to regulate the chemical 
microenvironment in which they grow their shells.  

We have cultured Orbulina universa across a range of 
seawater [DIC], pH and [Ca] compositions in an effort to 
deconvolve biological and environmental influences of 
seawater carbonate chemistry and saturation state on shell 
B/Ca. Experiments were specifically designed to determine the 
extent to which foraminifers modify the chemical composition 
of their calcification fluid, and to assess the influence of 
growth rate effects on B/Ca incorporation into foraminiferal 
calcite. 

Our B/Ca and calcification rate results were obtained by 
LA-ICPMS profiling and thus provide high-resolution insight 
into the biological boron incorporation process. While our data 
agree with previous culture experiments, comparison with 
inorganic calcite precipitation experiments [1] highlights 
disagreement with regard to [DIC] and [Ca] controls. The B/Ca 
composition of calcite precipitated by Orbulina universa is 
sensitive to [DIC] but the observed trend is opposite to that 
observed in inorganic calcite. Furthermore, precipitation rate 
does affect B/Ca in synthetic calcite but not in foraminifer 
shells. Our results have important implications for the 
interpretation of B/Ca as a proxy for seawater carbonate 
system parameters, particulary for past seawaters with DIC and 
[Ca] different to the modern ocean. 

 
[1] Uchikawa et al (2015) Geochimica et Cosmochimica Acta 
150, 171-191. 
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When testing ended in 1992, nearly 1 MCi of actinide 
activity was generated as a result of US underground nuclear 
weapons testing alone [1]. Credible modeling of radionuclide 
migration necessitates a thorough understanding of this source 
material. It was recently suggested from studies performed on 
Trinity debris that nearly all of the environmental Fe 
incorporated into fallout was reduced to ferrous forms [2]. In 
Trinity this is complicated by the metallic iron present from the 
tower and may not be representative of fallout from other tests. 

Figure 1: Optical microscopy (left) and backscattered 
electron microscopy (right) of aerodynamic fallout glass. 

 

In this study we combine XANES/XAFS, autoradiography, 
and SEM/EDS to characterize aerodynamic fallout from 
nuclear tests. Both U and Fe were characterized by 
XANES/XAFS to determine redox conditions in fallout from 
four nuclear tests. Autoradiography was used to map actinide 
concentration and correlate that data with major element 
composition as determined by SEM/EDS. This more complete 
description of the actinide material in nuclear fallout will aid in 
the modelling of radionuclide migration. 
 
[1] Bowen et al. (2001) LANL Report  LA-13859-MS [2] Giuli 
et al. (2010) Geological Society of America Special Paper 465, 
653-660 
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Changes in plate convergence are thought to cause the 

mantle wedge processes which result in contrasting 
geochemistry of mafic magmas behind the Andean Southern 
Volcanic Zone arc. In the Quaternary Payénia backarc both 
subduction zone enriched and intraplate type magmas have 
erupted. Neogene volcanism additionally includes arc 
magmatism, assigned to an eastward migration of arc 
magmatism during a flat slab interval in the Late Miocene. 
Pleistocene EM1-type OIBs have been ascribed to upwelling 
of South Atlantic type mantle with recycled oceanic crust 
during slab roll-back or break-off. Similar type magmas 
erupted in the Early Miocene may indicate the upwelling  
under Payénia of such mantle. 

New 40Ar-39Ar age and geochemical data from these Early 
Miocene rocks reveal a geographical compositional variation 
from Agua Escondida (AE) via Matancilla to Fortunoso, 
reflecting inhomogeneity in the mantle source, which is 
distinct from the Quaternary. 

All intraplate magmas have higher Nb/U and Ce/Pb, and 
lower Th/Nb and Ba/Nb than arc magmas, which have lower 
FeO and CaO/Al2O3 than both types of backarc magmas. 
Except for AE, the intraplate magmas are isotopically (Sr, Nd, 
Pb) distinct from the arc and other backarc magmas. 

AE magmas are isotopically similar to an end-member for 
subduction zone enriched backarc magmas, which therefore 
possibly acquired their incompatible trace element pattern 
through percolating fluids reacting with AE mantle. The last 
recorded intraplate magmatism of the Early Miocene, at  
18 Ma, has relatively low 207Pb/206Pb and 208Pb/206Pb, 
unradiogenic Sr and radiogenic Nd, suggesting a Pacific 
MORB mantle component not recorded elsewhere in Payénia. 
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The ocean has absorbed approximately 30% of 

anthropogenic CO2 emissions, contributing to the process of 
ocean acidification. Increasing pCO2 reduces pH and affects 
the dissolved inorganic carbon balance of the surface ocean. 
Ocean acidification is expected to have myriad consequences 
for calcifying biota, including impaired mineralization of 
calcified structures and dissolution of existing structures. To 
date, most research has investigated the effects of ocean 
acidification on externally calcified taxa, while comparatively 
little considers its effects on internal calcifiers. Of particular 
interest is the mineralization of (internally calcified) otoliths in 
teleost finfish. In fish, otoconial malformation is associated 
with behavioral abnormalities, and removal of otoliths impairs 
navigation. Thus, ocean acidification could have profound 
consequences for hearing and gravisense. Previous research 
focused on otolith morphology and mineralization in larval 
clownfish reared in high pCO2 treatments, and observed 
increasing sagittae circularity and decreasing perimeter and 
area with increasing pCO2. This study investigates the 
morphological development of otoliths in the Caribbean reef 
fish Haemulon chrysargyreum (Günther, 1859) under acidified 
conditions. Using a novel method for pH-stat CO2 dosing 
controllers, we reared fish in four pCO2 treatments for 
approximately 30 days until settlement. We extracted and 
imaged otoliths with both stereomicroscopy and scanning 
electron microscopy. We analyzed stereomicrographs for 
circularity, area, and perimeter with custom computer 
software. We analyzed scanning electron micrographs 
qualitatively for crystal core development. We observed 
decreasing somatic growth, increasing circularity of sagittae 
and asterisci, and decreasing circularity of right lapilli with 
increasing pCO2. Our study represents the longest trial of its 
kind ever conducted for a reef fish, and the first of its kind to 
observe an effect of acidification on asterisci in fish of any 
type. 
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In the characterization of geochemical systems, molecular 
dynamics (MD) simulations and other atomistic simulation 
techniques can provide invaluable insights into the dynamics 
and structure of complex and highly anisotropic molecular 
environments. The aim of this study is to quantify anion-
exclusion in the nanopores of hydrated smectite clay minerals 
and provide a molecular scale understanding of this 
phenomenon. In particular, our research aimed to re-examine 
earlier and seemingly contradictory MD simulation studies on 
anion exclusion in the two- and three-layer hydrates of Na-
montmorillonite [1] [2]. In this research we report the 
Helmholtz free energy barrier of Cl- entry from bulk-liquid-
like pore water into montmorillonite interlayer nanopores for a 
range of hydration states (one- to five-layer hydrates), counter-
ion types (Na+, Ca2+), ionic strengths, and montmorillonite 
edge structures. Montmorillonite edge surfaces were modelled 
using the so-called A-C and B-type edge models [3]. 
Interatomic interactions were modelled using the CLAYFF 
forcefield [4] and the SPC/E water model. Simulation were 
performed with Gromacs [5] and the free energy barriers were 
calculated from both regular MD simulations (500 ns) and 
from constrained MD simulations using umbrella sampling. 
 
[1] Rotenberg, B. et al., Geochim. Cosmochim. Acta 2007. 
[2] Hedstrom, M. et al., Geochim. Cosmochim. Acta 2012. 
[3] White, and Zelazny, L.W. Clay. Clay. Min.1988. 
[4] Cygan, et al., J. Phys. Chem. B 2004. 
[5] Hess, B. et al., J. Chem. Theory Comput. 2008. 
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Cr(VI)–Cr(III) interconversions are the principal source of 

Cr isotopic fractionation in Earth surface environments [1]. 
Heavy Cr isotopes partition preferentially into Cr(VI), while 
light Cr isotopes partition into Cr(III). Because Cr(VI) is more 
soluble than Cr(III), any Cr isotopic fractionation that occurs 
during continental weathering is transferred to the oceans in 
runoff, where it has the potential to be preserved in authigenic 
marine sediment. The mechanistic link between oxidative 
weathering on the continents and Cr isotope variability in 
marine sediment is the basis of a technique utilizing Cr 
isotopes as a tracer of Earth’s oxygenation history [2]. Most 
studies have focussed simply on demonstrating the presence or 
absence of Cr isotope fractionation in ancient marine sediment. 
If no Cr isotope fractionation is observed, then oxidative 
weathering is deemed to be diminished or absent altogether on 
the continents, with similar implications for atmospheric 
oxygen levels. Interpretations of δ53Cr in ancient marine 
sediments make no allowance, however, for fractionation of Cr 
isotopes by processes internal to the oceans. In this talk, we 
present measurements of Cr isotopes in seawater that show 
δ53Cr in the oceans is variable, with values ranging between 
0.5 and 1.5‰. The isotopic variations are systematically 
correlated with total Cr concentration (VI plus III), and are 
intepreted to reflect redox Cr-cycling in the oceans, 
specifically fractionation of Cr isotopes associated with 
reduction and removal fluxes of Cr(VI) and back-mixing of 
isotopically light authigenic Cr released from particles and 
sediment. These findings warrant reconsideration of the 
suggestion in [3] that seawater derived Cr in the anoxic marine 
sediment of the Cariaco Basin is unfractionated, but supports 
the findings in [4] that the Argentine Basin is characterized by 
a low seawater δ53Cr value of 0.5‰. Cr redox cycling in the 
oceans effectively overprints the isotopic signature of Cr 
weathering inputs on a global scale. This finding needs to be 
considered in applications of the Cr isotope proxy to Earth’s 
oxygenation history going forward.  
 
[1] Ellis et al., 2002, Nature 295, 2060–2062; [2] Frei et al., 
2009, Nature 461, 250–254; [3] Reinhard et al., 2014, EPSL 
407, 9–18; [4] Bonnand et al., 2013, 382, 10–20.  
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Dissolved iron (Fe) entering the oceans may be traced and 

quantified if it has a distinct isotope composition; studies of 
dysoxic and highly reducing ocean margin sediments agree - 
the reductive dissolution of Fe is a major source of dissolved 
Fe to the oceans with a light isotopic signature (e.g. δ56Fe = -
1.82 to -3.45‰), but basin-wide evidence is sparse and 
dissimilar. Here we present the first pore water profiles of 
dissolved Fe isotope ratios spanning the entire depth of the 
South Atlantic Ocean (60 to 5144 m water depth), and from the 
East and West margins. Shallow samples from the oxic shelf, 
slope and deep-seafloor sediments of UK-GEOTRACES, 
reveal a distinctly heavy isotopic signature for dissolved Fe 
(δ56Fe = 0.16±0.09‰, n = 8, relative to IRMM-014) that is 
overprinted by high-concentrations of light Fe isotopes 
emanating from underlying ferruginous zones of reductive 
dissolution. A further assessment of Fe partitioning between 
soluble and dissolved fractions shows Fe colloids dominate the 
pore water content in oxic zones. These findings indicate non-
reductive sediment dissolution may impart a basin-scale 
influence on the oceanic Fe budget, its isotope composition 
and physico-chemical speciation. 
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A contaminant leachate plume, associated with a closed 

and caped landfill in North Central Massachusetts, USA, 
contains surprisingly high levels of arsenic which at several 
locations within the plume can reach and exceed 15,000 ppb of 
As in ground water. The landfill waste material was dumped 
over a layer of peat of variable thickness (up to 4 m thick), 
originally a marshland that developed over a thick sequence of 
glacial lake deposits (50 to 100 ft).  

During the summer of 2010 a comprehensive study of the 
landfill area included direct-push drilling at 18 separate 
locations at regular 10 ft vertical intervals. The results indicate 
in 3D the regions of elevated arsenic concentrations and more 
importantly provide a unique opportunity to delineate arsenic 
pathways in 3D space. The study identified an existence of 
unexpectedly high arsenic zone with strong concentration 
gradients on each side of the zone. The zone is less than 3.5 m 
thick, contains As above 10,000 ppb (up to 16,000 ppb), and is 
positioned directly beneath the peat layer. One possibility for 
the source of As is the peat layer itself which, when covered by 
the waste material, gave rise to bacterial activity creating a 
reducing environment and remobilization of arsenic. 
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Analyses of noble gas isotopes by multi-collector, high 

resolution mass spectrometry have the potential to 
revolutionise applications in the cosmo-geo-sciences. The 
Helix-MC Plus noble gas mass spectrometer installed at the 
Australian National University (ANU) is equipped with unique 
high mass resolution collectors [mass resolution (MR): ~1,800 
and mass resolving power (MRP): ~8,000], including fixed 
axial (Ax), adjustable high mass (H2) and adjustable low mass 
(L2) detectors. The high mass resolution of the L2, Ax and H2 
collectors permits complete separation of 20Ne (measured on 
L2 detector) from doubly charged interfering 40Ar (required 
MR of 1,777), 1H19F (MR = 1450), 1H2

18O (MR = 894) and 
partial separation of the 21Ne peak (on Ax detector) from 
interfering 20Ne1H (MR = 3,271), and 22Ne (on H2 detector) 
from interfering doubly charged CO2 (MR = 6,231). Because 
of the high MRP of ~8,000, 21Ne can be measured, essentially 
without interference from 20Ne1H, by setting the magnet 
position on a 20Ne1H interference-free position. This capability 
provides an important opportunity to re-evaluate the 21Ne 
abundance in the atmosphere. Our analyses demonstrate that 
20Ne1H contributes ~4% to atmospheric 21Ne measurements, 
with the corresponding production ratio of 20Ne1H to 20Ne 
being ~1E-4. We calculate a new atmospheric 21Ne/20Ne ratio 
of 0.00287 relative to an atmospheric 22Ne/20Ne ratio of 0.102; 
this new value is distinctly lower than the current IUPAC 
recommended 21Ne/20Ne value of 0.00298.  There are several 
significant implications ensuing from the newly determined 
atmospheric 21Ne abundance. For example, in the area of Earth 
sciences the most critical issue relates to cosmogenic 21Ne 
surface exposure ages, which involve the calculation of 21Ne 
concentrations from excess 21Ne, relative to the atmospheric 
21Ne/20Ne ratio. For young samples, where cosmogenic 21Ne 
contents are small and the 21Ne/20Ne ratio is close to the 
atmospheric value, the revised value could increase 
cosmogenic 21Ne ages by ~30%. 
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Chromium-rich spinel commonly occurs in exposed 
ultramafic bodies. To investigate magnetic properties of 
Chromium -rich spinel, we collected twelve samples that might 
contain potentially magnetic Chromium-rich spinel. Magnetic 
characterization and compositional analysis revealed that eight 
samples were magnetic while four other samples were non–
magnetic. A total of seventeen different spinel phases were 
recognized from twelve samples analyzed. There is a tendency 
that the magnetic remanence carrier reflects the degree of low-
temperature metamorphism (serpentinization). Magnetite was 
solely responsible for the main natural remanent magnetization 
(NRM) in four samples that are severely serpentinized. In four 
other samples that were magnetic, stable remanenece in 
Chromium-rich spinel was probably acquired as a result of the 
subduction-induced metamorphism of ultramafic complexes. 
On the basis of compositional analysis, it is apparent that a 
high Fe/Cr ratio and a low (Al+Mg)/(Cr+Fe) ratio are required 
for the presence of magnetic Chromium-rich spinel. 
Chromium-rich spinel has a Curie point of 200-350ºC, which 
would allow their presence up to ~10 km in terrestrial 
lithosphere, given a normal geothermal gradient. Thus, 
Chromium-rich spinel is a potential NRM carrier and a source 
of magnetic anomalies in ultramafic complexes.samples. 
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Sediment porewater serves as a third endmember in 

estuarine mixing. Here, we utilize the 224Ra/228Th 
disequilibrium approach to determine the benthic fluxes of 
solutes (DIC and NH4

+) and their influence on the mixing of 
these species in the Jiulong River Estuary, southeast China. 
Fluxes of 224Ra were calculated with a 1 D mass balance 
model. We demonstrated that irrigation was the dominant 
mechanism controlling the transfer of solutes across the 
sediment-water interface. Based on the mass balance of water 
column 224Ra, site-specific residence times of water mass were 
estimated to be -44±8–2.8±0.2 d. The negative values were 
derived in the mid estuary, presumably resulting from the 
assumption of a negligible submarine groundwater discharge 
(SGD). By reconciling the water residence times, the 
contribution of SGD were distinguished with that of porewater 
injection. 

The benthic fluxes of DIC, and NH4
+ were estimated using 

the 224Ra/228Th disequilibrium approach. They can well support 
the addition of these solutes in the estuary. The average fluxes 
of DIC over the whole estuary were -172 mmol m-2 d-1. which 
were comparable to the net export by SGD for DIC. In 
addition, they were equivalent to ~46% and ~129% of the 
riverine input. Hence, the results here highlight the essential 
role of sediment for the budget of solutes in estuary.  
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Pb concentrations and its isotopic compositions have been 

determined in NEEM (North Greenland Eemian Ice Drilling) 
deep ice core from Greenland (77.45o N, 51.06 o W, 2,450 m 
a.s.l.) using thermal ionization mass spectrometry (TIMS). 44 
core sections analyzed were from depths of 1215 m to 1671 m, 
corresponding to the period  ~8000 yr BP to ~30,800 yr BP. 
An improved decontamination method and ultraclean 
analytical procedures were used to prevent possible 
contamination. We present here the first comprehensive and 
reliable Pb concentrations and Pb isotopic record showing 
temporal variations in concentrations and isotopic 
compositions as a function of climatic conditions from the Last 
Glacial Maximum to the Holocene transition period. Low Pb 
concentrations (<10 pg/g) were found during warm climatic 
period, while higher Pb concentrations (up to 150 pg/g) were 
found during cold climatic period. 206Pb/207Pb isotopic ratios 
were generally lower during warmer conditions and higher 
during colder conditions. This difference in  206Pb/207Pb 
isotopic ratios linked to climatic conditions indicates changes 
in relative contributions of natural sources (mainly crustal and 
possibly volcanogenic Pb)  as well as changes in the source 
areas of dust. Our NEEM ice core record provides a clue to 
deduce the coupling/decoupling processes of atmospheric 
circulation and environmental changes with climate change in 
the Northern Hemisphere. 
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One of the most important challenges linking benthic 

ecology and biological and physical oceanography is in 
understanding mechanisms of connectivity among populations 
with planktonic larvae. Such knowledge is critical to marine 
conservation, specifically in the placement and design of 
marine reserves and the establishment of local harvesting 
limits. The blue mussel, Mytilus edulis, is abundant throughout 
the Gulf of Maine where it is spatially dominant in intertidal 
communities, plays a key role as an ecosystem engineer, and 
represents an important foundation species. The use of trace 
elemental fingerprinting in assessing population connectivity is 
supported its recent success in mussel populations along 
southern California. In this study, elemental fingerprinting was 
used to quantify connectivity among previously unexplored 
blue mussel populations in the Gulf of Maine and test 
predictions from biophysical larval transport models about the 
direction, scale and intensity of dispersal. During growth, 
CaCO3

 

is deposited atop shell proteins, passively recording 
water chemistry. Larval and juvenile mussels (< 150 µm, 2 mm 
respectively) were deployed in mesh baskets while settlers 
were collected on anchored mesh pads at 15 sites in Maine. 
Concentrations of trace elements (Ba, Cr, Fe, Mg, Mn, Pb, Sr, 
Zn) relative to Ca were quantified using laser ablation 
inductively coupled plasma mass spectrometry (LA-ICP-MS). 
Discriminant function analyses were performed to create a 
geospatial reference map. Larval shells of collected settlers 
were analyzed to determine natal origin.  Larval and juvenile 
isotopic signatures were compared to determine age 
differences in shell chemical composition.  Significant 
differences in several key elements among larval and juvenile 
shells were observed, while DFA analysis correctly assigned 
shells to sites with over 70% accuracy.  Settler analysis 
revealed both local and regional dispersal patterns in 2014.  

Elemental fingerprinting represents a powerful, unique 
approach to determine larval dispersal and improve 
understanding of the demographic, ecological and evolutionary 
consequences of the pelagic dispersal phases for the blue 
mussel and other ecologically important marine organisms. 
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Model simulations predict that global ocean oxygen 

concentrations may decline by 30% by the year 2800 [1-3]. 
This decline is attributed to anthropogenic driven surface water 
freshening (increased precipitation and melting of sea-ice) in 
the polar regions causing a reduction in the meridional 
overturning circulation [1-3].  

Here we study the effects of a reduced / shoaled AMOC on 
deep and intermediate water oxygen concentrations in the 
North Atlantic Ocean involving large-scale ice rafting as well 
as some millennial scale cooling events of the last glacial. We 
use the δ13C gradient between bottom water and pore water at 
the anoxic boundary as a quantitative proxy to reconstruct 
bottom water [O2] [4]. We compare and discuss reconstructed 
bottom water [O2] at two sites from a deep northeast (MD95-
2042, 3.1 km) and an intermediate northwest (ODP 1055,  
1.8 km) location. 

 
[1] Matear & Hirst (2003)  Glob. Biogeochem. Cycles 17, 
1125, doi:10.1029/2002GB001997. [2] Schmittner,  Oschlies, 
Matthews & Galbraith (2008) Glob. Biogeochem. Cycles 22, 
GB1013, doi:10.1029/2007GB002953. [3] Shaffer, Olsen & 
Pedersen (2009) Nat. Geosci. 2,105–109. [4] Hoogakker, 
Elderfield, Schmiedl, McCave & Rickaby (2015) Nat. Geosci. 
8, 40-43. 
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Carbonates have been widely used as model systems to 

study the dissolution and growth of crystals due to their 
important role in numerous biogeochemical cycles and 
particularly in the sequestration of carbon dioxide.  While the 
enhancing influence of microbes on the degradation of 
carbonate minerals has been described for decades, inhibitory 
effects on the calcite dissolution have been observed in recent 
years. The attachment of microbes to specific crystal surface 
sites, i.e., etch pits, has been emphasized as one key aspect in 
the microbial interference with the calcite dissolution process 
[1]. However, a more quantitative understanding of the 
interaction between microbes and crystal surface topography is 
needed to provide any predictability of the dissolution and 
precipitation kinetics in the presence of microbes. 

Here we apply vertical scanning interferometry to quantify 
and compare the interactions between the environmental 
microbe Shewanella oneidensis MR-1 and calcite surface sites 
having differing surface energy such as terrace sites, steps and 
etch pits. We discuss results about preferred bacterial 
attachment and the resulting impact on the calcite dissolution 
kinetics and apply the concept of rate spectra [2] in order to 
identify the microbial impact on the overall reaction rate. 
 
[1] A. Luttge, P.G. Conrad (2003), Appl Env Microbiol, 70, 
1627-1632. [2] Fischer et al (2014), Appl Geoch 43, 132-157. 
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Rare earth elements (REE) are used in mostly all new 

technologies and until now, there is nearly no recycling of 
REE containing end-of-life products [1]. Furthermore, only 
poor information is available regarding interactions of 
microorganisms with REE and there are almost no studies 
describing the bioleaching of REE. However, it can be 
assumed that microorganisms play an important role in the 
biogeochemistry of REE. This study investigates the potential 
of organic acid producing microbes to extract REE from 
technical waste. 

During recycling of energy-saving bulbs fluorescent 
phosphor (FP) is collected as a distinct fraction. It contains 
about 10% REE-oxides bound in the hardly water-soluble 
triband dyes as oxides, phosphates and aluminates [2]. In the 
present, the feasibility of the mixed culture Kombucha to 
dissolve the REE-compounds from FP was examined. 
Kombucha is a symbiosis of acetic bacteria and yeasts that 
grows on green tea with sucrose producing organic acids. 
Besides batch- and fed-batch approaches with the whole 
culture, also experiments with single Kombucha-organisms 
and culture supernatant were performed. The concentrations of 
the solubilised metal ions in the supernatant were measured 
with ICP-MS and the produced organic acids were analysed by 
HPLC. Futhermore, we tried to determine the microbial 
diversity trough DNA-analysis.  

It could be shown, that the production of organic acids by 
the microoganisms of Kombucha lead to considerable higher 
concentrations of REE in the supernatant than in the control. 
These results show that it is possible to dissolve the 
REE-compounds of FP by the help of microbial processes. 
Moreover, it provides the basis for the development of an eco-
friendly alternative to the currently applied methods.  
 
[1] European Commission (2014) On the review of the list of 
critical raw materials for the EU and the implementation of the 
Raw Materials Initiative, Brüssel. [2] Haucke et al. (2011) 
Verfahren zur Rückgewinnung seltener Erden aus 
Leuchtstofflampen, Osram AG. 
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Current predictions suggest the future of soil carbon stocks 

depends on the balance between increased inputs due to CO2 
fertilization, and increased decomposition due to global 
warming. To test this hypothesis, we examined the effect of 
warming on soil carbon fluxes in three long-term Free Air CO2 
Enrichment (FACE) experiments in North America, 
encompassing temperate evergreen and deciduous forest, and 
native prairie. We took advantage of the depleted carbon 
isotope label added to soils during FACE to distinguish 
between carbon newly added to soil, and carbon stabilized in 
soil prior to the experiment. This age tracer allowed us to 
investigate the vulnerability of stabilized soil carbon to 
warming and changing substrate availability belowground. We 
found that laboratory warming increased respiratory loss of 
stabilized soil carbon at all three sites, regardless of substrate 
depletion after extended periods of no new inputs. Warming 
accelerated the positive priming response to elevated CO2 
observed in soils from the temperate deciduous site. These 
findings suggest that the majority of soil carbon at these sites is 
vulnerable to faster decomposition with climate change, and 
that some soils are likely to switch from a net carbon sink to 
source with the combined effects of warming and elevated 
CO2.  
 

1308



 Goldschmidt2015 Abstracts  

 1309 

Stable Sr isotopic study of Himalayan 
leucogranites 

THOMAS N. HOPKINSON1*, BRUCE L. A. CHARLIER1,  
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Strontium is a lithophile element with four stable isotopes: 

84Sr, 86Sr, 87Sr and 88Sr.  Conventional radiogenic Sr isotope 
measurements of 87Sr/86Sr (using TIMS or MC-ICP-MS) are 
corrected for instrumental mass fractionation by assuming a 
value for the 88Sr/86Sr ratio of 8.375209. This internal 
normalisation permits the measurement of 87Sr/86Sr ratios to a 
very high precision. However, the use of this fixed value 
assumes the ratio is invarient in nature. Thus, use of a fixed 
value for 88Sr/86Sr for internal normalisation not only obscures 
the signature of natural mass-dependent fractionation, but also 
precludes the direct comparison of 87Sr/86Sr ratios in materials 
with disparate 88Sr/86Sr. Moynier et al. [1] and Charlier et al. 
[2] presented stable Sr data for a variety of terrestrial, and 
concluded that whilst the majority of samples lie within error 
of BSE (δ88/86Sr = +0.29‰), a range of more evolved rhyolite 
tuffs from unrelated volcanic centres recorded lower (lighter) 
values of δ88/86Sr, as low as -0.2‰. These findings 
demonstrated to a first order that there may be potential in 
δ88/86Sr variations in igneous systems to track magmatic 
processes. Here, we present δ88/86Sr and δ84/86Sr data 
determined using double spike TIMS and Zr-doped MC-ICP-
MS techniques to investigate a related suite of granitic rocks. 

This study investigates Miocene leucogranites from 
Bhutan, in the eastern Himalaya.  These rocks represent pure 
crustal melts formed during orogenesis from 30 to 10Ma. We 
find a range in δ88Sr larger than any recorded thus far, with 
samples varying from -0.61‰ to +0.65‰ δ88/86Sr, deviating to 
both lighter and heavier Sr isotope compositions relative to 
BSE. These data will be presented along with major and trace 
element abundances in the same samples to determine the 
mechanisms for stable Sr fractionation.  Our data clearly 
demonstrate that the stable Sr system has huge potential as a 
tracer of processes both in igneous and crustal systems. 

 
[1] Moynier et al. (2010) EPSL, 300, 359-366. [2] Charlier et 
al. (2012) EPSL, 329-330, 31-40. 

1309



 Goldschmidt2015 Abstracts  

 1310 

Noble gases in Indian carbonatites 
from Amba Dongar and Sirivasan 

JENS HOPP1 AND SHRINIVAS G. VILADKAR2 

1Institut für Geowissenschaften, Universität Heidelberg, Im 
Neuenheimer Feld 234-236, D-69120 Heidelberg, 
Germany, jens.hopp@geow.uni-heidelberg.de 

2Visiting Faculty, Mumbai University and Director (Hon), 
Carbonatite Research centre, 390117 Amba Dongar, 
Kadipani, Gujarat, India, sviladkar@gmail.com 

 
The Amba Dongar and Sirivasan carbonatite complexes 

are related in time to the large Deccan flood basalt event  
65 Ma ago, commonly considered as the initiation of the 
Réunion mantle plume. Therefore, they are well-suited targets 
for a noble gas study investigating the role and provenance of 
mantle fluids in generating the carbonatite complexes. 

We analysed calcite and pyroxene separates for their noble 
gas composition with the stepwise crushing method. One 
major feature is a very radiogenic 4He/3He composition of 
>800,000 up to about 20,000,000 which is considered as 
evidence for either some insitu radiogenic ingrowth of 4He or 
(more likely) as a consequence of interaction with crustal 
fluids sourced by the older country rocks. Neon composition in 
part mirrors the He composition, as we observe at progressive 
stages of crushing a clear nucleogenic (= crustal) neon isotope 
composition. In one mineral separate from Amba Dongar 
consisting of a diopside-andradite mixture we observed 
20Ne/22Ne ratios down to 0.5 in the final crushing step, but low 
21Ne/22Ne ratios of about 0.0260. This indicates a source region 
rich in fluorine as e.g. encountered in fluorite assemblages 
related to the emplacement of the carbonatite complex. 
Because it requires considerable time to create such an 
anomaly, entrapment of the fluids occurred rather recently. 

In opposite to the crustal signals however, we find strong 
evidence of mantle neon in the first crushing steps. The neon 
composition of Amba Dongar samples exhibits plume-neon 
contributions ranging up to the Réunion hotspot reference line. 
A pyroxene separate of Sirivasan even showed a Loihi-type 
neon composition. Apparently, both upper mantle and mantle 
plume sources contributed to the formation of the carbonatite 
complexes to a different extent. Argon isotopic compositions 
appear strongly altered by interaction with atmospheric argon 
showing 40Ar/36Ar ratios commonly below 1600 except for two 
calcites for which we observed values up to 6450±40. These 
latter values likely reflect interaction with crustal fluids 
characterised by an elevated 40Ar/36Ar ratio. However, assessed 
air-corrected mantle 40Ar/36Ar ratios could be as high as 9000. 
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The abundances of highly siderophile elements (HSE) in 

the primitive upper mantle of the Earth are higher than those 
expected for equilibrium metal-silicate partitioning during core 
formation in Earth (e.g. [1]). This HSE excess is commonly 
explained by the addition of a late veneer of primitive material 
to the Earth's mantle after core fomation was complete [e.g. 2]. 
However, non-chondritic relative abundances of Pd and Ru in 
the Earth's mantle indicate that either the late veneer was 
comprised of material distinct from known groups of 
chondrites (e.g. [1] [3]) or represents a mixture of chondritic 
and differentiated meteoritic material [4]. Alternatively, the 
mantle abundances of some HSE are at least partly influenced 
by metal-silicate equilibration at high temperatures and 
pressures [e.g. 5]. For instance, the concentrations of Au, Pt 
and Pd can be explained by high PT core formation  
(e.g. [5-7]). To distinguish between the addition of a late 
veneer and high-PT metal-silicate partitioning during core 
formation as the dominant processes establishing HSE 
abundances, the investigation of stable isotope fractionations in 
HSE are useful. This is because metal-silicate equilibration of 
HSE should impart a strong isotope fractionation in the 
silicate, due to the very strong affinity of HSE for metal.  

We have developed a new 98Ru-101Ru double spike for the 
precise measurement of small mass-dependent Ru isotope 
variations in meteorites and terrestrial samples. The isotope 
measurements were conducted using the Neptune Plus MC-
ICPMS at the University of Münster, and the data reduction is 
made off-line using the double spike toolbox [8]. Our first 
preliminary results show that carbonaceous and ordinary 
chondrites as well as IIIAB iron meteorites are isotopically 
fractionated compared to an Alfa Aeasar Ru standard solution. 
There also is a hint of small Ru stable isotope variations 
among the investigated meteorites, but these differences are 
small and not yet clearly resolved and need further 
investigation through the analyses of a more comprehensive set 
of samples.  

[1] Becker et al (2006) GCA 70, 4528-4550. [2] Kimura et al 
(1974) GCA 38, 683-701. [3] Walker (2009) Chem. Erde 69, 
101-125. [4] Fischer-Gödde and Becker (2012) GCA 77, 135-
156. [5] Righter et al (2008) Nat. Geosci. 1, 321-424. [6] 
Danielson et al (2005) LPSC XXXVI, 1955. [7] Cottrell et al 
(2006) GCA 70, 1565-1580. [8] Rudge et al (2009) Chem. 
Geol. 265, 420-431. 
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Volcanic plumbing systems, particularly in continental 
arcs, have long been recognized as sites of open system 
processes. Disequilibrium textures or zoning in phenocrysts 
result if crystallization is coeval with assimilation or mixing. 
Radiometric dating measures a crystal’s residence time in the 
plumbing system, but not necessarily its residence time in the 
host melt [1]. Indeed, the relative amount of time spent by 
melts vs. crystals in any particular crustal reservoir may be 
very different. 

At Parinacota Volcano (central Andes), eruptions 
transitioned from tapping of a stagnant, silicic, crystal-rich 
mush to a more dynamic, mafic, crystal-poor magma over ca. 
30 k.y. when recharge increased and mafic magmas transited 
the crust much faster [2]. Bulk lava chemistry and isotopic 
composition during initial stages of this transition (47-28 ka) 
indicate that the magmatic system was compartmentalized: one 
part evolved to more silicic compositions consistent with 
fractional crystallization, whereas the other became slightly 
more mafic by recharge. Despite heterogeneity of host melts 
erupted during this change in magmatic regime, the crystal 
cargoes in these magmas are homogenous in terms of mineral 
phases present, their major and trace element chemistry, age, 
and recorded P-T conditions and thus are likely to be derived 
from the same long-lived crystal-rich reservoir. 

Bulk composition of lavas varied on timescales of 
hundreds to thousands of years – evidence that melts reside in 
the system relatively briefly. In contrast, U-Th dating indicates 
the crystal cargo is much older (up to 350 k.y.), especially in 
the case of zircon. Reconciling these two lines of evidence 
suggests that: (1) the same cohort of crystals remains in the 
magma reservoir for periods of time much longer than it takes 
to build a volcano, (2) the presence of any given melt is 
ephemeral, and (3) the capacity of melts to transport crystals to 
the surface is limited and varies with magma flux. At 
Parinacota, several k.y. of mafic recharge were still not 
sufficient to completely purge the persistent old crystals from 
the reservoir(s). 

 
[1] Cooper & Kent (2014) Nature 506, 480-483. [2] Hora et al. 
(2009) EPSL 285, 75-86. 
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The molybdenum (Mo) isotope composition of river water 
plays a central role in setting the δ98/95Mo of the oceans [1] [2]. 
Use of δ98/95Mo as a palæo-redox proxy in marine sediments 
requires quantification of the controls on δ98/95Mo in 
continental runoff. Additionally, Mo can be sourced from 
sulfides and organic carbon, and its mobilisation may help 
quantify oxidative weathering reactions which govern the 
long-term evolution of atmospheric CO2 and O2 [3] [4]. Here 
we present measurements of redox-sensitive trace elements Mo 
and rhenium (Re) and δ98/95Mo in rivers with contrasting 
lithology and differing erosion processes (glacial versus non-
glacial) to understand dissolved δ98/95Mo variability. 

Existing δ98/95Mo data from glacial rivers in basaltic 
catchments in Iceland [2] show δ98/95Mo values increase from 
~0‰ close to the source to ~1‰ downstream. This is thought 
to reflect weathering of basalt (0‰) and isotope fractionation 
downstream associated with oxy-hydroxide formation or 
cycling of Mo through organic matter. New data from the 
Skaftá glacial river indicates higher δ98/95Mo values at the 
source (0.43‰) which decrease downstream (0.23‰), 
suggesting a role of the rhyolitic basement geology in this 
catchment and a predominance of sulfide weathering. A 
sulfidic source of Mo is supported by high sulfate 
concentrations. δ98/95Mo data from the Skaftá River also 
support the premise that glacial systems are isotopically heavy 
compared with non-glacial systems [2] with a non-glacial 
tributary having δ98/95Mo = 0.08‰. Sediment with high surface 
area to volume ratio in glacial catchments may facilitate 
increased isotopic fractionation.  

Preliminary dissolved Re concentrations in rivers draining 
meta-sedimentary bedrock in the western Southern Alps, New 
Zealand, suggest that the efficiency of oxidative weathering 
reactions is much greater in glacial ([Re] = 1.3ppt-1.5ppt) 
compared with non-glacial catchments ([Re] = 0.4-0.7ppt). 
Application of δ98/95Mo in these systems will lend new insights 
into the role of Mo source versus isotope fractionation during 
weathering in these catchments. 
 
[1] Archer & Vance (2008) Nature Geosci. 1, 597-600. [2] 
Pearce et al. (2010) EPSL 295, 104-114. [3] Calmels et al. 
(2007) Geology 35, 1003-1006. [4] Hilton et al. (2014) EPSL 
403, 27-36.  
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The mantle overturn model by Hess and parmentier (1995) 
has been widely accepted, which well explains the later magma 
activity in the mare basalts and possibly the dctonomy the 
Moon. The model requires effectve accumulation of the 
residual melts enriched in incompatible elments during the 
magma ocean crystalliation just below the anorthosite crust, 
and they have evaluated the time scale of the development of 
the graviational instability. 

The accumulation of the incompatible elements-enriched 
layer, however, is not guranteed if percolation process was 
highly effective that erases the density  reversal.  In order to 
evaluate the evolution of the density of the lunar magma 
ocean, we have developed a new physical and chemial model 
that desribes the chemical evolution of the magma ocean as a 
function of several physical parameters. The crystallization 
model is based on Sakai et al (2014) and the percolation 
process in the cumulate layer were taken into consideration.  

The density of the magma ocean decrease from ~3150 to 
~2929 [kg m-3] with the progress of crystallization, and then 
increases to ~3100 [kg m-3] after appearance and floatation of 
anorthite, though the exact numbers vary depending of the 
parameters.  The viscosity of the magma ocena increases from 
~5 to ~500 [Pa s] till the appearance of anorthite, which 
slightly decreases after anorthite crystallization.  

By using the density and visosity parameters, we have 
evaluated the percolation time, which is defined to be the time 
for the growth of the density instability between the overlying 
magma ocean and the trapped melt in the underlying cumulate 
layer.  The results show that the percolation time shows 
extremely large dependence on the grain size; the percolation 
time is unrealistically long if the grain size is smaller than 
10um. If the grain size is larger than 1cm, the percolation time 
is short enough to grow the density instability. Thus, the 
density reversal that was achieved by differentiation was 
effectively resolved during crystalliation of the magma ocean 
if the grain size of olivine and pyroxene was larger than  
~100 micron, that is, the residual melt layer enriched in 
incompatible elements, Fe, and Ti beneath the anorthosite crust 
is not expected to form.  
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Highly Cr(VI) contaminated fields are still being found 
around Edogawa and Koto areas in Tokyo. Slag from a 
chromate manufacturing plant had been disposed underground 
at those locations until 1972. The Cr(VI) contaminants have 
often been found in groundwater and soil although the 
government made attempts to deal with the Cr(VI) pollution by 
applying FeSO4 treatment. We investigated Cr(VI) pollution in 
these areas and found that ongoing pollution are caused by 
elution from the slag due to both heavy rain and snowfall. 

Both Fe(II) and humic acid exist naturally in soil, and 
strongly contribute to reduce Cr(VI) in the environment. We 
made a fundamental research on how Fe(II) and humic acid 
contribute to reduce Cr(VI) to Cr(III), and applied the results 
to remediation of the pollution. In this study, the quick-
XAFS(QXAFS) was used for consecutive high time resolved 
observations of the reduction reaction. The results showed that 
Fe(II) directly contributes to Cr(VI) reduction, meaning that 
Fe(II) is simultaneously oxidized to Fe(III) by Cr(VI). It is 
noteworthy that the Cr(VI) reduction reaction remained even 
when the initial Fe(II) had run out. We consequently focused 
on the role of humic acid in this process. The chemical state 
changes of Fe during the Cr(VI) reduction were examined 
using 57Fe Mössbauer spectroscopy. The results of Mössbauer 
measurements revealed that Fe(III) produced through Cr(VI) 
reduction was reduced back to Fe(II) by humic acid, which had 
the same state as the initial Fe(II). It indicated that humic acid 
reproduces usable Fe(II) component from the spent Fe(III) 
during the Cr(VI) reduction reaction. Humic acid therefore act 
as a promoter and continue the Cr(VI) reduction cycle. We can 
conclude that this reduction cycle works in the natural 
environment as well as the simple system at our laboratory 
experiment; Fe(II) significantly contributes to the remediation 
by reduction of a Cr(VI)-contaminated soil, that reaction 
becomes more efficient by adding humic acid. 
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Femtosecond based laser ablation system are still quite rare 
in the analytical community since most of the app-lications in 
earth science can be tackled with nano-second laser systems. 
Advantages of femtosecond lasers ablation however, are 
mainly based on the different ablation process underlying the 
laser pulse interaction with matter and allowing for largely 
matrix independent calibration strategies. Therefore 
applications requiring high precision (<1 ‰) and matrix in-
dependency are the primary field of femtosecond laser ablation 
and cover mainly the non-traditional stable isotope systems 
such as Li, B, Mg, Si, Fe, and Cu which require the use of the 
standard-sample bracketing procedure.Using faraday cups as 
the detection system a precision of ~ 0.1 ‰ (2SD) can be 
achieved routinely for the isotope systems of Mg, Si, Fe and 
Cu using MC-ICP-MS. During ion counting, however the 
obtainable precision is largely depending on counting 
statistical limitations resulting in a precision of <1permil (2SD) 
for the isotope systems of Li and B. With modifications to the 
interface region of the mass spectrometer those isotope 
systems can be determined at concentration levels of 3-5 ppm 
for B at the above precision using a 35 micron spot at a 
repetition rate of 10Hz. Under these conditions a sensitivity of 
~70000 cps/ppm and ~250000 cps/ppm can be obtained on a 
Thermo Finnigan Neptune Plus for Li and U, respectively. 

The goal for most applications is to use as little material as 
possible at high spatial resolution. In order to fulfil this the 
ablations rates/pulse have to be small which, however can only 
be achieved by controlling the energy density applied to the 
sample. Ablation threshold con-ditions are dependent on the 
wavelength and favour the use of deep UV light for ablation. 
Here we will discuss the concepts with respect to wavelength, 
energy density and focal position leading to a successful 
application of femtosecond laser ablation in chemistry. 
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Mass-dependent stable isotope fractionation provides a 
tool to decipher the conditions, processes, and mechanisms 
acting during differentiation (core formation) and igneous 
activity on planetary bodies (e.g., [1] [2]). This furthers our 
understanding of the present-day chemical and isotopic 
compositions of terrestrial and extraterrestrial materials. 
However, detailed knowledged of isotopic fractionation factors 
during these processes is inevitable. It has been shown and 
parameterized experimentally that, e.g., Mo and Si stable 
isotopes are fractionated during metal-silicate differentiation 
[3] [4], whereas, e.g., Fe is not [5]. The extent to which stable 
W isotopes fractionate during metal-silicate segregation has 
not been constrained experimentally yet. 

To resolve potential equilibrium fractionation of W 
isotopes during core formation, metal-silicate equilibration 
experiments are conducted in a centrifuging furnace (Tmax 
~1700°C) to efficiently separate the metallic from the silicate 
liquid. Contamination from metal in the silicate has to be 
minimized to not disturb any fractionation effects. Elemental 
Sn is used in synthetic metal-oxide mixtures to lower the 
melting point of the metal. This helps to achieve efficient 
metal-silicate separation at relatively low temperatures where 
the isotope fractionation is larger. The experiments will be 
performed over a range of temperatures to calibrate the 
temperature dependence of possible stable isotope 
fractionations. High-precision isotope analyses of the run 
products, both separated metal and silicate, are performed 
using our newly developed 180W-183W double spike, permitting 
precise measurements of the anticipated small isotope 
fractionations. The results and implications derived from 
experimental runs will be presented and discussed at the 
meeting.  

 
[1] Moynier et al. (2011) Science 331, 1417-1420. [2] Wang et 
al. (2012) GCA 89, 31-45. [3] Hin et al. (2013) EPSL 379, 38-
48. [4] Hin et al. (2014) EPSL 387, 55-66. [5] Hin et al. (2012) 
GCA 93, 164-181. 
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In this study n-alkane and isoprenoid, saturated and 

aromatic biomarker distributions of Miocene coals in the Çan 
(Çanakkale) region were determined to investigate organic 
geochemical characteristics, depositional environment and 
hydrocarbon potential of these coals.  

The Rock Eval analyses show that the average total 
organic carbon (TOC) content of the peat was 47%, and the 
average HI value was 172 mgHC/gTOC, OI values (avg.  
23 mgCO2/gTOC) show that the depositional environment of 
peat deposits were suboxic. According to HI-Tmax, S2-TOC 
classification diagrams and Pr/n-C17-Ph/n-C18 diagram, the 
organic matter is composed of Type II and Type III kerogen 
mixing and represents a transitional environment. In gas 
chromatographs, n-alkanes with high, mostly single-numbered 
carbons are dominated and they are associated with a slight 
algal contribution. CPI22-30 is calculated as 3.8 and  
2.6. Terrigenous/aquatic ratio (TAR) is high, computed as  
2.9 and 1.2. These values indicate a dominance of high-carbon 
numbered n-alkanes, meaning the presence of terrestrial 
organic matter. 

20S/(20R+20S), ββ/(αα+ββ) sterane, 22S/(22R+22S) 
homohopane, moretane/hopane ratios that reflect the maturity 
of organic matter are indicative of immature organic matter. 
MA(I)/MA(I+II), TA(I)/TA(I+II) and C28TA/(C29MA+C28TA) 
steroid, MPI, MPR, MDR ratios obtained from aromatic 
biomarkers are quite low which show an immature character.  

The n-alkane, saturated and aromatic biomarker data on the 
Çan coals reveal that deposition took place in a terrestrial 
environment changing from lacustrine to fluvial under 
predominately suboxic-anoxic conditions.  
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The recent rapid economic growth and accompanying 
energy consumption in the East Asian region particularly 
China, have produced increasing emissions of air pollutants in 
the last decades. There is some evidence that, air masses of air 
pollutants are transported to Japan. Sediment cores of six lakes 
situated near the coast of Japan Sea were collected throughout 
a fourteen-month period in 2009 and 2010 to analyze the 
deposition of lead (Pb) coming from Asian continent, 
including Russia, China and South Korea. Age determination 
and sedimentation rates of the lakes sediments were performed 
by the 210Pb and 137Cs dating using the CRS model, in order to 
know the historical trends of Pb concentration. Cores from four 
lakes located in the north and center of Japan, showed clear 
evidence of Pb pollution with a clear decline in the 206Pb/207Pb 
and 208Pb/207Pb ratios in the recent sediments as compared to 
the deeper sediments. In two lakes located in central Japan, 
anthropogenic Pb has accumulated in the core sediments since 
1900’s. The more affected lakes by anthropogenic lead 
emissions: Lake Mikuriga, Lake Chokai and Lake Mikazuki, 
possess an average isotopic composition that differ from the 
core samples taken in Japan in 1970s  and recent wet 
precipitation samples taken in 2000s in Japan. These results 
reflect that Pb emissions from the Asian continent could be the 
source of the Pb input observed. Specifically, in the last 
decade, at Lake Mikuriga (central Japan, Honshu island), 
isotopic compositions resembles the isotopic compositions of 
aerosols in Shanghai collected in 2000s, while in Lake Chokai 
(north of Honshu island) isotopic compositions resemble the 
isotopic ratios of bark samples and core sediments taken in 
Korea in 1990’s and 2010’s. Finally, in  Lake Mikazuki (north 
Hokkaido island) isotopic compositions resemble the isotopic 
ratios of aerosol samples taken in north China and Korea. 
These results suggest that the Japan Sea side mountain lakes 
located in the north and central part of the country have 
received since 1980 anthropogenic Pb emissions from the 
Asian continent.  
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More than 90% of drinking water supply in Bangladesh 
depends on groundwater and the most widely means of tapping 
groundwater. More than 90% of 10 million manually operated 
suction mode hand tubewells serve the population living in 
rural areas have been installed by the local community by the  
the local local tubewell drillers. The presence of natural arsenic 
(As) in groundwater brought millions of people under severe 
health risk. Among all alternative safe water options attempted, 
tubewell has been recognized as the socially accepted option. 
In the practice of tubewell installation, depth of the tubewell is 
a key parameter as it is related to groundwater quality and cost 
of installation. For installation of safe tubewell, The most 
important task is to identify safe aquifers for installation of 
drinking water wells  which will remain sustainable as a source 
of safe water supply. 

Piezometers nests were installed at 15 locations targeting 
shallow, intermediate and deep aquifers in Matlab, an As hot-
spot in southeastern Bangladesh. Sediment characterization for 
delineation of hydrostratigraphy and monitoring of 
groundwater level and water quality over a three years period 
of time allowed us to distinguish the groundwaters in different 
aquifers, hydraulic connectivity among the contaminated and 
safe aquifers and temporal behavior of As. In all cases, As was 
found consistent within a very narrow band of fluctuation. 
Shallow aquifers are mostly As-contaminated excepting those 
tapping water from red and off-white sediments and mostly 
characterized by Ca-Mg-HCO3 type and Ca-Na-Mg-HCO3 
type.. The intermediate and deep aquifers were found As-safe 
over the time and are mostly Na-Ca-Mg-Cl-HCO3 to Na-Cl-
HCO3 type.. As-safe aquifers at intermediate depth and deeper 
reaches are hydraulically separated from As-contaminated 
shallow aquifers reflected from pattern of groundwater level 
hydrographs and presence of aquitard. Intermediate and deep 
aquifers groundwaters  
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Total arsenic (As), As(III) species, dissolved organic 
carbon (DOC), methane (CH4), sulfur isotope ratios of sulfate 
(δ34SSO4), major ions and trace elements were measured in 
groundwater collected from boreholes and wells along the flow 
lines of western margins of Kumamoto basin, at central part of 
Kyushu island in southern Japan.  

In this study, we used trace elements data and δ34SSO4 
values for better understanding the processes that are likely 
controlling mobilization of As in this area. 40% samples from 
the Kumamoto plain area exceed the maximum permissible 
limit of Japan drinking water quality standard (10 μg/L). High 
As concentrations occurred in anaerobic stagnant groundwaters 
from this plain area with high dissolved Fe, Mn, moderately 
dissolved HCO3, PO4, DOC and with very low concentrations 
of NO3 and SO4 suggesting the reducing condition of 
subsurface aquifer. Moderately positive correlation between 
As and dissolved Fe, Mn and strong negative correlation 
between As(III)/As(V) ratio and V, Cr and U reflect the 
dependence of As concentration on the reductive process. The 
wide range of δ34SSO4 values (6.8 to 36.1‰) indicate that 
sulphur is undergoing redox cycling. Highly enriched values 
suggesting the process was probably mediated by microbial 
activity. However; it is less clear about co-precipitation or 
sequester of As with Fe and sulfide ion. It is evident that As 
distribution in subsurface geological media is not controlled by 
single solid phase. Probably, dissolution-desorption from 
different phases contributes to the total As in groundwater. The 
data are consistent with the possibility that microbial mediated 
reactions and reductive dissolution of Fe-oxyhydroxides are 
the important processes to mobilize arsenic in this area.  
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Boom Clay (BC) is investigated as a potential host 
formation for geological disposal of radioactive waste in 
Belgium and the Netherlands. Knowing the redox properties of 
BC is important for assessing the speciation and, by this, the 
migration of radionuclides in the formation. The electron 
accepting (EAC) and donating capacities (EDC) are relevant 
for predicting the progression of redox fronts and the potential 
capacities of the formation to reduce or oxidize redox sensitive 
radionuclides. A novel electrochemical method, including the 
addition of mediators, has been successfully applied to 
characterize redox properties of natural organic matter [1] and 
clay minerals [2]. Here, we evaluate the applicability of the 
method to determine redox capacities of BC which contains 
various potentially redox active constituents such as clay 
minerals, pyrite and organic matter. 

In general, the EAC of BC samples was smaller than the 
corresponding EDC. The shape of the oxidative current peaks 
(oxCPs) suggested that more than one component contributed 
to the EDC. Comparison with measurements of Fe-rich clay 
minerals and pyrite indicates that the shape of the OCPs can be 
explained by the different reactivity of these two BC 
constituents. That is, oxidation of Fe(II) in clay minerals 
occurs faster than oxidation of pyrite and the measured 
currents reflect the combination of both kinetics. 

Based on the analyses of reference materials, a 
mathematical procedure was developed which was capable of 
deconvoluting oxCPs obtained for synthetic mixtures of pyrite 
and clay minerals and also to reproduce the oxCPs of BC 
material. Comparison of the determined EDC of pyrite and 
clay minerals in BC with results from sequential extractions 
and Mössbauer analyses indicate that only part of the clay-
bound Fe is redox active and that the electrochemical method 
tends to underestimate the EDC of pyrite.  
 
[1] Aeschbacher, et. al. (2010) ES&T 44, 87-93. [2] Gorski,et 
al. (2012) ES&T 46, 9360-9368 
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Boom Clay (BC) is currently considered as a possible host 

formation for geological disposal of radioactive waste in 
Belgium and the Netherlands. Migration of 79Se, a critical 
radionuclide due to its relatively long half-life and high 
mobility, can be influenced by interactions with the clay 
material. These interactions depend on the Se redox state and 
include sorption and redox transformations. In particular the 
reduction of relatively mobile, oxidized Se species such as 
SeO3

2- or SeO4
-2 is of interest as in its reduced state Se forms 

sparsely soluble phases (e.g. Se0, FeSe, FeSe2). Regarding the 
interaction with Se, BC contains various reactive phases such 
as clay minerals, pyrite, siderite and organic matter.   

In this study, we compared the reaction between Se(IV) 
and BC material with that of its individual size fractions: clay 
(<2µm) and silt (2-63 µm). Size fractionation was performed 
to separate the contribution of different BC constituents to the 
sorption and reduction of Se(IV). In batch reactions, BC 
material was suspended in 1:1 diluted seawater to which 50 
and 150 µM Se(IV) was added. The progress of the reactions 
was followed by monitoring the composition of the solution 
and by analyzing solids after various reaction times by X-ray 
absorption near-edge structure (XANES) analysis.  

Concentrations of dissolved Se decreased faster in 
experiments containing the clay-size fraction compared to 
those with the silt fraction. XANES analysis indicated that 
initially most of the solid-bound Se was in the form of Se(IV) 
and the fraction of Se(0) increased over time. That is, 
adsorption of Se(IV) accounted for the fast removal of Se from 
solution which became subsequently reduced to Se(0) at a 
slower pace. In contrast, adsorption of Se(IV) was only minor 
in the silt fraction experiments and reduction to Se(0) was the 
predominant mechanism of Se removal from solution. 
Although removal of Se(IV) from solution was faster with the 
clay-fraction, reduction of Se(IV) was more efficient with the 
silt fraction. This suggests that adsorption of Se(IV) to clay 
minerals contributes to the retardation of Se(IV) but might 
delay its reduction to Se(0). 
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Reduced deep ocean ventilation is commonly invoked as 

the primary cause of lower glacial atmospheric carbon dioxide. 
Despite the efforts of both proxy and modeling studies, the 
glacial deep Atlantic water mass structure and the mechanism 
by which it may have sequestered carbon remains elusive [1]. 
Low δ13C values in the deep North Atlantic during the Last 
Glacial Maximum have been interpreted as reflecting southern-
sourced waters filling the abyssal North Atlantic, although this 
interpretation has recently been challenged [2]. 

We present authigenic Nd isotope measurements from 
cores located at various depths throughout the North and South 
Atlantic which reveal glacial-interglacial changes in water 
mass structure. The glacial data spatially trace the sustained 
production and circulation of North Atlantic Deep Water. 
When water mass proportions are calculated from this Atlantic 
Nd isotope cross-section, they  show that the deep glacial 
North Atlantic was ~70% NADW, only slightly different to  
the ~90% NADW seen in the modern ocean. 

These Nd isotope results preclude southern-sourced deep 
waters dominating the deep Atlantic, and mean that the low 
benthic δ13C observed in the deep glacial Atlantic [3] can not 
be explained solely by water mass circulation changes. This 
implies a greater amount of respired organic carbon in the 
glacial deep Atlantic Ocean. We infer that this was achieved 
by a sluggish meridional overturning cell, comprised of well-
mixed northern- and southern-sourced waters. The 
accumulation of respired carbon in these waters would have 
increased deep ocean carbon storage during glacial times. The 
penetration of northern-sourced waters with a low pre-formed 
nutrient concentration into the glacial deep Atlantic would 
thereby have helped to drive an efficient biological pump. 
Thus this data reveals how the structure of Atlantic overturning 
contributed to the drawdown of atmospheric CO2 during the 
Last Glacial Maximum. 
 
 [1] Lynch-Stieglitz et al. (2007), Science, 316, 66-69. [2] 
Gebbie (2014), Paleoceanography, 29, 190-209. [3] Curry & 
Oppo (2005), Paleoceanography, 20. 
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Both geological and nuclear waste glasses contain large 

numbers of viscosity-affecting components. The Vogel-
Fulcher-Tammann (VFT) equation, ln(η) = C + D/(T - T0), 
where η is the viscosity, T is the temperature, and C, D, and T0 
are coefficients, fits viscosity versus temperature data over 
several orders of magnitude. However, VFT equation fails at 
high temperatures at which the melt is depolymerized and 
behaves more like an ordinary liquid. For such melts, with 
viscosity typically <102-103 Pa s, the adequate model is the 
Arrhenius relationship, ln(η) = A + B/T, where A and B are 
coefficients. In addition, coefficient A is independent of 
composition for sufficiently large families of glasses, such as 
nuclear waste glasses [1,2].  

To check these assertions, three models with different 
numbers of composition-dependent coefficients were fitted to a 
viscosity dataset: in Arrhenius Model A1, only B coefficient 
changed with composition; in Arrhenius Model A2, both A and 
B coefficients were functions of composition; and in Model 
VFT, all three coefficients, C, D, and T0, varied with 
composition. The dataset consisted of 399 η values of high-
level waste borosilicate glasses with 15 major components 
(plus one with all minor components added) and η ranging 
from 4 to 2400 Pa s. Another dataset [2] with 326 η values and 
15 major components was used for validation. Composition 
regions of the original and validation datasets had 12 common 
major components. 

Table 1 lists correlation coefficients, R2, and the number of 
parameters, p, in parentheses.  

Table 1: Correlation 
coefficients, R2, and 
numbers of parameters, p 
(in parentheses), for three 
viscosity models fitted to 
original dataset and 
applied to validation 
dataset. 

The R2 of the original dataset (to which the models were fitted) 
increased as the number of parameters increased, but was high 
enough for only B composition-dependent; doubling and 
tripling the number of parameters brought little improvement. 
For the validation dataset, to which the models were applied, 
the R2 decreased as the number of parameters increased. This 
clearly shows that the Arrhenius equation with constant A 
adequately represents the response of η to temperature and 
composition. The additional coefficients in the other two 
models only compensate for measurement errors in the original 
dataset and thus are counterproductive for applications. 
 
[1] Hrma (2008) J. Non-Cryst. Solids 354, 3389-3399. [2] 
Hrma et al. (2009) J. Non-Cryst. Solids 355, 891–902. 

Model 
R2 (p) 

Original Validation 

A1	   0.985	  (17)	   0.788	  (14)	  

A2	   0.989	  (32)	   0.760	  (26)	  

VFT	   0.994	  (48)	   0.652	  (39)	  

1325

mailto:pavel.hrma@pnnl.gov
mailto:mary.h.nelson@ricealumni.net
mailto:Albert_A_Kruger@orp.doe.gov


 Goldschmidt2015 Abstracts  

 1326 

Barium stable isotope fractionation in 
seawater  

YU-TE HSIEH1* AND GIDEON M. HENDERSON1 
1Department of Earth Sciences, University of Oxford, UK  
(*correspondence: yuteh@earth.ox.ac.uk) 
 

Studies of the stable isotope fractionation of group II 
elements in seawater are of interest because these elements are 
important in geochemical and biological processes in the 
ocean. Previous studies have found significant Mg, Ca and Sr 
stable isotope fractionation [1], but Ba isotopes yet been 
extensively studied in the ocean. Unlike the other group II 
elements, the Ba concentration is not uniform throughout the 
water columns, but shows a broadly nutrient-type profile. The 
large gradient in the concentration indicates significant 
consumption of Ba in the surface seawater and suggests the 
presence of Ba-isotope variation in the water-column.  Such 
isotope fractionation might elucidate the mechanism for Ba 
uptake in the modern ocean, and allow a range of sedimentary 
paleoproxies.  

To investigate the Ba stable istope fractionation in 
seawater, we have developed a new method using a 137Ba-135Ba 
double spike to measure seawater Ba isotopic compositions 
with TIMS. The lack of Xe interference with TIMS enables us 
to achieve a higher precision analysis for Ba isotopes than we 
have been able to achieve by MC-ICP-MS. In this study, Ba 
isotopic data were normalised to the Ba standard NIST SRM-
3104a, and presented as δ138/134Ba (‰). Preliminary data show 
that the surface seawater δ138/134Ba is ~ 0.3  higher than that for 
deep seawater in the South Atlantic. This result is consistent 
with previous experimental observations that Ba precipitates 
consume light isotopes and leave heavy isotopes in liquids [2]. 

We will examine δ138/134Ba in seawater samples from the 
North Atlantic as well as the North Pacific to establish the 
correlations between Ba stable-isotope fractionation and 
marine productivity in different oceans. This study provides 
new constraints on Ba isotope fractionation in seawater, and 
suggests the use of Ba stable isotopes as a new proxy to 
investigate marine productivity and Ba cycles in the ocean. 
 
[1] Griffith et al. (2008) Science 322(5908). [2] Von Allmen et 
al. (2010) Chem. Geol. 277(1-2). 
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Source-rock oil expulsion was the largest unsolved 

problem in petroleum geochemistry 40 years ago and still 
remains(L. C. Price et al,1997). Petroleum system established 
on the high source-rock oil expulsion (>80~90%) (Magoon,. 
and Dow, 1994.)and recent unconventional shale resources 
explode has put it into the controversial spotlight. A typical 
established geochemical section of semi-salty and semi-fresh 
water deposited lacustrine source rock gives us evidence that 
the thickness of source-rock oil expulsion maybe 
overestimated in the previous research work. A notable decline 
in contact plane of shale and sandstone through Chloroform 
bitumen (“A”) are possibly infer the tendency of the transition 
from primary migration to second migration. Primary 
migration through shale has been possibly hypothesized to be 
much easier than expected. The role of thickness of shale has 
been long overestimated and the maturity has been proposed to 
be emphasized. Overpressure in the lower part of Jiuquan 
Basin account for the high Chloroform bitumen (“A”) and the 
formation of mudstone fracture reservoir. 

 
The initial idea of this ariticle has been listed in PhD thesis of 
the author. Titled: Geochemistry of Source rocks and oils in 
Jiuxi Basin, NW China. 
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Many large lakes have been formed since Triassic in 

Northern China. Seawater incursion events (SWIEs) in those 
lakes were well discussed in the past but lack solid evidence to 
confirm and methodology to reconstruct the detail processes. 
The present study employs specific marine biological markers, 
24-n-propyl cholestanes, 24-isopropyl cholestanes, to trace 
SWIEs in a well dated core in Songliao Basin (SLB).  

The absolute abundances of extractable 24-n -propyl 
cholestanes, 24-isopropyl cholestanes and dino steranes are  
0-15.68, 0-2.93 and 0-3.91 μg·g-1 in the SK1 core, 
respectively. The temporal distributions of these C30 sterane 
biomarkers indicate that marine organic matter input to the 
gigantic ancient freshwater lake, i.e. SWIEs mainly occurred in 
the Upper Cretaceous Qingshankou and Nenjiang formations. 
SWIEs in Qingshankou stage started from 91.37 Ma and 
terminated in 89.00 Ma, with time span of 1.37 Ma. While, 
SWIEs in Nenjiang stage was triggered in 84.72 and ended in 
83.72 Ma, with narrower time span of 1.00Ma. 

High total organic carbon (TOC) and negative δ13Corg 
excursion in sediments during seawater incursion are 
interpreted by high productivity in the lake as enhancement of 
nutrient supplies, and high aqueous CO2 due to the mixing of 
alkalic seawater and acidic lake water. The SWIEs in SLB 
were controlled by regional tectonic activity and eustatic 
variation. Movement direction changes of Izanagi/Kula plate in 
90 and 84 Ma created sinistral slip faults and triggered 
SWIEs[1,2]. High sea level from 90 to 84 Ma [3,4] also 
facilitated the occurrence of SWIEs in Songliao Lake.  
 
[1] Norton (2007) Geological Society of America Special 
Paper 430, 451-470. [2] Yang (2013) Earth Sci. Rev. 126, 96-
115. [3] Haq  et al. (1987) Science 235, 1156-1167. [4] Müller 
et al (2008) Science 319, 1357–1362.  
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Being volumetrically the largest water mass and most 
enriched in nutrients, Pacific deep water stores the largest 
amount of carbon in the Earth’s surface system today. Previous 
studies suggest deep Pacific was probably an even larger 
carbon stock during the last glacial maximum. But what role 
the Pacific ocean circulation played in regulating atmospheric 
CO2 change from the LGM to modern is not well constrained 
yet. Neodymium isotopes of ferromanganese oxide coatings 
precipitated on planktonic foraminifera are a valuable water 
mass tracer for paleoceanographic reconstruction. In this study, 
56 new Nd isotopic compositions of planktonic foraminifera 
from core-top sediments throughout the Pacific are presented 
as well as 35 LGM Nd isotopes.  

The core-top foraminiferal εNd results closely match the 
proximal seawater data, indicating that planktonic foraminifera 
coatings can give a reliable record of bottom water Nd isotopes 
in the Pacific. Also the comparison between the core-top and 
LGM εNd isotopes supports a slower glacial Pacific 
overturning circulation at different depths and regions. During 
the LGM, the deep Southwest Pacific cores saw a more 
radiogenic glacial εNd compared with the core-top values 
probably due to the reduced North Atlantic Deep Water 
propagation to the Pacific through Antarctic Circumpolar 
Current. However, the Eastern Equatorial Pacific cores 
between 1~2.4 km had consistently lower LGM εNd values 
which might suggest a reduced influence of more radiogenic 
North Pacific Deep Water return flow. Taken together, the 
temporal variability of Nd isotopes shows that glacial-
interglacial Pacific ocean circulation changes might be more 
complex than previously thought. 
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Introduction and Method 
Diurnal rhythm has significant effects on geochemical 

characteristics of natural waters and behavior of trace metals in 
the waters [1]. However, few studies have reported its effects 
on behavior of organic pollutants. We tried to figure this out by 
investigating the behavior of a typical non-persistent organic 
pollutant (n-dodecyl benzene sulfonate, DBS) in natural 
biofilm-water systems under periodic visible light illumination 
[2]. Unexpected rapid degradation of DBS was observed with 
the presence of both intact biofilms and light. This was 
supposed to be caused by biogenetic reactive oxygen species 
(ROS) produced by photosynthesis [3]. To prove this, we 
measured the content of a typical ROS, H2O2, in the systems, 
and investigated the roles of some ROS in DBS degradation 
using corresponding quenching reagents. 

Results and Discussion 
In the system with most significant DBS degradation (both 

intact biofilms and light), H2O2 concentration was much higher 
than that in the other systems, and the concentration increased 
with illumination time. While in systems with organism 
inhibitors (DCMU and azide), H2O2 was negligible, indicating 
the ROS were mainly biogenetic. Concentration of H2O2 in 
systems with different amount of biofilms was proportional to 
degradation rate of DBS in these systems. The application of 
quenching reagents, which decreased the DBS degradation 
remarkably, confirmed the presence of ·OH and 1O2 and their 
roles in DBS degradation. With the presence of Fe minerals in 
the biofilms and the H2O2 produced, Fenton-like effect was 
observed. Indirect measurement showed the presence of ·O2

- 
and its generation rate was faster than that of H2O2, which 
imply that ·O2

-, produced mainly by photosynthesis process, 
was the origin of the other ROS. This study preliminarily 
confirmed the presence and the roles of the biogenetic ROS in 
aquatic environment. 

 
This study was supported by the National Natural Science 

Foundation of China (No. 21277056). 
 
[1] Nimick et al. (2011) Chem. Geol. 283, 3-17. [2] Hua et al. 
(2012) J. Hazard. Mater. 229-230, 450-454. [3] Kim et al. 
(2004) Aquat. Microb. Ecol. 35, 57-64. 
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Previous studies of alkaline earth element isotopic 
compositions, such as Mg, Ca, and Sr, have revealed 
significant isotope fractionation in natural samples. Therefore, 
isotope fractionation of Ba, with seven stable isotopes ranging 
from mass 130 to 138, is also expected in geochemical 
processes. 

We carried out a survey study of Ba isotope compositions 
in igneous rocks, including OIB from Hawaii, intraplate basalts 
from Emeishan, altered oceanic crust from northwestern  
Indian ocean, arc basalts from central America, and granites 
from South China, using a sample-standard bracketing method 
on a Neptune plus MC-ICP-MS. Based on measurements of 
synthetic standards, the long-term precision of Ba isotope data 
(denoted as δ137Ba=[(137Ba/134Ba)sample /(137Ba/134Ba)NIST3104a-
1)]×1000) is better than 0.045‰ (2σ). δ137Ba of OIB ranges 
from 0.083±0.018 to -0.073±0.010‰ with an average of 
0.020±0.095‰ (n=28), and δ137Ba  is not correlated with SiO2, 
Ba contents, and 87Sr/86Sr ratios. δ137Ba in intraplate basalts 
ranges from 0.129±0.024‰ to -0.080±0.027‰; from 
0.107±0.022‰ to -0.083±0.040‰ in altered oceanic crust 
samples; from 0.243±0.007‰ to -0.017±0.048‰ in arc 
basalts; and from 0.072±0.020‰ to -0.017±0.039‰ in 
granites. 

Our data have revealed significant Ba isotope fractionation 
in igneous rocks (up to 0.32‰), beyond the current analytical 
error. Although the detailed mechanisms that cause Ba isotope 
fractionations are to be determined, the light δ137Ba may reflect 
contribution of carbonate in their source, while the heavy 
δ137Ba could be due to recycling of weathering clay-rich 
products. 

1331



 Goldschmidt2015 Abstracts  

 1332 

New metal complexes in upper mantle 
fluids 

FANG HUANG1 AND DIMITRI A. SVERJENSKY1 
1Johns Hopkins University, Baltimore, MD 21218, USA 

(*correspondence: fhuang9@jhu.edu, sver@jhu.edu) 
 

Upper mantle fluids such as those released by subducting 
slabs may carry carbon into the mantle wedge, causing partial 
melting, and possibly oxididation of this part of the mantle1. 
However, the nature of these fluids is poorly constrained. A 
myriad of aqueous species dissolved in fluids can influence 
fluid-rock interactions in the mantle and the identity as well as 
the concentrations of these species are important for 
understanding the deep carbon cycle.  

Experimental measurements of the solubility of eclogite 
and peridotite at upper mantle conditions2 provide valuable 
constraints on the possible aqueous complexes of major 
elements, including Mg, Fe, Al, Ca, Na, and Si. These 
constraints, together with thermodynamic data derived by 
analysis of experimental studies at lower temperatures and 
pressures (e.g. Manning and co-workers), enable further 
calibration and extension of the Deep Earth Water (DEW) 
model3, which can then be used to predict the behavior of 
fluids in the upper mantle.  

We used the DEW model to predict equilibrium constants 
that were in turn used in an aqueous speciation solubility 
model for comparison with experimental studies of the 
solubilities of K-free coesite-bearing eclogite (KFCE) and K-
free peridotite (KFP)2. The predicted Si solubility in fluids 
with KFCE agrees well with experiments up to 800°C and 5 
GPa. However, the predicted Si in fluids with KFP is strongly 
underestimated, as the experimental data at 800°C increases 
dramatically from about 3 to 6.6 molal from 4.0 to 6.0 GPa. 
This result, together with corresponding results for Mg and Al, 
strongly suggests the existence of some important aqueous 
metal complexes of OH and/or silicate. Based on previous 
studies4, we suggest that metal-silicate complexes of Fe, Mg, 
Ca and Al may account for a significant part of the speciation 
in the experimental systems. Our results emphasize how 
different these fluids might be from the traditional upper 
mantle CHO fluid model and could be of major importance for 
the deep carbon cycle. 

 
[1] Frost and McCammon (2008), Annu. Rev. Earth Planet. 
Sci. 36:389–420; [2] Kessel et al. (2005), EPSL 237(3); 873-
892; Dvir et al. (2011), Contrib. Mineral Petrol. 161(6): 829-
844; [3] Sverjensky et al. (2014), GCA, 129, 125-145; [4] 
Pokrovski et al. (1998) Mineralogical Magazine A 62: 1194-
1195. 
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Over the past 150 years, coal , as one of the three most 

important fossil fuel in the world, has been indispensable for 
promoting economic development in China. However, the coal 
mining process with many complicated outcomes, especially 
soil and water pollution, makes the mining district and its 
surroundings more ecologically fragile due to emissions of 
organic compounds (PAHs primarily) 

This study examined the levels, profiles and emission 
sources of 16 US-EPA priority PAHs in coal, coal gangue, 
soil, surface water and ground water of Heshan coal district, 
Guangxi, South China. The average concentrations of  
16-PAHs in coal, coal gangue, soil, surface water and ground 
water were 5114.56 ng g-1 dry weight (dw), 4551.10 ng g-1 dw, 
1280.12 ng g-1 dw, 426.98 ng L-1 and 381.20 ng L-1, 
respectively. The concentrations of 16-PAH showed a 
coal/coal gangue-soil-water gradient in all mines. Furthermore, 
higher soil and water PAH concentrations were found next to a 
coal mine or coal gangue pile. Phenanthrene was the most 
dominating compound at all sites. High correlations in the  
16-PAHs occurred between different environmental media. 
Composition analysis, isomeric ratio and principal component 
analysis indicated that coal/coal combustion and coal gangue 
were the dominating sources of PAHs in soil and water. 
According to guidelines and toxic equivalent quantity, soil and 
water were partly heavily contaminated by PAHs, posing 
certainly health risks potential for local residents. Miners can 
be subjected to high healthy risk, which will demand more 
attention. 
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High-precision Cu and Zn isotope analyses have been 

carried out on 44 altered basalts and gabbros from the IODP 
Site 1256. These samples cover six sections of the altered 
oceanic crust (AOC) at the East Pacific Rise and have variable 
Cu (13-200 ppm) and Zn (27-238 ppm) concentrations.  

The AOC display heterogeneous Cu and Zn isotope 
compositions, with δ65Cu ranging from -0.50 to 0.90‰ and 
δ66Zn from -0.09 to 0.55‰, respectively. Specifically, the 
altered basalts that experienced low-temperatuure (<250 oC) 
hydrothermal alteration, have mantle-like δ65Cu (0.08 ± 0.10‰, 
2SD, n = 29) and δ66Zn (0.26 ± 0.11‰, 2SD, n = 27) values. 
By contrast, the altered basalts and gabbros at the lowermost 
sheeted dike and upper plutonic section, which suffered high-
temperature (>250 oC) hydrothermal alteration, show large 
variations in δ65Cu (-0.50 to 0.90‰) and δ66Zn (0.21 to 0.55‰) 
values. These results suggest that Cu and Zn isotope 
fractionation is limited during hydrothermal alteration of 
oceanic crust at low temperatue, while alteration of oceanic 
crust by high temperature hydrothermal fluids can result in 
prominent Cu and Zn isotope fractionation. The lack of 
correlation between Cu and Zn isotopes suggests that the 
variations in δ65Cu values could be partialy attributed to Cu 
isotope fractionation during redox reactions associated with 
high temperature hydrothermal alteration of oceanic crust. 
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Mg experiences detectable isotopic fractionation in 
different geological conditions, especially low-T 
environments, which makes Mg isotopes an excellent tracer of 
geochemical processes and Earth evolution. However, its 
behaviour in the mantle is still mysterious. 

Extensive studies of a suite of mantle eclogites from the 
Roberts Victor kimberlite, South Africa has documented[1] that 
Type II (IIA and IIB) eclogites were heavily metasomatized by 
carbonatitic-kimberlitic melts/fluids to produce the more 
abundant Type IA and IB eclogites.  

The Mg isotopic compositions of the garnet and omphacite 
were analyzed by solution MC-ICPMS, to reconstruct the 
whole-rock compositions. The δ26Mg of Type IA and IB 
eclogites ranges from -0.61 to -0.19‰, and -0.60 to -0.30‰ 
(mean -0.44±0.12‰) while Type IIA ranges from -1.09 to -
0.17‰ (mean -0.69±0.41‰); one Type IIB gives data of -
0.37‰. Type I samples thus have more “homogeneous” δ26Mg 
than Type II, and their mean δ26Mg is lighter than that of the 
“mantle” value (-0.25±0.07‰), suggesting that the Mg-rich 
metasomatic melts/fluids modified δ26Mg values of original 
eclogites and may have lower δ26Mg.  

Type II eclogites show a large variation in δ26Mg; the light 
values are lower than that of seawater (-0.83±0.09‰) or 
oceanic basalts (-0.25 ± 0.06‰). Type II eclogites thus cannot 
have been formed by the metamorphism of oceanic basalts 
even if they interacted heavily with seawater, as it has been 
documented[2] that Mg isotopes do not fractionate during 
metamorphism.  
 
[1] Huang J.-X et al. 2012. Lithos [2] Wang S-J et al. 2014. 
GCA 

1335



 Goldschmidt2015 Abstracts  

 1336 

Aerosol carbon isotopes at Alert, 
Canada:  Understanding emission 

sources of black carbon transported 
to the Arctic 

L. HUANG1*, W. ZHANG1, S. SHARMA1, J. BROOK1,  
R. LEAITCH1, C. I. CZIMCZIK2, G. M. SANTOS2, K. HE3,  

F. DUAN3 AND F. YANG34 
1Environment Canada, Toronto, M3H 5T4 Canada 

(*lin.huang@ec.gc.ca)  
2Dept of Earth System Science, University of California, 

Irvine, CA, 92697-3100, USA 
3School of Environment,Tsinghua U. China 
4CIGIT, CAS, Chongqing, China 

 
Carbonaceous aerosols, including black carbon (BC), play 

important roles in Earth’s climate system, particularly for the 
Arctic region.  To understand the sources of BC transported to 
the Arctic, carbonaceous aerosol observations, including 
elemental carbon (EC) content as BC mass, carbon isotopes as 
a source tracer, & light absorption coefficient as BC’s optical 
property, are conducted at Alert, Canada (82°27'N, 62°31'W). 

Here, nearly a decade of measurements is presented, 
focusing on the isotope results in EC (the data from Beijing is 
also shown for the purpose of comparison).  Seasonal & 
interannual variations in 13C/12C are observed.  Relatively 
depleted 13C/12C values during winter-spring seasons support 
gas flaring contributions to the BC at Alert.  Opposite seasonal 
patterns in 13C/12C at Alert & Beijing suggest that the aerosol 
BC transported to Alert is not much influenced by the sources 
from East Asia.  Measurements of 14C/12C, conducted for a 
sample subset, provide some insight into the relative 
contribution from fossil fuel and biomass burning. 
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Iron-bearing magnesium carbonates [(Mg,Fe)CO3] have 
attracted significant attention in recent years, as they are 
potential carbon carriers in the Earth’s deep lower mantle. 
Thorough knowledge of (Mg,Fe)CO3 polymorphs under high 
pressure and temperature, including the effects of iron and spin 
crossover in these minerals, is thus crucial for understanding 
the Earth’s deep carbon cycle. In this work, we use the density 
functional theory + self-consistent Hubbard U (DFT+Usc) 
method to study the spin crossover in ferromagnesite, the 
stable (Mg,Fe)CO3 phase up to 80-100 GPa. Our calculation 
shows that iron in this mineral undergoes a crossover from the 
high-spin (HS, S = 2) state to the low-spin (LS, S = 0) state at 
around 45-50 GPa. The intermediate-spin (IS, S = 1) state is 
energetically unfavorable and plays no role in the spin 
crossover. The anomalous changes in volume, density, and 
bulk modulus accompanying with the HS-LS crossover 
obtained in our calculation are in great agreement with 
experiments. Also consistent with experiments, our calculation 
shows that the HS-LS transition pressure in ferromagnesite 
barely depends on iron concentration (12.5-100%), in contrast 
with ferropericlase [(Mg,Fe)O], where the HS-LS transition 
pressure significantly increases with iron concentration. To 
unambiguously identify the iron spin state in ferromagnesite, 
predictive calculations for the iron nuclear quadrupole splitting 
(QS) are performed for future comparisons with Mössbauer 
spectra. Given the highly accurate results shown in this work, 
we believe DFT+Usc method can make reliable predictions on 
the high-pressure (Mg,Fe)CO3 phases  
(>100 GPa), whose structural, physical, and chemical 
properties are still open questions. 
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Formation of silica particles from supersaturated aqueous 

solution of sodium silicate is a fundamental mineralization 
process with broad relevance to technical applications as well 
as to biological processes. In order to contribute to a better 
understanding of the mechanism underlying particle formation 
under ambient conditions, a combined multi-angle static and 
dynamic light scattering study on the evolution of particle 
mass and size is applied for the first time in a time resolving 
manner. The light scattering experiments are complemented by 
a time-resolved analysis of the decay of the concentration of 
monomeric silicate by means of the silicomolybdate method 
[1]. Particle formation was investigated at variable 
concentration of silicate at a pH = 7 and a pH = 8. The joint 
experiments revealed two successive growth steps: Formation 
of nanoparticles via a monomer addition mechanism and an 
agglomeration of the resulting particles. The evolution of the 
weight averaged nanoparticle mass Mw with time and the 
accompanying loss of monomeric silicate could successfully 
be described with a simplified nucleation and growth model 
[2]. The results serve as a reference system to categorize and 
appropriately discuss the impact of Ca/Mg-salt and of selected 
polymeric additives on the formation process, with which the 
present work is concluded. 

 
 

Figure 1: Formation of silica particles as a function of time in 
water at pH 7 at variable silica concentrations: 750 ppm (¯), 
500 ppm (r), 400 ppm (�), 350 ppm (£). (A) Apparent 
weight averaged molar mass from SLS; (B) consumption of 
the monomeric silica [1]. 
 
[1] Standard methods for the examination of water and 
wastewater; American Public Health Association: Washington, 
D.C, 1998. [2] Tsapatsis et al. (2005) J. Phys. Chem. B 109 
(50), 23879–23887. 
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Mg-Fe layered double hydroxides (especially mixed oxides 

prepared by thermal treatment of these materials) are highly 
effective materials for a stabilization of oxyanions, but there 
are only few studies based on cation sorption [1]. This study is 
focused on the stabilization of environmentally relevant 
metal(loid)s (such as Cd, Pb, Zn a As). Mg-Fe layered double 
hydroxides occur in the nature and they can be also relatively 
easily and economically synthesized in a laboratory by a co-
precipitation method [2]. 

The objective of the study is to prepare an efficient 
stabilizing amendment that can be subsequently used for the 
stabilization of metal(loid)s in contaminated soils. Therefore, 
batch experiments will be performed to determine adsorption 
kinetics and adsorption isotherms. The content of metal(loids) 
in the solution will be determined using ICP-OES and results 
will be mathematically modelled (pseudo-first or second rate 
kinetic models and Langmuir or Freundlich adsorption 
isotherms). The analysis of the solid phase (by XPS, XRD, 
SEM/EDS and BET) is necessary to describe the adsorption 
mechanism in the context of surface functional groups. 
Furthermore, the effect of pH on a stability and adsorption 
properties of Mg-Fe layered double hydroxides and mixed 
oxides will be studied.  
 
[1] Liang et al. (2013) Colloids and Surfaces A: Physicochem. 
Eng. Aspects 433, 122-131. [2] Goh et al. (2008) Water Res. 
42, 1343-1368.  
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Mixing of mafic and felsic magmas is a process commonly 
invoked to form intermediate composition magmas at 
stratovolcanoes [1]. However, significant barriers to mixing, 
such as viscosity contrast and thermal differences, may inhibit 
the efficient mixing of mafic and felsic magmas. These barriers 
may be the reason why current estimates of the timescales of 
magma mixing span many orders of magnitude, preventing a 
clear understanding of the process of magma mixing. With 
good constraints on the heat capacity, viscosity, and 
proportions of mixed magmas, we may be able to link the 
timescales of mixing with the different properties of the 
magmas mixing.  

Here we combine textural, geochemical, and crystal size 
distribution analyses of lavas erupted from Mutnovsky 
Volcano in Kamchatka with thermodynamic and viscosity 
models to investigate the mechanisms and timescales of 
magma mixing as well as physical barriers to magma mixing. 
We utilize MELTS-modeled thermodynamic parameters with 
chemical and textural data of plagcioclase phenocrysts to 
demonstrate that compositionally distinct mafic and felsic 
magmas with significantly different initial temperatures and 
viscosities may efficiently hybridize to produce intermediate 
composition magma. We applied our model to published data 
for Mount Hood, Oregon, where mixing of basaltic and 
rhyolitic magma has been invoked to produce andesites [1]. 
We use the previously calculated volumes of magma mixed, as 
well as the physical properties of the magmas, combined with 
diffusion profiles in individual phenocrysts to constrain the 
residence time of single crystals in the hybridized magma post-
mixing. This provides for an opportunity to link the timescales 
of magma mixing with the compositional disparity of magmas 
mixed. These methods and results can be applied to arc 
volcanoes globally where magma mixing has been proposed to 
determine the longevity of mixed magma chambers and to 
infer links between magma mixing and eruption. 

 
[1] Kent et al. (2010) Nature Geoscience 3, 631-636. 
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Minerals of the alunite supergroup occur in a wide variety 

of weathering, lacustrine and hydrothermal environments on 
Earth and Mars, where they preserve information about the 
fluids and bacteria that formed them [1] [2]. The alunite 
supergroup consists of more than 40 minerals with the general 
formula AB3(TO4)2(OH)6, and in ideal alunite 
[KAl3(SO4)2(OH)6] and jarosite [KFe3(SO4)2(OH)6], the B site 
cations are Al3+ and Fe3+, respectively, the A site is occupied 
by K+ in 12-fold coordination, and the T site is filled with S2- 
leading to the formation of the sulfate anion (SO4

2-) [3] [4]. 
Chemical and crystallographic information on the complete 
alunite-jarosite solid solution series is lacking, however, 
because natural and synthetic samples do not cover the whole 
series, and in particular, samples of intermediate composition 
are scarce. 

To fill this knowledge gap, we have conducted classical 
atomistic computer simulations and EXAFS experiments on 
synthetic analogues to determine the energetics of substitution 
of Fe3+ in alunite, and Al3+ in jarosite, the cell parameters 
arising from bulk substitution of Fe3+ and Al3+ in alunite and 
jarosite, respectively, and the likely atomic configurations that 
these substitutions might produce. The most favorable 
structures are those in which Al3+ and Fe3+ are dispersed evenly 
within the alunite-jarosite structure, and the least favorable 
when the Al3+ and Fe3+ segregate into layers that are separated 
evenly within the structure. 
 
[1] Alpers et al. (1992) Sci. Géol. Bull. 42, 281-298. [2] 
Klingelhofer et al. (2004) Science 306, 1740-1745. [3] 
Dutrizac & Kaiman (1976) Can. Min. 14, 151-158. [4] 
Hawthorne et al. (2000) Rev. Min. Geochem. 40, pp. 1-112. 
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Bacterial extra polymeric substances (EPS) have been 

associated with the biomineralisation of uranium external to 
the cell through biosorption and enzymatic precipitation in 
acidic environments. Within this study we aim to identify the 
role of extracellular DNA (eDNA) as a precursor for uranium 
biomineralisation and source of phosphate for acid 
phosphatase mediated precipitation. Here we report the 
findings of uranium biomineralisation through attenuated total 
reflectance- fourier transform infrared (ATR-FTIR) 
spectroscopy and X-ray powder diffraction (XRD) analysis. 

eDNA was interacted with uranium at increasing 
concentrations (0.0625-2 mM) within an acidic environment 
(pH 2-7). ATR-FTIR analysis reveals at pH 2 coordination of 
the uranyl ion with eDNA occurs through phosphate, amides 
and nucleic acids, with a decrease in the latter as the pH 
increases. At pH 5, uranyl ion biosorption is predominantly 
mediated by phopshate interactions with other functional 
groups accumulating uranium as the concentration of the 
radioactive material increases.  

At pH 5-7, acid phosphatase hydrolysed inorganic 
phosphate (ePO4) from eDNA for subsequent uranium 
precipitation at varying molar ratios of UO2

2+: ePO4, with 
UO2

2+ as the limiting factor of the reaction due to an excess of 
ePO4 hydrolysed. ATR-FTIR confirms the precipitation of a 
uranium phosphate mineral phase similar to that precipitated 
through the interaction of UO2

2+ with NaH2PO4.  
XRD identifies the precipitates are of a uranium phosphate 

atomic structure, with diffraction patterns suggesting different 
uranium phosphate mineral structures between uranium 
interactions with eDNA and ePO4. 

It can be concluded that uranium biosorption primarily 
happens at low pH with enzymatic phosphate precipitation 
occuring towards acidic to neutral conditions. These results 
suggest eDNA is a  precursor for uranium biomineralisation 
within EPS. 
 

1342



 Goldschmidt2015 Abstracts  

 1343 

Sulfur-dependent arsenic resistance 
in hot springs: Insights from the 

metagenome of Champagne Pool, 
New Zealand 

K. HUG1*, W. A. MAHER2, F. KRIKOWA2, S. FOSTER2,  
M. B. STOTT3 AND J. W MOREAU1 

1University of Melbourne, Parkville 3010, VIC, Australia 
(*correspondence: katrin.hug@gmail.com) 

2University of Canberra, Bruce 2617, ACT, Australia 
3GNS Science, Wairakei 3377, New Zealand 
 

In Champagne Pool, New Zealand, a potential early Earth 
analog site, microbes mediate and respond to the coupled 
cycling of arsenic and sulfur in a way that yields insights into 
the evolution of the microbial arsenic resistome. Linking 
arsenic and sulfur chemical speciation to metagenomic 
analyses facilitates the detection of key microorganisms and 
their arsenic adaptation strategies. 

Detection of the ars arsenic detoxification operon at all 
sites along major chemical gradients in Champagne Pool 
supported its prioritization over the energy conserving arsenite 
oxidase, which was not detected anywhere despite the 
ubiquitous presence of arsenite. The detection of the arsenate 
reductase, arsC, at all sites, together with the widespread 
distribution of thioarsenate in Champagne Pool, supports an 
early evolution for arsenate resistance irrespective of the 
presence of molecular oxygen. Arsenic methylation occurred 
uniquely associated with a fundamental shift in microbial 
community structure in the outflow channel of Champagne 
Pool, with thioarsenate as a likely reactant. 

The unraveling of direct and indirect microbial impacts on 
arsenic cycling in hot springs yields insights into how Earth’s 
earliest microorganisms survived in metal-enriched 
environments and in response to evolutionary selection by 
arsenic on the early Earth. 
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and food in Bangladesh 
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1Eawag, Swiss Federal Institute of Aquatic Science and 
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Reductive dissolution of arsenic-rich iron(hydr)oxides is 

recognized as the most important source of arsenic (As) in 
groundwaters in Bangladesh and in other regions with similar 
aquifers. As-containing groundwater pumped to the surface for 
drinking, and in large quantities for irrigation, has detrimental 
effects on the health of tens of millions of people who 
consume As-containing drinking water and food. Measures to 
mitigate As exposure are the targeting of aquifers with lower 
As-concentrations, minizmizing As in soil porewater, and As 
removal from drinking water. Lower aquifers targeted by deep 
tubewells have to be localized carefully to minimize As and 
other unwanted solutes such as manganese and salt, and they 
need to be reserved exclusively for drinking water, to avoid 
high-volume water abstraction and inflow of As from 
overlying aquifers [1]. This leaves shallow aquifers with high 
As-concentrations as the often only source of water for 
irrigation and drinking. Measures to lower As-concentrations 
can take advantage of reversing the process of As-mobilization 
by the natural oxidation of Fe(II) and As(III) when water 
comes in contact with air and the subsequent adsorption of As 
on forming Fe(III)(hydr)oxide phases. By appropriate 
agricultural practices, such as intermittent irrigation and raised 
bed cultivation, exposure of plant roots to dissolved As(III) 
and thus the uptake of As can be minimized [2]. In water 
treatment, the oxidation of naturally present Fe(II) can lower 
As-concentrations, but additional adsorbents or additional iron 
in various forms is often needed to provide sufficient amounts 
of adsorbents for the removal of As and competing phosphate 
[3]. This presentation will give an overview of the underlying 
reactions in the cycling of arsenic, iron, phosphate, sulfate, 
oxygen and dissolved organic carbon and of the success of 
various mitigation measures implemented to lower human 
exposure to As in affected regions. 
 
[1] Hug, S.J. et al., Appl. Geochem. 2011, 26, 1077-1085. 
[2] Roberts, L.C. et al., Environ. Sci. Technol. 2011, 45, 971-
976. [3] Neumann, A. et al., Environ. Sci. Technol. 2013, 47, 
4544-4554. 
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4School of Geosciences, University of Edinburgh, UK 
 

Geodynamic models suggest the age and stability of the 
subcontinental lithospheric mantle (SCLM) may control long-
term storage and release of chalcophile critical metals (PGE, 
Re, Co, and Au). We investigate the mineralogy and trace 
element composition of sulphides from North Atlantic Craton 
(NAC) and Kaapvaal mantle xenoliths. In Northern Scotland 
multiple populations of base metal sulphides co-exist within 
individual xenoliths. Sulphides are situated in distinct 
petrographic settings, each with distinctive textures, PGM 
phases (e.g., cooperite (PtS)) and trace elements. (Re/Os)N 
ratios are characteristic to each population, providing a rare 
opportunity for geochronology on a sulphide-by-sulphide 
basis. This highlights that the precious metal budget of 
magmas that chemically or physically interacted with the 
SCLM, particularly at craton margins, depends on complex S 
budget controls relating to the age and situation of each 
sulphide group. For example, we note a temporal control on 
Pt/Pd ratios of basaltic lava suites from the North Atlantic 
Igneous Province: The oldest lavas (e.g., Scotland and West 
Greenland) have broadly chondritic Pt/Pd (~ 1.9) whereas the 
youngest lavas (e.g., Iceland) have the lowest Pt/Pd (~ 0.4). 
This correlates with the changing geodynamic environment of 
the (proto)-Icelandic plume through time and could reflect the 
availability of lithospheric mantle Pt-rich sulphides for 
entrainment in ascending plume magmas.  

In Southern Africa, the geodynamic setting and source(s) 
of magmas that fed the Bushveld Complex remain unresolved 
– not least the controls on Pt/Pd ratio between northern and 
southern portions of the complex. These  are separated by a 
major lithospheric lineament and might reflect interplay 
between a mantle plume event and significant SCLM melting 
(or ‘resetting’). As demonstrated by the NAC, we suggest that 
sulphide populations in the Kaapvaal SCLM keel are capable 
of recording numerous magmatic and metasomatic events for 
protracted periods, documenting transient S-bearing 
(chalcophile-controlling) episodes. Hence the shallowest 
portions of this keel should record the Bushveld magmatic 
perturbation, either revealing the SCLM as a major magmatic 
source or as a largely ‘passive’ lithospheric region.   
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Understanding the kinetics of mineral-fluid reactions often 
involves fitting rate laws to a time-series of experimental 
concentration data in order to extract rate constants for 
individual reactions. However, the natural systems of interest 
to geochemists often involve multiple mineral phases reacting 
with components of a fluid phase, making it intractably 
complex to solve the system's differential equations (i.e., rate 
equations) and fit them to concentration data. 
Here we present MinKin (for “Mineral Kinetics”), a global 
optimization code for Matlab capable of fitting a standard 
chemical kinetic model to experimental concentration data 
even in the absence of solutions to the system's kinetic 
equations. MinKin allows users to specify the species and 
reactions of a geochemical system consisting of a fluid with up 
to two aqueous species and up to three mineral species, and 
then uses the global optimization algorithm of Differential 
Evolution (DE)1,2 to calculate the rate constants that minimize 
the error between the model and the data. Trial calculations 
reveal that MinKin is able to simultaneously and correctly 
calculate up to six rate constants on a time scale of minutes, 
with an accuracy of roughly the same magnitude as that of the 
input data. This makes MinKin a novel and powerful way to 
analyze the kinetics of multi-component geochemical systems, 
especially for systems that are intractable by any other method. 
 
[1] R. Storn, K. Price. (1997) J. Global Optimization 11, 341-
359. [2] K. Price, R. Storn. (1997) Dr. Dobbs Journal  22(4), 
18-24. 
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There are increased observations of carbonate-rich 
volcanism from ultramafic intraplate volcanic provinces which 
has led to discusssions on the origin of the carbonate. 
Ultimately, the source of carbon in these areas has implications 
for the longevity, storage of carbon within the mantle and the 
reactivity of mantle-derived melts.  

This study focuses on volcanism from the Calatrava 
Volcanic Province, Spain. We selected volcanic products that 
have an association with mantle xenolith material in order to 
identify magmas that are derived from the mantle. Careful 
petrological idenitifcation of carbonates trapped within mantle 
xenoliths and those from mantle-derived xenocrysts was 
performed in order to characterise the geochemistry of the 
most primitive examples. Carbonate also occurs as spherical 
fragments within glassy melilitites, as euhdral phenocrysts 
within glomerocrysts within leucitites and as a fine ash in 
many pyroclastic examples. 

Carbonates within mantle xenoliths are composed of 
calcite and dolomite, up to a modal percent in some xenoliths. 
Often associated with silicate glass within veins in xenoliths 
the carbonate can form spherical-oblate morphologies. 
Carbonate within mantle-derived xenoliths has a range of 
compositions including aragonite, calcite and dolomite. We 
analysed major and trace elements along with strontium and 
lead isotopes. Trace element analysis indicate a similar 
composition to other mantle xenolith-hosted carbonates, 
specifically with low trace element contents. Isotopic analysis 
shows OIB-like affinities with enriched 87Sr/86Sr (0.705-0.706). 
Spherical carbonates within glassy fresh lava may have 
crystallised from a carbonated-silicate melt [1] further analysis 
of these samples reveals the structure and origin of the 
carbonate associated with shallower magmatic processes. 

 
[1] McMahon, 2015, New insights into deep amntle melts: The 
carbonatite-melilitite connection. PhD Thesis 
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The study investigates the fluvial and marine burial fluxes 
of organic carbon, phosphorus and trace metals in the Gaoping 
(GP) river−Gaoping Submarine Canyon dispersal system. The 
river fluxes of total suspended matter (TSM), dissolved and 
particulate organic carbon (DOC & POC), total phosphorus 
(TP) and total trace metals (TTM) were much higher in the wet 
season than in the dry season, mainly because of extremely 
high river discharge and sediment yield associated with the 
May-yu (monsoon) and typhoons in summer. The river 
transported around 7.44 Gg C yr-1 DOC, 226 Gg C yr-1 POC 
(64% particulate carbon) and 3.3 Gg P yr-1 (98.2%P as 
particulate phosphorus) into the Gaoping coastal sea. The 
export of dissolved phosphorus was elevated through the 
estuary as desorption occurred obviously in the estuary. Trace 
metals were mainly transported by suspended matter (>70%) 
by the river in the wet season. Although the export was 
relatively small, most metals were greatly enriched in the river 
and estuary in the dry season. The POC and TP yields are 
about one order of magnitude higher than those global 
averages. If integrated over an area of 3045 km2 around the 
Gaoping Canyon, the mean burial fluxes of total organic 
carbon (TOC) and TP were 13.0 g C m-2 yr-1 and 1.39 g P m-2 
yr-1, respectively. Despite difficulty in assessing the 
accumulation of TTM in the coastal sea, the burial efficiency 
of terrestrial TOC and TP was estimated to be only 10.9% and 
20% of the riverine inputs, respectively. The low accumulation 
of terrestrial sediment, POC and TP suggests that most 
sediment, POC and TP that were derived from the Gaoping 
River may have been recycled and/or moved out of the study 
area. The active margin appears to act as an efficient conduit 
for the transfer of terrestrial sediment, POC and TP into the 
deep ocean. 
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Rising atmospheric carbon dioxide (CO2) is expected to 

enhance carbon (C) storage on land. Field experiments now 
provide data to evaluate this expectation, and the results are 
mixed, with the patterns only partially explained by responses 
of plant growth. Some of the variation and remaining 
uncertainty involves plant growth, but at least an equal source 
involves another major biological influence on ecosystem C 
balance, microbial respiration. One critical puzzle is that the 
breakdown of soil C can slow or accelerate in response to 
inputs of new C substrates from root exudation and turnover, 
processes thought to increase with rising CO2. Responses are 
idiosyncratic: changes in the rates of soil C loss can increase or 
decline, be short-lived and quantitatively trivial, or long-lasting 
and dominating decadal-scale patterns of C cycling and 
storage. One hypothesis accounting for the idiosyncratic nature 
of priming is that the ecology of soil microorganisms is a 
central modulator. Here, I discuss two developments that have 
the potential to connect the population biology of soil 
microorganisms with the biogeochemistry of priming, focusing 
on taxon-specific microbial growth rates and ecosystem-scale 
biochemistry that provide insight on community-level patterns 
of C cycling during priming and in response to forcing, 
informing our understanding of the microbially-mediated 
feedbacks between terrestrial ecosystems and the changing 
atmosphere.  
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Previous work reported a p-process deficit for isotopes of 

the heavy elements Sm and Nd, based on bulk measurements 
of carbonaceous chondrites [1]. Platinum is an ideal element to 
search for collateral effects, because it has six naturally 
occurring isotopes that are a mixture of p- (190Pt), s- (192Pt) and 
r- (194, 195, 196, 198Pt) process. It has been shown that variations in 
s- and r-process Pt isotopes in iron meteorites are the result of 
exposure to galactic cosmic rays (GCR), and not 
heterogeneous distribution of different nucleosynthetic 
components in the early solar system [2] [3]. However, no 
published data of sufficient precision exist for 190Pt, because of 
the small abundance (0.014 %) of this isotope. Here we present 
new 190Pt data for the IAB, IIAB, IIIAB, IVA and IVB iron 
meteorites.  

Platinum is purified following a procedure adapted from 
[4]. A second ion exchange column has been developed to 
separate Ir, which causes tailing effects onto Pt. Finally, Pt cuts 
are dried in perchloric acid in order to volatilize any remaining 
Os, which generates isobaric interference on Pt. Samples are 
measured using a Neptune Plus MC-ICP-MS with a Cetac 
Aridus II desolvating nebulizer, fitted with standard H cones. 
The Neptune Plus is fitted with two 1012 Ω amplifiers that are 
used to measure 190Pt and 188Os. The external reproducibility 
for the 190Pt/195Pt ratio is ~ 3 ε. 

New data for the IIAB and IIIAB iron meteorites indicate 
that there are no anomalies in p-process 190Pt, within current 
detection limits. This implies a homogeneous distribution of 
190Pt throughout the solar system, and agrees well with results 
from other heavy p-process isotopes for these meteorite 
groups, i.e. 180W and 184Os [5-7]. These isotopes also display 
no detectable anomalies with nucleosynthetic origins. 
Additionally, at our improved precision (compared to previous 
studies [2] [8]), we confirm the lack of nucleosynthetic 
anomalies for the s- and r- process Pt isotopes.  
 
[1] Andreasen & Sharma (2006) Science 314, 806-809. [2] 
Kruijer et al. (2013) EPSL 361, 162-172. [3] Wittig et al. 
(2013) EPSL 361, 152-161. [4] Rehkamper & Halliday (1997) 
Talanta 44, 663-672. [5] Cook et al. (2014) GCA 140, 160-
176. [6] Peters et al. (2014) EPSL 391, 69-76. [7] Walker 
(2012) EPSL 351-352, 36-44. [8] Kruijer et al. (2014) Science 
344, 1150-1154.   
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Certain mantle processes (e.g., melting and deformation) 
are controlled, in part, by the availability of H2O. Determining 
values of the activity of H2O (aH2O) will yield a better 
understanding of these processes, and these values may be 
inferred from the H2O contents of nominally anhydrous mantle 
minerals (NAMs). However, mantle NAMs may suffer H2O 
loss during transport from Earth’s mantle to the surface. 
Therefore, this study compares the H2O contents of NAMs 
with values of aH2O estimated from amphibole equilibria to 
determine if NAMs have retained their mantle H2O contents. 

Nine amphibole-bearing xenoliths from two different 
regions, the southwestern U.S.A and Eastern Australia, were 
analyzed as part of this study. All the samples contain an 
identical assemblage of olivine + orthopyroxene + 
clinopyroxene + amphibole + spinel. Mineral equilibria 
between co-existing minerals was used to estimate values of 
temperature (T), pressure (P) and aH2O. P-T estimates for 
these nine samples range from 1.0 to 1.6 GPa and 820 to 
1000˚C respectively.  

Low values of aH2O (≈ 0.02 to 0.18), as inferred from 
amphibole equilibria, yield predicted olivine H2O contents that 
range from 2 to 31 ppm wt. ppm, and these predicted values 
are generally consistent with the olivine H2O contents (<7 to 
46 wt. ppm) measured using FTIR spectroscopy. The H2O 
contents of orthopyroxene and clinopyroxene range from 30 to 
151 wt. ppm and 52 to 217 wt. ppm, respectively. The 
partitioning of H2O between co-existing olivine, 
orthopyroxene, and clinopyroxene in these samples is also 
generally consistent with values obtained by laboratory 
experiments conducted at mantle P-T conditions. Based on 
these observations, we conclude that low H2O contents in 
NAMs from these nine xenoliths approximate mantle 
conditions, indicating that only limited H2O-loss (if any) 
occurred during xenolith ascent.  These results, combined with 
other measurements of NAM H2O contents, indicate that the 
uppermost mantle is heterogeneous with respect to H2O 
content. 
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The TEX86 sea surface temperature (SST) proxy is a 

widely employed tool, yielding climate records from a diverse 
range of geographic locations over the past ~100 million years 
of Earth history [1] [2]. TEX86 is an empirically calibrated 
proxy based on the membrane lipids of planktonic archaea, 
glycerol dibiphytanyl glycerol tetrathers (GDGTs). While the 
TEX86 temperatures determined from marine sediments 
correlate with overlying SSTs, GDGTs produced throughout 
the upper water column do not reflect in situ temperatures at 
the depth of growth. This suggests that additional 
physiological factors, such as the need for cellular energy 
conservation, also affect the TEX86 ratio. The ecology and 
growth conditions of marine archaea potentially play important 
roles in establishing the TEX86-temperature correlation.  

We investigated the mechanistic underpinning of the 
TEX86 proxy using a combination of experimental and 
modeling approaches. We used isothermal culture studies of 
the ammonia-oxidizing thaumarchaeon Nitrosopumilus 
maritimus and modeled oceanographic parameters to explore 
the relationship between TEX86 and growth conditions. 
Evidence suggests that growth rate and electron donor supply 
are important controls on GDGT ratios. Constraining the 
physiological basis of the TEX86 proxy and the mechanism by 
which this signal is preserved in the sedimentary record is 
crucial in the proxy’s application to ancient environments.  
 

[1] S. Schouten, E.C. Hopmans, E. Schefuß, J.S. Sinninghe 
Damsté, EPSL 204 (2002) 265. [2] H.C. Jenkyns, A. Forster, S. 
Schouten, J.S. Sinninghe Damsté, Nature 432 (2004) 888. 
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New formulations of metal solubility in low- and 

intermediate-density fluids based on experimental data [1-4], 
allow for the thermodynamic modelling of metal solubility and 
mineral precipitation during cooling and decompression of a 
magmatic high temperature volatile phase. Low- and 
intermediate-density fluids are the dominant volatile phases in 
magmatic-hydrothermal systems [5] and are most likely agents 
of metal transport to sites of ore deposition. These fluids are 
highly compressible; hence metal solubility is a function of 
fluid density. Moreover, these fluids are characterized by 
molecular/neutral compounds and there are no free electrons, 
which indicates that metal transport and wall-rock alteration 
are decoupled. Geochemical simulations were performed using 
GEM-Selektor v.3 [6] and metal mobility was modelled in the 
context of Cu-Au-Mo porphyry and Au-Ag epithermal ore 
formation. During cooling and decompression, gold solubility 
reaches a maximum between 320 and 500 °C, depending on 
the fluid density, whereas Mo and Ag concentrations decrease 
with decreasing temperature and pressure. These differences in 
metal solubility with changing temperature and pressure 
control metal ratios, metal zoning and the partitioning of 
metals upon fluid phase separation. The occurrence of a 
solubility maximum for gold indicates a potential for 
remobilization/redistribution of gold to shallower, and more 
distal environments at lower temperatures by vapour-like 
fluids. There is an overall strong compositional control on the 
Au/Mo ratio of the parental ore fluid, which can explain Au-
Mo zoning in porphyry ore deposits and the formation of Au-
rich and Mo-rich sub-types.  
 
[1] Hurtig and Williams-Jones (2014), Geochim Cosmochim 
Ac, 127, 305-325. [2] Hurtig and Williams-Jones (2014), 
Geochim Cosmochim Ac, 136, 169-193. [3] Migdisov and 
Williams-Jones (2013), Geochim Cosmochim Ac, 104, 123-
135. [4] Migdisov et al. (2014), Geochim Cosmochim Ac, 129, 
33-53. [5] Weis et al. (2012), Science, 338, 1613-1616. [6] 
Kulik et al. (2013), Computat Geosci, 17, 1-24. 
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Mineral grain analysis, in particular zircon analysis, is a 
common application for LA-ICP-MS and the theory and 
methodology are well established. The high throughput nature 
of the analysis requires the accuracy of manual ablation and 
the speed of hands-off automated analysis, however, to run in 
this manner for hours or even days significant confidence is 
needed that all ablations will run in the precise locations 
intended. An error of a few microns can result in ablation 
occurring in the grain rim, which is frequently a difference age 
to the core, ruining the analysis and wasting a valuable sample. 
ESI has met this challenge through evolution in sample 
chamber and stage design that have lead to improvements in 
short and long term stage accuracy. The most significant of 
these is ImageLock, a software-based feature which has been 
shown in controlled conditions to give long term stage return 
accuracy of <1 µm. Proving the performance in real laboratory 
conditions over a long analytical run on a real sample is 
important in benchmarking the performance of the NWR 
platform. 
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We have examined the flux, biogenic composition, and 
isotopic values of sinking particles collected by a time-series 
sediment trap deployed in the sea ice zone (SIZ) of the 
Amundsen Sea from January 2011 for 1 year. The major 
portion of the particle flux, dominated by opal, occurred during 
the austral summer. The dominant source of sinking particles 
shifted from diatoms to soft-tissued organisms, evidenced by 
high particulate organic carbon (POC) content (>30 %) and a 
low bio-Si/POC ratio (<0.5) during the austral winter. CaCO3 
content and its contribution to total particle flux was low  
(~6 %) throughout the study period. When compared with 
POC flux inside the Amundsen Sea polynya obtained by the 
US Amundsen Sea Polynya International Research Expedition 
(ASPIRE), the POC flux integrated over the austral summer in 
the SIZ was virtually identical, although the maximum POC 
flux was approximately half that inside the Amundsen Sea 
polynya. We have also examined recent history of sedimentary 
organic carbon (SOC) accumulation on the western Amundsen 
shelf. Vertical profiles of SOC content, radio- and stable- 
carbon isotopes in the upper 21-cm sediment horizons were 
obtained at four locations in the western Amundsen Sea 
representing various summertime sea ice conditions, bottom 
depths, and distance from the coast (near the shelf break, at the 
periphery and at the center of the Amundsen Sea polynya, and 
inside the polynya near the Dotson Ice Shelf). SOC content, 
radiocarbon content, and average SOC accumulation rate were 
all slightly higher at the periphery than at the center of the 
polynya, in contrast to the present-day primary production in 
the corresponding surface waters. If our estimation of SOC 
accumulation is extrapolated to the western Amundsen shelf 
between 110 ºW and 120 ºW, approximately 4×1010 gCyr-1 is 
buried on the shelf, with ~90 % of SOC accumulation 
occurring in the Amundsen Sea polynya. 
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Tracing the sources of nutrients 
sustaining red tide blooms in the 

southern and eastern coastal regions 
of Korea using Ra isotopes 
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AND GUEBUEM KIM  
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University, Korea (*correspondence:hyjmmel@snu.ac.kr) 

 
We measured salinity, inorganic and organic nutrients, 

pigment signatures, and radium isotopes (223Ra and 224Ra) in 
initial red tide outbreak region as well as a region ~200 km 
away from the initiation region during September 1-2 and  
19-20, 2014. The red tide propagates to the remote region (the 
eastern coast of Korea) along the coast of the Korean 
peninsula. In this study, we aimed at determining the source of 
nutrients for sustaining red tide blooms in the remote area 
using short-lived Ra isotopes, 224Ra (half life: 3.6 days) and 
223Ra (half life: 11.4 days). These Ra isotopes, which are 
soluble in seawater, are useful for tracing nutrient mixing since 
the same source for Ra and nutrients can be assumed.   

Dissolved inorganic nitrogen (DIN) and dissolved 
inorganic phosphate (DIP) were almost depleted in both red-
tide regions, with DIP being more depleted. However, the 
average concentrations of dissolved organic nutrients were  
2-5 folds higher than those of dissolved inorganic nutrients, 
which are known to be favourable for the growth of red tide 
species in competing with diatoms. If the red tide is sustained 
by recycling of nutrients in a closed system, 224Ra/223Ra should 
be much lower in the remote region. However, in the remote 
region, salinities and 224Ra/223Ra activity ratios were higher, 
with lower Ra activities. The levels of nutrients were similar 
for both regions. Our results suggest that the supply of 
nutrients from bottom water (higher salinities, Ra ratios, and 
nutrients) is active in the course of red tide transport to the 
remote region from the initiation region. 
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The remote Diego de Almagro Island (51º 30’ S), which 
exposes one of the very rare vestiges of the Early Cretaceous 
paleo-subduction system of western South America, is 
constituted by two main tectonic units. The western unit is 
composed of a pluri-kilometre thick sequence of mafic tuffs 
coherently metamorphosed near the transition between 
blueschist and epidote-eclogite facies conditions (~500°C,  
1.5-2 GPa) at ca. 120 Ma. Grt-micaschists, meta-pillow lavas 
(showing MORB and OIB signatures) and metacherts (now 
transformed to garnet-rich layers) occur within the 
metavolcano-sedimentary sequence. The unit is strongly 
overprinted during exhumation by albite-epidote-amphibolite 
and greenschist facies assemblages. 

The eastern unit is formed by a coherent, km-thick slice 
made of felsic gneisses and amphibolites which contain garnet 
(generally concentrated in layers up to several cm-thick), 
plagioclase, calcic amphibole, epidote and evidences of partial 
melting. This unit is believed to represent a fragment of the 
upper plate dragged down into the subduction environment and 
underplated during Cretaceous times. Field observations and 
preliminary petro-geochronological results point to a relative 
coherence of units, which highlights the physical nature of the 
interface and provide a precise image of deformation processes 
taking place at mantle depths in active subduction settings. 
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magma-sediment interactions: The 

Noril’sk-Talnakh case-study 
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We use thermodynamic calculations and experimental 
petrology to point out how high-temperature interactions 
between mafic and ultramafic magmas and volatile-rich 
sedimentary rocks (e.g. evaporitic or organic matter-bearing 
rocks) can (i) lead to a dramatic change in the redox state of 
the magma, (ii) increase its volatile content, and consequently 
(iii) impact ore forming processes associated to its 
emplacement in the crust.  

Our modeling is based on gas-melt thermodynamic 
calculations that take into account S-H-O-C gaseous species at 
temperatures and pressures in equilibrium with mafic liquids 
[1]. The incorporation of sulfates into the magma increases its 
sulfur content, but also oxidizes it, making sulfide saturation 
unlikely. Extreme assimilations (> 5 wt% CaSO4) can 
eventually lead to sulfate saturation in the magma. Conversely, 
the interaction with carbonaceous sediments induces a strong 
reduction of the magma, even for extremely low degree of 
assimilation (fO2 decreases of 3 log units for 0.2 wt % organic 
matter assimilated). 

We apply our modeling to the case of the Noril’sk-Talnakh 
district, where sulfate-rich evaporitic rocks and carbonaceous 
sediments represent the most common host rocks of the ore-
bearing intrusions. In this case massive sulfide production is 
calculated as a consequence of S incorporation into the magma 
by assimilation of sulfates, followed by a substantial reduction 
of the magma due to assimilation of carbonaceous sediments.  

We also illustrate this process by high temperature high 
pressure experiments simulating the interaction of picritic 
magma with coal or anhydrite. The experiments are conducted 
in internally heated pressure vessels using a picrite from 
Noril’sk 1 intrusion, coal and anhydrite from the Noril’sk area 
as starting materials.  

We conclude that exceptional conditions favoring large 
assimilation of sediments are needed to form exceptional ore 
deposits like those of the Noril’sk-Talnakh district. 
 
[1] Iacono-Marziano, Gaillard, Scaillet, Polozov, Marecal, 
Pirre, Arndt (2012b), Earth and Planetary Science Letters 357-
358, 319-326 
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The Waste Isolation Pilot Project (WIPP) is a nuclear 

waste repository located in SE New Mexico, USA, and is 
situated in Permian-age evaporite deposits. Presently, the 
repository is hosting actinide-bearing waste and future disposal 
in similar sites may accept waste containing fission products 
(FPs). Should groundwater intrude such a repository and 
mobilize FPs, the transport of Cs, Sr and I may be limited by 
partitioning into salt phases, such as carnallite 
[KMgCl3·6H2O], langbeinite [K2Mg2(SO4)3], polyhalite 
[K2Ca2Mg(SO4)4·2H2O], gypsum [CaSO4·2H2O], sylvite [KCl] 
and halite [NaCl]. We report experimentally determined 
partitioning of non-radioactive isotopes of Cs, Sr and I 
between salt phases and solution as a function of temperature 
and concentration of target elements. 

Experiments will be carried out with well-characterized 
crystals at temperatures from 25 to 90°C. Saturated solutions 
will be allowed to evaporate and mineral growth commenced 
on “seed” crystals.  Concentrations of Cs and Sr added to 
solution will be between 10 to 100 ppm and concentrations 
determined by ICP-MS. Solutions will also be doped with 100 
to 500 ppm I and solution concentrations determined by 
UV/Vis methods. Concentrations of Cs, Sr and I in 
overgrowths on seed crystals will be determined by electron 
microprobe analysis (EMPA). In some cases, the 
concentrations of target elements may be too low to detect 
using EMPA, and additional analyses using secondary ion 
mass spectrometry (SIMS) will be sought. 

Previous investigations [1] [2] have demonstrated the 
partitioning of Cs and other elements into salt phases and our 
work will be discussed in light of these previous results. 

 
[1] Schock & Puchelt (1971) Geochim. Cosmochim. Acta 35, 
307-317. [1] Schock (1966) Contrib. Mineral. and Petrol. 13, 
161-180. 
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Local FS-IR laser - fluorination CF-
IRMS δ34S, δ33S isotope analyses of 

sulfides 
A. V. IGNATIEV1 AND T. A. VELIVETSKAYA1
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The advantages of laser ablation method include direct 
estimation of sulfur isotope ratio in minerals, no chemical 
procedures, reduced risk of sample contamination, and 
determination of spatial isotope variations. Contemporary laser 
techniques make it possible to analyze 34S/32S isotope ratio 
with good spatial resolution [1] and allow to achieve high 
precision analysis of four stable isotopes of sulfur at nanomole 
level [2].  
We have developed a method for determination of 33S/32S and 
34S/32S isotope ratios (in SF6) using IR femtosecond laser 
system (PHAROS, Light Conversion Ltd, Lithuania), 
repetition rate (up to 1.0 kHz) IR-fs-laser with pulse energy 
(100 - 200 μJ). Our equipment consisted: cylindrical stainless 
steel chamber, a nickel reactor, two six-port Valco valves, two 
cryogenic traps, chromatographic column, and specially 
designed interface that allowed us to measure the isotope ratio 
in the high vacuum mode. After ablation of the sample, the 
aerosol was injected into the reactor by the He-flow. Vapors of 
BrF5 were entered into a heated zone of the reactor (350°C) to 
produce SF6. Cryogenically purified SF6 was passed through 
the chromatographic column to the specially designed interface 
on the ion source of a MAT-253 mass spectrometer to measure 
triple isotope ratios of sulfur. The method was tested using 
international standards IAEA-S-1, IAEA-S-2, and IAEA-S-3, 
and natural samples of pyrite, sphalerite, galena, arsenopyrite, 
chalcopyrite, pyrrhotite, and elementary sulfur. The precision 
of replicate analyses of sulfide minerals with laser ablation is 
typically 0.1 - 0.2‰ (1σ) for δ34S and 0.05‰ (1σ) for Δ33S. 
This method increases the spatial resolution of the laser 
ablation in situ analysis up to 30 microns and considerably 
reduces the analysis time (~ 15 minutes). The slope of the line 
λ is 0.5148 with a correlation coefficient of 0.99999, where λ = 
ln(1+ δ33S/1000)/ ln(1+ δ34S/1000).this study was supported by 
the Russian Foundation for Basic Research, grant #15-05-
00740. 

[1] Crowe D. J. et al. 1990. Geochimica et Cosmochimica Acta
54:2075–2092. [2] Ono S. B. et al. 2006. Chemical Geology
225:30– 39.
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High Zn and Fe concentration seaweed 
The highest Zn and Fe concentration seaweed was found in 

the Kanayama bay, center of the Japan. Although the 
Kanayama bay is a small with 100 m in length and 50 m in 
width, the high concentration of Fe and Zn for seaweed was 
found. The small closed Kanayama mine for Pb was facing the 
bay and Fe and Zn loads from mine waste reached 10 ton per 
year. Then, the bay can keep unusual condition with a lot of Fe 
oxide particle and sea animals eating floating plankton and 
attached algae such as oyster, barnacle, sea anemone, sea 
urchin and shell were not found in the bay. However, rocks in 
the bay were widely and always covered with seaweed, 
although species were limited comparing species outside the 
bay. Figure1 shows that Zn concentrations of seaweed at dry 
condition reached several %. Fe concentration reached 10%. 
Fe abd Zn concentration for green seaweed was relatively 
higher than those of brown and red seaweeds. Some seaweed 
was attached with small Fe oxide particles after washing by 
seawater in the field. Zn was soluble style in sea water and 
then Zn in seaweed was thought to be contained in seaweed 
body. In the bay, some fish was also observed and influence of 
Fe and Zn on fish and other animals was problems. 
 

 
 
 
Fig.1 Zn concentrations (dry weight) of seaweed sampled 

at Kanayama Bay and other areas in Japan 
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2IGP, ETH Zürich, 8092 Zürich, Switzerland 
3RSES, Australian National University 
 

The short-lived radionuclide 92Nb decays to 92Zr with a 
half-life of 36 Ma. Because Nb and Zr can fractionate from 
each other during partial melting of the mantle, the Nb-Zr 
system can potentially place chronological constraints on early 
planetary silicate differentiation. This application requires the 
initial abundance of 92Nb (or 92Nb/93Nb) and its homogeneity in 
the solar system to be unambiguously defined. Yet previously 
reported initial 92Nb/93Nb values range from ~10-5 to >10-3  
[1-6], and remain to be further constrained. All but one of the 
previous studies estimated the initial 92Nb/93Nb using Zr 
isotope data for single phases with fractionated Nb/Zr in 
meteorites such as zircons and CAIs, assuming that their 
source materials and bulk chondrites possessed identical initial 
92Nb/93Nb and Zr isotopic compositions [1-5]. To evaluate the 
homogeneity of the initial 92Nb abundance, however, it is 
desirable to define internal mineral isochrons for meteorites 
with known absolute ages. Although Schönbächler et al. [6] 
applied the internal isochron approach to the chondrite 
Estacado and the mesosiderite Vaca Muerta, these meteorites 
include components of different origins and their absolute 
formation ages are not precisely constrained.  

Here we present Nb-Zr data for mineral fractions from four 
“monomict” meteorites, which originate from distinct parent 
bodies and whose U-Pb ages were precisely determined: the 
angrite NWA 4590 (4557.9 ± 0.3 Ma [7]), the eucrite Agoult 
(4554.5 ± 2.0 Ma [8]) and the ungrouped achondrites Ibitira 
(4556.8 ± 0.6 Ma [9]) and A-881394 (4566.8 ± 0.3 Ma [10]). 
The Nb-Zr data for all studied achondrites define internal 
isochrons, with slopes corresponding to initial 92Nb/93Nb ratios 
of 2.5–5.3 x 10-5 at the time of the solar system formation. We 
are still in the process of determining Zr isotopic ratios in 
coarse (~80 µm) zircon grains from the eucrite Agoult [8]. The 
solar initial 92Nb/93Nb will be more precisely determined by 
integrating the zircon data into the internal isochron. 
Nevertheless, our data indicate the homogeneous distribution 
of 92Nb among the source regions of the studied achondrites at 
the order of ~10-5  for  the solar  initial  92Nb/93Nb ratio. 
 
[1] Harper (1996) ApJ 466, 437. [2] Sanloup et al. (2000) 
EPSL 184, 75. [3] Yin et al. (2000) ApJ 536, L49. [4] Münker 
et al. (2000) Science 289, 1538. [5] Hirata (2001) Chem. Geol. 
176, 323. [6] Schönbächler et al. (2002) Science 295, 1705. [7] 
Amelin et al. (2011) LPSC 1682. [8] Iizuka et al. (2015) EPSL 
409, 182. [9] Iizuka et al. (2014) GCA 132, 259. [10] Koefoed 
et al. (2015) LPSC 1842. 
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In geothermal power plants, silica scale precipitates in 

pipes and reinjction wells and decrease the amount of 
reinjecting  hot water. To prohibit the silica scaling, a pH 
adjustment method has been applied by additon of sulfuric acid. 
This promotes the precipitation of anhydrite (CaSO4) in the 
production wells. Therefore, the final goal of out study is to 
develop the new inhibition method for silica scale. As the first 
step, we elucidated the occurrence of silica scale in the 
geothermal plant and the behavior of chemical components 
between hot water and silica scale. 

  In this study, silica scales were collected from separaters 
and pipies at the production and reinjection bases in Sumikawa 
geothermal power plant, Akita Prefecture. Scale samples were 
quantitatively analyzed by a X-ray fluorescence analyzer(XRF) 
and identified minerals contained in the scales by a X-ray 
diffractometer(XRD). The chemical composition of the scale 
were partialy analyzed by an electron probe 
microanalyzer(EPMA). Moreover, the saturation index of 
mineral in hot water was calculated using the chemical 
compositions to compare the observed minerals in the scale. 

  Scale sample is mainly made from amorphous silica with 
minor minerals. From the comparison of the analytical results 
by XRF and the hot water composition, it is found that Mg, Al, 
Fe, and Ca is easy to move from hot water to silica scale. In 
addition, from the calculated saturation index, clay minerals 
were estimated to be precipitated with silica due to increase of 
Mg concentation (o.n mg/L). From this fact, it is considered 
that Mg contributes to the precipitation of silica scale as well 
as clay minerals. In general, Al in geothermal fluid is affecting 
the precipitation of the silica scale. This study also 
demonstrates that Mg also affects the silica precipitation. 
Therefore, it can be expected to inhibit the precipitation of 
silica scale by masking Mg and Al in hot water with inhibitor. 
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The aim of this study applies factor analysis method using 

SPSS computer software to the alkaline Hamit plutonic rocks. 
Depending on the results of geochemical analysis factor 
method will be set automatically according to the geological 
interpretation will be made. Depending on the results of 
geochemical analysis according to factor groups, geological 
interpretation will be carried out. Geochemical analyses of 
sixty-three rock samples from the Hamit pluton were evaluated 
in terms of % and ppm. Descriptive statistics and factor 
analysis were applied to these data. SPSS software-21 program 
was used in multivariate statistical analysis. Interpretation of 
the origin of the elements with the help of factor analysis was 
conducted and the adequacy of the data was examined as well. 
Yalcin and Ilbeyli (2014) made 3 factor classifications. In their 
work the number of factors is not intervened. In this study a 
total of five factors are determined by the results of the 
analysis performed. The five factors are determined using 30 
variables (SiO2, TiO2, Al2O3, Fe2O3, MnO, MgO, CaO, Na2O, 
K2O, P2O5, Sc, Cr, V, Ni, Co,Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb, 
Ba, La, Ce, Nd, Pb). Factor 1 is represented by Fe2O3, P2O5, 
CaO, Sr, Co, TiO2, V, MgO, Ba, Cu, Sc, MnO, Nd and Ni, and 
there are highly positive relationships among them. SiO2 
showed high negative correlation among these data. Factor 2 is 
defined by Zr, Nb, Ga, Al2O3, Zn, Ce, La, and there is a high 
positive correlation among these data. Factor 3 is marked by Y. 
Factor 4 is represented by Cr. However Cr, Na2O and Pb are in 
the same group showed a high negative relationship. Factor 5 
is identified by negative K2O. Factor 1 in the study of Yalcin 
and Ilbeyli (2014) [1] is similar to factor 1 in this study. The 
same applies to the factor 2. Both two studies show that factor 
1 represents monzosyenite- syenite and factor 2 describes 
alkaline syenite. Elements within the same factors have similar 
origins. This study shows that application of SPSS is suitable 
to determine plutonic rocks forming elements similar to the 
ones of origin. 
 
[1] Yalcin, F. and Ilbeyli, N. (2014) Multivariation statistics 
determination of the Hamit alkaline plutonic rocks (Kırşehir-
Turkey). 30th International Conference on Alkaline, 
Kimberlite and Carbonatite Magmatism, Antalya, 228. 
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Iron residing in clay mineral structures can be a catalyst or 
directly participate in electron transfer reactions.  The apparent 
redox potential of this iron species depends on the total iron 
content, layer charge, and redox history.  The redox potential 
for the Fe(II)/Fe(III) couple in nontornite, estimated using 
crystal field theory, is 0.710 V.  The standard redox potential 
of the As(III)/As(V) couple is 0.56 V, therefore, NAu-1 is 
expected to oxidize As(III) to As(V); however, this reaction 
does not occur under ambient conditions.   

We were able to activate the surface of NAu-1, as well as 
the surface of its synthetic analog produced in our lab (SIP), 
and promote the oxidation of As(III) to As(V) in batch 
reactors.  This activation requires that a fraction of Fe (< 20% 
of total) is reduced to Fe(II), leaving the majority of the 
octahedral iron as Fe(III).  We used citrate-bicarbonite-
dithionite procedure to achieve this partial reduction.  The 
oxidation of As(III) to As(V) proceeds within several hours, 
under both oxic and anoxic conditions.  The extent of As(III) 
oxidation is higher in the presence of dissolved O2; however, it 
is also significant under anoxic conditions.  We conclude that 
activation causes the clay mineral surface to act both as a 
catalyst and as an e- acceptor.  Similarly, but less pronounced, 
activation is achieved following an addition of aqueous Fe(II) 
to the batch reactors with NAu-1 or SIP in place of the partial 
reduction treatment.  Proposed reaction pathways will be 
discussed.   

This material is based upon work supported by the U.S. 
Department of Energy, Office of Science, Office of Basic 
Energy Sciences. Sandia National Laboratories is a multi-
program laboratory managed and operated by Sandia 
Corporation, a wholly owned subsidiary of Lockheed Martin 
Corporation, for the U.S. Department of Energy’s National 
Nuclear Security Administration under contract DE-AC04-
94AL85000. 
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There is growing evidence from laboratory experiments 

that incomnensurate metals such as U(VI, V) and Tc(IV) can 
be incorporated into iron (oxyhydr)oxides either during co-
precipitation under hydrothermal conditions or redox-induced 
transformation of ferrihydrite to more stable forms such as 
goethite. The redox-induced incorporation pathway occurs 
even at room temperature. Further, the oxidation state of 
incorporated U responds to the solution Eh and thus is not 
isolated from the environment. However, in order to write a 
reaction between an incorporated metal and solution species 
one needs to know the oxidation state of the metal, and local 
charge compensation schemes (CCS).  For example, 
incorporated U(VI) substituting for Fe(III) may be associated 
with deprotonation of hydroxyl groups and/or Fe(III) vacancy 
formation. More reduced U(V) or U(IV) may also require 
localized excess electron density. The method of choice for 
determining the local bonding environment of such metals has 
been EXAFS with XANES and XPS constraining oxidation 
states. XPS has proven most useful for determing oxidation 
states of U because satellite structures yield robust signatures 
for U(IV), U(V) and U(VI) whereas the U LIII edge position, 
commonly used in geochemistry, is not sufficient to resolve 
U(V). Information on U oxidation states is contained in the 
shape of the LIII white line, but care must be taken to determine 
the bonding environment which can have a strong effect (e.g., 
uranyl and uranate display very different white line shapes). 
EXAFS does encode information on oxidation states and CCS 
via the local coordination environment. However, a lack of 
standards for trace U in oxides leads to underconstrained fits 
and loss of potential information. 

Here, ab initio MD simulations were used to constrain the 
interpretation of U-LIII EXAFS of U incorporated in goethite. 
Best fits using dynamical stucture models indicate the 
predominance of U(V) in uranate octahedral coordination with 
deprotonation and excess electrons providing local CCS.  
Further, a variety of structures are accessible at RT; thus, only 
considering the most stable structure can be misleading.  
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Plinian volcanic activity produces various kinds of 

pyroclasts including pumice and ash caused by very explosive 
eruptions. At the Ulleung volcano located in the southwestern 
part of the East Sea in Korea, volcanic activities from 18,800 
to 5,600 cal BP gave rise to abundant pumices as a result of 
Plinian eruptions [1] [2]. Among these eruptions, volcanic 
materials known as U-Oki tephra include vesicular white to 
gray pumices and ash. The goal of this research was to 
elucidate textural heterogeneities of pumice from the volcanic 
eruption (9.5 cal ka BP). We chose representative white and 
gray pumice samples (microvesicular and tube pumice) using 
morphological features and vesicle texture.  

Pumice samples are trachytic to phonolitic in composition. 
It can be classified into poorly, moderately, and highly 
vesicular based on classification of vesiculation [3]. Vesicle 
size distributions are typically polymodal and their shapes also 
vary. The microvesicular pumice consists of spherical, oval, 
and channel-like vesicles showing pore throats in all directions. 
They coexist with partly stretched vesicles. On the opposite, 
tube pumice have entirely very stretched vesicles with extreme 
degree of vesicle elongation and alignment. Two type samples 
show various steps of texural development in terms of vesicles 
size shapes and distribution. Based on the previous studies and 
our results, we will discuss the various steps of bubble growth 
and development of these textural heterogeneities occurring in 
the volcanic conduit and then propose a simple schematic 
representation. 
 
[1] Okuno et al (2010) Radiocarbon 52, 1465-1470. [2] Im et 
al (2012) Geosciences Journal 16(2), 105-114. [3] Houghton 
and Wilson (1989) Bull Volcanol 51, 451-462. 
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Knowledge of copper (Cu) biotransformation along redox 
gradients in polluted wetland sediments is scare. We evaluated 
the impact of biogeochemical processes on the Cu cycle in 
wetland sediments for 520 days in Winogradski columns.  

Photosynthetic algae released dissolved oxygen in the 
water overlying the sediments while sulfide and ferrous iron 
concentrations increased with depth in the sediments. 
Sequential extraction revealed that the chemical composition 
of the sediments, including Cu distribution, changed with 
depth and could be related to TEAPs. Cu partitioning into the 
residual phases of the wetland sediments increased over time 
from <39% to >90%. Cu became enriched at the 6-8cm 
sediment depth and the stable isotope ratios changed compared 
to the initial sediment conditions (δ65Cuinitial - δ65Cu6-8cm= -
0.19‰). This suggests that isotopically heavier Cu was 
released and accumulated during sediment ageing, which will 
be confirmed with porewater analysis.  

Together, the results highlight the reductive dissolution of 
Fe oxy(hydr)oxides with concomitant release of Cu bound to 
Fe-bearing phases, although re-oxidation of reduced Cu+ 
species at the oxic water-anoxic sediment interface cannot be 
excluded. Microbially mediated processes altered the 
geochemical composition of aged anoxic sediments, thereby 
highlighting the dominant role of microorganisms in 
controlling the biogeochemistry of trace metals. Analysis of 
the microbial composition using high-throughput sequencing 
techniques in the future will help to elucidate the relationship 
between biogeochemical processes, Cu transformation and 
bacterial community change along the redox gradients. 
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Sabkha type dolomites are common deposits of the Early 
Earth. Potentially, these carbonates may act as archives of 
Precambrian seawater magnesium isotope (δ26Mg) ratios. In 
order to explore Δ26Mgdol-Mg(porewater), we make use of actualistic 
sabkha type dolomite precipitation in the Gulf region as a 
potential analogue for the ancient deposits. We document and 
discuss the first detailed sabkha δ26Mg data set of Mg-bearing 
solids including stoichiometric dolomites (degree of ordering  
> 0.9; mean δ26Mgdol = -0.79‰±0.41 2σ, n=17) and related 
marine pore waters. Sabkha shallow ground water collected in 
trenches displays δ26Mg values of about -0.59‰, i.e. is only 
moderately enriched in 26Mg relative to the present-day 
seawater signature of -0.83‰. Conversely, the δ26Mg of 
evaporated porewater is enriched by +0.43‰ relative to that of 
δ26Mgseawater. The term “apparent” fractionation for the variable 
Δ26Mgdol-Mg(porewater) (+0.4 and -0.3‰) is used here. Moreover, 
evaporated sabkha porewater differs, in terms of its isotope 
signature, from seawater. The data shown here imply that 
ancient sabkha dolomites cannot be used as direct proxies for 
coeval δ26Mgseawater. Our present understanding is that the 
magnesium isotope signature of sabkha dolomites is related to 
complex kinetics of precursor formation, 
dissolution/precipitation reactions including microbiological 
effects and involves variable Mg sources and sinks in a 
temporally and spatially variable microenvironment. 
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Was the Tibetan plateau at high elevation prior to Indo-
Asian collision (~56 to ~40 Ma [east to west]) or rise en masse 
more recently in the Neogene? If the plateau was at high 
elevation prior to collision, >30% of the original crustal mass 
is missing from our collisional mass balance accounting. 

We reconstruct the ~55 Ma paleo-elevation of the Penbo 
Basin, southern Tibetan plateau by coupling carbonate-derived 
oxygen stable isotope measurements (δ18Oc) with temperatures 
derived from the Δ47-‘clumped’ isotope paleothermometer 
(T(Δ47)). We estimate a pre- to early syn-collisional  
(~54 ± 2 Ma) paleo-elevation of the Penbo region of  
>4100 ± 550 meters. This provides the first well-constrained 
elevation estimate of the pre-collisional Linzizong Volcanic 
arc in the southern Tibetan Plateau, and supports previous 
suggestions that the Linzizong arc part of the plateau was high 
prior to India-Asia collision based on structural evidence and 
oxygen-isotopic data alone.  

We perform numerical calculations of post-collisional 
crustal mass balance using the newly constrained pre-
collisional elevation and crustal thickness, and the recently 
reconsidered diachronous collisional age of India-Eurasia. We 
find that ~50% of the collision-related crustal mass cannot be 
accounted for by the mass preserved in the excess crustal 
thickness, southeast Asian tectonic escape, and exported 
eroded sediments. This implies large-scale subduction of 
continental crust during this continent-continent collision. 
Crustal contamination of the mantle may be more significant 
than previously thought and may be responsible for crustal 
geochemical anomalies in mantle-derived melts. 
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Iron is a redox sensitive element and a major chemical 
constituent of the silicate rocks that form oceanic crust. During 
subduction the downgoing slab undergoes progressive 
dehydration and element loss to the sub-arc mantle. The 
transfer of iron in slab derived fluids could represent an 
important geochemical iron flux, and have a fundamental 
control on the redox state of the sub-arc mantle. Recent work 
[1] has demonstrated that prograde serpentinite dehydration in 
a subduction setting may result in the loss of iron from the 
slab, manifest by a progressive shift in the iron stable isotope 
composition with increasing metamorphic grade.  

In order to determine and quantify the mobility of iron in 
slab derived fluids we have analysed samples of metabasalts 
and metagabbros from a suite of Alpine ophiolites. These 
fragments of fossil oceanic crust record prograde metamorphic 
conditions representative of the P-T path of basaltic crust 
during subduction. Samples from the Zermatt-Saas and 
Queryas ophiolites have been metamorphosed to both 
blueschist and eclogite facies. This provides a unique 
opportunity to examine the effect of subduction zone 
dehydration, critically at the blueschist-eclogite transition, on 
the distribution and oxidation state of iron in the subducting 
slab.  

Initial results show that variations in iron isotope 
composition does not correlate with Mg# and other indicators 
of melt depletion. This suggests that the observed variations in 
isotope composition are not related to protolith heterogeneity, 
and could be linked to later stage processes.  Despite this, there 
is no systematic correlation between δ56Fe and metamorphic 
grade. Trace element data reveals varying degrees of sediment 
and fluid interaction with blueschist facies lithologies from the 
Queryas ophiolites but the effect of this on iron isotope 
systematics is unclear.  

Future work will focus on characterising modern gabbroic 
altered oceanic crust, in conjunction with ophiolite samples 
displaying sediment interaction. 

 
[1] Debret et al., (2015). MinMag, this volume. 
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Isoprenoidal glycerol dialkyl glycerol tetraethers 

(isoGDGTs) are cell membrane-spanning lipids belonging to a 
diverse group of Archaea. IsoGDGTs bearing up to  
4 cyclopentane moieties are common in non-extreme  
environments, whereas isoGDGTs bearing 5 to 8 cyclopentane 
moieties have only been reported in hot springs and cultures of 
Euryarchaeota and Crenarchaeota grown at temperatures above 
45°C (pH <1.5) and 65°C (pH 2-5.5), respectively. This 
suggests that the ability to synthesise more than 4 cyclopentane 
moieties is a unique adapation of extremophiles. To explore 
this further, we report the distribution of isoGDGTs in a range 
of peat-forming environments from across the globe. 

Our results demonstrate that high- and mid-latitude peats 
are dominated by GDGT-0 (typically > 80%). Smaller 
quantites of GDGTs 1 to 4 were also detected. In tropical peats, 
GDGTs 1 to 4 are more abundant (up to 60% of total 
isoGDGTs). Intriguingly, a number of ombrotrophic tropical 
peats contain isoGDGTs bearing up to 7 cyclopentane 
moieties.  

This is the first reported occurence of isoGDGTs bearing 
more than 4 cyclopentane moieties within a mesophilic setting. 
Their occurrence is likely driven by a combination of high 
mean annual temperatures (>25 °C) and low pH (3.5-4.0). The 
presence of isoGDGTs 0-5 within an early Eocene, 
ombrotrophic bog (Schoningen, NW Germany) also suggests 
that this signal is preserved in deep-time settings. Our results 
indicate that isoGDGTs with more than 4 cyclopentane rings 
are not unique to  thermophilic settings and that these 
compounds are likely more widespread than previously 
thought. 
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Sediment burial of organic matter is the primary sink by 

which carbon is removed from the atmosphere-biogeosphere 
and stored over geological times, yet the mechanism of 
sediment carbon sequestration is still poorly understood. The 
recent recognition of a ‘rusty sink’ for organic carbon in 
marine sediments represents a major advance in our 
understanding of the carbon cycle. The sequestration of a large 
portion of organic carbon (OC) in margin sediments appears to 
be associated with Fe oxyhydroxide phases. In turn, organic 
matter appears to affect the oxidation, hydrolysis and 
aggregation of Fe.  

We propose that the rusty sink in boreal areas is 
established already on land, acting as a key factor in the long-
term storage of organic carbon and thus contributing to the 
global cycles of carbon, oxygen and sulfur. In soils, the 
formation of complexes of iron and organic matter has been 
identified as one mechanism for stabilizing organic carbon. 
This relationship has not previously been explored as a 
mechanism for preserving organic matter in aquatic 
environments. We show that stable Fe isotopes can be used to 
trace cycling and the origin of particulate and colloidal Fe-
OC(organic carbon) species in brown waters. Two types of Fe 
aggregates are formed in boreal-subarctic landscape, Fe-
oxyhydroxide and Fe-OC aggregates. Iron aggregates with 
high concentrations of organic carbon show an overall negative 
isotope signature, and they settle early close to the coast during 
estuarine mixing. The Fe-oxyhydroxide group is enriched in 
the heavy isotope, and is found further out in open water. It is 
important to characterise these two groups because they 
probably regulate not only carbon but also trace metal, and P 
cycling in the coastal zone.  
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OH-defects involved in the storage of hydrogen in mantle 

olivine remain poorly identified. This greatly impairs our 
ability to quantify the water content of the Earth’s upper 
mantle. Significant progresses have been achieved in the 
identification of OH-defects through the study of the Mg end-
member forsterite [1-3]. However, it is not the case for olivine 
for which, the assignment of several key OH FTIR bands 
remains unclear. We report here the results of a detailed 
infrared study of these OH bands in natural olivines, between -
194°C and 50°C, and results from a numerical simulation of 
OH spectra in Fe-doped forsterite. We focused on OH bands in 
three frequency domains: around 3200 cm-1, between 3300-
3400 cm-1 and at 3600 cm-1. We highlight the respective role of 
Fe3+ and Fe2+ on the frequency and occurrence of these bands 
and discuss the implications for the storage of water in olivines 
of the lithospheric mantle.  
 
[1] Balan et al. (2011) Eur J Mineral DOI: 10.1127/0935-
1221/2011/0023-2090. [2] Umemoto et al. (2011) Amer. Min. 
DOI: 10.2138/am.2011.3720. [3] Ingrin et al. (2013) Phys Chem 
Mineral DOI: 10.1007/s00269-013-0587-3.  
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The thermal CO2-rich fluids circulating in Pantelleria 
volcanic island are mainly Na-Cl-HCO3 waters, with a marine 
component up to ≈50% and pH between 6 and 9. The total 
amount of REE ranges between 1.09 and 6.85 nmol/l, whereas 
the average shallower seawater of the Strait of Sicily has a 
total REE content close to 0.31 nmol/l [1]. The PAAS-
normalised REE distribution in these waters is characterized by 
an increasing trend from La to Lu with variable Ce anomalies 
(from 0.3 to 1.5) Moreover, Ce anomaly is correlated to water 
redox potential (-107<Eh< 161 mV). Additionally, these 
waters display a W-type tetrad effects in the third and fourth 
tetrads, while in the PAAS normalised   patterns of Pantelleria 
volcanic rocks [2] the tetrad effect is M-type in the third and 
fourth tetrads. This evidence can represent an effect of the 
large water-rock interaction occurring in the hydrothermal 
aquifer. We found a similarity between normalised REE 
pattern of the Pantelleria thermal waters, and the nearby Strait 
of Sicily average seawater. However the Strait of Sicily 
seawater pattern is 1-2 orders of magnitude lower. The high 
amount and distribution of REE in the Pantelleria thermal 
waters may be explained by the formation of REE complexes 
with carbonate ions, while the observed Ce anomaly may result 
from oxidation scavenging process onto Fe oxyhydroxides [3], 
as revealed by the saturation state of the Pantelleria thermal 
CO2-rich waters. 

The Zr/Hf molar ratio is 2-3 times higher respect to the 
local rocks. The super-chondritic Zr/Hf values suggest that the 
distribution of these elements in thermal waters is driven by 
the dissolved complexation probably as hydroxo-complexes 
[4]. In the higher temperature waters (Polla 3 and Gadir 
springs), the F- concentration close to 0.5 mM could allow to 
the formation of [ZrF5]- and [HfF5]- complexes [5], leading to 
higher Zr/Hf molar ratios. 
 
[1] Censi et al. (2007), Chemical and Ecology 23, 139-153. [2] 
White et al. (2009), Journ. Volcan. Geoth. Res. 179, 33-55. [3] 
Bau & Koschinsky (2009), Geochemical Journal 43, 37-47. 
[4] Byrne (2002), Geochem. Trans. 3, 11-16. [5] Monroy-
Guzman et al. (2010), J. Mex. Chem. Soc. 54, 24-33. 
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Peptoids, or poly N-substituted glycines, are biomimetic 
compounds for proteins that can be altered by very simple 
chemistry involving substitutions at the nitrogen and contain 
less complexity due to their lack of the normally chiral alpha-
carbon present in peptides. These molecules are very useful as 
models in experiments studying the effect of the physical and 
chemical structure of peptides on mineral growth (in the 
biomineralisation of calcite in aquatic species such as 
coccolithophores). They are also of interest in promoting the 
sequestration of carbon dioxide from the atmosphere as calcite.  
Experimental work1 found that peptoids of similar molecular 
weight had significantly different effects upon the growth and 
morphology of calcite based on their differences in acidity, 
connectivity and substitution patterns. By studying the 
adsorption of a set of these molecules to flat, stepped, and 
kinked calcite surfaces using molecular dynamics simulations, 
it was determined that no single thermodynamic or structural 
parameter was capable of identifying the peptoid species that 
were associated with calcite growth enhancement. It was, 
however, determined that a combination of binding energy, 
radius of gyration, and the variation in the radius of gyration at 
the surface of calcite was able to clearly identify peptoids 
capable of increased calcite growth. This metric was then 
further tested against a second set of peptoid molecules, when 
it identified again the best potential peptoid species for 
enhancing calcite growth, indicating its potential use in a 
screening method for computationally identifying useful 
calcite growth enhancers based on peptoid architectures. 

[1] Chen et al. (2011), J. Am. Chem. Soc. 2011, 133, 5214-7 
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Recent discovery of hydrous ringwoodite in natural 
diamond inclusion [1], whose water content was ~1.4-1.5 wt%, 
shows that the mantle transition zone is really hydrous 
condition, at least in some regions. In addition, a new dense 
hydrous magnesium silicate, phase H [2] [3] was found by 
first-principle calculation and experimental studies, and Al-
rich phase D was also found [4]. Thus the study on the water in 
the mantle becomes a hot topic again after the finding of 
hydrous wadsleyite and hydrous ringwoodite (e.g. [5] [6]). 

 Our group has been conducting the study for the stability 
and water solubility of hydrous and nominally anhydrous 
minerals, and the recent target is to clarify the effect of Al. In 
this process, we found the new Al-bearing hydrous phase in 
the upper mantle condition, and that Al-bearing bridgmanite 
(Mg-silicate perovskite) can contain significant amount of 
water. So we are doing those projects to clarify the maximum 
water solubility in P-T conditions, the structure by single 
crystal X-ray and power neutron diffractions, the equation of 
state and the elastic wave velocity. In this presentation, we will 
introduce the recent progress of the water in the mantle based 
on our projects. 
 
[1] Pearson et al. (2014) Nature 507, 221-224. [2] Tsuchiya 
(2013) Geophys. Res. Lett. 40, 4570-4573. [3] Nishi et al. 
(2014) Nature Geoscience 7, 224-227. [4] Pamato et al. (2015) 
Nature Geoscience 8, 75-79. [5] Inoue et al. (1995) Geophys. 
Res. Lett. 22, 117-120. [6] Kohlstedt et al. (1996) Contrib. 
Mineral. Petrol. 123, 345-357. 
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Fossil bones of Mammuthus Meridionalis excavated from 

Irimești fossiliferous site has been found to be highly 
radioactive. The site is part of the Plio-Peistocene mammalian 
succession of the western Dacic Basin. Located in the middle 
Olteț valley, the deposit contains a basal succession of clays 
and sands which underlies the fossiliferous sequence 
consisting predominantly of sands with gravel lenses.[1] The 
Olteț river crossing these deposites, is washing upstream 
metamorphic and magmatic rocks, and lignite deposits.  

Radiometric analysis of the fossil bones was made using a 
gamma ray spectrometry with high purity germanium (HPGe) 
detector. The results show a high uranium specific activity, 
reaching in some cases values as high as 4100 Bq/Kg 238U, 
whereas 232Th and 40K have insignificant average values of 
specific activity, 4.07 Bq/Kg for 232Th and 56 Bq/Kg for 40K. A 
marked disequilibrium between 226Ra and its parent 238U was 
found, probably due to the leaching of radium from fossil 
bones. Also 214Bi and 214Pb are in disequilibrium with 226Ra, 
respectively 238U generated by radon escaping. 

The texture and mineral contents of a selected bone 
fragment (femur) were examined under Scanning Electron 
Microscope The femur bone is characterized by fibrous and 
porous features with cracks occurring locally. Partially the 
original dense bone material has been replaced by amorphous 
collophane or massive cryptocrystalline variety of apatite. The 
Haversian canals are filled with autigenic crystals of calcite, 
manganese oxide, iron oxide, calcium silicate. No uranium 
minerals could be identified in the femur bone despite the high 
uranium content determined radiometrically. The uranium 
bearing substance is evidently distributed together with organic 
bone material, probably associated with collophane.  

The presence of lignite seams upstream the fossilifeurs 
deposit can explain high levels of uranium found in fossil 
bones. All data suggests that the fossil bones were richly 
mineralized during diagenesis, uranium being mobilized as 
uranyl ion, precipitated from surface and ground waters and 
strongly absorbed by organic matter from bones. 
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We report Re-Os isotope, PGE and major oxide content 
data for 19 spinel and garnet peridotite xenoliths from the 
Obnazhennaya kimberlite in the NE Siberian craton. Most 
samples in this study, and Obnazhennaya peridotites in 
general, show a combination of relatively low Al2O3 (0.1-2%) 
with very high CaO (2-4%). Only four harzburgites in our 
sample suite have low contents of both Al2O3 and CaO (0.1-
0.8%), but their relatively low Mg# (0.89-0.92) and highly 
variable Os contents (0.6-35 ppb) suggest they may have 
formed in melt migration channels  rather than as residues of 
melt extraction. A group of six Ca-rich (2.0-3.2% CaO) 
peridotites yields the highest Re-Os TRD ages, from 2.6 to 2.9 
Ga. Eight peridotites with low to moderate Al2O3 (<2%) and 
Mg# ≥0.91 yield TRD ages from 1.65 to 2.3 Ga (2.0±0.1 Ga). 
The remainder may not yield valid TRD ages because they are 
not refractory (Al2O3 >2.6% and/or Mg# ≤0.90). Re-Os TMA 
ages for all rock types range from 1.6 to 3.4 Ga. We interpret 
the TRD data as evidence for a two-stage formation of the 
lithospheric mantle: at ~2.8 Ga and at ~2 Ga. The peridotites 
formed at the two stages show similar chemical compositions. 
Widespread enrichments in Ca, which we attribute to 
metasomatism by carbonate-rich melts, may have taken place 
either at the end of the Archean melting event, when at least 
one Ca-Al-rich peridotite was formed, or later. Combined Re-
Os age data on xenoliths from Obnazhennaya and Udachnaya 
suggest that the lithospheric mantle beneath the Siberian craton 
took a long time to form, from late Archean to the 
Paleoproterozoic. The formation of cratonic mantle was not 
completed in the Archean as previously thought but continued 
well into the Paleoproterozoic when the Siberian craton was 
definitively stabilized at ~2 Ga. 
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Zircon reference materials including Temora II, Mud Tank, 

91500, FC1, QGNG, CZ3, R33 have been analysed for δ18O 
with the SHRIMP SI under a variety of analytical conditions. 
These include changing source slit width, electron impact 
energy, number of subsets. Data were reduced following a new 
protocol to obtain a robust estimate of external precision per 
spot. This procedure produces a robust determination of 
outliers. The final estimate of δ18O allows the determination of 
a weighted mean for an entire analytical session. External 
reproducibility of spots is dependent on the number of subsets 
acquired (where 1 subset is ten acquisitions of 2 s integration 
time), and ranges from 0.2 to 0.3 ‰ (1σ) for four subsets,  to 
0.10 to 0.15 ‰ (1σ) for 6 subsets. The external precision per 
sample is dependent on the calibration to a normalising 
standard and is dependent on the number of analyses per 
sample. For high precision data sets (>30 analyses), external 
precision is better than 0.1 ‰ (2σm) while for the data sets less 
than 12 samples and for some of the four-scan data the external 
precision can be as high as 0.2 ‰ (2σm).  Accuracy of the 
measurements within the cited uncertainties is demonstrated by 
agreement within uncertainty of laser fluorination analyses of 
these materials.  Mud Tank and Temora II appear to be 
homogeneous within the cited uncertainties and well suited to 
being oxygen isotope reference materials.   
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Environmental monitoring of complex ecosystems requires 

reliable sensitive techniques based on sound analytical 
strategies to identify the source, fate and sink of elements 
mobilized by e.g. emission, landscape use, natural erosion 
processes and extreme events. Therefore, the exploration of 
(novel) isotopic systems in marine compartmens for the 
characterization of a complex aquatic ecosystem is currently a 
key issue in ecosystem research.  

In aquatic ecosystems, sediments are considered as ‘the 
memory of a river or water body’ and thus improved 
understanding of the mobilisation, transfer and fate of 
sediments within catchments is of utmost importance for their 
potential use as tracer carriers. 

This study is dedicated to the exploitation and validation of 
possible isotopic systems asides Sr and Pb accessible by MC 
ICP-MS (multi collector inductively coupled plasma mass 
spectrometry) for tracing elemental pathways from source to 
sink from freshwater to estuary, coastal and marine ecosystems 
focusing on the example of the German Wadden Sea. The 
Wadden Sea is of central importance for the accumulation and 
distribution of elements in the German North Sea and 
represents an enduringly contaminated highly 
anthropogenically impacted ecosystem.  

The major focus in the first phase of the project is set on 
the fundamental characterization of isotopic signatures in 
selected samples originating from different HZG ship sampling 
campaigns within the context of the German BMBF founded 
NOAH Project (North Sea-Observation and Assessment of 
Habitats) and the ‘HZG-Wattkampagne 2014’. The 
metrological aspects allowing a sound method validation 
comprise blank, interferences, isotopic fractionation and 
instrumental isotopic fractionation investigations along with 
the calculation of combined standard uncertainties. 
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We conducted geochemical studies on vent fluid samples 
which were collected from three submarine arc volcanoes in 
the Izu-Bonin arc; clear fluid up to 280ºC venting from 
chimney structure along the caldera slope of Myojin Knoll, 
clear fluid up to 200ºC emanating from mound structure along 
the caldera slople of Bayonnaise Knoll, and clear fluid up to 
300ºC emanating from flat hydrothermal precipitates or 
directly from sandy seafloor within the summit crater 
depression of Suiyo Seamount. The samples were collected by 
ROV (remotely operated vehicle) Hyper Dolphin (JAMSTEC) 
during NT14-06, NT12-10 and NT07-08 expeditions. 

From analytical results of the collected samples, chemical 
composition of the hydrothermal fluid enedmember was 
estimated based on so called magnesium diagrams. For each 
vent field, single hydrothermal end member represents all the 
collected samples. For the three vent fields, major elements 
composition of the hydrothermal fluid is likely to be controlled 
by fluid-mineral equilibria in the reservoir. 

Enrichment in Ca is notable for the three vent fields in the 
Izu-Bonin arc compared with a trend among mid-ocean ridge 
hydrothermal fluids. This signature is contrary to that the 
hydrothermal fluids from the Brothers Seamount in the 
Kermadec arc showed K-rich signature. Since both Izu-Bonin 
arc and Kermadec arc are known as an intraoceanic arc, the 
different trend in fluid chemistry is considred reflecting 
different chemical composition of host rocks. Actually, 
volcanic rocks from submarine volcanoes in the Izu-Bonin arc 
are classified in low-K series, while those from Brothers 
Seamount showed mid-K signature.  
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The isotope composition of strontium has been 
investigated in Archaean minerals to trace the evolution of the 
inner Earth [1, 2]. We have developed an analytical method to 
measure strontium isotopes in biogenic calcite or apatite using 
a  NanoSIMS [3, 4]. We applied this method on micro-size 
apatite inclusions found in Archaean zircons from ca. 3.6 Ga 
tonalite of Nuvvuagittuq Supracrustal Belt Northern Quebec 
[5]. Zircon is known to be a metamorphic-resistant igneous 
mineral which can be dated precisely by uranium-lead method. 
Thus, apatite inclusions encapsulated in zircons should enable 
us to  get some pristine information of the Earth’s primitive 
interior.  

In this study, we measured 87Sr/86Sr ratio using the 
NanoSIMS50 at the University of Tokyo, targeting apatite 
inclusions, which diameters are approximately 10 µm. A 
primary 16O- ion beam of about 0.5nA was focused to less than 
10um in diameter onto the apatite surface. The multi-collector 
system was adjusted to detect 26Mg+, 43Ca+, 40Ca2

+, 86Sr+, 87Sr+, 
and 138Ba+ simultaneously. The magnetic field was scanned to 
detect 86Sr+ 87Sr+ 88Sr+, and 85Rb+ 86Sr+ 87Sr+, by single 
collectors, respectively [4]. 

Eight apatite inclusions from Nuvvuagittuq were selected 
and analyzed. Isobaric effect of 87Rb on 87Sr, and calcium 
dimers on each strontium isotopes, were subtracted according 
to the amount of measured 85Rb+ and 43Ca+, 40Ca2

2+. Corrected 
87Sr/86Sr values range from 0.70877 to 0.72034 +- 0.0031, with 
the Sr amount varying between 26 and 398 ppm. Obtained 
values are heavier compared with the Archaean mantle at  
3.6 Ga (~0.703 calculated from primitive 87Sr/86Sr and 
additional 87Sr from radiogenic decay of 87Rb), suggesting 
possibility: (1) an additional source of  strontium from the 
subducting slab; or (2) metamorphic-induced isotopic 
fractionation.  
 
[1]Veizer & Compston, (1976) GCA 40 905, , [2]Richardson et 
al., (1984) Nature 310 198,  [3]Sano et al., (2008) App. 
Geochem. 23 2406, [4]Sano et al., (2014) JAES 92 10, 
[5]David et al., (2009) GSA Bulletin 121 150. 
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Chondritic porous interplanetary dust particles (CP IDPs) 

sample reservoirs of primitive material absent in meteorites, 
and their properties - anhydrous mineralogy, abundant 
carbonaceous material and amorphous silicates (so-called 
GEMS) - are consistent with cometary provenance [1]. In 
addition, they boast the highest abundance of presolar grains 
detected by measurable isotope anomalies [2], some from 
presolar amorphous silicates [3], indicating a significant 
fraction of remnant presolar interstellar dust. 

The first samples from a known comet, 81P/Wild 2, 
indicate efficient mixing of inner and outer nebula materials in 
the Kuiper Belt [4], but substantial damage to the sub-micron 
fraction from high speed capture complicated direct 
comparison between CP IDPs and Wild 2 bone fide comet dust 
[5]. Wild 2 dust is not a robust match to CP IDPs, calling for 
their reexamination with new perspective, or new “eyes”. CP 
IDP component size distributions show that their parent bodies 
formed in different places/times [6] begging the question, 
From whence do the CP IDP parent comets hail? 

New capabilities form a powerful set of new “eyes” with 
which to explore CP IDPs. Technical developments enable 
correlating TEM and NanoSIMS analysis in the same samples 
[7], new quad-detector systems offer rapid chemical mapping 
over relatively large regions with high resolution and minimal 
damage [8], and electron energy loss spectroscopy (EELS) can 
analyze organics and water [9]. Finally, combining these new 
“eyes” offers insight into presolar grain mineralogy and spatial 
correlation of organics and water in CP IDPs. 
 
[1] Hanner M. & Zolensky M.E. (2010) in Astromineralogy, 
2nd ed., Springer-Verlag, Berlin, pp 211-212. [2] Stadermann 
F.J. et al. (2006) GCA, 70, 6168-79. [3] Messenger (2003) 
Science, 300, 105-8. [4] Brownlee D.E. et al. (2006) Science, 
314, 1711-6. [5] Ishii H.A. et al. (2008) Science, 319, 447-50. 
[6] Wozniakiewicz P.J. et al. (2013) Astrophys. J., 779, 164-7. 
[7] Matzel J.E.P. et al. (2013) Science, 328, 483-6. [8] Ishii 
H.A. et al. (2015) LPSC XXXXVI #2541. [9] Bradley J.P. et al. 
(2014) PNAS, 111, 1732-5. 
 
This work was supported by NASA LARS and Cosmochemistry 
Programs. Molecular Foundry work supported by Office of 
Science, BES, US DOE under Contract No. DE-AC02-
05CH11231. 
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Geochemical data for ferruginous chemical sedimentary 

rocks (e.g., Banded Iron Formation: BIF) have been used to 
understand surface environments on early Earth. The 3.2 Ga 
Moodies BIF in the Barberton Greenstone Belt, South Africa 
indicated that Cr was enriched in the BIF and was therefore 
chemically mobile in a shallow marine environment [1]. This 
finding could be significant because it may indicate the 
oxidation of the ocean. However, spatial distribution of Cr 
enrichment in the BIF has not been well understood because 
the data were obtained from an outcrop and an underground 
mine. Therefore, the objective of this study is to investigate 
sedimentary environments and Cr enrichment of the Moodies 
BIF at other localities. 

We conducted new geological surveys at 4 sections in the 
Moodies Group: a stratigraphically upper section (MdS3) than 
the previous study (MdS2) at Moodies Hills (MH), and 3 
sections (MdS1~3) at a different locality, called the Gate of 
Paradise (GP) located ~15 km northeast of MH. Whereas the 
BIF at MH MdS2 and GP MdS1 are overlain by silty 
sandstone and sandstone, the BIF at MH MdS3, GP MdS2 and 
MdS3 are overlain by siltstone. Petrographic observation of the 
Fe-rich layers shows that they are typical oxide-type BIFs and 
therefore were originally formed as precipitates from seawater. 
Bulk chemical compositions of the samples were analyzed by 
WD-XRF or ICP-AES. The Cr/TiO2 ratios show that the BIF at 
GP MdS1 was enriched in Cr while the BIF at GP MdS2~3 
and MH MdS3 were not enriched in Cr as much as MH MdS1. 
The results suggest that oxic ocean was limited to very shallow 
depths such as the sedimentation level of sandstone because 
the differnce of Cr enrichment is considered to be dependent 
on the predominant rock types. 
 
[1] Otake et al. (2013) Chromium enrichment in sedimentary 
rocks deposited in shallow water in the 3.2 Ga Moodies Group, 
South Africa, Mineralogical Magazine, 77, 1901. 
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Understanding the magma flux received by volcanoes is 
required to evaluate the growth of arc crust. However, much of 
the input from the magma source may not emerge as erupted 
material but can be transported laterally and retained in the 
crust. Magmatism can also occur across a region from the 
frontal arc into the backarc without significant lateral magma 
movement, and this magmatism reflects progressive changes in 
the slab-derived material away from the trench. Together, these 
characteristics imply that movement of melts from the sub-arc 
mantle through the crust to the volcanic edifice involves a 
complex magma plumbing system. 
  To discover how magmas move and interact beneath an arc 
we have examined the temporal and spatial evolution of the 
Izu-Bonin frontal arc volcano Izu-Oshima and the adjacent 
Izu-Tobu backarc volcanoes. Extensive 14C ages and 
geochemical analysis of Izu-Oshim magma has enabled us to 
construct a well-constrained ~14 ka record of Izu-Oshima 
volcanism. 
  The geochemistry of Izu-Oshima is found to change 
systematically through the last 10,000 years. Ba/La, Pb/Ce, 
87Sr/86Sr, 143Nd/144Nd and 206Pb/204Pb all decrease between  
10 ka and 5 ka before increasing between 5 ka and the present, 
while La/Yb and Nb/Zr show the reverse. These changes in 
composition match the addition of Izu-Tobu (backarc) magma 
to the Izu-Oshima plumbing system with a maximum of a 40% 
Izu-Tobu at around 5 ka. Progressive but asymptotically 
declining changes in composition through the 10-5 ka period 
are found to fit a model where pre-mixed magma is 
episodically added to, and mixed with, a chamber beneath Izu-
Oshima. The 5-0 ka period reverses this trend, suggesting a 
switch to a progressive influx of pure Izu-Oshima frontal arc 
magma. Interaction and pre-mixing between the fluid-
dominated frontal arc melt and the sediment-bearing backarc 
magmas must occur at deeper levels within the arc crust. These 
deep reservoirs receive a continuous feed of one magma type 
from the mantle, but may experience periodic connection and 
mixing events followed by episodes of isolation on timescales 
of ~5000 years. 
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Soft and problematic soils, including expansive and stiff 

clays make problem under foundation. Quality control 
essentially comprises of evaluating the strength quantity of 
different types of problematic soils using sonic wave 
measurements. The sonic test was performed to evaluate 
strength achieved through the measurement of compression 
and shear-wave velocities of different types of soils. 

The author performed the quality control by measuring the 
sonic velocities of different types of soils in native state. The 
test methods were performed to evaluate the strength gain for 
different types of soils through the measurement of 
compression and shear-wave velocities of soil types under 
investigation. X-ray diffraction (XRD), Scanning electron 
microscopy and electron dispersive X-ray analyses were 
performed for understanding the relation between engineering 
properties of soil materials and petrological characteristics. 

This paper presents the process and results of engineering 
properties and sonic strength measurements as a quality control 
management performed before construction of road base. The 
quality management program consisted of laboratory and 
mineralogical tests to address the effectiveness of the 
engineering behavior of soil materials. Electron dispersive x-
ray analysis was performed on raw soil specimens for 
qualitative understanding of the clay content of soil materials. 
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Overpopulation of Egypt has put pressure on the 

government for horizontal expansion for food security. 
Therefore, horizontal expansion in the desert for agricultural 
purposes is one of the solutions; the groundwater is the main 
source of water for this. In this study we evaluate the 
groundwater for different uses. 39 groundwater samples were 
collected from the study area during 2013, and were subjected 
to analysis for chemical characteristics. These data has been 
used to preliminary evaluation of suitability of groundwater for 
drinking and irrigation purposes by comparing those 
parameters with world health organization (WHO) standards 
and Egyptian standards.  

Majority of the collected water samples are unsuitable for 
drinking due to its high salinity and high concentration of iron 
and manganese. About 82% of the studied water samples 
which collected from the study area had total hardness ranged 
between hard and very hard which unsuitable for industry.  
According to salinity index, SAR, Na%, magnesium hazard 
and Kelley ratio most of the collected groundwater samples are 
unsuitable for irrigation purposes. 
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Considering the abundance of garnet in upper mantle and 

transition zone, information about their behavior under 
extreme conditions plays an important role in understanding  
the deep Earth’s interior. Because of the compositional 
complexity of natural garnets, the relationships between the 
composition of mantle garnets and PT-conditions of their 
formation are still semi-empirical.Study of garnet containing 
both di- and trivalent iron (e.g. skiagite ) is important to 
indicate oxygen fugacity models for garnet-bearing 
assemblages. 

Experiments at P=9.5 GPa and T=1100 C were performed 
on a multi-anvil apparatus at the Bayerisches Geoinstitut 
(Bayreuth, Germany). The starting material (corresponding to 
the nominal composition Fe3Fe2Si3O12) was a powdered 
mixture of chemically pure oxides. Single crystal X-ray 
diffraction data were collected at Swiss-Norwegian beamline 
(BM01A, ESRF, Grenoble, France). Structure refinement 
revealed that the octahedral site is fully occupied by Fe and Si 
atoms yielding the chemical composition 
Fe2+

3(Fe2+
0.234(2)Fe3+

1.53(1)Si0.234(2))Si3O12, which is in a good 
agreement with the results of the electron microprobe analysis. 

The high-pressure behaviour of skiagite-majorite garnet 
was studied at pressures up to 100 GPa using single-crystal 
synchrotron x-ray diffraction at ID09A at ESRF. When K`  is 
fixed to 4 and V0 = 1612(1) Å3 , the fitting to to a third-order 
Birch–Murnaghan BM EoS gives the zero-pressure bulk 
modulus, K0, of skiagite-majorite garnet 160 (2) GPa. At the 
pressure range between 50 and 60 GPa the overall unit-cell 
volume is reduced about 4 % and a collapse of about 7 % of  
FeO6 is observed. Since octahedral positions are occupied by 
Fe3+ reduced Fe-O distances can be associtated with spin-
pairing transitions.  

Synchrotron Mössbauer spectroscopy was performed at 
ID18 at ESRF at a series of pressures between ambient 
pressure and 60 GPa.  The spectra at ambient pressures 
contains two doublets one doublet has a large center shift  (CS) 
of 1.32(1) mm/s and a large quadrupole splitting  (QS) of 
3.45(2) mm/s. The other doublet with CS=0.37(1) mm/s and 
small QS= 0.26(2) mm/s is assigned to ferric iron Fe3+ located 
in the octahedral position. Up to 50 GPa spectra remain the 
same and at ~52 GPa QS of Fe3+ increases with decreasing CS 
which is clearly associated with spin pairing transition. Out 
single crystal x-ray diffraction and mössbauer data are in a 
good agrement with each other.  
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Fish is the biggest source of methyl mercury (MeHg) 

exposure to humans. A good understanding of the factors 
controlling MeHg accumulation in fish is therefore primordial. 
Intra-species comparison studies near Hawaii suggested that 
species which migrate deeper have higher Hg concentration 
possibly due to high MeHg production below the ocean mixed 
layer [1] [2]. Geographical variations might be another factor 
infleuncing MeHg accumulation for certain fish species. In this 
study, we investigated total Hg (THg) variations in Skipjack 
tuna, archived in environmental specimen Bank in Japan, which 
cover a wide geographical distribution (n=126, 0-44°N and 137-
175°E). Mercury stable isotope ratio was measured to constrain 
the source and ecological factors affecting Hg level in this 
species.  

The THg concentration of skipjack tuna varied from 0.01 to 
1.05 µg/g (wet wt.) depending on region and body size. Overall, 
samples from marginal ocean showed high THg, while those 
from open ocean were lower. Isotope analysis showed large 
variations in MDF and MIF among the samples. Foraging depth 
estimated from MIF values are consistent with the biologging 
studies. A decrease in the estimated foraging depth was observed 
from south to north, probably due to the change in water 
temperature. An increase in THg levels in skipjack tuna was 
observed with increasing foraging depth except for the samples 
near the equator. THg in samples from depths >200 m generally 
exceeded the Japanese Ministry of Health, Labour and Welfare 
guideline (0.4 µg/g). The geographical and seasonal variations 
will be further discussed. 
 
[1] Blum, J. D., Popp, B. N., Drazen, J. C., Choy, C. A., & 

Johnson, M. W. (2013). Nature Geosci., 6(10), 879-884. 
[2] Vo, A. T. E., Bank, M. S., Shine, J. P., & Edwards, S. V. 

(2011). Proc. Natl. Acad. Sci., 108(18), 7466-7471. 
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The processing of igneous and placer type rare earth 
element (REE) deposits may generate radioactive wastes as 
well as acid drainage due to their high content of radioactive 
elements (e.g. Th, U) and the use of acids to decompose REE-
bearing minerals. Therefore, appropriate indicators must be 
established to assess the environmental impacts of REE 
extraction. In this study, we collected water and sediment 
samples from Kinta River as well as two of its tributaries near 
Ipoh city, Malaysia, where heavy minerals (e.g., ilmenite, 
monazite) are processed. We analyzed the dissolved 
concentration of major and trace elements, as well as Fe and 
Pb isotope ratios. 

Major element concentrations in the water samples indicate 
that they are mainly controlled by the underlying lithology: 
limestone or granite. However, water samples from a tributary 
near an ilmenite processing plant and water leaked from the 
tailings pond show very low pH (2.4–6.0), high Cl  
(900–6800 ppm) and Fe (82–2000 ppm) concentrations. The 
samples are also characterized by high REE (<31 ppm), Th 
(<340 ppb), U (<870 ppb). The REE patterns and Pb isotope 
ratios of the tributary water samples resemble those of water 
leaked from the tailings pond. In this tributary, the Fe isotope 
ratios decrease downstream, which can be explained by 
Rayleigh fractionation due to the oxidative precipitation of iron 
hydroxides. These data suggest that the high concentrations of 
the above elements are due to the heavy mineral processing 
operations nearby. Therefore, they may be used as indicators 
of environmental impact. Although the concentrations of REE, 
Th and U decrease downstream, the removal efficiency of 
these elements decrease in the order of Th>U>REE. The 
results of geochemical modeling suggest that Th may be 
removed by precipitation with increasing pH while U may be 
up taken by iron hydroxides precipitated from the stream 
water. 
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The majority of bioavailable iron (Fe) from the atmosphere 

is delivered from arid and semiarid regions to the oceans 
because the global deposition of iron from combustion sources 
is small compared with that from mineral dust. Atmospheric 
processing of mineral aerosols by inorganic and organic acids 
from anthropogenic and natural sources has been shown to 
increase the iron solubility of soils (initially < 0.5%) up to 
about 10%. On the other hand, atmospheric observations have 
shown that iron in the aerosols can have a solubility more than 
10%. Atmospheric processing of combustion aerosols may 
rapidly transform insoluble iron into soluble forms. Thus the 
mixing of the mineral dust with combustion aerosols can 
elevate iron solubility when aerosol loading is low. However, 
the dissolution of iron from combustion aerosols was not 
explicitly simulated in modeling studies. 

Here, an explicit scheme for iron dissolution of combustion 
aerosols due to photochemical reactions with inorganic and 
organic acids in solution was implemented in an atmospheric 
chemistry transport model to estimate the atmospheric sources 
of bioavailable iron [1]. The model results suggest that 
deposition of soluble iron from combustion sources contributes 
more than 40% of the total soluble iron deposition over 
significant portions of the open ocean in the Southern 
Hemisphere. A sensitivity simulation using half the iron 
dissolution rate for combustion aerosols results in relatively 
small decreases in soluble iron deposition in the ocean, 
compared with the large uncertainties associated with iron 
solubility at emission. More accurate quantification of the 
soluble iron burdens near the source regions and the open 
ocean is needed to improve the process-based understanding of 
the chemical modification of iron-containing minerals. 
 
[1] Ito (2015) Environ. Sci. Technol. Lett., 2, 70–75, doi: 
10.1021/acs.estlett.5b00007. 
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Cenococcum geophilum (C. geophilum) is a type of 

rhizobia that lives in catchment areas [1]. Sclerotium grains are 
resting bodies of C. geophilum, and they contain a remarkable 
amount of 4,9-dihydroxyperylene-3,10-quinone (DHPQ). 
Their DHPQ has been considered as a precursor of fossil 
perylene [2]. DHPQ itself has been found and synthesyzed 
more than 50 years ago [3], however, its role for sclerotium 
grains of C. geophilum is still unclear. From its chemical 
structure, antimicrobial activity has been suspected because the 
main structure of DHPQ is similar to that of tetracycline. 

DHPQ was synthesized according to the literature [3], 
then, the antimicrobial activity of DHPQ was examined by 
minimum inhibitory concentration (MIC) using Escherichia 
coli (E. coli) and Staphylococcus aureus (S. aureus) as typical 
bacteria. Other hydroxyquinones having the same main 
structure such as tetracycline, 5,8-dihydroxy-1,4-
naphthoquinone (DHNQ), and 1,4-dihydroxyanthraquinone 
(DHAQ) were also examined for comparison. 

Tetracycline showed strong antimicrobial activity for both 
E. coli and S. aureus, and DHNQ showed weak antimicrobial 
activity. However, DHPQ and DHAQ showed no antimicrobial 
activity for both bacteria. This result suggeted that remarkable 
amount of DHPQ in sclerotium grains of C. geophilum should 
have other important functions rather than antimicrobial 
activity. 

 
This work was supported by Grants-in-Aid for Young 

Scientists (B23710031) from the Japan Society for the 
Promotion of Science (JSPS). 

 
[1] Massicotte et al. (1992) Can. J. Bot. 70, 125-132. [2] Itoh  
et al. (2012) Geochim. Cosmochim. Acta 95, 241-251. [3] 
Calderbank et al. (1954) J. Chem. Soc. 1954, 1285-1289. 

1393



 Goldschmidt2015 Abstracts  

 1394 

Hydrogen diffusion experiment of 
apatite crystal 

SHOICHI ITOH1, MINAKO HASHIGUCHI2,  
ISAO SAKAGUCHI2, SHUHEI SAKATA1 AND  

TAKAFUMI HIRATA1 
1Dept. Earth Planet. Sci. Kyoto Univ., Kyoto 606-8502, Japan, 

(sitoh@kueps.kyoto-u.ac.jp) 
2NIMS, Tsukuba 305-0044, Japan. 
 

Recently many studies focused on the origin of water in 
the solar system and Earth with Chondrite, differentiated 
meteorite, Moon and Mars (e.g., [1] [2] [3]). Especially H2O 
and hydrogen isotopic compositions of apatite in the Moon and 
ordinary chondrites has been discussed about the origin of 
water in the magma of the Moon and at the Earth orbit material 
[2][4]. However, it is still controversial about the origin of 
water in the apatite grain since it is unclear about the 
investigation of H-diffusivity in the apatite during thermal 
metamorphism in the magma and parent body. In this study, 
we performed H-diffusion experiments using fluorapatite. 

Some slices along c-axis from a durango apatite single 
crystal were used in the H-diffusion experiment. These slices 
polished with diamond are with mirror surface and then were 
annealed under D2O/O2 gas at 400˚C-700˚C for several hours. 
The pressure of D2O is saturated at 60˚C. H-diffusion 
coefficients in the samples were determined using depth 
profiles of D concentration of the samples obtained by 
secondary ion mass spectrometry (SIMS) (Cameca ims-4f-E7 
at Kyoto university and Cameca ims-4f at NIMS). The 
standard mineral of a durango apatite grain with 40keV D 
dosed (5 x 1014 ions/cm2) is used to measure the D 
concentration of apatite. The water content of these slices from 
a apatite grain were measured. The minor impurities of apatite 
were also measured using SIMS and LA-ICPMS. The surface 
region with the D self-diffusion indicated that D diffusion was 
occurred by exchange with original hydrogen in apatite grain. 
In this talk we will report H-diffusion coefficient in the apatite 
using H-diffusion experiment and discuss about investigation 
of H-diffusivity in the apatite. 
 
[1] Greenwood et al. (2008) Geophys. Res. Lett., 35, L05203. 
[2] Greenwood et al. (2011) Nature Geosci., 4, 79-82. [3] 
Alexander et al. (2012) Science, 337, 721-723  [4] Itoh et al. 
(2014) Goldschmidt abstracts, 2014 1099. 
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The river system transports huge masses of minerals from 
the continents in the sea basins. In the modern era river 
hydrodynamics, chemical and mineral composition of 
sediments has changed substantially. 

The authors examined more than 100 samples of alluvium 
in the major industrial regions of Ukraine. Purpose of work - 
determine the mechanism of interaction of natural and 
anthropogenic factors in the formation of precipitation. Used 
chemical, spectral and mineralogical analysis, electron 
microscopy, microprobe analysis, new methods of separation 
of natural and technogenic ores.  

Established a joint accumulation of heavy elements of 
natural and industrial origin As a result of the separation of 
sediment produced in the laboratory ore concentrate. A feature 
of modern river sediments is mobilization of trace chemical 
elements and extensive development of authigenic minerals. 
Euhedral crystals, brushes, crusts, concretions and spherulites 
of the microscopic dimensions are typical for them. Authigenic 
minerals are represented by carbonates, sulfides, oxides and 
silicates. Hexahedrons, octahedrons and dodecahedrons of 
authigenic pyrite formed in the basal horizons of alluvium. 
There they accompany the particles of gold and may be used as 
indicators for his search. 
 
[1] Chugunov & Ivanchenko (2014), Patent of Ukraine. Bul. 7, 
105092. 
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During the studies character and conditions of heavy 
metals migration and a number of macrocomponents in peat 
bog deposits have been conducted. According to the results 
differential intensity of accumulation and dispersion of heavy 
metals throughout the depth of the peat deposits, as well as in 
the parent rock was set. 

Analyzing the concentration of Zn and Pb in the peat at all 
sites with different conditions of migration even distribution in 
peat deposits has been established. As well as minor deviations 
from the mean, from a depth of 50 cm and 250 cm, were 
observed. In this case, the mean concentrations for Zn were  
25 mg/dm³ and 1,9 mg/dm³ for Pb. Cu accumulation is 
observed from 0 to 80 cm with an even decrease in the 
concentration from 6.4 mg/dm³ to 3.2 mg/dm³ towards bedrock 
at the autonomous eluvial site. In this case, there is a lack of 
parent rock influence. It should be claimed that there are 
anthropogenic factors of Cu transfer. The influence of 
atmospheric precipitation, dust and wind should be ignored, 
because of the lack of high concentrations of the element in 
other areas with different migration conditions. On other sites 
of the study area dynamics of the concentration of Cu is 
similar to Zn and Pb.  

Dynamic distribution of Cd in autonomous elemental 
landscape peat deposits has uncharacteristic increase in 
concentration in comparison with other areas. From the surface 
layer to a depth of 140-150 cm concentration of Cd is  
0.33 mg/dm³, then at the depth of 260 cm it reduces to  
0.07 mg/dm³, and increases again to 0.42 mg/dm³ at parent 
rock. High values in the subsurface horizon may indicate 
contamination by surface runoff. 

Exceeding the established Clarkes numbers is not revealed 
on any of the elements. Analysis of the radial differentiation of 
heavy metals at the peat profile showed that radial 
heterogeneity is poorly expressed for elementary landscapes. 
At transaccumulative and transit sites weak accumulation of 
Cd is observed. Other elements - Zn, Pb and Cu are preferably 
in a dispersed state. Eluvial site is characterized by a weak 
accumulation of studied heavy metals. 
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circulation & surface climate: 
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Approximately 14.6 ka, global sea level rose by ~15 m in less 
than 350 years [1] during an event known as Meltwater Pulse 
1a (MWP1a). Sea level records place MWP1a in a time of N. 
Hemisphere warmth, and modelling work [2] has suggested 
that around half of this ~50 mm yr-1 sea level rise came from 
the collapse of North American ice sheets. However, dating 
uncertainties make it difficult to determine the sequence of 
events and their drivers, leaving many fundamental questions. 
For example, did the abrupt ice melting and subsequent ocean 
freshening have any detectable climatic impact, or were there 
no feedbacks? Was melting from the Northern Hemisphere ice 
sheets responsible for the Older-Dryas [3] or other cooling 
events? And how were all these signals linked to changes in 
Atlantic Ocean overturning circulation (e.g. [4])? 

To address these questions, we integrate ice sheet, solid 
earth, drainage and climate modelling, with a main focus on 
examining the effects of freshwater inputs to the ocean. We 
route meltwater to the coasts using a high-resolution drainage 
calculation [5], and use these results to force the HadCM3 
Ocean–Atmosphere–Vegetation general circulation model. 

The climate model shows two intriguing results: (i) a 
strong response in Atlantic circulation leading to a global-scale 
bipolar climate anomaly with widespread northern cooling; (ii) 
local warming that acts as a positive feedback mechanism to 
North American ice melt, despite the wider Northern 
Hemispheric cooling.  

These data are compared to geological archives of ocean 
circulation during the Bolling warming and the Older Dryas 
periods to evaluate different hypotheses for the link between 
MWP1a and climate change. 

Finally, we present the implications of this study for the 
internationally coordinated initiatives to simulate the last 
deglaciation (21-9 ka) and to ‘forward model’ geochemical 
components of the Earth System. 
 
[1] Deschamps et al. (2012) Nature 483, 559–564. [2] 
Gregoire et al. (2012) Nature 487, 219–222. [3] Menviel et al. 
(2010) QSR 30, 9-10.  [4] Roberts et al. (2010) Science 327, 
75–78. [5] Wickert et al. (2013) Nature 502, 668–671. 
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The oceanic crust makes up the largest potential habitat for 

life on Earth, yet next to nothing is known about the 
abundance, diversity and ecology of its biosphere. Because of 
issues involved in sampling live specimens, paleontological 
material has been proven central in the exploration of the 
subseafloor biosphere. Studies of two drill cores from Nintoku 
and Koko Seamounts, respectively, belonging to the Emperor 
Seamounts in the Pacific Ocean have revealed fungal-
prokaryotic consortia in subseafloor basalts to a depth of  
~300 mbsf. At Koko Seamount fungal colonization was 
initiated by a biofilm lining the interior of vesicle basalt from 
which hyphae protruded and formed complex mycelia-like 
networks. Between the hyphae minute cells were suspended in 
a cobweb-like fashion; they are interpreted as prokaryotes 
involved in iron oxidation. Microstromatolitic Frutexites 
representing remains of iron oxidizing bacterial communities 
also used the fungal mycelia as basis for their growth. At 
Nintoku Seamount microstromatolitic bacteria predated fungal 
colonization, which was initiated by the formation of a biofilm 
from which hyphae and yeast-like growth structures protruded. 
Both studies show that the microbial colonization of 
subseafloor basalts is an early event that predates substantial 
rock alteration and coeval with the precipitation of secondary 
minerals like carbonates and zeolites. A symbiotic relationship 
with chemoautotrophs may be a pre-requisite for the 
eukaryotic colonization of crustal rocks and enables fungi to 
expand their ecological niches. 
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Last Mesozoic high-aluminium rocks in Southwest 
Transbaikalia (Ichetuy,Kyakhta) are  kyanite- and sillimanite- 
schists. This study is initiated  to investigate the applicability 
of the Zr-in-rutile thermometer to metamorphic rocks at 
different pressures and then compare these temperatures with 
those derived from mineral and isotope thermometers. We 
analysed the  chemical composition of rutiles by LA-ICP-MS. 
Rutile from sillimanite schists and quartzites has lower Nb/Ta 
and Zr/Hf ratios (18-19 and 18 -29, respectively) than that 
from kyanite schists (17-21 and 20-35, respectively). The 
HFSEs vary over a wide range (ppm): Nb = 157-1007, Ta = 8-
76, Zr = 44-770, Hf = 19-29. Rutile from the sillimanite schists 
has Zr contents of 550-770 ppm, and rutile inclusion in Ti-
hematite - 353 ppm. Calculated temperatures, based on the Zr-
in-rutile geothermometer, vary between 674-705°C and 634°C, 
accordingly. Zr contents in rutiles from the kyanite schists 
range from  44 to 129 ppm, corresponding to temperatures of 
495–563°C. Oxygen-isotope temperatures of the sillimanite 
schists calculated for quartz-mineral pairs vary from 534-
740°С (Kyakhta) and from 594-670°С (Ichetuy). Temperatures 
calculated using conventional mineral geothermometry range 
from 620-650°C for Kyakhta and from 570-660°C for Ichetuy. 
Thus, temperatures calculated on the basis of isotopic 
thermometry differ from those obtained by Zr-in-rutile 
thermometry and conventional mineral geothermometry. The 
mismatch is hardly surprising because the isotopic 
equilibration continued in sub-liquids or even in sub-solidus or 
isotopic resetting in minerals.  

 
The studies have been carried out with the support of the 

RFFR (14-05-00180, 15-35-20108). 
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The assembly of the terrestrial planets is classically 

simulated from the accretion of Moon to Mars-mass planetary 
embryos orbiting between 0.5 and 4 AU. This scenario has 
been proven successful in producing a variety of constraints of 
the inner solar system as for example: Earth and Venus 
analogues, accounting for the origin of Earth’s water and its 
accretion within the timescale consistent with radioactive 
chronometers. However, classical simulations also suffer from 
some important drawbacks [1]. One of the most important ones 
is that the planet formed around 1.5 AU is about 5-10 time 
more massive than Mars [2].  

One solution to the so-called “Mars problem” is to invoke 
that the terrestrial planets formed from a narrow annulus [3]. 
The Grand Tack scenario invokes a specific migration history 
of Jupiter and Saturn to remove most of the mass initially 
beyond 1AU and to leave the asteroid belt on an excited 
dynamical state [4]. However, one could also invoke that a 
akin steep mass density gradient was achieved by the inward 
migration and pile-up of a large amount of small particles 
induced by gas-drag. This process is appealing in a broad 
context of planet formation since it has been proposed to 
explain the formation of extrasolar close in super Earths [5].  

Using a series of N-body numerical simulations in disks 
with steep surface density profiles we show that the asteroid 
belt orbital excitation provides a crucial constraint against this 
scenario for the Solar System. We find the small mass of Mars 
and the dynamical excitation of the asteroid belt have 
diametrically opposite scalings; Mars’ small mass requires a 
mass deficit but producing asteroids with inclinations above ∼ 
10 deg requires a significant amount of mass in embryos. 
Therefore, we conclude that no disk profile can explain at the 
same time the structure of the terrestrial planet system and of 
the asteroid belt. Thus, the asteroid belt has to have been 
depleted and dynamically excited by an external agent as, for 
instance, in the Grand Tack scenario. 
 
[1] Izidoro et al. 2014, ApJ, 782, 31; [2] Raymond et al. 2009, 
Icarus., 203, 644 ; [3] Hansen, 2009, ApJ, 703, 1131; [4] 
Walsh et al. 2011, Nat., 475, 206; [5] Chatterjee & Tan 2015, 
ApJL, 798, LL32 
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The early Palaeoproterozoic oxygenation of Earth’s 
surficial environment fundamentally altered the chemistry and 
ecological structure of our planet. The canonical view holds 
that Archaean atmospheric O2 was initially low (< 10-5 present 
atmospheric level), rising irreversibly to a fraction of present-
day levels between ~2.45–2.3 Ga during the Great Oxidation 
Event. This view, however, is being challenged by 
geochemical data derived from ~3.0–2.5 Ga sedimentary 
rocks, which have been interpreted to reflect transient or 
localised oxygenation as well as periods of more reduced 
atmospheric chemistry, associated with enhanced atmospheric 
methane (CH4) concentrations. 

In particular, recent geochemical analyses suggest that the 
Neoarchaean atmosphere was periodically dominated by a 
hydrocarbon-rich haze produced when CH4:CO2 ratios exceed 
0.1. Evidence for episodic haze development is based on 
correlations between variations in mass-independent S-
isotopes preserved in pyrite (for both Δ33S and Δ36S, calculated 
as a slope change Δ36S/Δ33SDev) and 13C-depleted sedimentary 
organic matter (δ13COrg) in ~2.6–2.5Ga sediments from South 
Africa and Western Australia. These co-variations (“termed C-
S anomalies”) imply a change in global atmospheric sulphur 
chemistry during periods of increased CH4 cycling within the 
oceans and atmosphere. However, the role of biological 
feedbacks in mediating CH4 production and consumption (via 
methanogenesis and methane oxidation, respectively) remain 
unclear. 

We have previously speculated that these C-S anomalies 
reflect enhanced nutrient availability, which facilitated the 
proliferation of the oxygenic photosynthetic/methanogenic 
biosphere, amplifying global biogenic CH4 and O2 fluxes and 
altering atmospheric chemistry. We will show the S- and C-
isotope data to inform on the workings of the terminal 
Neoarchaean atmosphere, which in turn, shows the terminal-
Neoarchean represented a time in Earth’s history where 
biology tightly regimented atmospheric chemistry. 
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Monocrystalline (MC) diamonds commonly carry silicate 
and sulfide inclusions that tell us the ages, pressures, 
temperatures and rock types where diamonds form, but provide 
little information about the formation of the diamond itself. 
Fibrous diamonds trapped microinclusions with high-density 
fluids (HDFs) and probably grew from the HDFs they trapped. 
But such HDFs were found in only 2 MC diamonds. This 
rarity, the different textures and nitrogen aggregation state 
(only A centers in fibrous diamonds vs. presence of 
appreciable proportion of B centers in most MC diamonds) 
leaves the formation of MC diamonds an open question. We 
conducted a systematic study of 35 twinned diamonds from the 
Venetia and the Voorspoed Mines and selected 19 with high 
B/(A+B) ratio. Close examination of the diamonds with 
secondary- and back-scattered-electron imaging found 31 
microinclusions in 8 of the diamonds, touching or lying very 
close to the twinning plane. Accounting for the area we 
scanned in all diamonds and the depth of penetration, this 
corresponds to ~20 ppb of inclusions next to the twinning 
plane and, most probably, even less in the bulk diamond. 
EPMA analysis found sub-micrometer inclusions (total oxides 
and Cl <3.1 wt%). Eight inclusions, rich in SiO2, MgO and 
some FeO are interpreted as orthopyroxenes, indicating that 
the two host diamonds belong to the peridotitic suite. Thirteen 
inclusions in four Venetian diamonds carry inclusions rich in 
MgO, CaO and K2O with lesser FeO and SiO2. This 
composition is similar to that of high-Mg carbonatitic HDFs in 
fibrous diamonds. Three inclusions carry K2O, Cl and CaO 
and are similar to saline HDFs. The composition of three 
inclusions is similar to low-Mg carbonatites and a single 
inclusion is silicic. Three inclusions carry more than 60% 
K2O, more than in any known HDF. The finding of 
microinclusions that are similar in composition to HDFs 
trapped in fibrous diamonds joins a few earlier sporadic 
indications of the role of HDFs in diamond formation. The fact 
that a systematic examination of 19 clear, MC macles with 
high aggregation state of nitrogen yielded HDFs in 8 of these 
diamonds strongly suggests that most diamonds grew from 
such carbonate-bearing fluids. Their better habit led to the 
exclusion of most of the fluid, but some was still trapped along 
the twinning plane. 

mailto:oded.navon@huji.ac.il
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It is believed that no single mechanism can account for the 
full amplitude of past CO2 variability over glacial interglacial 
cycles [1]. But although multiple synergistic processes may be 
involved, a build-up of biologically-stored carbon in deep 
water masses has emerged as a central mechanisms for low 
CO2 during the last glacial maximum [2] [3]. However, the 
mechanisms by which this deeply sequestered carbon was 
released, and its history prior to the glacial maximum, remain 
subjects of debate. Here, we present redox-sensitive trace 
metal records from the Antarctic Zone of the Southern Ocean 
to reconstruct changes in deep ocean oxygenation – and, by 
inference, respired carbon storage - across the last glacial 
cycle. Our results show a greater amount of remineralized 
carbon in the abyssal Southern Ocean during the last glacial 
maximum, which was removed during the northern hemisphere 
cold phases of the delgaciation, when atmospheric CO2 rose 
rapidly [4]. Furthermore, our new records show that the same 
relationship between atmospheric CO2 and abyssal Southern 
Ocean oxygenation was maintained throughout most of the 
prior 60 kyrs, consistent with a unifying role of the Southern 
Ocean through a coupled control on deep ocean ventilation and 
iron fertilization. 
 
[1] Hain, M.P., Sigman, D.M., Haug, G.H. (2010) GBC, 24, 
10.1029/2010GB003790 [2] Sigman, D.M., Hain, M.P., Haug, 
G.H. (2010) Nature, 466, 47-55 [3] Skinner, L.C., et al. (2010) 
Science, 328, 1147-1151 [4] Marcott, S.A., et al. (2014) 
Nature, 514, 616-619 
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Cambrian black shales are found in southern Sweden and 

in the Caledonian moutains in Norway and Sweden. This site 
is situated in the Storsjön area in C Sweden and is an anticlinal 
hill on both sides overlain by carbonates. The shale is enriched 
in Mo, Ni, U and V. The study concerns the mobility and 
bioavailability of these metals both in the aquatic and 
terrestrial spheres. Main conerns has been the ttansfer of Mo 
into plants and the possible effects on cattle and the 
consumption of groundwater by the local population.  

Mo occurs in soils up to over 50 ppm and in plants in 
similar amounts in dry matter. This could imply a risk of 
molybdenosis as excess molybdenum could cause secondary 
Cu deficiency, especially if the Cu/Mo ratio is low 
approaching ~ 2. The diagnosis of molybdenosis is difficult 
while diffuse symptomes are seen. Possibly sulphides and the 
sulphate derived from sulphide oxidation might counteract 
excess uptake of Mo in fodder plants. In S. Sweden with 
similar figures in fodder molybdenosis has been observed in 
cattle och possibly also in moose. Trifolium pratence and 
notably T. hybridum are enriched in Mo. High contents of Cd 
and Zn are found in some Salix spp. Thlaspi caerulescens, a 
well known metal accumulator is found in the area with high 
metal contents. 

Another concern is the groundwater concentrations of U 
often exceeding the preliminary limit of 35 µg/l. By physical 
speciation through filtering and dialysis it is found that the U 
as well as Mo is present as dissolved or as small complexes, 
less than 1 kD. Themodynamic calculations with Visual 
MINTEQ shows that U is largely present as uncharged Ca-U-
complexes which is a problem for its removal but renders it 
less uptakeable by humans and less kidney toxic (Prat et al. 
2009).  

The elevated level of Mo and U does not seem to be an 
emvironmental threat. However plans to utilize the shale for 
microbial extraction of the metals could be highly dangerous. 
Experience from a former uranium mine in S. Sweden shows 
that the U left in waste rock will be fast mobilized [1]. 
 
[1]Kalinowski et al. (2004) Geoderma 122: 177-194. 
Prat el al. (2009) Environ. Sci Technol. 43: 3941-3946. 

mailto:gunnjack@kth.se
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Measurements of xenon in OIB indicate that the mantle 
contains geochemical reservoirs that were isolated within the 
first 80 Ma of Solar System history [1] [2]. The noble gases 
associated with these early-forming, and likely lower mantle, 
reservoirs have remained robust to complete homogenization 
since their isolation. Thus, their geochemistry provides 
information regarding the processes active during Earth’s 
earliest stages.  Here, we focus on experimentally determining 
the behavior of noble gases during Earth’s accretion (e.g., in 
magma oceans) to provide a framework for interpreting ancient 
noble gas signatures.  Our preliminary findings indicate that 
high-pressure silicate liquids and bridgmanite have similar 
capacities to dissolve argon.  This result implies that argon 
may partition nearly equally between liquid and crystals during 
the initial stages of magma ocean crystallization.  If true, this 
suggests that (1) noble gas uptake during the early stages of 
magma ocean crystallization may be significant, (2) portions of 
the deep mantle that remain solid following giant impacts can 
retain substantial concentrations of noble gases, and (3) basal 
magma ocean liquids may not be strongly enriched in noble 
gases during crystallization. 

Experiments were conducted using laser-heating diamond 
anvil cell (DAC) techniques.  Samples comprising either 
basaltic glass or bridgmanite were loaded into a stepped 
rhenium gasket.  Pure argon was used as the pressure medium 
in all experiments, which both fixes its activity in the 
experimental system and allows for accurate pressure 
measurements associated with each heating spot. The emission 
spectrum of the sample was used to monitor temperature 
during laser-heating. Multiple heating spots were completed on 
each sample, allowing for some exploration of time and 
temperature dependencies of argon solubility.  Argon 
concentrations were quantified using silicon drift detector 
EDS.  

Additional experiments are in preparation using DAC and 
multi-anvil techniques for a range of high-pressure phases.  
Data from the present and planned experiments should help to 
address any inconsistencies regarding argon solubilty 
measurements in bridgmanite collected using different 
techniques [3].   

[1] Mukhopadhyay (2012) Nature, 486, 101-104. [2] Peto 
et al. (2013) EPSL, 369-370 [3] Shcheka and Keppler (2012) 
Nature, 490, 531-534    
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Oceanic hotspot lavas exhibit tremendous isotopic 

variability, indicating that the mantle sources of the hotspots 
are geochemically heterogeneous. Geographic patterns in the 
geochemistry of hotspot lavas suggest that there must be 
spatial relationships among the different geochemical 
reservoirs in the mantle that are sampled by upwelling mantle 
plumes. A well-known geochemical separation of parallel 
volcanic lineaments at Hawaii – the Loa and Kea trends – has 
led to a conceptual model where the geochemical 
heterogeneities are highly organized within upwelling mantle 
plumes, and this reflects that spatial distribution of 
geochemical components in the deepest mantle. Similar 
patterns are emerging from a suite of hotspots globally, and the 
Samoan hotspot provides a particularly illuminating case.  

At the Samoan hotspot, Pb-isotopic compositions in lavas 
indicate the presence of several geochemical groups. Each 
geochemical group corresponds to a different geographic 
lineament of volcanoes, and each group has a geochemical 
signature that relates to one of the canonical low 3He/4He 
mantle endmembers: EMII, EMI, HIMU and DM. Each of the 
four geochemical groups forms an array in Pb-isotopic space 
that trends toward a common component, forming an “X-
shape” in Pb-isotopic space. The common component is 
defined by the region of Pb-isotopic space where the four 
arrays intersect, and is characterized by having the highest 
3He/4He (up to 34 Ra, or ratio to atmosphere) in the Samoan 
hotspot. These mixing relationships provide a clear picture of 
the geochemical geometry of the Samoan plume. However, 
owing to the sparse datasets that couple high-precision Pb-
isotopic measurements with 3He/4He measurements on the 
same sample, it is not yet clear whether the geochemical 
geometry observed in the Samoan plume is feature that is 
common to mantle plumes globally.  
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The Cook-Austral volcanic lineament is comprised of three 

overlapping hotspot tracks, each anchored to an active (or very 
young) volcano at the leading eastern terminus. We use a plate 
motion model, together with existing geochemical and 
geochronological constraints, to show that the three hot spots, 
all currently active in the Cook-‐Austral Islands, are long lived. 
In other words, each hotspot has generated hotspot volcanism 
over a period spanning 100 million years.  

The traces of all three hotspots have been extensively 
sampled within the Cook-Austral volcanic lineament. 
However, the older portions of these hotspots, lying west and 
north of the Cook-Austral Islands, remain poorly studied. 
Portions of two of the hotspots between ~47 and ~100 Ma have 
been partially sampled in the Tuvalu, Gilbert Ridge and 
Tokelau seamount trails. The geochemistry and age-dates 
associated with these segments of the hotspots are consistent 
with an origin in the Cook-Austral volcanic lineament, and 
point to at two separate hotspot locations (Rurutu and 
Macdonald). A third hotspot in the Cook-Austral Islands, 
anchored near Rarotonga Island, is likely to have contributed 
volcanism to the Western Pacific Seamount Province (WPSP). 
The traces of all three hotspots pass through the region of the 
Samoan hotspot between 10 to 40 Ma, and some interloping 
seamounts along the Samoan hotspot exhibit geochemical 
affinities with the three Cook-Austral hotspots.  

However, two segments of the Cook-Austral hotspots 
tracks remain uncharacterized. First, a ~1,200 km swath of the 
Pacific that lies between the Cook-Austral volcanic lineament 
and the Samoan hotspot remains completely unsampled. 
Second, the portions of the Cook-Austral hotspots that are 
older than >100 million years, predicted to lie in the Western 
Pacific Seamount Province (WPSP), remain poorly 
characterized. The traces of the Cook-Austral hotspots may 
exhibit a “bend” prior to 100 Ma, which suggests a shift in 
plate velocity at that time. Thus, sampling the WPSP is critical 
not only for verifying the antiquity of the longest-lived 
hotspots in the Pacific, but also to constrain absolute plate 
motion models during a time period not represented by 
volcanism at Hawaii and Louisville hotspots (which are 
currently the longest-lived hotspots known in the Pacific).	  
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LA-ICP-MS element mapping is providing extraordinary 
insights into the fluid histories of hydrothermal mineral 
deposits. In this study, quantitiative LA-ICP-MS element 
concentration mapping of multi-phase mineral assemblages in 
petrographic sections was achieved using discrete edge-to-edge 
square spots, each pre-ablated, allowing spot-size limited 
sampling resolution. Standardisation was performed via 
external calibration against USGS GSE-1G, coupled with 
ablation yield correction via normalisation to 100% total 
element abundance. Standardisation was extended to C and S 
via surrogate calibration. This methodology provides 
quantitative analysis without prior knowledge and input of 
internal standard contents for each mineral. Lead isotope maps 
were generated via calibration against GSE-1G. 

The methods have been used to investigate the genesis of 
the archean Musselwhite gold mine and selected deposits from 
the world-class Porcupine orogenic Au district, Ontario, 
Canada. Musselwhite is a structurally-controlled, pyrrhotite-
rich deposit mainly hosted by a silicate facies BIF in volcano-
sedimentary rocks metamorphosed at amphibolite grade. Local 
carbonaceous argillaceous units in the deposit area bear mm-
cm diagenetic pyrite nodules. LA-ICP-MS mapping provides 
clear evidence of mobilisation of concentrically zoned, 
syngenetic Au (20-100 ppb) and associated elements in the 
nodules during metamorphic recrystallisation. Nodule and ore 
Pb isotopic compositions are indistinguishable. 

Greenstone-hosted quartz-carbonate-Au veins of the 
Porcupine mining camp occur mostly in greenschist facies 
mafic volcanic and sedimentary rocks. These sediments 
include local carbonaceous argillites containing mm-cm 
diagenetic pyrite nodules. Element maps of nodules from the 
Owl Creek mine show cores with very strong syngenetic metal 
enrichments (3-9 ppm Au) rimmed by radial overgrowths of 
metal-depleted metamorphic pyrite. 

These preliminary data are consistent with a model where 
Au remobilised from auriferous diagenetic pyrite in C-rich 
argillites during metamorphism contributed to the deposits. 
That these units supplied a large percentage of the ore Au is 
only likely if there are additional auriferous argillites at depth. 
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Marine Arctica islandica shells are important paleo-

environmental recorders in the northern hemisphere. Shells are 
entirely aragonitc and display a so-called Homogeneous 
Microstructure [1]. This microstructure is a complex 
arrangement of oriented granular and prismatic grains with 
variable grain sizes arranged in domains. Largest units consist 
of a granular area towards the outside of the shell just under 
the periostracum and a complex predominantly prismatic area 
towards the inside of the shell. Both areas are distinct in trace 
element composition [2], and present difficulties for 
deciphering this critical paleoclimate proxy archive. 

We carried out a detailed in situ study of Arctica islandica 
shells using Focussed Ion Beam supported Transmission 
Electron Microscopy (FIB-TEM), Electron Backscattered 
Diffraction (EBSD) and Transmission Kikuchi Diffraction 
Analysis (TKD, [3]). We show that at the nano-scale all areas 
in the shells consist of porous mesocrystals with individual 
crystal sizes as small as 5 nm. They share many characteristics 
with Unionoida shells for which a formation pathway via 
amorphous precursor phases is established [4], suggesting a 
similar formation mechanism.  

EBSD and TKD show strong crystal preferred orientation 
and extensive twinning over scales from nano to micro. We 
carried out TKD on FIB foils of the granular layer cut from 
different locations along the grrowth direction of the shell.  
The results show that over the mm scale away from the 
youngest part of the shell grain sizes in the granular layer 
increase significantly as the texture matures. This is interpreted 
as an Ostwald ripening effect and shows that shell formation is 
a dynamic process that does not cease with the precipitation of 
CaCO3. 

[1] Ropes et al. (1984) Fish. Bull. 82, 1-19. [2] Shirai et al. 
(2014) GCA 126, 307-320. [3] Trimby (2012) Ultramicroscopy 
120, 16-24. [4] Jacob et al. (2011) J. Struct. Biology 173, 241-
249.  
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Wetland ecosystems, including northern peatlands, store 

between 15 and 30% of terrestrial soil carbon.  If canonical 
anaerobic microbial respiration is the dominant carbon 
mineralization process in anoxic parts of peatlands, equal (1:1) 
molar quantities of carbon dioxide (CO2) and methane (CH4) 
are expected to be generated.  However, in both field and lab 
studies, northern peatlands are routinely found to produce 
more CO2 than CH4. As CH4 has up to a 72-fold  greater global 
warming potential than CO2, understanding the processes that 
control this dynamic is of great importance. 

Among the hypotheses proposed for the over-production of 
CO2 over CH4 in peatlands is the use of natural organic matter 
(NOM) as an alternative terminal electron acceptor (TEA) in 
anaerobic respiration.  This hypothesis is built on the 
assumption that NOM in peatlands, present as both larger sized 
particulate organic matter (POM) and smaller dissolved 
organic matter (DOM), contain electron accepting moieties 
onto which microorganisms can respire in the absence of more 
traditional TEAs (O2, NO3

-, SO4
2-, etc.). While both POM and 

DOM from non-peat sources have been previously shown to 
contain electron accepting quinone moieties, the electron 
accepting properties of peat NOM are less thoroughly 
characterized. Such characterizations have, in the past, been 
impaired due to analytical limitations in quantifying electron 
transfer to DOM at low concentrations and POM in general.  

Here, we use mediated electrochemical analysis, a novel 
analytical approach, to quantified the electron accepting and 
electron donating capacities (EAC & EDC) of POM and DOM 
isolated from depth profiles of three ombrothropic peat bogs in 
central Sweden. We show that >80% of the EAC and EDC of 
peat NOM is found in the POM fraction, while the DOM 
fraction has a smaller contribution to the overall capacities. 
The EDC of both DOM and POM generally increased with 
depth, suggesting an increase in phenolic content with depth. 
In comparison, there was less variations in the EAC values 
with increasing depth, suggesting comparable concentrations 
of reducible moieties with depth. We will discuss possible 
implications of the POM-associated EAC on the CO2/CH4 
dynamics in peatlands. 
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The continental crust is formed dominantly from basaltic 
melts in island arcs. During melt transport and final 
emplacement at shallower levels, melts undergo differentiation 
processes, which drives their chemical composition towards 
more intermediate composition. These processes lead to a 
chemical stratification with a mafic lower and a intermediate 
upper continental crust.  Yet, the overlying volcanic rocks are 
dominantly mafic in many arc systems. The global character of 
this chemical stratification implies that the processes 
responsible for the selective accumulation of felsic magmas in 
the upper crust are fundamental for the construction of 
continental crust. A mechanism must exist that preferentially 
traps more felsic melts in the upper plutonic crust, whereas 
more mafic melts are able to continue to rise to the surface to 
form volcanic rocks. 

We investigated possible melt stagnation mechanisms by 
studying phase petrological control on melt stagnation using a 
suite of felsic plutons constituting the upper crustal portion of 
the Kohistan arc. We show that the pressure and temperature 
of emplacement recorded in the Kohistan granitoids coincides 
with an interval when the melts encounter a copious 
crystallisation interval (CCI). The CCI for felsic melts are 
related to either volatile saturation at lower pressure (≤ 6kbar) 
or quartz saturation at higher pressure (> 6 kbar). We show that 
because of these phase petrological constraints on melts 
stagnation,  the transport distance of the melts is in strongly 
controlled by their ascent path. 
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High precision U-Pb zircon geochronology is an essential 

tool in geological studies of crustal evolution. Several U-Th-Pb 
geochronological techniques are well established, with the  
Sensitive High-Resolution Ion-MicroProbe (SHRIMP) 
established as the industry standard for in-situ, texturally 
controlled zircon geochronology. Recent technological 
advances have seen new U-Th-Pb analytical techniques and 
applications developed. Over the last decade studies [1] [2] 
have shown that application of the laser ablation (LA)-ICPMS 
method produces accurate and precise U-Pb zircon data. A 
relatively new technique in U-Pb zircon chronology is the 
laser-ablation split-stream (LASS) ICPMS method [4], which 
provides high-speed, high-spatial resolution, simultaneous 
isotopic and elemental analysis. The LASS technique splits the 
laser aerosol stream into two streams, with one stream directed 
into a single collector (SC)-ICPMS to measure elemental 
abundances, and the other aliquot to a multicollector (MC)-
ICPMS  to measure U-Th-Pb isotopic ratios. The advantage of 
the LASS technique is the simultaneous measurement of U-Th-
Pb and TE from the same volume of material obtained from 
single spot analysis.  

U-Pb zircon ages obtained by LASS-ICPMS analyes yield 
results which are directly comparable to those previously 
obtained by SHRIMP analyses. In this presentation we will 
present a dataset of newly obtained U-Pb zircon LASS ages 
from meta-igneous lithologies from the Gascoyne Province in 
the Capricorn Orogen, Western Australia, benchmarked 
against previous zircon SHRIMP U-Pb analyses undertaken by 
the Geological Survey of Western Australia. The results of this 
exercise indicate a near perfect correlation between the two 
analytical techniques and provides increased confidence in the 
application of the more rapid LASS technique in future, 
regional scale studies. 
 
[1] Cocherie & Robert (2008) Gondwana Res. 14 597-608.  [2] 
Gehrels et al. (2008) Geochem. Geophys. Geosyst. Q03017, 
doi:10.1029/2007GC001805. [4] Kylander-Clark et al. (2013) 
Chem. Geol. 345 99-112. 
 

mailto:inalee.jahn@postgrad.curtin.edu.au
mailto:kylander@geol.ucsb.edu
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Proliferation of hypoxia due to enhanced anthropogenic 
nutrient loading is quite common in many coastal 
environments. Hypoxia exerts an influence on the stability of 
minerals and organic debris, direction of nutrient flux at the 
sediment-water interface, and the extent of benthic-pelagic 
coupling. We analyzed paired water and sediment column 
samples from the Chesapeake Bay for chemistry, Fe and P 
speciation by using 31P NMR, Mössbauer spectroscopy, and 
stable isotope methods. Our results show that the significant 
fraction of settling organic P compounds is mineralized both in 
water and sediment columns. Authigenic phosphate isotope 
data suggest that the regeneration of inorganic P in the 
sediment from organic matter degradation (remineralization) is 
the predominant, if not sole, pathway for authigenic P 
precipitation in the sediments.  Interestingly, small-particle 
poorly crystalline iron oxide with P and/or organic matter 
coatings was found to be relatively recalcitrant against 
reductive dissolution. This is also consistent with EXAFS 
results which show relatively high stability of Fe(III) minerals 
in anoxic sediment column. These results collectively support 
the predominance of coupled C−P pathway of P cycling, rather 
than Fe−P coupling, in hypoxic environment in the 
Chesapeake Bay. 
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The organophosphonate N-(phosphonomethyl) glycine, 

commonly known as glyphosate, is a broad spectrum systemic 
herbicide. Widespread application of glyphosate primarily for 
weed control in agriculture and its presence detected in soils 
and environmental waters has elevated public concern that it 
may potentially harm animal and human populations and the 
environment. Here we present results from experimental 
studies aimed at determining the fate of glyphosate particularly 
the mechanism of glyphosate degradation and tracing 
glyphosate and its degradation products using an array of 
NMR, molecular simulation, and stable isotope methods. Our 
results show that the preference of C–P or C–N bond cleavage 
varies with changing glyphosate: Mn oxide ratio indicating 
sorption induced conformational change on mineral surface 
potentially plays a major role on the bond cleavage. Molecular 
simulation results revealed that the C–P bond cleavage was 
more facile and catalyzed more readily by hydroxyl 
radical. δ18Op values of orthophosphate produced from 
glyphosate degradation in 18O labeled oxygen and water 
indicated that C−P bond cleavage incorporates 19% (out of 
25%, i.e., one out of four oxygen atoms in PO4) O atoms from 
water. The mechanisms of C–P and C–N bond cleavage are 
presumed to be different and it is likely that C–P bond 
cleavage occurs through nucleophilic substitution while C–N 
bond cleavage is promoted by radical mediated reaction. 
Overall, our results highlight the distinction between C–P and 
C–N bond cleavage mechanisms and corresponding 
intermediate products and the isotope tracer to differentiate 
sources and products of glyphosate in the environment.  
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Fifty years of roasting gold ore near Yellowknife, NWT, 

Canada has converted arsenopyrite into arsenic trioxide, a 
more toxic, soluble and bioaccessible form of arsenic (As). A 
second roaster product is spongy As-bearing iron oxide 
pseudomorphs of the original arsenopyrite.  Limited emission 
controls during mining resulted in widespread aerial 
distribution of 20,000 tonnes of As to soils and sediments in 
the region. Core sampling in areas previously considered 
undisturbed by mining activities revealed high concentrations 
of As. For soils, the highest concentrations (maximum  
~8000 mg/kg) were in the top 10 cm, and for sediments the 
highest (maximum ~3000 mg/kg) were a few cm below the 
sediment-water interface. Synchrotron-based microanalysis 
and scanning electron microscopy were used to distinguish 
natural from anthropogenic As, and identify post-depositional 
transformations. Arsenic trioxide has persisted in near-surface 
peaty soils, exhibiting limited dissolution resulting in As-rich 
pore waters and resorption on organic material and Fe-Mn 
oxyhydroxides. There is little evidence of natural As in the 
upper 20 cm of soil. Arsenic trioxide also persists in near-
surface stream and lake sediments although the abundance of 
arsenic sulfide suggests post-depositional conversion of arsenic 
trioxide to arsenic sulfide, a less bioaccessible form likely to 
be more stable in oxygen-poor, organic sediments.  

 

mailto:jamieson@queensu.ca
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Ultrafiltration and the capture and characterization of 

colloids provide an opportunity to assess the role of colloids in 
transporting rare earth elements (REEs) in mine waters. We 
have studied REE-bearing colloids in waters associated with 
tailings from an unmined REE deposit, and in drainage 
downstream of a former uranium (U) mine. Tailings with 
REEs hosted in zircon, fergusonite, allanite, monazite and 
bastnäsite were mixed with three waters: distilled deionized 
(DI) water, simulating tailings flooded by rain or snowmelt; 
lake water from the disposal site; and plant water to be co-
deposited with the tailings. Thirty mL of each solution were 
filtered to <0.45 µm and then to <0.01 µm. Filters were 
examined by scanning electron microscopy and synchrotron-
based microXRF and microXRD. At 21°C, most (85%) of the 
total REEs in the DI solution filtered to <0.45 µm were 
associated with colloid-sized REE ore minerals from fine 
grinding. Less (44%) of the total REEs were colloidal in lake 
water, and even less (10%) in plant water, indicating that 
aqueous solutions of higher ionic strength have more truly 
dissolved REEs due to complexation with various ligands. The 
colloids captured on the 0.01 µm filters from the lake and plant 
water were Fe and Mn oxyhydroxides. In the second study,  
20 L samples of stream water were collected downstream from 
a U tailings impoundment, filtered to <0.45 µm during 
collection, and later ultrafiltered to <0.005 µm using a 
tangential flow filtration system. The retentate was centrifuged 
to concentrate the colloids for analysis. Results indicated that 
REEs are present in both the dissolved and colloidal fractions, 
but their downstream mobility is limited by sorption to Fe and 
Mn colloids. Conventional filtration of mine waters to 0.45 µm 
and the assumption that REEs in these filtrates are dissolved 
may overestimate the amount of REE likely to be mobile or 
bioavailable.  

mailto:jamieson@queensu.ca
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Micro-nutrients (e.g. trace metals) may limit the biological 
productivity in the coastal polynya of Antarctic. In order to 
investigate Mn, a bio-essential metal, in the Amundsen 
polynya which was known as the most biologically productive 
coastal area around the Antarctic, 88 seawater samples were 
collected at 10 stations (from Ice Shelf to offshore) using the 
clean sampling system during ANA04 cruise (Jan 1 – 15, 
2014) by R/V ARAON. After the pre-concentration of 
dissolved Mn using NOBIAS Chelate PA1 column (Hitach 
High Tech. Ltd) and the acid digestion of suspended 
particulates, Mn concentrations were quantified using ICP-MS.  

Dissolved and particulate Mn concentration varied in the 
range of 0.15~4.43 nmol/kg and <0.01~5.07 nM, respectively, 
showing the maximum in surface mixed layer of Ice Shelf and 
the minimum in offshore deepwater (CDW). Vertical profiles 
of dissolved Mn in polynya showed the minimum in the 
surface layer, the maximum at the lower limit of pycnocline, 
and decreased with depth, but increased again in the bottom 
water. Particulate Mn showed the high value in the mid-depth 
of Ice Shelf station (about 400m), but also in the bottom waters 
of stations in the polynya.  

Subsurface maximum of dissolved Mn in polynya, which 
had not been observed without the Southern Ocean in the 
world [1], did not coincide with phosphate maximum layer, but 
was consistent with the depth of the disappearance of 
particulate P, which might be related to the remineralization of 
biological materials. However, Mn/P in suspended particulates 
was much higher (1.33 mmol/mol) than those in phytoplankton 
(0.4 mmol/ mol, [2]). Increased Mn concentrations in bottom 
water were correlated with silicate and phosphate, not nitrate. 
Thus, the sources of dissolved Mn were presumed as glacial 
melting, remineralization and diffusion from sediments, and 
the biological uptake, scavenging and the dilution by CDW 
with very low Mn concentration played the main sinks in this 
sea. 

 
[1] Middag et al., 2011. Deep-Sea Research II, 58:2661-2677 
[2] Twining et al., 2004. Limnol. Oceanogr., 49(6): 2115-2128 

mailto:jdjun07@gmail.com
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In environmental studies, the combination of isotopes 
signatures - specifically 87Sr/86Sr, 143Nd/144Nd, and 206Pb/207Pb - 
has been shown to be very useful in discriminating particulate 
matter (PM) source areas. Recent works demonstrated that 
radiogenic isotope ratios, used as tracers, may allow a 
thorough analysis of the impacts of industrial and other 
anthropogenic emissions on the urban environment. However 
these studies used bio-monitoring markers that are not 
inapplicable from the point of view of continuous monitoring. 
The objective of this study is to demonstrate the feasibility of 
using 87Sr/86Sr isotope analysis on PM collected by the 
monitoring networks of an Authorized Agency for Air Quality 
Monitoring. 

A specific analytical protocol for Sr isotopic measurements 
is developed and validated using standards. This protocol 
applied to in situ samples demonstrates that an isotopic 
characterization of PM is feasible under the conditions of 
continuous air monitoring. The data obtained are consistent 
with the order of magnitude of the potential sources of 
emissions, and the PM collected over a given period of time, 
combined with the environmental context, lead to a 
preliminary interpretation in terms of geographical origin of 
sources of emissions and transport paths.  
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Uranium contamination in aquifers is a common, persistent 

and expensive problem at U.S. DOE legacy sites across the 
Colorado River Basin, such as the Old Rifle former uranium 
ore processing plant (Colorado, USA). A better understanding 
of the potential subsurface reservoirs and the biogeochemical 
reactions governing uranium in such environments is needed to 
improve our forward projections of uranium mobility in 
groundwaters. The Rifle aquifer contains organic-rich, fine-
grained sediment lenses that are naturally enriched in uranium, 
with concentrations up to 100 ppm as reduced U(IV). These 
organic-rich zones also contain sulfide, and consequently were 
referred to as naturally reduced zones (NRZs). 

The study of muliple well cores located within 2m from 
each other shows sharp variations of sediment color and 
texture with depth and horizontal position. Distributions of 
trace and minor elements abundances such as uranium, sulfur 
and organic carbon show well-defined layers of enriched 
material. This study shows that NRZs are low permeability 
structures with high interfacial areas with the surrounding 
aquifer, and contain large fractions of the total uranium 
inventory. 

Vertical core sections profiles exhibit sharp gradients of 
redox status and sediment textures at the centimeter scale. 
Sulfur K-edge XANES provide insights on the sulfur 
biogeochemical cycling in such systems. Results show the 
importance of both organic carbon and establishement of 
lasting reducing conditions in the accumulation of uranium.  
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In the present study, XRF/XAS measurements using the 
Lucia beamline (SOLEIL synchrotron) were combined with 
geochemical and mineralogical data to bring some new 
important insights into the Ce behaviour during tropical 
weathering. The selected lateritic profile (Madagascar) 
corresponds to a 2m-thick soil (C-, B- and A-horizons) 
developed over a homogeneous tonalite that has experienced 
some earlier low-temperature hydrothermal alteration. Prior to 
synchrotron measurements, the samples were characterized by 
XRD, SEM and EMP for determining the mineral phases and 
the Ce distribution. XANES spectra (at the Ce LIII-edge) were 
acquired on bulk-rock samples as well as on specific lateritic 
minerals or polymineral zones (in-situ measurements) 
localized and identified using XRF mapping. 

Remarkably, there is a relatively good agreement between 
the Ce(IV) abundance estimated using XANES or Ce-anomaly. 
However, in-situ XANES measurement on mineral or 
polymineral domains reveal that Ce oxidation states and 
redistribution are heterogeneous at sample scale in the soil. 
Despite the expected oxidative conditions of superficial 
weathering in the soil, only the B-horizon unequivocally 
records Ce(III) oxidation into Ce(IV). There, cerianite 
precipitation, which commonly accounts for the positive Ce-
anomaly in soils, is only observed in pores in the vicinity of 
Mn-oxide (and other Fe-oxyhydroxides). Cerianite 
microstructural position suggests for a possible Ce(III) 
oxidation/scavenging into Ce(IV) by neighbouring 
oxyhydroxides. In the other weathered horizons (A- and B-), 
the preservation of the primary Ce(III)/Ce(IV) ratio in bulk-
rock and  secondary minerals indicates that Ce(IV) and Ce(III) 
were solubilized, transported and precipitated in secondary 
phases with no significant Ce fractionation with respect to the 
other REE. Therefore, Ce-anomaly in rocks or in secondary 
minerals is not a robust (paleo)redox proxy of the weathering 
conditions. We suggest that Ce speciation with organic ligands 
might be a way to solubilize both Ce(III) and Ce(IV) without 
fractionating them. 
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The Melechov Pluton consists of several nested two-mica 

granite pulses interpreted as forming an apical part of a mid-
crustal granitic diapir [1]. Their composition resembles the 
‘Eisgarn’ suite elsewhere in the Moldanubian Batholith [2]. 

The TIMS-ID Concordia ages of single monazite (Mnz) 
from the outer facies (Lipnice, Světlá, and Kouty) range 
between 332 ± 1 and 323 ± 0.4 Ma (mostly 327 ± 0.5 Ma, n = 
12). These fit within error with Lipnice LA ICP-MS Mnz ages 
(324.8 ± 2.4 Ma) and previous U–Pb zircon (Zrn) and Mnz 
dating from the ‘Eisgarn’ suite granites (328–326 Ma) [3–5]. 
The youngest Mnz ages (323–326 Ma) for each granite facies 
probably correlate with the final emplacement. Zircon grains 
are dominated by inheritance, proving, besides low Zrn 
solubility in the low-T felsic melt, rapid anatexis. Concordant 
LA ICP-MS ages show that the source contained mainly 
Ediacaran (570–630 Ma), with minor Eburnean (~2 Ga), 
Cambrian (>490 Ma), and Silurian (~420–430 Ma) zircon.  

The Sr–Nd isotopic signatures and comparison of the Zrn 
inheritance spectra with literature [6] point to Monotonous 
Group paragneisses as the most appropriate source. The 
paragneisses were derived from the Neoproterozoic active 
continental margin of the northern Gondwana, and now form 
mantle of the so-called Pelhřimov Core Complex [7]. Such an 
idea is supported by phase-equilibria (PERPLE_X) modelling 
of their anatexis. The calculated major-element composition of 
melts, and trace-element characteristics computed from phase 
proportions, compare well with the actual granites.  

 
Funding: GAČR (P210-14-25995S). [1] Trubač et al. (2014) 
JSG 66, 271–283. [2] Matějka & Janoušek (1998) AUC 42, 
73–79. [3] Friedl et al. (1996) TSK 6, 127–130. [4] Gerdes et 
al. (2003) JCGS 48, 53–54. [5] Žák et al. (2011) Lithos 121, 
25–40. [6] Košler et al. (2014) JGSL 171, 83–95. [7] Verner et 
al. (2014) J. Geodyn. 73, 100–117. 
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The compositional heterogeneity of the mantle is well 
established, as is the concept of MORB as a “window into the 
mantle”. Traditionally MORB has been the primary tool to 
map geochemical variations and melting processes of the upper 
mantle. However, the differentiation processes in the lower 
oceanic crust prior to eruption occur in tandem with magma 
mixing, which homogenizes the source heterogeneity. It is 
therefore unlikely that the MORB lavas reflect the full 
variability of melt compositions delivered to the crust. 
Furthermore, it remains unclear how discrete, arguably 
isotopically heterogeneous, batches of mantle melts are 
homogenised in the oceanic crust. The two competing models 
for the formation of the lower oceanic crust at fast-spreading 
ridges – the gabbro glacier and sheeted sill models – have 
different predictions as to where, and to what extent, melt 
homogenization occurs. 

We present Nd and Sr mineral isotope data of lower crustal 
gabbroic rocks from the Abyad section in the Semail Ophiolite 
(Oman). The complete lower crustal section, from the Moho 
Transition Zone to the base of the sheeted dyke complex, was 
sampled. Analyses were made in situ in order to avoid domains 
related to post-cumulus reactive porous flow of interstitial melt 
that are prevalent in oceanic gabbros [1]. Selected crystal cores 
of clinopyroxene and plagioclase were analyzed for major and 
trace elements and microdrilled for TIMS analysis.  

Our results show that resolvable differences occur in Sr 
and Nd isotope ratios both between but also within samples. 
The variation of our dataset exceeds the variability in isotope 
compositions of the associated lavas in the ophiolite and thus 
we conclude that growth from isotopically variable melts is 
recorded in the lower oceanic crustal rocks. This demonstrates 
that our approach has the potential to elucidate the hidden 
heterogeneity of the mantle source of oceanic basalts, and shed 
light on the mechanisms of crustal accretion and melt 
homogenization. 

 
[1] Lissenberg et al. (2013) EPSL 361, 436-447. 
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Recent advances in mass spectrometry now allow the 

measurement of the isotope ratios of a number of elements in 
mineralized tissues not usually used for dietary reconstruction.  
This paper focuses on the application of measurements of zinc 
(Zn) isotope ratios in modern plants, and bone and teeth of 
herbivores and carnivores.  The samples come from a modern 
food web located in Koobi Fora, Kenya and an archeological 
food web preserved in the permafrost from Nunalleq, Alaska. 
We focus on two small geographical areas and present data for 
mammals, birds, fishes and reptiles. The Zn isotope 
measurements data are also compared to previous preliminary 
results from other food webs. We show that Zn isotopes 
provide an excellent means to distinguish between carnivores 
and herbivores. We discuss the influence of marine vs 
terrestrial as well as polar vs arid environments. We conclude 
that Zn isotope ratios in bone and dental enamel have a 
significant potential to be palaeodietary proxies, 
complementing the information provided by other isotopes. 
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The reactivity of copper smelter fly ash enriched in arsenic 

(43.7 wt% As; mineralogy: arsenolite, galena, gypsum, 
litharge, anglesite) was investigated by an in situ weathering 
experimental approach. Double polyamide bags filled with 1 g 
of fly ash were incubated for 6 and 12 months in different 
depths of contrasting soils developed under different 
vegetation covers at four localities in the Czech Republic. 
Total concentrations of As and other contaminants were 
measured in soils before and after the fly ash incubations. 
When possible, soil pore waters were collected using rhizon 
samplers and analysed for concentrations of contaminants. 
Mass losses and changes in mineralogical compositions of the 
fly ash were monitored. 

Transport of released As in the soils was observed 
within only few centimetres below the experimental 
bag’s position. The overall mass losses from bags were 
between 4–28 % (6 months) and 19–32 % (12 months).  

Arsenic leaching was the most significant in forest soil 
developed under the beech stand both after 6 and 12 months  
(590 mg/kg and 849 mg/kg, respectively). This is probably 
caused by specific seepage conditions leading to more rapid 
flush regime under the beech. Soils developed under the spruce 
stand exhibited the lowest values of As released from fly ash: 
164 mg/kg (6 months) and 484 mg/kg (12 months).  

Pore waters sampled after 6 months in the beech forest 
stand (20 cm depth) contained 9 mg/l As indicating significant 
leaching of fly ash. After 12 months, As concentrations were 
up to 13 mg/l in pore water samples collected in the soil under 
the beech. Under the spruce, As in the soil pore water was only 
up to 47 µg/l. Arsenic speciation analysis of pore water 
samples showed that almost all of As (98–100 %) has been 
oxidised to AsV+.  

 
This study was supported by Czech Science Foundation 

(GAČR 13-17501S) and Grant Agency of Charles University 
(GAUK 259521).  
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The Rosetta Gabbro of S.  Jordan is a distinctive igneous 
rock that reflects rapid crystallization of plagioclase from 
hydrous mafic magma.  It is characterized by rosettas, 
consisting of spherical clots, up to 40 mm in diameter, with 
amphibole cores from which plagioclase euhedra radiate. It 
intrudes the Aqaba complex granitoids (630 ~ 610 Ma) as a 
small (ca 200x200 m) outcrop.  

This gabbro is Ol/Qz tholeiite with the following chemical 
characteristics [SiO2 = 46.2–47.8; Al2O3 = 16.4–17.7; TiO2 = 
1.70-2.82; Na2O = 1.27-2.83; K2O=0.82-1.63 wt. %; Mg# 58-
63;ΣREE=38-82 ppm; La/Yb ~ 6 to 8. Eu/Eu*=1.05-1. 2]. 
Amphiboles are found as: 1) large , 3-5 mm in size, brown 
titanian tschermakite (K0.08,Na0.44)(Na0.25,Ca1.75) (Mn0.03,Fe3+ 1.02, 
Mg2.64, Fe2+ 0.59,Ti0.27,Al0.44)(Al1.86,Si6.14) O22 (OH)1.95 and 
magnesiohastingsite of the calcic amphibole group; and 2) 
yellowish-light green tschermakite (K0.01,Na0.54)( Ca1.06 Fe2+ 0.88, 

Mn0.06) (,Fe2+
1.11, Mg3.41,Ti0.04,Al0.44) (Al0.87,Si7.13) O22 (OH)1.95 to 

barroisite  of the sodic-calcic amphiboles that dominate the 
cores of the rosettas and found mostly replacing type one. 
Tabular plagioclase (An 64-79) up to 10 mm in size.Trace 
elements vary considerably in amph and plag (LA-ICP-MS). 
The REE in amphiboles show an order of magnitude variation 
with a concave-downward pattern and a positive Eu anomaly 
(Eu/Eu* =0.6 – 2), though far less pronounced compared to the 
( Eu/Eu* = 5 – 25 ) of plagioclase. The 3D dandelion-like 
texture is broadly similar to “Chrysanthemum Stone”, but we 
can find no description of similar textures in igneous rocks; 
therefore we think it must represent unusual magmatic 
conditions. Formation of rosettas is thought to reflect loss of 
magmatic water resulting in rapid growth of plagioclase 
around amphiboles. This implies magmatic evolution in the 
shallow crust, but this conflicts with inferences from amph.-
plag pairs indicating equilibrium at 6.87 ± 1.04 kbar and 844 ± 
67 °C, consistent with formation at mid crustal levels, ~20 km 
deep.   

 

mailto:jarrargh@ju.edu.jo
mailto:rjstern@utdallas.edu
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Well-preserved abundant microfossils occur through more 
than 1000 m of siliciclastic rocks of the 1.5-14 Ga Roper 
Group, Northern Territory, Australia (Javaux et al., 2001; 
Javaux & Knoll, in press). Mo abundance and isotope values,  
and iron-speciation chemistry indicate that surface waters in 
the Roper seaway were oxic and subsurface waters were 
anoxic and ferruginous, and at times euxinic (Shen et al., 2003; 
Planavsky et al., 2011; Arnold et al., 2004; Kendall et al., 
2009).  The Roper assemblage includes 32 taxa, 6 interpreted 
unambiguously as eukaryotes, 8 as possible eukaryotes, 6 as 
possible or probable cyanobacteria, and 12 Incertae sedis. 
Taxonomic richness is highest in inshore facies, and 
populations interpreted as unambiguous or probable eukaryotes 
occur most abundantly in coastal and proximal shelf shales.  
Phylogenetic placement within the Eukarya is difficult, and 
molecular clock estimates suggest that preserved microfossils 
may belong to stem group eukaryotes or stem lineages within 
major clades of the eukaryotic crown group.  Despite this, 
Roper fossils provide direct or inferential evidence for many 
basic and important features of eukaryotic biology, including a 
dynamic cytoskeleton and membrane system that enabled cells 
to change shape, life cycles that include resting cysts coated by 
decay-resistant biopolymers, reproduction by budding and 
binary division, osmotrophy, and simple multicellularity.  

Roper eukaryotes certainly played a role in completing the 
marine carbon cycle, as phagotrophs and osmotrophs, possibly 
in anoxic as well as oxic environments.  However, 
diversification of eukaryotic primary producers might have 
been limited by fixed nitrogen availability (Anbar and Knoll, 
2002; Reinhard et al., 2013), especially in oxic waters above 
sulfidic water masses (Boyle et al., 2013).   

Mesoproterozoic oceans supported diverse prokaryotic and 
eukaryotic microbial communities. The diversity and 
ecological importance of these early protists, however, were 
much lower than in later Neoproterozoic and Phanerozoic 
ecosystems, a function, at least in part, of ecological 
constraints involving food web complexity and constraints 
imposed by marine redox profiles. 
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Within the Yellowstone-Snake River Plain volcanic 
province, basaltic lava fields of evolved composition (SiO2 and 
FeOt at 44.3-62.9% and 7.8-16.7%, respectively) contrast with 
the spatially dominant, compositionally restricted 
‘monogenetic’ fields. Our work highlights the petrographic and 
geochemical characteristics of ~25 m of evolved basalt 
recovered in the Sugar City drill core, near Rexburg, ID. We 
contrast these basalts to primitive olivine tholeiites and 
rhyolites recovered within the same drill core. 

Sugar City evolved basalts (SCEB) typically contain 
phenocrystic olivine and plagioclase, pyroxene-plag-olivine 
clusters, are compositionally similar to basalts from the Craters 
of the Moon, and display radiogenic Nd and Sr isotope 
signatures. Along with textural evidence, i.e., two types of 
globules in glass phase, major element compositions for SCEB 
plot within experimentally derived 2-liquid fields [1] 
(SiO2=47.0-53.1; FeOt<17.3). Olivines exhibit euhedral, 
skeletal/hopper, and ‘spongy’ morphologies. It is not clear if 
the ‘spongy’ olivines represent a crystallization versus 
dissolution process. Some olivines record core-to-rim diffusion 
profiles (Fo82-60), while other unzoned-olivines reach as low as 
Fo45: high-Fo cores cannot be in equilibrium with the bulk rock 
composition. In total, these features are important for 
contrasting ascent paths and rates of ascent, and can be used to 
imply unique magma conditions, with possible multiple levels 
of storage. We use these observations to recreate the plumbing 
system underneath the Heise caldera and make implications 
about caldera life-cycles. 

 
[1] Charlier and Grove (2012) CMP 164, 27-44. 
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Preservation of compositional zoning in metamorphic 

garnet is a powerful tool to reconstruct P-T paths in 
metamorphic rocks. This is due to the slow diffusion rates of 
some major and trace elements, including Y and HREEs, 
which show strong partitioning into garnet. In this 
investigation, we utilize compositional zoning patterns of 
major, trace and REEs in garnet crystals from felsic granulites 
of the Kutná Hora Complex (Bohemian Massif) to reconstruct 
their prograde metamorphic evolution. The granulites contain 
lenses and boudins of mantle garnet peridotites and eclogites. 
Compositional zoning in garnet provides the evidence of pre-
granulite facies metamorphic history of the rocks. This is 
documented by high Y and HREEs contents in the core with 
annuli in the mantle part of garnet grains that are interpreted as 
the result of two distinct metamorphic events. The core of 
large garnet with relatively high Ca and bell-shaped 
manganese contents suggest its formation during a prograde 
low- to medium- temperature metamorphic event which was 
coeval with HP-UHP metamorphism. Based on pseudosection 
modeling by Perple_X thermodynamic software in 
combination with compositional isopleths of major elements 
from garnet tried to reconstruct prograde metamorphic path of 
felsic granulites. Grs content in combination to Prp and XFe 
revealed LT-HP conditions of garnet formation. After that, 
grossular is slightly decreasing and XFe rapidly decreasing, 
which leads to increase of pressure and temperature to coesite 
and even diamond stability field. UHP conditions of these 
rocks were confirmed by inclusions of coesite and micro-
diamond in garnet and zircon. Decompression and cooling 
during exhumation of the rocks led to partial resorption of 
garnet and release of trace and REEs into the matrix. The new 
garnet with high Y + HREEs in the annuli was formed during 
the granulite facies event at crustal levels. The annuli usually 
show higher Y + HREE contents compared to the core of 
prograde garnet. 
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Laboratory reaction tests and reactive transport modeling 

were conducted to evaluate geochemical interactions between 
a mine seepage water and an aquifer, primarily focusing on 
metal attenuation processes in the aquifer. The results for the 
reaction tests, in which the mine seepage water was reacted 
with the aquifer materials, showed the increases in pH, 
alkalinity, Ca, and Mg and the decreases in Fe, SO4, and metals 
(i.e., Al, Cd, Co, Cr, Cu, Mn, Ni, and Zn), suggesting 
dissolution of carbonate minerals and precipitation of 
secondary minerals containing metals. 

The reaction mechanisms governing geochemical 
interactions between the mine seepage water and the aquifer, 
which were suggested from the reaction tests, include acid 
neutralization, mineralogical control on major ions, and control 
on trace metal mobility by secondary mineral precipitation and 
sorption. These conceptual reaction networks were 
incorporated into the multi-component reactive transport 
model MIN3P [1, 2]. The data collected at the mine site were 
used to constrain the initial chemistry of the seepage and 
groundwater and the mineralogical composition of the aquifer 
materials. 

The simulation results showed that the pH in the aquifer 
was primarily controlled by dissolution of a series of carbonate 
and hydroxide minerals, as shown in Jurjovec et al. [3], and 
most metals in the seepage water were decreased to non-
detectable levels by precipitation of secondary hydroxides, 
carbonates, and sulfides. After 100 years of simulation time, all 
of the important geochemical changes occurred within the 180 
m distance from the point where infiltration intersects the 
groundwater table. Thus, the results indicate that the aqufier 
has a high buffering capacity due to the existence of carbonate 
minerals (calcite and ankerite) and the natural attenuation 
processes could be significant. This study provides a 
comprehensive understanding of reactive transport processes 
of heavy metals derived from acid mine drainage. 

 
[1] Mayer et al. (2002) Water Resour. Res. 38, 1174. [2] Jeen 
et al. (2013) J. Contam. Hydrol. 144, 108-121. [3] Jurjovec et 
al. (2002) Geochim. Cosmochim. Acta 66, 1511-1523. 
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Magmas play a key role in the genesis of epithermal and 

porphyry ore deposits, notably by providing the bulk of ore 
metals to the hydrothermal fluid phase. It has been long shown 
that the formation of major deposits requires a multi-stage 
process, including the concentration of metals in silicate melts 
at depth and their transfer into the exsolved ore fluid in more 
superficial environments. Both aspects have been intensively 
studied for most of noble metals in subsurface conditions, 
whereas the effect of pressure on the concentration (i.e., 
solubility) of those metals in magmas ascending from the 
sublithospheric mantle to the shallow arc crust has been quite 
neglected. Here, we present new experimental data aiming to 
constrain the processes of gold (Au) dissolution in subduction-
linked magmas along a range of depth. We have conducted 
hydrous melting experiments on two dacitic/adakitic magmas 
at 0.9 and 1.4 GPa and ~1000°C in an end-loaded piston 
cylinder apparatus, under fO2 conditions close to NNO. 
Experimental charges were carried out in pure Au containers, 
the latter serving as the source of gold, in presence of variable 
amounts of H2O and, for half of the charges, with elemental 
sulfur (S) so as to reach sulfide saturation. Au concentrations 
in melt quenched to glass were determined by LA-ICPMS. 
When compared to previous data obtained at lower pressure, 
our results show that in both S-free and S-bearing systems melt 
Au solubility is independent of depth variations since no effect 
of pressure can be perceived between data at 0.12 GPa and  
1.4 GPa for a given fO2. The present study confirms that Au 
dissolution is mainly controlled by fO2 in S-free melts and by a 
complex interplay of fO2 and fS2 in S-bearing melts, at given 
temperature. The concentration of gold in deep magmas is 
therefore believed to be chiefly governed by the conditions of 
partial melting of the source as well as the partitioning of gold 
between the silicate melt and the crystallizing sulfides (which 
itself might be subject to pressure variations). 
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Raman spectroscopy has repeatedly been suggested as a 

powerful technique to detect biological markers for Mars 
lander missions. Raman spectrocopy was successfully used to 
detect sunscreen pigments in Antarctic cyanobacteria which 
are an example of extremophiles living in extremelly cold 
areas under high UV exposition. Studies carried-out previously 
in our group allowed to assess the distribution of 
photoprotective or photosynthetic pigments in endoliths of 
different types inluding those from the driest parts of the 
Atacama desert [1]. Here, for comparative purposes, extracts 
from cultures of microorganisms were  submitted to HPLC and 
Raman analysis to better address potential analytical pittfalls. 
Generally speaking, the identificaton of pigments using Raman 
bands positions was achieved directly on cultures of 
microorganisms from different groups. In relatively simple 
situations where only few diagnostic carotenoids occur in the 
cells, Raman spectroscopy allows excellent identification (e.g. 
Halorubrum sodomense with α-bacterioruberin and its 
derivatives and Salinibacter ruber with salinixanthin) [2]. 
Moderate shifts can however occur in the spectra and care 
must be taken for correct identification of carotenoids from 
other microorganisms containing more, structurally very 
similar carotenoids (Porphyridium cruentum, examples from 
the genera Brasilonema, Scytonema). Raman spectra of whole 
extracts and collected fractions show limits of unambiguous 
discrimination of individual similar carotenoids. New 
possibilities of improving discrimination of carotenoids are 
discussed. 
 
[1] Vítek et al. (2014) Phil. Trans. R. Soc. A 372, 20140196. 
[2] Jehlička et al. (2014) Phil. Trans. R. Soc. A 372, 20140199. 
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Chlorites are a group of phyllosilicate minerals common in 
sedimentary rocks, low-grade pelitic metamorphites and soils. 
They are often present in the clay fraction in sandstones where 
they play an important role in the preservation of porosity [1] 
[2]. Understanding their behaviour and its change with solution 
composition is of fundamental importance for interpreting 
geochemical relationships in porous media. 

We mixed hand ground Mg-rich chlorite with 1-50 mM 
solutions of NaCl and CaCl2 and followed the change in the 
surface excess of ions. We used cryogenic X-ray photoelectron 
spectroscopy (cryo-XPS) because it probes only the topmost 
layers of the material [3] [4], in this case, the vitrified chlorite-
solution interface. 

Chlorite shows stronger preference for Ca2+ than Na+, as 
predicted from the ionic charge density difference. However, 
the concentration of Cl- close to the surface increases with 
decreasing bulk solution concentration compared to Na+.This 
trend is not observed in CaCl2 solutions (Fig 1.). Na+-Cl- 
surface competition shows interesting trends that disobey 
theoretical approximations [5]. Such information has important 
implications for understanding the behaviour of anionic 
organic molecules on clay mineral surfaces.  

[1] Platt, J. D. (1993), Clay Minerals, 28, 393-416 [2] Hillier, 
S. (1994), Clay Minerals, 29, 665-680 [3] Shchukarev & 
Sjöberg (2005), Surface Science, 584, 106-112 [4] Shchukarev 
et al. (2007), Journal of Physical Chemistry C, 111, 18307-
18316 [5] Laird, D. (2006), Applied Clay Science, 34, 74-87 

Figure 1 Ratio of Cl- and cation close to the clay surface 
as a function of the bulk concentration 
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Experimental studies on mantle lithologies have advanced 
and refined our knowledge of mantle melting. Equilibrium 
melting is determined at the fixed PT conditions of an 
experimental run. However, the polybaric and fractional nature 
of mantle melting limits the interpretive use of such 
experimental run products. A thermodynamic model calibrated 
on experimental data extends the experimental results to full 
effect by allowing the interpolation between, and extrapolation 
beyond, experimental conditions, and provides an interpretive 
framework for the array of basaltic compositions observed on 
the Earth and beyond. 

We use a new thermodynamic model of mantle solid 
phases and melt to examine melting in the system 
NCFMASOCr [1]. The model is effective in predicting melt 
compositions, particularly near-solidus melts, for a range of 
bulk compositions from harzburgite through to eclogite at the 
PT conditions relevant to melting. This model is used to 
explore the effect of bulk composition on melting. A trade-off 
is observed, whereby the melt composition of increasingly 
enriched lithologies is partly buffered by corresponding 
changes in the solid assemblage. The consequence of this is a 
reduced variability in the major element chemistry of melts 
derived from a lithologically heterogeneous mantle. However, 
major element chemistry is sensitive to pressure such that a 
more enriched, fusible lithology which begins melting at high 
pressure will still produce melts with a distinctive major 
element composition compared with typical lherzolite. We 
explore this effect with fractional melting models at different 
mantle potential temperatures and compositions to highlight 
the major element characteristics diagnostic of melts from 
recycled crustal material. 

The model is applied to ferropicrite genesis; this enigmatic 
magma type with its distinctive high FeO and MgO and low 
Al2O3 has been suggested as originating from high pressure 
melting of pyroxenite beneath thick lithosphere. 
 
[1] Jennings and Holland, Accepted pending revision, Journal 
of Petrology 
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Diffraction techniques have become the golden standard 

method for identifying and analysing mineral phases. Many 
scientist rely on the access to structural databases for phase 
identification and data processing via rietveld refinement and 
similar techniques. As most known minerals are identified and 
their structure are readily avialiable this is fairly 
straightforward. But what happens when you come across a 
mineral that has an unknown structure?  

If crystals of >100 µm are avialiable, routine single 
crystals analysis can be preformed using the Shellx software 
[1] and data from a four circle diffractometer. However, many 
compounds do not form large single crystals. In these cases 
powder diffraction data can be collected and ab initio software 
such as superflip [2] can be used to solve the structure. But this 
requires that the space group or at the very least the unit cell 
can be indexed from the diffraction pattern. But when peak 
overlap is so severe that the space group and unit cell cannot 
be determined, the conventional crystallographic methods are 
powerless to solve the structure.  

By measuring the pair distribution function and analysing 
it with the Liga algorithm developed by Pavol et al. [3] it is 
possible to determine the structure of nano-sized material from 
the PDF using the interatomic distances.  

In this work we have found a new hydrated calcium 
carbonate, that had us confronted with all these challenges and 
we propose to solve the structure using the Liga algorithm and 
comparing the result with high resolution PXRD and  HRTEM 
data. Future analysis will include Neutron PDF analysis to 
determine the structure of hydrogen in the sample.  
 
[1] G. Sheldrick, Acta Crystallographica Section A, 2008, 64, 
112-122. [2] V. Petříček, M. Dušek and L. Palatinus, 
Zeitschrift für Kristallographie-Crystalline Materials, 2014, 
229, 345-352. [3] P. Juhás, L. Granlund, P. Duxbury, W. 
Punch and S. Billinge, Acta Crystallographica Section A: 
Foundations of Crystallography, 2008, 64, 631-640. 
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Mineral dust supplied to remote ocean regions stimulates 

phytoplankton growth through delivery of micronutrients, 
notably iron (Fe). Although attention is usually paid to Fe 
(hydr)oxides as major sources of available Fe, Fe-bearing clay 
minerals are typically the dominant phase in mineral dust. The 
mineralogy and chemistry of clay minerals in dust particles, 
however, are largely unknown. We conducted microscopic 
identification and chemical analysis of the clay minerals in 
Asian and Saharan dust particles. Cross-sectional slices of dust 
particles were prepared by focused ion beam (FIB) techniques 
and analyzed by transmission electron microscopy (TEM) 
combined with energy dispersive X-ray spectroscopy (EDXS). 
TEM images of FIB slices revealed that clay minerals occurred 
as either nano-thin platelets or relatively thick plates. The 
nano-thin platelets included illite, smectite, illite–smectite 
mixed layers and their nanoscale mixtures (illite–smectite 
series clay minerals, ISCMs) which could not be resolved with 
an electron microbeam. EDXS chemical analysis of the clay 
mineral grains revealed that the average Fe content was 5.8% 
in nano-thin ISCM platelets assuming 14% H2O, while the Fe 
content of illite and chlorite was 2.8% and 14.8%, respectively. 
In addition, TEM and EDXS analyses were performed on clay 
mineral grains dispersed and loaded on microgrids. The 
average Fe content of clay mineral grains was 6.7% and 5.4% 
in Asian and Saharan dusts, respectively. A comparative X-ray 
diffraction analysis of bulk dusts showed that Saharan dust was 
more enriched in clay minerals than in Asian dust, while Asian 
dust was more enriched in chlorite. The average Fe/Si, Al/Si 
and Fe/Al molar ratios of the clay minerals, compared to 
previously reported chemistries of mineral dusts and leached 
solutions, indicated that dissolved Fe originated from clay 
minerals. Clay minerals, in particular nanocrystalline ISCMs 
and Fe-rich chlorite are important sources of available Fe in 
remote marine ecosystems. 
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The use of chrysotile [Mg3Si2O5(OH)4] asbestos has been 
banned in many countries because of its carcinogenecity. 
Waste disposal of used chrysotile and health problem by its 
exposure are being issued and suggested to study 
detoxyfication processes of chrysotile fibers. The objective of 
this study was to investigate changes of mineralogical 
characteristics of chrysotile fibers by thermal decomposition. 

Chrysotile sample was collected from LAB Chrysotile mine, 
Canada. The decomposition of chrysotile fibers heated in air 
has been studied in the range of 600 to 1300℃. The changes of 
mineralogical characteristics including crystal structure, shape, 
and chemical composition of the chrysotile fibers were 
examined by TG-DTA, XRD, FT-IR, SEM-EDS and TEM-
EDS analyses.  

The chrysotile fibers were dehyroxylated at 630℃. And the 
chrysotile was transformed to forsterite (Mg2SiO4) at 820℃ by 
rearrangement of Mg, Si, O. Forsterite were transformed 
gradually to enstatite (MgSiO3) by recrystallization after the 
heating above 1100℃. Fibrous form and hollow tube structure 
of chrysotile fibers were started to collapse above 700℃ and 
transformed to rod-shaped forsterite at 820℃. And enstatite 
was grown 3-dimensionally within the forsterite crystal 
structure, and then finally transformed to spherical minerals 
above 1100℃.  

In summary, detoxification of chrysotile asbestos by thermal 
decomposition may be applicable at lower temperature at 700℃ 
than 820℃ reported in previous studies. And thermal 
decomposition can be used to detoxify chrysotile fibers 
because chrysotile fibers were entirely transformed to non-
hazardous minerals. 



 Goldschmidt2015 Abstracts  

 1437 

U-Pb ages and Hf isotopic 
compositions of provisional zircon 

standards LKZ-1 and BRZ-1 
YOUN-JOONG JEONG1*, TAE-HO LEE1, SOOK JU KIM1, 

KEEWOOK YI1 AND CHANG-SIK CHEONG1 
1Geochronology Group, Korea Basic Science Institute, 

Chungbuk 363-883, Republic of Korea 
(*hero0123@kbsi.re.kr) 

 
The combination of in situ U-Pb age and O-Hf isotopic and 

trace element composition of zircon provides invaluable 
information on crust and mantle evolution. The geochemical 
and isotopic data of zircon measured by mass spectrometry 
need external calibration or test for precision and accuracy 
using standard reference material. Here we report U-Pb ages 
and Hf isotopic compositions of provisional zircon standards 
LKZ-1 and BRZ-1, which were provided by gem dealers from 
Slilanka and Brazil, respectively, and analyzed at Korea Basic 
Science Institute. 

LKZ-1 is a transparent pale yellow crystal with dark 
cathodoluminescence(CL) emission. BRZ-1 is a opaque dark 
brown crystal showing a symmetric CL banding. The weighted 
mean of 207Pb-corrected 206Pb/238U ages, measured by 
SHRIMPIIeMC, was 586.0±4.4 Ma (n=12, MSWD=1.3) for 
LKZ-1 and 573.0±5.8 Ma (n=11, MSWD=1.6) for BRZ-1. 

The Lu-Yb-Hf isotope data were collected on a Nu Plasma 
II MC-ICPMS coupled to a 193 nm ArF excimer laser ablation 
system, employing static spots of ca. 50 µm diameter, a 
repetition rate of 10~13 Hz, and a fluence of 8~10 J/cm2. In 
order to monitor the time profile of the measured ratio, a time 
reolved analytical procedure was applied, and signal intensities 
for each cycle were collected every 0.2s integration time. Data 
reduction was achieved using Iolite v.2.5 software, and 
included correction for baseline, instrumental drift, mass bias, 
isobaric interference by 176Lu and 176Yb,  and down-hole 
fractionation. The Lu-Yb-Hf isotopic compositions of four 
available standard zircons (91500, Plešovice, TEMORA1, FC-
1) agreed well with those reported in the literature. Average 
measured 176Hf/177Hf ratios of LKZ-1 and BRZ-1 were 
0.281794 ± 0.000032 (n=45, 2σ SD, the same below) and 
0.281960 ± 0.000054 (n=45), respectively. Their 176Yb/177Hf 
(0.00358 ± 0.00069 for LKZ-1, 0.039 ± 0.052 for BRZ-1) and 
176Lu/177Hf ratios (0.000104 ± 0.000003 for LKZ-1, 0.0013 ± 
0.0017 for BRZ-1) were positively correlated with each other. 

The homogeneity of LKZ-1 and BRZ-1 in U-Pb age and 
Hf isotopic composition will be further checked for another 
fragment of the crystals. Their oxygen isotopic and trace 
element compositions will also be analyzed. 
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Flow properties, NMR relaxation parameters and 

mechanical behaviour of reservoir rocks depend on their 
internal structure. Their structural parameters, such as porosity, 
pore connectivity and pore size distribution can be derived 
from 3D tomograms. The highest resolution tomograms are 
obtained from synchrotron radiation methods, providing 
insight into micro and nanostructure inside rocks. 

We examined how the nanometre scale properties, that we 
derive from tomograms, are affected by the size of the sample. 
High resolution limits the field of view (FOV), meaning that 
the sampled size might not be representative of the whole rock. 
Wider FOV however, samples larger volumes but obscures the 
fine details, which are determinant for the flow properties. To 
overcome this shortcoming, we imaged the same sample at 
resolution ranging from about 2 μm to 45 nm (Fig. 1), where 
the measured volume ranged from (460 μm)3 to (17 μm)3. 
Information uniquely available in one dataset supplemented 
the other so this approach virtually reduced the FOV 
limitations that are inherent to imaging methods. This allowed 
a direct comparison between extracted rock properties that 
depend on instrument resolution and can help us predict how 
such properties scale with sample size. 

 
Figure 1: 3D tomogram showing the inner structure from a 
sample of chalk. The green particles have lower density. 
Resolution is 40 nm. 
 
[1] D. Müter, H. O. Sørensen, D. Jha, R. Harti et al. (2014) 
Appl. Phys. Lett. 105, 043108. 
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To understand the roles of carbonate rocks in carbon cycle, 

four carbonate profiles and two silicate profiles in Guizhou 
Province were selected. The carbon and oxygen isotope in the 
profiles was also studied and related to the local climate. The 
δ13C values of soil organic matter (δ13CSOM) reflect a 
coexistence of C3 and C4 plants. The soil SEM observation and 
the δ13C value of soil disseminated carbonate (δ13CSC) 
demonstrate that the soil carbonate is dominant by pedogenic 
carbonate, and its formation is closely associated with root 
activities. The estimated δ13C value of pedogenic carbonate 
(δ13CPC) based on δ13CSOM is higher than δ13CSC, suggests that 
the C3 plant take a larger percent when carbonate precipitated. 
The different climate conditions in the west compared with 
that in the middle of Guizhou Province are shorter rainy 
season, less rainfall, more nonuniform precipitation and lower 
temperature, which resulted in a higher stable carbon and 
oxygen isotopic value of soil carbonate (δ13CSC and δ18OSC) 
and higher positive correlation coefficients of them in the west 
in carbonate profiles. This paper also found a negative 
correlation between δ13CSC and CIA (chemical index of 
alteration), which is related to the formation process of 
pedogenic carbonate. It demonstrates that δ13CSC can be an 
index that indicates weathering intensity, but it's also affected 
by other factors besides weathering. The radioactive carbon 
isotopes of the soil organic matter show that the average 
residence time of organic matter increase with soil depth, and 
the CO2 flux produced by decomposition of soil organic matter 
is higher in the upper layer than in the deeper layer, reflecting 
the formation and update of soil organic matter during the top-
down development process of soil profiles. At the site affected 
by the artificial cultivation of crops, surface soil organic matter 
update sooner, so the CO2 flux is much greater than other sites. 
Compared with forest soils, the soils in the study area have 
longer carbon storage time. 

mailto:hongbing_ji@163.com
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Management of nuclear waste requires in-depth 

understanding of various processes that determine the 
properties and behavior of radionuclide-bearing materials. 
Most of these processes  happen at atomic scale and their 
kinetic aspect can be simulated by atomistic modeling 
techniques. Using large supercomputing resources available at 
Forschungszentrum Jülich we perform large scale simulations 
of kinetic processes occuring in nuclear materials. We present 
results of simulations of radiation damage cascades  in novel 
waste forms such as monazite and pyrochlore ceramics. In 
particular we discuss the newly derived primary knock-on 
atom (PKA) dislocation probabilities and threshold 
displacement energies. The obtained energies are substantially 
different from the generic values assumed by software, such as 
SRIM, used for simulation of irradiation experiments. We will 
discuss the impact of the new threshold displacement energy 
values on simulation results performed with SRIM code  and 
on understanding the results of irradiation experiments 
performed on the monazite- and pyrochlore-type ceramics. 
Because irradiated graphite represents significant amount of 
nuclear waste we also perform large scale simulations of this 
material. We will discuss the results of our studies of graphite 
surface chemistry, namely interaction of ideal and defective 
surfaces with water and simple molecules. We will also show 
the results of our simulations of diffusion processes of 
different species in graphite, including self-diffusion of carbon 
atoms (14C). The comparison of the simulation results to the 
available experimental data will be broadly discussed.  Last but 
not least, we will provide important information on energetics 
of defect formation in the considered materials, discuss the 
applied novel computational approaches and the applicability 
of large scale simulations to the research on nuclear waste. 

 

mailto:p.kowalski@fz
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2China University of Geosciences(beijing) 
 

A giant gasfield(Anyue) with an estimated geological 
reserve of more than 4403.8×108m3  was recently discovered in 
lower Cambrian carbonate reservoir at a burial depth of 4600-
5000m in the Sichuan Basin, western China. Isotope 
geochemistry of gas and bitumen indicate that it was oil 
crackting gas. Studying the tectonic evolution history and 
hydrocarbon accumulation history, It was found that the recent 
gas field was generated from in situ oil cracking of paleo-oil 
pool charged in the early Triassic, approximately  
290-250 million years ago. As well known, China’s subaerial 
marine carbonate reservoirs have geneally undergone multi-
periods tectonic phases, many accumulations were destroyed 
later due to frequent tectonic movements,especially late 
Himalayan Orogeny. The oil and gas reservoirs often 
experienced physical adjustment and chemical alteration: on 
the one hand, adjusting and alternating of pre-existing traps 
caused oil and gas leakage or migration laterally; on the other 
hand, thermal evolution of oil was accelerated by deposition of 
massive strata, generating large amounts of cracking gas, much 
of them was scattered or altered during later tectonic 
movements. The key reason of Anyue huge gas field was 
stabilization of traps during multi-periods tectonic phases, for 
this reason, the physical adjustment nearly never happened and 
made suitable conditions for pre-existing paleo-oil pools and 
later in situ oil cracking gas reservoirs. This finding indicated 
that some old and deep carbonate reservoirs may be 
prospective frontier for future exploration if they could be 
avoided serious damage of tectonic movements. 
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Black shale can contain high metal abundance up to 

economic level to form a variety of ore deposits in the world. 
One typical example is the Ni-Mo-PGE ore bed in the Lower 
Cambrian black shale sequence in South China. In general, 
typical metal enrichment in black shale includes Ni, Mo, PGE, 
Re, Au, U, V, Co, Se, As, Zn, Cr, Cu, Cd, Ba, P and rare earth 
elements (REE). The origin for the extremely metal 
enrichment in black shale has been controversial for a long 
time, and three models have been proposed: (1) extraterrestrial 
origin (i.e., meteorite impacts); (2) hot water origin (i.e., a 
submarine exhalative hydrothermal process); (3) cool water 
origin (i.e., chemical precipitation directly from seawater). 
This paper summarizes all available geological, geochemical, 
and isotopic evidence, in particular those from the Ni-Mo-PGE 
mineralization in Lower Cambrian balck shales of South 
China, to demonstrate that a multiple source for various metal 
enrichment is required and a syn-sedimentary hydrothermal 
fluid can make great contribution to the abnormal metal 
enrichments in the black shales to form a variaty of ore 
deposits. The typical Cu-Pb-Zn polymetallic mineralization of 
submarine hydrothermal origin may occur in a relatively 
oxidized (suboxic) seafloor environment, whereas an anoxic to 
sulfidic bottom water environment is required for those redox-
sensitive metal enrichments, such as those Ni-Mo-PGE 
mineralizations, which occurred in the early Cambrian ocean 
on the Yangtze Platform, South China.	  
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Perchlorate (ClO4
-) is an inorganic contaminant of 

anthropogenic and natural origin, which can interfere with 
iodide uptake by the thyroid gland and consequently affect the 
thyroid functions [1]. Modern analytical instrumentation has 
facilitated the detection of perchlorate in different kinds of 
environmental media. However, until now no measurements of 
perchlorate in Antarctic snow have been documented in 
literatures.  

Dome A, located along the main glaciological dividing line 
of the East Antarctic Plateau, has the highest altitude in East 
Antarctica. Preliminary investigation has shown that Dome A 
has the snow accumulation rate of 2.32 cm water equivalent 
per year (w.e.a-1) [2], which is among the lowest in Antarctica. 

During the 26th Chinese Antarctic Research Expedition 
(CHINARE 26) in 2009/2010 austral summer, a 3 m snow-pit 
was excavated at a site (80.42°S, 77.11°E, elevation 4092 m) 
in the Dome A region. Dating result shows that the snow-pit 
covers the last 50 years, from 1959 to 2010. The quantification 
of perchlorate was performed by the ion chromatography 
coupled with tandem mass spectrometry (IC-ESI-MS/MS). 
Analysis results show that the perchlorate concentrations vary 
over range from 34.7 to 439 ng·kg-1, with mean concentration 
of 179.6 ng·kg-1. A distinct feature of the perchlorate 
concentration profile is the sharp decreasing trend during the 
time period from 2010 to 1967 and the slightly increasing trend 
thereafter. As previously reported, the typical nitrate profile of 
the top meter at Antarctic low-accumulation sites also shows a 
sharp decrease with depth due to the post-depositional 
processes. The similar decreasing pattern of perchlorate to 
nitrate indicates that post-depositional processes may also 
influence the perchlorate concentrations preserved in snow. 

 
This work was funded by the National Natural Science 

Foundation of China (40906098, 41476169). 
 

[1] Greer et al. (2002) Environ. Health Perspect 110, 927-937. 
[2] Jiang et al. (2012) J. Glaciol 58, 65-75. 
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Introduction and Petrography 
The prograde metamorphic mineral assemblage and 

growth zoning are difficult to perserve due to the high-
temperature (HT) diffusion, so that it makes the genesis of HT-
UHT granulites confusing [1]. Whereas, the prograde reaction 
footprint is likely to be recorded in a rapid tectonothermal 
process. 

In the central Kondalite belt of the NCC, newly-discovered 
large-scale Spr-bearing gneisses preserve not only the 
diagnostic UHT assemblage Spr + Qz, but also the prograde 
reaction microtexture with Crd, Sil and/or Spl as reactants. Spr 
is further locally replaced by later Spl or Crd corona during the 
retrograde metamorphism.  

Phase equilibria modeling and Monazite dating 
Pseudosection calculations in the NCKFMASHTO system 

[2] [3], determine the peak conditons of 850-910 ºC and  
7-10 kbar, and indicate that the rock has experienced a 
clockwise P-T path with a heating and deepening stage and 
subsequently a nearly isothermal decompression process. 
Variation of H2O and Fe2O3 contents did not exhibit significant 
influence on the topology and position of the pseudosections. 

Monazite U-Th-Pb dating of two samples from the Spr-
bearing gneisses by SIMS confines the metamorphic age to be 
~1.88 Ga. The tight age ranges and the single peak value 
suggest a rapid but HT tectonothermal evolution. 

Discussion and Conclusion 
The recorded clockwise P-T path, especially the  HT 

prograde metamorphic stage, in combination with the nearby 
UHT as well as Barrovian metamorphism at ~1.88-1.89 Ga 
confirms the hot collisional orogen of the Paleoproterozoic 
Khondalite Belt. The Spr-bearing gneisses were exhumed 
quickly after being involved and brought to the lower crust. 
 
[1] Fitzsimons & Harley (1994) JP 35, 543-576. [2] Powell & 
Holland (1988) JMG 6, 173-204. [3] Holland & Powell (1998) 
JMG 16, 309-343. 
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The exploitation of shale gas requires hydraulic stimulation 

(fracking), i.e. the injection of fluids at high pressures into the 
formations, to create fractures and fissures, and thus to release 
gas from the source rock. Up to 40% of these fluids flow back 
to the surface, together with reservoir waters. To assess the 
response of groundwater microbial communities to a potential 
leackage and their resilience, laboratory experiments under in 
situ conditions were conducted using groundwater samples. 
Microcosms were set up with groundwater spiked with either 
single frac chemicals, frac fluids, artificial reservoir water, oil 
or different mixtures of reservoir water and frac fluid (to 
simulate flowback). Microbiological and molecular analyses 
were used to assess the effects on the microbial activity, 
abundance and community structure. Microbial communities 
were quite halotolerant and their growth benefited from low 
concentrations of reservoir waters or salt, but they were 
negatively affected by higher concentrations of formation 
waters, salt, biocides or frac fluids. Changes on the microbial 
community structure could be detected by T-RFLP. Single frac 
components like guar gum or choline chloride were used as 
substrates, while others like triethanolamine or light oil 
distillate prevented microbial growth in groundwaters. 
Ongoing work will provide information on potential 
transformations of frac or geogenic chemicals by groundwater 
and reservoir microbiota and their lifetime. 

 

mailto:nuria.jimenez-garcia@bgr.de
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The recent seismic series in Torreperogil and Sabiote in the 

Guadalquivir Basin (province of Jaen, SE Spain) leads us to 
study this area with the main aim of analysing the influence of 
earthquakes in the hydrogeological properties of aquifers in the 
area, in order to characterize how these processes may affect 
the movement of groundwater. We have sampled a total of 22 
groundwater sites in the fault zone of Torreperogil-Sabiote in a 
preliminary research. Major elements, traces and isotopes (18O 
and D) have been analysed. Groundwaters from Torreperogil 
aquifers have a low to moderate (615-1859 mS/cm) electrical 
conductivity (EC). On the other hand, Sabiote waters are more 
mineralized, showing higher than 1147 mS/cm conductivity, 
except the Corregidora spring waters (points 1 and 2), are 
significantly less saline. The pH in these groundwater samples 
is mostly basic, but two aquifers points with slightly acidic 
(deep boreholes 16 and 17) values were found. Waters with 
this acidic character show the highest temperature at these 
points (>45ºC), which far exceeds the limit of hydrothermal 
(19ºC). Cool waters characterize other samples. 

Regarding the boron content, abnormally high contents 
appear in more than half of the samples. The normal 
concentration in groundwater is <0.2 mg/l, whereas in this 
fault zone is usually above 0.25 mg/l most, with the highest 
concentrations in this element (from 0.58 to 0,78 mg/l) in the 
case of samples 17 and 16 respectively. 

Piper diagrams show three different families of waters: (i) 
a group of 12 groundwaters with facies Ca-Mg-SO4-Cl; (ii) a 
set of 7 water samples with facies Ca-Mg-HCO3; (iii) a group 
of 2 samples with Na-SO4-Cl facies, corresponding to the most 
acidic waters, with higher temperature and presence of high 
contents of boron, indicating a possible deep source linked to 
this fault zone. 

18O and δH contents are between -5.87 and -7.38 ‰ and -
40.12 and -46.12 ‰, respectively. This could indicate a 
probably origin of the recharge linked to Atlantic precipitation. 

 

mailto:respino@ujaen.es
mailto:ppuentes@ujaen.es
mailto:jmillan@ujaen.es
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Organic micropollutants are often degraded through 

different reaction pathways. Compound specific isotope 
analysis is a valuable tool to assess the transformation and to 
identify degradation pathways of these organic contaminants in 
different environmental systems. We propose a mechanistic 
modeling approach that provides a quantitative framework to 
predict multi-element isotopic evolution during the 
transformation of different organic micropollutants. The model 
explicitly simulates the evolution of position-specific 
isotopologues, containing atoms at isotopically-sensitive 
positions, and offers mechanistic description of different 
degradation pathways. The proposed modeling approach is 
applied to the degradation of three selected organic 
micropollutants: dichlorobenzamide (BAM), isoproturon (IPU) 
and diclofenac (DCF). The model successfully reproduces the 
multi-element isotope data observed in previous experimental 
studies and precisely captures the dual isotopic trends, 
characterizing different reaction pathways. Furthermore, the 
model allows the explicit description of position-specific 
isotope fractionation as well as primary and secondary isotope 
effects, which are not always easy to identify and distinguish 
in experimental studies. Therefore, the approach is useful both 
for the accurate evaluation of experimental results and as a 
predictive and design tool to explore degradation scenarios and 
reaction pathways for which experimental data are not yet 
available. 
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The snow-covered alpine regions are sensitive to climate 
changes and variation in hydrological dynamics.  This will 
consequently impact rates and extent of soil development 
during the critical zone evolution in these high-altitude areas.  
This work compared two soil profiles developed on 
constrasting lithology (carbonate-rich sandstone versus gneiss) 
and characterized elemental, mineralogical, and isotopic 
changes during chemical weathering in the Rocky Mountains, 
Colorado.  One soil profile (~53 cm deep) was collected from 
the Minturn site that is developed on the sedimentary Minturn 
Formation, described as sandstone but with different amounts 
of carbonate minerals.  The other soil profile collected at the 
Peru Creek site and developed on silicate bedrock gneiss, was 
much thinner (~16 cm deep).  

The weathering fronts of carbonate phases (calcite and 
dolomite) in the Minturn site are sharp, within 3 cm of the 
bedrock-soil interface.  Indeed, soil Ca and Mg, as well as 
inorganic carbon and Sr, are entirely depleted from the top  
50 cm and reach parent composition at the depth of 53 cm.  
Consistently, strontium isotope ratios are observed to change 
sharply from silicate mineral-endmember to carbonate-
endmember across the 50-53 cm transition zone.  The Peru 
Creek site has high soil organic matter content, but shows 
limited soil development. The only minerals that are observed 
to be lost during weathering are pyrite, plagioclase and biotite. 

Interestingly, both elemental enrichment (especially Ba, 
Mn, and Si) and variation in Sr isotopes at shallow soils 
indicate important loading of eolien deposits at both sites. This 
wind-transported dust contributes to soil mass balance 
significantly, especially in shallow Peru Creek soils.  The Pb 
isotope composition of soils, however, show no indication of 
such dust input, due to either little to no Pb in dust, or similar 
isotopes between dust-derived Pb and bedrock Pb.  

This case study hightlighted low degrees of chemical 
weathering and soil genesis in these high altitude alpine 
regions, likely limited by freezing temperature.  Carbonate 
minerals are much more reactive than silicate phases as 
expected, and thus if present, lead to thicker soils.  Eolien 
deposits have signficantly modified the soil chemistry and 
future work is needed to determine the dust composition and 
quantitatively evaluate its flux.  
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The West Lake is a world-famous tourist destination. The 
water is used for landscape uses, recreational activities and 
fishing in the West Lake watershed. Finally, the water in the 
West Lake watershed flows into the Hangzhou Bay. The 
chemical parameters and isotopic ratios of nitrate were 
analyzed. This information was then used to identify the 
sources of nitrate and their transformations in the watershed, 
and to calculate the nitrogen flux into West Lake and its’ 
discharge to the Hangzhou Bay. The δ15N and δ18O isotopes 
values in dissolved NO3- samples were determined using the 
bacterial denitrifier method. 

The results revealed that the geochemical facies of the 
water samples were dominated by Ca2+ + Na+ – HCO3

- + SO4
2- 

in the surface water and transfer water, Ca2+ + Na+ – HCO3
- 

and Ca2+ + Na+ – SO4
2- types in groundwater, which was likely 

the result of natural reactions and anthropogenic inputs. About 
13% of the groundwater samples containing NO3

- exceeded the 
WHO standard of 10 mg N L-1. NO3

- was the dominant form of 
total nitrogen, which was the major contaminant in surface 
water in the West Lake watershed. The δ15NNO3 (−1.7–6.0‰) 
and δ18ONO3 (−13.1–40.3‰) values indicated that NO3

- sources 
included soil nitrogen, chemical fertilizer, precipitation, and 
manure in surface water, and revealed that the distribution of 
NO3

- in groundwater is affected by land use. Soil nitrogen at 
the forest land, chemical fertilizers and manure at the tea 
garden, sanitary sewage at the old and small residential area in 
the forest land and at the urban area were the primary sources 
of NO3

- in groundwater. It also supported the existence of a 
significant degree of nitrification in water of the West Lake 
watershed. Nevertheless, denitrification processes were also 
recognized in groundwater. Pollutants flux analysis showed 
that the annual net flux of TN, NO3

-, and NH4
+ into the West 

Lake was 2.0×104, 4.0 ×103, and 1.31 ×104 kg as N, 
respectively. water that is transferred from the Qiantang River 
to the West Lake must be treated to reduce the amount of N 
entering the lake. 

 
Fig. 1 δ15NNO3 and δ18ONO3 values Fig. 2 Piper plots of water 
of NO3

- in water samples from samples from the West Lake 
watershed 
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It was generally accepted that hydrogen-bearing 

matters,such as water, basalt can improve hydrocarbon 
generation ratio for source rock [1]. The hydrogen gas itself 
can also imporve the hydrocarbon generation ratio as high as 
147% for type II kerogen [2]. Thus, the hydrogen gas can 
deeply affect the resource assessment for petroliferous basin. 
To make the hydrogen origin and effect rang clear is important 
to make progress in petrleum gelogy. 

The mantle-derived fluid can input hydrogen gas to 
sedimentary basin, and its influence rang was suggested to be 
limited,that is, nearing the fluid itself. We collected and 
analyzed the hydrogen gas in Jiyang Sag, including its content 
and isotopic character. The measuring resluts showed that: 

(1) The hydrogen gas was generally distributed within the 
basin. Their content ranges from 6 to 100 ppm. Togerther with 
hydrogen, there were also helium gas ranging from 20 to  
1200 ppm. 

(2) The R/Ra value was not linear to the content of helium 
or hydrogen gas, which means that the helium or hydrogen gas 
has mixed genesis. 

(3) The H2/3He ratio suggested by Welhan J A et al [3] was 
employed to confirm the origin of hydrogen gas. All the 
samples’ H2/3He ratio were lower than 2×106,which suggested 
that the hydrogen gas has clear character of mantle origin in 
Jiyang Sag, even they located far away from the deep fault, 
which was thought to be migration tunnel for mantle-derived 
fluid.  

It suggested that, the mantle originating hydrogen gas was 
commenly distributed in the most part of Jiyang Sag. When the 
source rock was concerned, it can be safely to say that the 
mantle fluid can affect much more source rock by 
hydrogenation than we have learned before. 

 
This work was sponsored by NSFC(Grant No.: 41230312 

and 41102075) 
 
[1] Lewan M D. 1997.Geochim. Cosmochim. Acta, 61(17): 
3691– 3723. [2] Jin Z J, Bai G P, Mansoori G. J. 2004,Jour.of 
Petro. Sci. and Engi., 41(1-3):1-7 [3] Welhan J A, Craig 
H.1979, Geophys. Res. Lett., 6:829-831. 
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Redox mobilizaiton of adsrobed arsenate, As(V), is 

generally regulated by microorganisms[1] [2]. The motivation 
of this study was to explore the molecular level interactions of 
arsenic with sulfate- and iron-reducing bacteria as well as arsC 
and arrA gene carriers.  

Our experimental results demonstrated the release of 
adsorbed As(V) was substantially higher in biotic samples than 
that in abiotic controls. STXM results as shown in Figure 1 
provided the direct evidence of appreciable reduction of 
adsorbed As(V) to As(III) [3]. 

 
 
 
 
 
 
 
 
 
Figure 1: As LIII edge spectra and STXM images. 
 
Our incubation and XANES results showed that the 

formation of the secondary iron mineral pyrite mediated by the 
iron-reducing bacteria contributed little to the uptake of the 
freed As [4]. The arsC gene carriers mainly control the As 
speciation in the aqueous phase in aerobic environments, 
whereas in anaerobic conditions the As speciation should be 
regulated by arrA gene carriers, and As mobility is greatly 
enhanced by iron reduction. 

The arrA gene carriers are proposed to be able to directly 
reduce the adsorbed As(V). In our study, the addition of an 
arrA gene carrier during the 120 h incubation did not induce 
appreciable As release. This observation suggests that there 
should be no in situ reduction of adsorbed As(V), and 
desorption or release is the prerequisite for the subsequent 
microbial reduction. The As mobility in the presence of arrA 
gene carriers might have previously been overestimated.  

 
[1] Dhar et al. (2011) ES&T 45, 2648-2654. [2] Jiang et al. 
(2013) ES&T 47, 8616-8623. [3] Luo et al. (2013) ES&T 47, 
10939-10946. [4] Tian et al. (2015) ES&T 49, 2140-2146.  
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Microbial enhanced oil recovery (MEOR), which is one of 

the enhanced oil recovery (EOR) methods, focuses on 
developing an efficient, economical and eco-friendly microbial 
treatment to recover residual oil from a reservoir. Bacteria can 
metabolize hydrocarbons and its metabolic products (e.g., 
biosurfactant, acid, gas) can be used to reduce the paraffin 
build-up in oil wells [1]. The objective of this study was to 
isolate, identify, and characterize the microorganisms which 
can grow in oil reservoir conditions. This study was also 
intended to determine the optimum condition for growth of the 
microorganisms by applying simulation system for enhanced 
oil/gas recovery.  

For application to MEOR technology, the ability of 
biosurfactants, which were produced by indigenous bacteria 
isolated from a crude oil reservoir in Myanmar, to decrease 
surface tension was investigated. When various carbon sources 
were supplied to the bacterial isolates, Bacillus spp., 
designated as BS1 and BS2, showed high biomass growth and 
decrease in surface tension under glucose supply. Effect of pH 
and temperature on variation of surface tension was examined 
under the conditions of 100°C and pH 2, 4, 7, and 11. As a 
result, the biosurfactant produced by BS1 exhibited stable 
variation of surface tension, showing relatively low effect 
under various conditions. The biosurfactants produced by each 
bacterial isolate were separated and purified, and BS1 and BS2 
produced the yield of biosurfactant of 0.51 g/L and 0.26 g/L. 
CMC value of biosurfactants produced by BS1 and BS2 were 
2.0 g/L and 0.5 g/L, respectively. In addition, the Bacillus spp. 
were evaluated for their oil-degrading and biosurfactant-
production capabilities in sand-pack columns. BS2 was able to 
increase the oil recovery with about 68% of heavy crude oil. 

 
[1] Bass and Lappin-Scott (1997) Oilfield Rev. 9, 17–25. 
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The moderate (F, Cl) to highly (I) volatile and moderate 
(F) to highly (I) incompatible behavior of halogens implies that 
their distribution is influenced by fluid mobility, partial 
melting, fractionation and degassing. This makes them very 
good tracers for volatile transport processes in Earth and 
planetary systems. The determination of halogen abundances 
and ratios in different reservoirs will give us the ability to 
understand and quantify volatile input mechanisms into the 
Earth's mantle during subduction. 

We determined experimentally the F and Cl partitioning 
behavior between forsterite, orthopyroxene and silicate melt at 
temperatures (1500°-1600°C) and pressures (1.0-2.3 GPa) 
representative of the mantle mid ocean ridge and ocean island 
basalt source region. We will also present the first 
experimentally determined Iodine partition coefficients 
between forsterite and silicate melt. 

Combining our data with recent studies [1] [2] shows that 
the F and Cl partitioning between forsterite and melt increases 
by 1.5-2.0 orders of magnitude between 1350-1600°C but 
shows no pressure dependence between 1.0 and 2.3 GPa. 
Partitioning between orthopyroxene and melt increases by 
about 1.0-1.5 (Cl) and 0.5 (F) orders of magnitude for a 
temperature increase of 100°C (between 1300 and 1600°C) 
and decreases with increasing pressure. 

Halogen abundances in OIB source regions (F=35-65; 
Cl=11-45ppm) were estimated by combining our data with 
natural halogen concentrations in oceanic basalts [3] [4]. The 
OIB source mantle region has a Cl concentration that is 
indistinguishable from primitive mantle estimates but is 
enriched in fluorine by a factor of at least 1.2-3.2. An 
explanation for the relative F enrichment is that compared to 
Cl, F may be incorporated to a greater extent into the crystal 
structure of minerals that are stable at high P-T conditions (e.g. 
garnet) and may thus be transported more efficiently into the 
deeper mantle through subduction of oceanic crust. 

 
[1] Beyer et al. (2012) EPSL 337-338, 1-9. [2] Dalou et al. 
(2009) CMP 163, 591-609. [3] Kendrick et al. (2012) Geol. 40, 
1075-1078. [4] Ruzié et al. (2012)V31A-2762, AGU Fall 
Meeting. 
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Desert varnish is a dark and thin (< 250 µm) layer on rock 
surfaces. The main components are Mn and Fe oxides as well 
as clay minerals. We investigated the structure at the nm scale 
to test whether desert varnish is suitable as an archive for 
paleoclimate information. For these investigations we used 
femto- and nanosecond LA-ICP-MS and the results of STXM 
with FIB milled ultra-thin sections [1]. Samples came from 
Mojave Desert (California), Death Valley (California), Negev 
Desert (Israel), Knersvlakte (South Africa) and Yatib (Saudi-
Arabia). 
Special settings of the LA-ICP-MS system have to be applied 
for the high resolution measurements, such as a small fluence 
of about 0.2 J cm-2 for low sample ablation and the Escan 
mode of the Thermo Element2 mass spectrometer for fast 
measurements, a mass resolution of 2000 for the separation of 
interferences from the ions of interest using a flat top peak as 
well as small spot sizes of 12 µm for high spatial resolution.  
Using these conditions it was possible to measure Mn/Fe ratios 
with a precision better than 1 - 3 % (RSD) at a resolution of  
10 nm in samples from Death Valley, covering a 15 µm thick 
varnish layer and about 5 µm of the host rock. Our results 
demonstrate significant variations of Mn/Fe ratios between less 
than 0.1 at the surface and 1.6 in the interior, caused by 
microlamination of Mn- and Fe-rich layers. This is confirmed 
by the investigation of FIB slices, where ~0.2 µm thick layers 
of Mn-, Fe- and C-rich material were found in Californian 
desert varnish samples [1]. In these, low and high Mn/Fe ratios 
may be related to dry and wet climate [2]. 
 
[1] Macholdt et al. (2015) Chem. Geol., subm. [2] Liu and 
Broecker (2013) Geomorphology 187, 38-60. 
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The value of the lanthanide series (also known as the rare 

earth elements, REE) as tracers of geochemical processes 
largely stems from their uniform trivalent charge (Ce4+ and 
Eu2+ can also occur), and the gradual decrease in their ionic 
radii with increasing atomic number (i.e., the lanthanide 
contraction) that accompanies the progressive filling of the 4f-
electron shell across the lanthanide series. As a consequence, 
the REEs exhibit strong fractionation as a group due to size 
and charge, as well as substantial “within-group” fractionation 
resulting from the lanthanide contraction.  These unique 
properties can therefore enable investigations of both complex 
and subtle geochemical processes that other, single element or 
single compound (i.e., molecules) tracers cannot distinguish. 
Chemical weathering, solution and surface complexation, and 
oxidation-reduction reactions [1, 2, 3] all play important direct 
and/or indirect roles in fractionating the REEs in low-
temperature environments, and some biological processes may 
also fractionate REEs [4].  The REEs are increasingly 
important economic resources as they are critical in many 
developing “green technologies” and in the production of 
several of today’s “high-tech” electronic devices. Here, the 
biogeochemistry of the REEs in natural terrestrial waters is 
discussed with emphasis on the processes that fractionate the 
REEs in groundwater systems, including recent investigations 
at the land-sea interface within subterranean estuaries. 
 
[1] Nesbitt (1979) Nature 279, 206, [2] Quinn et al. (2006) 
Geochim. Cosmochim Acta. 70, 4151, [3] Johannesson et al. 
(2011) Geochim. Cosmochim Acta. 75, 825, [4] Pol et al. 
(2014) Environ. Microbiol. 16, 255. 
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Observations of protoplanetary discs around young stars 

show that dust grains grow rapidly to mm-cm-sized pebbles. 
Thus pebbles can be considered fundamental building blocks 
of planets. Pebbles are concentrated in the turbulent gas flow 
to such high densities that planetesimals with characteristic 
sizes of 100 km form by the gravitational collapse of the 
overdense filaments. These planetesimals continue to grow to 
planetary systems by accretion of the remaining pebbles. I will 
present an overview of the theoretical framework for pebble 
accretion that has emerged in the past years and show how this 
solves several inconsistencies and time-scale problems in 
classical planet formation theory. Finally, I will show that the 
presence of mm-sized chondrules in primitive meteorites 
provides direct evidence that the pebble accretion process was 
the dominant contribution to the growth of asteroids and 
planetary embryos in the inner regions of the solar 
protoplanetary disc. 
  



 Goldschmidt2015 Abstracts  

 1457 

Reactivity of soot in biologically 
relevant medium and when exposed 

to epithelial cells 
A. M. JOHANSEN1*, D. HINZ1, N. BEEBE,  

J. BARNES1 AND C. GUTIERREZ1 
1Department of Chemistry, Central Washington University, 

Ellensburg, WA 98926, USA (*correspondence: 
johansea@cwu.edu) 

 
The detrimental effects of carbonaceous nanoparticles 

emitted from fuel combustion are well-known, but their 
underlying chemical mechanisms are not.  Particle toxicity is 
generally thought to stem from the in vivo production of 
reactive oxygen species (ROS), but the mechanistic details 
remain tenuous.  Here, experiments were carried out to 
investigate the production of hydrogen peroxide (H2O2), an 
ROS, as a function of soot characteristics and redox-active iron 
content in the presence of biological electron donors. At 
biologically representative concentrations, results show that 
the presence of soot is essential in the continuous production of 
H2O2 at concentrations on the order of hundreds of nM and that 
a small redox-active pool of iron may be responsible for the 
conversion of H2O2 to the more potent ROS, hydroxyl radical 
(OH˙).  Further investigation in underway on the role of 
particle characteristics as well as their toxicity on epithelial 
lung cells.  Data from this study will lead to a better 
understanding of the reactivity and transformation of 
carbonaceous particles in a variety of settings. 
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Metallic elements and their compounds represent, 

depending on their concentration and bioavailability, a 
potential hazard to the health of humans, animals, plants and 
other living organisms. Water contaminated with heavy metals 
and also radioactive elements may be generated e.g. during 
mining processes or industrial productions. These wastewater 
are generally treated by precipitation of hydroxide. Another 
attempt proposed is the ferrite process to remove cations from 
low concentrated wastewater in form of ferrites. The basic 
principle of this method implies the addition of Fe2+ ions into 
the solution and subsequent alkalinisation of the solution under 
oxidizing conditions. 

Our studies clearly show that the ferrite process is an 
effective method to decrease the concentration of heavy metals 
in solutions up to 10 g/L. In case of Cu2+, for example, after 
treatment the concentration dropped down to < 0.2 mg/L. The 
average recovery rate is 99.98 to 99.99 % independent of the 
used experimental parameters. 

Phase analysis exhibit that most of the precipitates are 
oxides. This leads to a drastic decrease of the precipitate 
volume compared to the other wastewater treatment methods. 
Accordingly, environmental impacts due to subsequent 
desorption processes of the coprecipitated heavy metals with 
hydroxides can be avoided. 

The analysis of the precipitates by means of XRD, FTIR, 
SEM, TEM and magnetic measurements show that the 
constituents and composition of the precipitated nanoparticles 
depend on the reaction conditions and ageing procedure. 
However, the results reveal that the expected formation of 
ferrite solid solutions, like copper ferrite, can only be achieved 
under special conditions. The main controlling parameters are 
temperature, aging time and conditions as well as the initial 
concentration of the heavy metals in the solution. 

The mechanism of the phase precipitation was studied. 
Green rust is decisive for the later phase formation and is 
effective as reduction agent. The redox state of the heavy metal 
oxides can be controlled depending on the initial 
concentration, oxidation conditions and ageing procedure. 
Under special reaction conditions we succeeded to obtain 
heavy metals in zero-valent state. 
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Zinc has a nutrient-type distribution in the oceans, with 

low concentrations in the surface ocean where it is assimilated 
by phytoplankton as a micronutrient, and increasing 
concentration with depth. Compared to other important 
nutrients such as nitrate and phosphate, however, Zn appears to 
remineralize more deeply in the water column. Thus Zn has a 
deeper concentration maximum, similar to Si. While the 
distribution of Zn in the oceans is now fairly well known, the 
processes responsible for this distribution are not well 
understood. 

We have developed a spatially resolved global model of 
the marine Zn cycle in order to better understand which 
processes might control the distribution of Zn in the ocean. 
Three hypotheses were tested within the context of this model: 
1) rapid uptake of Zn in the surface Southern Ocean decreases 
preformed Zn delivery to mid-depths, 2) a portion of 
phytoplankton Zn is present within a refractory phase which 
remineralizes slowly when sinking through the water column, 
and 3) Zn is scavenged onto sinking particles. 

We find that rapid Southern Ocean uptake cannot 
adequately reproduce global ocean Zn observations on its own, 
but does bring the model into better agreement with data when 
applied in combination with a refractory Zn phase or 
scavenging.  

Models which include a refractory Zn phase provide a 
good fit to data when the quantity and δ66Zn of the refractory 
Zn pool is unconstrained. However when the amount of 
refractory Zn in diatoms is limited to <37% of the cellular 
total, based on obervations of Zn in a Southern Ocean diatom, 
the model does not fit observations well. Also, the model does 
not reproduce global δ66Zn given the known preference of for 
biological assimilation of lighter Zn isotopes, even if 
phytoplankton partition high δ66Zn into their refractory phase. 

A model which includes scavenging can reproduce both Zn 
and δ66Zn distributions in the world ocean, and is consistent 
with previous experimental and field observations about Zn 
and δ66Zn in cells. We conclude that scavenging is key to the 
marine distribution of Zn and δ66Zn, and that despite their 
similar distributions, the cycles of Zn and Si are not tightly 
coupled mechanistically. 
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The solubility of many (cationic) transition metals is 

greatly enhanced in acidic liquors, and consequently 
acidophilic microorganisms (bacteria, archaea and eukarya) are 
frequently exposed to concentrations of soluble metals which 
are far greater than those typically encountered by neutrophilic 
life forms. The ability to grow in the presence of elevated 
concentrations of soluble metals is a trait common to most 
species of acidophilic bacteria and archaea. Many transition 
metals, such as iron, copper and manganese, can occur in 
different oxidation states. Redox reactions involving these 
metals can both provide electrons (i.e. act as energy currency) 
and act as sinks of electrons generated by microbial oxidation 
of both organic and inorganic electron donors. Many 
acidophiles are now known to catalyse the oxido-reduction of 
iron, with at least two genera (Leptospirillum and “Ferrovum”) 
seemingly being restricted to using ferrous iron as sole electron 
donor. More recently, it has been shown that all iron-oxidising 
acidophilic bacteria can also oxidise copper (I) and that all 
iron-reducing bacteria can also reduce copper (II), but that 
these redox transformations of copper are mediated indirectly 
(by ferrous and ferric iron) rather than directly by the bacteria. 
The same appears to be the case with manganese. The ability 
of acidophilic bacteria to catalyse redox transformations of 
transition metals other than iron has significant environmental 
and industrial implications. 
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The N content of the Bulk Silicate Earth (BSE) has been 

difficult to determine. We present an updated, comprehensive 
estimate based on literature compilation of N analyses from 
rocks and minerals as well as N-Ar measurements. The BSE 
contains the majority of the planetary budget of N, with 
27±16x1018 kg N, equivalent to 7±4 present atmospheric 
masses of N (PAN, 4x1018 kg N). This estimate negates the 
need for a reservoir of “missing” N when compared to 
chondrite abundance.  

Geochemical similarity of N and Ar allows whole mantle 
N mass calculation given a calculated Ar [1]. We identify two 
distinct reservoirs of N in the mantle from N-Ar systematics: a 
low-N reservoir with low, constant, N2/40Ar (~120), composed 
of mid-ocean ridge basalts (MORB), some ocean island basalts 
(OIB), and depleted xenoliths, coined “MORB-source like” 
(MSL); and a high-N reservoir, defined by high N 
concentration and high N2/40Ar (~9300), composed of some 
OIB and fertile xenoliths. Not only are these reservoirs distinct 
in N mass, they also appear to be different ages and are distinct 
isotopically.  

Determining the proportion of each mantle type is crucial 
to estimate mantle N mass. Based on K/U ratios, the mantle is 
80% MORB-source and 20% OIB-source [2]. Of this 20% 
OIB-source, we suggest that 15% is high-N, which 
corresponds to 3% of the total mantle. Therefore, we estimate 
MSL contains ~2 PAN and high-N mantle contains ~4 PAN. 

Other proxies corroborate large mantle N mass. 
Comparison to chondritic sources suggests BSE N mass of 4 to 
8 PAN, consistent with terrestrial analyses. Experimental 
results and measurements from other primary mantle melts 
(lamproites/lamprophyres) are indicative of large N mass in the 
mantle.  

The existence of a large reservoir of N in the BSE has a 
number of implications for the evolution of the Earth system. 
The N in the mantle carries the signature of crustal/surface 
material, even in the MORB-source. While recent estimates of 
paleoatmospheric pressure suggest atmospheric mass is in 
steady-state over time [3], the evolution of the atmosphere-
mantle system is poorly constrained, and should be a target for 
future research.   

 
[1] Marty, B (1995), Nature 377, 326-329. [2] Arevalo, 
McDonough, and Luong (2009), EPSL 278, 361-369. [3] 
Marty et al. (2013), Science 342, 101-104.  
  

mailto:bwjohnso@uvic.ca
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Manganese provides an important redox proxy because it 
is only oxidized by molecular oxygen, or O2-derived species. 
Mn(II) is soluble in anoxic waters with its only sink as a minor 
constituent of carbonates (< ~1 wt.%) but when oxidized, 
Mn(III,IV) oxides form insoluble precipitates that enter the 
sedimentary record. Thus concentrated Mn in sedimentary 
rocks is often used as a proxy for O2, but we do not have a 
good understanding of whether and how Mn might become 
enriched in sedimentary rocks due solely to post-depositional 
metamorphic and metasomatic processes that have impacted 
Precambrian basins. We addressed this question using the 
Transvaal Supergroup as a field laboratory with its well-known 
metamorphic gradients. We sampled the same lithologies in 
cores from the basin-wide ~2.5 Ga Kuruman Formation, from 
well-preserved strata in Griqualand West to more deeply 
buried and contact-metamorphosed equivalents in the 
Transvaal basin to the east. We analyzed a large suite of 
representative thin sections using synchrotron X-ray 
fluorescence at a 50 µm scale and chose manganese-enriched 
samples to measure at finer scales by X-ray spectroscopy and 
imaging. Results show that better-preserved samples contain 
Mn in low concentrations hosted by carbonates; however, in 
more metamorphosed samples we observed Mn in minerals 
that cross-cut depositional textures and laminae, including 
garnets, coarse-grained Mn-carbonates (manganoan siderite, 
calcite and ankerite), and amphiboles. Pairing these results 
with scanning electron microscopy, electron backscatter 
diffraction, electron dispersive spectrometry, and bulk ICP-
MS, we conclude that Mn can become enriched in sedimentary 
rocks due to metamorphic processes, and our samples suggest 
primary Mn cycling did not occur in these strata at ~2.5 Ga. 
Mineralogically, metamorphic Mn mineralization is diagnostic 
for garnets and amphiboles but Mn-carbonates are not 
distinctive. However texture-specific chemical imaging 
techniques like those used here provide a useful approach to 
evaluate hypotheses for Mn mineralization (including primary 
oxidation) derived from other metamorphosed Archean strata. 
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Minerals are known to stabilise organic carbon in 
sediments but how they do it is far from understood. We 
present a mechanistic understanding of stabilisation of organic 
carbon by manganese oxides using experimental data from the 
largely controlled system of a clean water treatment works 
(WTW). Mn oxide coatings in a WTW filter bed trap dissolved 
organic carbon (DOC) as the coating builds up in layers around 
clean sand grains at 3%w/wC. We identify two main Mn-OC 
fractions, one of which is thermally refractory (0.03%w/wC is 
released at temperatures above 550oC) and the other thermally 
labile (2.7%w/wC is released at temperatures below 550oC). 

We hypothesise that the stability of the Mn-OC is due to 
carboxylate groups within the OC binding to the Mn oxide 
surface coupled with the physical entrapment of the OC within 
the Mn oxide mineral. We also identify a significant difference 
in the nature of the bonding environment between surface 
bound Mn-OC and bulk Mn-OC, which leads us to speculate 
that polymerisation reactions may be occurring at depth within 
the mineral. Further research is needed to understand the 
reactivity and fate of the stabilised carbon during reductive 
dissolution of Mn oxides. Since Mn oxides are effectively 
recycled between solid and soluble Mn forms at oxic/anoxic 
boundaries, we speculate that a ‘mineral pump’ mechanism 
may be responsible for cycling many Gt of carbon each year in 
both terrestrial and marine environments, which may have 
significant implications for the global carbon cycle.  
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Pyrite and pyrrhotite are commonly associated minerals in 

many economic deposits and black shales across the world.  
The metamorphic reduction of diagentic pyrite into pyrrhotite 
is known to result in the release of sulfur, thereby enabling 
further formation of other metal- sulfide clusters.    

  We discuss here the various geochemical and and 
physiochemical transitions that result during this reduction.  
We observe that diagenetic pyrite has the ability to encorporate 
a range of trace elements (T.E.), likely sourced from seawater 
and intertitial pore waters [1] [2], of which, a large majority 
(e.g. Zn, Cu, Ag, Au and Pb) are liberated during the 
conversion.  We also present preliminary work on a magnetic 
study of these two sulfide phases where we observe that pyrite 
has a distinct magnetic characteristic, akin to that of pyrrhotite, 
at temperatures far below the published phase transition [3] 
[4]. We present a series of case studies utilising, real-world 
examples of this transition and compare them to published 
work. In this context we discuss aspects of this transition and 
its applications to paleoceanography, ore genesis and 
exploration.  
 

 [1] Large, et.al., (2014), Trace element content of 
sedimentary pyrite as a new proxy for deep-time ocean-
atmosphere evolution: Earth and Planetary Science Letters, v. 
389, p. 209-220. [2] Lehmann, et al., (2007), Highly 
metalliferous carbonaceous shale and Early Cambrian 
seawater: Geology, v. 35, p. 403–406. [3] Tomkins et al., 
(2007), On the initiain of metamorphic sulfide anatexis: Jornal 
of Petrology, v. 48, p. 511-535. [4] Craig & Vokes, (1993), 
The metamorphism of pyrite and pyritic ores: an overview. 
Mineral Mag. v. 57, p. 3-18. 
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Most data suggest that plate tectonics has operated during 
the latter half of our planet’s history, but the extent to which 
this tectonic mode operated during the first two billion years of 
Earth history is fiercely debated. Petrological and thermal 
models suggest ambient mantle potential temperatures (Tp) in 
the Archean were > or >> 1500 °C, leading to a higher degree 
of partial melting and generating thick (up to 45 km) MgO-rich 
primary (oceanic) crust that was underlain by highly residual 
mantle. However, the preserved volume of this crust is low, 
suggesting most was recycled or sequestered at depth in the 
mantle. Was this thick crust capable of being subducted, or 
was some other mechanism responsible for it’s recycling?  

We couple calculated phase equilibria for hydrated and 
anhydrous crust compositions and their residues with 
parameterized 2D geodynamic models to investigate the 
stability and evolution of early Archean lithosphere. Assuming 
a compositionally homogeneous crust, petrological modelling 
shows that, with increasing MgO content (and Tp), the density 
of primary crust increases more dramatically than the density 
of complementary residual mantle decreases. MgO-rich 
primary crust produced in a hotter mantle was ultramafic (i.e. 
lacked plagioclase) and would have become gravitationally 
unstable at its base. Thermomechanical modelling suggests 
that, at Tp >1500 °C, the base of this thick crust would have 
delaminated as drips into the underlying mantle. When internal 
differentiation of the primary crust is considered, the Tp over 
which efficient crustal delamination occurs is extended to 
lower values. 

Delaminated crust would have refertilized residual mantle 
or melted as it sank, and return flow of the mantle would have 
caused adiabatic melting to form new basaltic crust, further 
driving delamination by magmatic thickening. Ultimately 
partial melting of this new basaltic crust, and/or lower-MgO 
components of internally-differentiated primary crust, would 
have produced the tonalite–trondhjemite–granodiorite rocks 
that characterise the Archean continental crust.  
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The paleoclimate of the Gulf of Maine (GOM) during the 

recent Holocene can be examined through archaeological shell 
middens in Maine (Turner Farm) and Nantucket Island, MA. 
We reconstructed the ocean conditions across the Holocene 
occupation at these sites (~ 5000 years) using trace element 
chemistry of eastern oyster (Crassostrea virginica), soft-shell 
and hard-shell clams (Mya arenaria and Mercenaria 
mercenaria), and blue mussel (Mytilus edulis). The location of 
each site is at the extreme north and south of the GOM 
providing boundary conditions for the ocean chemistry across 
this time period. We analyzed trace element composition along 
the growth axis using laser ablation inductively coupled 
plasma mass spectrometry (LA-ICP-MS). Moreover, since the 
midden species are extant in these regions, it is possible for us 
to ground-truth temperature, salinity, and pH proxy data with 
modern specimens.  

Paleoenvironmental reconstruction and the study of events 
associated with human-environment interactions shapes our 
understanding of future climate change. Preliminary results 
indicate whether variations in trace element composition of 
archaeological midden shells can be used to reconstruct the 
recent Holocene climate of the GOM. This research helps 
further our understanding of long term trends in shellfish 
population distributions and the interactions between humans 
and natural resources. 
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Our collective understanding of the modern and geological 
sulfur cycle benefits from the fact that microorganisms – the 
agents of nearly all geochemical S cycling – impart large 
isotope effects.  Most commonly, sulfur isotopes in sulfate and 
sulfide (both aqueous and in mineral form) are employed to 
track everything from rates of microbial processes through to 
the presence/absence of certain metabolic clades in a given 
environment. In complement to sulfur isotope studies, one 
under-developed tool to track sulfur recycling comes from the 
interrogation of oxygen isotope change in sulfate reservoirs 
(marine, pore water, mineralogical).  As an oxidative 
weathering product, riverine sulfate is posited to carry a 
memory effect of tropospheric O2, which importantly, has a 
unique 17O/16O composition reflective of a balance between 
stratospheric and biospheric fluxes.  As S-O bonds are broken 
and formed through inorganic and biogeochemical activity, the 
17O/16O and 18O/16O composition of the related sulfate reservoir 
evolves. This ‘evolution’ thus records a relative contribution 
from the specific isotopic relationships associated with each 
processes catalyzing the cycling (microorganisms).  In total 
then, the triple oxygen isotopic composition of marine sulfate 
records (both modern and ancient) stands as a treasure chest of 
biogeochemical and atmospheric information waiting to be 
calibrated. 

In this work we will present data from a new laser F2 
fluorination line at Harvard.  In addition to presenting details 
of more precise measurement capacities (and analytical 
challenges overcome), we present data from a series of 
environmental sulfate records.  These serve to provide an early 
interrogation of the mass dependent systematics of different 
microbial processes (which may posses unique mass laws), the 
sensitivity of seawater sulfate to changes in tropospheric 
contributions, and the magnitude of variance preserved within 
geological records.  
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Large alpine landslides that entrain substantial organic 

material below the water table and create suspended 
floodplains may have long-term consequences for the 
mobilization of redox sensitive elements, such as Fe, into 
adjacent streamwaters. In turn, the cycling of iron in aquatic 
systems can influence the fate of nutrients, alter primary 
productivity, enhance accumulation of trace metals and induce 
fractionation of rare earth elements (REE). In this study we 
examine a reach of a pristine oligotrophic alpine stream 
bracketing a 30 year-old landslide and explore the 
consequences of landslide-induced, reductive Fe mobilization 
for aqueous geochemistry and the composition of benthic 
stream cobble biofilm. Elevated Fe2+ and Mn in stream waters 
reflect inputs of circumneutral groundwater from the landslide 
debris-zone floodplain. Stream cobble biofilm in the landslide 
zone is significantly (P <0.01) enriched in poorly crystalline 
Fe(III) (~10-400 times background) and Mn (~15-150 times 
background) (1M HCl extractable). While the landslide zone 
accounts for less than ~9% of the stream length, we estimate it 
is responsible for approximately 60-80% of the stream’s total 
benthic biofilm load of poorly crystalline Fe(III) and Mn. 
Biofilm Fe(III) precipitates are mainly comprised of 
ferrihydrite and lepidocrocite. Fe(III)-rich biofilm is also 
accumulating PO4

3- (~3-30 times background) and behaving as 
a preferential substrate for photosynthetic periphyton, with 
benthic PO4

3-, chlorophyll-a, organic carbon and total N all 
significantly positively correlated with Fe(III) and significantly 
elevated within the landslide zone (P <0.01). Cobble Fe(III)-
rich biofilm is also sorbing and accumulating multiple trace 
metals and exhibits distinct REE fractionation along the flow 
path, with light REE (La, Ce, Nd, Pr) preferentially 
partitioning to the Fe(III)-rich biofilm in the landslide zone. 
Accumulation of PO4

3- and trace metals in this relatively 
environmentally labile form may have implications for their 
bioavailability and downstream transport. This study 
demonstrates the potential for large alpine landslides to 
encourage reach-scale circumneutral Fe mobilization in 
adjacent streams, thereby shaping multiple aspects of benthic 
stream geochemistry for many years after the landslide event 
itself. 

mailto:scott.johnston@scu.edu.au
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Biomineralization is the process in which minerals are 

produced by organisms. Microbial induced carbonate 
precipitation (MICP) is a fundamental example of biologically 
induced mineralization [1] MICP has gained recent interest for 
use in many applications, one being groundwater and soil 
remediation of heavy metals and radionuclides [2] [3]. 
Americium and curium are long-lived, radiotoxic elements of 
particular concern in the field of nuclear waste disposal, and 
understanding how they behave in geological repositories is 
important. Previous studies using Time-Resolved Laser 
Fluorescence Spectroscopy (TRLFS) have shown that Ca2+-
containing mineral phases, e.g., CaCO3, often present at 
disposal sites, are ideal for incorporation of trivalent Am/Cm 
and homologous trivalent lanthanides (Ln), i.e. europium, into 
the host material, and thus retarding their environmental 
mobility [4]. Further investigations have also demonstrated 
that physicochemical differences between inorganic versus 
biogenically derived minerals may yield different interactions 
with these elements, which has significant implications 
regarding their disposal and behavior in the biosphere [5].  

In this work, the archetypal ureolyzing bacteria 
Sporosarcina pasteurii was used for precipitation of CaCO3 in 
the presence of trivalent europium under varying conditions to 
investigate the effect of biological components on the chemical 
interactions with the mineral and Eu. The reactions were 
monitored over time and the solution chemistry and resulting 
minerals were characterized by a variety of chemical and 
biochemical techniques showing the formation of a notably 
stable vaterite phase and calcite coincided with the 
sequestration of Eu. TRLFS results determining the chemical 
environment and structural localization of Eu(III) with the  
biominerals, e.g., incorporated Eu in the host lattice, are 
consistent with these findings, and are compared to results 
from pure inorganic CaCO3 systems. Ultimately, this allows 
for the better understanding on how these elements interact 
with CaCO3 originating from biomineralization and their fate 
within the biosphere.  
 
[1] N. K. Dhami, et al., Front. In Microbio. 4, 1 (2013). 
[2] Y. Fujita, et. al., Geomicrobiol. J. 17, 305 (2000). 
[3] L. A. Warren, et. al., Geomicrobiol. J. 23, 213 (2001).  
[4] M. Schmidt, et al., Angw. Chem. Int. Ed. 47, 5846 (2008). 
[5] K. Holliday, et. al., Radiochim. Acta. 101, 267 (2013). 



 Goldschmidt2015 Abstracts  

 1470 

Hydrogen diffusion in Cr-doped 
forsterite studied by XANES and 

FTIR 
M. C. JOLLANDS1, H. ST. C. O’NEILL1, J. HERMANN1,  

A. J. BERRY1 AND C. RIVARD2 
1Australian National University, Canberra, ACT2601, 

Australia. mike.jollands@anu.edu.au 
2European Synchrotron Radiation Facility, Grenoble, France 
 

The solubility and diffusion of hydrogen in synthetic Cr-
doped forsterite has been studied as a function of oxygen 
fugacity, temperature and pressure (650-1000 °C, 10-25 kbar) 
in the piston cylinder apparatus. This Cr:forsterite (~160 ppm 
Cr) is grown for use in solid-state lasers, and contains both 
tetrahedral Cr4+ (lasing centre) but also octahedral Cr3+ as a 
contaminant.  

1x1x1 mm cubes of the Cr:forsterite were annealed in Ag 
capsules containing a solid oxygen buffer (e.g. graphite, Ni-
NiO, Fe3O4-Fe2O3, Re-ReO2, Ag-Ag2O), a solid silica activity 
buffer, and excess H2O to achieve p(H2O) = Ptotal. The resulting 
diffusion profiles of H were measured using FTIR 
spectroscopy, which quantifies the amount of H and 
distinguishes different O-H bonding environments. The 
valence states and coordination environments of Cr along the 
diffusion profiles were independently measured using Cr K-
edge XANES, whose good spatial resolution also allows short 
diffusion profiles to be identified. 

Diffusion of H utilises at least five pathways, each 
associated with its own point defect type. The difference 
between the fastest and slowest H diffusion coefficients in a 
single experiment, along one crystallographic axis, is up to 
three orders of magnitude. The fastest mechanism involves 
hydrogen-polaron exchange (i.e. reduction of chromium). The 
rate of diffusion along this pathway has a clear negative 
dependence on oxygen fugacity (faster at lower fO2). The next 
fastest mechanisms both involve diffusion of M-site vacancies, 
either in isolation or associated with trivalent chromium. The 
diffusion rate of hydrogen along the M-site vacancy pathway is 
in good agreement with previous determinations of the same 
process. Slightly slower is a mechanism producing the hitherto 
undescribed ‘Cr-clinohumite’ point defect. This requires Cr4+ 
to move from tetrahedral to octahedral coordination, and 
become charge-balanced by two hydrogen on an adjacent 
tetrahedral site. The slowest mechanism involves 
rearrangement of both the tetrahedral and octahedral 
sublattices to equilibrate the Cr valence state at the very near 
edge (several micrometres) with the experimental conditions. 
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The process of dolomitization is considered to take place 

by the replacement of a precursor limestone. So far, most 
experimental studies on rates of hydrothermal dolomitization 
are based on experiments with powdered carbonate material. In 
previous stages of this project we conducted experiments using 
single calcite crystals reacting with a Mg-rich fluid to study the 
microstructure of the replacement product, its chemical 
composition with high spatial resolution and the reaction 
progress with time. In this contribution, we present a kinteic 
model that reproduces the evolution of the replacement 
reaction and the necessary element fluxes controlling the 
overall rate of the replacement. 

Experiments for different run durations at 200 °C and  
~16 bar revealed that calcite is replaced by a porous, double-
layered reaction rim of magnesite and dolomite. The reaction 
takes place by a dissolution-precipitation mechanism, but 
compositional gradients are found for Mg and Ca 
perpendicular to the reaction front. With increasing distance 
from the crystal surface, the amount of Mg incorporated into 
the respective layers decreases countered by an increase in Ca. 
Inductively coupled plasma spectrometry revealed that the 
Ca/Mg ratio in the fluid increases following a square-root-of-
time relation indicating that the diffusive transport of the 
aqueous species in the pore fluid is the rate-limiting step 
controlling the replacement.  
 To test this hypothesis we developed kinetic model in 
which mass balance is applied and local equilibrium is 
assumed at each interface between the different layers, the 
original calcite and the fluid reservoir. We further assume a 
quasi-steady state flux of the aqueous species in the fluid, 
which allows to analytically solve the set of governing 
equations. The porosity and its evolution within the reaction 
rim could not be quantified experimentally and was optimized 
in the model to reproduce the progress of the reaction and the 
replacement product’s chemical composition as a function of 
time. Our results highlight the fact that the quantitative 
description of reaction rates is crucial to predict the rates and 
spatial patterns of carbonate replacement processes in natural 
systems. 
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The Zhamanshin Impact Structure contains a variety of 
impact glasses derived from unconsolidated sediments and 
rocks of local stratified target. Here, we focus on tektite-like 
splash-form glasses forming irregular droplets and bent rods up 
to 3 cm large, which are part of the fall-back ejecta. Two main 
groups can be defined: acid types ("irghizites", ~72–75% SiO2) 
formed by coalescence of <1 mm-sized glass droplets, and 
basic splash forms (~53–56% SiO2), which do no show the 
droplet coalescence. The droplets in irghizites are usually 
compositionally uniform with the exception of their surface 
layers, which show strong enrichments in Ni, Fe, and locally 
Cr and P. Bulk irghizites are also enriched in Ni, Co, Cr and 
some highly siderophile elements (HSE; Pt, Pd), compared to 
the basic splash forms. The HSE pattern of irghizites is 
strongly fractionated. The contents of Os (0.001–0.011 ppb), Ir 
(0.030–0.16 ppb) and Ru (0.26–0.57 ppb) follow typical upper 
continental crust, while the contents of Pt (up to 5.3 ppb) and 
Pd (up to 11.7 ppb) are elevated. The basic splash forms show 
lower HSE contents as well as different fractionation pattern. 

The δ18O data of basic splash forms (8.0 to 9.1‰ V-
SMOW) are lower than those of the irghizites (11.9 to 14.4‰). 
This, together with the difference in major element chemistry, 
is interpreted to reflect the difference in their precursor rocks – 
surficial Paleogene sands and clays or Cretaceous sediments 
for the irghizites versus deeper seated Lower Paleozoic 
volcanosedimentary series for the basic splash forms. The 
irghizites show lower Δ17O (–0.174 to –0.248‰, defined 
relative to a RL with slope 0.5305 and zero intercept) while the 
Δ17O of the basic splash-forms (–0.075 to –0.118‰) mimic 
common upper crustal range. 

The low Δ17O values of irghizites, elevated contents of Ni, 
Co and Cr, and elevated contents of Pt and Pd, indicate a 
meteoritic admixture, e.g. from a carbonaceous chondrite. The 
fractionated HSE pattern probably reflects evaporation and 
condensation processes. 
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Selenium (Se) is a vital trace element for human health, 
and because Se intake occurs primarily through dietary 
consumption (e.g., grain), the human health risk of inadequate 
Se intake is governed in part by soil Se concentrations. Soil Se 
is highly variable and typically ranges from ~0.01-2 mg/kg but 
can be >1,000 mg/kg in seleniferous soils. Standardized broad 
scale soil geochemical surveys have been conducted in few 
countries including China, Western Europe, and the United 
States, but for much of the globe, broad scale Se distributions 
are virtually unknown. Therefore, the health risks associated 
with Se deficiency/toxicity are also unknown. The goals of this 
research were to 1) identify the dominant climatic, geologic, 
and soil physicochemical properties that govern spatial Se 
distributions in the soil, and 2) using data from previously 
conducted broad-scale soil geochemical surveys, use statistical 
models to predict soil Se on a global scale. 

Soil Se data were obtained from ~38,000 data points in 
China, Western Europe, and the USA from various 
geochemical surveys. In order to identify the dominant 
variables governing Se distributions, 18 global datasets 
describing climatic (e.g., aridity, temperature, 
evapotranspiration), soil (e.g., pH, clay content, bulk density), 
and other variables (e.g., geology, land use) were collected, 
imported into ArcMAP, and extracted for each data point. The 
relative importance of each of these datasets in terms of 
governing soil Se distributions was evaluated using several 
linear and nonlinear statistical models. Artificial neural 
network models were then used to predict the spatial 
distribution of Se on a global scale. The results of the statistical 
analyses indicate that climate variables were the most 
important for governing soil Se concentrations followed by soil 
chemical properties. Of the variables analyzed, categorical 
variables (e.g., geology, soil type, land use, etc.) were the least 
important in terms of governing the broad scale distribution of 
Se. Soil Se concentrations were predicted on a global scale 
with ~70% accuracy. Such predictions could be used to 
evaluate the current status of Se in agricultural soils where no 
previous measurements have been made. Given that the most 
important variables are comparatively dynamic (e.g., climate 
vs. geology), these results suggest that the spatial distribution 
of Se in soils is likely to change through time. 

mailto:*lwinkel@ethz.ch


 Goldschmidt2015 Abstracts  

 1474 

Reactive transport of partial melt 
with solid solution 

JACOB S. JORDAN1* AND MARC A. HESSE1 

1Jackson School of Geosciences, University of Texas at 
Austin, TX 78712, USA (*Correspondance 
jakejordan@utexas.edu) 

 
Lithological heterogeneities in the Earth's mantle are 

thought to play an important role in the localization of partial 
melts into high-porosity channels. Melt localization via the 
reaction infiltration instability occurs only if reactions increase 
porosity. Therefore, melt localization is not controlled by the 
initial porosity created by partial melting within the 
heterogeneity, but by the porosity of the reacted zone that 
forms as fertile melt infiltrates the ambient mantle. This 
porosity is determined by the coupling of mass and energy 
transport through the major element phase behavior and can be 
determined through a non-linear chromatographic analysis.  
Here we consider the special case of a partially molten porous 
medium with binary solid solution, which leads to the 
formation of a single reaction zone between the advancing 
reaction front and the initial lithological contact.  The porosity 
profiles of the advancing reaction zone can have two distinct 
morphologies: sharp or spreading. Sharp reaction fronts occur 
when the reaction zone causes an upstream increase in reaction 
front velocity. Spreading reaction fronts that widen with time 
are observed in our new chromatographic analysis. These 
widening fronts may explain gradual changes in bulk 
composition near reactive mafic features on mesoscopic scales. 
Furthermore, the comparison of reaction fronts shed insight 
into whether reactive-instabilities and melt localization may 
occur.  Localization of the melt emanating from the 
heterogeneity into high-porosity channels is most likely when 
the porosity of the reacted zone is high and the reaction front is 
sharp. The chromatographic analysis allows a graphical 
representation of the reactive melt transport behavior in the 
form of a map of composition paths in the phase diagram. This 
allows the identification of heterogeneity melting scenarios 
that are most likely to give rise to localization of the melt flow. 
The graphical tools developed here also help predict the 
direction of reactive flow based on the morphological sequence 
of reaction fronts. 

 

mailto:jakejordan@utexas.edu
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It is well accepted that the platinum-group elements (PGE) 
generally reside in refractory sulphides and alloys in the upper 
mantle. In fact, the radiogenic isotopes of some of the PGEs 
are the basis for isotopic systems that are succesfully used to 
track the geochemical evolution of the upper convecting 
mantle (e.g., Re-Os and Pt-Os).  However over the past three 
decades a growing body of analytical and experimental 
evidence indicates that PGE-carriers, particularly sulphides, 
may undergo significant alteration due to reaction with post-
magmatic fluids. Highly reducing reactions during open-
system metamorphism of mantle rocks may, for example, 
destabilise primary PGE-bearing sulphides like laurite (RuS2), 
producing secondary rims and/or nanometer- to micrometer-
sized inclusions of either (Os-Ir-poor) Ru and/or (Ru-poor) Os-
Ir alloys via in-situ desulfurisation. These metallic “residues” 
occur as nm- to µm-sized particles at the reaction fronts, edges 
or margins of the larger precursor laurite grains, and are 
commonly interpeted as produced by exsolution due to 
cooling. However, most of such interpretations are based 
solely on observations in natural samples, since no information 
is currently available on the behaviour of IPGE nanoparticles 
at temperatures below the magmatic realm. In this 
communication, we will show examples that are allowing us to 
interpret the strong effect of temperature and mineral host 
alteration on the stability of noble-metal nanoparticle under 
metamorphic conditions. We make the first attempt to explain 
the formation and later preservation of nanoparticles of Ru-Os-
Ir alloys in laurite by providing mineralogical evidence of 
Ostwald-type coarsening of metal nanoparticles occuring 
during prograde metamorphism. By constraining a general 
framework of IPGE nanoparticle sizevs. Thermal stability 
conditions, we aim to provide broad evidence of the relevant 
role of temperature and nanoparticle-host interaction 
phenomena, and shed new light on the kinetic controls of 
small-scale IPGE distribution during metamorphism. 
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Synthetic iron oxides nanoparticles are finding wide 

application for the remediation of toxic metals and organics in 
contaminated land and waters. The process of manufacturing 
these nanoparticles (NPs), requires use of toxic chemicals, 
energy intensive milling and surface optimization to keep them 
polydispersed. Alternatively, high reactive nanoparticles of 
magnetite can be synthesized by using dissimilatory Fe(III)-
reducing bacteria under ambient conditions in the laboratory. 
This is a  benign alternative to existing chemical synthesis 
methods, with the potential to constrain the particle size, 
magnetic properties and surface reactivity via bioprocess 
control [1]. In this study we optimised the microbial synthesis 
of nano-scale biomagnetite, using the anaerobic Fe(III)-
reducing bacterium Geobacter sulfurreducens. A range of 
surface modification techniques were employed to enhance the 
mobility of magnetite in the subsurface. Furthermore, the 
impact of these coating treatments for the reduction of 
hexavalent chromium Cr(VI) and tetrachloroethylene (PCE) 
was determined. In addition, the incorporation of nano-scale 
palladium (Pd) coatings to enhance reactivity was also 
determined.  Through a series of batch and columns studies, in 
combination with state of the art imaging and spectroscopy 
analyses, the optimal NP synthesis regimes were selected for a 
range of in situ applications aimed at the treatment of metal 
and organic contaminants.  

 
[1]Byrne, J. M., N. D. Telling, et al. (2011). "Control of 
nanoparticle size, reactivity and magnetic properties during the 
bio production of magnetite by Geobacter sulfurreducens." 
Nanotechnology 22: 455209. 
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Iron (Fe) (oxyhdr)oxides are found in virtually all natural 

environments, where they profoundly impact numerous 
biogeochemical cycles and serve as important proxies in the 
geological record. Recent experiments by our group and others 
have shown that when thermodynamically stable Fe oxides are 
exposed to dissolved ferrous iron (Fe(II)), rapid and extensive 
isotopic mixing occurs between the solid and aqueous phases, 
which can lead to trace element incorporation and release. 
Surprisingly, these studies did not observe any morphological 
changes over the course of the reaction, which has led to many 
questions regarding the thermodynamic driving force of 
exchange.  

Here, we revisited Fe atom exchange between 
nanoparticulate goethite and aqueous Fe(II) over the course of 
60 days using high resolution transmission electron 
microscopy (HR-TEM) and cryogenic TEM to evaluate if any 
morphological changes occurred. We also used radioactive 
55Fe isotope tracer experiments to quantify the extent of atom 
exchange. Over the first 30 days, we observed that the goethite 
nanorods uniformly shrank in all dimensions, with no 
indication of any particles growing. After 30 days, the particles 
regrew to their original dimensions. We also observed that the 
goethite nanoparticles underwent orientated aggregation during 
exchange, as evidenced from cryogenic TEM images. These 
observations suggest that Fe atom exchange reactions with 
goethite involve dissolution and precipitation reactions that 
likely change the particle morphology. Current investigations 
are underway to characterize these changes using 
spectroscopic techniques. Understanding the occurrence of this 
process in natural systems will lead to improved interpretation 
of the Fe oxide rock record by characterizing how Fe oxide 
isotopic signatures change over time and improve our ability to 
assess the roles that Fe oxides play in sequestering and 
releasing trace metals and radionuclides on modern Earth.  
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The end-Triassic extinction was likely triggered by a rapid 

rise in pCO2 associated with the emplacement of the Central 
Atlantic Magmatic Province (CAMP) ca. 201 Ma, though, due 
to a lack of proxy data, the proximate effects on seawater 
chemistry are still not well understood. Ocean acidification is 
perhaps the most cited proximal cause of the extinction event, 
but increases in the preservation of organic matter, the 
appearance of biomarkers for anoxygenic photosynthesis, 
enrichments in redox-sensitive metals, and selective loss of 
marine animals with poor respiratory buffering capacites 
suggest that shallow marine anoxia and/or euxinia may also 
have played a role. Many proxies exist for local anoxia at the 
time of deposition, but these cannot easily be used to infer 
global redox conditions. Uranium isotopes (δ238U) in CaCO3 
sediments deposited in oxygenated conditions have the 
potential to passively track seawater δ238U composition, which 
is sensitive to the areal extent of anoxia globally due to 
fractionation of 238U relative to 235U during reduction of U(VI) 
to U(IV) in marine sediments. To better quantify the change in 
the extent of ocean anoxia during the end-Triassic mass 
extinction, we measured δ238U in shallow marine limestones 
from two stratigraphic sections in the Lombardy Basin, 
Northern Italy spanning over 400 m. We observe a ca. 0.6‰ 
negative excursion in δ238U beginning in the lowermost 
Jurassic, coeval with the onset of the initial negative δ13C 
excursion and persisting for the duration of subsequent high 
δ13C values in the lower-mid Hettangian ca. 200 Ma. Using a 
numerical model of the uranium cycle, we demonstrate that 
this excursion is consistent with a thirty-fold increase in anoxic 
deposition worldwide, suggesting that anoxia was an additional 
stress on marine organisms at the Triassic/Jurassic boundary. 
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In situ extraterrestrial samples returned for study (e.g., the 
Moon) are crucial in understanding the origin and evolution of 
the Solar System as, contrary to meteorites, they provide a 
known geological context for the samples and their analyses 
[1]. Asteroid 25143 Itokawa is a rubble pile asteroid consisting 
of reaccumulated fragments from a catastrophically disrupted 
monolithic parent asteroid, and from which regolith dust 
particles have been recovered by the Hayabusa space probe 
[1]. 

 We analysed two dust particles using Electron Backscatter 
Diffraction (EBSD) and 40Ar/39Ar dating techniques, the latter 
using an ARGUS VI mass spectrometer. One of the grains 
showing signs of 15-25 GPa impact shock pressure, yielded a 
40Ar/39Ar plateau age of 2.3 ± 0.1 Ga. These data represents the 
first precise 40Ar/39Ar plateau age ever obtained from a single-
grain dust particle recovered in situ from an extra-terrestrial 
body. Therefore, our approach opens a new era of single-grain 
analyses for precious, rare and small particles of 
extraterrestrial material.  

Our diffusion and porosity-P-T models show that the 
relatively low pressure and high temperature involved in the 
impact process can be reconciled only if the asteroid was 
already made of porous material at ~2.3 Ga and thus, if 
asteroid Itokawa was already formed, thereby providing a 
minimum age for catastrophic asteroid breakup [1] [2]. A 
second particle shows no sign of deformation indicating shock 
pressure of ˂ 10 GPa and a calculated maximum temperature 
of ~200°. This low temperature estimate is supported by an 
apparent 40Ar/39Ar age of 5.4 ± 1.6 Ga (i.e. an age of 3.8 -  
4.6 Ga) indicating a lack of isotopic resetting for this particle. 
This suggests that the breakup of Itokawa’s parent was a 
relatively low-temperature process and occurred on a pre-
shattered parent body [3]. 

 
[1] Abe et al., Science (2006). [2] Tsuchiyama, Elements  

(2014). [3] Michel et al., Icarus (2004). 
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Understanding the timing, sources and causes of impacting 
projectiles helps to shed light on Solar System dynamics and 
the mechanisms of delivery of volatiles to the Earth-Moon 
system [1]. Such impactors may have changed through time 
from the late veneer, to the late heavy bombardment, to the 
types of material being transported throughout the inner Solar 
System at the present day. The Moon provides a key archive of 
the temporal diversity of such projectiles [1], and here we 
investigate post-basin-formation impact episodes. 

Methods: We investigated several glassy impact ‘splash 
coats’ that drape Apollo 16 (A16) rocks and conducted argon-
argon age dating of 14 small (0.3-1.8 mg) neutron irradiated 
samples. Chemistry of the glasses was determined using 
EMPA and LA-ICP-MS to constrain the diversity of delivered 
exogenous volatiles and siderophile elements. 

Summary: The composition of the splash coat glasses are 
dissimilar from local A16 soils, and the rocks they coat [2] [3]. 
Halogen and trace element chemistry will be presented at the 
meeting to discuss the diversity of impacting projectiles. 

The glasses typically exhibit partial resetting of their argon 
isotope age records at low temperature, indicating degassing 
by secondary impact derived shock/thermal metamorphism. 
All the impact splash coats were formed after the Imbrium 
basin-forming event (~3.92 Ga), and prior to North Ray  
(50 Ma) and South Ray (2 Ma) craters local to the A16 landing 
site. High temperature steps in ten of the samples record 
apparent age minimum events at between ~0.4-2.7 Ga, 
consistant with ages previously measured by [4], indicating a 
range of post-basin impact episodes. Exposure ages vary from 
~13-200 Ma. The splash coat exposure ages are always less 
than their apparent argon high-temperature release (formation) 
ages, indicating that the splash coats were formed on host 
rocks, and then buried below the near surface environment, 
prior to being transported back to the lunar surface. Such burial 
and exhumation may have happened several times, throughly 
mixing delivered volatile and siderophile species throughout 
the lunar regolith.  
 
[1] Joy et al. (2012) Science, 336, 1426-1429. [2] Borchardt  et 
al. (1986) J. Geophys. Res. 91, E43-E54. [3] Morris et al. 
(1986) J. Geophys. Res. 91, E21-E42. [4] See et al. (1986) J. 
of Geophys. Res. 91, E3-E20. 

mailto:Katherine.Joy@manchester.ac.uk
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Poikilitic zircon forms complex interstitial networks with 

low dihedral angles along grain contacts of silicates and oxides 
interpreted to represent the peak metamorphic mineral 
assemblage in two-pyroxene hornfels metabasalts in the 
proximal part of southern contact aureole of the impact 
generated 1850 Ma Sudbury Igneous Complex (SIC). Similar 
zircon morphologies have been previously described only in 
lunar meteorites. The zircon grains are commonly 10-25 μm 
and characterized by the local presence of sector zoning, or an 
otherwise simple internal texture with no evidence for shock 
metamorphic features, significant metamictization, or different 
age domains. Phases present in hydrothermally requilibrated 
zircons (e.g., thorite, coffinite, and thortveitite) are never 
present as inclusions. In-situ U-Pb geochronology yields an 
age of 1850 ± 24 Ma for the zircons, which are characterized 
by relatively low Ti contents (avg. 5.2 ± 0.8 ppm) and high Yb 
contents (ca. 30-330 ppm). Collectively, these observations are 
consistent with zircon crystallizing from trapped melt films in 
the high temperature part of the SIC contact aureole. This 
interpretation is supported by the absence of similar zircon 
textures in equivalent metabasalts further from the SIC contact. 
The poikilitic zircon textures are observed only in metabasalts 
exhibiting strong negative whole-rock Zr-Hf anomalies and 
sub-chondritic Zr/Hf ratios, indicating that Zr and Hf were 
mobile during contact metamorphic processes. Zr anomalies 
(expressed as Zr/Zr*) extend up to 250 m away from the SIC. 
The presence of local leucocratic quartz-plagioclase melt 
patches in the two-pyroxene hornfels metabasalts indicate that 
silicate melt was the mobilizing liquid phase, and that melt-
escape was an important process within the southern proximal 
contact aureole of the SIC. 

 

mailto:tx_joergensen@laurentian.ca
mailto:dtinkham@laurentian.ca
mailto:mlesher@laurentian.ca
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Mangroves sediments are generally considered as playing a 
protective role against dispersion of trace metals into marine 
ecosystems [1]. However, little is known about the speciation 
of these trace metals in mangrove sediments, despite the 
importance of this parameter for evaluating their solubility, 
bioavailability and long-term behavior. 

We report here the results of our recent studies that have 
elucidated Fe and Ni speciation in mangrove sediments 
downstream lateritic Ni deposits developed over ultramafic 
rocks in New Caledonia, the third largest nickel producer in 
the world. We combined Ni and Fe K-edges XAS data with 
mineralogical (XRD) and spatially-resolved chemical analyses 
(SEM-EDS) of the solid fraction, as well as chemical analyses 
of the pore-waters, in order to relate metal speciation and 
mobility in these complex natural systems. 

The results obtained suggest that, in New Caledonia, Ni-
bearing iron-sulfides that form in the anoxic horizons of 
mangrove sediments [2] make this ecosystem a potential long-
term sink for iron and nickel eroded from lateritic ore deposits. 
However, the efficiency of this sink is directly related to the 
stability of iron-sulfides, which is strongly influenced by the 
vegetation cover and the distance from the sea [2] [3]. These 
findings have important environmental implications to better 
evaluating the protective role of mangroves against trace 
metals inputs at the land-sea interface in the inter-tropical 
region. They may also help in predicting the response of 
mangrove ecosystems to increasing anthropogenic pressure. 
 
[1] Marchand et al. (2012) Chem. Geol. 300-301:70-80 
[2] Noël et al. GCA submitted [3] Noël et al. (2014) GCA 
136:211-228 
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Introduction 
Owing to the considerable concentration of carbonate in 

many natural waters, carbonate-complexed uranium (U) will 
become the major species when the U from a nuclear waste 
repository released into the environment comes into contact 
with the groundwater. Since the first observation of the 
fluorescence characteristics of Ca2UO2(CO3)3(aq) in calcium-
rich uranium mining-related waters [1], the following 
investigations have focused on the formation of ternary 
complexes of U(VI), CO3

2-, and alkaline earth metals using 
time-resolved laser fluorescence spectroscopy (TRLFS) [2]. In 
contrast to these complexes, TRLFS of pure uranyl 
tricarbonate, UO2(CO3)3

4-, was not performed for a long time 
owing to the very weak fluorescence intensity. Most recently, 
the fluorescence spectra of UO2(CO3)3

4- with a lifetime of  
6-12 ns [3] and 11.6±0.1 ns [4] were reported. However, it is 
still generally considered that the pure uranyl tricarbonate 
species does not emit any fluorescence at room temperature 
because there have been no clear explanations in these studies 
[3] [4] regarding the reason for the failure of observation of 
fluolescence spectra in previous investigations [1] [2].  

Discussion of Results 
The objective of this work is to confirm the fluorescence 

characteristics of  UO2(CO3)3
4- in detail. The peak wavelengths 

and lifetimes of UO2(CO3)3
4- were determined using several 

excitation laser wavelengths at 266, 355, 405, and 440 nm. 
Peak wavelengths in the fluorescence spectrum show 
hypsochromic shifts compared with those of UO2

2+. The 
lifetime of 8.9±0.9 ns was determined more accurately 
compared with the values reported in the literature  [3] [4]. 

In addition, the experimental parameters (the insertion 
delay time of the intensified charge coupled device, primary 
inner filter effect, and the background emission of the sample 
solution), which may interrupt the measurement of weak 
fluorescence intensity owing to the very short lifetime, will be 
discussed. 
 
[1] Bernhard et al. (1996) Radiochim. Acta 74, 87-91. [2] 
Geipel (2006) Coord. Chem. Rev. 250, 844-854. [3] Götz et al. 
(2011) J. Radioanal. Nucl. Chem. 287, 961-969. [4] Lee & 
Yun (2013) Dalton Trans. 42, 9862-9869. 

mailto:ecjung@kaeri.re.kr


 Goldschmidt2015 Abstracts  

 1484 

Using micromodels with reactive 
substrates to access the relationship 

between transport and reaction at the 
pore scale 

HEEWON JUNG1, ALEXIS NAVARRE-SITCHLER1,  
NATHAN WORTS2, ERICA BLOCK2 AND JEFF SQUIER2 

1Hydrologic Science and Engineering Program, Colorado 
School of Mines, Golden, CO, 80401, hjung@mines.edu 

2Department of Physics, Colorado Schoolf of Mines, Golden, 
CO, 80401  

 
Sources of discrepancy between field and laboratory 

measured mineral dissolution rates remain unquantified despite 
their significance in terms of interpretation and prediction of 
chemical processes in natural systems. The effect of transport 
on dissolution rates at the pore scale is one of the influential 
factors with a high uncertainty. In laboratory settings, well-
mixed conditions are often maintained, which eliminates the 
effect of transport on the dissolution rates. Transport, however, 
becomes a governing factor in transport limited reaction 
regimes. Pore scale modeling has been used to access the 
relationship between reaction and transport and a few 
experimental studies have been conducted. Difficulties in 
experimental studies include reproduction of the small (few 
micrometers) and complex nature of pore networks. In this 
regard, approaches incorporating microfluidic platfroms 
provide a unique opportunity for investigating the 
physicochemical behavior of fluid in porous media at the pore 
scale. Microfluidic devices have been successfully applied for 
characterizing and visualizing fluid flow behavior by using 
non-reactive substrates like glass or PDMS.  Here we adapt 
microfluidic techniques for investigating the chemical 
reactivity of minerals by using reactive substrates. We have 
successfully created micro-models of idealized pore network 
structures in albite and anorthite using femtosecond plasma-
mediated laser ablation. We are expecting this research to (1) 
provide direct experimental evidence of coupled reactive 
transport at the pore scale and (2) improve applicability of lab 
measured mineral dissolution rates to field scale. 
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Late Cretaceous Mudeungsan tuff within the Neungju 

basin, located on southwestern part of Korean Peninsula, 
covers an area of approximately 34km2 of ignimbrites. The 
Mudeungsan tuff is welded crystal tuff with dacitic 
composition (SiO2=63.1~69.1 wt%) and was generated from 
cogenetic calc-alkaline magma in the volcanic arc environment. 
SiO2 compositions of northern part of Mudeungsan tuff are 
relatively higher than those of southern part of Mudeungsan 
tuff. The Mudeungsan tuff was intruded by the micrographic 
granite and quartz porphyry. SHRIMP zircon U-Pb ages of 
Mudeungsan tuff, micrographic granite, and quartz porphyry 
are 84.60±1.1~87.72±0.59 Ma, 82.99±0.67 Ma, and 
85.66±0.90 Ma, respectively. The zircon U-Pb ages indicate 
that quartz porphyry and Mudeungsan tuff were formed about 
the same time, whereas micrographic granite intruded into 
Mudeungsan tuff about 1.6 Ma later. The micrographic granite 
with miarolitic cavities and mircrographic texture is highly 
felsic granite (SiO2=75.72 wt%). Petrographic, geochemical, 
and geochronologic features with outcrop data of the 
micrographic granite and Mudeungsan tuff indicate that the 
micrographic granite were emplaced at the relatively shallow 
depth. 

 

mailto:kooz@nate.com
mailto:kyi@kbsi.re.kr
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Iron (Fe) is particularly important in environmental 
biogeochemistry, and the transformations between the 
dissolved, solid and colloidal FeII and FeIII play a key role in 
the release and sequestration of many trace elements and 
contaminants, mineral formation and dissolution, and Fe 
bioavailability. The relative and absolute concentrations of 
aqueous FeII and FeIII show a wide range in natural water 
depending on factors like pH and redox conditions. 
Transformations between the solid and dissolved Fe species 
occur over the entire redox state of water, with many being 
photochemically induced. In order to understand the chemical 
and biochemical reactions of Fe it is essential but non-trivial to 
determine its speciation. 

We investigated the chemistry of FeII and FeIII in natural 
waters in Iceland. For that purpose, samples were collected 
from non-thermal and geothermal surface and spring water and 
well discharges, and analyzed for their major elements 
compositions and FeII and FeIII concentrations. The sampled 
waters had temperatures in the range of 12-99°C, pH between 
2.5 and 9.8, and variable dissolved Fe and sulfide 
concentrations. Determination of FeII and FeIII was carried out 
within minutes to hours of sampling using an ion 
chromatographic method to separate FeII and FeIII, followed by 
post-column reaction and spectrophotometric detection. This 
method allows determination of both FeII and FeIII within a 
single 15 min run and requires minimal sample treatment. On-
site analysis within minutes to hours is preferred to laboratory 
analysis, because the concentrations of FeII, FeIII and Fetotal 
were found to be affected by the filtration and acidification 
procedure upon sampling and the sample storage. 

Iron concentrations in the <0.2 μm filtered and acidified 
fraction ranged from <2 μg/L to 2.3 mg/L FeIII and <6 μg/L to 
3.2 mg/L FeII. In waters with neutral to alkaline pH values, Fe 
concentrations are typically <100 ppb and only FeIII was 
detected in alkaline waters. With decreasing pH, Fe 
concentrations increase and FeII becomes important at pH~6.5 
and below. 
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Both RNA mononucleotides and amino acids have been 
reported to polymerize non-enzymatically on clay minerals 
into polymers of ~50 and ~10 mers, respectively. Additionally, 
lipid bilayer was also found to catalyze RNA non-enzymatic 
polymerization. We (Kaddour and Sahai, 2014) have recently 
emphasized the hypothesis that RNA and proteins might have 
co-emerged from a multicomponent soup, and co-evolved. To 
test this hypothesis, an experimental design, in which 
mononucleotides and amino acids are co-incubated in the 
presence of clays and lipids is proposed in this poster. But first, 
the conceptual basis for this study is presented. 

1487
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Abundances of the highly siderophile elements (HSE: 
platinum group elements, Re and Au), Fe, Ni, Co, Te, Se and S 
in physically separated components of unequilibrated ordinary 
chondrites have been studied to constrain physicochemical 
processes in their nebular formation regions.  

Different types of HSE abundance patterns have been 
observed in components of ordinary chondrites: 1) CI 
chondritic HSE patterns, 2) abundance patterns that show 
depletions and enrichments of Pd and Au, but unfractionated 
refractory HSE, 3) depletions of Re, Os, Ir and Ru compared to 
other HSE and CI chondrites. Magnetic components of a 
LL3.6 chondrite show higher HSE/Ni compared to magnetic 
components of L3.05 and H3.3 chondrites. Tellurium is 
depleted in most components compared to CI normalized HSE, 
Se and S abundances.  

The differences in siderophile element abundance patterns 
in the components likely were caused by heterogeneity of 
metal- and sulfide-rich dust precursors of ordinary chondrites, 
partial loss of refractory HSE carrier phases before 
equilibration of HSE with Fe-Ni metal alloys, volatility, metal-
silicate-sulfide partitioning, and in some cases (petrologic type 
> 3.5), partitioning during kamacite-taenite exsolution. The 
correlation of Te with Ir and Pd suggests that the depletion of 
Te is most likely associated with the high temperature history 
of the metal precursors during chondrule formation or prior to 
it. The data also indicates differences in the volatility and 
geochemical behaviour of Te in the formation region of 
ordinary chondrites compared to carbonaceous chondrites. 

1488
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Copper ores of the largest economic importance in Poland, 

belong to the strata-bound type and are related to the Zechstein 
Kupferschifer formation. In this type of deposit Cu is 
associated with silicates, carbonates, and sulfides within 
sedimentary rocks (e.g., shales, sandstones). Currently, the 
exploitation of Polish Cu ores takes place in underground 
mines (at the deph of more than 1000 meters below the 
surface). However, mining and processing of the same strata-
bound type deposits, but located tens of kilometers south of 
today's mines at a depth of several meters below the surface, 
began in the Middle Ages. As a result of historical mining and 
smelting of Cu ores important quantities of pyrometallurgical 
slags, were produced and disposed in the vicinity of the old 
smelters without any concern for the environment. In this study 
we present some preliminary results concerning chemical and 
phase composition of slags issued from historical Cu smelting. 
We pay special attention to the distribution of Cu and presence 
of secondary phases formed as a result of weathering of 
studied slags. Chemical composition of historical smelting 
wastes is dominated by silica, lime, alumina and iron with 
minor contribution of potassium and magnesia. Average Cu 
concentration in slags exceeds 1 wt % and reaches up to  
4.5 wt %. Major phases are represented by silicates (e.g., 
leucite, pyroxene) and silicate glass. Copper is mostly held by 
droplets of metallic Cu, chalcocite and bornite. Weathering of 
studied wastes is manifested by presence of secondary 
brochantite on the slag surface. Additionally, replacements of 
primary sulfides and metallic Cu by secondary cuprite and Fe 
oxyhydroxides is common. Our preliminary study indicates 
that historical slags still contain considerable concentrations of 
Cu. Furthermore, presence of Cu-rich secondary phases 
demonstrates that studied wastes are susceptible to weathering 
and constitute a source of Cu for the environment. 
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The combination of 146Sm-142Nd (T1/2 = 6.8×107 yr [1]) 

and 147Sm-143Nd systems (T1/2 = 1.06×1011 yr) has been widely 
used for the chronological study of meteorites and Hadean 
samples [2] [3]. To obtain precise and accurate Sm-Nd ages, 
high-yield and highly-pure Nd separation is indispensable prior 
to Nd isotope analysis. In this study, we developed a new 
chemical separation technique which enables to precisely 
determine the 142Nd/144Nd and 143Nd/144Nd ratios with TIMS, as 
well as the Sm/Nd ratios with ICP-MS for rock samples.  

The performance of our method was evaluated using a 
basaltic standard, JB-3. The rock sample was dissolved by the 
mixture of concentrated acids (HClO4, HF, and HNO3). One- 
tenth of the solution was removed and mixed with 149Sm- and 
145Nd-enriched spikes to determine Sm and Nd concentrations 
by ID-ICP-MS To avoid the isobaric interferences of 
molecular ions (e.g., 130Ba16O, 133Cs16O), the spiked sample 
solution was passed through the TRU resin (Eichrom). The 
reproducibility of Sm/Nd ratio was 0.37 % (n =5).  

The remainder of the sample solution (90%) was 
conditioned by 1M HCl and passed through a cation exchange 
resin (1:1 mixture of AG50WX8 and AG50WX12) to separate 
REEs from major elements. Next, Ce was removed from the 
rest of REEs by modifying the methods of [4], in which Ce3+ in 
the sample solution (10M HNO3) was oxidized into Ce4+ using 
KBrO3

 and passed through the LN resin (Eichrom). Finally, Nd 
was separated from Sm using the LN resin in HCl media. We 
achieved Ce/Nd = ~3×10-5 and Sm/Nd = ~4×10-5 with >91% 
Nd recovery.  

The new chemical separation technique was applied for 
determining 146Sm-142Nd and 147Sm-143Nd ages of a basaltic 
eucrite, NWA 7188. The 146Sm-142Nd and 147Sm-143Nd mineral 
isochrons of NWA 7188 yielded ages of 4551±11

13 Ma and 
4141±310 Ma, respectively. The 146Sm-142Nd age is consistent 
with the metamorphic age of another basaltic eucrite, Agoult 
[5]. In contrast, the younger 147Sm-143Nd age was due to a 
secondary metamorphism on the parent body after the 
extinction of 146Sm, which disturbed only the 147Sm- 143Nd 
systematics. 
 
[1] Kinoshita et al. (2012) Science 335, 1614-1617. [2] Boyet 
et al. (2010) EPSL 291, 172-1812. [3] O’Neil et al. (2008) 
Science 321, 1828-1831. [4] Tazoe et al. (2007) JAAS 22, 616-
622. [5] Iizuka et al. (2014) EPSL 409, 182-192.  
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Carbonado, a type of natural polycrystalline diamond, has 
characteristics distinct from those of typical natural diamonds 
originated from the earth’s mantle: for example, no genetic 
relations to kimberlites, very low carbon isotopic ratios, and 
the lack of mantle-derived mineral inclusions, and so on. 
Based on these characteristics, several diverse hypotheses have 
been proposed on the origin of carbonado, and the origin has 
been enigmatic. At present, no conclusive evidence has been 
proposed to settle the controversy. The most important point 
we have to remind is that carbonado had been heavily altered 
after the crystallization of diamonds and the grain boundaries 
of micro-diamonds in carbonado may have lost the intrinsic 
information on the formation of diamonds consisting of 
carbonado.  

In this study, we tried to extract isotopic and mineralogical 
information from inside of carbonado diamond grains and 
grain boundaries, independently. We thought that the original 
information related to diamond crystallization was retained 
inside of diamond crystals and traces of the seconday process 
after the diamond formation was located in the grain boudaries 
of dimonds. 

We conducted Os isotopic analysis and electron 
microscopic observation on carbonado samples collected from 
placer deposits in the Central African Republic. The Os 
isotopic ratios (187Os/188Os) obtained from inside of diamond 
grains was notably lower than that from the grain boundaries. 
This suggests that the grain boundaries were altered with 
crustal materials. Moreover, mantle-originated microincluions 
were found inside of diamond grains. 

The origin of carbonado will be discussed based on the 
intrinsic information obtained from the inside of diamond 
grains. The obtained results strongly suggest the mantle-origin 
of carbonado and secondary alteration in the crust. 
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In order to elucidate isotopic compositions and origins of 

Cl in magmas and biogenic products, and related interactions 
such as assimilation of seawater components and diagenesis, 
we measured Cl isotopes in crystal and micro-inclusion 
apatites using NanoSIMS 50 (Cameca, Gennevilliers, France) 
at Atmosphere and Ocean Research Institute, Japan.  The 
analytical technique is as follows[1]. Two combinations of EMs 
were applied to measure 35Cl and 37Cl: EM3 & EM4a; or 
EM4b and EM5. Running in a cycling mode among three 
magnetic fields, for instance, two single collection datasets 
(37ClEM4a/35ClEM4a, 37ClEM5/35ClEM5) and one multi-collection 
dataset (37ClEM5/35ClEM4a) are obtained, where subscripts show 
corresponding EM detectors. Considering the average of 
37ClEM4a/35ClEM4a and 37ClEM5/35ClEM5, high reproducibility and 
precision are expected because total counts increase and 
analytical artifacts due to difference between detectors’ 
sensitivity are offset. 5-μm to 10-μm spots were applied for 
analyses of the following apatites: “Morocco”, an apatite 
crystal collected from Imilchil/Errachidia region in Morocco[1]; 
“Trichognathus”, a Mississippian conodont from the Illinois 
Basin region in North America (the 238U/206Pb isochron age: 
323 ± 36 Ma)[2]; “Cono2.7”, one of index conodonts from 
Langkawi Island, northern Malaysia (the 232Th/208Pb isochron 
age: 429 ± 50 Ma)[3]; 5-μm apatite inclusions in zircons, and a 
few hundred-μm apatite crystals from Torihama dacite, SW 
Japan (the 238U/206Pb isochron age of zircons: 271 ± 58 ka)[4]; 
and 5-μm to 10-μm apatite inclusions in Efremovka CV3 
chondrite. δ37Cl values in Trichognathus were heterogeneous, 
and 2.6−5.7‰ higher than the value in Morocco whose 
reproducibility was 2.3‰ (1σ; N=6) during the session, while 
Cono2.7 showed δ37Cl values indistinguishable from Morocco. 
There were no apparent correlations between Cl abundance 
and δ37Cl values in Trichognathus, suggesting that mass 
independent fractionation processes of Cl during seawater-
conodont interactions may have produced relatively high Cl 
isotopic ratios. This technique was also applicable to micro-
inclusions. For Torihama samples, Cl counts in apatite 
inclusions were three-orders of magunitude higher than 
sorrounding zircons, thus we could avoid contaminations on 
δ37Cl values in inclusions completely. Those values were not 
distinguishable from Morocco, indicating their typical 
magmatic origins. The data of inclusions in the chondrite will 
be also discussed. 
 
[1] Kagoshima et al. (2014) AGU Fall Meeting, Abstract  
#V34A-04.  [2] Sano & Terada (2001) GRL 28, 831−834.  [3] 
Ueki & Sano (2001) Geohem. J. 35, 307−314. [4] Sano et al. 
(2002) JVGR 117, 285−196. 
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Geochemical tracers and particle fluxes suggest 

unequivocally that the metabolic balance of the Atlantic 
subtropical gyres is governed by net autotrophy. In contrast, 
bottle incubations indicate net heterotrophy throughout large 
areas. 

We have used continuous measurements of surface 
oxygen-to-argon ratios by membrane-inlet mass spectrometry, 
in combination with wind-speed based gas exchange rate 
parameterisations, to derive the mixed-layer metabolic balance 
during five AMT cruises between 2005 and 2013. The data 
reveal a consistent picture of net biological oxygen fluxes 
directed out of the subtropical gyres during both spring and 
autumn, corresponding to net autotrophy. 

This suggests that bottle incubations are unsuitable to 
determine net biological production rates, either due to aliasing 
of the underlying environmental temporal or spatial variability, 
due to of enclosure biases or both. 

Additional discrete samples have been used to derive gross 
oxygen production rates from oxygen triple isotope 
measurements. The resulting rates are surprisingly high 
compared to other methods, again pointing to systematic 
measurement errors or indicating a possible larger than 
expected role of non-carbon fixing, water splitting reactions in 
photosynthesis. 
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Introduction 
Water is the most important volatile component on the 

Earth, because it has influences on the chemical and physical 
properties of mantle minerals (e.g. melting temperature, 
electrical conductivity). The nominally anhydrous minerals can 
contain a small amount of water. Wadsleyite and ringwoodite 
existing in the mantle transition zone can contain ~2-3 wt% 
water [1, 2]. On the other hand, the water solubility of the most 
abundant mineral in the lower mantle, bridgmanite is a matter 
of debate. Inoue et al. (in prep) reported that Al-bearing 
bridgmanite can contain ~0.8 wt% water with 4.7 wt% Al2O3. 
The substitution mechanism was suggested to Si4+ ⇄  Al3+ + H+.  

In this presentation, we will report the pressure and 
temperature dependence of water solubility in Al-bearing 
bridgmanite. 

Experimental Method 
We conducted high pressure and temperature experiments 

using 2000 ton mult-anvil apparatus installed at the GRC, 
Ehime Univ. The oxide and hydroxide mixture with 
clinochlore composition was used as a starting material. The 
experiments were conducted at 24-32 GPa, 1400-2000 degree 
C. The chemical composition of the recovered samples was 
measured by FE-SEM-EDS. 

Result 
Bridgmanite coexisted with some hydrous phases. The 

water content was estimated by assumption that the following 
reactions occur (Mg2+ + Si4+ ⇄   2Al3+, Si4+ ⇄  Al3+ + H+). In 
addition, the water contents were directly measured by SIMS 
at Hokkaido Univ. in some run products. 

The water solubility in bridgmanite increased with 
increasing pressure up to 32 GPa. 

The unit cell volume of Al-bearing hydrous bridgmanite 
was increased compared to the Al-bearing dry bridgmanite. So, 
hydrogen should be contained in the crystal structure. 

 
[1] Inoue et al. (1995) PEPI  22, 117-120. [2] Kohlstedt et al. 
(1996) Contrib. Mineral. Petrol 207, 345-357.  
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Organic compounds in atmospheric aerosol particles play 

an important role in climate and air pollution. However their 
sources and atmospheric processing are poorly understood, 
partly due to the lack of understanding of the chemical 
composition of the organic aerosol fraction. Organic aerosols 
are composed of hundreds to thousands of compounds, posing 
a significant analytical chemical challenge.  

In recent years new ultra-high resolution mass 
spectrometry (UHR-MS) techniques, which allows 
determining the elemental composition of thousands of organic 
compounds in a single analysis, have been used to characterize 
the highly complex organic aerosol composition on a 
molecular level.  

A range of different ionization techniques will be 
discussed which have been developed and coupled to UHR-
MS over the last years to minimize sampling artifacts and 
which allow widening the chemical space available for the 
analysis. In addition, an online aerosol MS technique with a 
time resolution of about one minute, extractive electrospray 
ionization (EESI), will be presented with detection limits in the 
nanogram per m3 concentration levels.  

Aerosol analyses from a range of field studies from urban 
and remote locations will be presented where UHR-MS was 
used to identify atmospheric organic aerosol sources, and 
aging processes. The samples are compared with laboratory 
analyses to identify secondary organic aerosol formation 
processes.  

These examples show that new, soft ionization UHR-MS 
techniques allow for a significantly improved characterization 
of organic aerosol composition, sources and evolution over 
time, compared to conventional MS techniques.  
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An interesting quasi-paradox of carbonatite rocks is that 
the primary water soluble minerals are missing, although their 
presence is unambiguously expected by experiments [1] [2].  
Hence finding of all mineral phases in the melt inclusions (MI) 
is essential to the description of petrogenesis of carbonatite 
rocks as properly as possible.  For this purpose, we carried out 
high-resolution Raman spectrometry (HR-RS) including 
Raman mapping and Focused Ion Beam SEM (FIB-SEM) 
analyses on unexposed diopside-hosted carbonate melt 
inclusions in jacupirangite from Kerimasi Volcano (East 
African Rift).  HR-RS point measurements revealed the 
presence of perovskite, apatite and several alkali carbonates 
(e.g. nyerereite, shortite, burbankite) and hydrocarbonates such 
as nahcolite.  Raman mapping was applied on the MI parallel 
to the surface of the host diopside (spectra were taken in every 
200 nm) in different depths in order to get information about 
the distribution of these mineral phases.  FIB-SEM stepwise 
exposure process was performed on the previously Raman 
mapped MI perpendicular to the surface of the host diopside.  
Exposure steps were made in every 200 nm, thus distribution 
of mineral phases can be observed in extremely high spatial 
resolution (1-4 nm) including those ones, which are not Raman 
active, as well.  FIB-SEM also allowed to obtain EDS spectra 
or even EBSD analyses from each exposed mineral phase of 
the MI.  Combining these techniques we could 1/ create a 3D 
model of the MI, hereby 2/ attain the spatial distribution of 
mineral phases (even submicron sized), and 3/ calculate their 
volume ratio.  Applying our results can be essential in 
determination of melt and fluid properties even the 
determination of H2O content of alkaline and carbonatite 
systems, therefore it can contribute to our understanding of 
petrogenesis of alkaline and associated carbonatite rocks.   
 
 [1] Guzmics et al. (2011) Contrib Mineral Petrol 161:177-
196. [2] Mitchell (2009) Contrib Mineral Petrol 158:589–598. 
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Tooth enamel is one of the most resistant inorganic 
components in mammalian bodies that significantly affects 
both the life quality and expectancy of an individual. The 
enamel´s resistance depends on the mutual arrangement of 
aggregates of hydroxyapatite crystallites (Hap) and their 
characteristic properties. While the framework of the 
aggregates is known to be controlled by the cooperation of 
cellular activity and pre-existing organic matrix, the influence 
of Hap properties on the enamel quality has not been studied in 
detail up to now.  

We used X-ray powder diffraction to determine the 
microstructure of Hap of developing enamel of the laboratory 
minipig molars. Our observations show a rapid elongation of 
crystallites during the first stages of the enamel maturation and 
their subsequent expansion in thickness: while the full-length 
was achieved before 15 month of age, the thickness (Fig. 1) 
was not fully grown before 20 month of age. Moreover, we 
have observed the gradual maturation process of molars: the 
mesial part of a molar is finished in 20 month of age, whereas 
the distal part reaches the full maturity between 24 and 26 
month of age (Fig. 1). The microstrain remains constant during 
the tooth development.  

 
Figure 1: The thickness of Hap crystallites at the last stages of 
enamel development (shaded region - average size of adult 
enamel crystallites). 
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Experiments on shale oil recovery from bazhenov 

formation rocks (West Siberia) under hydrothermal conditions 
were carried out in closed system. The parameters varied from 
250°C to 350°C and saturated water pressure to 470°C and 
1000 bar. Duration of the experiments varied, with the most 
results obtained after the 7 days of hydrothermal studies. It was 
found that the oil product release oil potential of bazhenov 
formation rocks under such conditions is 55 to 75 mg/g in 
equivalent to total organic carbon of the rocks. These values 
are comparable with the results obtained by other reports for 
shale oil [1]. It was estimated that under low temperatures 
(250°C) oil fractions release is very low, the maximum release 
is observed at 300°C, and it degreeses with temperature rises to 
350°C. 

The oil fraction composition is preferable at the 
temperature of 300°C. Chromatography investigations shown 
that at 350°C complex processes occur, kerogen may 
graphitize, and the higher value of sulfur is present in the oil 
fractions. The release can be increased with the increase of the 
experiments duration. 

It was also found that gas is produced in the experiment. 
The produced gas composition corresponds to the composition 
of the natural gases receded in West Siberia. The amount of the 
gas increases with the temperature increase. Only gas fracture 
was found in hydrocarbon poducts at 470°C and 1000 bar. 

Further investigations of the process kinetics in open and 
closed systems and products composition are necessary for the 
prediction of the system behavior at the time and in the natural 
conditions. 

 
This research work was produced under financial support 

for the investigation projects № 14.581.21.0008 from 
03.10.2014 (unique identifier RFMEFI58114X0008) by the 
Ministry of Education and Science of the Russian Federation. 

 
[1] F. Behar, S. Roy, D. Jarvie, Organic Geochemistry. 

2010, 41, 1235-1247 
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Geochemical anomalies in soil and sediment samples are 

often used as a tool in mineral exploration. Zinc soil anomalies 
have been applied with great success in the Irish Midlands 
contributing to the discovery of the Lisheen, Galmoy and 
Navan (Tara Mines) deposits. More recent advancements in 
the field of trace-element analysis and of stable metal isotopes 
could provide new insights into fingerprinting mineralization 
in surficial sediments.  

Both major and trace elements can be easily mobilized 
during fluid-rock interaction; in addition, isotopic composition 
can be influenced by chemical reactions and transport. These 
element and isotopic signatures are often passed on to the 
overlying sediments (tills) and soils and their magnitude 
depends on Eh and pH conditions, as well as the mineralogy of 
the host medium. The detailed process of mobilization and any 
associated isotopic fractionation are currently not fully 
understood. Research will provide insight into the geochemical 
processes generating metal anomalies and may help fingerprint 
cryptic alteration haloes, which would have a significant 
impact on mineral exploration programs. 

In this study, we present the geochemical distribution of 
major and trace elements associated with mineralization of the 
Ballinalack carbonate-hosted Pb-Zn deposit, in the Irish 
Midlands. In addition to base metals (Pb, Zn, and Cu), trace 
elements exhibit enrichment in the overlying Quaternary 
sediments as well as in soils at surface. These results confirm 
that the observed trace-element pattern is an indicator for 
element mobility (reduced chimney) above the Ballinalack Pb-
Zn deposit. 

In the future, further investigation will examine processes 
of mobilization and isotope fractionation in surficial sediments 
and could help to refine exploration models for the discovery 
of blind mineralization in the Irish Midlands. Analyses of 
stable metal isotopes, e.g. δ66Zn, δ56Fe and δ65Cu, could 
provide the proximal-distal relationship of a soil surface 
sample to the orebody itself. 
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It is urgent to reveal the environmental translocation of 
radionuclides, deposited on the land, derived from Fukushima 
Daiichi Nuclear Power Plant (FDNPP) disaster. The dynamics 
and transport of radiocesium were carried out in the brackish 
water of Matsukawa-ura Lagoon, Fukushima, Japan, as a 
model area for the system of river – estuary – ocean. 

Samples of surface sediment, sinking particles, suspended 
particles and water were collected in the study area from 
September 2013 to March 2015. The radiocesium distribution 
in surface sediments shows seasonal differences in the lagoon, 
with the interpretation that surface sediments were re-
suspended and then re-sedimented by tidal pumping; total 
sinking particle flux and particulate Cs-137 export flux in the 
mouth were larger than those in the inner lagoon, suggesting 
that re-suspension in the lagoon and transport to the open 
ocean of particles are important natural purifying processes for 
radiocesium in the Matsukawa-ura brackish system. In the 
water samples, dissolved Cs dominates in brackish water and 
the ratio of dissolved Cs-137 to total Cs-137 increases with 
salinity gradient. The enrichment behavior of dissolved Cs-137 
in the brackish water could be attributable to the leaching 
occuring from fine particles with salinity increase. Therefore, 
particle desorption/offshore seawater dilution is another natural 
purifying process of radiocesium in brackish water. 
Quantification of the submarine groundwater discharge (SGD) 
flux to the ocean using the Cs-137 budget, stable and radio 
isotopes (O-18, Ra, respectively) will be presented. Moreover, 
the results indicate that radiocesium will be an effective tracer 
to examine water mass mixing and transport in the wide north 
Pacific, considering its significant and consistent input from 
the coast area along the east north Japan. 
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Reconstructions of the continent mass vs. age curve reflect 
the extent of mantle depletion in lithophile elements (or 
isotopes). The most sensitive system is U/Pb because 
continental crust is extremely enriched in both elements 
whereas depleted mantle correspondingly impoverished. 

The difference in Pb-isotope composition between N-
MORB and crust composites does not permit a constant mass 
of continental crust since the Hadean. In conjunction with the 
Hf-isotope record of Hadean vs. Archaean zircon, this 
evidence points to a major crustal recycling event at ca.  
3.9 Ga. Here I will provide new evidence that giant impact-
induced volcanic resurfacing, including mantle-melting, 
contributed to the demise of the Hadean crust. 

At the beginning of the Archaean, little crust existed that 
had a composition similar to modern average continents, which 
carry a strong ‘arc’ signature. This is most easily shown with 
the near-chondritic Nb/Th ratio of Palaeoarchaean basalts. In 
agreement with the geological record, the mass of Archaean 
continental crust increased until 2.6 Ga, by which time the 
Nb/Ta ratio of juvenile basalts had increased from 8 to ca. 
12.5. A gradual increase in continental mass is consistent with 
Pb- and Nd-isotope records. 

A major uncertainty in crust mass reconstructions exists 
for the time period after 2.6 Ga, for which many proxies show 
much subdued net growth in mass, if not a decline. The Pb-
isotope record of 1.9 Gas old juvenile basalts is apparently less 
depleted than the 2.6 Ga mantle [1]. This could reflect 
recycling and net loss of continental mass but here I propose 
an alternative explanation, namely that the mass of the 
depleted mantle increased substantially. Thus, refertilisation of 
the depleted mantle source was not caused by crustal recycling 
but by replenishment from less depleted mantle. 

The physical rationale for this proposal is the collapse of a 
mantle transition zone barrier, which may have persisted since 
the magma ocean stage or may have been a transient [2] 
feature of the Archaean mantle [3]. Regardless, the collapse of 
the barrier at 2.6 Ga changed the thermal structure of the 
mantle, diminished its potential to create komatiite melts and 
increased the mass of the mantle available for depletion. Until 
the history of lower-upper mantle transfer is understood, the 
continental extraction history cannot be reconstructed. 
 
[1] Babechuk and Kamber (2011), Prec. Res. 189; 114– 139. 
[2] Breuer & Spohn (1995), Nature 378, 608-610. [3] Davies 
(2008), Earth Planet Sci. Lett. 275, 382-392. 
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Earlier the estimates of oxygen fugacity in the Deep Earth 
were suggested to be around the IW equilibrium. Direct 
measurements of lower-mantle redox conditions, performed in 
ferropericlase (fPer) from Brazil and Guinea, gave Δlog fO2

 
(IW) values from 2.6 to 4.3. The recent calculations estimated 
the variation of log fO2

 values in the lower mantle within a 
wide range from -1.5 log units below to +5 log units above the 
IW buffer. 

Four samples of fPer inclusions from lower-mantle 
diamonds from the Juina area, Brazil were analysed with TEM, 
EELS and the flank method. The presence of exsolved non-
stoichiometric Fe3+-enriched nanometre-sized clusters, 
comprising ~ 3.64 vol. % of fPer was established. The 
calculated oxidation conditions vary over a wide range: Δlog 
fo2 (IW) from 1.58 to 7.76, reaching the FMQ buffer position. 
This agrees with the identification of carbonates and free silica 
among inclusions within lower-mantle Juina diamonds. On the 
other hand, at the base of the lower mantle Δlog fo2 values may 
lie at and below the IW buffer. The variations of Δlog fo2 
values within the entire sequence of the lower mantle may 
reach ten logarithmic units, varying from the IW buffer to the 
FMQ buffer values.  

The similarity between lower- and upper-mantle redox 
conditions implies the whole mantle convection. The 
mechanisms responsible for redox differentiation in the lower 
mantle may include subduction of oxidized crustal material, 
mechanical separation of metallic phase(s) and silicate–oxide 
mineral assemblage enriched in ferric ions, as well as transfer 
of fused silicate-oxide material presumably enriched in Fe3+ 
through the mantle. 

1502



 Goldschmidt2015 Abstracts  

 1503 

Triple sulfur isotopes fractionations 
associated with abiotic sulfur 

transformations in Yellowstone 
National Park hydrothermal springs 

KAMYSHNY, A.1, DRUSCHEL, G.2, MANSARAY, Z. F.3 AND 
FARQUHAR, J.3  

1Department of Geological and Environmental Sciences, Ben-
Gurion University of the Negev, 84105 Beer Sheva, Israel, 
alexey93@gmail.com 

2Department of Earth Sciences, Indiana University Purdue 
University Indianapolis, Indianapolis, IN 46202, USA, 
gdrusche@iupui.edu 

3Department of Geology and Earth Systems Science 
Interdisciplinary Center, University of Maryland, College 
Park, MD 20742, USA,  jfarquha@glue.umd.edu 
 
We present a quantification of main (hydrogen sulfide and 

sulfate) and intermediate (zero-valent sulfur, thiosulfate, 
sulfite, thiocyanate) sulfur species in hydrothermal springs and 
pools of the Yellowstone National Park. We combined these 
measurements with the measurements of triple sulfur isotope 
composition of sulfate, hydrogen sulfide and zero-valent 
sulfur. The main goal of this research was to reveal multiple 
sulfur isotope fractionation in the system, which is dominated 
by complex, mostly abiotic, sulfur cycling. Water samples 
from six springs and pools were sampled and characterized by 
pH, chloride to sulfate ratios, sulfide and intermediate sulfur 
species concentrations.  Sulfur isotope fractionation between 
zero-valent sulfur and hydrogen sulfide was close to zero at 
pH<4. At higher pH, zero-valent sulfur is slightly heavier than 
hydrogen sulfide due to equilibration in the rhombic sulfur – 
polysulfide – hydrogen sulfide system. The δ34S values of 
hydrogen sulfide and sulfate in four of six systems were found 
to be close to those calculated using a mixing line of the model 
based on dilution and boiling of a deep hot parent water body. 
The isotopic composition of sulfur species of only one system 
fits the predicted range of values for microbial sulfate 
reduction. None of the isotopic compositions fit experimental 
data for microbial sulfur disproportionation. We suggest that a 
combination of (a) difference in δ34S values of sulfide and 
sulfate that is too low to be interpreted as microbial sulfur 
disproportionation (≤10‰), and (b) difference in Δ33S values 
of sulfide and sulfate that is too low to be interpreted as 
microbial sulfate reduction (≤ 0.00‰), may serve as an 
indicator for complex abiotic transformations of sulfur species. 
Implications of mass-dependent multiple sulfur isotope 
fractionation by abiotic sulfur cycling for the understanding of 
biogeochemical processes in the sulfide-rich Proterozoic ocean 
will be discussed. 
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Stratigraphy and ages of volcanic rocks of the Ogasawara 
Archipelago indicate secular variations of magmas generated 
during the early Izu-Ogasawara-Marina Arc with the progress 
of subduction of the Pacific Plate. Here, we discuss the origin 
of the geochemical variations of primary boninite magmas on 
the basis of melt inclusions in chrome spinel from the 
Ogasawara Archipelago.  

We have modeled the geochemical variations of primary 
boninite magmas, which are assumed to be the highest MgO 
melt inclusions of each geochemical type, by using the Arc 
Basalt Simulator (Kimura et al, 2010). 48-46-Ma ultra-
depleted boninite magmas were generated by partial melting of 
residue of 10% to 20% fractional melting of DMM, with the 
introduction of fluid liberated from eclogitic slab. LILEs/La 
variations of the ultra-depleted melts could be explained by the 
varying degrees of dehydration of the mantle just above the 
subducting slab, depending on the thermal status of the mantle 
wedge. The 45-Ma less-depleted boninite magma requires less 
depleted source mantle which experienced 4 to 8% fractional 
melt from DMM with relatively high contribution of sediment 
fluid. 

Major and trace element variations of boninitic melt 
inclusions can be explained by the mixing of primitive boninite 
magmas with felsic melts during ascent in the upper mantle. 
Mixed magmas entered into the stability field of chrome 
spinel, resulted in rapid crystallization of chrome spinel which 
trapped melt with a broad compositional range (Arai and 
Yurimoto, 1994). 

Different compositional variations of the bulk boninites 
from the melt inclusions were formed by crystallization of 
spinel, olivine and pyroxenes from primitive magmas 
enhanced by degassing at shallow depths, combined with 
mixing with evolved magmas. 
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The geochemical (CH4, CO2, N2) and isotopic composition 
(δ13CCO2, δ13CCH4, δDCH4) of coalbed gases in the Velenje Basin 
vary and depend on the composition of the source of coalbed 
gas before excavation, advancement of the working face, depth 
of the longwall face, pre-mining activity and newly mined 
activity [1]. High correlation (R2= 0.99) was obtained between 
methane and CO2 concentrations in a lignite seam within 
boreholes. It was found that the highest concentrations of 
methane gas are found at longwall panels located under fresh 
overburden. This occurrence is connected with the more rapid 
migration of CH4 up through the seam due to its smaller 
molecular size than that of CO2. Geochemical indices, CDMI 
((CO2/(CO2+CH4)×100 %) varied from 36.1% to 98.2% and 
stable isotope ratios varied in following ranges: δ13CCO2 from -
11.0‰ to 1.9‰, δ13CCH4 from -71.8‰ to -43.4‰, δDCH4 from -
343.9 to -223.1‰ and  αCO2-CH4 from 1.040 to 1.070. The 
calculated gas dryness index (C1/C2+C3) ranged from 339.7 to 
23272.7 ppm and coalbed gas is considered to be dry. From the 
results, it can be concluded that coalbed CO2 from working 
faces is endogenic and of bacterial origin. Measurements of 
δ13CCH4 and δDCH4 have led to the conclusion that methane 
from Velenje Basin has a microbial origin, formed through 
microbial fermentation and/or CO2 reduction, and of mixed 
origin, both thermogenic and biogenic, since some δ13CCH4 
values are enriched with 13C isotope. Such investigations are 
relevant to the development of clean coal technologies (CBM), 
which could have great potential when cessation of 
underground coal excavationis being considered. 
 
[1] Kanduč T., Žula J., Zavšek S. (2011): Tracing coallbed gas 
dynamics and origin of gases in advancement of the working 
faces at mining areas Preloge and Pesje, Velenje basin. RMZ-
Mater. Geoenvironment 58, 273-288. 
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Coenzyme F430 is the hydrocorphinoid nickel complex 

which acts as active sites in methyl-coenzyme M reductase 
(MCR). The MCR-F430 complex catalyzes the last step of 
methanogenesis: reduction of methyl-coenzyme M to methane. 
Since F430 is a common function-specific compound in 
methanogenic pathways including hydrogenotrophic, 
aceticlastic and methylotrophic methangenesis, all 
methanogens including uncultured methanogens should utilize 
F430 for methanogenesis. Recent studies suggested that 
anaerobic methane oxidizing archaea (ANME) also utilize 
F430 and its homologue for the reversed methanogenesis [1] 
[2]. Thus, F430 is a function-specific compound for both 
methanogenesis and anaerobic methane oxidation, which has a 
potential to be a practical biomarker compound for estimation 
biomass and activities of methanogens and ANME in 
subsurface environments. 

In the Black Sea, a chimneylike stracture of a microbial 
mat is developed on the seafloor in which ANME is 
predominant. In this study, we extracted F430 from the inner 
part of the structure (poink mat, ANME-1 dominated) and the 
exterior (black mat, ANME-2 dominated).  The concentrations  
were 0.83 nmol g−1 for the pink mat and 44 nmol g−1 for the 
black mat. Only in the pink mat,  F430 homologue,  (172S)-
172-methylthio-F430 was detected in 2.3 nmol g−1 [3]. 

We also investigated carbon isotopic composition of F430 
from the black mat. Extracted F430 was further purified by 
silica gel chromatography to remove organic matrices and 
collected by HPLC coupled with a fraction collector. Carbon 
isotopic composition of purified F430 was analyzed by high 
sensitive EA-IRMS. The δ13C value  of F430 exhibited a 
extremely low value (−83.3‰), suggesting that ANME 
assimilate methane-derived carbon.  
 
[1] Krüger et al., (2003), Nature. 426, 878-881. [2] Mayr et al., 
(2008), J. Am. Chem. Soc. 130, 10758-10767. [3] Kaneko et al., 
(2014), Anal. Chem. 86, 3633-3638. 
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Several studies have revealed heterogenous Ca isotope 
composition of the upper mantle[1-3]. However, the 
fractionation mechanism is not clear at mineral or bulk rock 
scales. In order to explore the Ca isotopic composition of 
upper mantle, and better understand Ca isotope fractionation 
among co-existing mantle minerals, we have analyzed Ca and 
Fe isotope of 9 co-existing pyroxene pairs and 1 olivine from 
seven peridotite and two pyroxenite xenoliths which were 
collected from eastern China.  

Ca isotopes were measured using a Triton-TIMS double 
spike method at the Guangzhou Institue of Geochemistry, CAS, 
reported as δ44Ca (relative to NIST SRM 915a). Results of 
geostandard are consistent with reported values. 2 stand 
deviations of analyzed NIST SRM 915a is 0.12‰ (n=33). 
δ44Ca of clinopyroxene ranges from 0.71 to 1.03‰, whereas 
opx yields a wide range from 0.95 to 1.82‰. ∆44Caopx-cpx 
(defined as δ44Caopx-δ44Cacpx) shows a large variation from -
0.01 to 1.11‰. The olivine has a δ44Ca of 1.16‰±0.08 (2se, 
n=3), identical to the co-existing orthopyroxene (olivine from 
P-15 spinel lherzolite). 

Elemental data and Fe isotope compositions of minerals 
suggest that cpx and opx are in chemical equilibrium. 
Therefore, the variable inter-mineral Ca isotopic offset 
between pyroxene pairs should also reflect equilibrium 
fractionation. Correlation between Δ44Caopx-cpx  and Ca/Mg 
(atomic ratio) of opx indicates the compositional control on 
inter-mineral fractionation[4]. Finally, estimated δ44Ca of bulk 
peridotites and pyroxenites range from 0.76 to 1.04‰. We 
proposed that this variation in bulk rocks could be generated 
by carbonate-metasomatism followed melt extraction. 
 
[1] Amini et al (2009) GGR 33 [2] Huang et al (2010) EPSL 
292 [3]Chen et al (2014) goldschmidt 2014 400 [4] Feng et al 
(2014) GCA 143 
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Microbial metal reduction and mineral 

formation/dissolution not only play an important role in 
cycling of metals, carbon, and nitrogen, but also impacts on the 
speciation and the fate of a variety trace metals and nutrients in 
anoxic subsurface environments. The objectives of this 
research were to study microbial diversity of metal-reducing 
bacteria from groundwater and sedimentary rock collected 
from the deep subsurface environments and to examine iron 
reduction and biomineralization by the enriched cultures.  

Metal-reducing enrichment cultures were established by 
inoculation of core sedimentary rock samples or groundwater 
obtained from the various depths (800 – 1,000 m) of a drilling 
in the Janggi Basin, a candidate site for geologic CO2 
sequestration, in Pohang, S. Korea. Metal-reducing bacteria, 
JG-4, was enriched from sedimentary rock and groundwater 
using various electron donors (acetate, glucose, hydrogen, 
lactate, pyruvate) and Fe(III)-citrate as an electron acceptor. 
NGS analysis was used to characterize microbial diversity of 
the enriched JG-4. The enriched JG-4 was used to examine the 
reduction of Fe(III)-citrate in HCO3

- buffered medium (30 – 
240 mM) under a N2 atmosphere at 25°C. The mineralogical 
characteristics of the rock samples and the precipitated or 
transformed phases formed during metal reduction by metal-
reducing bacteria were examined using PLM, XRD, and SEM-
EDS analyses.  

Mineralogical analyses showed the sedimentary rock 
consisted of quartz, feldspar, and calcite. The JG-4 was able to 
use the different electron donors (acetate, glucose, hydrogen, 
lactate, pyruvate) while reducing Fe(III)-citrate at 25°C. NGS 
analysis showed that JG-4 included Shewanella sp., and 
Enterobacter. The enriched JG-4 was able to reduce yellow 
brown Fe(III)-citrate into dark gray and dark brown siderite 
(FeCO3) using glucose as an electron donor in HCO3

- buffered 
medium (> 170 mM) under a N2 atmosphere at 25°C. The 
bicarbonate concentrations of the incubation medium exerted 
profound influences on the formation of carbonate minerals 

These results indicate that diverse metal-reducing bacteria 
enriched from a candidate site for geologic CO2 sequestration 
induced precipitates of a carbonate mineral, siderite (FeCO3), 
coupled to Fe(III) reduction.  
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The construction of dams has direct impacts on the 

biological, chemical and physical properties of rivers and 
riparian environments. The Soyang Dam was constructed in 
1973, resulting in the deepest and largest artificial reservoir in 
South Korea. Its surface area is 45 km2 with the maximum 
water depth of 110 m. The reservoir, called Lake Soyang, has 
the total watershed area of 2675 km2 and the Soyang River 
contributes 90 % of the inflowing water. In this study, we 
investigated how the dam construction affected the 
sedimentary organic matter (OM) composition in Lake Soyang. 
We collected soils (n=7), lake surface sediments (n=9) and a 
50-cm sediment core at near the dam for the analysis of total 
organic carbon (TOC) and total nitrogen (TN) contents, stable 
isotopic composition of TOC and TN (δ13CTOC and δ15N), and 
glycerol dialkyl glycerol tetraethers (GDGTs). The age model 
of the sediment core is based on 210Po analysis. Our bulk and 
GDGT-derived geochemical data indicate that C3-derived soil 
OM is the dominant OM contribution to the surface sediments 
in the upper part of the lake while an aquatic contribution 
increased in the lower part of the lake. The sediment core 
shows a distinctive shift in all parameters considered at 15 cm 
core depth, which corresponds to the age of ~1970 AD. 
Accordingly, our study indicates that the Soyang dam 
construction caused a drastic change in sedimentary OM 
composition from a more terrestrial to an aquatic origin. 
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 The Sea of Okhotsk, one of the sub-polar marginal seas in 

Northern Hemisphere, is a seasonally ice-covered region. 
Previous work has reported high iron (Fe) concentration in sea 
ice, ~3821 nM for total dissolvable Fe (TDFe) and ~5.8 nM for 
dissolved Fe (DFe), in this region [1]. To evaluate the 
contribution of sea ice melting to Fe enrichment in the surface 
mixed-layer, hydrographic observations were conducted in the 
deep basin (>900 m) of the southern Okhotsk Sea in late-
November 2013 (before sea ice cover) and in mid-February 
2014 (during sea ice cover). A striking temporal increase in Fe 
concentrations, from ~6.5 nM for TDFe and ~0.96 nM for DFe 
in November, to ~62.5 nM for TDFe and ~3.37 nM for DFe in 
February was observed in the mixed-layer (Figure 1). The 
increase of the Fe concentrations in February coincided with a 
decrease in seawater salinity. The inventory of Fe in sea ice 
which should be released to the mixed-layer is estimated from 
the difference in Fe profiles between these two seasons. The 
estimated values are 7407 µmol m-2 for TDFe and 375 µmol m-

2 for DFe. The estimate for inventory of TDFe calculated 
directly from collected sea ice and snow samples [1] shows 
1649±445 µmol m-2 (mean±95% confidence level), which 
accounts for only 22% of that obtained from this study. Given 
any loss of Fe from sea ice before or during field sampling and 
the heterogeneity of Fe in sea ice, the Fe enrichment by sea ice 
melting in the surface water estimated from this study might be 
more precise than the values estimated just from sea ice and 
snow samples. 

Figure 1: Vertical profiles of salinity, DFe, and TDFe 
concentrations in November and February. Hatched area shows 
surface mixed-layer depth observed in February.  
 
[1] Kanna et al. (2014) Progress in Oceanography 126, 44-57. 
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Laser heating coupled with the diamond anvil cell opens a 

huge P-T field (over 300 GPa and 5000 K) for static 
experimental studies of matter under extreme conditions. 
Melting is among the most interesting phenomena to explore 
with the LH DAC, which is of a great interest for condensed 
matter physics, technology, and planetary sciences. Although 
LH DAC is now combined with various in-situ synchrotron 
methods, direct information regarding melts’ properties is very 
limited, and even melting detection is not always obvious [1]. 

X-ray absorption spectroscopy is a powerful tool to study 
electronic properties and local structure in matter, 
independently of its crystalline state. The energy-dispersive 
XAS beamline ID24 at the ESRF provides a unique possibility 
to obtain a XAS spectrum in a DAC within fractions of a 
second [2,3], making it a unique tool to study melting 
phenomena under extreme conditions. Discontinuous changes 
in XAS spectra are a good indication of melting onset (Fig. 1). 
In addition, by analyzing the EXAFS spectral part, information 
on the dynamical properties and local structure in both, hot 
solid and melt can be obtained. 

Fig. 1. Ni K-edge EXAFS spectra of pure Ni at 64 GPa and 
elevated temperatures – from room temperature (top) to ~3200 
K (bottom). 

 
[1] Salamat et al. (2014) Coord. Chem. Reviews 277-278, 15-
30. [2] Pascarelli et al. (2006) J. Synch. Rad. 13, 351-358. [3] 
Kantor et al. (2014) J. Synch. Rad. 21, 1240-1246. 
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Nitrogen is essential for organisms and regulates marine 

productivity. Growing input of anthropogenic nitrogen from 
land significantly altered the original N cycle in coastal seas 
and consequently, the community structure and ecosystem 
function.  However, it is a difficult task to resolve all nitrogen 
transformation processes at the same time due to the 
complexity and dynamic feature of nitrogen reaction web (five 
major N components, particulate/dissolved organic nitrogen, 
ammonium, nitrite and nitrate, interact rapidly). By adding one 
single 15N-labelled tracer (e.g., NH4

+) and measuring the 
concentration and isotopic composition changes 
simultaneously for PON, NH4

+, NO2
- and NO3

-, we created 
matrix equation to derive rates of well-known transformation 
processes in the reaction web under the assumption of mass 
conservation. A 24-hr incubation experiment was conducted in 
January 2014 in Wuyuanwan, a nutrient-replete bay in 
southern China. Two water depths with distinctive light 
intensity (2% and 80% PAR) were chosen. The solutions of 
matrix equation provided us rates for NH4

+, NO2
- and NO3

-- 
uptake, ammonia oxidation, nitrite oxidation, nitrite excretion. 
Results showed that phytoplankton uptake dominates 
ammonium consumption, with rates of（691-1155）and 
（465-931）nmol/L/h under 80% and 2% PAR, respectively, 
which are orders of magnitude higher than ammonium 
oxidation rates at corresponding depth. Allochthonous NH4

+ 
input passing through phytoplankton assimilation instead of 
nitrification means an enhancement of oxygen producing 
rather than consuming. The high ammonium (~25 uM) likely 
inhibit NO3

- uptake ( 175 and  96 nmol/L/h) though nitrate 
concentration (~30 uM) is also high. In addition, NO2

- uptake 
is undetectable while NO2

- excretion from phytoplankton is 
light sensitive. This is the first attempt to untangle the specific 
rate of individual N processes at once in costal water where 
characterized by serious anthropogenic influence. 
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Hydrogeochemical and dual isotopic approaches for nitrate 

and sulfate were applied to determine sources and 
transformation processes affecting groundwater contaminants 
in a small agricultural area, Yangpyung, Korea. The study area 
is located in the vicinity of a river. Most of the residents in the 
study area practice agriculture and potato, strawberry, and 
cabbage are the typical vegetables grown. The concentration of 
NO3-N in groundwater varied between 0.6 and 74.8 mg/L in 
June, 2014 and between 0.1 and 83.7 mg/L in October, 2014. 
Thus, it is necessary to identify contaminant sources to protect 
water quality around the study area. The δ15N-NO3

- values in 
the study area ranged between +9.1 and +24.6‰ in June and 
+12.2 to +18.9‰ in October. The sulfate concentrations in 
groundwater samples obtained from the study area varied from 
12.3 to 31.2 mg/L in June and 9.8 to 20.4 mg/L in October. 
δ34S-SO4

2- values ranged from +2.0 to +5.2‰ in June and +2.5 
to +6.4‰ in October. Elevated concentrations of SO4

2- with 
δ34S-SO4

2- values between 2.0 and 6.4‰ indicated that sulfate 
was derived from a mixture of atmospheric deposition and 
mineralization of soil organic matter. High values of δ15N-
NO3

- with low values of δ18O-NO3
- in two sampling periods 

indicated that organic fertilizers are partially responsible for 
high concentrations of nitrate in groundwater in the study area. 
Some groundwater samples in northern parts of the study area 
showed elevated values of δ15N-NO3

- and δ18O-NO3
- 

suggesting that denitrification is removing nitrate from the 
groundwater. The results of this study indicate that it is 
necessary to control organic fertilizer usage to improve water 
quality in the study area.  

1513



 Goldschmidt2015 Abstracts  

 1514 

Organic geochemical characteristics 
and depositional environment of coal 
bearing Oligo-Miocene sequence in 
the Oltu-Narman Basin (Erzurum), 

NE Turkey 
REYHAN KARA GÜLBAY 

Karadeniz Technical University, Trabzon/Turkey 
(kara@ktu.edu.tr) 
 

In the Oltu-Narman (Erzurum) Tertiary Basin, coals occur 
in the Oligo-Miocene lacustrine sequence. In this study, n-
alkane, isoprenoid and saturated-aromatic biomarker 
distributions of coals in the Sütkans region are found in 
association with pyrolysis and petrographic data and detailed 
organic geochemical characteristics, depositional environments 
and hydrocarbon potential of the coals are propounded.  

Huminite is the dominant maceral type in coals (51−84%), 
telehuminite is in lesser abundance, detrohuminite (especially 
densinite) and gelohuminite (gelinite) are in higher abundance. 
Groundwater Influence Index (GWI) and Gelification Index 
(GI) are quite high for the studied coals whilst Tissue 
Preservation Index (TPI) and Vegetation Index (VI) are found 
to be extremely low. According to the results of pyrolysis, 
coal, coaly claystone and clayey coal samples contain Type II 
kerogen.  

Although Sütkans coals have high ash content 
(6.28−44.60%, average: 27.99%), their calorific value is quite 
high (3947-7583 Kcal/kg). Random huminite reflectance 
values of coals (Vr%) are 0.4−048 (average=0.44) indicating 
sub-bituminous B rank. Tmax values of coal, coaly claystone 
and clayey coal samples are between 413 and 437oC. 
20S/(20R+20S), ββ/(αα+ββ) sterane, 22S/(22R+22S) 
homohopane, MA(I)/MA(I+II), TA(I)/TA(I+II) and 
C28TA/(C29MA+C28TA) steroid, MPI, MPR, and MDR ratios 
which reflect the maturity of coals are very low; MPI-1 is 
intermediate and moretane/hopane ratio is high. 

According to petrographical, palynological, and 
geochemical data, the coal sequence was formed in an 
environment changing in character from lacustrine to fluvial, 
and coals were accumulated in a swamp area with high-water 
level, high pH, and intense microbial activity represented by 
suboxic-anoxic conditions.  
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We investigated the kinetics of calcite precipitation in the 

presence of the biopolymers, alginate and polyaspartate, with 
the constant composition technique. Over the concentration 
range investigated, the polymers inhibit calcite growth. The 
extent of inhibition increased with polymer concentration and 
decreased supersaturation. However, the results suggest two, 
history dependent processes.  

Where calcite is exposed to alginate after growth begins 
(Case 1), suggesting that alginate sorption inhibits layer 
growth during step movement by temporarily pinning the 
advancement of active kink sites. For Case 2, where calcite 
growth begins while alginate is present, steps are not formed. 
Rather, AFM images show the formation of surface nuclei. So 
the mechanisms of inhibition in the two cases are different. At 
low supersaturation, σ, alginate inhibits calcite growth much 
strongly when the organic compound is added after growth 
begins (Case 1) than when it is there in the beginning (Case 2). 
This difference disappears as supersaturation increases (Fig. 
1). In a system with polyaspartate, the opposite behavior is 
observed: inhibition in Case 1 is much weaker than that in 
Case 2 (Fig. 1) but as for alginate, this difference diminishes as 
supersaturation increases. 

 
 

Fig. 1. Ratio of calcite growth rates, i.e. R2 for Case 2 and 
R1 for Case 1, as a function of relative supersaturation, σ. 

 
This dramatic difference is caused by alginate promoting 

calcite surface nucleation, decreasing the interface free energy,  
serving as an effective template for calcite nucleation and 
growth and easily incorporating into calcite, whereas 
polyaspartate simply blocks active growth sites, inhibiting 
surface nucleation. 
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pH on transformation of As/Sb 

bearing jarosite  
KARIMIAN, N.1, JOHNSTON, S. G.2 AND BURTON, E. D.3 

123Southern Cross GeoScience, Southern Cross University, 
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Jarosite is a common mineral in acid mind drainage and  

acid-sulfate soils and can be an  important host phase for As[1] 
and Sb[2]. These toxic metalloids may be released by reductive 
dissolution of jarosite; a process which also liberates Fe(II) [1]. 
Previous research suggests that, under circum-neutral 
conditions, Fe(II) can catalyse the rapid transformation of 
jarosite to more stable Fe(III)-bearing minerals, such as 
goethite. In this study, we addressed the hypothesis that the 
Fe(II)-catalysed transformation of jarosite can significantly 
alter the  mobilization and  bioavailability [1] of Sb and As by 
changing their speciation or absorbtion sites during the mineral 
transformation process [3].  

Our approach involved subjecting As(V)/Sb(V)-bearing 
jarosite to a range of aqueous Fe(II) concentrations (0.5 to  
20 Mm ) for 24  h under anoxic conditions at pH 7. We 
monitored aqueous chemistry while changes in the solid-phase 
speciation of As, Sb and Fe were tracked over time via X-ray 
absorption spectroscopy (XAS). At higher concentrations of 
Fe(II) (5 to 20 mM) 58- 65% of  jarosite transformed to 
goethite within 24 h, while at lower concentrations (0.5-1 mM 
Fe) the dominant final Fe(III) mineral was lepidocrocite. We 
also found that at higher concentrations of Fe(II), a green rust 
intermediary formed within 10 min of subjecting of jarosite to 
Fe(II). Green rust remained the dominant Fe mineral up to 8 h 
in 20 mM Fe(II) treatments. As k-edge XANES spectroscopy 
revealed some reduction of As(V) to As(III) occurred in the 
presence of higher concentrations of Fe(II) (10 and 20 mM).  
In contrast, Sb L-edge XANES spectroscopy revealed neglible 
reduction of S(V) over the course of this experiment. 
 
[1]Johnston, S.G., et al., Arsenic mobilization in a seawater 
inundated acid sulfate soil. Environmental Science and 
Technology, 2010. 44(6): p. 1968-1973.[2]Tighe, M., et al., 
The availability and mobility of arsenic and antimony in an 
acid sulfate soil pasture system. Science of The Total 
Environment, 2013. 463–464(0): p. 151-160 [3]Amstaetter, K., 
T. Borch, and A. Kappler, Influence of humic acid imposed 
changes of ferrihydrite aggregation on microbial Fe(III) 
reduction. Geochimica et Cosmchimica Acta, 2012. 85: p. 326–
341. 
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Continental weathering is a key component of the 
processes influencing ocean-atmosphere biogeochemical 
cycling: it is a natural sink for atmospheric CO2 and can act as 
a climate-moderating mechanism. In addition, weathering 
determines the riverine flux of elemental species into the 
world’s oceans with attendant implications for ocean pH, 
alkalinity, and nutrient supply. However the evolution of 
weathering through time and its response to external forcing 
related to changes in climate remain poorly constrained.  

Potential tracers of the nature of ancient continental 
weathering processes include isotope ratios of lithium, 
magnesium, calcium and strontium, each operating on and 
responding to different time scales, weathering intensities and 
lithology, and thereby defining distinct and discrete isotopic 
fingerprints by which to document palaeo-weathering 
processes and products. In combination, these proxies can be 
used to delineate changes in continental weathering and ocean 
alkalinity and, consequently, yield improved insights into how 
Earth’s ancient surface environments and conditions evolved 
and, in turn, contributed to feedbacks that helped drive 
changing ocean-atmosphere chemistries. We will present a 
combined isotopic record that gives new understanding of the 
evolving physical and chemical conditions of Earth's surface 
and oceans from the Cryogenian (c. 800 Ma) to the Early 
Cambrian (c. 510 Ma), a time period that experienced extreme 
environmental perturbations and witnessed profound biological 
changes ultimately leading to the advent and radiation of 
complex metazoan life. 
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Ocean acidification triggered by Siberian Trap volcanism 
was a possible kill mechanism for the Permian-Triassic 
Boundary (PTB) mass extinction, but direct evidence for an 
acidification event is lacking. We present a high resolution 
seawater pH record across this interval, utilizing boron isotope 
data (δ11B) combined with petrographic analysis and a 
quantitative modeling approach. Through this integration we 
are able to produce an envelope that encompasses the most 
realistic range in pH, which then allows us to resolve three 
distinct chronological phases of carbon cycle perturbation, 
each with very different environmental consequences for the 
Late Permian-Early Triassic Earth system. In the latest 
Permian, increased ocean alkalinity, primed the Earth system 
with a low level of atmospheric CO2 and a high ocean 
buffering capacity. The first phase of extinction was coincident 
with a slow injection of carbon into the atmosphere and ocean 
pH remained stable. During the second extinction pulse, 
however, a rapid and large injection of carbon caused an 
abrupt acidification event that drove the preferential loss of 
heavily calcified marine biota. 

The boron signal cuts across primary lithological 
boundaries, including micritic carbonates, grainstones, and 
intervals with calcispheres.  δ11B trends are therefore both 
facies and fabric independent but the short-lived acidification 
event is manifest in a preferential loss of biotic calcifiers, and 
unusual and anomalous carbonate precipitates, that indicates 
profound carbon cycle disruption. 
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Ocean pH is a critical variable in Earth’s climate system: it 

influences the stability and production of carbonate minerals 
and the availability of nutrients, hence impacts on marine 
ecosystems. Further, ocean pH is linked to atmospheric carbon 
dioxide concentrations and can inform on pCO2 fluctuations in 
Earth history. Detailed reconstruction of past ocean pH has 
therefore become a key objective of various 
(palae)oceanographic studies. 

Boron isotopes locked in marine carbonate rocks provide a 
measure of ocean pH and are frequently utilised to identify 
fluctuation in ocean acidity and to reconstruct atmospheric 
CO2 concentration. Particular attention has been given to rapid 
and transient acidification events in the Cenozoic as potential 
analogues for present and future environmental perturbations. 
Based on these data ocean pH was never more than 0.6 units 
lower than today and short-term oscillations were at maximum 
0.3 pH units.  

Deeper in time reconstructing both the short- and long-
term history of ocean pH becomes challenging, particularly 
during times of extreme environmental and ecological changes. 
At present, pH proxy data are few and most information is 
based on computed ocean-pH models. With our new B isotope 
compilation, we will illustrate that before the Cenozoic, the 
Earth was marked by substantially larger, short- and long-term 
fluctuations in ocean pH, often linked closely to extreme 
ecological changes. Our record will start in the Cryogenian, at 
the end of the Sturtian glaciation c. 660 Myr ago, cover the 
Ediacaran and transition into the Cambrian, and provide a 
glimpse at the Permian and Triassic. 
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The REY-rich mud is the deep-sea sediments containing 
greater amount of rare-earth elements and yttrium (REY) than 
normal pelagic sediments [1].  They have received much 
attention as potential new resources of REY because their ∑ 
REY contents are even higher than the ion-absorption-type 
deposits on land. However, geochemistry responsible for such 
a huge accumulation of REY into the deep-sea sediments is 
still ambiguous.  The  present study aims to provide better 
understanding of the formation mechanism of the REY-rich 
mud based on the molecular-scale insights obtained by 
synchrotron X-ray analyses. 

We performed speciation of several elements including 
REY, Fe, and P in the sediments collected from the eastern 
South Pacific during several DSDP expeditions.  They are an 
ideal suite of samples to track the transition from hydrothermal 
sediments to the REY-rich mud along the spreading of the EPR.  
Our XAFS and µ-XRF analyses for REY revealed that the host 
phase of REY is apatite, in spite of the presence of abundant 
hydrothermal Fe-Mn oxyhydroxides [2].  On the other hand, 
the behavior of P seems to be strongly controlled by 
hydrothermal Fe (oxyhydr)oxides, and apatite occurs as main P 
species coincident with the absence of CaCO3 below CCD 
based on (i) XANES analyses of Fe and P and (ii) MAR (mass 
accumulation rate) correlations.  Previous model for the 
formation of the REY-rich mud suggested the relationship with 
the mid-ocean ridge hydrothermal activity producing Fe-
oxyhydroxide particulates and biogenous activity entraining 
carbonate/silica materials [1].  Our findings indicate that the 
geochemistry of apatite should also be considered as another 
factor.  In addition,  potential roles of carbonate dissolution 
below CCD and preconcentration of P on hydrothermal Fe-
oxyhydroxide precipitates are implied for the formation of 
apatite in the REY-rich mud in the earstern South Pacific.      
 
[1] Kato et al. (2011), Nat.Geosci. 4, 535-539. [2] 
Kashiwabara et al. (2014), Chem. Lett. 43, 199-200. 
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To investigate the potential impact of hydrogen storage on 

geological formations two long-term experiments were 
performed in corrosion-resistant high pressure vessels under 
controlled pressure and temperature conditions to study 
microbial induced corrosion processes. Pristine rock cores 
from the Ketzin storage site were incubated with synthetic 
brine and were exposed to a gas mixture including CO2, N2, He, 
and H2 at 40 bar and 35°C. To stimulate microbial activity, 
mild carbon steel coupons were inserted while one coupon was 
covered by a natural biofilm that was formed in the saline 
fluids of a geothermal plant.  

In the experiment with the inserted biofilm, H2 increased 
after 62 days significantly (ΔH2 = 20 %), even after a gas refill. 
Correspondingly, the CO2 concentration decreased after  
62 days (ΔCO2 = 3.4 %). However, the H2 concentration in the 
vessel with the bright coupon increased only slightly after  
55 days (ΔH2 = 9.3 %). Microorganisms were detected in fluid 
samples and at the coupons using molecular biological 
methods. Quantitative PCR proofed a higher abundance of 
bacteria in the fluid and on the coupon with the biofilm 
covered coupon. Furthermore, an increase of the abundance of 
sulfat-reducing bacteria was detected in dependance to the 
increase of H2S (170 ppm) in the gas phase. The results 
suggest that due to CO2 exposure, corrosion processes occur at 
the steel coupons which were probably influenced by 
microorganisms. 
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At subduction zones, fluid and volatile cycling between the 
major reservoirs is pervasive. Key questions about the fluid 
origins, thermal regimes, fluid and solute fluxes, and the role 
of fluids in earthquake cycles, have been addressed at this 
dynamic tectonic regime, mostly through scientific ocean 
drilling and the introduction of sealed borehole hydrologic 
observatories (CORKs), developed in 1989, with long-term 
instrumentation, to record background in-situ values of 
physical, chemical, and biological properties and transients.   

A recent in-depth analysis and synthesis of data on the 
chemical and isotopic composition of forearc fluids, fluid 
fluxes, and the associated thermal regimes, in well-studied 
representative erosional and accretionary subduction zone 
forearcs  (Kastner et al, 2014) provides evidence for large-
scale fluid flow, primarily focused, associated with faults. It is 
manifested by widespread seafloor venting, related biological 
communities, extensive authigenic carbonates, chemical and 
isotopic anomalies in pore-fluid depth-profiles, and thermal 
anomalies. The nature of fluid venting seems to differ at 
representative accretionary and erosive subduction zones; at 
both, however, fluid and gas venting sites are primarily 
associated with faults. 

The measured fluid output fluxes at seeps are high,  
~15-40 times the amount that can be produced through local 
steady-state compaction, suggesting that additional fluid 
sources, possibly recirculation of seawater, or non-steady-state 
fluid flow must be involved. 

The newly extrapolated fluid reflux to the global ocean 
suggests that subduction zones are an important source and 
sink for several elements and isotope ratios, in particular an 
important sink for seawater Ca, Mg, and sulfate and an 
important source of B and Li.  
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With the X-Ray Spectrometer (XRS) and Gamma-Ray 

Spectrometer (GRS) onboard the MErcury Surface, Space 
ENvironment, GEochemistry and Ranging (MESSENGER) 
spacecraft, we now have our first opportunity to directly 
investigate the compositions of lavas from the planet Mercury 
and indirectly investigate the chemical make-up of Mercury’s 
interior [1-3]. XRS and GRS measurements of Mercury’s 
surface from MESSENGER commonly have footprints that 
overlap several geologic terrains, so determining an 
appropriate melt composition for experimental study is a 
complicated process; however, the northern volcanic plains 
(NVP) on Mercury may represent an important exception. 

The NVP are smooth plains that cover more than 6–7 % of 
the surface area of Mercury [4]. Spanning a 4.7 x 106 to  
107 km3 region of Mercury, this unit is less cratered than its 
surroundings and purported to be the product of flood 
volcanism [4.] Although there is some evidence that suggests 
this unit is not completely homogeneous [2] [3], it is the largest 
volcanic province that has been assessed from orbit by 
MESSENGER. The most recent XRS and GRS footprints 
reported by the MESSENGER team that specifically targeted 
the NVP region were used to determine an average 
composition of the NVP lavas. The bulk composition of the 
northern volcanic plains is that of an alkalic boninite and 
represents the first evolved crustal terrain identified on an 
extraterrestrial planet. Phase equilibrium experiments were 
conducted over the pressure range of the mercurian mantle 
(0.5–5 GPa) at very low oxygen fugacity (ΔIW-5 to -7) using a 
piston-cylinder apparatus (P 0.5–1.0 GPa) and a Walker-style 
multi-anvil device (P ≥ 2.5 GPa). Our results indicate the 
origin of the northern volcanic plains lavas (boninites) are best 
explained by high degrees of partial melting of an olivine-
dominant, pyroxene and plagioclase-bearing mantle source at 
low pressure (≤1.4 GPa) and does not require plate tectonics or 
hydrous melting to achieve the evolved melt composition 
typically required for the formation of terrestrial boninites. 

 
[1] Nittler, L.R. et al. (2011) Science, 333, 1847-1850. [2] 
Weider, S.Z. et al. (2015) EPSL, 416, 109-120. [3] Peplowski, 
P.N. et al. (2012) JGR, E00L04. [4] Ostrach et al. (2015) 
Icarus, 250, 602-622. 
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Hydrogen is one of the plausible candidates of light 

element(s) in the Earth’s core. Previous studies suggested that 
hydrogen preferentially partitioned into liquid metallic iron 
core as FeHx in the magma ocean of the primordial Earth. [e.g., 
1,2]. In-situ X-ray diffraction experiments revealed that FeHx 
with double-hexagonal close packed (dhcp) structure formed at 
3.5 GPa and the structure did not change up to at least 80 GPa 
[3,4]. Energetic calculations indicate the structural transition of 
dhcp to hexagonal close packed (hcp), and hcp to face-centered 
cubic (fcc) structure at the Earth’s lower mantle pressure [5]. 
However, the suggested phase transitions of FeHx has not been 
verified by experiments, and therefore the crystal structure of 
FeHx under core pressures is still an open question. 

We examined the phase relations of FeHx at high pressures 
and high temperatures in a laser-heated diamond-anvil cell 
based on synchrotron X-ray diffraction measurements at 
BL10XU, SPring-8. The results show that dhcp-FeHx 
disappeared and hcp-FeHx formed at ~60 GPa, and hcp-FeHx 
underwent transformation into fcc-FeHx at ~70 GPa. We also 
obtained the pressure-volume (P-V) data of fcc-FeHx at 26 to 
137 GPa and 300 K. The compressivity showed a 
discontinuous change at ~70 GPa, which may be induced by a 
magnetic transition of fcc-FeHx, as indicated by the theoretical 
calculation [5]. Based on our experimental results, we argue 
that a likely crystal structure of FeHx at the Earth’s core 
conditions is fcc structure rather than dhcp and hcp. 

 
[1] Fukai (1984) Nature 208, 174-175. [2] Okuchi et al. (1997) 
Science 278, 1761-1784. [3] Badding et al. (1991) Science 253, 
421–424. [4] Hirao et al. (2004) GRL 31, L06616. [5] Isaev et 
al. (2007) PNAS 104, 9268-9171. 
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Gallium is abnormally enriched in the mantle compared to 

other moderately siderophile elements and its abundance 
follow the volatile depletion trend [1]. Therefore it is usually 
assumed there must be little or no Ga in the core (e.g. [2]). 
Experimental data suggest that some Ga could indeed have 
partitioned into the core [3] and therefore the origin of this 
over-abundance of Ga in the silicate Earth is still puzzling.  

Samples were analyzed using a Thermo-Fisher Neptune 
Plus multi-collector inductively-coupled-plasma mass-
spectrometer (MC-ICP-MS). We developed an ion-exchange 
chromatography protocol to extract and purify 100% of the Ga. 
This leads to reliable δ71Ga (71Ga/69Ga permil deviation from a 
standard) analysis with a precision around 0.06‰ (2SE). We 
measured various terrestrial samples (OIB, basalts, granite, 
marine sediment, andesite), 2 carbonaceous chondrites 
(Allende (CV) and Murchison (CM)), 4 ordinary chondrites, 
and 2 enstatite chondrites.  

Terrestrial samples have a narrow range of isotopic 
composition with statistically similar values (average δ71Ga = 
0.01 ‰, 2SE = 0.05, n = 14 Ga isotopic standard used here is a 
in-house solution). The chondrite average (carbonaceous, 
ordinary, enstatite) δ71Ga = -0.27‰ (2SE = 0.14, n = 3) is 
isotopically lighter than the Earth.  

There is a clear difference between the Ga isotope 
composition of chondrites and of the terrestrial samples. If the 
Earth was formed from chondritic material, then the bulk Earth 
should have the same composition as the chondritic average. 
Several mechanisms that could explain this difference will be 
investigated: Ga isotope fractionation during mantle-core 
formation and evaporation. Although our results are 
preliminary, isotopic fraction during metal/silicate partitioning 
seem to be the most likely processes. However, a combination 
of both processes is also possible. 
 
[1] McDonough W. F. 2001. In Earthquake Thermodynamics 
and Phase Transformation in the Earth's Interior. p. 16. [2] 
McDonough W. F. 2003. In Treatise on Geochemistry. p. 559. 
[3] Blanchard I. et al. 2012. Abstract #V51B-2777, 45th 
American Geophysical Union Conference. 

1525



 Goldschmidt2015 Abstracts  

 1526 

Microbial DNA tells route of 
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HIROKI KATSUMATA1 AND KAZUYO NAGAOSA1 
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University, Oya 836, Shizuoka 422-8529, Japan 

 
Investigation of microbial DNA retrieved from spring and 

well water in the foot of two volcanic mountains, Mt. Fuji and 
Mt. Aso in Japan, shows exciting data that cold (10 to  
15 degree Celsius) water contains clones of thermophilic 
microbial DNA in some sampling sites. Estimate of the source 
and residence time of the groundwater using isotope signatures 
and chemical analyses provide essential information of the 
examined groundwater, but they don’t tell anything about the 
route from which depth the water comes. A trial has been 
conducted to estimate strength or duration of water-rock 
interaction from stable isotope signature of 87Sr/86Sr.  However, 
those chemical analyses could tell us just a value of the 
examined water which had been blended.  In contrast to that, 
microbial DNA tells us the environment where the microbes 
lived.  Findng of thermophilic DNA suggests it comes from the 
environment e.g. over 40 degree Celsius, which indicates the 
depth where the water come from. 

 In cubation experiment of a thermophilic strain with 
temperature gradient conditions shows they survive over 
several months.  If we elucidate the relative abundance of 
thermophilic DNA in a given whole prokaryotic DNA, we 
could estimate blending procedure quantitatively. 
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Introduction 
Various radionuclides such as 137, 134Cs, 90Sr and 60Co were 

released to sea during the accident of the Fukushima Daiichi 
nuclear power plant. For decontamination of pulluted seawater, 
we need to establich the techniques for eliminating such 
radionuclides from seawater, where cations like Na+ and Ca2+ 
of high concentrations can strongly interfere. 

 Mn oxides, particulary biogenic Mn oxides (BMOs) are 
known to sorb various metal ions [1, 2]. BMOs have been 
produced by oxidation of Mn2+. They can be also produced by 
reduction of MnO4

- [3]. Nevertheless, there are little 
information on the formation pathways and metal uptake 
mechanisms of the latter. In this research, we have 
demonstrated the production of BMOs from MnO4

- with 
Pseudomonas fluorescens and the sorption of Co2+ to the 
BMOs. 

Experimental 
BMOs ware produced by reduction of KMnO4 with P. 

fluorescens and collected by centrifugation. After washing, the 
BMOs were re-suspended in 40 mL of 0.1 M NaCl containing 
4 mg/L CoCl2. The concentrations of Mn and Co in the 
aqueous phase were determined by ICP-OES after filtration. 
The concentrations of MnO4

- in the solution were determined 
by UV/Vs spectroscopy. Oxidation states of Mn and Co in 
BMOs were characterized by X-ray absorption near edge 
structure (XANES) analysis. 

Discussion of Results 
BMOs were rapidly precipitated by the exposure of MnO4

- 
to the microbial cells within 2 h.  A part of BMOs was further 
reducd to Mn2+ and/or Mn3+ and dissoved after 21 h when the 
cell concentration was high. Amounts of the sorbed Co2+ by the 
BMOs was higher than that by the abiotical Mn oxide 
produced by reduction with lactate and was acompanied with 
release of Mn2+ and/or Mn3+.  XANES analyis showed that a 
majority of thr sorbed Co2+ was oxidized to Co3+ in the BMOs, 
which indicate that coupled redox reactions of Co2+ and Mn4+ 
can derive the sorption of Co2+ to BMOs. 
 
[1] Suarez DL. et al. (1976) Geochim. Cosmochim. Acta 40, 
589-598. [2] Yu Q et al. (2013) Geomicrobiol. J. 30, 829-839. 
[3] Lei L et al. (2014) Environ. Sci. Technol 48, 2885-2892. 
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Sediments are major contributors to the global cycling of 

N, particularly through the denitrification reaction that 
removes the biologically reactive nitrate to N2. Deeply 
oxygenated environments, such as in the deep ocean, differ 
from coastal sediments in that they are sources rather than 
sinks of nitrate to the water column. We characterized the N 
fluxes and transformation rates in the sediments of Lake 
Superior, the largest freshwater lake by area, where oxygen 
penetration exceeds several centimeters. The N cycle there 
suggests interactions with the cycles of other elements that 
have been underexplored in freshwater, such as nitrate-
dependent oxidation of ferrous iron. The results on rates, 
which reveal remarkable similarity between the freshwater and 
marine nitrogen cycling, indicate that phenomenological 
relationships established for the rates of denitrification in 
coastal regions (e.g., with sediment oxygen uptake) cannot be 
extended to the open ocean. The depth of oxygen penetration 
appears to be a useful predictor. Similarly to the global ocean, 
large lakes exhibit strong offshore-nearshore gradients in 
denitrification: high-sedimentation areas nearshore contribute 
disproportionately strongly to the reactive N removal. The 
rates of sediment denitrification are sensitive to factors such as 
sedimentation rate and fluxes of organic carbon. Thus, changes 
in the trophic status of large lakes, e.g. in response to 
regulating P inputs from their watersheds, may markedly shift 
their nitrogen budgets and affect the exports of N into the 
coastal ocean.    
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Bubble Shape and Size 
Shallow gassy sediments contribue to destabilization of 

aquatic infrastructure, air pollution, and global warming. A 
precise shape and size of the buoyant methane bubble in fine-
grained muddy aquatic sediments if found by numerical and 
analytical modeling, their results are in a good agreement. 
Reaction-transport numerical model has been extended by 
addition of fracture mechanics component. The buoyant 
mature bubble is elliptical in its front view and resembles an 
inverted tear drop in its cross-section (Fig.1), in agreement 
with field observations and lab experiments [1] [2]. The size 
and shape of the bubble strongly correlate with sedment 
fracture toughness.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Shape and size of mature bubble modeled 
numerically and analytically under differrent fracture 
toughness; (a) front view, (b) cross-section. 

 
Discussion of Results 
Bubbles formed in the weaker sediments are smaller and 

characterized by a larger surface to volume ratio. That induces 
their faster growth and may lead to their faster dissolution 
below the sediment-water interface, and even prevent their 
release to the water column and to the atmosphere. Modeled 
bubbles characteristics are important for the acoustic 
applications. 

 
[1] Anderson et al. (1998) Contin.Shelf Res. 18, 1807-1838. [2] 
Boudreau et al. (2005) Geology 33, 517-520. 

(a) (b) 
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 Various geochemical proxies are applied to constrain past 
sea surface temperatures (SSTs), a critical parameter to 
reconstruct paleoclimates. To this aim, the carbonate clumped 
isotope thermometer (Δ47) shows high promises, as it may 
complement other proxies (or circumvent some limitations 
thereof) [1]. Coccoliths are calcitic biominerals formed 
intracellularly by unicellular photosynthetic algae. They 
represent more than 50% of the carbonated archive in the 
pelagic realm and are continuously present since the Jurassic 
[2]. Because coccoliths only calcify in the sunlit oceanic 
waters (which is not always the case for foraminifera) they are 
ideally placed to be used as SST markers. Another prominent 
advantage of the coccoliths is their overall better preservation 
state compared to foraminifera, especially during high 
temperature settings.  

Here we calibrate the Δ47 thermometer for coccolith calcite 
with a view to augment our paleoceanographic toolbox, and 
more specifically to overcome current limitations in the use of 
δ18O, Mg/Ca and Uk’

37. We cultured three geological-relevant 
coccolith species (Emiliania huxleyi, Coccolithus pelagicus 
and Calcidiscus leptoporus) showing a > 3‰ range in δ18O 
variations for a given growth temperature – an interspecific 
offset imparted to the vital effect. On the 7 to 25°C 
temperature range, we observe that: 1/ for a given temperature, 
the three studied species show identical Δ47 values suggesting 
that there is no species-specific Δ47 vital effect in coccoliths. 2/ 
When the three species are taken together, the Δ47-T 
dependence reported here for the coccoliths is 
indistinguishable from previously published Δ47 calibrations 
for inorganic and biogenic calcites that were generated with 
similar procedures used for Δ47 measurements [3-5]. We 
conclude that coccolith Δ47 composition reflects absolute 
temperatures without vital effect, with typical uncertainty of ± 
3°C.  

Altogether, the results show that the emerging Δ47 

thermometry has the potential to provide valuable refinement 
on past sea surface temperature throughout the Meso-Cenozoic 
Eras with unsubstantial effect from changes in the nannofloral 
assemblage.  

 
 [1] Eiler (2011), QSR 30, 3575-3588; [2] Bown and Copper 

(1998), BMSPS, 34-85; [3] Henkes et al. (2013), GCA 106, 
307-325; [4] Tang et al. (2014), GCA 134, 120-136; [5] 
Wacker et al. (2014) GCA 141, 127-144 
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Scanning X-ray microscopes find applications in all major 
research fields, in many cases approaching ultimate 
diffraction-limited lateral resolutions and with unprecedented 
performance limited in the past by X-ray source properties, 
optics and detectors schemes. Missing in the general portfolio 
of scanning X-ray microscopes worldwide, and addressed by 
I08-SXM is an instrument that covers a broader photon energy 
range providing access to all major K- and L-absorption edges 
for SXM elemental and chemical analysis, combined with 
complementary imaging and spectro-microscopic techniques. 

The central theme of the beamline is the ability to obtain 
morphological and chemically-specific information on a full 
range of materials (inorganic/organic) under real conditions, 
providing a facility that will be new not only to the UK. I08 
will use radiation in the 250 to 4200 eV photon energy range, 
generated by an Apple II type insertion device. This X-ray 
source is optimised to enable studies exploiting linearly or 
circularly polarised radiation. The operating energy range 
encompasses a significant number of important K and L 
absorption edges for low- and medium-Z elements, and 
relatively thick (~10 – 20 µm) samples will be able to be 
studied with both absorption and phase contrast techniques, 
with lateral resolutions down to ~20 nm depending on the 
imaging mode. 

I08-SXM entered user operation in July 2014 and is 
currently in its optimisation phase. The potential of the facility 
will be described and underlined with examples from different 
scientific research fields. 
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The Indian Monsoon is a major component of the global 

climate system. Stalagmites have a well proven ability to 
provide information about changes in such monsoon systems, 
with records from central China being particularly influential.  
Despite a number of published stalagmite records from 
peninsular India, however, no long records of change have yet 
been produced and stalagmite growth in this region appears 
limited to shorter periods in each cave. This makes 
interpretation of proxy data from stalagmites more challenging, 
but heightens the need to extract maximum information from 
available records.  In this study, we measure trace-metal and 
oxygen-isotope records from caves across Southern India to 
seek deeper understanding of these proxies and, ultimately, 
improved understanding of the Indian Monsoon. 

There are few patches of carbonate on the West coast of 
India but one decorated cave, Aklagavi, has yielded annual and 
subannual stable-isotope and trace-element measurements  
from an aragonitic stalagmite. These are the first trace element 
records from Indian speleothems and some of the few available 
from aragonitic speleothems.  

The oxygen isotope record provides an assessment of 
changes in the composition of rainfall as monsoon moisture 
first transits onshore from the Arabian sea, providing important 
constraints for other sites further inland.  Initial results show 
that the Aklagavi sample has significantly heavier δ18O than 
speleothems situated downwind on the East coast, consistent 
with continued moisture loss from monsoon winds as they 
carry moisture from the Arabian Sea across peninsular India, 
and provides a working model for interpretation of new 
stalagmite records.  

The δ18O record from this Aklagavi stalagmite has been 
interpreted in terms of the amount effect [1]. We use our new 
trace-element data from the same stalagmite, coupled with 
drip-water data, to test and refine this interpretation and to 
derive a record of rainfall change for this site.   

 
[1] Yadava, M.G., Ramesh, R., Pant, G.B. 2004, The 
Holocene, 14.4, 517-524 
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Rice (Oryza sativa L.) grain organic matter cultivated 
below mean sea level in Kuttanad wetland, on the southwest 
coast of India, was investigated for oxygen and carbon isotope 
compositions (δ1

8O, δ13C). Rice is cultivated in this wetland 
during two seasons: wet and dry. River action supplies fresh 
water and promotes high relative humidity condition during 
wet season while during dry season the hydrological condition 
favours sea water intrusion and low relative humidity. The 
cereal plant is thus subjected to abiotic stresses of water 
salinity and relatively high vapour pressure deficit during the 
dry season. The study demonstrates the ability  of stable 
isotope technique to capture information of the environmental 
conditions prevalent during the growing seasons. 

    Mature rice grains sampled were harvests of the wet 
season of 2012 and dry season of 2013 from rice fields located 
at the northern and southern boundary of Vembanad lake- the 
major water body of the wetland and seasonally affected by sea 
water intrusion. The average (±sd) δ1

8O value for the rice grain 
bulk organic matter (OM) measured on the samples from 
harvest of wet season was 23.4±1.6‰ (n=12) as compared to 
29.1±1.0‰ (n=12) measured for the dry season. δ13C values of 
these samples recorded average (±sd) values of 28.7±0.22‰ 
for wet season as compared to -27.4±0.34‰ measured for the 
dry season. A mechanistic model [1] was used to resolve the 
contribution of source water δ18Ο and relative humidity on the 
δ18Ο of rice grain OM. The predicted values for δ18Ο in rice OM 
matched well with the observed values and 56% of the 
observed variation was estimated to have been driven by 
change in relative humidity.   

   The seasonal relative humidity condition induced stress 
in the rice plants which was recorded both in the δ18O and as 
drop in carbon isotope discrimination values. 
 
 [1] Barbour et al. (2004) Oecologia, 138, 426–435. 
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Fluid chemistries of the known high-temperature 

hydrothermal sites in the Okinawa trough are compiled to 
compare between them and with global representative sites 
with various tectonic/geologic backgrounds [1]. The 
comparisons indicate that the chemical characteristics of the 
Okinawa Trough hydrothermal fluids are explained by 
linkages between 1) shallow water depth that constrains the 
maximum fluid temperature, 2) back-arc tectonic setting that 
introduces magmatic volatiles into the fluid, 3) probable silicic 
rock-based fluid-mineral interaction at the hydrothermal 
reaction zone, and 4) seafloor sediment around the vents that 
provides both compounds derived from sedimentary organic 
matter and biogenic compounds, such as methane, produced by 
microbial ecosystems in the sedimentary environment. 

     To explain the highly diverse gas compositions and 
stable isotope ratios of methane among the OT hydrothermal 
sites, “fluid-sediment interaction” has been further classified 
into several types with respect to processes (microbial or 
chemical) and stages of subseafloor fluid circulation (recharge 
or discharge). This concept, originally called the Microbial 
Methanogenesis at Recharge stage (MMR) model, enables us 
not only to deduce the geochemical origins of methane in the 
hydrothermal fluid in each Okinawa Trough site but also to 
estimate the geographical distribution of hydrothermal fluid 
circulation via a two-dimension schematic illustration. 

 
 

[1] Kawagucci, S. (2015) in Subseafloor biosphere linked to 
global hydrothermal systems; TAIGA Concept, Edited by J. 
Ishibashi, K. Okino, and M Sunamura, Springer Japan, Tokyo, 
pp 387-403. DOI: 10.1007/978-4-431-54865-2_30 
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Multicellular filamentous bacteria derive adaptive benefits 
for survival in natural environemnts, such as coupling diverse 
reactions by cell differentiation. Recently, filamentous bacteria 
of the family Desulfobulbaceae were suggested to be involved 
in the coupling of spatially segregated biogeochemical 
processes, such as oxidation of hydrogen sulfide within the 
sediment and reduction of oxygen or nitrate at the sediment 
surface, by running electric current through their string of 
cells[1-4]. These findings may offer a new aspect of 
biogeochemical cycle based on electricity derived from redox 
potential differences, in addition to the traditional diffusion 
based models driven by gradients of chemical concentration. 
We hypothesized the involvment of microbial extracellular 
electron transfer (EET) in these phenomina. 

In the present study, we evaluated the ability of EET of a 
thermophilic multicellular-filamentous bacterium, 
Ardenticatena maritima 110ST, which represents a recently 
apporoved class in the bacterial phylum Chloroflexi[5]. Strain 
110ST is a fucultative anaerobic iron-reducer, isolated from a 
coastal hydrothermal field in Japan, in which steep 
physicochemical gradient exists[6]. We cultured strain 110ST 
in a three-electrode electrochemical cell with appling various 
potentials in the presence or absence of ferric iron minerals and 
various electron donors or acceptors. To obtain fundamental 
information on the molecular mechanism of the EET, we 
identified membrane-bound c-type cytochromes through the 
use of draft genome sequencing and membrane-bound protein 
sequence determination. 

 
[1] Larsen et al. 2015. Environ. Microbiol Rep. 7(2): 175-179. 
[2] Marzocchi et al. 2014. ISME J 8(8): 1682-1690. [3] 
Nielsen et al. 2010. Nature 463(7284): 1071-1074. [4] Pfeffer 
et al. 2012. Nature 491(7423): 218-221. [5] Kawaichi et al. 
2013. Int. J. Syst. Evol. Microbiol. 63(8): 2992-3002. [6] 
Kawaichi et al. 2013. Microbes Environ. 28(4): 405-413. 
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Zircon in pelitic migmatites (ca. 800oC, 0.5GPa) from the 

Aoyama area, Ryoke metamorphic belt, Japan has dark-CL 
annulus containing glass inclusions between inherited cores 
and metamorphic rims. SHRIMP U-Pb zircon dating showed 
that rims show age variation from 95.5 Ma to 88.7 Ma, 
suggesting the duration of hypersolidus condition for ca. 6-7 
Myr. Zircon rim with older ages (ca. 95-94 Ma) tend to show 
steeply positive HREE patterns whereas the younger rims (ca. 
91-89 Ma) tend to show gently positive HREE patterns. REE 
and Y in coexisting garnet are high in the core and low in the 
rim, suggesting prograde growth of garnet. High-Y annulus is 
present in the garnet, although zircon rims do not. Garnet cores 
show steeply positive HREE patterns whereas the rims show 
less steep patterns. Zircon with dark-CL annulus and μm-sized 
inclusions are included in garnet as well, and their rims show 
steeply positive HREE patterns.  

Systematic change of REE patterns in garnet and zircon 
rims suggests simultaneous growth. However, DREE(Grt/Zrn) 
does not show flat pattern nor approach unity for HREE, 
different from the UHT examples [1]. Possible controlling 
factors of DREE(Grt/Zrn) include (i) difference in P-T 
conditions, (ii) difference in grossular content in garnet [1], 
(iii) self-diffusion of trace element compositional profiles of 
garnet under UHT [2], and (iv) different timing of zircon and 
garnet growth [2]. Among these, (ii) is not likely because 
garnet in this study has low grossular content (<0.03), and (iii)-
(iv) are also not likely from observations above. Rather, 
presence of high-Y annulus in garnet implies disequilibrium 
between garnet and zircon rim. 

Although the controlling factor of DREE(Grt/Zrn) is still not 
clear, our example suggests that it can be misleading to judge 
timing of ‘normal’ granulite facies metamorphism solely from 
the DREE(Grt/Zrn) pattern or HREE pattern of zircon on the 
assumption that M-HREE pattern of garnet and zircon become 
flat and DREE(Grt/Zrn) approaches unity during ‘normal’ 
granulite facies metamorphism. 
 
[1] Taylor et al., (2014). [2] Buick et al., (2006). 

1536



 Goldschmidt2015 Abstracts  

 1537 

Aqueous fluids with salinity similar to 
seawater in subduction channels: 

Fluid inclusions in jadeite-rich rocks 
from serpentinite mélange, Rio San 
Juan Complex, Dominican Republic  
T. KAWAMOTO1, A. HERTWIG2, H. -P. SCHERTL2 AND  

W. V. MARESCH2 
1Inst Geotherm Sci, Grad School Sci, Kyoto Univ, Japan 

kawamoto@bep.vgs.kyoto-u.ac.jp 
2Inst Geol Mineral Geophys, Ruhr-Univ, Bochum, Germany 

andreas.hertwig@rub.de, hans-peter.schertl@rub.de, 
walter.maresch@rub.de 

 
Partitioning behaviour of large-ion-lithophile elements 

(LILE) between aqueous fluids and silicate melts or crystals 
suggests that slab-derived fluids contain Cl, in order to explain 
LILE abundances in arc basalts [1] [2]. Seawater  
(3.5% NaCl equiv.)-like saline fluid inclusions (FI) were 
observed in peridotite xenoliths from the mantle wedge 
beneath the Pinatubo volcano (5.1 wt% NaCl equiv. [3]) and 
the Ichinomegata volcano (3.7 % NaCl, [4]). Saline FI are 
commonly found in high-pressure metamorphic rocks [5].  

Here we report preliminary salinity data of rare aqueous FI 
in jadeite-rich rocks from serpentinite mélanges of the Rio San 
Juan Complex [6]. FI are about 5 micrometers or smaller and 
usually only found in clear crystal rims. The results using 
microthermometry of FI so far show that salinity data in FI 
from jadeite are similar to each other [4 samples: 4.6±0.4% 
(n=9), 4.2±0.45% (n=7), 4.2±0.5% (n=4), 4.5% (n=1) NaCl 
equiv.], regardless of whether or not the host rock is albite- or 
quartz-bearing, or whether jadeite formed by direct 
precipitation (P-type) from a fluid or metasomatic replacement 
of a protolith (R-type). In two quartz- and lawsonite-rich 
samples, FI in lawsonite revealed similar values of 4.4±0.14% 
(n=2) and 4.2% (n=1), but FI in grain boundaries of quartz 
aggregates show distinctly lower 2.7±1.3% (n=8) NaCl equiv. 

The salinity of fluid inclusions in jadeitites was reported to 
be 0–7 wt% NaCl equiv. from Guatemala [7] and 5.1±1.9% 
NaCl equiv. in Myanmar [8]. We suggest that jadeite-rich 
rocks can conserve aqueous fluids with salinity similar to 
seawater, which are carried down in the slab and dewatered to 
the mantle wedge. 

 
[1] Keppler, (1996), Nature [2] Kawamoto et al., (2014), Earth 
Planet Space [3] Kawamoto et al., (2013), PNAS [4] Kumagai 
et al., (2014), Contrib Mineral Petrol [5] Frezzotti and 
Ferrando, (2015), Am Mineral [6] Schertl, et al., (2012), Eur J 
Mineral [7] Sisson et al., (2006), Geol Soc Am meeting [8] Shi 
et al. (2006), Geochem J 
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Low molecular weight (LMW) dicarboxylic acids such as 

oxalic acid (C2) are major fraction of organic aerosols [1]. To 
better understand long-term atmospheric changes in the 
western North Pacific, we collected marine aerosol samples in 
2001-2013 on weekly basis at a remote island, Chichijima (27°
04'E; 142 °13'N), located in the outflow region of Asian 
aerosols and their precursors. Here we studied δ13C of diacids 
(C2-C9) and oxoacids (C2-C9) using GC/C/IRMS after BF3/n-
butanol derivatization [2].  

δ13C of oxalic acid showed relatively high δ13C values (-
22‰ to -2‰, av. -12‰). The isotope ratios increased from 
winter to summer. Summertime photochemical aging of 
organic aerosols likely causes significant enrichment of 13C in 
oxalic acid during the transport. It may be caused by kinetic 
isotopic fractionation during the photo degradation of oxalic 
acid in the presence of Fe (III), and/or the gas/particle 
partitioning of glyoxal and glyoxylic acid, which are potential 
sources of oxalic acid. We also found a gradual decrease in 
δ13C of oxalic acid from 2001 to 2013. This decadal trend may 
suggest a decline of the atmospheric oxidation capability in the 
western North Pacific. 

 
[1] Kawamura et al. (2010) J. Geophys. Res., 115, D21306, 
doi:10.1029/2010JD014299. [2] Kawamura and Watanabe 
(2004) Anal. Chem. 76, 5762-5768.  
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Introduction 
Submarine hydrothermal vent systems are considered as 

plausible environments for the polymerization of biomonomers 
on the primitive earth [1]. However, the yield of condensation 
of amino acids is not so high. We showed the efficient 
elongation of oligoalanine peptide (Ala)4 to (Ala)5 and higher 
oligopeptides at 275 ºC by using our hydrothermal flow reactor 
[2]. In addition, we showed that the mineral-mediated 
hydrothermal flow reactor system (MMHF) is efficient to 
monitor hydrothermal reaction system containing minerals [3]. 
By using MMHF, we demonstrated that carbonate minerals 
enhance the elongation of oligoalanine peptides (Ala)4 to 
(Ala)5 under hydrothermal conditions. 

Results and Discussion 
However, it was not possible to monitor the influence of 

some minerals, such as clay minerals, at 275 ºC by using 
MMHF because these materials block the flow in MMHF. We 
attempted to use a batch reactor instead of MMGF to prevent. 
The elongation of (Ala)4 proceeds within 60 s at 275 ºC so the 
elongation cannot be followed by the batch method unless the 
reaction temperature is adjusted at below 175 ºC. After the 
very long exposure at high temperatures, alanine peptides are 
finally degraded to diketopiperazine and alanine monomer.  

It was surprising that the elongation reaction proceeded at 
much lower temperature below 275 ºC. The minerals showed 
basically the same influence to the elongation of (Ala)4 shown 
at 275 ºC. This fact seems to be inconsistent with an argument 
that the oligomerization occurs as a non-equilibrium process 
under the hydrothermal condition [1]. Although the 
enhancement by carbonate minerals was observed, clay 
minerals did not show notable influence to the elongation 
reaction. We will demonstrate and summarize these influences 
for the elongation reaction. 

 
[1] Imai et al. (1999) Science 283, 831-833. [2] Kawamura et 
al. (2005) J Am Chem Soc 127, 522-523. [3] Kawamura et al. 
(2011) Astrobiology 11, 461-469.  
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Bacterial population during 3.2 billion years of early earth 
was responsible for modifying the green house gas 
concentration in the early earth. Here we studied the effect of 
phosphate limiting conditions in two primitive facultative 
anaerobes E.coli K12 and DH5 alpha, known to contain 
pathways of mixed acid fermentation in stressed oxygen 
deficient environment. We carried out chamber experiments 
where bacteria were grown in M9 minimal media containing 
0.3 % glucose in crimp sealed chambers for a period of 7 days-
12 days. Growth rate for the bacteria were monitored using 
optical density measurements and CFU values on LB agar. O2 
utilization together with CO2, and CH4 production inside the 
culture chambers were measured by passing an aliquot of 
headspace gaseous mixture through FID of a gas 
chromatograph. δ13C of CO2 was analysed using Gas Bench 
peripheral connected with IRMS MAT 253. 

Enrichment of δ13C by 2.7‰ coincides with a drop in 
oxygen concentration of ~ 11.5% for K 12 and 1.7 ‰ 
coincides with a drop in oxygen concentration of ~ 12% for 
DH5 alpha. The relationship between δ13C of CO2 and the 
oxygen level is grossly correlated ((R2 coefficient 0.35 for K 
12 and 0.8 for DH5 alpha).  We suggest that enrichment in 
δ13C captured the CH4 production due to bio-degradation of 
organophosphonates under phosphate limiting conditions [1]. 
The process documented in this experiment can explain the 
δ13C excursion recorded in the Precambrian succession [2].  
 
[1] S S Kamat et al (2011) Nature 480, 570-573  [2] 
Grotzinger. J.et al (2011) Nature Geoscience 4, 285–292 
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Carbonaceous chondrites are known to contain a diverse 
suite of organic compounds including those are essential in 
biology [1] [2]. Aqueous environments in the asteroids likely 
provide favorable conditions for the organic molecule 
syntheses due to expected higher concentrations of reactive 
molecules including H2CO and NH3, and warm (~0 to 150ºC) 
and weak basic condition (pH7-12) that are favorable for 
organic syntheses. Sugars and sugar related compounds were 
identified in the Murchison meteorite, which were plausibly 
derived from formaldehyde via the formose reaction [3]. 
Organic solids similar to the insoluble organic matter (IOM) in 
primitive meteorites could also form from reactions that 
occurred in the warm wet interiors of planetesimals starting 
from formaldehyde [4] [5]. Recently, we focus on the 
formation of soluble organic matter including prebiotic organic 
molecules starting with formaldehyde and ammonia following 
the recipe of [5]. We have so far found amino acids and their 
precursors with similar relative abundance with those in the 
Murchison meteorite [6], as well as sugar related compounds, 
and possibly nitrogen bearing heterocyclic compounds in the 
reaction products [7]. Here we report detailed analyses of 
soluble species using an electrospray ionization time-of-flight 
mass spectrometry (ESI-TOF-MS; Hitachi NanoFrontier eLD). 
Kendrick mass defect (KMD) analyses of the reaction products 
revealed that numerous CHO and CHNO compounds were 
produced most plausibly via CH2O addition, CH2 addition and 
dehydration reactions. 
 
[1]Pizzarello et al. (2006) Meteorites and the early solar 
system II (eds. Lauretta & McSween Jr.). Univ. Arizona Press, 
pp. 587-624. [2]Schmitt-Kopplin et al. (2010) PNAS 107, 
2763-2768. [3]Cooper et al. (2001) Nature 414, 879-883. 
[4]Cody et al. (2011) PNAS 108, 19171-19176. [5]Kebukawa 
et al. (2013) ApJ 771, 19. [6]Cronin & Pizzarello (1983) ASR 
3, 5-18. [7]Kebukawa et al. (2015) LPSC abstract #1300. 
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The Eocene Green River Fm. (GRF) at Gate Canyon, Uinta 
Basin, Utah, has been widely sampled and analyzed by whole 
rock XRD, FEG-SEM, solution ICP-MS, and LA-ICP-MS.  
Relative to variably fissile lake marlstone in the section, XRD 
indicates many beds of oil shale are anomalously rich in 
calcium fluorapatite (CFA).  SEM shows associated algal mats, 
phosphatized vermiform (coprolitic?) and globular (coccoid 
microbe?) structures, and a diagenetic succession of rhombic 
dolomite, followed by microcrystalline CFA, and blocky low 
Mg-calcite.  SEM-EDS has detected Na and S (as SO4) at near 
expected values for balanced substitutions in the CFA lattice. 

Solution ICP-MS shows CFA-rich intervals in the oil shale 
also contain Th, U, and YREE anomalies.  LREEs may be 
slightly enriched with respect to background levels in the 
marlstone, but remain below PAAS values.  There is a gradual 
increase in relative enrichment for the HREEs, and Lu values 
can reach x3 PAAS values.  Thorium and U are enriched by up 
to an order of magnitude.  LA-ICP-MS confirms these 
enrichments and shows maximum values of all these trace 
metals typically occur within 1 cm of the margin of the CFA 
interval, similar to fossil-bone alteration.  Across the 
phosphatic boundary in two oil shales, REE ratios show 
complex variation from outside to in (Fig 1).  Values for U and 
Lu are highly correlated and peak up to 1 cm in from the CFA 
margin.  Closer to the margin, Th correlates most closely with 
Er to Tm peaks.  Likely via diffusion, YREEs, Th and U are 
substituting into the CFA crystal lattice (e.g. 2Ca2+ = REE3+ + 
Na+) as CFA diagenesis progresses. 

Fig. 1: PAAS normalized La/Sm v La/Yb plot for three 
ablations (128-1: n=1256, 128-2: n=1206, WP28: n=1613) 
across the same oil shale CFA interval at different sites. 
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If galena (gn) bearing ore deposits are exposed to near-

surface conditions, supergene alteration produces 
thermodynamically more stable secondary lead phases: 
cerussite (cer), anglesite (ang) and pyromorphite group 
minerals (PyGM; pyromorphite, mimetite and vanadinite).  

The time scale and the evolution of textural zoning during 
formation of these secondary lead phases are not well 
understood. They form a spatially well-ordered zoning texture 
around the preexisting/relic galena which changes with time. 
Ang typically disappears first, with proceeding evolution cer 
dissolves and finally only the highly insoluble PyGM persist as 
perimorphoses. 

To explain textures and temporal evolution thermodynamic 
models are presented exploring variable physiochemical 
conditions during weathering of gn. The models show that over 
the whole relevant pH-range PyGM are the most stable phases, 
precipitating at very low ion activities. Whether cer or ang is 
formed depends mainly on the pH of the supergene fluids. 
Calculated solubility diagrams show that under most surface 
conditions ang is the most soluble phase followed by cer and 
PyGM explaining the observed temporal evolution. 

We also present calculations on the duration of 
pyromorphite crust formation using natural phosphate fluxes in 
arid environments. The calculations indicate that the formation 
of pyromorphite crusts of some millimeter thickness can be 
realized in geologically short time periods of tens to hundreds 
of years. This nicely agrees with observations in old mines. 
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The Troodos ophiolite represents one of the best-preserved 
fossil analogs of modern oceanic crust including numerous 
volcanic-hosted massive sulfide deposits. Most of the largest 
sulfide deposits are located at the northern flank of the Troodos 
ophiolite associated with graben structures  that represent fossil 
spreading axes [1]. One of these is the actively operating 
Skouriotissa mine that can be separated in a stockwork ore 
zone and an overlying massive sulfide lens that is covered by 
metalliferous sediments representing the former sulfide–
seawater interface. Pyrite is the dominant sulfide mineral 
within these ores. The trace element composition of pyrite 
varies systematically with stratigraphic depth probably 
reflecting variable hydrothermal fluid temperatures during 
precipitation. Elements such as Co, Ni, Se, Te and Bi that are 
associated with high fluid temperatures [2] are enriched within 
stockwork pyrite. In contrast, Zn, Sb, Pb and Mo that 
preferentially precipitate at low temperature conditions [2] are 
concentrated in pyrite of the massive sulfide lens. Temperature 
estimations based on massive sulfide-hosted sphalerite [3] 
yield average paleo-fluid temperatures of 411 °C ± 25 °C for 
the upper most part of the massive sulfide lens. Investigations 
on δ18O variations of stockwork quartz revealed important 
insights on ore-forming processes within the underlying high 
temperature hydrothermal upflow zone.  

Textural and chemical similarities, including δ34S,  
between massive pyrite from the Skouriotissa deposit and from 
the active Sisters Peak smoker on the Mid-Atlantic Ridge (5°S) 
[4] imply that the fossil hydrothermal system has a modern 
analog. These results indicate that in situ trace element 
analyses of pyrite yield important insights on the formation 
and internal zonation of massive sulfide deposits. 
 
[1] Bettison-Varga et al. (1992) Geology, 20, 987-990. [2] 
Maslennikov et al. (2009) Econ Geol, 104, 1111-1141. [3] 
Keith et al. (2014) Geology, 42, 699-702. [4] Keith et al. 
(submitted manuscript)  
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As a ubiquitous, refractory, readily datable accessory 

mineral, zircon has become a standard mineral tracer of 
magma crystallization, crust production, and detrital 
provenance. However, zircon abundance in the geologic record 
is a function of zirconium abundance and magma composition, 
neither of which are necessarily constant over geologic time.  

Following on the results of [1], we have examined 
variations in zircon saturation in average crustal lithologies 
over the past 4 Gyr through weighted bootstrap resampling of a 
database of several hundred thousand whole-rock geochemical 
analyses, using the empirical zircon saturation temperature 
equations of [2]. The results show that decreasing average 
extent of mantle melting has lead to increasing Zr content and 
decreasing M-value for magmas of a given range of silica 
contents over Earth history. The subsequent increase in 
average zircon saturation temperature predicts a major increase 
in the volume of zircon produced for a given volume of 
crystallized magma over Earth history. Further accentuated by 
higher expected solidus temperatures for many magmas in the 
Archean, this change in expected zircon production 
compounds with preservation bias to weight observed detrital 
zircon spectra towards the present and significantly 
complicates inferences of crust production from zircon age 
distributions. Correcting for zircon productivity should result 
in more accurate estimates of juvenile crust production. 

Additional complications in translating from zircon 
abundance spectra to crustal volumes are introduced by 
potential variability in emplacement depth and magma water 
activity through time, which dramatically affect most silicate 
mineral solidi but have comparatively little effect on zircon 
saturation temperature.  

 
[1] Keller, C. B. & Schoene, B. Nature 485, 490–493 (2012). 
[2] Boehnke, P., Watson, E. B., Trail, D., Harrison, T. M. & 
Schmitt, A. K. Chemical Geology 351, 324–334 (2013). 
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The Vonarskard geothermal system presents a unique 
opportunity to study the interplay between hydrogeology, 
water chemistry and microbial diversity. The presence of an 
unusually high groundwater table superimposed on an active 
geothermal system in an otherwise dry and barren area results 
in abundant surface water that is a mixture of non-thermal 
water, boiled geothermal reservoir fluid and condensed 
geothermal steam. Various degrees of mixing lead to large 
temperature, chemical and redox gradients, and offer a vast 
range of possible habitats within a relatively small area. 
Indeed, abundant and diverse microbial growth can be found in 
many springs and streams. 

Here we present an overview of the water chemistry of the 
area, as well as selected examples of the Archea and Bacteria 
communities determined in various geothermal water types. 
The sampled water ranged from 3 to 98°C, pH 2.15 to 9.95 and 
total dissolved solids from 323 to 2250 ppm. Changes in water 
temperature, chemistry and redox conditions were found to 
mirror changes in microbiological species determined. 
Furthermore, we examine the energy potentially available to 
microbial metabolism from inorganic redox reactions. 

1546

mailto:nic@hi.is
mailto:as@hi.is
mailto:hannakaa@hi.is
mailto:snaedis@matis.is
mailto:solveigp@matis.is;


 Goldschmidt2015 Abstracts  

 1547 

Ion clustering in calcium carbonate 
solutions and its relevance for 

nucleation 
MATTHIAS KELLERMEIER1* AND DENIS GEBAUER2 

1Material Physics, BASF SE, Carl-Bosch-Strasse 38, D-67056 
Ludwigshafen, Germany 

2Physical Chemistry, University of Konstanz, 
Universitätsstrasse 10, D-78457 Konstanz, Germany 

 
Over the past decade, there has been intensive research on 

the mechanisms of mineral nucleation and growth, scrutinizing 
long-standing concepts of classical theories and bringing up 
new alternative pathways to the formation of crystals [1-3] 
which however still are heavily debated [4]. One important 
finding in this context was that prior to nucleation of a new 
phase, dissolved monomers (ions or molecules) may assemble 
into a stable population of so-called “prenucleation clusters”, 
[5] or more generally speaking solute associates that – much 
like simple complexes or micelles – coexist in equilibrium 
with the free monomers. Whether or not these clusters are 
relevant species for nucleation strongly depends on the chosen 
conditions, but in some cases it has been observed that phase 
separation can proceed through cluster aggregation and 
coalescence [2]. 

In the present contribution, several fundamental aspects of 
ion association in mineral solutions are reviewed and put into 
context with recent developments in the field of calcium 
carbonate crystallization. In particular, we focus on the 
thermodynamics of ion clustering in these systems and show 
that the solvent plays a key role in the process. Moreover, the 
problem of ion activity is addressed in a straightforward 
approach, which allows separating contributions originating 
from actual ion binding and sheer electrostatic effects [6]. Our 
analyses lead to the conclusion that for homogeneous 
nucleation, the concentration of bound constituent ions can be 
the critical parameter – rather than those of the free ones. This 
challenges the traditional definition of supersaturation and 
emphasizes the potential relevance of stable ion clusters for 
nucleation. Eventually, we provide evidence that effects as 
those described above are not exclusive to the world of 
calcium carbonate, but do also occur in a more or less similar 
manner in other mineral systems. 

 
[1] Wallace et al. (2013), Science 341, 885-889. [2] Gebauer et 
al. (2014), Chem. Soc. Rev. 43, 2348-2371. [3] Rieger et al. 
(2014), Angew. Chem. Int. Ed. 53, 12380-12396. [4] Vekilov et 
al. (2012), Faraday Discuss. 159, 139-180. [5] Gebauer et al. 
(2008), Science 322, 1819-1819. [6] Kellermeier et al. (2014), 
Adv. Mater. 26, 752-757. 
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Since Ar-Ar dating was established as an isotopic dating 
technique [1], one of the fundamental assumptions has been 
that, “The radiogenic argon measured in a sample was 
produced by in situ decay of 40K in the interval since the rock 
crystallized or was recrystallized”. However, the earliest Ar-Ar 
studies [2] also demonstrated that the assumption is 
occasionally invalid, and exesses of radiogenic argon are 
responsible for many anomalously old ages some of which 
have been reported as real ages. The assumption was 
reformulated by Dodson [3] as exchange between a cooling 
mineral with a theoretically infinite reservoir. Given that argon 
diffusion in silicate melt and in grain boundary networks is not 
infinitely fast, and neither are those reservoirs infinitely large, 
the occurrence of annomalously old Ar-Ar ages is not 
unexpected.  

Experimental studies over the last decade have quantified 
the fundamental diffusion and solubility parameters for argon 
in mineral phases, demonstrating that there are several orders 
of magnitude difference in solubility even within the 
amphibole family of minerals [4]. That must make a difference 
to their behaviour and reliability as Ar-Ar mineral 
chronometers. Thus it is possible to address the zero 
contamination assumption in many natural systems. This 
allows us to assess the limits of the Ar-Ar technique, quantify 
the likely contamination, and even to use the additional argon 
to understand noble gas and volatile movements in the crust 
and mantle. 

 
[1] Merrihue CM, Turner G (1966). Potassium-argon dating by 
activation with fast neutrons. J Geophys Res 71:2852-2857. [2] 
Pankhurst RJ, Moorbath S, Rex DC, Turner G (1973) Mineral 
age patterns in ca. 3700 m.y. old rocks from West Greenland. 
Earth Planet Sci Lett 20:157-170. [3] Dodson, M.H. (1973). 
Closure temperature in cooling geochronological and 
petrological systems. Contrib. Mineral. Petrol., 40: 259- 274. 
[4] C.R.M. Jackson, S.W. Parman, S.P. Kelley & R.F. Cooper 
(2013) Noble gas transport into the mantle facilitated by high 
solubility in amphibole. Nature Geoscience, 6, 562–565.  
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Laser ablation inductively coupled plasma mass 

spectrometry (LA-ICP-MS) was used as a tool to map the rare 
earth element (REE) geochemistry of the outer surface of 
unpolished, naturally metasomatized Neoarchean zircon. 
Independent secondary ion mass spectrometry U-Pb and LA-
ICP-MS REE depth-profile analyses on separate zircon from 
the same sample confirm the presence of micrometre-scale rim 
material that is geochemically unique from the interior of the 
grain. Rims are characterized by elevated REE contents (up to 
several orders of magnitude enriched relative to the interior), 
suggesting that the REE geochemistry, particularly the 
concentration of LREE, is a suitable proxy for the distribution 
of rim material. Element maps were constructed by using a 
grid of contiguous 7 µm diametre laser ablation spots 
excavating the outermost 3 µm of the unpolished zircon. 
Element maps indicate that the alteration of zircon is 
heterogeneous in nature, consistent with depth-profile studies, 
and manifests itself primarily along pre-existing cracks and 
fractures or within isolated domains. In order to gain insight 
into the origin of the observed REE variations, we have 
conducted laboratory zircon alteration experiments. Three 
reference material zircon were selected to cover a range of U 
content and crystal morphology: AS3 (1099 ± 0.5 Ma; [1]), 
FC-1 (1099 ± 0.6 Ma; [1]), and Plešovice (337 ± 0.4 Ma; [2]). 
Further heterogeneity was produced in the samples by abrading 
an aliquot of the Plešovice zircon to simulate transport as 
detritus. Preliminary experiments involved saturating the 
zircon material in 1M KOH, at 350°C and 100 MPa for ~100 
days. These P-T conditions closely approximate the 
metasomatic conditions that the Neoarchean zircon have 
experienced. We hope to demonstrate both the occurrence and 
nature of micrometre thin rims formed as a direct result of the 
coupled dissolution-reprecipitation of zircon in the presence of 
low-temperature alkaline fluids. 
 
[1] Paces & Miller (1993) JGR 98, 13997 – 14013. [2] Slama 
et al. (2008) Chem. Geol. 249, 1 – 35. 
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Zircon, in the presence of alkaline fluids, can undergo 

coupled dissolution-reprecipitation. This fluid mediated 
alteration manifests itself as μm-scale rims on the outer 
surfaces and within existing imperfections of zircon crystals. 
Laser ablation inductively coupled plasma mass spectrometry 
(LA-ICP-MS) was examined as a tool to interrogate the lateral 
and depth variation of isotopic (U-Pb) and elemental (REE) 
distributions within the rims of unpolished zircons from an 
Archean metasediment. Our LA-ICP-MS U-Pb depth profile 
technique was able to identify micron-thin (<3 μm), 
concordant, isotopically distinct mineral domains (rims) 
characterized by 207Pb/206Pb ages ca. 100 m.y. younger than the 
zircon interior (2σ age-uncertainties as low ~0.2%). Rims also 
showed greatly elevated U content (up to an order of 
magnitude) relative to the interiors. Our calculated penetration 
rate suggests that each laser pulse excavates depths of  
~0.06 μm. Ages resolved through the LA-ICP-MS U-Pb depth 
profile method overlap, within 2σ uncertainties, the 207Pb/206Pb 
ages measured using SIMS U-Pb depth-profiling on the same 
population of zircon. The rims are further evinced by the 
presence of a relative enrichment (>3 orders of magnitude) in 
REE measured using an independent LA-ICP-MS depth-
profiling technique on the same zircon. The enrichment of 
REE was used as an indicator of rim material. Additional LA-
ICP-MS techniques were developed to generate trace element 
concentration maps of the unpolished zircon grains. These 
maps illustrate the heterogeneous nature of the crystallization 
of rim material, commonly demonstrating preferred growth 
along fractures or within isolated domains on the grain surface. 
The LA-ICP-MS techniques are capable of quickly identifying, 
and chemically and isotopically characterising zircon rims, 
which are an indication of low temperature, yet geologically 
significant, fluid events that may otherwise remain 
unidentified. 
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Most oceanic intraplate volcanoes show temporal and 

spatial major and trace element changes of magma 
compositions over time scales of 1-2 Myr. The geochemical 
evolution of volcanism along the Hawaiian-Emperor Chain is 
relatively well known from analysis of drilled and dredged 
sample material (e.g. [1] [2]). In Hawaii the preshield, shield, 
postshield and rejuvenated stage are geochemically distinct. 
According to the plate tectonic and deep mantle plume model, 
these stages are believed to reflect variations in the extent of 
partial melting and plume-asthenosphere/lithosphere mixing, 
depending on the relative positioning of the plume centre to the 
overriding lithosphere. Therefore, all oceanic intraplate 
volcanoes formed above a mantle plume should follow these 
patterns but, to date, only a few volcanoes have been studied 
systematically with respect to their magmatic evolution.  

Here we present a compilation of published chemical data 
from shield and postshield lavas from well-studied volcanoes 
from the Hawaii, Louisville, Society, Austral, Marquesas, and 
Samoa volcanic chains, to compare their evolutionary paths. 
First results show that the duration of volcanic activity varies 
considerably between 1 and 2 Myr but is generally on the order 
of 1.2 Myr. Both Hawaiian and Tahiti volcanoes show a 
decrease in SiO2 with decreasing age, which is in good 
agreement with a continuous transition from tholeiitic shield to 
alkaline postshield stage magmas. Lava compositions of the 
studied volcanoes vary but systematic correlations are 
observed in SiO2 contents and rare earth element enrichment, 
reflecting variable degree and depth of melting. Tahiti lavas 
show higher (Ce/Yb)N for a given SiO2 content compared to 
the Hawaii and Louisville lavas. This variation is probably due 
to lower degrees of partial melting at Tahiti compared to the 
Hawaiian and Louisville volcanoes, which does not necessarily 
result from changes in the lithospheric age and thickness but 
may rather reflect variable temperature of the mantle source. 
With this study, we aim to contribute to the systematic major 
and trace element changes in oceanic intraplate volcanoes and 
test how representative intraplate melts are for their mantle 
sources and underlying lithosphere. 
 
[1] Regelous et al. (2003). J. Petrol. 44, 113-140. [2] Reiners 
and Nelson (1998). GCA 62, 2347-2368. 
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Noble gases were long considered unsubductable; 
however, the recognition of atmospheric Ar, Kr and Xe 
isotopes in the Earth’s mantle [1] has meant that noble gas 
subduction pathways are now being re-examined [2] [3] Here 
we examine the systematics of noble gases (He, Ne, Ar, Kr, 
Xe) and halogens (Cl, Br, I) in amphibolites from the ~3.5 Myr 
old Mathematician Ridge of the NE Pacific Ocean. 

 Combined analysis of ampiboles and quartz-hosted fluid 
inclusions enable the relative partitioning coefficients of I, Br 
and Cl between calcic amphibole and brine to be estimated as 
DBr/Cl = 0.10 ± 0.04 and DI/Cl ~ 0.1 (where DX/Cl = 
X/Clamp/X/Clfluid).  The preferential exclusion of Br and I from 
amphibole leads to Altered Ocean Crust having Br/Cl of much 
less than seawater. This contrasts with higher than seawater 
values in sedimentary pore waters and serpentinites, 
confirming that halogen abundance ratios can help identify 
different slab components in subduction-related magmas. 

Amphiboles and associated quartz-epidote veins are 
dominated by atmospheric Ne, Ar, Kr and Xe, but preserve 
mantle He isotope signatures indistinguishable from MORB. 
These features are characteristics of seawater-derived fluids 
that have mobilised He (and a significant fraction of their 
halogens) from juvenile oceanic crust. The metamorphic 
amphiboles contain 2-8×10-13 mol/g 36Ar that is slightly lower 
than the maximum reported for seafloor serpentinites, but they 
are strongly enriched in He and Ne relative to Ar in both 
seawater and serpentinites. The high He/Ar and Ne/Ar ratios 
result from the presence of mantle He, phase separation which 
enriches vapour phases in He>Ne>Ar and possibly by the 
preferential incorporation of He>Ne>Ar into amphibole [3]. 
The strong enrichment of metamorphic amphibole in Ne/Ar 
underlines that it is a fallacy to assume atmospheric noble 
gases are subducted with seawater abundance ratios.  Instead, 
the current data support the idea that the MORB 20Ne/22Ne ratio 
of ≤12.5 can be explained by mixing primordial solar Ne 
(20Ne/22Ne = 13.8) and atmospheric Ne (20Ne/22Ne = 9.8) 
subducted in the mantle over Earth’s history. 

 
[1] Holland and Ballentine (2006) Nature 441, 186-191 [2] 
Kendrick et al. (2011) Nat. Geosci. 4, 807-812 [3] Jackson et 
al. (2013) Nat. Geosci. 6, 562-565. 
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Of total primary marine productivity, a remarkably small 
fraction (<0.5%) finds its way into sediments for long-term 
storage. Against this almost quantitative oxidation of OC, the 
mechanism(s) responsible for the escape of the small fraction 
OC into the geologic record seems remarkable and implies 
very particular mechanisms or circumstances leading to OC 
preservation. Studies of organically enriched sediment show 
that the a majority fraction of OC in modern and ancient 
settings is not present as discrete particles, but rather 
physically inseparable from their mineral host while scaling 
with the mineral surface area. We present nanometer resolution 
images of examples of this fraction from classic black shale 
deposits revealing organo-clay aggregates with a highly-
ordered structure of OC intercalated with particular clay 
mineral surfaces repeating at scales of tens of nanometers. This 
raises a fundamental question as to what mechanism can 
physically reduce µm-scale organic particles to molecular 
scales and then intercalate them within nanometer stacks of 
clay crystallites. Single examples of this amalgamation may 
not be surprising; rather it is the spatially and temporally 
widespread occurrence that is so difficult to explain and 
requires a widespread (ubiquitous) mechanism that is largely 
unrecognized. Further imaging of these sediments identifies an 
association with microbial processes, leading to the hypothesis 
that this class of nanocomposite-stabilized organic carbon 
results from microbial reprocessing of primary organic carbon 
particles with specific sub-micron sized clay minerals as a 
fundamental part of their ecology 
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One possible environment for a nuclear waste repository in 

the UK is igneous basement rock that is overlain by 
sedimentary overburden. Intermediate level waste (ILW) will 
be deposited within steel canisters filled with cement.  The 
steel of the canisters is expected to last at least 10,000 years, 
after which surrounding groundwaters would have the ability 
to infiltrate the cemented ILW. Since it is unlikely that a 
nuclear waste repository would be placed into a fresh water 
aquifer, it is likely that the fluids surrounding the waste 
canisters would be briny. The resulting porewaters would be of 
pH’s in excess of pH 10 due to the dissolution of cement and 
high in ionic strength, therefore, it is important to understand 
what will happen to U under those conditions.  

Speciation calculations suggest that at the high pH values 
of 8-12 a Na2U2O7 crystalline species is predominant but as pH 
increases over 12 the predominant species is an aqueous 
UO2(OH)4

2- species which may me more mobile.  When 2mM 
NaHCO3 is introduced into the system a UO2(CO3)3

4- species 
becomes prevalent from pH 8-11 with the crystalline species 
only predominant from 11-12.2 followed by the uranyl 
hydroxide at pH values higher than 12.2.  Therefore the 
presence of bicarbonate may be able to change under what 
conditions and how U may adsorb onto rock forming minerals. 

In order to test U speciation under those conditions, we 
examine the effect of high pH and bicarbonate concentration 
on the adsorption of U to quartz, sandstone, and volcanic rock 
as a function of time, pH, and U concentration. We will also 
use spectroscopic techniques to confirm the mechanism of U 
adsorption under these conditions. Preliminary data suggests 
that bicarbonate has no effect on the adsorption of 10ppb U to 
quartz from pH values of 2-7, then hinders adsorption by up to 
30% from pH 8-10. However, above pH 12 60% of U adsorbs 
to the quartz, regardless of bicarbonate concentration. 
Therefore, bicarbonate could mobilize U if pH values are 
lower than 12, whereas above 12 the amount of bicarbonate 
has little affect. 
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The only direct physical evidence for the geology of 
Earth’s earliest history comes from detrital zircon crystals, 
dating >4.0 Ga. The majority of Hadean zircons display O 
isotope signatures within analytical uncertainty of mantle 
values, but subtle elevations towards heavier O are recorded in 
a few grains. These display primary growth zoning and REE 
patterns compatible with an igneous origin. Combined, the 
evidence has been interpreted to not only require liquid water 
on the Hadean Earth’s surface but also Hadean “plate 
boundary interactions” akin to modern subduction [1]. 

The cratering histories of the Moon and Mercury, however, 
predict that the Hadean geology of the Earth’s surface was 
dominantly influenced by giant impacts. It is currently 
unknown how impact-induced shock metamorphism and 
resulting planar fractures (PFs) could have affected the 
diffusivity of oxygen in zircon. 

Here we present new data from the submarine 1.85 Ga 
Sudbury impact basin fill. We show that in impacted zircon, 
δ18O became elevated above mantle values, with increasing 
distance towards the impact-dated lower intercept of a 
discordia line. The target rocks display zircon δ18O averaging 
6.43 ‰ (1SD=0.62; n=80), whereas six recrystallised, fully U-
Pb age reset grains cluster tightly at 6.86 ‰ (1SD=0.22; n=12). 
Partly reset, discordant zircons approach this value with 
increasing distance along the discordia line. Critically, many of 
these discordant zircons display PFs on their exteriors, which 
are not visible on the interiors, e.g. in CL, where igneous 
growth zoning and REE remain. 

Thus, the few Hadean zircons with elevated δ18O may have 
received this signature during late-Hadean impact(s). Modest 
modern Pb loss on Hadean zircon tends to hide evidence of 
earlier impact-induced discordance. Consequently, elevated 
δ18O values in detrital Hadean zircons may not be trusted as a 
primary igneous feature and impact-induced discordance has 
likely shifted the Hadean zircon age distribution into a smooth 
curve centred on 4.1 Ga. 

Accordingly, whereas impact-induced resetting of O-
isotopes in zircon does require hydrous fluid and possibly a 
liquid ocean, heavy O in zircon can be produced without 
subduction-like processes on the very early Earth. 
 
[1] Harrison (2009), Annu. Rev. Earth Planet. Sci. 37, 479-505 
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Selenium (Se) contamination is a global environmental 

concern due largely to anthropogenic activities such as mining 
and coal combustion. Excess Se in soils and surface waters can 
have detrimental effects on the surrounding flora and fauna. 
Both biotic and abiotic factors can mediate Se redox 
transformations, thereby controlling Se toxicity, bioavailablity, 
and mobility in the environment. In aerobic environments, the 
influence of fungi (which often constitutes the dominant 
microbial biomass in soil environments) on the fate of Se is 
poorly studied. 

The purpose of this study was to investigate the effects of 
Se concentration and form on fungal growth. Six common soil 
fungi originally isolated from metal-rich environments were 
grown in the laboratory over the course of one month in media 
containing different Se concentrations (0.00mM, 0.001mM, 
0.01mM, 0.1mM) and forms (selenite [Se(IV)[ and selenate 
[Se(VI)]). For all species, increasing Se concentration 
decreased fungal growth rate (for example, 0.1mM Se(IV) 
reduced Alternaria alternata growth by roughly 50%) and 
growth symmetry (asymmetric growth observed as opposed to 
the regular radial pattern), though this was more pronounced in 
the presence of Se(VI) than Se(IV).  

Additionally, some species of fungi (notably Alternaria 
alternata and Acremonium strictum) precipitated a light red 
biomineral, particularly at higher concentrations. Scanning 
electron microscopy (SEM) and X-ray diffraction showed that 
the biogenic precipitates were X-ray amorphous, nano-sized 
(50-300 nm diameter) extracellular Se particles (elemental Se 
[Se(0)]), formed as a result of fungally-mediated Se reduction. 
This study has indicated the ability of certain fungal species to 
reduce aqueous Se(IV) and Se(VI) under aerobic condictions, 
to the less bioavailable, immobile elemental Se. Currently, 
little is known about the role of fungi in metal redox 
transformations; this study helps to advance our understanding 
of how fungi interact with and transform Se in aerobic 
environments. The results from this study have applications for 
bioremediation strategies in areas with high concentrations of 
Se.  
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Previous work in southern New Zealand has demonstrated 
that primary gold can undergo transformations in the surficial 
environment. Deposition of this so-called secondary gold is 
driven by dissolution of hypogene gold from sulphide minerals 
in exposed orogenic deposits, with subsequent transport and 
re-precipitation occurring in the supergene zone. Mechanical 
erosion and transport concentrates this gold into alluvial 
deposits where further chemical mobility may occur. This 
chemical mobility occurs at and near the water table under 
varying redox conditions. In particular, progressive uplift and 
sedimentary recycling in an active tectonic environment causes 
frequent variations in the redox conditions in which the gold is 
temporarily deposited. 

Scanning Electron Microscope (SEM) imaging and 
analysis has been used to characterise Au grains collected from 
Quaternary and Eocene-age sediments.  Many detrital particles 
are angular, with coarse (up to 0.5 mm) gold crystal shapes and 
complex three-dimensional forms. Crystalline overgrowths (10 
to 100 µm), hexagonal and triangular nanoplates (<100 nm) 
and spheroidal nanoparticles (<1 µm) are observable on the 
surface of grains. Worm-like bacterioform gold (<1-5 µm) is 
associated with clay minerals in voids.   

Gold particles have up to 6 wt% Ag in their cores, <2 wt% 
Ag in overgrowths, and <0.1 wt% Ag in bacterioform 
nanoparticles.  Euhedral arsenopyrite and pyrite (up to 10 µm) 
are present as inclusions in some cores.   

Three stages of mobilisation have occurred; 1) supergene 
liberation of primary Au from disseminated and 
microparticulate Au associated with primary sulphides, 2) 
supergene enrichment of primary Au to coarser crystalline 
forms, and 3) post-transport development of delicate 
nanoplates, nanoparticles and bacterioform gold within the 
sedimentary pile, including sediments as young as Late 
Quaternary. 

Surface and groundwater pH is near-neutral, and the waters 
contain dissolved sulphate from oxidation of primary and 
authigenic pyrite. Metastable thiosulphate (Au[S2O3]2

3-) 
probably drove gold mobility and redeposition in the varying 
redox setting.    
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The cause of glacial-interglacial changes in the Sr/Ca ratio 

of benthic foraminifera is widely debated. Temperature, 
salinity, shell size, seawater Sr/Ca concentration, and Δ[CO3

2-] 
have all been proposed as viable mechanisms to control 
benthic Sr/Ca ratios. Recent coupled B/Ca and Sr/Ca ratios 
measured in benthic foraminifera species Cibicidoides 
wuellerstorfi present convincing evidence that Sr/Ca ratios are 
primarily controlled by seawater Δ[CO3

2-] [1]. We use the 
same approach to show that the Deep South Atlantic Ocean is 
an exception to this rule, recoding opposite glacial-interglacial 
changes in Sr/Ca and B/Ca ratios.  

Intra-shell variability determined using LA-ICP-MS 
reveals significant and consistent chamber to chamber 
differences in B/Ca ratios of up to 100 µmol/mol. This greatly 
exceeds glacial-interglacial changes recorded in all major 
ocean basins. Chamber differences in Sr/Ca ratios are often 
coupled to B/Ca ratios, however under certain conditions they 
become decoupled. We explore possible causes of B/Ca and 
Sr/Ca ratio decoupling both in individual shells and down core 
records and discuss implications for paleo-oceanographic 
interpretation of down core records.  
 
[1] Yu et al. (2014) Quaternary Science Reviews 98, 1-6 
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Not much is known yet about the effect of temperature on 
oxyanion adsorption. Our previous data [1-3] suggest 
exothermic behavior in terms of equilibrium thermodynamics, 
with a shift in the oxyanion adsorption edge by about 0.2 pH 
units per 10° C towards the more acidic region, and thus in a 
weakening of the overall adsorption affinity with increasing 
temperature at circumneutral groundwater conditions. These 
results were compiled as black dots on a hypothetical linear 
free energy relationship (LFER, Figure 1) between the ΔGr,ads 
of bidentate adsorption reaction of an element A oxyanion,  

2≡FeOH + HnAOm
x- + (2-n)H+ = (≡FeO)2AOm-2 + 2H2O 

and the ΔGr,H+ (kJ/mol) of the aqueous deprotonation reaction 
for the respective oxyanion, HnAOm

x- = Hn-1AOm
(x+1)- + H+. 

More experiments to derive at missing critical points (e.g., for 
chromate) are underway to validate this relationship at higher 
accuracy. From this Gibbs energy of reaction based LFER 
relationship, one may infer the effect of temperature on 
adsorption of other oxyanions where no such data yet exist. 
 

 
Figure 1: LFER relationship based on three black dots for 
experimental ΔGr,ads (kJ/mol) data gained so far, while values 
of all open dots are predicted on basis of this correlation. 
 
[1] Kersten & Vlasova (2009) Appl. Geochem. 24, 32-43. [2] 
Kersten & Vlasova (2009) Chem. Geol. 262, 372-379. [3] 
Kersten & Vlasova (2013) Radiochim. Acta 101, 413-419. 
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This study presents our preliminary findings and results on 

a newly discovered and the largest caldera in the Eastern 
Anatolian collison zone in the framework of a recent project 
(TUBITAK Project #108Y222). The Ağırkaya caldera, as we 
named, is situated between Lake Van and the city of Ağrı. It 
has a crater with a diameter of 17 km. Its circular footprint area 
covers ~2,800 km2 which is twice as big as that of the Ararat 
volcano. There are a series of volcanos overlying the slopes of 
the Ağırkaya caldera e.g. Meydan, Etrüsk and the Girekol. 
Given that both the maximum altitude of the rim and its 
elevated crater base in the middle are ~3200 m, it is a resurgent 
caldera. The original pre-collapse height of the Ağırkaya 
volcanic cone has been calculated to be ~5000 meters, almost 
as high as that of the Ararat volcano. K/Ar datings (5.3- 
5.7 Ma) published have revealed that it is Messinian in age. 
The pre-caldera lavas consist of benmoreite, dacite, trachyte 
and rhyolite which are intercalated with pyroclastic fall and 
flow units (e.g. welded and unwelded ignimbrite flareups) of 
similar compositions. Quartz syenitic/monzonitic stocks 
intruded sporadically along the ring fracture of the caldera. 
Post-caldera lavas are represented by basalts, trachybasalts, 
basaltic-trachyandesites and trachyandesites.  

~2/3 of the volcanic products are alkaline while the rest is 
calc-alkaline in character. Magmas were originated from a 
subduction-modified mantle, linked to a slab steepening & 
breakoff event preceded by a continental collision. Major and 
trace element (e.g. Al2O3, K2O, Sr and Ba) variations and our 
petrologic models (FC, AFC and mixing) indicate that the 
crystallization was dominated by feldspars ± amphibole ± 
biotite in a shallow but large magma chamber during the 
Messinian. The fractionation was accompanied by the 
assimilation of a significant amount of crustal material while 
this hybrid magma in the chamber was episodically 
replenished by the primitive basic magma, which possibly 
triggered powerful pyroclastic eruptions.  
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In recent years, there has been an appreciable increase into 

biogeochemical research in permeable sediments, where solute 
transport is dominated by advection – the flow of water 
through the sediment – rather than diffusion. Various studies 
have investigated oxygen (e.g. [1]), carbon (e.g. [2]) and 
nitrogen (e.g. [3]) cycling under classical, rippled bedforms 
under a variety of conditions. Typically, these studies involve 
computational modelling of an environemntal system and/or 
laboratory modelling, usually using flow-through reactors to 
model or flume tanks to replicate advective flow. 

One common trait of most of these studies is that they 
neglect non-steady state conditions over the minutes-to-hours 
scale – in particular variations in the flow velocity of the 
overlying water, and migration of the ripples “downstream” 
with the predominant flow. 

We use a combined reactive-transport modelling approach, 
anchored by measurements of real sands in our laboratory 
flume tank, to investigate the effects of these parameters on the 
transport of oxygen, nitrate and ammonium in the sediment, 
and the resultant affect on denitrification. 

The results show that while solute distributions vary 
greatly under moving ripples compared with stationary ripples, 
nitrification increases only marginally, and denitrificaiton is 
hardly affected [4]. 

Under unsteady flow, sub-surface advection velocities can 
vary by as much as an order of magnitude. In these cases, high 
flow promotes deeper advection of solutes, and low flow 
promotes slower transport, allowing these deeply trnasported 
solutes to react more completely.  

 
[1] Precht et al. (2004) Limnol. Oceanogr. 49, 693-705. [2] 
Cook et al. (2006) Limnol. Oceanogr. 52, 1943-1963. [3] 
Kessler et al. (2012) Limnol. Oceanogr. 57, 1217-1232. [4] 
Kessler et al. (2015) J. Geophys. Res.-Biogeo. 120, 538-548. 
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This study reports on lava–sediment interaction focusing 

on the Neogene volcano-sedimentary sequence in the Abu 
Treifiya Basin, Cairo–Suez district, as a detailed example. The 
dynamic lava–sediment interactions as peperites happen on a 
variety of scales from simple sediment interbeds with the 
extrusive and intrusive basaltic rocks and hydrothermal 
products at a large scale down to complex breccia horizons and 
bulbous lava–sediment contacts at small scales. They have 
been identified for the first time at the Abu Treifiya Basin and 
can only be used as widespread paleoenvironmental indicators 
with limitations to demonstrate magma and surface water 
nonexplosive interaction. The study of peperite is important in 
establishing broad contemporaneity of magmatism and 
sedimentation along with explosive hydrovolcanic hazards and 
this finding is significant for the reconstruction of evolution in 
the study area. The basaltic lava peperites and sedimentary 
rocks are up to 350 m thick and form a continuous 
stratigraphic section that is distributed regionally in the study 
area over a distance of 100 km. Five types of peperites are 
described and interpreted as resulting frombasaltic lava 
bulldozed intowet, unconsolidated sediments at their basal 
contacts. Evidence that the sediments were unconsolidated or 
poorly consolidated and wet when the lava flowed over them 
include vesiculated sediment, sediment in vesicles and 
fractures in lava flow and in juvenile clasts in the peperite and 
soft sediment deformation. All peperites in this study could be 
described as blocky or fluidal on the basis of juvenile clast, but 
other shapes occur and mixtures of different clast shapes are 
also found regardless of the host sediment. Blocky and fluidal 
clasts in the peperite display progressive disintegration, 
suggesting decreasing temperature and increasing viscosity 
during fragmentation. Abundance of blocky clasts with respect 
to fluidal clasts in the peperites indicates that the 
fluidalemplacement and low-volume sediment fluidization in 
the early stages were immediately followed by quench 
fragmentation due to the high viscosity of the magma. 
Sediment fluidization, formation of vapor films, magma–
sediment density contrasts, and explosive fragmentation as 
well as magma properties such as composition, viscosity, and 
vesicularity are the main mechanisms invoked to generate the 
peperites. Variously combining these contrasting features to 
varying degrees may form diverse juvenile clast shapes in 
peperitic domains. During cooling, the larger fluidal shaped 
clasts settled to the base of the sequence, through the saturated 
sediment, producing the vertical (stratigraphic) grading now 
preserved. Grading occurred, essentially, in situ during 
peperite formation and cannot be attributed to remobilization 
or mass flow. Peperites occur in phreatomagmatic intra-
crater/conduit or vent-filling deposits and along contacts 
between sediment and intrusions, extrusion, and hot 
volcaniclastic deposits in two environments. Carbonate–lava 
interactions occur in shallow marine which changes to 
subaerial fluvio-lacustrine environment through the mingling 
between lava flows and siliciclastic sediments during the onset 
of basaltic volcanism. This work suggests that the Abu Treifiya 
Basin may be an important local for the study of subvolcanic 
phreatomagmatic processes and associated phenomena. 

1562



 Goldschmidt2015 Abstracts  

 1563 

Andesites in the Neoarchean Veligallu 
and Gadwal greenstone terranes, 
eastern Dharwar craton, India: 
Similar lithology – contrasting 

petrogenesis 
TARUN C. KHANNA1*AND V. V. SESHA SAI2 

1CSIR-National Geophysical Research Institute, Hyderabad-
07, India (*Correspondence: khannangri@gmail.com)  

2Geological Survey of India Training Institute, Hyderabad-68, 
India (seshubb@yahoo.co.in)  

 
The Veligallu and Gadwal greenstone terranes are N-S 

trending linear schist belts located to the south and north of the 
Proterozoic Cuddapah Basin, respectively. Although, the 
andesites in both the greenstone belts are of calc-alkaline 
nature, the andesites in the Veligallu belt are of high-Mg type, 
whereas, those that are in the Gadwal belt are normal 
andesites. Further, the two greenstone belts comprise of similar 
lithological association. In the sense that the andesites are 
associated with tholeiitic arc – back-arc type basalts and 
adakites [1-3]. The bulk-rock geochemical attributes of the 
andesites however, indicate distinct petrogenetic signatures. 
For example, the chondrite normalized light rare earth element 
abundances in the Gadwal andesites are about five times 
higher compared to the Veligallu andesites (LaN =149 versus 
29); and their interelemental ratios suggest an Andean-type arc 
setting for the Gadwal andesites compared to a primitive island 
arc genesis for the Veligallu andesites (Fig. 1).  
 

Figure 1: Figure and fields are after Condie [4]. 
 
[1] Khanna (2013) Curr. Sci 104, 632-640. [2] Khanna et al. 
(2014) Geochim. Cosmochim. Acta 127, 10-24. [3] Khanna et 
al. (2015) Precambrian Res 258, 260-277. [4] Condie (1989) 
Lithos 23, 1-18.  
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The Pleistocene diatomaceous earth deposits (4.5 - 31m 
thick) of the Azraq basin of Jordan underlie claystone beds. 
The depth from the surface ranges between 11m and 42.5m. 
Most of the boreholes indicate, the presence of upper major 
diatomaceous horizon.The deposition of diatomite is believed 
to be controlled by the structural setting of the depression [1]. 
Two types of diatomaceous frustules were recognized; the 
pennate (0.0125mm) and the centric (0.0825mm). The pennate 
type is connected in a pattern indicating a colony growth. 
Many of the frustules are fragmented with different grades. 
The fragmentation is the result of surface intraformational 
reworking . Other frustules are partially or completely 
dissolved. The X-ray diffraction analysis indicated that the 
frustules are amorphous (opal- A), with a a poorly developed 
cristoblite phase that appears at 4.04 Ao. The non – clay and 
clay minerals which are associated with the diatomaceous earth 
are smectite, palygorskite, kaolinite, illite, dolomite, quartz and 
halite. Palygorskite and smectite neoformation were the result 
of diagenetic diatomite dissolution . The released silica from 
the dissolved frustules was consumed by diagenetic growth of 
smectite, palygorskite, and microcrystalline idiomorphic 
quartz.  
 
[1] Khoury, H., and Qa’adan, M. (2003), the University of 
Jordan. 112pp. 
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Presently, the corrosion of glass is determined with 

standardized tests including their large error potential. 
Here, we present a new approach for the time- and 

spatially resolved determination of glass dissolution.  
Predefined spots of the pristine surfaces were analyzed 

using vertical-scanning-interferometry. Experiments were 
conducted in a flow-through cell using a solution of 1 M 
NaOH and 0.5 M Na2CO3 at 80°C.  Parts of the samples were 
masked by a polymer material. After cleansing, the samples 
were measured at the exact same surface locations. The use of 
a mask generated an absolute reference height. The resulting 
datasets represent material flux maps that allow for spatial- and 
time-resolved statistical analyses. Frequency analysis of flux 
maps results in a quantification of rate distribution according 
to our new rate spectra concept [1]. A deconvolution of the rate 
spectra allows for detection of contributing rate components. 
The results suggest several surface defects have significant 
impact on the initial glass corrosion rate. The new approach 
provides important information about the varying spatial and 
temporal impact of multiple contributors to the overall rate [2]. 
Consequently, the method allows for a quantitatively improved 
and mechanistically based prediction of glass corrosion.  
 
[1] Fischer et al. (2012), GCA 98, 177-185. [2] Fischer et al. 
(2014), Appl Geoch 43, 132-157. 
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Weathering of ultrabasic rocks (peridotites and 

serpentinites), naturally enriched in metallic elements (e.g., Ni, 
Cr and Co) leads to formation of infertile serpentine soils. The 
main difference between igneous peridotite and metamorphic 
serpentinite refers to the mineralogy of these rocks while their 
chemical composition is very similar. Generally, major 
components of peridotites (olivine, pyroxene) are less resistant 
to weathering than serpentine group minerals - principal 
components of serpentinites. It is therefore expected that the 
mobility of metallic elements is higher in soils derived from 
peridotites as compared with soils developed on serpentinites. 

For this study we have analyzed six pedons developed on 
several types of ultrabasic rocks: (i) proper serpentinites, (ii) 
serpentinite with aggregates of olivine and pyroxene (iii) 
partially serpentinised peridotite and (iv) hornblende 
peridotite. Studied ultrabasites have similar chemical 
composition and contain comparable concentrations of Ni (up 
to 2370 ppm), Cr (up to 3430 ppm) and Co (up to 120 ppm). 
The bioaccessibility of Ni, Cr and Co, determined using the 
EDTA extraction, is the highest for Ni whereas Cr is the least 
mobile element in all studied soils. The lowest proportions of 
EDTA extractable fraction of Ni and Co (up to 7 and 4 % of 
total concentrations respectively) are observed in soils derived 
from proper serpentinites devoid of primary minerals (e.g., 
olivine, pyroxene) and having non-pseudomorphic texture. The 
highest proportions of Ni and Co-EDTA extractable are noted 
in soils derived from partially serpentinised peridotite, 
hornblende peridotite and serpentinite having typical 
pseudomorphic texture, containing primary Al-rich 
magnesiochromite (up to 18 and 16 % of total concentration 
respectively). Thus, it seems to be justified that type and origin 
of ultrabasic parent rock affect metal mobility in studied soils. 
 
This study was funded by the National Science Centre (project 
2012/05/D/ST10/00529). 
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Ocean dumping in Korea (Rep.) began in 1987, and three 

dumping sites (East Sea 1, East Sea 2, and Yellow Sea 1) were 
established in 1993. Since then, wastes from land-based 
activities have been dumped from disposal vessels using both 
dispersed and concentrated dumping methods. At the same 
time, continuous efforts have been made to prohibit certain 
types of ocean dumping by enacting relevant laws and 
improving waste treatment systems. As of early 2015, all 
materials except wastewater fall under the prohibition list. The 
Korea Institute of Ocean Science and Technology (KIOST) 
collected sediment samples from 16 stations at Yellow Sea 1 
site using the R/V Eardo in July 2014 and from 15 stations at 
East Sea 1 and 2 sites in October 2014 using the R/V Onnuri. 
From the samples, concentrations of 36 polychlorinated 
biphenyls (PCBs) and 27 polycyclic aromatic hydrocarbons 
(PAHs) were quantified. The concentration ranges for 36 PCBs 
and 27 PAHs from the Yellow Sea 1 samples were 1.75–13.44 
and 170–394 ng/g d.w., respectively, while the concentration 
ranges for the East Sea 1 were 0.20–5.72 and  
330–918 ng/g d.w., and those for the East Sea 2 were n.d.–1.07 
and 50.5–480 ng/g d.w. The results of an ecotoxicological risk 
evaluation using 13 PAHs revealed that all three sit around the 
dumping sites do not exert adverse influence on the benthic 
organisms inhabiting the areas (mERL-Q <1). 
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This study was conducted in oreder to get the national 

baseline concentration of metals in surface sediments of from 
artificial freshwater lakes in Korea. A total of 282 sediment 
samples from 52 lakes in four major watersheds for eight 
metals (As, Cd, Cu, Cr, Ni, Hg, Pb, Zn) and conservative 
element (Li) were taken and analyzed to know metal levels 
using the total digestion technique and ICP-MS and ICP-OES.  
The median (5th ~ 95th) concentration levels of metals were 
14 (5.0~28) mg/kg for As,  0.30 (0.08~0.60) mg/kg for Cd, 65 
(31~110) mg/kg for Cr, 29 (10~55) mg/kg for Cu, 0.058 
(0.015~0.18) mg/kg for Hg, 30 (13~54) mg/kg for Ni, 38 
(23~65) mg/kg for Pb, 120 (57~190) mg/kg for Zn, and 48 
(23~73) mg/kg for Li. National baseline concentraion for 
metals in sediment were estimated from the 95th percentile 
value of Li(48 mg/kg)-normalized concentration of metals 
from the regression lines between eight metals by each lake 
and normalizer through a pivot point, which is the 
concentration of both elements in pure sand fraction, by each 
major watershed. According to this approach, the baseline 
concentration of Li-normalized metals in lake sediment were 
29, 0.38, 94, 47, 46, 0.095, 58 and 170 mg/kg for As, Cd, Cr, 
Cu, Ni, Hg, Pb, and Zn, respectivley. 
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The purpose of this study is to suggest baseline 

concentration of metals in coastal surface sediments around 
Korea. For this, total concentrations of eight metals(As, Cd, Cr, 
Cu, Hg, Ni, Pb, Zn) and other elements (Al, Fe, Cs, Fe  etc) in 
surface sediments were determined for more than 1102 
samples collected from 1989 to 2012. Total concentrations of 
metals were generally controlled by the grain size of sediments. 
But many samples showed higher concentrations than those 
expected from the relationship with sediment grain size, and 
could therefore be thought to be outliers. By using screening 
method combing the least absolute value method with 
enrichment factor, these outlier, the samples suspected of 
receiving any anthropogenic input, were removed from dataset 
for baseline concentrations of metal. Mean concentrations of 
relatively constant metal profiles observed in lower sections of 
the sediment cores from coastal area were used to be 
denominator for regional enrichment factor. By using 
relationship with conservative elements from the selected 
metal dataset, conservative element-metal regression formula 
established. This screening method and conservative element-
normalized method allowed to derivate baseline concentration 
of metals in coastal surface sediment.  
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This study was conducted in order to know the levels of 
the metals and organic contaminats in surface sediments of 
coastal area in Korea. A total of 10,576 samples for 8 metals 
(As, Cd, Cu, Cr, Ni, Hg, Pb and Zn) and 24 organic 
compounds (OCPs, PCBs, PCDD/Fs, DEHP and 14 PAHs) 
from 35 papers (1997 ~ 2011) and a series of research reports 
(2000 ~ 2008) about this study were investigated. The contents 
of metals in sediments were mainly controlled by the grain size 
of the sediments except part of  areas contaminated contained 
higher contents than normal values. But the investigation of 
organic compounds showed no significantly correlation with 
TOC. The threshold effect level (TEL) and probable effect 
level (PEL) were adopted to assess the level of the 
contaminants. Overall the average and range of concentrations 
of metals (mg/kg) in the surface sediments were: As (8.7, 
0.031 ~ 46.3), Cd (0.41, 0.002 ~ 12.5), Cr (61.4, 0.04 ~ 757), 
Cu (53.9, 0.12 ~ 5336), Hg (0.08, 0.0002 ~ 3.34), Ni (28.1, 0 ~ 
121), Pb (41.01, 0.06 ~ 733) and Zn (144, 2.37 ~ 2447). Mean 
concentration of organic compounds ranged from 0.155 ng/g 
(γ-HCH) to 384 ng/g (ΣPAHs). The sites for metals exceeding 
the TEL ranged from 22 % (Ni, 22/99) to 87 % (Cu and Cr, 
86/99), and from 0 % (As, 0/99) to 19 % (Cu, 19/99) for PEL. 
At the case of organic compounds, the sites exceeding the TEL 
ranged from 0 % (6 PAHs and DEHP, 0/66) to 52% (PCDD/Fs, 
32/61), and from 0 % (p,p`-DDD, 6 PAHs and DEPH, 0/61) to 
41 % (ΣDDTs, 25/61) for the PEL. The results showed that the 
sites exceeding the TEL and PEL of chemicals in the surface 
sediments of coastal area in Korea mainly concentrated in the 
harbours and the industrial complex. 
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Nanoscale iron oxyhydroxides, which are commonly found 

in surface aqueous systems, can act as effective sorbents for 
dissolved metals due to their chemical reactivity, small size 
and high surface area which allow them to sequester ions from 
the aqueous and into the solid phase. However, they also 
rapidly aggregate under natural geochemical conditions, thus 
affecting their metal sorption capabilities. The broad range of 
particle aggregation mechanisms and states possible in the 
environment, in addition to variations in exposure/reaction 
time and other environmental factors (such as the increase in 
salinity associated with the transition from fresh water to 
seawater), substantially increases the complexity and variety of 
interactions between metal ions and nanoparticle aggregates. 

We have conducted an array of macroscopic batch 
experiments, kinetic rate measurements, and spectroscopic 
analyses using synchrotron X-rays to explore Cu(II) and Zn(II) 
adsorption, desorption, and retention processes associated with 
aggregated and dispersed iron oxyhydroxide nanoparticles, 
including: 1) as a function of aggregation state induced by 
ionic strength (0.001-1.0 M), pH (5.0-10.0), and temperature 
(25°C-75°C); 2) in real-time (1 hr-5 weeks) using ion selective 
electrodes; 3) in the presence of chloride (0-0.6 M) and sulfate 
(0-0.09 M), two common inorganic ligands found in surface 
waters; and 4) using extended X-ray absorption fine structure 
(EXAFS) spectroscopy to investigate metal speciation on 
sorbed/desorbed samples resulting from the prior studies. 

Findings include: 1) aggregation state generally reduces 
initial metal uptake due to lowered surface area but increases 
metal retention due to inter-particle nanoporosity; 2) exposure 
time both lowers kinetic desorption rates and increases metal 
retention; 3) the presence of chloride and sulfate has varying 
effects that are concentration- and metal-dependent, but in both 
cases show evidence for the formation of ternary surface 
complexes; and 4) quantifiable variations in metal speciation at 
the solution-solid interface reveal dynamic changes in surface 
complexation that inform our understanding of fundamental 
sorption/desorption processes and potential applied 
remediation strategies in contaminated systems. 
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High-level radioactive wastes should be isolated permantly 
in the deep geological respository. Shallow groundwater can 
flow along fractures into the deep geological repository, 
causing oxic conditions. In the oxic conditions, uranium can be 
oxidized from U(Ⅳ) to U(Ⅵ) ions. The  U(Ⅵ) ions can easily 
migrate in groundwater because of their high mobility. 
Chlorite, which is a phyllosilicate mineral, generally occurs in 
fractures of chystalline rocks. Chlorite may affect redox 
conditions of deep geological conditions by its oxidation. 
Before chlorite is oxidized, dissolution of chlorite can occur. 

This study investigated the degree and kinetics of chlorite 
dissolution at various conditions. Batch dissolution tests with 
CCa-2 samples were conducted for 60 days at various 
conditions (e.g.,  pH and oxidizing agent and NaCl 
concentrations). The leachate and reacted solid samples were 
collected from the batch tests every 10 days. The ion 
concentations of the leachate samples were ananlyzed using 
ICP-AES. The mineralogical and morphological charateristics 
of the reacted solid samples were analyzed using SEM and 
XRD analyses. 

The degree of chlorite dissolution was relatively higher at 
low pH (pH = 3). Almost no effect of the concentration of 
oxidizing agent on the chlorite dissolution was observed. The 
chlorite dissolution occurred within 10 days for all test 
conditions used in this study. Mg and Si ions were 
predominatly dissolved from the chlorite samples. Almost no 
Al ions were observed probably due to precipitation of Al ions. 
Results of SEM analysis showed that surface and edge of the 
chlorite samples tended to be crispy and smooth with the 
reaction time. The XRD results showed that the unreacted 
chlorite sample consisted of mainly clinoclore, whrease the 
reacted chlorite samples for 60 days consisted of mainly 
leuchtenbergite.  
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Global submarine groundwater (including saline water) 

discharge (SGD) is found to be 3-4 folds of the river water 
discharge in magnitude [1]. Due to high ionic strength, saline 
groundwater is highly enriched in chemical species, including 
nutrients, trace elements, and radionuclides. Therefore, SGD-
driven fluxes of chemical species have been found to be very 
important in many local and regional studies. Our study shows 
that SGD driven fluxes of inorganic nutrients [2], organic 
nutrients [3], trace elements [4], and rare earth elements [5] are 
significant in coastal waters off a volcanic island, Jeju, Korea. 
SGD plays a critical role in inventories of these components in 
coastal waters and associated biological production. Enhanced 
nutrient fluxes through SGD also have caused pH increase in 
the coastal euphotic zone of this island. Therefore, we suggest 
that SGD is particularly important for coastal water 
biogeochemistry off oceanic islands standing in oligotrophic 
oceans.  

 
[1] Kwon et al. (2014) Geophy. Res. Lett. Doi: 
10.1002/2014GL061574. [2] Kim et al. (2011) Limnol. & 
Oceanogr. 56(2): 673-682. [3] Kim et al. (2013) J. Sea Res. 78: 
18-24. [4] Jeong et al. (2012) Appl. Geochem. 27: 37-43. [5] 
Kim and Kim (2014) Mar. Chem. 160: 11-17.  
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Determination of ancient planetary magnetic field intensity 
provides a first-order constraint for the evolution of rocky 
materials in the Solar System. There is now undisputable 
evidence that rocky planetary bodies might record ancient 
planetary magnetic field at the time when the rocky planetary 
bodies were formed. However, it is disputable whether the 
estimates of the ancient magnetic field intensity were reliable. 
Such controversy mostly originates from the fact that rocky 
planetary bodies alter irreversibly during multiple heating 
experiments. The present study systematically examined the 
ratio of thermoremanent magnetization (TRM) to saturation 
isothermal remanent magnetization (SIRM). We found that the 
ratio of TRM/SIRM reflects both physical and chemical 
properties. For instance, ratio of TRM/SIRM is larger for finer 
grains. In addition, highly differentiated metal-poor silicates 
provide stronger ratio of TRM/SIRM. Although it is true that 
the uncertainty of TRM/SIRM is an order of magnitude larger 
than that of the high fidelity Thellier-type estimation, the 
TRM/SIRM is useful when planetary bodies are irreversibly 
alter during heating. 
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Background levels of anthropogenic components such as 
nitrate should be accurately determined to assess the pollution 
status of groundwater. For this purpose, threshold value is used 
to discriminate between natural background group and polluted 
group. Kim et al. (2015) [1] evaluated the thresholds of nitrate 
in South Korean groundwater as 3.0 and 5.5 mg/L NO3 
respectively for bedrock groundwater and alluvial 
groundwater, based on data from Korean Groundwater 
Monitoring Network. The present study is aimed to re-evaluate 
the thresholds by using the model-based cluster analysis of 
hydrochemical data for groundwater samples (n=4000) from 
100 agro-livestock farming areas in South Korea. Data of total 
organic carbon, coliform bacillus, and calculated nitrate 
loading for each study area were also used to test the reliability 
of evaluation as those variables can be additional indicators of 
anthropogenic contamination. The results show that for the 
areas where the average nitrate concentration of sampled 
groundwater exceeds the suggested threshold value, there is a 
clear positive correlation between the site-specific, nitrate 
loading and average nitrate level. Based on the examination of 
the statistical distribution of nitrate data for such anthropogenic 
samples, 15.0 mg/L NO3 are proposed as the threshold value 
which can be used to discriminate the local contamination 
impact of livestock farming from widespread and historic, 
regional contamination in agro-livestock farming areas of 
South Korea. 
 
[1] K.H. Kim, S.T. Yun, H.K. Kim, J.W. Kim, 2015, 
Determination of natural backgrounds and thresholds of nitrate 
in South Korean groundwater using model-based statistical 
approaches. J. Geochem. Explor. 148, p. 196-205. 
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Proterozoic basement rocks of South Korea are generally 
represented by Gyeonggi and Yeongnam massifs, commonly 
correlated with South and North China Blocks, respectively. 
Recently, we obtained new geochemical data and SHRIMP U-
Pb zircon age of the Paleoproterozic granitoids from the 
western Gyeonggi massif, and suggest another tectonic 
interpretation of Paleoproterozoic basement of South Korea. 
Western Gyeonggi massif largely consists of Paleoproterozoic 
gneisses, granitoids, amphibolites and schists intercalation of 
quartzite and marble. These Paleoproterozoic basement rocks 
were intruded by Neoproterozoic granitoids, and 
unconformably overlain by Devonian marine clastic 
sedimentary rocks which are intruded by Mesozoic granitoids. 
Hornblende-biotite granite, one of the Paleoproterozoic 
granitoids, intruded the graphite-bearing garnet-sillimanite 
schists whose youngest sedimentation age was known < ca. 
1780 Ma. Hornblende-biotite granite is plotted in alkali 
granite-granodiorite, and belong to within plate granite. 
Weighted mean age of the SHRIMP zircon U–Pb analysis 
yielded 1684.1±7.7 (n=7), 1677.3±9.2 Ma (n=11),  
1699±12 Ma (n=11), 1697.1±8.8 Ma (n=10) and 1689.6±7.1 
(n=20). The occurrence of khondalite and ca. 1.7 Ga alkali 
granite in the Gyeonggi massif together anorthosite and 
mangerite in the Yeongnam massif suggests that both massifs 
are correlated with the North China Block. 
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Asbestos-contaminated soils are a potential source of 
airborne asbestos which can potentially cause serious diseases. 
Therefore, the asbestos-contaminated soils should remediate 
and manage properly for human health. The objectives of this 
study were to examine mineralogical characteristics of 
asbestos and to investigate remediation of asbestos-
contaminated soils. 

Asbestos-containing soils were collected from around the 
serpentinite containing chrysotile fibers and carbonate rocks 
containing tremolite asbestos. For remediation, the asbestos-
containig soils were reacted for 20 days within alkaline 
solutions (pH = 10 ~ 11) that made using bottom ash, sulfur 
and calcium hydroxide. And thermal treatment of the 
chrysotile and tremolite asbestos was performed at 850℃ and 
1100℃ for 2 hours, respectively. Mineralogical characteristics 
of the asbestos fibers and transformed minerals by chemical 
and thermal treatments were examined by XRD, PLM, SEM-
EDS, and TEM-EDS analyses. 

Soils weathered from serpentinite and carbonate rock 
contained 2% fibrous chrysotile bundles and 5.5% needle-like 
shaped tremolite asbestos, respsctively. It indicated that these 
soils were classified as asbestos-contaminated soils (> 1%) 
based on U.S. EPA. After chemical treatment using alkaline 
solution, chrysotile showed low peak intensity, changes of 
dispersion staining colors, morphology and chemical 
composition compared to untreated chrysotile fibers. But 
tremolite asbestos had no changes of mineralogical and 
chemical properties after reaction with the akaline solution. As 
results of thermal treatment, chrysotile fibers was transformed 
into rod-shaped forsterite at 850℃ and tremolite asbestos was 
transformed into rod-shaped diopside and enstatite  at 1100℃ 
due to dehydroxylation. 

These results indicate that chemical treatment using 
alkaline soluiton have a potential for dissolving chrysotile 
fibers and also thermal treatment lead to mineralogical  
transformation of chrysotile and tremolite asbestos. Therefore, 
mineralogical properties of the asbestos-contaminated soils 
should be taken into account to decide a remediation strategy 
for a given asbestos because development and optimization of 
soil remedial technologies are based on mineralogical 
characteristics. 
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Estimation of the surface CO2 flux is crucial to understand 
the mechanism of surface carbon source and sink. In Asia, 
there are large uptake regions such as forests in boreal and 
temperate regions. In this study, to diagnose the surface CO2 
flux in Asia, CO2 observations were assimilated in the 
CarbonTracker developed by NOAA. The CarbonTracker is an 
inverse modeling system that estimates the surface CO2 flux 
using an ensemble Kalman filter with atmospheric CO2 
measurements as a constraint.  

In contrast to the CarbonTracker developed by NOAA, a 
nesting domain centered in Asia in this study enabled detailed 
estimations of surface CO2 flux in Asia. The effect of CO2 
observations on the estimated surface CO2 flux was also 
diagnosed by the analysis sensitivity and information content. 
The analysis sensitivity was inversely proportional to the 
number of observations used in the assimilation, which was 
notable in the continuous observations. The information 
content indicated the imbalance between the observation 
coverage in North America and that in other regions. 
Approximately half of the total observational information was 
provided by the continuous observations located in the North 
America, which indicates that the continuous observations is 
the most informative in this system and that the comprehensive 
coverage of additional observations in the other regions is 
necessary to estimate the surface CO2 in the other regions as 
accurately as that in the North America. Finally, the CO2 
observations in Siberia provided beneficial impact on the 
surface CO2 flux analysis in Asia. 
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The light noble gases, helium (He) and neon (Ne), 

dissolved in seawater can be useful tracers of freshwater added 
by the glacier melting since the dissolution of air bubbles 
trapped in glacial ice results in about ten-fold supersaturation. 
Using He and Ne tracers, we present the distributions of 
glacier meltwater (GMW) along the water columns of a long 
troughs and ice shelves in the western Amundsen Sea, 
Antarctica in the austral summers of 2011 and 2012. The 
measured saturation anomalies of He and Ne (ΔHe and ΔNe) 
(ΔC = (C/Ceq– 1) × 100%, where C and Ceq are measured and 
the air-saturated concentrations of a gas, respectively were in 
the range of 3 – 35% and 2 – 12%, respectively, at the Dotson– 
and Getz Ice Shelves (DIS and GIS). Throughout the DT, the 
maxima of ΔHe (and ΔNe) (up to 21%) were observed at the 
depth of 400 – , the layer between the incoming Circumpolar 
Deep Water (CDW) and overlying Winter Water (WW). This 
large extent of ΔHe even appeared nearly 300 km away from 
the ice shelves, suggesting that GMW can be transported more 
than several hundred kilometers offshore. Along the ice 
shelves, the the ΔHe (and ΔNe) were substantially higher in 
DIS than those in GIS and the largest ΔHe were observed in 
the western part of DIS, where concentrated outflow from the 
shelf were observed. Compared to 2011, the GMW fractions in 
2012 decreased by up to 30 – 40% in DIS and GIS, 
respectively, indicating a strong temporal variability in glacial 
melting. Our results imply that ΔHe and ΔNe are sensitive 
GMW tracers with high spatio-temporal resolutions. 
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The Ulleung Island, the largest Quaternary alkaline 

volcanic body in the back-arc basin of East Sea (Sea of Japan), 
mainly consists of trachybasaltic, trachytic and phonolitic lavas 
and pyroclasts. These volcanics, ranging from 1.4 Ma to 5.6 ka 
in their ages, can be divided into two different suites: earlier 
trachybasaltic-trachytic lavas and later phonolitic pyroclasts. 
Geo-chemical analyses of previous workers suggest that the 
source of phonolitic tephras significantly differs from that of 
the earlier lava flows. The phonolitic pyroclastic deposits have 
been recently subdivided into five members (N5-N1), varying 
in their eruption styles. These latest eruptions in the Ulleung 
Island have piled up the trachyandesitic lava and scoria, 
suggesting a dynamic evolution of the underlying feeder 
system. To investigate the chemical evolution of final volcanic 
stage in the island, we studied the whole-rock geo-chemistry of 
the most recent eruptive sequences in stratigraphic order. All 
the analyzed samples share the similar trace element patterns: 
the positive Li and negative B, Ba, and Sr anomalies. The basal 
N5 holocrystalline trachytic clasts and pumices, occasionally 
containing sanidine and kaersutite phenocrysts, are 
characterized by highly-evolved trace element patterns and 
Al2O3 contents (20.2-20.4 wt.%) greater than those of other 
samples (18.8-19.0 wt.% ). The upper members (N4-N2) are 
characterized by hypocrystalline phonolitic pumices which 
contain variable phenocrysts such as sanidine, sodic 
plagioclase, kaersutite, diopside, apatite, and titanomagnetite. 
The final dome-forming lava contains olivine (Fo63~75) and 
ilmenite-titanomagnetite in the holocrystalline groundmass of 
plagioclase, kaersutite, apatite and leucite. These dome 
samples are lacking in Eu and Li anomalies  
(Gd/Eu=0.73-0.75; Li/Ho=1.23-1.31) and have the minimal Sr 
and Ba anomalies. Our whole-rock geochemistry data suggest 
that the final eruptions in the Ulleung Island have been 
governed by dynamic magmatic feeder system characterized 
by episodic recharges and fractionation. 
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An alluvial aquifer in a floodplain of the Red River delta, 
Vietnam, was studied to elucidate the water quality status 
(especially, salinity problems) and hydrochemical processes. 
We collected hydrochemical and isotopic data of groundwater 
samples from the Kien Xuong district of Thai Binh province, 
Vietnam. The groundwater showed a broad hydrochemical 
facies change from Ca-HCO3 through Na-HCO3 to Na-Cl 
types, indicating the occurrence of progressive freshening (i.e., 
freshwater mixing) accompanying cation exchange. Principal 
component analysis (PCA) of hydrochemical data indicated 
three major hydrochemical processes: 1) salinity gradient 
(freshening), 2) water-rock interaction, and 3) redox process. 
The end-member mixing analysis (EMMA) was also 
performed to interpret the geochemical reactions 
accompanying freshening. The results showed that the mixing 
model with two component dimensional space can best explain 
the processes, as indicated by the lowest relative root-mean-
square error (RRMSE) for Cl and Na ions. This indicates three 
end-members are possibly involved in mixing process: rain 
water, seawater, and Ca(-K)-HCO3 type groundwater. Mass 
balance calculation using the multivariate mixing and mass 
balance calculation (M3) model indicates the occurrence of 
cation exchange and Fe-, Mn-, and sulfate reduction during the 
freshening process. Sulfur and oxygen isotope data of SO4 
indicated the bacterial reduction of sulfate from both 
anthropogenic (such as chemical fertilizers) and seawater 
origins. This case study shows the successful applicability of 
PCA-based end-member mixing analysis to assess complex 
hydrogeochemical processes encountering in groundwater 
accompanying freshening and anthropogenic contamination.  
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CO2 capture and storage (CCS) is one of options for 
reducing CO2 emission to the atmosphere. CO2 geological 
storage is the most prospective natural storage methodology 
because huge amount of CO2 can be stored in appropriate 
geological formations. Stored CO2 can be leaked through 
various pathways and thus leakage monitoring is necessary to 
assess the CO2 leakage. The objective of this study is to 
evaluate visually the CO2 leakage pathways in soils at various 
conditions.  

An acrylic reactor (25 x 25 x 5 cm) was used to mimic 
subsurface environment in a small scale. The reactor was filled 
with glass bead or soils and DI water or salt solutions. CO2 gas 
was injected using a plastic pipe at 5 cm above the bottom of 
the reactor and the CO2 concentration was measured at top of 
the reactor using a . An universal pH indicator was used to 
observe pH changes visually in pore water. The changes in 
color of the pore water was monitored using cam shots. CO2 
leakage flux was determined using CO2 concentration 
measured at the top of the reactor. 

Pathways of CO2 bubbles and dissolved CO2 when passed 
through the glass bead or soils were clearly observed. The test 
conditions such as porosity, water content, and heterogeneity 
of soils affects the characteristics of CO2 leakage pathways. 
Results of this study also imply that the universal pH indicator 
can be useful for evaluating CO2 leakage pathways in small 
scale laboratory experiments. 

1582



 Goldschmidt2015 Abstracts  

 1583 

Mantle heterogeneity in the source 
region of MORBs along the northern 

Central Indian Ridge 
JONGUK KIM1, SANG-JOON PAK1, JIHYE OH1 AND  

JAI-WOON MOON1 
1Deep-sea and Seabed Mineral Resources Research Center, 

Korea Institute of Ocean Science & Technology, Ansan, 
Korea (jukim@kiost.ac) 

 
The northern Central Indian Ridge (CIR; 8°–17°S) is 

composed of seven segments whose spreading rates increase 
southward from ~35 to ~40 mm/yr. Although previous studies 
have analyzed a limited number of rock samples collected 
more than two decades ago, no systematic chemical or isotopic 
studies of the northern CIR have previously been conducted. 
During expeditions to study hydrothermal activity on the 
northern CIR onboard the R/V Onnuri, high-resolution 
multibeam mapping and systematic sampling of volcanic rocks 
along the ridge axis were carried out. Here, we report on major 
and trace element, and Sr–Nd–Pb isotopic compositions of 
basaltic glasses from the spreading axis along the northern 
CIR, which reveal two distinct enriched mantle sources. On the 
southern segments, the samples generally show high Nb/Yb 
and 87Sr/86Sr, and low 206Pb/204Pb ratios, similar to the Reunion 
plume and to enriched lavas previously collected from the 
southern CIR. These patterns suggest that the southern 
segments were affected by the Reunion hotspot plume (EM2) 
and its trail, as the CIR migrated over hotspot-modified 
mantle. In contrast, lavas from the northern segments are 
characterized by high La/Sm and 206Pb/204Pb, and low 87Sr/86Sr 
ratios, distinct from the Reunion plume but indicating a “focus 
zone” (FOZO) component. The “FOZO-like” enrichment in 
the northern segments cannot be attributed to an adjacent 
mantle plume or to delamination of the lower continental 
lithosphere. Instead, this enrichment may have resulted from 
recycling of ancient subduction-modified oceanic crust, 
possibly accompanied by carbonatite metasomatism. 
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For recovery of lithium from seawater, the lithium 

adsorbent material have been developed by Korea Institute of 
Geoscience and Mineral Resources (KIGAM). During the field 
application of this adsorbent, biofou ling were observed and 
increase the fouling amount as longer exposure time. It is 
important to prevent biofouling on the surface of adsorbents to 
maximize the lithium recovery efficiency [1]. We selected two 
types anti-fouling agents for reservoirs which were packing 
materials of lithium adsorbents. The adsorbents packed into 
polyurethane sponge and installed PVC frame for field 
experiments and anti-fouling paint and spray were applied for 
PVC frame (anti-fouling paint) and urethane sponge (anti-
fouling spray). When lithium adsorbents were immersing to 
seawater, the factors that affect the ecological impact by anti-
fouling agent in marine environment should be consider. In 
this study, eco-toxicological assessment was performed with 
Microtox using bioluminescence bacteria Vibrio fischeri [2]. 
Dissolution experiments were carried out to verify the acute 
toxicity of lithium adsorbents and anti-fouling agents. The 
adsorbents and its reservoirs coated with antifouling agents 
were soaked in sterilized seawater and aeration for 1, 3, 5, 7, 
10 and 14 days intervals under controlled temperature. As the 
results, toxicities of adsorbents were found in more than 10 
days exposure and EC50 concentrations were 61.4%. Toxicity 
of elution by anti-fouling spray were represented relatively low 
as was 36.74% (10 days) to 96.27% (1 day) EC50 range. 
However, dissolution matters from anti-fouling paint have 
relatively high toxicities with 10.32% to 38.23% of EC50 
concentrations regardless of exposing time. We also 
determined the concentration of heavy metals related with 
toxicities such as As, Cd, Cr, Cu, Zn, As, Sn, and Pb using 
ICP-MS. 

 
[1] Kim et al (2013) E G & H, 35, 311-315. [2] Backhaus et al 
(1997) Chemosphere, 35(12), 2925-2938. 

1584



 Goldschmidt2015 Abstracts  

 1585 

Environmental impacts on artificial 
lake by tidal power plant: Application 

of δ13C, δ15N and δ34S values 
MIN-SEOB KIM1, SUKHEE YOON1, KONGTAE RA2, 

KYUNG-TAE KIM2, KYUNG-HOON SHIN3,  
WON-SEOK LEE1 AND JONGWOO CHOI1* 

1Environmental Measurement & Analysis Center, NIER, 
Incheon 404-708, Rep. of Korea, 
candyfrog77@hotmail.com, yoonsh@korea.kr, 
boystone@korea.kr, cjw111@korea.kr 

2Marine Environments and Conservation Research Division, 
Korea Institute of Ocean Science and Technology 
(KIOST), Ansan 426-744, Rep. of Korea  
ktra@kiost.ac, ktkim@kiost.ac 

3Department of Marine Sciences & Convergent Technology, 
Hanyang University, Ansan 426-791, Rep. of Korea 
shihkh@hanyang.ac.kr 

 
Artificial Lake Shihwa (surface area 43.8 km2, drainage 

basin 476.5 km2) in South Korea, a salt water lake was created 
by entrapment of the Yellow Sea through the construction of a 
dike (12.7km in length) in 1994. However, the dike 
construction has led to a serious deterioration of water quality 
in the region due to the insufficient circulation of the enclosed 
lake water and the continuous input of anthropogenic organic 
matter from nearby industrial complexes. To cope with the 
problem, the South Korean government designated and opened 
a water gate in a middle of the dike in 2001 to allow water 
exchange with the adjacent sea, moreover a tidal power plant 
constructed to promote seawater circulation and to supply 
electric power to the nearby industrial complex in 2011. The 
vertical distribution of C/N ratio and stable isotope ratios 
(δ13C, δ15N and δ34S) in sediment cores was investigated to 
evaluate environmental change after establishment of tidal 
power plant and the historical record of origin for organic 
matter over 30 years in the lake. Since 1994, core samples 
showed higher C/N ratio(14~16) and lighter δ13C values 
ranging from -25~-26‰. It could indicate that large influxes of 
land-derived organic sources including rural, urban, and 
industrial regions effects environmental conditions in Shihwa 
lake. Also, higher sulfide contents and lighter δ34S values 
ranging from -20~-11‰ was observed core samples, indicate 
that Shihwa lake gradually changed from oxic to anoxic 
condition due to inflow large amount of anthropogenic organic 
matter. Enhancing water exchange through the periodic 
opening of the watergate and establishment tidal power plant 
in 2011, δ13C values of core samples has more heavier values 
ranging from -21~-22‰ compared to 1994 indicating that 
marine organic matter may be transported to Shihwa lake due 
to sufficient water circulation through watergate and tidal 
power plant. Also, it was supported by C/N ratio which 
showed ranging from 7 to 9. Moreover δ34S values ranging 
from -0~8‰ was observed core samples, indicate that Shihwa 
lake gradually became oxic  condition.  

Consequently, the vertical profiles of isotope values in the 
sediments tracked the sources of the organic matter and 
inferred environmental conditions. 
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In order to understand the carbon cycle in the Amundsen 
Sea Polynya, the Antarctic, the export fluxes of organic carbon 
from the euphotic zone to depth were estimated using 
234Th/238U disequilibrium method. Seawaters in 11 water 
columns were collected during February to March 2012 (late 
summer) and January 2014 (early summer), and analyzed for 
total and dissolved 234Th, and particulate organic carbon.  Size-
fractionated particles (early summer) were also analyzed for 
234Th and organic carbon.  

Integrated Chl-a in the Amundsen Sea Polynya were 
estimated as much as 353 (±84) and 127 (±69) µg m-2 in early 
and late summer, respectively. The export fluxes of 234Th 
estimated using the steady state model in early and late 
summer were 137 (±52) and 825 (±165) dpm m-2d-1, 
respectively. They were well correlated with the deficiency of 
N and P for most sites, but in sites of the Polynya where 
showed the early summer P. Antarctica bloom, there were very 
low in the deficiency of water column Si as well as the export 
fluxes of 234Th, which indicated that the Th export might be 
accomplished only when enough diatoms were present. 

The ratios of POC/234Th in size-fractionated particles 
collected in the Polynya were 7.47 (± 3.78) µM/dpm (>1µm, 
late summer), 42.2 (± 2.49) µM/dpm (>1µm, early summer) 
and 85.9 (± 14.6) µM/dpm (> 60µm, early summer). POC 
export fluxes of early and late summer were estimated as much 
as 11.5 (± 3.60) and 6.16 (± 3.20) mmol C m-2 d-1, respectively. 
Integrated Chl-a and POC export fluxes in early summer were 
3 and 2 times higher than those in late summer. The difference 
of particulate organic carbon export flux between early and 
late summer in the Amundsen Sea Polynya was similar to 
those in Ross Sea [1]. 
 
[1] Cochran et al., 2000. Deep-Sea Research II 47:3451-3490. 
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Understanding local and regional air quality degradation 
and climate change is an important concept to perceive the 
impact of aerosol concentrations in human health and climate. 
Multi-year records of MODIS onboard Aqua, space-borne lidar 
CALIOP onboard CALIPSO, Mie lidar, and particulate matter 
(PM) mass concentration measurements in East Asia are 
analyzed to investigate the changes in column aerosol optical 
depth (AOD) and ground-level PM mass concentration over 
the past decade. We present estimated trends of aerosol 
properties for five regions from 2004 to 2014, using 
Weatherhead’s statistical trend analysis model (Weatherhead et 
al., 1998, 2000). Regions were selected to represent main 
source of anthropogenic and natural mineral dust aerosols in 
East China, Yellow sea region with transported anthropogenic 
aerosols from adjacent China industrial region, and three 
pacific regions with main source of sea salt aerosols in 
between Korea Peninsula and Japan, South of Japan, and East 
of Japan, respectively. AODs from both MODIS and CALIOP 
for five selected regions show no significant trends. For 
regions heavily influenced by anthropogenic aerosols, a 
positive trend in Ångström exponent (Å) observed with 
maximum magnitude of 1.6% per year, however, remote ocean 
regions influenced by sea salt aerosols show negative trends 
with maximum magnitude of -1.2% per year. In general, 
increasing trend of Å can be explained by an increasing 
proportion of fine mode particles emitted mainly from 
industrialized areas of Asian continent. It has further been 
investigated by choosing 8-station in China and 2-station in 
Korea that annual variations of column AOD for these stations 
agrees well with the regional trends. However, ground-level 
PM mass concentration measurements of each stations show 
mostly significant decreasing trend with magnitude up to  
-3.8% per year and -4.7% per year in China and Korea, 
respectively. Vertically resolved AOD at Seoul, Korea is 
calculated from ground-based lidar measurement during the 
study period 2007-2014. Surface AOD, which is obtained by 
an integral of aerosol extinction coefficient from surface to 1 
km altitude, has decreased with magnitude of -1.95% per year, 
but AOD for free atmosphere (i.e., between 1 km to 5 km 
altitude) are shown no significant trend. 
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Aerosol particles were collected using high volume aerosol 
sampler on board in the southern sea of Korean Peninsula 
between Korean Strait and Jeju-do island during the periods of 
November 1997, April, September and November 1998 and 
February and May 1999 to understand the characteristics of 
marine aerosol particles. There was yellow dust storm in April 
1998. Metals, cations, anions, Be-7 and Pb-210 were 
determined from filters (Whatman 41). The sources of metals 
in aerosol particles were classified from the enrichment factors 
normalized by abundances of crust and seawater. Na, Mg, K 
and Ca were mostly stemmed from seawater, however, the 
source of Ca was Chinese loess during the event of yellow 
dust. Al, Ti, Cr, Mn, Co, Zr and rare earth elements were 
originated from lithogenic materials. Ni, Cu, Zn, As, Mo, Cd 
and Pb with high crustal enrichment factors were flowed into 
the study area from artificial sources.  
The concentrations of Al and other metals in aerosol particles 
during the event of yellow dust were remarkably higher 
compared with those in the different sampling periods. 
Depositional flux of metals during the yellow dust event of 10 
days only was equivalent to 39% of annual depositional flux. 
The crustal enrichment factors of metals with artificial origins 
were higher by two orders of magnitude during the periods 
without yellow dust event compared with those in dust storm 
periods.  
The values of S/Ca and Al/Pb-210 showed that marine aerosol 
particles during the periods without yellow dust event had 
longer residence time than those in dust event. Relationships 
between the concentrations of non sea salt sulfate, nitrate, trace 
metals, Pb-210 and Be-7 inferred that the aerosol particles 
generated from land were precipitated in study area even not 
far from land passing through high altitude. Annual 
depositional flux of metals was contributed from the wet 
deposition of 41%, dry deposition of 20% and yellow dust of 
39% in study area. This indicates that annual depositional flux 
of metals through atmosphere in study area is strongly 
influenced by yellow dust events. 

 

1588



 Goldschmidt2015 Abstracts  

 1589 

Deformation mechanisms and 
plagioclase aggregates in mylonitized 

quartzofeldspathic gneisses 
TAEHWAN KIM1, MOONSUP CHO1 AND 

SOH-YOUNG YANG1 
1School of Earth and Environmental Sciences, Seoul National 

University, Seoul 151-742, Korea (slitmotw@snu.ac.kr) 
 

We studied the P–T evolution and microstructures of 
garnet–biotite gneisses, containing retrograde cordierite, in the 
Gyeonggi Massif, Korea. Grain-scale deformation mechanisms 
of each mineral, especially those of plagioclase, were analyzed 
in order to understand their contribution to the mylonitization 
of melt-bearing gneisses in the continental crust. 

The quartzofeldspathic gneisses, partly migmatitic, are 
variably deformed to produce protomylonite to mylonite, 
together with rare ultramylonite. Based on post-kinematic 
growth of cordierite and the presence of syn-kinematic melt, 
P–T pseudosection calculations with water in excess suggest 
that the deformation has occurred at ca. 660–750 °C and mid-
crustal pressure. Plagioclase occurs as near-monomineralic 
fine-grained (ca. 100 μm on average) aggregates, whereas K-
feldspar shows a typical core-and-mantle structure. Quartz 
occurs as relatively coarse-grained bands or ribbons. The 
subgrain rotation and grain boundary migration 
recrystallizations were dominant deformation mechanisms 
responsible for the grain size reduction of feldspars and grain 
growth of quartz, respectively. The electron backscatter 
diffraction analysis of plagioclase aggregates suggests that 
their CPOs are apparently unrelated to the orientation of 
tectonic fabrics, but the strength of CPO decreases with 
increasing amount of bulk strain. We propose that: (1) the 
strongest CPO is a remnant fabric inherited from the precursor 
plagioclase; and (2) the decrease of the CPO strength in 
plagioclase aggregates is attributed to the transition of 
dominant deformation mechanism from dynamic 
recrystallization to grain size-sensitive creep. Although K-
feldspar films and zircon overgrowths may indicate the former 
presence of syn-kinematic melt, the details of melt effect on 
deformation mechanisms are unclear. 

In summary, under the upper-amphibolite facies condition, 
sodic plagioclase is apparently weaker than K-feldspar and 
behaves as one of major strain-accommodating phases in 
quartzofeldspathic gneisses. The dominant deformation 
mechanisms change from dynamic recrystallization to grain 
size-sensitive diffusion creep during the high-T exhumation, 
which may account for the extensive and diffuse deformation 
of rigid crystalline blocks such as the Gyeonggi Massif. 
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Introduction 
Zinc (Zn) is an essential micronutrient for bacteria and 

phytoplankton in the ocean. Reportedly, organic complexes of 
dissolved zinc in surface waters reduce the bioavailable 
fraction of zinc, the free metal ion (Zn2+), to a level as low as  
1 pmol/L [1]. Therefore, Zn speciation is important to 
understand biogeochemical cycles of Zn in the ocean. In this 
study, distributions of dissolved Zn and its speciation were 
determined to investigate the biogeochemical processes of Zn 
in the northeastern Indian Ocean and Andaman Sea.   

Methods 
Seawater samples were collected in the northeastern Indian 

Ocean and Andaman Sea by using acid-cleaned X-type Niskin 
samplers installed on the CTD-CM [2] during the R/V 
Hakuho-maru research cruise (in July and August 2013). Total 
dissolved Zn (CZn) was determined cathodic stripping 
voltammetry after UV-digestion. Ligand concentrations (CL) 
and conditional stability constants (K’ZnL) were obtained from 
a titration using competitive ligand equilibrium / adsorptive 
cathodic stripping voltammetr [3]. 

Results and Discussion 
In the Andaman Sea, salinity data indicated the influence 

of fluvial discharge from Irrawaddy and Salween rivers was 
observed in the surface layer (5 – 75 m depth). In the surface 
waters of the northern Andaman Sea, with high Chl a contents, 
total dissolved Zn concentrations were relatively lower than 
those of southern Andaman Sea, which might reflect the 
biological uptake of dissolved Zn in the northern Andaman 
Sea. Furthermore, total ligand concentrations only in the 
northernmost station of the Andaman Sea are well correlated 
with Chl a contens, but not in other stations. In the high-
productivity area of the marginal sea, phytoplankton and 
bacteria-excreted organic substances might be one of the 
dominant sources for Zn complexing ligands. 

 
[1] Bruland et al. (1991) Limnology and Oceanography 36(8), 
1555-1577. [2] Kim et al. (2015) Limnology and 
Oceanography: Methods 13, 30-39. [3] Van den Berg (1985) 
Marine Chemistry 16, 121-130. 
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We investigated seasonal variations of partial pressure of 

CO2 in seawater (pCO2,SW) and main factors affecting it in the 
seas around South Korea, which include northern East China 
Sea (ECS), southeastern Yellow Sea (YS), and southwestern 
East/Japan Sea (ES). First, we analysed the pCO2,SW data 
collected over the almost 10 years in the northern ECS, and 
found that physical mixings among differenct water masses 
largely determined spatial variations in pCO2,SW, while 
seasonal changes in sea surface temperature and patterns of 
surface currents almost governed temporal variations in 
pCO2,SW. The influece from the Changjiang Diluted Water 
(CDW) was manifested during summer when this water mass 
flows toward northeast. We also found a significant correlation 
between chlorophyll-a concentration and pCO2,SW, indicating 
an important role of biological pump in regulating pCO2,SW in 
the northern ECS. Second, we conducted two cruises (July, 
2014 and Feburary, 2015) in the southeastern YS where 
pCO2,SW observations have been insufficient to resolve 
seasonal variations. The differences between summer and 
winter will be presented. Lastly, we will also show the 
seasonal difference between winter and spring in the 
southwestern ES based on our underway observations. 
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Nitrogen isotope of dissolved nitrate and chemical 

composition of major cations and anions were measured to 
track the source of nitrogen and identify the characteristics of 
precipitation in Seoul, Korea. Average nitrogen isotope value 
(δ15N) is 1.7‰, ranging from -1.5‰ to 6.5‰, indicating that 
the dominant source of nitrate in precipitation of Seoul appears 
to be anthropogenic activities. Emmissions from fossil-fule 
combustion, vehicles and stationary sources are strongly 
associated with the trend of nitrogen isotope value in this 
study. Average concentrations of major cations and anions in 
precipitation show that SO4

2- and NO3
- are the most abundant 

followed by Cl-. NH4
+, Ca2+ and Na+ are abundant cations. The 

enrichment factors (EFseawater) relative to seawater reveal that 
SO4

2- (76.7), Ca2+ (109) and K+ (34.7) are partly originated 
from other sources in addtion to marine source. Compared to 
them, Mg2+ (2.99) and Cl- (1.44) are mainly derived from 
marine source. NO3

- concentration is well correlated with that 
of SO4

2-, indicating that they are derived from anthropogenic 
activities. The NH4

+/NO3
- ratio of this study ranges from 0.7 to 

3.8 with the average of 1.5, suggesting higher strength of 
nitrate than that of ammonium in wet deposition of the study 
area. Strong correlation between nitrate and ammonium 
indicates that they are derived from industrial activities.  
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The concentrations of trace elements (Al, Cd, Co, Cr, Cu, 

Fe, Mn, Ni, Pb, Ti, V and Zn) in settling particles were 
determined. Time-series sediment traps were deployed in the 
northern Ulleung basin of the East/Japan Sea during November 
2010 and June 2013. The traps with sampling periods ranged 
between 8 and 10 days were moored at 1000m depth.  

Observed total mass fluxes varied from 0.05 to  
0.83 g/m2/day with the average of 0.32 g/m2/day. The fluxes of 
most elements (except Cd) were closely related with the 
vertical transport of alummium. Elemental composition and 
fluxes in settling particles suggested that these elements were 
remarkably supplied by aerosol loadlngs through the westerlies 
from land. 

Crustal enrichment factors of trace elements showed that 
most elements were originated from lithogenic materials. The  
crustal enrichment factors (EF) of Cd (289), Cu (4.1), Pb (10.7) 
and Zn (6.1) in settling particles were relatively high during 
March 2011 and June 2013. This indicates that these elements 
were scavenged well by biogenic materials even though the 
input of lithogenic Al was low in this period. 
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The mineralogy of bone tissues has important implications 

for bone physical and chemical properties. We employed 
Raman and FTIR spectroscopy to study bone bioapatite in the 
femurs and tibia of healthy mice and those with 
hypophosphatemia - a genetic disorder that creates a phosphate 
deficiency and results in lower bone mineralization [1]. 
Specifically we focused on the changes in the carbonate 
content of bone from healthy, wild-type mice (WT) and 
hypophosphatemic mice (HYP) when increased remodelling 
has occurred due to pregnancy and lactation. The contributions 
of the carbonate and phosphate symmetrical stretching bands 
were used to determined changes in carbonate content.  FTIR 
spectroscopy indicates an increased carbonate content of the 
bone bioapatite in HYP compared to WT mice in response to 
increased remodelling during lactation and phosphate demand. 
This is particularly evident in the lactating HYP mice where 
bone is expected to experience the most intense remodelling. 
Raman spectroscopy confirms this trend in lactating, pregnant 
and virgin mice. Changes in carbonate content will alter the 
crystallinity and thus solubility of the bone crystallites with 
concomitant effects on the role of bone crystallites during 
homeostasis and remodelling properties of bone. Despite the 
impaired mineral metabolism in the HYP mice, these mice 
employ similar adaptations to mineral demand as WT mice. 
 
[1] Tommasini et al. (2014), ASBMR 2014 Annual Meeting, 
September 2014, Houston, Texas. 
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Calculations of mantle convection generally use constant 
rates of internal heating and time-invariant core-mantle 
boundary temperature. When considering calculations that 
span the age of the solar system, both of these assumptions 
must be relaxed. In this work I consider 3D spherical 
convection calculations that span the age of the Earth with 
concentrations of heat producing elements that decrease with 
time, a cooling core boundary condition, and a mobile lid. I 
begin from a hot initial temperature, consistent with a 
relatively short accretion time for the formation of the planet. I 
find that the choice of a mobile or stagnant lid has the most 
significant effect on the average temperature as a function of 
time. However the choice of mobile versus stagnant lid has 
less of an effect on the distribution of hot and cold anomalies 
within the mantle. I find the same pattern of broad upwelling 
temperature structures in these new mobile lid calculations that 
has previously been described in stagnant-lid calculations 
relevant to Mars [1] [2]. The viscosity of the asthenosphere has 
a profound effect on the pattern of temperature anomalies, 
even in the deep mantle [3]. If the asthenosphere is weaker 
than the upper mantle by more than an order of magnitude, 
then the a pattern of temperature anomalies with one or two 
large plumes results. If the asthenosphere is less than an order 
of magnitude weaker than the upper mantle, then the pattern of 
temperature anomalies takes the form of narrow cylindrical 
upwellings and cold down going sheets. 

 
[1] Zhong & Zuber (2001) EPSL 189, 75–84. [2] Roberts & 
Zhong (2006) JGR 111, E06013. [3] Anderson & King (2014) 
Science, 346, 1184-1185. 
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The mass accumulation rate of barite on the seafloor is a 
powerful tracer of export productivity in the modern and 
paleo-oceans. However, the formation mechanism of marine 
barite is still uncertain, as are possible dynamical 
transformations that may occur in the water column between 
barite formation and deposition on the seafloor. Since stable-
isotopic measurements can provide insight into mineral—fluid 
reactions, analysis of the stable isotopic composition of Ba in 
barite should help address these uncertainties. 

We examined the Ba-isotopic composition of marine 
particulate matter from the upper 600 m of the water column of 
the Ross Sea, collected via in situ seawater filtration. The lack 
of significant CaCO3 production in this region facilitates 
interpretation of our suspended particulate profiles in terms of 
Ba associated with Corg. and barite. A selective leaching 
procedure was used to avoid lithogenic Ba contributions, with 
data obtained for four profiles that define an offshore transect 
spanning 500 km. 

We find highly systematic patterns of particulate Ba 
abundance and Ba-isotopic compositions in all four profiles. 
Across the transect, particulate Ba and P concentrations show 
monotonic increases and decreases with depth, respectively, in 
accord with an organic matter remineralization-mediated 
mechanism for barite precipitation. In contrast, particulate Ba-
isotopic compositions are not monotonic with depth, and show 
similar patterns at all four stations. The heaviest Ba-isotopic 
values are observed at the very surface, with a distinct 
minimum between 100-200 m, before increasing again to 
values approaching those seen at the very surface by 600 m. 
This profile shape may reflect the changing relative influence 
of multiple Ba sources with distinct Ba-isotopic compositions 
(e.g. Corg., barite), or it may indicate additional processes taking 
place within the water column, such as selective phase 
dissolution. 

Regardless, the similarity amongst the particulate profiles 
across the transect suggests that vertical cycling dominates the 
particulate Ba flux in the Ross Sea. Elucidating the 
mechanisms driving these dynamical transformations will be 
aided by analysis of Ba-isotopic compositions in associated 
seawater samples and sinking particles. 

1596



 Goldschmidt2015 Abstracts  

 1597 

Results of caprock and reservoir 
studies in the Mihályi-Répcelak area, 

western Hungary 
CS. KIRÁLY1*, Á. SZAMOSFALVI2, E. SENDULA1,  

I. KOVÁCS2, P. KÓNYA2, CS. SZABÓ1 AND GY. FALUS2 
1Eötvös University, 1/c Pázmány Péter sétány, Budapest, H-

1117 (correspondence*csilla.kiraly.hu@gmail.com) 
2Geological ang Geophysical Institute of Hungary, 14. Stefánia 

út, Budapest, H-1143 (falus.gyorgy@mfgi.hu) 
 

Study of natural CO2 occurrences delivers information 
about the long term effect of CO2 on the behavior of reservoirs 
and caprocks. This is an important input in the selection 
procedure of a potential industrial CO2 injection site.  In this 
study we present the results of study on caprocks and reservoir 
rocks from two bore holes at a natural CO2 occurrence. In 
order to characterize the natural CO2 occurrence, we applied 
the following analytical instrumentation: polarization 
microscopy, XRD, FTIR and SEM. The petrophysical 
properties are determined from the interpretation of 
geophysical well-logs and grain size distribution.   

Detrital minerals in the reservoirs are quartz, K-feldspar, 
albite, mica and dolomite whereas diagenetic minerals are 
carbonate minerals (calcite, siderite, ankerite, dawsonite) and 
clay minerals (kaolinite, illite). Our results reveal that the most 
visible effect of CO2 is the formation of dawsonite in the 
sandstone samples. Furthermore, the crystallisation of 
dawsonite is in close relation with the dissolution of albite. 
Therefore, dawsonite formation seems to be a local process in 
the studied rock samples. 

The Mihályi-Répcelak natural CO2 occurrence is believed 
to be leakage safe. There is no known seepage on surface. It is 
suggested that the clay mineral rich caprock can stop vertical 
migration of CO2 into other reservoirs or to the surface.  The 
most important petrophysical characteristics of caprocks is that 
they have low permeability (<0.1 mD) and porosity (eff.por. = 
4%) and high clayeyness (approx. 80%).  

In this study we demonstrate that in addition to these 
parameters, geochemical properties of the caprock are vital for 
long term safety.  The mineral composition of the caprock is 
similar to that of the reservoir rock, however, the ratio of 
components is different.  The results of petrographic analysis 
indicate that reaction between CO2 and the caprocks has taken 
place in the form of dawsonite crystallisation, again in close 
textural relation with albite. Therefore, despite the lack of 
surface CO2 leakage and excellent sealing properties the CO2 
may migrate through the caprocks in geological time scale.  
For this reason, through knowledge of caprocks is important. 
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At equivalent climatic conditions and constant vegetation 
cover, the level of soil nutrients availability has a strong 
influence on water and element cycling between the different 
compartments of the forest ecosystem. The objective of this 
study is to evaluate the impact of contrasted soils on 
aboveground nutrient fluxes and particularly on the canopy 
effect.  

The experimental site of Montiers corresponds to three 
plots of contrasted soil types (rendisol, calci-brunisol, 
alocrisol; AFES, 1998) developed on an equivalent beech 
stand (same age, same management). Each soil plot consists of 
3 replicates equipped with 3 bulk precipitation collectors 
(above the canopy), 4 throughfall gutters and 6 stemflow 
collectors to collect the solutions on a monthly scale. Fallen 
leaves are collected in litter bags and the fresh leaves are 
sampled in the tree.  

The comparison between over- and understorey fluxes (i.e. 
throughfall and stemflow) showed that most element fluxes are 
increased by canopy effect through foliar recretion. The 
enrichment dynamics of K, P, Mg and Si followed the same 
pattern throughout the three years, highlighting periods of 
strong foliar exchange activity. NO3 and NH4 were assimilated 
by the leaves whereas Cl and Na fluxes were not affected. The 
results showed limited soil influence on aboveground fluxes 
apart from manganese recretion fluxes, which increase with 
soil pH decrease. 

The comparison of green leaves in August and fallen 
leaves in November showed that the difference of foliar 
composition before and after senescence cannot be explained 
solely by the process of recretion and that high translocation 
fluxes occur between the tree and the leaf in autumn. The 
results highlighted a decrease of Mg translocation and an 
increase of Mn translocation with soil pH decrease. With 
nutrient translocation being a key component in nutrient 
conservation strategies, this study gives a further insight into 
the link between biological cycle and plant activities. 
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Tin and Indium are moderately chalcophile/siderophile and 
cosmochemically volatile elements. Owing to their cosmo- and 
geochemical properties (e.g., condensation temperatures), a 
detailed investigation of both Sn and In abundances in 
meteorites and primitive mantle will allow to place constraints 
on the accretion history and evolution of the Earth. However, 
these constraints are hampered by the lack of precise and 
accurate concentration data for Sn and In in silicate rocks and 
meteorites. This is partly due to analytical difficulties, for 
example the instability of Sn in low-molarity acids and the low 
abundance of In in many samples. Analytical problems are 
overcome by the application of sophisticated analytical 
techniques, i.e., isotope-dilution analyses in combination with 
chemical separation, a method that is especially powerful for 
the determination of low-abundant trace elements [1]. 
Additionally, MC-ICP-MS overcomes the high ionisation 
potential of Sn and allows to precisely monitor isobaric 
interferences (e.g., Cd, Te, Xe). 

Here we present precise and accurate data for Sn and In 
abundances for various geological reference materials, 
including BHVO-2, W-2, BIR-1, NIST SRM 612, JA-1, AC-E, 
and UB-N. Only ~ 2-3 ng In and ~20 ng of Sn are required for 
a single high-precision measurement. The long-term 
reproducibility is typically better than 1 % (2 sd) for In and 
better than 5 % (2 sd) for Sn as determined by the multiple 
digestion and analyses of all analyzed reference materials  

 
[1] Heumann, K. G. (1988). Isotope dilution mass 

spectrometry. In: Adams, F., Gybels, R. & van Griecken, R. 
(Eds.): Inorganic mass spectrometry. Wiley & Sons, New 
York 
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Chemical weathering rates are conventionally inferred 
from field data in one of two ways.  The first is the catchment 
mass balance approach, in which one calculates weathering 
rates by subtracting the chemical fluxes in atmospheric 
deposition from those in streamflow.  This method typically 
yields weathering rate estimates over years or decades, limited 
by the length of the chemical time series.  The second method 
is the soil mass balance approach, in which one calculates 
weathering rates from the depletion of mobile elements relative 
to immobile elements in a soil profile of known age (or of 
known steady-state erosion rate).  This method averages 
weathering rates over the age of the soil, typically thousands of 
years or more.  These two methods embody different 
assumptions and intrinsically average erosion rates over 
different timescales, and it is unclear whether they give 
consistent results. 

To find out, we compared decade-scale mass balances for 
three small catchments at Silver Creek, Idaho [1] with long-
term soil mass balances using cosmogenic nuclide methods 
[2].  The short-term catchment mass balances are consistent 
with the long-term soil mass balances for some elements but 
not for others.  The discrepancies can potentially arise from the 
different time scales, from differences between the two 
methods, or from the geochemical behavior of the solutes as 
they move through the hillslope-channel continuum.  
Alternative hypotheses for the observed patterns in weathering 
rates will be presented, evaluated, and discussed. 

 
[1] Clayton & Megahan (1986) Earth Surf. Procs. and 
Landforms, 11, 389-400. 
[1] Granger and Riebe (2014) Treatise on Geochemistry, 2nd 
ed., 7, 401-436. 
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Critical to sustaining future human growth, groundwater 
resources are threatened by environmental changes such as 
leakage of waste materials from subsurface storage reservoirs, 
agricultural contamination, hydraulic fracturing, and climate 
change. The impact that these changes have on subsurface 
water resources in part depends on the response of aquifer 
microbial communities to perturbed conditions. As such, 
understanding fundamental controls on aquifer microbiology is 
essential to predicting impacts of future environmental change 
and managing water resources. 

This study examines whether broad-scale geochemical 
evidence exists for pH as a control on interactions between 
iron- and sulfate-reducing microorganisms in aquifers. We 
extracted geochemical data from the U.S. Geological Survey 
National Water Information System for 19 principal aquifer 
systems. We then removed samples with chemical 
compositions inconsistent with iron- and sulfate-reducing 
environments and evaluated the relationships between pH and 
other parameters using Spearman’s rho rank correlation tests. 

Overall, iron concentration and the iron-sulfide 
concentration ratio of groundwater share a statistically 
significant negative correlation with pH (P <0.0001). These 
relationships indicate that the significance of iron reduction 
relative to sulfate reduction tends to increase with decreasing 
pH. Thermodynamic calculations show that, as the pH of 
groundwater decreases, iron reducers gain an increasing 
energetic advantage over sulfate reducers. Hence, the balance 
between each group may vary in response to thermodynamic 
controls on microbial activity. 

Our findings indicate that pH is an important control on 
interactions between iron- and sulfate-reducing microbes 
across different regional aquifer systems. Environmental 
changes that perturb groundwater pH can affect water quality 
by altering interactions between these groups. 
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Magmatic activity in continental arcs is known to vary in a 

non-steady state manner, the mechanisms for which are a 
matter of ongoing discussion. Of particular importance is the 
question to what extent episodic magmatism in continental arcs 
is governed by external factors (e.g., plate motions) and 
internal factors (e.g., feedback processes in the upper plate). In 
order to test existing models for magmatic episodicity, which 
are mostly based on temporally and spatially limited records, 
this study uses large datasets of geochronological, 
geochemical, and plate kinematic data to document the 
Paleozoic to Mesozoic development of the Cordilleran orogen 
in eight transects from British Colombia to Patagonia. The 
temporal distribution of U/Pb bedrock and detrital zircon ages, 
used as a proxy for timing of magmatic accretion, shows that 
some minima and maxima are nearly synchronous for 
thousands of km along the arc. Some age patterns are 
characterized by a periodicity of 50–80 Ma, suggesting a cyclic 
controlling mechanism. Other magmatic lulls or flare-ups find 
no equivalent in adjacent sectors, indicating that either discrete 
events or variable lag times also may be important in 
governing magmatic activity in continental arcs. Magma 
composition in Mexico, the Peninsular Ranges, and the Sierra 
Nevada varies episodically and proportionally with the 
temporal record of arc activity. During flare-up events, there is 
an increase in Sm/Yb, indicating deeper melting, and a 
decrease in εNdi, suggesting a higher degree of crustal 
assimilation. Geochemical scatter also increases during the 
initiation of flare-up events. Plate kinematic data provide a 
means of evaluating mantle heat input. The correlation 
between plate convergence rate and magmatic accretion varies 
for each sector, suggesting that different flare-ups or lulls 
likely reflect variable combinations of processes. 
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Heinz Lowenstam’s (1962) [1] discovery that the radular 
teeth of the Polyplacophoran mollusks (the chitons) were 
hardened with layers of biochemically-precipitated magnetite 
(Fe3O4) solved a puzzle about the origin of shoreline-level 
notches in the uplifted reef exposures in the tropical island of 
Palau.  However, that singular observation launched several 
other fields, ranging from the systematic study of bio-minerals, 
to the use of the shoreline notches to gauge paleo-tsunami risk, 
and provides a biophysical mechanism for the effects of a 
weak, extremely low-frequency magnetic fields.  

 Lowenstam’s suggestion that the chitons might be using 
magnetite for navigation presaged the discovery of magneto-
tactic bacteria, as well as the discovery of biogenic magnetite 
in numerous other animals, including migratory and homing 
arthropods, fish, amphibians, reptiles, birds, and mammals. It 
also led to the systematic investigation of biomineralization. 

In the uplifted rock islands of Palau, Lowenstam (1974) [2] 
estimated that animal grazing was eroding shorline intervals by 
up to a few mm/year, implying that the present in-dentations 
(up to 7m) could at most be a few thousand years old.  This 
presents a tectonic puzzle, as many of the rock islands contain 
remnant paleo-notches that are uplifted ~10m. This may imply 
a previously unrecognized tsunami threat for the Pacific Basin 
from the Palau – Yap trench system. 

 Although often present in background levels of a few ppb 
to ppm, biogenic magnetite also provides a biophysical ex-
planation for the ability of weak, ELF oscillating magnetic 
fields to produce a variety of suprising effects on cell growth 
and preservation [3], perhaps including inhibition of freezing  
[4].  

 
[1] Lowenstam, H. A. (1962). GSA Bull. 73: 435-438; [2] 
Lowenstam, H. A. (1974). In: The Sea E. D. Goldberg. New 
York, N.Y., John Wily & Sons: 715-796; [3] Kobayashi et al., 
(1995). Nature 374: 123-123; [4] Kobayashi, A. and J. L. 
Kirschvink (2014). Cryobiology 68(2): 163-165. 
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Carbon capture and storage is proposed to be a means to 

reduce emissions of CO2 to the atmosphere. The captured CO2 
stream of coal fired power plants is considered to have 
impurities at concentrations that range from a few 10’s of ppm 
to a few percent. The presence of impurities can significantly 
impact not just the physical properties like viscosity and 
density of the supercritical CO2 but also the acidity and the 
redox state of the formation water that the plume comes in 
contact with. This has very real implications in terms of how 
the plume migrates and the type and extent of mineral 
reactions that take place in the reservoir, the seal and in 
particular, near the well bore. Understanding how these factors 
will affect the system behaviour is a vital part of the assesment 
of potential storage sites. Perhaps one of the most useful tools 
to investigate what could happen is reactive transport 
modelling (RTM). RTM provides a predictive tool to help 
understand the chemical and physical behaviour of geologic 
systems during the storage of CO2 with impurities. The 
physical and chemical system presents significant 
complications that result in very challenging model 
parameterization that can only be met through careful 
evaluation of thermodynamic and kinetic data, developing a 
better understanding of reaction mechanisms and addressing 
shortfalls in the ability of the RTM codes. Our research is 
advancing RTM capabilities by conducting experiments 
investigating how injection of CO2 with impurities affects 
reaction pathways and reaction rates, how to upscale through 
lab experiments to field trials to full scale storage operations 
and finally, through advancing the numerical modelling codes 
themselves. Here we summarise the achievements that will 
ultimately lead to the generation of RTM’s of CO2 injection 
and storage with impurities like SO2 and O2.  
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Recent geochemical evidence for a decline in surface 
ocean pH across the Paleocene-Eocene Thermal Maximum 
(PETM, ~56 Ma) is consistent with release of carbon to the 
atmosphere and oceans over a geologically rapid timescale [1]. 
Theoretically, constraint on the magnitude of pH change, along 
with the size of the carbon isotope excursion, should allow 
calculation of both the mass and isotopic composition of the 
carbon source. However, the magnitude of surface ocean pH 
decline also depends on the rate at which carbon was released 
to the atmosphere. Unfortunately, age control for records of the 
PETM fails to constrain the onset phase more precisely than 
between instantaneous and 20 kyr. Here we use an Earth 
system model to demonstrate the senstivity of surface ocean 
pH change to the rate of carbon release. We explore the impact 
on surface ocean pH of a range of possible emisisons scenarios 
by varying both the total mass and isotopic composition of the 
carbon source and the rate of release. We find that the 
sensitivity of surface ocean pH change to varying the duration 
of carbon input between 1 year and 10 kyr is approximately 
equal to the difference in pH change caused by doubling the 
total mass of carbon released. These results demonstrate that 
interpretation of pH records for the PETM is heavily 
dependent on assumptions implicit in age model construction.   
 
[1] Penman, D.E., B. Hönisch, R.E. Zeebe, E. Thomas, and 
J.C. Zachos (2014), Rapid and sustained surface ocean 
acidification during the Paleocene-Eocene Thermal Maximum, 
Paleoceanography, 29, 357-369, doi:10.1002/2014/PA002621 
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Zircon is the most common mineral used in geological 

dating methods (U-Pb, Th-Pb), because it preserves the traces 
of different geological processes in its texture. This property of 
the zircon crystals results inhomogeneous grain textures, which 
we need to characterize for proper time-resolved and reliable 
zircon age determination. Therefore we can not ignore the 
complex textural and chemical examinations of zircon crystals 
before dating. 

We studied accessory zircon crystals with different 
morphological types (normal - S24, flat - AB5, elongated - P5) 
[1] in Variscan K-Mg-rich granitoids from southern Hungary 
(Mórágy) and Austria (Rastenberg). Zircon crystals show both 
primary (growth/sector zoning ± xenocryst core) and 
secondary (convolute) zoning features [2].  We have carried 
out detailed analysis of the zones of these zircon crystals. For 
determining the chemical composition [3] of the zircon zones 
electron probe microanalyses (EPMA) were used. In addition, 
we have executed analyses by Raman and photoluminescence 
(PL) spectroscopy. First we have determined the structural 
state [4] of zircon zones. These data confirm that SEM-BSE 
contrast predominantly depends on the structural state of the 
zircon zones [4] if strong differences in structural state are 
present; however, if structural variation is limited (within 
±1–2 cm-1 Raman FWHM) the SEM-BSE contrast depends 
mainly on changes in chemical composition (U, Th, REE). 
Finally, we mapped the photoluminescence emissions (Nd3+, 
Dy3+) in zircon crystals. We observed the emission caused by 
REEs related to the textural features of zircon. We could 
identify two distribution „types” (core, sector zoning). 

After this pre-examination method we can mark the 
promising spots (areas of some micrometres–some ten 
micrometres in diameter) in the zircon crystals for reliable and 
geologically well interpretable age data determination. 
 
[1] Pupin J.P. (1980) Contrib. Mineral. Petrol. 73, 207–220. 
[2] Corfu, F. et al. (2003) Rev. Mineral. Geochem. 53, 469–
500. [3] Finch, J.R. & Hanchar, J.M. (2003) In: Hanchar, J.M., 
Hoskin, P.W.O. (Eds.) Zircon. Rev. Mineral. Geochem. 53, 1–
25. [4] Nasdala L. et al. (2006) Am. Mineral. 91, 1738–1746.  
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The Ciomadul is the youngest volcano in the Carpathian-

Pannonian Region [1]. The volcanic activity was characterized 
by an initial extrusive lava dome building period from about 
200 ka to 100 ka followed by a more explosive eruption stage 
from 57 to 32 ka [2]. Although the volcano seems to be 
inactive, several features (e.g., geophysical anomalies in the 
crust; fast remobilization of near solidus long lasting crystal 
mush prior to the past eruptions; [3,4,5]) suggest that melt-
bearing magmatic body could still exists beneath the 
Ciomadul. This is supported by the abundance of mineral 
water springs and pools, carbon-dioxide, hydrogen-sulfur 
emanations. Previous helium isotope measurements by Althaus 
et al. [6] and Vaselli et al. [7] indicate magmatic origin of 
these fluids. 

In January 2015 we commenced a gas-monitoring study to 
constrain the origin of fluids at Ciomadul by collecting the gas-
phase from several mofettes and mineral water springs. Our 
results indicate carbon-dioxide content of up to 90% and 
helium content up to 13.19 ppm. The isotopic composition of 
helium ranging between 2.86−1.13Ra (air-normalized 
3He/4He) and δ13C from carbon-dioxide ranging between 
−3.24‰ and −3.59‰ PDB, coherently indicate the magmatic 
origin of fluids. Further regular sampling is aimed to monitor 
the changes of the gas and fluid composition for a prolonged 
period and possible control of the earthquake activity.  
 

[1] Szakács et al. (2015), Bull Volcanol 77:12. [2] Harangi 
et al. (2014), AGU FM, V53D-07, [3]  Harangi et al. (2015), 
JVGR, 290, 82-96. [4] Kiss et al. (2014), Contrib. Mineral. 
Petrol. 167:986. [5] Popa et al. (2012), Pure Applied Geophys., 
169, 1557-1573. [6] Althaus et al. (2000), Chem. Erde, 60, 
189-207. [7] Vaselli et al. (2002), Chem. Geo, 182, 637-654. 
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As pressures increase above ~7-8 GPa pyroxene components 
gradually dissolve as “majorite” into the garnet structure. Two 
majoritic garnet endmembers: Na2MgSi5O12 and Mg2Si2O6 can 
be distinguished for eclogitic and peridotitic parageneses, 
respectively. Based on these substitutions we recently showed 
[1] that the majority of reported majoritic inclusions in 
diamonds actually belong to an intermediate lithology which 
we argued is pyroxenitic.  

Here we elaborate on the origin and composition of the 
pyroxenite lithology. According to the geobarometer of [2] 
most of majoritic inclusions formed at mantle transition zone 
pressures, predominantly within the stability field of 
clinopyroxene. Using experimental partition coefficients for 
Na, Al, Mg and Fe between majorite and clinopyroxene, we 
can calculate the compositions of clinopyroxene in equilibrium 
with the majoritic garnet, which allows us calculate the locus 
of possible bulk compositions. These lie across the field of 
upper mantle pyroxenites defined by Hirschmann and Stolper 
[3]. We also find that clinopyroxene inclusions in diamond 
which coexist with majoritic garnet inclusions are all close to 
those predicted by our study. Experimental tests generate 
majorite and clinopyroxene of appropriate composition from 
pyroxeneite starting materials. 

 
[1] Kiseeva E.S et al(2013) Geology doi:10.1130/G34311.1 [2] 
Collerson, K.D. et al (2010) Geochim. Cosmochim Acta 74 
5939–5957 [3] Hirschmann, M.M., Stolper, E.M. (1996)	  
Contrib Mineral Petrol 124:185-208 
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We recently showed [1] that partitioning of many elements 

between sulphide and silicate melts is a function of the FeO 
content of the silicate liquid. The theoretical relationship is a 
linear one between LogDM (DM=[M]sulph/[M]sil) and –log[FeO] 
with a slope of n/2, where n is the valency of trace element M. 
In practice we find that the slope deviates from the theoretical 
one because of the presence of oxygen in the sulphide. 

In this study we expand our model and account completely 
for the effects of temperature and sulphide liquid composition. 
We parameterise the effects of Ni, Cu and O (or FeO) in 
sulphide by incorporating the ε-model of non-ideal interactions 
in metallic liquids, which, we show, can be successfully 
applied to sulphide liquids. We find that εCuS0.5 and εNiS are 
small or zero for Cu, Ni, Pb, Ag, Zn, Cd, Tl, Mn, In, Co, V, Cr. 
Significant terms are required for Ti, Ga, Sb and Ge. The effect 
of oxygen in sulfide, εFeO is large and negative (lithophile 
elements) in the order Ta > Nb > Ti > V ~ Ge ~ Ga, near zero 
for Ni, Pb, Zn, Cd, Mn, In, Sb, Co, Cr and positive for Cu, Ag, 
Tl.   

Our results suggest: 
1. About 0.14% sulphide precipitates from MORB liquids 

during fractionation. 
2. Nearly constant Ce/Pb and Nd/Pb ratios which appear to 

be ~25 and ~20 respectively can be achieved during fractional 
crystallisation of magmas generated by 10% melting of 
depleted mantle provided the latter contains >100 ppm S and 
about 650 ppm Ce, 550 ppm Nd and 27.5 ppb Pb. 

3. Sulphide and chalcophile elements played important 
roles in the accretion and differentiation of the Earth. The 
pattern of depletion on Earth of such chalcophile elements as 
Cu, Zn, Ag and Pb could be explained by the late addition to 
the core of approximately 0.4% of sulphide matte. 

 
[1] Kiseeva E. S., Wood B. J. (2013). EPSL 383, p. 68-81.  
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Dissolved inorganic carbon (DIC) is among the major 
elements in geothermal fluids. In order to trace the sources and 
reaction of dissolved inorganic carbon in <100°C geothermal 
water, the stable carbon isotope systematics in Iceland were 
studied together with geochemical isotope modeling.  Samples 
of geothermal water were collected and analyzed for major and 
stable carbon isotope composition. The waters had 
temperatures of 3-97°C, pH of 6.18-10.15 and DIC of 1.8-2853 
ppm. The stable carbon isotopes ratios were δ¹³C -1.46 to -
13.96‰. 

The source of DIC in the geothermal water is considered to 
be the meteoric source water, rock dissolution and organic 
matter.  In addition, progressive water rock interaction and 
carbonate (calcite) formation may alter the δ¹³C systematics.  
In order to quantify the source and reactions of DIC three 
approached were applied: carbonate mineral saturation, 
component mixing model and reaction path isotope modelling. 
The geothermal waters were observed to be calcite saturated, 
however, the source of the carbon in the water and the possible 
formation of calcite, along with the stable carbon isotope 
systematics cannot be explained simply by rock dissolution, 
atmospheric CO2 input and organic matter decay. Instead, 
progressive basalt dissolution, aqueous speciation, and calcite 
formation play a major role in carbon isotope systematics and 
the carbon concentration of the low-temperature geothermal 
water. For waters containing low CO2 concentrations  
(<50 ppm) and low δ13C values (-5 to -15‰) the CO2 is 
considered to be derived from both atmospheric source and 
primary rock dissolution. The variations of δ13C ratios are 
related to the variations of primary rock δ13C ratios as well as 
carbon isotope fractionation upon progressive water-rock 
interaction and the subsequent pH increase that leads to 
H2CO3(aq) ionization to form HCO3

- and CO3
2- and calcite 

formation.  However, waters that contain high CO2 

concentrations and high δ13C values cannot be explained 
without the introduction of a highly concentrated CO2 source 
with a δ13C value of ca. -1 to -3‰. These heavy values cannot 
be explained by simple carbonate dissolution as such results in 
too low DIC concentrations.  Alternatively, a mantle source 
can be the cause, however, the mantle δ13C ratio is commonly 
considered lighter or -4 at -5‰. 
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Carbon isotope (δ13C) excursions of >10‰ recorded in 

Neoproterozoic aged carbonate-bearing sediments are 
increasingly used as a monitor for changes in the Earth's 
biosphere through time. The basis for their utility as tracers of 
global-scale variability in the Earth's carbon cycle relies on the 
assumption that marine carbonates have precipitated in 
equilibrium with an isotopically homogeneous oceanic carbon 
pool that changes through time in response to the Earth's 
exogenic cycle. We present paired stratigraphic and isotopic 
(δ13C and δ18O) data from key sections in the Amadeus Basin 
in central Australia (Bitter Springs Formation) and the Flinders 
Ranges in South Australia (Trezona and Etina Formations) to 
show that a systematic relationship exists between major 
lithofacies transitions and the isotopic variability that defines 
major features of the Neoproterozoic δ13C record in all cases. 
The δ13C inflection points that bracket intervals of highly 
enriched (+6‰) or depleted (-8‰) δ13C values occur precicely 
along major facies transitions, which in turn record the rising 
or lowering of relative base level. Local variations in 
lithofacies are predicted to be insesnitive to changes in the 
glocal seawater δ13C as no currently understood mechanism 
exists able to link these parameters. As such, the isotopic 
variability recorded here may be better interpreted within the 
context of the basins in which they accumulated where 
influences such as hydrologic isolation and diagenesis might 
impart a first-order influence on the δ13C values recorded. 
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Concentrations of iron (Fe) in high temperature 

hydrothermal vent fluids are 6-7 orders of magnitude greater 
than in seawater It is generally assumed that hydrothermal Fe 
is quantitatively removed from solution by precipitation of Fe 
oxides and sulphides after eruption at the seafloor, so 
hydrothermal activity is not considered a major source of Fe to 
the ocean interior. However, recent studies have revealed that 
as much as 46% hydrothermal Fe may remain in the dissolved 
(<0.2 µm) phase, either in the form of colloids or as organic 
complexes [1]. Additionally, a map of the distribution of Fe 
isotopes in the Atlantic Ocean reveals relatively low δ56Fe 
values close to the Mid-Atlantic Ridge, leading to speculation 
that the Fe isotopic composition of dissolved Fe delivered to 
the ocean interior may be as low as -1.3‰ [2], lower than the 
range reported for high temperature hydrothermal fluids (-0.64 
to +0.28‰; e.g. [3]). 

Here we report the first measurements of dissolved Fe in 
hydrothermal plumes. Samples were obtained from three vent 
sites in the East Scotia Sea: E2 and E9 are located on the East 
Scotia Ridge backarc spreading centre; Kemp Caldera is a 
submarine volcano that forms part of the South Sandwich 
Island arc. In the early stages of plume mixing, δ56Fe values (-
1.19‰ at E2 and -0.76‰ at E9) are lower than the value of the 
endmember vent fluids and, as the plume becomes more and 
more dilute, δ56Fe values for dissolved Fe converge towards -
0.56 to -0.29‰. δ56Fe values of dissolved Fe in the 
hydrothermal plume at Kemp Caldera (-0.37 to +0.01‰) are, 
on average, slightly higher at equivalent dilution. Considered 
together, our data indicate that the Fe isotopic signature of 
stabilised Fe, that may be delivered to the ocean interior, is 
lower than average deep ocean water (+0.35±0.18‰), but not 
as low as previously speculated [2]. 
 
[1] Hawkes et al. (2014) Geophys. Res. Lett., 2013GL058817. 
[2] Conway & John (2014) Nature 511, 212. [3] Bennett et al. 
(2008) Earth Planet. Sci. Lett. 270, 157. 
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We present a detailed stratigraphical log and a dense 
sampling profile for geochemical and geochronological 
characterisation of the Nigerlikasik supracrustal belt. This 
sequence is relatively well-preserved and coherent, and 
describes a compositional evolution from ultramafic 
serpentinites near the base (~30 m), to mafic amphibolites 
through mid-section (~220 m), to felsic biotite-hornblende 
(bio-hbl) schists in the top-section (~300 m).  

Relict volcanic structures, such as possible fiamme-
textured ignimbrites, pyroclastic breccia-flows and rare pillow-
basalts are present in this sequence. Obliquely cross-cutting 
aplite sheets (<2 m wide) dominate at the base (closer to the 
contact to the surrounding TTGs), but are found up through the 
entire sequence (decreasing in abundance upwards).  

A total of 99 rock samples were collected from the ~550 m 
thick metavolcanic section, including 6 samples from the TTG 
‘basement’ and aplite sheets of similar compositions. Four of 
these aplite sheets were dated by LA-ICPMS zircon U/Pb 
dating at GEUS, yielding fairly consistent igneous ages of (1) 
2929 ± 5, (2) 2931 ± 4, (3) 2913 ± 5 and (4) 2922 ± 5 Ma, and 
providing a minimum age of the metavolcanic succession at ~ 
2930 Ma.  

It is uncertain whether the lower (ultra)mafic part of the 
Nigerlikasik metavolcanic section is made up of tholeiitic 
island arc basalts, derived from a hydrated juvenile mantle 
wedge, OIBs, or ”hot” Archaean MORBs. The overlying 
andesites-dacites represent a more diagnostic calc-alkaline 
volcanic island arc suite, which (together with the ≤2930 Ma 
intrusive TTG?) could have been derived either from decreased 
proportions of partial melts from a garnet-bearing crustal 
source (e.g. a subducted oceanic slab) or through extensive 
high-P garnet-amphibole fractionation within a subcrustal 
magma reservoir. 
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volcano, Santorini, Aegean arc 
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The Kolumbo submarine volcano is part of the Santorini 
volcanic field in the Aegean arc, Greece, and is situated  
ca. 12 km to the northeast of the presently active Nea Kameni 
cone in the centre of the Santorini caldera. Kolumbo erupted 
violently in September 1650 AD, leading to the construction of 
a pumice island that was quickly eroded to below the wave 
base. Recent multi-channel reflection seismics [1] have 
revealed at least five distinct volcanic units, suggesting that 
Kolumbo is a polygenetic structure. Two of these units, the 
1650 AD and K2 pumices, and several dikes are exposed in the 
walls of the 500 m deep crater [2, 3]. We have undertaken a 
geochemical study of 11 pumice and dike samples collected 
with an ROV submersible in order to constrain the relation of 
the volcanic products of Kolumbo to nearby Santorini. 

Glass compositions of the Kolumbo pumices are highly 
silicic (75.5 wt. % SiO2) and significantly more evolved than 
the 3.6 ka Minoan eruption of Santorini. The most striking 
contrast with Santorini, however, is the common presence of 
biotite and amphibole in the pumices, dikes and comagmatic 
enclaves. The importance of amphibole in the petrogenesis of 
the Kolumbo samples is indicated by subchondritic Ho/Lu and 
low Y contents, which is in sharp contrast with the largely 
amphibole-free evolution of Santorini volcanic products. High 
208Pb/206Pb is obtained through preferential assimilation of 
lower crust and hence supports differentiation in the 
amphibole-stability field. In addition, Kolumbo has lower 
206Pb/204Pb (18.735) compared to Santorini (>18.83) that is 
inherited from the mantle and more closely resembles Nisyros 
(18.6-18.8) in the eastern part of the Aegean arc [4]. Hence, we 
conclude that Kolumbo volcano, despite its close proximity to 
Santorini, samples a distinct mantle source and has a different 
crustal differentiation history. 
 
[1] Hübscher et al. (2015) J. Volcanol. Geoth. Res. 291 101-
111. [2] Nomikou et al. (2012) Global Planet. Change 90-91 
135-151. [3] Cantner et al. (2014) J. Volcanol. Geoth. Res. 269 
28-43. [4] Elburg et al. (2014) Geol. Soc. Lon. Sp. Pub. 385 
137-160. 
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Soils form at the interface between lithosphere and 
atmosphere where weathering and decomposition dissassemble 
rocks and dead plant materials into their basic components. 
The weathering products feed into a cascade of constructive 
processes which lead to the formation of novel mineral phases 
and support growth processes in organisms. Newly formed 
minerals and thriving biota associate to create a highly 
structured, porous natural body that serves as an efficient 
bioreactor for transformations of matter and energy. The 
temperature dependence of processes within the soil has lately 
received much attention, mainly because there is reason to 
expect a global feedback between rising atmospheric 
temperatures and the enhanced emission of radiatively active 
trace gases from the soil bioreactor.  

While the fundamental temperature dependence of 
chemical reactions is well known, we find that research into 
the temperature dependence of organic matter decomposition 
has been skewed towards the biological reactions involved.  

But does the temperature of the mineral phase matter for 
reaction rates? Very likely so, but little is known about the 
exact mechanisms that would operate or the potential 
quantitative relevance for the overall performance of the soil 
bioreactor. Here we present some results from a desorption 
experiment aimed at painting a very initial picture of thermal 
effects on mineral-organic associations. To this end, we 
examined the desorption behavior of 5 organic compounds 
(glucose, deoxyribose, peptide [PGG], lauryl sulfate and 
coniferyl alcohol) from a variety of mineral surface types, 
including a polished silica wafer, montmorillonite, kaolinite, 
birnessite, hematite and goethite. Laser Desorption Post 
Ionisation Mass Spectroscopy (LDPI-MS) was used to 
quantify the extent of desorption at 4°, 20°, 40° and 60°C and 
to determine variations in fragmentation patterns as a function 
of the mineralogy of the sorbent surface.  

Our data confirm a variable temperature dependence of 
desorption rates for specific sorbate and sorbent combinations. 
We interpret our observations as an indication that the ability 
of the abiotic, "matrix" part of the soil bioreactor to release 
protected carbon may be affected by variations in temperature. 
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Plants use belowground carbon inputs as a regulatory 
means to create, exploit and even condition the soil ecosystem 
towards optimum resource strength. They access resources of 
the mineral matrix through variations in root mass, root 
morphology, fine root turnover dynamics and the amount, 
composition and timing of root exudate production.  

In order to assess the fate of these combined carbon inputs 
and their potential impact on preexisting carbon stocks, it is 
useful to remember that, when algae began to evolve into 
plants some 400-500 million years ago, they did so in an 
environment that was already inhabited by microorganisms. It 
thus appears reasonable to assume that, from the beginning, the 
evolution of root systems involved the development of 
sophisticated plant-microbial relationships covering the full 
scope of the mutualism-symbiosis-parasitismus continuum, 
effectively forming a plant-microbial metaorganism or 
holobiont in the sense of Zilber-Rosenberg and Rosenberg [1].  

These considerations help to understand why plants direct 
between 40-60% of photosynthetically fixed carbon to roots 
and associated microorganisms via sloughed-off root cells, 
tissues, mucilage and a variety of exuded organic compounds. 
We deduce that to gain mechanistic insight into soil carbon 
turnover processes, we must shift focus from isolated views of 
the individual plant or some specific decomposer community 
towards the more complex metaorganism in its respective soil 
environment. 

When the plant is conceptualised as one organ of the 
metaorganism and the micro/mesobiota as its other organs, we 
become immediately aware that the rhizosphere is the place 
where mechanisms of sustenance, recycling, transport, 
communication and adaptation operate to allow the 
metaorganism to function and to evolve. The implications of 
this insight for soil carbon sequestration will be discussed. 

 
[1] Zilber-Rosenberg, I., and E. Rosenberg (2008), Role of 
microorganisms in the evolution of animals and plants: the 
hologenome theory of evolution, Fems Microbiology Reviews, 
32(5), 723-735. 
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The Nógrád-Gömör Volcanic Field (NGVF) is one of the 

five mantle xenolith bearing alkaline basalt locations in the 
Carpathian-Pannonian Region. In addition to lherzolite 
xenoliths, petrographic and geochemical evidence suggest that 
a portion of the upper mantle was transformed to wehrlite 
beneath the NGVF by upward migrating mafic melt agents. 
The nature of the metasomatic agent is fairly well constrained 
[1], the spatial distribution of the metasomatized mantle 
domain reamins unclear. However recently accuired 
magnetotelluric (MT) data may shed light on the extent of the 
metasomatism. 

Long period MT data were collected at 14 locations along 
a ~50 km long NNW-SSE profile in the NGVF. The 
lithosphere-asthenosphere boundary was detected at 70-90 km 
of depth. A low resistivity anomaly (~5-10 Ωm) was observed 
at 30-45 km in depth below the central part of the NNW-SSE 
profile, indicating the presence of a conductive body just 
below the Moho. 

Low resistivity anomaly is commonly attributed to melts. 
The results of calculations with SIGMELTS [2] suggest that at 
least 15% interconnected partial melt is needed, considering a 
melt chemistry similar to the composition of the silicate melt 
inclusions found in the wehrlite xenoliths. However, there is 
no geological evidence indicating the presence of such high 
amount of melt. Therefore, we believe that the network of 
clinopyroxene-rich veins ± melt could cause the low resistivity 
anomaly, due to the higher electrical conductivity of 
clinopyroxene compared to olivine [e.g. 2]. Initial results of 
LitMod3D [3] modeling seems to support our hypothesis. 

 
[1] Patkó et al. (2015) Goldschmidt2015 Abstracts, this 
volume. [2] Pommier & Le-Trong (2011) Comput Geosci 37, 
1450-1459. [3] Fullea, Muller & Jones (2011) J Geophys Res-
Sol Ea 116, B10202. 
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The distinct parent bodies of differentiated meteorites are 

characterized by order-of-magnitude variations in volatile 
element depletion, indicating that the conditions of 
planetesimal accretion varied in space and/or time. 
Differentiated meteorites also bear testimony to diverse 
evolutionary paths of planetesimals and include samples of 
fully (e.g., magmatic iron meteorites) and only partially 
differentiated bodies (e.g., ureilites). To assess the origins of 
these distinct chemical compositions and diverse 
differentiation histories, we determined the time of core 
formation in the parent bodies of magmatic iron meteorites and 
ureilites using the short-lived 182Hf-182W system. 

For the magmatic irons we observe an inverse correlation 
between the 182W/184W ratios and volatile contents (e.g., S 
concentration) of each core. The 182W data indicate that core 
formation occurred in two distinct stages and and involved an 
early segregation of Fe-FeS and a later segregation of S-poor 
Fe melts. Owing to their different segregation times, the two 
metal melts probably had distinct 182W/184W ratios, such that 
the final compositions of the metal cores would reflect the 
specific mix of the two segregated metal melts. Consequently, 
for a given accretion time, the metal cores of S-rich bodies 
(e.g., IIAB) would be characterized by a larger 182W deficit as 
compared to S-poor bodies (e.g., IVB), because they would 
contain a larger fraction of the early-segregated Fe-FeS melt. 
The 182W data indicate that the early segregation of Fe-FeS 
melts occurred at ~0.7 Myr after CAI formation and was 
followed by the separation of Fe melts ~1-2 Myr later. Despite 
this protracted interval of core formation, the iron meteorite 
parent bodies probably accreted concurrently at ~0.1 to  
~0.3 Myr after CAI. Variations in volatile contents among 
these bodies, therefore, did not result from accretion at 
different times from an incompletely condensed solar nebula 
but must reflect local processes within the nebula. 

Core formation in the ureilite parent body involved only 
the segregation of an Fe-FeS melt (+ silicate melt extraction), 
which based on our new 182W data occurred at ~3 Myr after 
CAI formation and thus significantly later than in iron 
meteorite parent bodies. Thermal modeling combined with the 
182W data indicates ureilite parent body accretion at ~1.5 Myr 
after CAI formation. Consequently, this body may be partially 
differentiated because it accreted too 'late', at a time when too 
little 26Al remained to induce complete melting.  
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Metasomatism is an often inferred process to explain 
observed variation in major and trace element pattern and/or 
isotope geochemical signatures. This study focusses on Pan-
African dry granitoids (charnokites) from Dronning Maud 
Land in East Antarctica that show spectacular field 
observations of fluid infiltration by strong bleaching of the 
country rock close to fluid pathways. Analysed rocks 
constitute pairs of pristine and altered rock samples that were 
taken in close spatial relation to ensure derivation of the same 
host rock. This approach allows not only to qualify, but also to 
quantify metasomatic changes.  

Petrological changes are well studied and include (1) 
breakdown of orthopyroxene and formation of amphibole 
and/or biotite, (2) increased turbidity of feldspar including pore 
formation, sericitisation, albitisation of plagioclase, and 
replacement of perthite to microcline (3) few samples show 
ilmenite break-down and formation of titanite. These mineral 
reactions are well reflected in major element signatures by a 
decrease of the “dark” elements (MgO, MnO, TiO2, Fe2O3) and 
of the CaO content. Surprisingly, the strongly fluid-mobile 
alkali elements (Na2O, K2O) remain relatively unaffected, 
presumably caused by the K-feldspar recrystallisation, which 
keeps them in place. Trace element ratios correspond to the 
alteration event as for example the Ce/Pb mostly shows lower 
ratios in the altered sample compared to their pristine partner. 
Interestingly, even the ratio of the fluid-immobile HFSE pair 
Zr-Hf seem to respond to this event with a decrease in the 
altered sample.  

U-Pb age data constrain the intrusion of these granitoids to 
520 Ma based on zircon whereas the fluid infiltration is framed 
by an U-Pb titanite age of 486 Ma. This later fluid alteration 
event is reflected in a reset of the Rb-Sr isotope system evident 
through a linear correlation in an isochrone diagram with a 
regression age of ca. 480Ma (R² 0.99). The Sm-Nd isotope 
system is generally considered as relatively resistent towards 
later alteration. Sample pairs show, however, differences in 
their initial e(Nd) values of up to 2 e-units with no general 
direction of shift from pristine to altered sample. 
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In igneous petrology and geochemistry, trace element 
concentrations are important indicators of source composition, 
degree and style of melting or extent of fractional 
crystallization of igneous rocks. To model the behaviour of 
trace elements in such systems, one needs to understand the 
partitioning of trace elements between minerals and melts or 
fluids (Di = c (mineral)/c (melt or fluid)). Many models of 
trace element fractionation in igneous rocks assume that Di is 
constant, but it is well known that D depends on T, P, crystal 
and melt or fluid composition. Whilst the effects of T, P, and 
crystal composition on D are relatively well understood [e.g., 
1], there is still scant data on the effects of melt or fluid 
composition on partition coefficients [e.g, 2-4]. Furthermore, 
there is little information as to how changing redox conditions 
affect partition coefficients of multi-valent trace elements [e.g., 
5-6]. 

Here we will focus on some recent experimental advances 
of how the effect of melt or fluid composition, and of redox 
conditions in experimental partitioning studies may be 
investigated. We will show mainly results from mineral/melt 
partitioning experiments with some additional results in fluid-
rich systems.  

 
[1] Wood, B.J., Blundy, J.D., 1997. CMP 129, 166–181. [2] 
O’Neill, H.S., Eggins, S.M., 2002. Chem Geol 186, 151–181. 
[3] Prowatke, S., Klemme, S, 2005. GCA 69: 695-709. [4] 
Schmidt, M.W., et al., 2006. Science 312, 1646–1650. [5] 
Klemme et al., GCA, 69, 2361-2371 [6] Fonseca, R., et al. 
EPSL, 404, 1-13 
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Carbonatites are uncommon carbonate-rich igneous rocks, 
that may play an important role in upper mantle metasomatic 
processes, and also form important ores for REE, and many 
other metals. As many carbonatites are coarse grained plutonic 
inclusions, it is often difficult to establish meaningful bulk 
compositions. Furthermore, as many carbonatites may be 
cumulates or contain significant amounts of cumulate minerals, 
it is even more difficult to constrain the actual melt 
composition from which the carbonatite rock was formed. 
Here we aim to use accessory minerals in carbonatite to better 
constrain (primary) carbonatite melt compositions: Since 
carbonatites are silica-undersaturated rocks, their predominant 
zirconium accessory mineral is baddeleyite (ZrO2). However, 
in many carbonatites both zircon and baddeleyite are found. In 
this study, we present experimental data of the stability of 
zircon and baddeleyite in carbonatite melts with different bulk 
compositions, ranging from Si-free carbonatite to carbonatite 
compositions with 40% (wt.) SiO2.  

All experiments were performed in a piston-cylinder 
apparatus at 0.7 GPa and temperatures of 1000°C and 1200°C. 
The quenched carbonatite melts were analyzed using an 
electron microprobe with an acceleration voltage of 15 kV, a 
beam current of 15nA, and a defocused beam of 15-20 µm. 

Our results show that carbonatites need high ZrO2 and SiO2 
concentrations to saturate in baddeleyite and/or zircon. The 
stability of both minerals in these melts also strongly depends 
on temperature. Our preliminary data shows that low silica 
calciocarbonatites cannot crystallize zircon but melts require 
about 20-30 % SiO2 to saturate in zircon. This can be achieved 
by contamination from the silicate rocks normally associated 
with carbonatites (e.g. phonolite, melilite, or syenite). 
Alternatively, zircon may crystallize from a near-primary 
carbonatite magma with high silica activity [1]. 

 
[1] Barker, S.D. 2001. Calculated silica activities in carbonatite 
liquids. Contrib Mineral Petrol, 141: 704-709 
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Arc lavas are more oxidised compared to mid ocean ridge 
lavas [1]. This is commonly explained by the addition of 
hydrous slab-derived agents to the mantle source of arc lavas 
The resulting fO2 of the sub-arc mantle is also in the range 
where the S valence state in silicate melts change from S2- to 
S6+. From the observation that the S6+/S2- equilibrium in 
silicate melts is a function of the molar Fe/S it has been 
suggested that the addition of SO4

2- by Fe-poor slab melts may 
be the oxidising agent in subduction zones [2]. 

Here we present results from S K-edge XANES and 
Fe3+/Fe2+ determinations by EPMA on melt inclusions (MI’s) 
and their host chromite in mantle xenoliths from Avacha and 
Ritter arc volcanoes, respectively in Kamchatka (Russia) and 
the West Bismarck Arc (Papua New Guinea). The composition 
of the MI’s varies and includes high-Ca boninites that testify 
for the addition of a slab-derived agent. S6+ is always present 
in the sub-arc mantle MI’s and increased Fe3+/ΣFe in the 
adjacent chromites bear evidence for a redox exchange 
reaction between S and Fe in the form of SO4

2- + 8FeO = S2- + 
4Fe2O3. Such reaction can explain the observed increase of 
Fe3+/Fe2+ in arc lavas and of the fO2 within the mantle wedge. 

We propose that the onset of SO4
2- cycling in subduction 

zones coincides with the Great Oxidation Event (GOE) at the 
Archean-Proterozoic boundary ~2.5 Ga ago. At that time, the 
composition of the continental crust switched from reduced 
TTG rocks to more oxidised calc-alkaline series [3]. TTG is 
generated by relatively hot shallow melting of S-poor oceanic 
crust producing S2--bearing melts with high molar Fe/S. 
Deeper, colder and S-enriched slab melts, as involved in the 
generation of the calc-alkaline crust, have low Fe/S promoting 
the liberation of S6+ from the slab. SO4

2- from slab melts are 
able to i) reduce the amount of O2 consumed during 
weathering of the continental crust and ii) release O2 during 
volcanic SO2 emissions both of which contribute to the 
oxygenation of the atmosphere during the GOE.  
 
[1] Evans et al. (2012) Geology 40, 783 [2] Klimm et al. 
(2012) Chem Geol 322-323, 250 [3] Keller & Schoene (2012) 
Nature 485, 490 
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The application of carbonate clumped isotopes as proxy for 
reconstructing mineral formation temperatures and parent fluid 
composition is very successful. Carbonate clumped isotopes 
appear to be less influenced by disequilibrium effects than 
oxygen isotopes [1]. However, anomalous clumped isotope Δ47 
values were observed in stalagmites [2] and have been 
postulated for atypical dissolved inorganic carbon (DIC) pool 
speciation in case of rapid mineral growth [3]. 

Investigating fast growing modern travertine samples and 
comparing them with synthetic CaCO3 minerals confirms a 
significant influence of the DIC speciation. At pH 6.1-6.8 
positive Δ47 offsets of on average 0.03 ‰ were observed. Δ47 
values above equilibrium are not caused by degassing (that 
tend to lower Δ47 values), but correspond in direction and 
magnitude to the theoretical calculations of a pH-related effect 
of Hill et al. [3]. This may indicate that the Δ47 value is 
generally determined in the DIC and directly inherited in the 
mineral during fast mineral growth. This new experimental 
evidence for disequilibrium effects suggests cautious 
application of the clumped isotope proxy, but likely represents 
only a rare case related to rapid growth under unusual pH 
values that is not generally hampering its widespread use.  
 
[1] Tang, Dietzel, Fernandez, Tripati &Rosenheim (2014), 
GCA 134, 120-136. [2] Daëron et al.(2011), GCA 75, 3303-
3317. [3] Hill, Tripati&Schauble (2014) GCA 125, 610-652. 
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KLYUKIN, YU. I.1*, LOWELL, R. P.1 AND BODNAR, R. J.1 
1Virginia Tech, Blacksburg, VA 24061, USA 

(*correspondence: yury84@vt.edu) 
 

Many studies of hydrothermal processes occurring at Mid-
Ocean Ridges (MOR) are based on properties of pure H2O [1]. 
However, it is well known that fluids in MOR systems are 
saline, and may differ from seawater salinity as result of phase 
separation. Adding salt to H2O significantly affects the 
physical and thermodynamic properties of the fluid, especially 
at PT conditions in the critical region. 

To examine the effect of adding salt (NaCl) to H2O on 
energy transport in MOR systems, the scaled vertical energy 
flux (fluxibility) was estimated for H2O-NaCl fluid and 
compared to pure H2O. For a given PT and salinity, the 
fluxibility of H2O-NaCl fluids was estimated according to the 
model of Jupp and Schultz (1), using density and enthalpy 
values from the SoWat model [2,3], and dynamic viscosity 
from [4]. Standard reference density and enthalpy at seabottom 
conditions of 4°C, 2.5 km depth (250 bars), 3.5 wt. % NaCl 
were calculated using the SoWat model. 

The maximum fluxibility for pure H2O occurs along the 
critical isochore and decreases as density increases or 
decreases (Fig. 1). Moreover, the change in fluxibility of the 
liquid phase is more senstive to changes in T in the vicinity of 
the critical isochore than vapor phase. For H2O-NaCl fluids, 
the maximum fluxibility occurs near the two-phase boundary. 
Compared to pure H2O, the fluxibility of seawater is ~20% 
lower at ~350° at any P, and the minimum difference in 
fluxibility of seawater (3.5 wt.% NaCl) compared to H2O 
occurs at ~350°C and does not vary with pressure (Fig. 1). In 
the T range applicable to many MOR hydrothermal systems, 
the ability of a fluid of seawater salinity to transport thermal 
energy is ~20-40% less than that of pure H2O (Fig. 1).   

 
[1] Jupp & Schultz (2004) J. Geophys. Res. 109, B05101. [2] 
Dreisner & Heinrich (2007) Geochim. Cosmochim. Ac. 71, 
4880-4901. [3] Dreisner (2007) Geochim. Cosmochim. Ac. 71, 
4902-4919. [4] Palliser & McKibbin (1998) Transport. 
Porous. Med. 33 155-171. 

1624



 Goldschmidt2015 Abstracts  

 1625 

The oxidation of olivine and 
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The crust-mantle boundary has long been accepted as a 

magnetic boundary with a nonmagnetic mantle overlain by a 
magnetic crust [1]. Recent investigations into the magnetic 
properties of unaltered xenoliths have questioned whether 
certain parts of the upper mantle could be magnetic [2] [3]. 
However, mantle xenoliths could become magnetic during 
ascent through oxidation, decompression, or contamination 
with the magma that brought them to the surface. Kohlstedt et 
al. [4] showed that oxidation of olivine can nucleate magnetite 
and/or hematite along dislocations (‘olivine decoration’); 
however, these experiments were not analyzed for their 
magnetic properties. Therefore, we are investigating the effect 
of oxidation on the magnetic properties of olivine and if 
oxidation alone can produce the magnetic properties seen in 
some mantle xenoliths. 

Here we present oxidation experiments on gem quality 
olivine crystals from San Carlos and China. Following the 
previous experimental work [4], experiments have been 
conducted at 900°C and 600°C, in air, and from 12 minutes 
through 26 days. Olivine crystals were analyzed for their 
magnetic properties before and after oxidation. The unoxidized 
olivines exhibit no detectable ferromagnetic signal above  
10-10 Am2 (the detection limit of the vibrating sample 
magnetometer). 

The initial results of the oxidation experiments show a 
darkening of the olivine crystals and the formation of a dark 
black and red outer crust. The longer the experiments were run, 
the darker the olivine became. Some olivines fractured during 
the experiment, consistent with an increase in volume due to 
oxidation. After oxidation, there was a change to a 
ferromagnetic signature and the hysteresis properties with 
increasing time. Mineralogic analyses are ongoing to confirm 
the nature of the oxidized minerals. 
 
[1] Wasilewski P.J. et al. (1979) GRL 6, 541-544. [2] Ferré, 
E.C. et al. (2014) Tectonophysics 624–625, 3-14. [3] Friedman 
S.A. et al. (2014) Tectonophysics 624–625, 15-23. [4] 
Kohlstedt D.L. et al. (1976) Science 191, 1045-1046. 
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The annual sulfur cycle in the water column of 

monomictic, Lake Kinneret, Israel characterized by sub-
millimolar sulfate concentration was studied with an emphasis 
on sulfur cycling. 

Concentrations of sulfate, hydrogen sulfide and sulfide 
oxidation intermediates as well as the isotopic composition of 
sulfate, hydrogen sulfide and zero-valent sulfur were measured 
during six samplings starting at the Lake mixis and continuing 
through the various stages of water column stratification.  

At station A, the deepest point in the Lake, hydrogen 
sulfide concentrations began to build up in the hypolimnion in 
May and sulfate inventory has decreases by more than 20% 
during the stratification period from May to December. During 
the early stages of stratification the concentrations of sulfide 
oxidation intermediates were relatively low and sulfur isotope 
fractionation between sulfate and hydrogen sulfide was low as 
well (11.6‰). As stratification progressed sulfur oxyanions 
(e.g. thiosulfate and sulfite) had become the main products of 
incomplete hydrogen sulfide oxidation. In October the sulfur 
isotope fractionation increased to the maximal value of 30±4‰ 
and zero-valent sulfur prevailed over sulfur oxyanions. As the 
chemocline erosion progressed towards the full mixing of Lake 
Kinneret water column in January hydrogen sulfide 
concentration decreased, inventory of sulfide oxidation 
intermediates increased and sulfur isotope fractionation 
decreased to 20±2‰. 

These trends in the concentration of sulfide oxidation 
intermediates and of the isotopic fractionation between 
hydrogen sulfide and sulfate can be explained either only by 
microbial sulfate reduction in the water column or by 
microbial sulfate reduction combined with microbial 
disproportionation of intermediate sulfur species.  
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Detrital zircon, rutile and titanite 
study of present-day Labrador river 
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A multidisciplinary provenance study, including CC-SEM 
and U-Pb geochronology of detrital zircon, rutile and titanite, 
are undertaken on stream sediment samples collected during 
the summer 2012 and 2013 from major rivers in the eastern 
part of Labrador, Canada. The purpose is to fingerprint distinct 
source areas that have delivered material to the reservoir sand 
units deposited in the offshore sedimentary basins of the 
Labrador Sea and, in turn, to study the sedimentary pathways 
in the offshore sedimentary basins. A secondary goal is to 
study how the relative distribution of detrital zircon, rutile and 
titanite ages in the sand samples recovered from the drainage 
systems reflect the regional geology of Labrador, hereunder to 
compare the ages to on-going geological mapping of the 
Labrador region. Using detrital titanite and rutile data in 
addition to detrital zircons has the potential to recognize 
sediment sources not represented in the zircon population and 
can provide chronological and petrogenetic insight into the 
tectonothermal history of the source regions [1] [2]. Zircon, 
rutile and titanite are extracted from 10 samples selected for U-
Pb dating to determine temporal limits for the ages of 
deposition and provide new data for characterization of the 
provenance sources, including apparent metamorphic stages 
that have occurred in the basement terrain. The U-Pb dating 
are obtained on mounted grains by LA-SF-ICPMS using a 25 
µm laser spot size. More than 1500 single grain analyses of 
zircon, titanite and rutile are acquired. Ages are calculated 
using the Iolite (v.2.5) [3] VizualAge DRS [4] for zircon and 
rutile and the UcomPbine DRS [5] for titanite. Common Pb 
correction is corrected using measured 204Pb. The GJ-1 zircon 
is used as the bracketing standard for the analyses. The results 
of this on-going study and implications for the eastern 
Labrador regional geology are presented at the meeting. 
 
[1] McAteer et al. (2010) Precambrian Research 181, 21-42. 
[2] McAteer et al. (2014) Scottish J. Geology 50, 2, 143-158. 
[3] Paton et al. (2011) JAAS 26, 2508-2518. [4] Petrus & 
Kamber (2012) GGR 36, 247–270. [5] Chew et al. (2014) 
Chemical Geology 363, 185-199 
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A serious outbreak of foot-and-mouth disease in Korea, 

leading to the stamping out of 3.53 million pigs and cattle and 
the construction of 4,538 burial sites until 15th March, 2011 
[1]. Foot-and-mouth disease (FMD) caused by picornavirus is 
a severe plague for animal farming that affects cloven-hoofed 
animals such as cattle and pigs. The most important issues for 
livestock burial are protection of groundwater contamination 
by leachate. To examine groundwater contamination by 
leachate from livestock burial sites, evaluation of groundwater 
chemistry, tracer tests, and electrical resistivity survey were 
addressed in the study. The research results indicated that 
livestock mortality leachate from burial sites contained high 
concentrations of NH3-N, TN, HCO3, Cl, Mg, K, and Na along 
with relative lesser amounts of Fe, and Ca.  

 
 
 
 
 
 
Figure 1: Box and Piper plots indicating the influence of 

leachate. 
 
The tracer tests using fluorescein (uranine) dye were 

performed to evaluate the leak of leachate from 7 burial sites. 
The results showed that 5 sites were evaluated to leak and 1 
site was doubted to leak. The electrical resistivity survey to 
figure out leakage of leachate derived from livestock carcass 
was conducted total of three times. The investigation results 
showed that low electrical resistivity was observed at 
contaminated area by leachate. Additionally, there was little 
variation of electrical resistivity value as time elapsed.  
 
[1] Kaown et al. (2015) Env. Earth Sci. 73, 4647-4657.  
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Increased demand for securing a water resource stimulates 

the research on the relevant technologies including the 
management aquifer recharge (MAR) such as bank filtration, 
underground dam, and aquifer storage recovery. Previous 
MAR researches have focused on the quantity of recoverable 
groundwater and the system operation based on the 
hydrogeological theories. However, little is known about the 
possible variation of groundwater quality affected by the 
geochemical reactions such as sorption, precipitation, and 
redox process. This study investigates the variation of 
groundwater quality by injecting the river water into the 
aquifer saturated with the saline groundwater. Column 
experiments were carried out to assess the variation. Aquifer 
materials used in the column experiments were estimated as 
quartz and muscovite. The average pH, ORP, and DO values 
of saline groundwater were estimated to be 7.4, -125.3 mV, 
and 2.2 mg/L, respectively and the chemical composition was 
similar to that of seawater (Na-Cl type). Fe(II) concentration 
was ranged in 4–10 mg/L for the groundwater samples 
collected at 5 different locations. The negative ORP and 
presence of Fe(II) indicated the reductive condition in the 
aquifer. In addition, the investigation on the aquifer materials 
revealed the presence of Fe-reducing microbes. After injecting 
the river water into the column, Fe(II) concentration in the 
effluent decreased with time elapsed while ORP and DO 
increased. These results imply that stream water recharge 
could induce the alteration of aquifer condition, which might 
cause the inhibition in the microbial Fe-reduction. The water 
type in the aquifer was converted from Na-Cl to Ca-Mg-Cl as 
injecting the river water. This study demonstrated the possible 
variation of groundwater quality by artificial recharge, which 
might induce the alteration of aquifer condition, and thus the 
water-rock-microbial interaction.  

1629



 Goldschmidt2015 Abstracts  

 1630 

Mantle metasomatism in subduction 
zone and intraplate settings based on 

halogen and noble gas systematics 
M. KOBAYASHI1*, H. SUMINO1, K. NAGAO1, 

R. BURGESS2, S. ISHIMARU3, S. ARAI4, M. YOSHIKAWA5, 
T. KAWAMOTO5, Y. KUMAGAI5, T. KOBAYASHI6, 

M. NAKAMURA7, E. TAKAHASHI8 AND C. J. BALLENTINE9 
1Univ. Tokyo, Japan (*kobayashi@eqchem.s.u-tokyo.ac.jp), 

2Univ. Manchester, UK,   

3Kumamoto Univ., Japan,  
4Kanazawa Univ., Japan,  
5Kyoto Univ., Japan,  
6Kagoshima Univ., Japan,  
7Tohoku Univ., Japan,  

8Tokyo Tech., Japan,  
9Univ. Oxford, UK 
 

Halogens and noble gases are among the most important 
geochemical tracers of subducted water in the mantle. Fluid 
inclusions within mantle peridotites provide the best medium 
to investigate slab-derived fluids. Here, in order to investigate 
how far the metasomatism driven by slab-derived fluids 
extends, we analyzed the halogens and noble gases within 
mantle peridotites from the Western-Pacific subduction zones 
(Avacha, Pinatubo, and Ichinomegata) and intraplate settings 
(Eifel, San Carlos and Kilbourne Hole). Noble gases in the 
fluid inclusions were extracted by in vacuo crushing and 
subsequently analyzed through mass spectrometry. Halogens 
were also analyzed by noble gas mass spectrometry after 
conversion to noble gas proxy isotopes by neutron irradiation 
[1]. The halogen composition of the whole rock was 
determined by melting extraction. 

The mantle xenoliths from the volcanic fronts of 
subduction zones show similar halogen and noble gas 
signatures to those of marine sedimentary pore fluids [2], 
which were found in exhumed mantle wedge peridotites [3] 
and serpentinites in the subducting oceanic lithosphere [4]. 
This indicates that the mantle beneath the volcanic front has 
been metasomatised by the interaction with slab-derived fluids. 
The lower halogen and noble gas concentrations and higher 
40Ar/36Ar ratios in rear-arc region demonstrates that the 
influence of slab-derived fluids is smaller than volcanic front. 
However, involvement of pore fluid-like halogens in some 
xenoliths from the rear-arc regions suggests that subduction 
driven metasomatism can extend to rear-arc regions. The 
Cl/Br/I ratios of xenoliths from intraplate settings are 
explainable by a halogen fractionation from a MORB-like 
composition, rather than by the influence of subducted pore 
fluid-like halogens. 
 
[1] Johnson et al. (2000) GCA 64, 717. [2] Kobayashi et al. 
(2013) Mineral. Mag. 77, 1484. [3] Sumino et al. (2010) EPSL 
294, 163. [4] e.g. Kendrick et al. (2013) EPSL 365, 86. 
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To date, various investigations have gradually revealed the 

environment of the early Proterozoic era. The pH of rainwater 
and PCO2 in atmosphere of the Proterozoic was probably 
somewhat lower and higher than the present, respectively [1]. 
On the other hand, basaltic rocks were distributed widely on 
the earth’s surface in the Proterozoic [2]. Consequently, in 
order to predict the effect of weathering on the chemistry of 
seawater and ore formation in submarine, artificial chemical 
weathering of polished plates of basalt was conducted using 
HCl, HNO3 and H2SO4 solutions at pH 4, and CO2 saturated 
water, and distilled water as artificial rainwater under the low 
oxygen condition in an open system. The basaltic fifty plates 
weighing about 40 g were reacted with each the rainwater  in 
an improved Soxhlet extraction apparatus at 50 ℃ for a 
different period of time up to 600 days. The each solution was 
dripped on the plates in each apparatus a roller pump with 
150mL/day. The weathered basalt surface was studied by 
SEM, EPMA, XRD and microscopic techniques. The leached 
solutions were analyzed for 32 elements using ICP-MS. 

   The dissolution of olivine by the H2SO4, HNO3 and HCl 
solutions is remarkable. (Mg+Fe) / Si (apfu) ratio for the 
olivine surface, and (Na+Ca+K) / (Al+Si) (apfu) ratio for 
plagioclase surface, decreased with increasing duration by 5 
kinds of rainwater. In leached solutions, molar ratios of each 
element in the leached solutions to those in the unaltered basalt 
varied depending on the experimental period. The ratios of Fe, 
Mg, Ni, Zn and Co near 70 pm in ionic radius, which reflect 
the dissolution from the octahedral site of olivine, were 
relatively high. The ratios of Ca, Na, Ce, La and Sr, which 
reflect the dissolution from the cavity of plagioclase, were 
relatively high. The relation between these soluble ions from 
basalt and chemical composition in seawater showed positive 
correlation. 

 
[1] Shikazono, N. (2007) Japan. Mag. Min. Petrol. Sci., 37, 
69-77. [2] Ernst, R.E. (2014) Large Igneous Provinces, 653p. 
Cambridge. 
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Transition metals, such as zinc (Zn) and iron (Fe), are 
taken up by marine phytoplankton as essential micronutrients. 
Extreme scarcity of Zn in the euphotic zone, coupled to deep 
enrichments [1], is consistent with biological uptake at the 
surface and regeneration at depth. Recent efforts to unravel the 
spatial distribution of metal isotopes in the global oceans, 
reveal a remarkable homogeneity in Zn isotopes beneath the 
permanent thermocline, with variable signatures confined to 
the eupothic zone. This isotopic distribution is not easily 
explained if fractionation of Zn occurs during phytoplankton 
uptake. Diatoms alone account for as much as 20% of carbon 
fixation on Earth [2]. To our knowledge, the diatom 
Thalassiosira oceanica is thus far the only planktonic 
organism that has been shown to fractionate zinc isotopes 
during uptake [3]. Further culturing evidence elucidating key 
contolling factors that might potentially cause Zn isotope 
variability in surface ocean is required. 

Here we present the first culturing evidence identifying Fe-
limitation as a physiological driver controlling Zn isotope 
fractionation associated with uptake into marine diatoms. On 
the basis of four different diatom strains we found that Fe-
limitation suppresses δ66Zn isotope fractionation. We 
identified a threshold concentration of bioavailable Fe in the 
culturing medium, below which Zn isotope fractionation 
(Δ66ZnJMC-Lyon = δ66Znbiomass - δ66Znmedium) decreases from 
variable values in the range of -0.45 and +0.3 ‰ to almost 
insignificant levels. The range of Δ66ZnJMC-Lyon found for Fe-
replete conditions is consistent with the only other published 
dataset on Zn isotope fractionation observed during uptake into 
a marine diatom [3]. The removal of surface-bound metals 
from phytoplankton organisms is most critical for the 
interpretation of any isotope data obtained by culturing efforts. 
Our well-constrained experimental results allow us to re-
address this longstanding debate on metals associated with 
diatom surfaces. 
 

[1] Morel & Price (2003), Science 300, 944-947. [2] 
Armbrust (2009), Nature 459, 185-192. [3] John et al. (2007), 
Limnol. Oceanogr. 52, 2710-2714. 
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The Gföhl Unit is the uppermost tectonic unit in the 
Moldanubian Zone of the Bohemian Massif (BM). It consists 
of HT-HP felsic rocks (gneisses, granulites), but also hosts 
abundant bodies of peridotites that have different sources, 
histories and P-T-t paths. Based on major and trace elements, 
P–T conditions and cooling rates, three types of peridotites 
were identified [1]. We investigated HSE distribution and Os 
isotope compositions in “Type I” rapidly cooled garnet and 
spinel peridotites from Mohelno and Biskoupky, equilibrated 
in low P–T regime and most likely representing suboceanic 
mantle lithosphere [1]. Most samples have uniformly high I-
PGE (Os–Ir–Ru) contents similar to PUM estimates [2] with 
no obvious fractionation (RuN/IrN = 0.9–1.1). Platinum and 
palladium contents are variable, but generally significantly 
lower than PUM, as a result of variable degree of partial 
melting. In contrast, Re contents vary from 157 to 400 ppt. 
Rhenium is more incompatible during mantle melting than Pd-
Pt and should thus be more depleted. However, variable Re 
contents found in peridotites could indicate melt–rock 
interaction and/or metasomatic overprint. A significant scatter 
in 187Os/188Os ratios (0.1196–0.1333; γOs from –5.0 to +5.5, 
calculated at 330 Ma) could be explained by combined process 
of partial melting, melt-rock reactions and/or metasomatism by 
slab-derived fluid/melt rich in radiogenic Os. The depletion 
model ages (TRD) calculated using PUM estimate range from 
0.5 to 1.1 Ga, corresponding to other peridotite localities from 
the BM [3,4], but are resolvedly younger than those of 
peridotites from lower Austria in the southern BM [5]. The 
addition of Re and radiogenic Os could shift Re–Os model 
ages in peridotites towards younger ages. We argue that the 
effect of metasomatism in the Moldanubian zone of the BM 
has increased northwards. 

The study was supported by the Grant Agency of the 
Charles University in Prague (# 60313). 
 
[1] Medaris et al. (2005) Lithos 82, 1-23; [2] Becker et al. 
(2006) GCA 70, 4528-4550; [3] Medaris et al. (in press) 
Lithos; [4] Ackerman et al. (2009) GCA 73, 2400–2414; [5] 
Becker et al. (2001) EPSL 188, 107-121 
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To study the stability of the CaCO3-polymorphs, 
experiments were performed in conventional diamond anvil 
cells (DAC) at ambient temperatures as a function of pressure 
up to 30 GPa as well as in internally heated diamond anvil 
cells (DAC-HT) in the pressure range 2 to 22 GPa and 
temperatures up to 800 K. As probe for the structural changes 
we used conventional and synchrotron mid-infrared-, 
synchrotron far-infrared- and Raman-spectroscopy. 
Complementary first-principles calculations were performed to 
support the interpretation of the experimental spectra. Within 
the cc-III stability field (2 to 15 GPa at room temperature, e.g. 
[1]) we observed in all types of experiments consistently three 
different spectral patterns: one at lower P < 3.3 GPa another 
between 3.3 and about 6 GPa, which has been assigned to cc-
IIIb and cc-III, respectively, [2] and the third one from 6 GPa 
until the transition into cc-VI at about 15 GPa, which has not 
been observed yet and which we tentatively assigned to a new 
modification cc-IIIc. We studied the transition form cc-IIIc to 
cc-VI in-situ at high P and T. The reaction has a negative slope 
of about -7.0 x 10-3 GPa K-1. Thus, under the P, T- conditions 
of the Earth’s mantle cc-VI may be stabilized towards lower 
pressure replacing aragonite in some parts of the mantle. 
 
[1] Catalli & Williams (2005) Am Mineral, 90, 1679. [2] 
Pippinger et al. (2015) Phys Chem Min, 42, 29. 
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Constraining the behavior of the chalcophile and volatile 

elements Se and Te during petrogenetic processes in the 
terrestrial mantle may significantly help to unravel the origin 
of volatiles on Earth. We show that the whole rock Se-Te 
budget of mantle residues, that are devoid of base metal 
sulfides (BMS) after high degrees of partial melting (F≈23%), 
is almost completely controlled by olivine-hosted micro-
inclusions and intergranular fractions of platinum group 
minerals (PGMs). PGM micro-inclusions in olivine with 
residual-type CI-chondrite normalized HSE patterns and 
suprachondritic Se/Te ratios between 30 and 218 (Se/TeCI 

chondrite = 9) host close to 100% of the bulk rock Se. Interstitial 
fine components up to 125µm grain size may contribute only 
minor amounts of Se, but up to 50% of Te to the bulk 
harzburgite and show subchondritic Se/Te ratios of ca. 4, 
resembling metasomatic PGM signatures. In dependence on 
increasing proportions of interstitial and metasomatic PGMs 
vs. olivine-hosted, residual PGMs, the bulk rock Te contents 
may increase and the Se/Te ratios decrease. The Se-Te vs Te 
systematics seen in mineral separates of harzburgites resemble 
the signatures of all suites of peridotites and host phases so far 
published. The results are consistent with a higher 
compatibility of Se in covalent monosulfides (MSS, laurite-
erlichmanite) compared to Te that prefers sulfide melts. It is 
further consistent with the stabilization of residual PGMs after 
MSS exhaustion, as well as with formation of metasomatic 
PGMs in a Cu- and volatile-rich sulfide melt. Altogether our 
results reconcile a higher incompatibility of Te over Se during 
partial mantle melting under S-undersaturated conditions, 
subsequent removal of Te over Se with Cu-Ni-rich sulfide 
fractionation from sulfur-saturated partial melts, and explains 
the similar Te but higher Se abundances in MORBs compared 
to peridotites that is globally observed.  
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Consert experiment is a bistatic radar that transmitted 
90MHz radio signal between the lander Philae and orbiter, 
trough the “head” of the comet.  This experiment has been run 
after the landing of Philae on the comet. The explored part of 
the comet permits us to measure the permittivity of the interior. 
We have been able to determine the structure and the probable 
composition of the cometary interior, by using Consert's 
measurements and the dielectric properties of ices and 
chondrites. In our presentation we will describe measurements 
and discuss the results concerning the cometary interior. 
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During deposition of Precambrian iron formation, the 
sedimentation of ferrihydrite with phytoplankton biomass 
should have facilitated Fe(III) reduction during diagenesis. 
However, the only evidence for this reaction in iron formations 
is the iron and carbon isotope values preserved in the 
authigenic ferrous iron-containing minerals.  

Here we show experimentally that spheroidal siderite, 
which is preserved in many iron formation and could have 
been precursor to rhombohedral or massive siderite, forms by 
reacting ferrihydrite with glucose (a proxy for microbial 
biomass) at pressure and temperature conditions typical of 
diagenesis (170°C and 1.2 kbar). Depending on the abundance 
of siderite, we found that it is also possible to draw conclusions 
about the  Fe(III):C ratio of the initial ferrihydrite-biomass 
sediment.  

Our results show that spherical to rhombohedral siderite 
structures in deep-water, Fe-oxide iron formation can be used 
as a biosignature for photoferrotrophy, whereas massive 
siderite reflects high cyanobacterial biomass loading in highly 
productive shallow-waters.  
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Measurements of the water concentrations in mantle 

derived materials, combined with experimental studies of 
water solubilities in mantle minerals have provided important 
insights into the role of water in the deep Earth. There have 
been many studies of the water concentrations of olivine, 
pyroxenes and other minerals in mantle xenoliths that originate 
from depths down to about 200 km, but there are still 
unresolved questions relating to the requilibration of xenoliths 
with their host magmas during ascent and emplacement at the 
surface.  

Here, we will present FTIR measurements of the water 
concentration and speciation in silicate inclusions in 
lithospheric diamonds. Inclusions are exposed by polishing a 
thin diamond plate such that a window though the inclusions is 
generated for transmission FTIR measurements. These 
measurements provide very different information from 
measurements on xenoliths because (i) the water in the 
inclusion is trapped at the time of diamond crystallisation (or 
earlier) and is unaffected by subsequent metasomatism that 
would reset the water concentrations in the surrounding 
mantle; (ii) there is no possibility of partial or complete re-
equilibration with melt during ascent and emplacement 
because diamond acts as a perfectly impermeable insulating 
capsule. Inclusions in diamonds thus have the potential to 
provide information on the composition of diamond-forming 
fluids far back in Earth history and at great depths.  

Our preliminary data on olivine in diamonds from Murowa 
(Zimbabwe) and Bunder (India) give surprisingly low water 
concentrations, as low as 5 ppm for Murowa, implying that the 
fluid from which the diamonds grew was low in H2O. Different 
dissolution mechansisms for water in olivine were observed for 
diamonds from different localities. In Bunder olivines, spectra 
with peaks in the 3300-3400 cm-1 range were observed. These 
peaks are associated with oxidising conditions1 and imply 
higher CO2/CH4 ratio in the fluid than at Murowa.  

The data will be discussed in terms of the known 
solubilities of pure H2O fluids in mantle minerals and the less 
well known effects of mixed fluid composition and oxygen 
fugacity. 
 
[1] Grant et al. (2007) Earth Planet Sci Letters 261 217–229 
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Mars is believed to have once possessed plentiful liquid water 
on its surface and still keeps a non-negligible amount of 
volatiles including H2O and CH4 in its near-surface system [1] 
[2]. Hydrogen isotopic (D/H) records in martian meteorites are 
important for understanding its environmental history, as they 
potentially reflect both the past atmospheric water that had 
isotopically evolved and the mantle primitive water (e.g. [3-
5]). Meteoritic phosphates (i.e. apatite and merrillite) may 
provide both surface D/H records and U-Pb chronology, 
whereas melt-inclusions in nominally anhydrous hosts would 
preserve magmatic D/H ratios. Here, we report combined 
measurements of the D/H ratios and U-Pb system of 
phosphates, as well as D/H in melt-inclusions, in two 
distinctive martian meteorites, ALH 84001 (ALH) and LAR 
06319 (LAR) using a NanoSIMS [6]. 
The D/H ratios of ALH merrillite showed large variations with 
the maximum δD of 1970‰, similar to those of secondary 
carbonates[3], while lower than previous apatite data[4]. Since 
the U-Pb of the same grains had 3990Ma shock age, it is likely 
that the D/H ratios reflect 3990Ma surface water, incorporated 
during the impact and/or at post-impact events. On the other 
hand, the δD values of LAR apatite, merrillite, and melt-
inclusions were up to 4380‰, 5260‰ and 6830‰, 
respectively. They may have mineral trends: melt-inclusions ≥ 
merrillite ≥ apatite. A similar trend was reported previously 
[7]. The observed D/H differences suggest isotopically distinct 
multiple water sources at the present martian near-surface 
systems.  
 
[1] Mahaffy et al. (2015) Science 347, 412-415. [2] Webster et 
al. (2015) Science 347, 415-417. [3] Sugiura and Hoshino 
(2000) Meteorit. Planet. Sci. 35, 373-380. [4] Greenwood et al. 
(2008) Geophys. Res. Lett. L05203, 1-5. [5] Usui et al. (2012) 
Earth Planet. Sci. Lett. 357, 119-129. [6] Koike et al. (2014) 
Geochme. J. 48, 423-431. [7] Hu et al. (2014) Geochim. 
Cosmochim. Acta 140, 321-333. 
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Amorphous calcium carbonate (ACC), the precursor to a 
wide variety of biominerals, has a highly hydrated and 
disordered structure [1]. An important role of water in their 
stability has been suggested by modeling studies [2], yet still 
there is a lack of experimental studies addressing the water 
structure and dynamics. Here, we investigate a series of pure 
and Mg-bearing ACC, using techniques such as TGA, FTIR 
and Incoherent Inelastic Neutron Scattering (IINS) 
experiments. This last technique is aimed at obtaining 
dynamical information on the strength of the hydrogen bond 
network around the hydrated cations. Ab-initio calculations 
and classical MD simulations were used to analyze the IINS 
spectra. 

TGA and FTIR analysis reveal that different types of water 
are present in the amorphous structure. In addition, IINS 
results indicate the presence of a strong H-bond network, 
whose stability, however, is independent on the degree of Mg2+ 
bearing. These results imply the existence of confined water in 
structural ‘pockets’ in ACC, resulted presumably from the 
aggregation processes during densification of the Ca-Mg-CO3 
structure, pointing to a secondary role of water in the 
amorphous structure. 

 
[1] Addadi, L. et al. (2003) Adv. Matter 15, 959–970. [2] 
Raiteri, P. & Gale, J. D. (2010) J. Am. Chem. Soc. 132, 17623–
17634. 
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The Keivitsa  2.058±4	 Ga old  Ni-Cu-PGE-Au  deposit in 
northern Finland consists of disseminated  Ni-Cu-Fe sulfides, 
Platinum Group Minerals (PGM) and native gold  in a layered 
mafic-ultramafic complex with vertical ore bodies of elevated 
contents of Platinum Group Elements (PGE) in the NE part of 
the intrusion. The chemical major, base metal and PGE+Au 
compositions of the host rocks were analyzed by XRF, aqua 
regia+AAS or ICP-OES, and Ni sulfide fire assay with MS-
ICP finish. The CIPW norms were calculated from the whole 
rock analyses and plotted in the Streckeisen triangle Ol-OPX-
CPX showing most of the host rocks in the fields of olivine 
clinopyroxenite, olivine websterite, wehrlite and lherzolite. 
The vertical high PGE bearing fault zones consists of 
hydrothermally altered olivine pyroxenite and olivine 
websterite with serpentine, tremolite, chlorite and minor 
phologopite, which contain elevated F- and Cl-contents. Cu-
PGE-Au bearing crosscutting veins have been occasionally 
found in the drill cores and along the margins in the gabbros 
and the country rock. Geochemical and structural deposit 
modeling was carried out by the senior author (J.P.) using  the 
Surpac software and a database of ca. 500000 base metal 
analyses. The structure of the Kevitsa intrusion shows sub 
horizontal magmatic mega cyclic layering that has been cut by 
N-S trending  vertical faults. In the horizontal section the 
intrusion is  circular with ultramafic pyroxenites in the 
northern part and gabbro in southern part with two large  
dunite bodies in the center of the intrusion and in some places 
along the basal contact. The Ni-Cu-PGE disseminated ore is 
located in the NE part of the intrusion. The olivine 
clinopyroxenites have a magmatic cumulus texture with 
olivine and clinopyroxene as cumulates. Orthopyroxene, 
actinolitic amphibole, serpentine, chlorite,  phologopite and 
base metal sulfides are as intercumulus minerals. The major 
sulfides are pentlandite, pyrite, pyrrhotite, and chalcopyrite. 
The average amount of olivine  is 22.8%, clinopyroxene 
53.8%, and orthopyroxene 9.2%. The PGM are  mostly found 
as monomineralic anhedral grains 1-75 µm in size included in 
hydrosilicates or attached to the grain boundaries of sulfides. 
Only a few PGM grains are included in sulfides. The PGM 
include 22 phases the most frequently found being cooperite-
braggite, sperrylite, geversite, moncheite, merenskyite, 
kotulskite-sobolevskite-sudburyite series, and palladian 
melonite. The experimental sulfide and PGE mineralogy 
suggest primary crystallization temperatures around 1100-
900oC, with final equilibration temperatures as low as 240ºC. 
The graphic intergrowths of pentlandite, chalcopyrite, and 
pyrite suggest crystallization from iss on cooling below  
557oC, and in chalcopyrite free assemblages  formation of 
pyrite-pentlandite-millerite-heazlewoodite intergrowths at 
240oC. The Pt/Pd ratio is on average 1.77 (N=4217) in the  
metapyroxenitic PGE-rich zones. The mineral assemblages and 
textures result from serpentinization, hydrothermal alteration, 
and metamorphism of the pre-existing, low-grade disseminated 
Ni-Cu-Fe sulfides formed during the crystallization  
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Although carbon dioxide is the second major component 
(after H2O) of crustal fluids responsible for ore deposit 
formation, its effect on transport and precipitation of metals 
remains largely unknown due to a lack of experimental data 
and physical-chemical models for CO2-rich fluids. Here we 
combined laboratory experiments and thermodynamic 
modeling to quantify the role of CO2 on the solubility of 
economically important metals (Fe, Cu, Au, Mo, Pt, Sn) under 
hydrothermal conditions. Solubility measurements of common 
ores of these metals (FeS2, CuFeS2, Au, MoS2, PtS, SnO2) were 
performed in a homogeneous supercritical fluid (CO2-H2O-S-
KCl, 450°C, 600-700 bar), buffered with iron sulfide-oxide 
and alkali-aluminosilicate mineral assemblages, using a 
flexible-cell Coretest reactor.  

Our results show that Au, Mo, Pt, Cu do not display clear 
trends with CO2, whereas Fe and Sn increase significantly with 
increasing CO2 contents. These data were used to parameterize 
a model based on the dielectric constant of the H2O-CO2 
solvent and metal speciation in aqueous fluids [1]. For 
example, our predictions show that in a supercritical CO2-H2O 
fluid typical of porphyry and orogenic gold deposits, in 
equilibrium with pyrite and chalcopyrite, the Fe-to-Cu ratio 
increases by 2 orders of magnitude with an increase of CO2 

content from 0 to 70 wt%. This effect is due to the difference 
in solvation of the dominant species of Cu (CuCl2

-) and Fe 
(FeCl2

0) in the presence of CO2. Our results explain the Fe 
enrichment and Cu impoverishment in metamorphic gold 
deposits formed by CO2-rich fluids. The thermodynamic model 
described in [2] was experimentally confirmed for AuHS0 and 
Au(HS)2

-. This study thus demonstrates, for the first time, that 
the presence of CO2 in a fluid phase may lead to significant 
fractionation among metals, an effect that has been ignored so 
far. 
 
[1] Akinfiev & Zotov (1999) GCA 63, 2025-2041 [2] 
Pokrovski et al. (2014) in Garofalo & Ridley (eds) Geol Soc 
London Spec Pub 402, 9-70 ��� 
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Nano-maghemite is an interesting candidate for the 

removal of metals and metalloids from waters and 
contaminated soils. Additionally, nano-maghemite is one of 
the possible products of oxidation of nano-zerovalent Fe 
(nZVI), a commonly used remediation agent for waters and 
soils contaminated with metals (e.g., Cr(VI)) [1] [2]. The aim 
of this study is to measure and model the competitive 
adsorption of Cd(II), Cr(VI) and Pb(II) onto nano-sized 
maghemite. Spectroscopic data (XAS and XPS) and isotopic 
fractionation data (Cd, Cr and Pb) were used to gain insights 
into adsorption mechanisms. This, together with bulk 
adsorption and kinetic data, was used to constrain both semi-
empirical and surface complexation models (SCM) describing 
competitive metal(loid) adsorption over a wide range of 
solution conditions [3]. 

Adsorption equilibrium was generally reached within 60 
min for all metals. All three metals follow a pseudo-second 
order kinetics model. The fitted Langmuir parameters 
demonstrate that Pb(II) is the most efficiently adsorbed of the 
metals, with a maximum of 0.13 mmol g-1. The log K values of 
protonation and deprotonation of the maghemite surface were 
modeled using a diffuse layer surface complexation model 
with a single amphoteric site in ProtoFit. Separate adsorption 
edges of the studied metals were modeled for a given reaction 
stoichiometry by optimizing stability constants for each 
separate metal based on single-metal experiments using 
FITEQL 4.0. These log K values were used for subsequent 
surface complexation modeling of the mixed systems using 
VisualMINTEQ. XPS spectra suggest that Cd(II) and Pb(II) 
are present as inner sphere complexes, and Cr K-edge XAS 
analysis of Cr-sorbed nano-maghemite further proved that Cr 
is present as Cr(VI). 

 
[1] Mueller and Nowack (2010) Elements 6, 395-400. [2] Jiang 
et al. (2013) Chem. Eng. J. 222, 527-533. [3] Koretsky (2000) 
J. Hydrol. 230, 127-171. 
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We have measured 10 major and 34 trace elements from 
the 34 Geological Survey of Japan geochemical reference 
samples (JB-1, JB-1a, JB-1b, JB-2, JB-2a, JB-3, JB-3a, JA-1, 
JA-1a, JA-2, JA-3, JR-1, JR-2, JR-3, JGb-1, JGb-2, JG-1, JG-
1a, JG-2, JG-3, JH-1, JSl-1, JSl-2, JSd-1, JSd-2, JSd-3, JSd-4, 
JSd-5, JLk-1, JMS-1, JMS-2, JMS-3, JSO-1, and JCFA-1) by 
means of femtosecond-laser ablation-ICP-mass spectrometry 
coupled with galvanometric optics (GV-fsLA-ICPMS) [1]. 
Coupling of fs-laser and the galvanometric optics, further 
stabilized signals for the analytes can be derived in the the 
ICP-MS measurements. 

Glass beads were prepared by mixing sample powder with 
a high-purity alkali flux with a 1:10 mixing ratio. The 
abundances of the major and trace elements were externally 
calibrated by the glass beads separately prepared from six 
geochemical reference materials (AGV-1, AGV-2, BCR-1, 
BCR-2, BHVO-2, and DTS-1) distributed by the United States 
Geological Survey.  The resulting abundances for the most 
major elements in the 34 GSJ geochemical reference samples 
were consistent with previously reported values. All trace-
element compositions of these reference samples were 
consistent with the reference values, suggesting high reliability 
of the present GV-fsLA-ICP-MS technique. Typical analysis 
repeatabilities for the GSJ geochemical reference samples were 
better than 3% for SiO2, Al2O3, Na2O, and K2O; <5% for TiO2, 
total Fe2O3, MnO, MgO, CaO, P2O5, V, Cr, Co, Ni, Rb, Sr, Y, 
Zr, Nb, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, 
Tm, Lu, Hf, Ta, Th, and U; and <9% for Sc, Cu, Zn, Sn, Yb, 
and Pb [2]. These data clearly demonstrate that high analytical 
repeatability can be achieved by the GV-fsLA-ICPMS 
technique from the glass beads made from 0.5 g or larger 
sample sizes. 

 
[1] Yokoyama, T.D. et al. (2011), Anal. Chem., 83, 8892-8899. 
[2] Kon, Y. and Hirata, T. (in press), Geochem. J. 
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Fine-grained, organic-rich, Middle Triassic strata extend 
throughout the Sverdrup Basin in the Canadian arctic islands. 
They are recognized as a major source for numerous 
conventional hydrocarbon pools in the basin. The results of 
geochemical and petrophysical investigation of the succession 
reveals that some zones may have potential for shale oil/gas 
exploitation. 

Shales and siltstones from three localities across the basin 
(southern margin, basin centre, and northern margin) are 
examined using an integrated approach, in an effort to relate 
depositional conditions to organic matter distribution and 
accumulation. Both basin margin locations are thermally 
immature and have no potential as self-sourced hydrocarbon 
reservoirs. The upper interval of the basin centre location is 
within the oil window and contains abundant solid bitumen as 
well as free hydrocarbons. Preliminary results suggest that 
there may be a positive relationship between microscopic 
phosphate nodules and free oil accumulation in this zone. 

Trace and rare earth element variations lend insights into 
redox conditions, clastic influx and nutrient supply at the time 
of deposition. In addition to differences in these parameters 
throughout the basin, smaller scale variations in conditions at 
each locality are resolved, indicating how conditions changed 
over time. By using a suite of elemental proxies in conjunction 
with organic petrology and scanning electron microscopy, we 
endeavour to filter the effects of diagenetic alterations on 
chemical composition. 
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The notably higher 142Nd/144Nd of the accessible silicate 
Earth (ASE) than that of chondrites can be the result of the 
formation of a low 146Sm/144Nd reservoir in the early Earth and 
the isolation of the reservoir until now (missing reservoir). The 
reservoir is considered to have formed as melt, and various 
models for the formation and fate of the reservoir have been 
proposed. However, these models have not estimated the major 
element composition of the reservoir, although the major 
element composition controls its density and fate, whether the 
reservoir sunk or ascended in the early mantle. In this study, 
we experimentally determined the major element composition 
of the missing reservoir and estimated its density.  

The difference in 142Nd/144Nd between the ASE and 
chondrites suggests that the low 146Sm/142Nd reservoir had been 
formed at quite small degrees of melting at upper mantle 
pressures, possibly before the last giant impact. Then we 
determined the major element composition of the small degree 
melt of the primitive peridotite at 7 GPa with the method of 
MISE (Modified Iterative Sandwich Experiment, [1]), 
assuming that the reservoir formed at high temperature and 
high pressure in the early Earth. The solidus melt composition 
is Fe-rich komatiitic, with 44.3% SiO2, 14.4% FeO, and 24.2% 
MgO. The density of the near-solidus melt is smaller than that 
of the primitive peridotite. Thus, the low 146Sm/142Nd reservoir 
could have ascended in the mantle to form the crust and 
spattered into the space at some impact collision.  
 
[1] Hirschmann & Dasgupta (2007) Contrib. Mineral. Petrol. 
154, 635-645 
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The redox state (ƒO2) of magmatic systems is a key 

variable that influences crystallization and degassing 
processes, and determines among other things, ore metal ratios 
in porphyry ore deposits. Apatite [Ca5(PO4)3(F, Cl, OH)] is a 
ubiquitous, resistant mineral in magmatic systems and can 
contain up to several thousand ppm of S and Mn [1, 2]. 
Recently, it was reported that Mn contents in some natural 
apatites correlate negatively with ƒO2, possibly allowing for 
Mn-in-apatite to be used as an oxybarometer [2]. Sulphur in 
apatite is another potential ƒO2 proxy, considering that S is 
thought to be incorporated in apatite as sulphate (S6+) [3] and, 
therefore, the S content of apatite should decrease with 
decreasing ƒO2; i.e. with lower S6+/S2- in the melt. In this study, 
we are experimentally testing the S-in-apatite and Mn-in-
apatite oxybarometers. 

Apatite is crystallized from rhyolitic melt at 800°C,  
200 MPa, and ƒO2 = ΔNNO+1, by seeding the melt with <2μm 
diameter apatite crystals. Run durations of 10 days yield 
homogeneous apatite crystals up to 25μm in diameter. Run 
products are analysed using EPMA. Nernst-type partition 
coefficients (±1σ) are DS

Ap/Melt = 7.9 ± 2.3 and DMn
Ap/Melt = 8.4 ± 

5.7. We use anhydrite or pyrrhotite to monitor ƒS2 since it has 
been reported that ƒS2 affects DsAp/Melt [1]. However, this 
correlation has never been calibrated experimentally.  

Our new data indicate that the equation provided by Parat 
et al. [1] for the correlation between the S content in the melt 
and the S content in apatite underestimates the DS

Ap/Melt by a 
factor of ~1.7. We suggest that this may simply be related to 
the lack of data at lower S contents in the melt (< 130 ppm). 
More puzzling is that the Mn-in-apatite oxybarometer 
developed by Miles et al. [2], which was calibrated using 
natural samples exclusively, predicts a ƒO2 that is ~2 orders of 
magnitude more reducing than the intrinsic ƒO2 of our 
experiments. Additional inconsistences arise when comparing 
the Miles et al. [2] model to the experimental Mn-apatite data 
from Mathez and Webster [4] at lower ƒO2  (ΔNNO-2 to +0). 
The observed discrepancies between our data and published 
studies highlight the critical need for additional experimental 
data that fully constrain DS

Ap/Melt and DMn
Ap/Melt over a wide 

range of ƒO2, ƒS2 and melt compositions. 
 
[1] Parat et al. (2011) Rev. Mineral. Geochem. 73, 285–314. 
[2] Miles et al. (2014) Geochim. Cosmochem. Acta 132, 101–
119. [3] Paris et al. (2001) Can. Mineral. 39, 331-339. [4] 
Mathez and Webster (2005) Geochim. Cosmochem. Acta 69, 
1275–1286. 
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Reconstructions of hydroclimate over the past several 

centuries provide important context for current and future 
changes in precipitation. The D/H ratios of plant waxes (δDwax) 
are particularly powerful because they reflect the δD of 
meteoric water, which is a tracer for the atmospheric water 
cycle. However, comparing δDwax records with general 
circulation models in order to infer physical climate patterns 
requires modeling the physical and biochemical processes that 
influence δDwax with a proxy system model (PSM [1]). 

We present a new plant wax PSM (WaxPSM) and its first 
applications: evaluating large-scale hydrological changes since 
the 1800’s, and particularly during the 20th century. WaxPSM 
is designed as an add-on to the water isotope-enabled 
Community Earth System Model (iCESM; National Center for 
Atmospheric Research, Boulder, CO), and can predict δDwax 
from any modern, paleo-, or future climate experiment 
performed using iCESM’s atmospheric and land components 
(iCAM5 and iCLM4). WaxPSM predicts δD values of the C29 
n-alkane based on modeled precipitation, soil water, and leaf 
water δD, and apparent and biosynthetic fractionation values 
from field, transect, and greenhouse studies. WaxPSM 
explicitly accounts for observed plant-type differences in 
apparent fractionation [2]. Precipitation, soil water, and leaf 
water inputs to WaxPSM account for kinetic and equilibrium 
isotopic fractionation from precipitation, large-scale 
circulation, land-atmosphere feedbacks, soil water evaporation, 
and biophysical soil/vegetation properties. 

In this study, we evaluate predicted and observed δDwax in 
modern spatial transects and in paleo-timeseries from North 
America, Australasia, and Africa. Patterns in predicted δDwax 
are discussed in the context of recent warming and changes in 
regional monsoons. We also present alternative approaches to 
modeling δDwax and applications to longer paleo-timescales.  

 
 [1] Evans et al. (2013), QSR 76, 16-28; [2] Sachse et al. 
(2012), Ann. Rev. Earth Planet. Sci. 40, 221-249 
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Banded iron formations (BIFs) are prominent sedimentary 

deposits of the Precambrian, consisting of alternating iron-rich 
(hematite, magnetite and siderite) and silicate/carbonate 
(quartz, clays, dolomite, ankerite) layers. On the basis of 
chemical analyses from BIF units of the 2.5 Ga Dales Gorge 
Member of the Hamersley Group in Western Australia, it was 
previously suggested that most, if not all, of the iron in BIF 
could have been precipitated by anoxygenic photosynthetic 
bacteria (photoferrotrophs) in cell densities considerably less 
than those found in modern Fe-rich aqueous environments [1]. 
Here, we expand that earlier work by showing that similar 
phytoplankton densities could have assimilated and/or 
adsorbed significant amounts of bioessential trace elements (P, 
Mn, Co, Cu, Zn, Mo, Cd) from the marine photic zone. Given 
recent suggestions that Eoarchean BIF were likely precipitated 
by photoferrotrophs [2], and doubts pertaining to the chemical 
reactivity of the precursor ferric hydroxide particles during BIF 
deposition [3], our findings demonstrate that sedimenting 
phytoplankton could be an underappreciated driver for the 
transfer of trace elements from the Precambrian water column 
to the seafloor.  

 
[1] Konhauser et al. (2002) Geology 30: 1079-1082. [2] 
Pecoits et al. (2015) Geobiology 13: 1-14. [3] Konhauser et al. 
(2007) Science 315: 1234. 
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Ancient anaerobic micrograms may have had the capacity to 
reduce iron [1]. If such micrograms indeed existed in the 
Archean sea, they could have utilized iron precipitation to 
create the Banded Iron Formations (BIFs). However, there is 
no direct evidence linking iron-reducing micrograms and BIFs. 
We conducted iron-reducing experiments of two-line silica-
ferrihydrite using modern iron-reducing bacteria to explore 
what kind of BIF minerals they could produce.  

Two-line silica-ferrihydrite was synthesized following the 
method described by Campbell et al. [2]. We used the medium 
described in Sekikawa et al. [3] and a slightly modified 
medium excluding NaH2PO4. Iron-reducing bacteria isolated 
from a mud sample collected in Fukushima, Japan. The 
particular species has not yet been identified. The vials 
containing two-line silica-ferrihydrite and bacteria were 
incubated in the dark at 30°C for up to around two months.  

In this study, we confirmed that iron-rich clay with ~7A 
spacing and Si-bearing magnetite formed. Goethite and 
vivianite were also detected. Iron-reducing bacteria can change 
two-line silica-ferrihydrite to Si-bearing magnetite and 
greenalite-like clays, which are both common in the mineral 
assemblage of the least-metamorphosed BIF [4] [5]. 

 
[1] Vargas et al. (1998) Nature 395, 65–67. [2] Campbell et al. 
(2002)  Langmuir 18, 7804–7809. [3] Sekikawa et al. (2013) 
Geo Jpn. J. Wat. Treat. Biol. 49, 37–46. [4] Klein (2005) 
American Mineralogist 90, 1473–1499. [5] Huberty et al. 
(2012) American Mineralogist 97, 26-37. 
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Mineral and gas geochemistries of hydrothermal fluids 

have been studied ever since hydrothermal vents were 
discovered in the late 1970’s at the Galapagos Spreading 
Center. A more recent interest has grown for hydrothermal 
organic geochemistry mainly driven by the origin of life 
question. However, organic molecules may be key compounds 
in a variety of processes in hydrothermal environments. (1) 
Small molecules like acetic acid or amino acids are used in the 
metabolism of some hydrothermal microorganisms [1]. (2) 
Organic compounds may be excellent ligands for metals and 
thus impact their bioavailability and transportation 
mechanisms [2] [3]. (3) Organics may also be present in the 
hydrothermal plume and thus be dispersed in the ocean. (4) 
Dissolved organic molecules in hydrothermal fluids could also 
fuel hydrothermal ecosystems, and play a major role in the 
carbon and metal cycles. Many thermodynamic and 
experimental studies on possible abiogenic hydrothermal 
reactions have been carried out. Unlike very little data on the 
organic content of hydrothermal fluids is available [4-8] with 
all samples collected on the Mid-Atlantic Ridge. 

We would like to report here on our results of the organic 
geochemistry of hydrothermal fluids collected (2010 & 2012) 
in the back arc settings of the Wallis and Futuna region. 
Comparison with fluids recently (2013 & 2014) collected on 
the Mid-Atlantic Ridge in both ultramafic and mafic 
environments (Rainbow, TAG, Snake Pit, Menez Gwenn and 
Lucky Strike) will be done. The corresponding mineral and gas 
contents of these fluids has also been studied and may help 
understanding the origin and fate of organics in hydrothermal 
environments.  
 
[1] Lang et al. (2012) Geochim Cosmochim Ac 92, 82-99. [2] 
Bennett et al. (2008) EPSL 270, 157-167. [3] Kleint et al. 
(2014) Mar Chem. [4] Klevenz et al. (2010) Geochem J 44, 
387-397. [5] Konn et al. (2009) Chem Geol 258, 299-314. [6] 
Lang et al. (2010) Geochim Cosmochim Ac 74, 941-952. [7] 
McCollom et al. (2015) Geochim Cosmochim Ac 156, 122-
144. [8] Konn et al. (2012) Geochem Trans 13, 8. 
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The pegmatite belt of the Mongolia Altai is referred to the 

largest ore belts of Central Asia. The belt within Western 
Mongolia is traced on the southern slope of the Mongolia Altai 
Ridge by almost 600km. Belt pegmatites are spatially and 
genetically related to double-mica granites of the collision 
period and are referred to the middle-depth rare-metal 
formation. Beryllium – niobium and rare-earth – uranium 
mineralization is typical for them in the western part of the 
belt. Moreover, titanium has served as another leading mineral 
forming element of the accessory ore component during the 
whole period of evolution of these pegmatites up to the final 
stage. Titanium minerals (ilmenite and ilmenorutile) were the 
first ones to form in the course of crystallization of pegmatite 
solutions; then niobium ferro- and manganocolumbite with 
visible titanium impurity (up to 9% wt. of TiO2) appeared. The 
process was completed by occurrence of yttrobetafite - (Υ), 
lead bearing tantalbetafite and lead bearing uranium microlite 
with a high content of rare earths and uranium. In addition to 
the specified elements, wolfram (up to 1-5% wt. of WO3) and 
lead in the end of development serve as constant impurities in 
accessory minerals of niobium and tantalum. From the 
crystallochemical standpoint, wireframe minerals of d-
elements in the group of listed phases are replaced by stratified 
minerals of the same d-elements in the process of 
crystallization, and the process is completed by crystallization 
of wireframe oxides of p- and s-elements. Such evolution of 
accessory minerals of pegmatites reflects directed change of 
acidic-alkaline conditions with increase of alkalinity by the end 
of the vein development process.  
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The Sr content of naturally occurring aragonites, e.g. in 

corals, is a well-established proxy for reconstructing paleo 
seawater surface temperatures. Indeed, the incorporation of Sr 
into aragonite is characterized by a partitioning coefficient 
(DSr) of about 1 owing to the isostructural framework of 
aragonite and strontianite. Despite the fact that aragonite and 
strontianite form a complete solid solution, to date only a few 
experimental studies exist, where (i) the incorporation of Sr 
into aragonite as a trace element and (ii) subsequently the 
formation of the complete aragonite-strontianite solid solution 
at ambient temperatures have been investigated systematically.  

Here, we present a range of precipitation experiments 
encompassing the complete CaxSr(1-x)CO3 solid solution 
performed at 25oC and 1 atm CO2 using a mixed flow reactor 
modified after [1]. 

The obtained results indicate the formation of a complete 
solid solution, as evidenced by the continuous peak shift over 
the compositional range of the solids derived from single phase 
XRD-patterns. The precipitated CaxSr(1-x)CO3 minerals give 
insight into the formation mechanisms of double carbonates 
(strontianite-aragonite) from aqueous solutions and on the 
systematics of Sr uptake in natural aragonites. Thus they will 
help clarify, whether vital effects are modifying the elemental 
partitioning behaviour of biogenic aragonites.  

In order to elucidate the extent of reached equilibrium 
between the aqueous phase and the precipitated solids, data on 
distribution coefficients and solubility products for the entire 
series of CaxSr(1-x)CO3 minerals are provided. Further work on 
stable isotopes (O, Ca, Sr) is going to verify possible 
equilibrium isotope fractionation. 

 
[1] Mavromatis et al. (2013) Geochim. Cosmochim. Acta, 114, 
188-203. 
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A crucial aspect for the physical and chemical properties of 
rocks in the fore-arc region, especially along the plate 
interface, is the mode and quantity of fluid migration and fluid-
rock interaction. As we have excellent examples of exhumed 
rocks from that region, we have the opportunity to study fluid 
liberation and fluid migration processes in natural samples. In 
high pressure-low temperature samples from the Franciscan 
mélange a reaction induced interconnected porosity is 
excellently preserved. Utilising focused ion beam techniques 
and transmission electron microscopy this porosity can be 
visualized and processes during fluid-rock interaction can thus 
be studied in situ down to sub-micron scale. Interconnected 
fluid pathways in the metasomatic samples are generated by 
dehydration (see figure) and rehydration reactions as well as 
by hydraulic fracturing. These pathways are used as conduits 
for fluid migration and element transport in the percolating 
fluid. Creep mechanisms together with mineral precipitation 
leads to closure of this transient permeability. The porosity 
features visible in these samples are consistent with theoretical 
considerations of episodic and pulse like metamorphic fluid 
migration in a transient interconnected pore network.   

 
Interconnected pore network in dehydration products (cpx) 

 
A combination of thermodynamic and geochemical 

forward models can then be used to quantify the amount of 
percolating fluids through such pore networks. Boron is 
excellently suited as an indicator for fluid-rock interaction as it 
is highly fluid mobile, it is present in different rock-forming 
minerals in measurable quantities and undergoes temperature-
controlled equilibrium isotope fractionation between solid and 
liquid phases. Combining in situ trace element measurements 
in natural samples with thermodynamic and geochemical 
models that yield quantitative information about the changing 
phase assemblage and compositions during metamorphism 
displays a powerful tool to detect and quantify fluid migration 
and fluid rock interaction in subduction zones. 
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We present here the data of ferromanganese crusts from 
the Southern Mendeleev Ridge (Fig. 1). Dredging site was 
located on the southwestern slope of local depression up to 
2770 m depth. The set of analyses included EM diffraction 
method to study a mineral composition (7 samples), ICP-AES, 
ICP-MS (27 samples) and AAS (35 samples) for chemical 
composition studies.  

The comparison with crusts from the Magellan Seamounts 
in Pacific [1] reveals that in general ferromanganese crusts of 
the Mendeleev Ridge are depleted in Mn, Co, Ni. However, in 
the upper layer of samples Ni and Co reach 0,44% and 0,42% 
respectively and comparable to crusts from the Pacific, 
Atlantic and Indian Oceans. The  crusts contain high 
concentrations of some rare elements, i.e. Li (up to 150 ppm), 
Th (up to 87 ppm) and Sc (up to 66 ppm). Crusts from the 
Chukchi Borderland, which were discovered by US scientists 
demonstrate high value of Sc, Th, and Li as well [2]. Observed 
similarities in chemical composition of crusts from the 
Mendeleev Ridge and Chukchi Borderland could indicate the 
regional enrichment of the rare elements in this area. The 
source of this enrichment hadn’t been clearly determined.  

  
[1] M. Mel’nikov Co-rich ferromanganese crust deposits.// 
Gelendzhik: “Uzhmorgeologia”, 2005. – 230p (in Russian). [2] 
J. R. Hein, J. Klofas, K. Mizell, T. Conrad. Rare-Metal-Rich 
Ferromanganese Mineral Deposits from the Western Arctic 
Ocean//UMI 2012 
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The absolute plate motion models of the Pacific Plate are 

largely dominated by the two primary hotspots of Hawai‘i and 
Louisville. However, prior to ~80 Ma, multiple shorter, 
discontinuous hotspot trails have to be used to constrain 
absolute plate motion. These trails define three groups with 
similar geographic patterns: 1) Mid-Pacific Mountains, Line 
Islands; 2) Shatsky Rise, Hess Rise, Musician and Wentworth 
Seamounts; and 3) Wake Islands, Marshall Islands, Magellan 
Seamounts. Both group 1 and 2 feature a large igneous 
structure at their oldest end: Shatsky Rise and the Mid-Pacific 
Mountains. However, both oceanic plateaus were constructed 
near a ridge-ridge-ridge triple junction, thus potential 
interactions of the triple junction with these structures need to 
be clarified before they can be used to define an absolute 
mantle reference frame. Moreover, the geochemical 
compositions of the Mid-Pacific Mountains into the Line 
Islands carry a geographic pattern related to volcano 
morphology, plate structure and tectonics, as well as a poor 
age-progression. Therefore, we argue the third group holds the 
best promise for plate motion modeling beyond 80 Ma. 

The Wake Islands, Marshall Islands, and Magellan 
Seamounts are all part of the West Pacific Seamount Province 
(WPSP), which geochemically and temporally traces back to 
current volcanism in the Cook-Austral Islands. The islands and 
seamounts of the Gilbert Ridge, Tuvalu, and several interlopers 
within the Samoan chain, together cover the Emperor Stage, 
the “Hawaiian-Emperor bend” and part of the Hawaiian Stage 
of plate motion. The distinct geochemistry of these volcanoes 
(high 206Pb/204Pb or “HIMU”) and their 40Ar/39Ar ages are used 
to define a third long-lived hotspot in the Pacific –Rurutu 
hotspot– that can be used to improve the oldest stages of 
Pacific absolute plate motion models. Current geochemical and 
age data suggest that the “HIMU” signature continues past  
100 Ma, however, the sampling density is low and thus future 
sampling efforts are needed and will lead to the most 
significant improvement. 
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The versatility of rutile in studies on crustal evolution and 

tectonics is becoming increasingly apparent. The mineral’s 
HFSE contents can be used to investigate the geochemical 
environment in which rutile crystallized. It provides the single-
mineral Zr-in-rutile thermometer, capable of retaining 
temperature information during high and ultra-high 
temperature metamorphism. Most importantly, rutile exhibits 
high U/Pb and loses radiogenic Pb through volume diffusion at 
T ≥ 500 °C, enabling U-Pb thermochronology. In this 
contribution, we take advantage of these properties and use U-
Pb dating by LA-MC-ICPMS to further investigate the thermal 
history of rocks from the UHP zone of the Western Gneiss 
Complex (WGC), Norway. In particular, we explore the use of 
Pb as a diffusive species in kinetics-based thermometry. 

Millimeter-sized single crystals of rutile from a 
phlogopitite vein in eclogite were mounted and polished to 
expose their geometric cores. Transects of 30-μm laser spots 
were analyzed. These yield well-defined Pb diffusion profiles, 
with U-Pb ages ranging from c. 415 Ma in the central domains 
to ~380 Ma in the outermost rims (±2%, 2σ on individual 
spots). Lead diffusion zoning length was used in conjunction 
with well-established Pb diffusion parameters [1] to determine 
peak temperature conditions. The result, c. 810 ± 25 °C, is 
consistent with 800 ± 25 °C and c. 780 °C as estimated for the 
same sample using conventional and Zr-in-rutile thermometry, 
respectively. The cooling history is reconstructed through age 
zoning analysis and diffusion modeling, and agrees with 
constraints from 40Ar/39Ar dating. 

The cooling history deduced from in-situ micro-analysis of 
single rutile crystals is consistent with, and further refines, that 
established for the WGC. The recognition that both 
thermometric and thermochronologic constraints can be 
obtained from rutile U-Pb analysis further underscores the 
great potential of this mineral in lithosphere research. 

 
[1] Cherniak (2000) Contrib. Mineral. Petrol. 139. 198-207. 
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Extreme isotope variability observed in primitive melt 
inclusions compared to host lavas suggests that lavas represent 
accumulated mixtures of melts. Studying the compositions of 
melt inclusions offers the potential to constrain the different 
mantle source components that contribute to the magmatism. 
Isotopic analyses of melt inclusions are, however, challenging 
because of their limited size. To date, Sr and Pb isotope data 
have only been obtained for oceanic islands by application of 
in situ analysis techniques, either by SIMS or LA-(MC)-
ICPMS.  

Here, we report coupled Sr-Nd-Pb isotope data on 
individual melt inclusions from K-rich lavas from mainland 
Italy, obtained using combined wet chemistry techniques and 
TIMS analysis. We use newly developed 1013 Ω resistors 
mounted in the feedback loop of Faraday cup amplifiers. 
Compared to default 1011 Ω, use of 1013 Ω resistors results in a 
10-fold improvement of the signal-to-noise ratio and more 
precise data for small ion beams (< 20 mV).  

Twenty-one olivine hosted (85 – 92 mol % Fo) melt 
inclusions from nine volcanic centres along the Italian 
peninsula were analysed for Sr and Nd isotope composition. 
87Sr/86Sr ratios in the melt inclusions range from 0.70508 to 
0.71543; 143Nd/144Nd ratios from 0.51175 to 0.51268. 
Complimentary Pb isotope data will be presented at the 
conference. Significant differences in 87Sr/86Sr and 143Nd/144Nd 
between melt inclusions and host lavas are interpreted to be the 
result of (1) mixing of melts derived from a heterogeneous 
mantle modified by subduction-related metasomatism, (2) 
mingling of distinct batches of olivine-bearing magma within 
the plumbing system, and (3) local assimilation of crustal 
material.  

These preliminary data suggest that analysis of individual 
melt inclusions for Sr-Nd-Pb isotope ratios is a promising tool 
for identifying distinct components in magma source regions. 
Expanded data sets of combined major and trace element, and 
isotope data per volcano are required to model melt mixing 
mechanisms in individual plumbing systems.  
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for plume motions 
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In the Pacific Ocean there exist only two primary hotspot 

trials (Hawaii and Louisville) that can be traced with a high 
degree of confidence back to at least 75 Ma. Both hotspot trails 
are continuous in their morphology, show systematic age 
progressions and have exhibited independent plume motions 
over their long histories. All other hotspot trails in the Pacific 
are rather short, typically containing no more than 30 Myr of 
hotspot volcanism. However, assuming that hotspots “wax and 
wane” in melt production and their related volcano 
construction, we may be able to trace other long-lived mantle 
sources in the Pacific by “linking” shorter, discontinuous 
hotspot segments. 

Here we present the first 40Ar/39Ar incremental heating 
ages from two comprehensive studies on the Rurutu hotspot. 
The first study focuses on the Tuvalu seamount trail, which 
ranges from 40 to 70 Ma in age; the second study focuses on 
the segment of the Rurutu hotspot in the Cook-Austral Islands 
that is younger than 22 Ma. Tuvalu samples are new dredge 
samples collected with the R/V Roger Revelle during 
expedition RR1310 in 2013; the Cook-Austral Islands project 
focused on the redating of subaerial basalts previously dated 
using conventional K/Ar techniques (Duncan & Mcdougall 
1976; Turner & Jarrard 1982). For both projects, plagioclase, 
hornblende and groundmass samples were analyzed using the 
ARGUS-VI multi-collector noble gas mass spectrometer and 
by applying detailed incremental heating experiments.  

Combined with a high 206Pb/204Pb signature  ̶  suggesting 
magmas in Tuvalu and the Cook-Australs all derived from 
distinctive HIMU mantle sources  ̶  our first results show that 
we can add Rurutu to the short list of long-lived  
(>75 Ma) hotspots in the Pacific. Secondly, in a similar fashion 
as Louisville and Hawaii, we can show that the Rurutu plume 
has been moving independently of each other over the last 70 
millions of years. 
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Biomarker characteristics of organic-
rich rocks from two tertiary basins, west 

and northwest Turkey 

D. B. KORALAY1 
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dbkoralay@pau.edu.tr 
 

Organic matter rich rocks, belong to Oligocene aged 
Hayrettin Formation expanding to the northwest of Acıgöl 
(Denizli/West of Turkey), Paleocene Kabalar Formation 
(Göynük/Bolu, North West of Turkey) and Eocene Tokmaklar 
Formation (Mengen/Bolu, North West of Turkey) were 
investigated in terms of biomarker characteristics. The 
dominant rock assemblages of the Hayrettin Formation are 
sandstones with a different grain size, which alternations 
conglomerate and mudstone with lignite. The high 
pristane/phytane (Pr/Ph) ratios (0.79-7.85), low C35 
homohopane index (0.02-0.07) indicates that Hayrettin 
Formation carbonaceous rocks were deposited in a suboxic 
environment. High concentrations of C29 steranes (C29 > C28 > 
C27) and C26/C25 tricyclic terpane ratios (1.00 and 1.18) indicate 
that these samples formed in a peat-swamp environment. On 
the basis of biomarker maturity parameters, Hayrettin 
Formation carbonaceous rocks are immature. Paleocene 
Kabalar formation and Eocene Tokmaklar formation are the 
hydrocarbon source rocks in Bolu Basin. The Kabalar 
formation (Göynük/Bolu) is generally composed of shale, 
marl, mudstone and oil limestones which are rich in organic 
matter. The Tokmaklar formation (Mengen/Bolu) consists of 
limestone, marl, claystone, oil shale, mudstone, siltstone, 
clayey and sandy limestone, sandstone and conglomerate. 
Limestones and marls are intercalated with thin coal bands and 
oil shale levels. Pr/Ph (0.65 and 0.3), Pr/nC17 (0.65 and 0.3), 
and Ph/nC18 (14.0 and 16.0) ratios, and the presence of the C23 
tricyclic terpane and gammacerane in some samples, and stable 
carbon isotope (δ13C) compositions of the saturated and 
aromatic hyrocarbon fractions from Bolu (NW of Turkey) oil 
shales suggests that these shales may reflect the shallow 
marine depositional environment. The distribution of C31-C35 

homohopanes and Ts/Tm ratios of these samples indicate that 
anoxic-suboxic environment. The maturation degree of the oil 
shales is immature-early mature stage according to C30 
hopane/C30 moretane ratio. 
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Lower Miocene Toygar volcanics, located at the northern 

border of Alaşehir graben (Manisa). They have basaltic 
andesite, hornblende andesite and trachy-andesitic rocks in 
composition. In terms of mineralogical composition, Toygar 
volcanics are composed of plagioclase (mostly labradorite and 
bytownite) + amphibole (ferroan pargasitic hornblende) + 
biotite (Mg biotite) + pyroxene (Clinoenstatite) + Fe-Ti oxides 
(Ilmenite) supported by electron microprobe studies. The 
volcanic rocks display hypohyaline porphryric, vitrophyric, 
flow textures and have medium K2O content. The molar ratios 
of (Al2O3/(CaO+Na2O+K2O)) are between 0.74-1.70. Toygar 
volcanics have Th/Y 0.51-0.75, Nb/Y 0.57-0.90, Ba/Nb 25.10-
46.40, Hf/Th 0.24-0.68, K/P 21.18-29.92, Ce/P 0.08-0.11 and 
Th/U 0.58-4.54 imcompatible element ratios and show 
Volcanic Arc Basalts (VAB) with crustal enrichment nature. 
According to spider diagrams; volcanics exhibit a clear 
enrichment in LILE and HFSE. In REE diagram, it displays 
marked enrichment in light rare earth elements (LREE) 
((La/Sm)N = 3.4-3.73) relative to heavy rare earth elements 
(HREE) ((Sm/Yb)N = 2.63-2.75). Furthermore, all samples 
have negligible negative Eu anomalies ((Eu/Eu*)N = 0.81-
0.89), indicating the minor role of plagioclase in the fractional 
crystallization. Toygar volcanics display limited range in 87Sr/ 
86Sr (0.71067 to 0.711222) and 143Nd/144Nd (0.512229 to 
0.512252) isotopic ratios and similar to Continental Margin 
Volcanics (Fig 1). 

Petrographic, geochemical and Sr-Nd isotope results 
suggest a significant role of chiefly hornblende, plagioclase 
and clinopyroxen fractionation during the evolution of 
volcanics. Furthermore, these results reveal that the volcanics 
of Toygar volcanics evolved through fractional crystallization 
and crustal contamination of the parent magma were formed 
during the partial melting of the lower crust and mixing with 
the upper crust material. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 87Sr/86Sr versus 143Nd/144Nd isotope correlation diagram 
of Toygar Volcanics 
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In the absence of geologic information, data obtained from 
zircon is the most important tool to investigate the geological 
history of xenoliths. We have studied zircons separated from 
granulite and pyroxenite xenoliths from lamprophyres and 
kimberlites of NW Russia for their age, trace elements and Hf 
isotope compositions. Magmatic zircons are rarely preserved 
and show ages of ca. 2.7Ga. Their εHf values (-3 to -1) suggest 
formation from an enriched source or re-setting of older 
zircons. Several generations of metamorphic zircons (formed 
between 1.96 and 1.65Ga) have been recognized on the basis 
of their textures and compositions. In one case, three 
metamorphic generations show the same age but Hf isotopes 
show that the younger zircons crystallized from a medium 
becoming enriched in radiogenic Hf with time. Sometimes 
recrystallization of older zircon generations occurs instead of 
formation of new ones. These zircons have the same 
176Hf/177Hf ratio as their precursors. However, some latest 
overgrowths also show 176Hf/177Hf ratios very similar to the 
older generations. In a few samples, zircon is not in 
equilibrium with garnet (this follows from calculated DZrn/Grt 
values) and might postdate it. If garnet retains radiogenic Hf 
and the groundmass evolves to a less radiogenic composition, 
zircon formed from the groundmass or Lu-poor and Hf-rich 
minerals (cpx, rutile) can have even lower εHf than an older 
zircon generation. Otherwise there could be an addition of a 
melt or fluid depleted in radiogenic Hf. But in samples with no 
signs of metasomatism, garnet seems to control Hf isotopes in 
later zircons. 

1662



 Goldschmidt2015 Abstracts  

 1663 

Formation, spatial structure and 
mapping of modern biogeochemical 

provinces 
E. M. KOROBOVA1*AND S. R. ROMANOV2 

1Vernadsky Institute, Rus. Ac. of Sci., Moscow, Kosygin Str., 
19, Russia (*correspondence: korobova@geokhi.ru) 

2UE “Geoinformation systems”, Belarussian NAS. 220004 
Minsk, Belarus (Romanov_S_L@mail.ru) 

 

Biogeochemical regionalizing stipulates separation and 
mapping of areas with geochemically and biogeochemically 
different features of distribution and migration of chemical 
elements. Its ecological and practical application includes 
zonation of the area according to the degree of suitability of 
the territory for living and agricultural production. The 
observed natural spatial chemical differentiation of the 
biosphere and its systems was formed in the course of million 
years’ interaction of the powerful cosmic and geological 
factors; the organization of biosphere in natural zones, regions, 
and formation of the soil cover reflecting the ideally ordered 
interaction of the living organisms and their environment. 
Modern situation differs from this ideal biogeochemical 
balance due to the appearance of human civilization that is able 
to form new environment and change its geochemical 
properties in the interest of only one biological species. 
Peculiarity of the modern stage is that the mankind is still not 
able to change significantly the initial geochemical 
heterogeneity except for the ecological situation which may be 
almost instantly transformed on the scale of the planet as was 
shown by the accident at the Chernobyl NPP in 1986.  

These considerations allow treating all types of 
geochemically governed diseases as a consequence of the 
development of human civilization and explanation of the 
development of endemic diseases within biogeochemical 
provinces by either the low rate of adaptation of migrants to 
the local geochemical conditions or by the direct 
anthropogenic transformation of these conditions. Basing on 
such approach the entire modern noosphere may be treated as a 
ordered shell with bi-layer structure, consisting of a powerful 
natural basis overlain by a relatively thin layer of man-made 
chemical elements and compounds having specific sources, 
forms and rates not typical for the natural processes. All 
observed eco- situations are a result of interference of these 
two layers, differing in genesis, volume and structure. 
Therefore spatially adequate biogeochemical regionalizing 
should include: 1) mapping the natural geochemical 
background; 2) mapping anthropogenic impact; 3) maps’ 
overlay to reveal areas meeting eco-geochemical demands of 
the target biological species and to construct the map risk of 
endemic geochemical diseases. 
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Application of portable Raman 
spectroscopy in exobiology: In situ 
identification of sulfate minerals 

F. KOŠEK1*, A. CULKA1 AND J. JEHLIČKA1 
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Prague, Czech Republic (*correspondence: 
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Raman spectroscopy has been used as a powerful tool for 

the identification of various minerals and organic compounds. 
The advantages and relative simplicity made this method a 
promising choice in the future exploration missions to Mars 
[1]. The deposits of aqueous minerals including iron, 
magnesium and calcium sulfates have been found on the 
Martian surface [2]. With the development of miniaturized 
Raman spectrometers there is a need for evaluation of Raman 
spectroscopy as a method of identification of sulfates under 
geological conditions. In our study, we focus on the use of 
miniaturized Raman spectrometers equipped with different 
excitation sources to detect sulfates at few Mars analogue sites 
in Bohemian massif. 
Figure 1: Raman spectra of magnesiocopiapite from 

Valachov, Czech Republic. 
 
An example of results is shown in the figure. In general, 

sulfate phases are detectable by the Raman spectra collected 
under unfavourable conditions. Common sulfates (gypsum 
etc.) are easily identified. Identification of complex sulfates 
such as copiapite-group minerals is discussed. 
 
[1] Villar & Edwards (2006) Anal. Bioanal. Chem. 384, 100-
113 [2] Gaillard et al. (2013) Space Sci. Rev. 174, 251-300 
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Bioleaching is an important technique for recovering 
copper (Cu) from ores. In this study, we report the results of 
the bonding and speciation of Cu in pyrite from the active 
Skouriotissa, Cyprus, deposits. Analyses were carried out 
using reflected light microscopy, electron microprobe 
microanalysis (EPMA) and X-ray absorption near-edge 
structure (XANES) techniques. Pyrite is a ubiquitous 
component of the Skouriotissa ores and similar ores from other 
Cu bioleaching operations. The oxidation of pyrite is 
autocatalytic, as Fe(III) ions and heat are produced, which in 
turn can oxidise more pyrite and chalcopyrite. Our analyses 
suggests that most of the Cu in the Skouriotissa pyrite occurs 
as minute Cu(I)-bearing sulphide and oxide inclusions, and not 
as Cu(II) substituting for Fe(II) in pyrite. This has implications 
for the bioleaching process, since the contact between pyrite 
and these Cu-bearing phases will result in galvanic coupling 
and more rapid dissolution of the Cu-bearing phases compared 
to the pyrite. Similar Cu-bearing mineral inclusions and 
galvanic leaching might occur in Cu ores elsewhere in the 
world that are used for bioleaching. We also have evidence 
that some Cu(II)- bearing pyrite might be present in the 
Skouriotissa ores, and if so, this Cu may not be as easily 
leached as the Cu-bearing inclusions. 
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The Central European Kupferschiefer deposit bearing 

copper up to five percent is the most important natural copper 
resource in Europe, and thus raised again interest of both 
industry and science. Due to the complex composition of the 
shale including copper and sulfide rich ores, carbonates and 
organic compounds there is no efficient biotechnological 
approach applied yet. Although promising approaches using 
acidophilic micoorganisms were presented [1] issues such as  
acid pretreatment and resulting gypsum waste remain. Thus 
leaching at neutral and alkalic pH ranges has been investigated 
using both foreign and indigenous species including yeasts [2-
4]. Especially usage of microbially produced organic acids [5] 
has shown good results regarding copper recovery. In previous 
studies [4] the impact of glutamic (see figure) and citric acid 
on copper minerals in Kupferschiefer ore has been examined 
using bulk chemicals. The presentation compares those results 
to copper leaching with citric acid as biotechnologically 
produced product in fermentation broth produced by the yeast 
Yarrowia lipolytica. 

 
Figure: Copper concentrations and pH in the leaching 

batch within 28 days of leaching, containing Kupferschiefer 
ore (particle size 0.1-2 mm, 5 % pulp density) and 1 % GA. 

 
[1] Sethurajan et al. (2012) Environ. Eng. Manag. J. 11 (10), 
1839-1848. [2] Matlakowska et al. (2010) Environ. Sci. 
Technol. 44 (7), 2433-2440. [3] Rajpert et al. (2013) 
Chemosphere 91, 1257-1265. [4] Kostudis et al. (2015) Min. 
Eng. http://dx.doi.org/10.1016/j.mineng.2014.12.035. [5] 
Anjum et al. (2010) Appl. Clay. Sci. 47, 356-361. 
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system: Effect of T on phase 
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accessory minerals in silicate melt  
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Experimental study of peridotite-basalt-(K, Na)2CO3-H2O 

system with accessory minerals (ilmenite, apatite, zircon and 
pyrrhotite) were carried out at P = 0.5 GPa and T = 1100-
1250°C. Experiments were carried out on a high gas pressure 
apparatus in IEM RAS, using Pt-Pt ampoules with peridotite 
container method. Prt container with starting mixture of  
tholeiitic basalt (60%) + (Na, K)2CO3 (~10%) + Ilm 
(5%) + Apt (5%) + Zrn (5%) + Po (5%) + H2O (10%) placed 
in to the Pt ampoule and hermetically sealed. Duration of 
experiment was 48 hours. Products of experiments were 
studied by scanning electron microscope CamScan МV2300. 

We’re determining compositions of silicate melts (LSil), 
liqudus association and solubility of accessory minerals (AM) 
in melts. Concentrations of typomorphic elements (CX) for 
every AM in LSil are the indicator of solubility AM under 
saturation conditions. Thus, for Ilm – it’s CTiO2, Apt – CP2O5, 
Zrn – CZrO2, Po – CSO3. 

T = 1250°C. Quenching samples are presented by Ol + 
Cpx + K-Amf + Phlog association, which cemented by LSil 
with inclusions of sulfate (LSlf) and carbonate (Cb) phases. 
Chr, Ti-Mgt and Zrn are present as an AM. Features of texture 
(sulfate globules in LSil matrix) indicate the existence of 
immiscible LSil and LSlf. LSil presented as sub-alkalic andesites 
(Na2O + K2O ˃ 5 wt.%, SiO2 - 59 wt.%); sulfate globules has 
anhydrite composition (CaO - 35.7, SO3 - 36.6) with a high 
content of P2O5 (up to 6 wt.%); carbonate phase has calcite 
composition. 

T = 1100°C. Quenching samples are represented by LSil 
coexisting with Ol + Cpx + Amf + Phlog association with AM 
- Chr, Ti-Mgt, Zrn. The main differences are: the composition 
of the melt - is basalts normal alkalinity (SiO2 - 50 wt.%, Na2O 
+ K2O ~ 4 wt.%); Cb and LSlf are absent. 

As a result, our research found that phase composition and 
solubility of AM depended on T. CZrO2 in the LSil (in 
equilibrium with Zrn) was much higher at T=1250°C, than at 
T=1100°C, 1.44 wt.% and 0.66 wt.%, respectively. CP2O5 and 
CSO3 conversely decrease with increasing T and equal: CP2О5 are 
0.63 and 0.29 wt.%; CSО3 are 1.0 and 0.65 wt.% at Т=1100 and 
Т=1250°C respectively. Ilmenite is completely dissolved and 
independent on T (CTiO2 in equilibrium with Ti-Mgt ~  
0.4 wt.%). 

 
Supported by grant RFBR № 14-05-00752 
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Microdiamonds of North Bohemia are confined to discrete 
lithological layers within diamond-free rocks equlilibrated 
under HP granulite-facies conditions [1]. This suggests an 
internal carbon source for diamond formation.  SEM, AFM, 
TEM and SIMS techniques allow characterization of diamond-
forming media. Felsic UHP gneiss contains exclusively 
individual well-shaped diamond octahedra with smooth faces, 
enclosed in garnet, kyanite and zircon. In contrast, clusters of 
diamond cuboids with rough faces occur in garnet and zircon 
in the intermediate UHP garnet-clinopyroxene rock. Well-
preserved diamond, and graphite in separate multiphase 
inclusions, are associated with  quartz, rutile, apatite, and Ca-
Mg carbonate in both rock types. A TEM study shows that 
octahedral diamonds are single crystals with regular interface 
towards the host phase, whereas cuboids are polycrystalline 
and their interface is irregular. Amorphous quenched fluid/melt 
occurs in rare cavities located close to, or at, the diamond 
interface, and in triangular cavities delimited by numerous 
newly-formed (111) crystal faces due to dissolution of 
diamond cuboids. In contrast, octahedral diamond dissolution 
is restricted to individual  funnel-shape cavities located at the 
oucroping dislocation array (TEM), and similar-sized negative 
trigons (AFM) with symmetric and pointed-bottom depth 
profiles  on (111) faces. Such trigons form  during HP-HT 
experiments using fluid/melt with H2O:CO2 ≥ 50:50 mol. %.  
Negative δ13C values in both diamond types (-21 to - 33 ‰) 
correspond to organogenic carbon source. We conclude that 
both diamond types formed from high-density hydrous 
fluid/melt containing carbonatitic, silicic, saline, sulphate and 
phosphate components. The constrasting diamond morphology 
results from different degree of supersaturation, growth rate, 
and carbon species in the protolith.    
 
[1] Kotková & al. (2011) Geology 39, 667-670. 
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Kalba-Narym granitoid batholith located on the territory of 
Eastern Kazakhstan. Batholith is composed of rocks of five 
intrusive complexes, which differ in composition and 
formation time [1].  

Results of new U-Pb (LA ICP-MS, Ulan-Ude) granitoid 
complexes isotopic dating are: 1) Kalguta complex of Bt-Grt-
granodiorites and Hbl-granite (I phase - 308±1 Ma (n=47); II 
phase - 304±1 Ma (n=46)); 2) Kunush plagiogranite complex 
(SHRIMP-II, Zrc - 306±9, 299±2 Ma [2]); 3) Kalba 
granodiorite-granite complex (I phase - 296±1 Ma (n=45), 
293±2 Ma (n=49); II phase - 286±3 Ma (n=9), 286±1 Ma 
(n=27)); 4) Monastyr leucogranite complex (SHRIMP-II 
284±4 Ma [2], 283±2 Ma (n=20)); 5) Kainda granite complex 
(288±1 Ma (n=37)). 

Obtained results allow us to determine the maximum 
duration of Kalba-Narym batholith formation at ~ 30 million 
years (310-280 Ma). There are three stages of formation: 1) 
310-300 Ma – granodiorites and plagiogranites of kalguta and 
kunush complexes; 2) 297-290 Ma – I phase of kalba granite 
complex and rare-metal pegmatites [2]; 3) 288-281 Ma – II 
phase of kalba complex, granites and leucogranites of kainda 
and monastyr complexes.  

Obtained geochronological data are synchronize with data 
of granitoid, gabbro magmatism in Nort-Western China and 
trapp of Tarim large igneous province (320-270 Ma) [3]. 

 
The work was supported by the Presidium of SB RAS 

(project № 17, 77,123), RFBR (project № 10-0500913-A), 
FGP “Research and scientific-pedagogical personnel of 
innovative Russia” (№ 2012-1.2.1-12-000-2008-8340). 
 
[1] Navozov O.V. et al. (2011) Geologiya i ohrana nedr, 4, 66-
72. [2] Kotler P.D. et al. (2015) Doklady Earth Science. 
462(5). [3] Xu et al. (2014) Lithos, 204, 20-35. 
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Shallow-sea hydrothermal vents of the volcanic island of 

Milos (Greece), discharge hot (up to 111°C), H2S-rich and 
slightly acidic (pH 4-5) hydrothermal fluids to the marine 
environment. The system hosts chemolithotrophic sulfide 
oxidizing and sulfate reducing microbial communities that 
form white microbial patches and facilitate precipitation of 
various S-bearing mineral phases, including elemental S and 
Fe-sulfides.  

This research aims to shed light on S-mineralogy and 
speciation in Milos hydrothermal sediments. Following in-situ 
measurements of the local physico-chemical parameters, 
surface cores (22 cm) were collected and sectioned into 2 cm 
intervals. Preliminary investigation included bulk XRD 
characterization and bulk ICP-MS analyses, along with SEM-
EDS examination. Abundant Fe-S phases mainly occur in 18-
20 cm depth, where distinct metalloid and chalcophile 
elements are also concentrated (As, Tl). Also, the radionuclide 
content was studied using γ-ray spectrometry. 

Synchrotron-based μ-XRF elemental maps, μ-XRD and S 
K-edge μ-XANES spectroscopy, were utilized to examine S 
distribution and speciation in the samples. S is mainly 
correlated to Fe and As, corresponding to both crystalline and 
amorphous mineral phases. Except sulfidic sulfur, other 
oxidation states have been detected in the solids, 
corresponding to sulfates and a variety of mixed S-phases 
which are currently investigated by means of transmission 
electron microscopy (TEM). 
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We report air-ice CO2 fluxes measured continuously using 
automated chambers over artificial sea ice from freezing to 
decay. We observed an uptake of CO2 as seawater was cooling 
down prior to sea ice formation. As soon as the first ice 
crystals started to form, we observed a shift from a sink to a 
source. Sea ice released CO2 until we initiated the ice decay by 
warming the atmosphere. Sea ice then returned to be a CO2 
sink. Direct measurements of the fluxes were consistent with 
the depletion of dissolved inorganic carbon in sea ice. 
Measurements of bulk partial pressure of CO2 in sea ice and of 
atmospheric CO2 allowed us to assess a gas exchange 
coefficient for CO2 at the air-sea ice interface during the grow 
stage. We compared these observations with a 1D 
biogeochemical model. Discrepancies between the model and 
the observations lead us to emphasize the role of gas bubbles 
in CO2 transport through sea ice. 
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Humic substances (HS) are one of the main component of 

aquatic and soil systems and are known to play an important 
role in the transport and binding of metal trace elements such 
as lanthanides, Ln(III) [1]. Because of their strong interactions 
with surfaces [2] and their colloidal properties [3], HS may 
affect Ln(III) geochemistry in water, soils and sediments. 
Eu(III) speciation is studied in presence of Suwannee river 
fulvic acid (SRFA), considered as a proxy of natural organic 
matter reactivity. Complexation of Eu(III) by SRFA in the pH 
range from 4 to 7 and ionic strength from 0.02 to 0.5 M is 
studied using time-resolved luminescence spectroscopy and is 
described with the NICA Donnan model [4]. Besides the 
description of the complexation, we highlighted inter-
particulate repulsions between fulvic acid particles that are 
complexing Eu(III) at high CSRFA > 100; 30 and 10 mgSRFA/L 
respectively at pH 4, 6, and 7. Such interactions are not yet 
accounted within the different complexation models [4] [5]. 
The account of a Donnan volume depending on the 
hydrodynamic radius of SRFA was proposed by Saito et al. 
[6]. In this study we propose to characterize the size of Eu(III)-
SRFA complexes by Taylor dispersion analysis (TDA) using a 
capillary electrophoresis instrument [7]. TDA allows 
measuring Eu-SRFA complexes diffusion coefficients and 
calculating hydrodynamic radii (RH). The experiments show 
that RH are about 0.9 nm and decrease with CEu when CSRFA < 
100 mgSRFA/L. The RH are constant at higher CSRFA regardless 
of pH and CEu values. 

 
[1] McCarthy et al. (1998) J. Contamin. Hydrol. 30, 49-77. [2] 
Janot et al. (2013) Geochim. Cosmochim. Acta 123, 35-54. [3] 
Jones & Bryan (1998) Adv. Colloid Interface Sci., 78, 1-48. [4] 
Kinniburgh et al. (1999) Colloids Surf. A 151 147-166. [5] 
Tipping (1998) Aquat. Geochem. 4, 3–48. [6] Saito et al. 
(2009) Colloids Surf. A 347, 27-32. [7] d’Orlyé & Reiller 
(2012) J. Colloid Interface Sci. 368, 231-240. 
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Introduction.  
The present study covers the distribution and 

bioavailability patterns of major and trace elements (Al, Fe, Ti, 
Mg, Ca, P, S, Na, K, Mn, Cr, Ni, Cd, V, Zn, Cu, Pb, Sb, Bi, 
Sn, Ag, Li, Co, As, Zr and Mo) in the surface sediments of the 
Cai River estuary and the Nha Trang Bay of the South China 
Sea, under multiple stresses. The specific goal of the study is a 
comparative analysis of ecologically significant chemical 
forms of metals. 

Materials and Methods.  
The surface sediment samples were collected in summer 

periods 2010-2013. The bulk metal concentrations were 
determined on the Х-7 ICP-MS (Thermo Scientific, USA). In 
order to assess chemical form of metals in sediments, the 
samples were objected to single chemical reagent (single step) 
extraction procedures. The strong acid-soluble metals were 
extracted by 2M nitric acid, the weak acid-soluble (labile) 
metals were extracted by 25% acetic acid, non-silicate metals 
were extracted by sodium dithionite at pH 6.5-7 (Mehra-
Jackson extraction), metals bound to amorphous Fe/Mn oxides 
were extracted by ammonium oxalate–oxalic acid buffered 
solution at pH 3.2 (Tamm extraction) and organically-bound 
metals were extracted by 0,1 sodium pyrophosphate. 

Results and Conclusions.  
Mineralogy, grain-size and depositional conditions 

generally determine the abundance and distribution of 
elements in the sediments that were studied. However, the 
natural (such as turbidities) and human-generated (such as 
harbor activities) pressures are shown to influence the 
fractionation and speciation of potential contaminants and 
therefore change its bioavailability.  

The combined method of single chemical reagent 
extractions revealed labile to relatively stable associations of 
metals in surface sediments along the salinity gradient. The 
sediments are primarily enriched with bioavailable metal forms 
in the riverine part of the estuary. The most bioavailable parts 
of trace metals that were studied are associated with easily 
soluble amorphous Fe and Mn oxyhydroxides.  

The threshold bulk level of trace elements in sediments is 
shown to be not bioavailable if derived from resistant mineral 
phases (Ag); the natural level of contaminants in sediments 
may be harmful if the element occurs in potentially 
bioavailable forms (Pb).  
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We present the results of an integrated petrological, 
microstructural and geochemical study of mantle xenoliths 
sampled by kimberlitic magmas in the Kaapvaal craton (South 
Africa). Microstructures, crystal preferred orientations, water 
contents and major and trace elements compositions have been 
analyzed in 7 mylonitic mantle xenoliths carry from deep 
upper mantle (∼150 Km) and distinguished by high 
equilibrium T (1000-1200°C). These highly deformed 
xenoliths display a bimodal grain size (large porphyroclasts (∼ 
5mm) of olivine, orthopyroxene and garnet in a matrix of very 
fine neoblasts (<0,1 mm)). Geochemical analyses indicate that 
sampled suffered multiple metasomatic events resulted in 
orthopyroxene enrichement or secondary crystallization of 
clinopyroxene and phlogopite.  

Olivine Crystallographic preferred orientation (CPO) 
recording dominant orthorhombic symmetry with [100] axes 
aligned close to the lineation and [010] axes normal to the 
foliation plane. Most of the samples show olivine [001] and 
orthopyroxene [001] axes parallel, suggesting dominant [001] 
glide. The coherent Orthopyroxene and Olivine CPO suggest 
pre- to syn-Kinematic orthopyroxene enrichement. 
Deformation of secondary recristalyzed orthopyroxene, 
clinopyroxene and phlogopite are weak, but correlated to the 
orthopyroxene CPO implies that mylonitization results from a 
later event, which affected locally the deep cratonic 
lithosphere. Based on microstructural and major and traces 
element geochemical data, we propose strain localization at 
high temperature assisted by fluids-magmas percolation that 
led to the temperature increase, the dislocation of 
orthopyroxene porphyroclast and the precipitation of 
secondary phase along the ultramylonite bands. 
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The internal part of the CPR is a young extensional basin, 
which was formed during the Miocene. The central part of the 
area went through considerable thinning during this extension, 
when the crust was thinned from its original 50-60 km 
thickness to the present 25-30 km. The lower crust was 
sampled by alkaline basaltic volcanoes after the Miocene 
extension.  

The granulite xenoliths entrained in these basalts may bear 
imprints of this preceding extension event. The studied lower 
crustal xenoliths are metapelites and metabasic rocks having 
most commonly granoblastic texture. The rock-forming 
minerals (garnet, pyroxenes, feldspar, sillimanite, rutile) were 
measured by micro-FTIR spectrometry to determine their 
‘water’ content and its substitution mechanism. The NAMs in 
granulites have usually very low ‘water’ content with bulk 
water contents typically below 100 ppm. In particular garnet is 
absolutely dry in all but four xenoliths. Feldspar and 
orthopyroxene show water contents typically below 100 ppm. 
The most ‘water’ rich minerals are clinopyroxene and 
sillimanite containing usually more than 100 ppm water. 

These concentrations are generally much lower than those 
have been reported for other lower crustal granulites from 
China [1] [2]. The very low ‘water’ content of NAMs in lower 
crustal granulite xenoliths from the central part of the CPR 
may be the consequence of the Miocene thinning. The 
accompanying localized fluid infiltration and potential increase 
in temperature may have resulted in heterogeneous melting and 
melt extraction from the lower crust having left behind a 
generally very dry residue. In summary the studied granulite 
xenoliths highlight that the lower crust in young extensional 
settings may be generally much depleted in ‘water’. 

 
[1] Yang et al. (2008) Journal of Geophysical Research-Solid 
Earth 113. [2] Zhang et al. (2015) Gondwana Research 
10.1016/j.gr.2014.12.009 
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Arsenopyrite (FeAsS) is the most important mineral that 
concentrates Au in the ‘invisible’ (syb-micrometer size, or 
refractory) state in many types of hydrothermal ore deposits. 
The aim of the present study is to synthesize Au-bearing 
minerals in the system Fe-As-S at contrast T-P-f(S2) 
conditions, and, by analysis of the chemical composition of 
synthesized phases, determine the Au distribution coefficients, 
its maximum concentration, and conditions that favour the 
formation of ‘invisible’ Au. 

The plate-like single crystals and asterisk-like aggregates 
of FeAsS in equilibrium with metallic Au were grown in silica 
glass ampoules using the AlCl3/KCl/NaCl, CsCl/NaCl/KCl, 
CsCl/NaBr/KCl, CsCl/NaCl/KI, and CsCl/NaBr/KI flux 
technique. At high temperature the ampoules were kept in a 
permanent temperature gradient (450 – 600 °C at the hot 
ampoule end, 50 °C temperature gradient). At low temperature 
(350 °C) the experiments were performed using a furnace 
without temperature gradient, where ampoules were 
periodically agitated. After experiment the grains morphology 
and chemical composition of synthesized phases were 
determined using SEM, EPMA, and LA-ICP-MS techniques. 
Arsenopyrite, loellingite FeAs2, pyrrhotite Fe1-xS, pyrite FeS2, 
and assemblages of these minerals were obtained as synthesis 
products. The LA-ICP-MS line/spot analyses and mapping 
showed that Au is more enriched in loellingite than in 
arsenopyrite, whereas the lowest Au concentrations were 
determined in pyrrhotite. The Au concentration profiles 
suggest that in arsenopyrite it presents in the form of sub-
micrometer size particles and homogeneously distributed 
admixture, and the concentration of homogeneously distributed 
Au falls within n·1 ppm to ~ 200 ppm range. In contrast to 
arsenopyrite, Au in pyrhotite is mostly homogeneously 
distributed within the mineral matrix, and its concentration is 
n·0.1 ppm. Arsenopyrite grains, synthesized at 450 - 550 °C, 
reveal zonal structure. The EPMA maps and LA-ICP-MS 
analyses of these grains showed that higher concentration of 
Au is localized within the As-rich zones. This suggests close 
correlation between ‘invisible’ Au concentration in 
arsenopyrite and As/S activity ratio in the ore system. 
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Different post-growth textures have been found in zircon 

from ductile deformed granitic rocks, such as aplite and 
porphyritic granite. These textures are suggested to be 
evidence of crystal-plastic deformation, and complete or partial 
recrystallization by coupled dissolution-reprecipitation, 
dissolution and outgrowth formation processes. 
Recrystallization, dissolution, and outgrowth formation are 
metasomatic reactions that lead to the chemical, textural and 
structural alteration of zircon, were fluid-induced, and are 
characteristic for zircon from granitic rocks. These reactions 
should result in complete re-equilibration of the initial U/Pb 
isotopic system in zircon. We suggest that zircon from granitic 
rocks is more subjected to the aggressive fluids due to its high 
initial reactivity, and high trace element abundances that can 
cause metamictization, and/or internal strain in the lattice. 

As a result of a micro-structural study by BSE, CL and 
EBSD imaging, and based on crosscutting and overlapping 
relationships of post-growth textures in zircon, the sequence of 
metamorphic events can be reconstructed. These include 
metamictization, metasomatic recrystallization, dissolution, 
mineral-fluid reactions, and overgrowth, in some cases 
followed by ductile deformation (Fig. 1).   

Zircon secondary textures are important for understanding 
tectonic processes, chemical processes such as mineral 
reactions, and fluid-rock interactions. As such they can be 
critical for geochronological dating of metasomatic and 
deformation events. 

Figure 1. Zircon 
evolutionary stages in 
deformed granitic 
rocks. 
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Nuclear waste as an unavoidable byproduct of nuclear 
technology requires adequate storing and disposal strategies. 
Disposal in deep geological formations is the most commonly 
considered waste management option. One approach is to 
immobilize the radionuclides in a ceramic waste form. 
Monazite, pyrochlore and zircon-type ceramics are of potential 
interest for actinides immobilization. Before these materials 
could be utilized as a matrix for nuclear waste disposal their 
thermodynamical properties must be well characterized. One 
of the parameters important for assessment of the stability of 
these materials in solid solutions with actinides is the excess 
enthalpy of mixing which in the case of simple solid solutions 
can be expressed by a simple polynomial containing adjustable 
parameters known as Margules interaction parameters. These 
parameters are usually difficult to measure accurately but can 
be estimated by ab initio method. We present our 
computational studies of monazite, pyrochlore and zircon-type 
solid solutions. We will demonstrate that the computational 
approach has to be carefully chosen to obtain reliable 
description of f-elements, which is crucial for correct 
derivation of the thermodynamic parameters, such as excess 
enthalpies of mixing or heat capacities of f-materials [1-3]. In 
particular we will demonstrate the importance of proper 
accounting for the strong electronic correlations (by DFT+U 
method). We will discuss the obtained excess properties of the 
considered solid solutions and the dependence of the 
interaction parameter on the endmembers volume mismatch. 
We will show that in case of monazite-type ceramics, the 
double substitution solid solutions, where two Ln3+ cations are 
replaced by one M2+ (e.g. Ca  or Mg) and one An4+, show much 
larger non-ideal effects than (Ln3+,(An3+,Ln3+)) solid solutions. 
The follow up experimental studies aimed into validation of 
these results will also be discussed. 
 
[1] Beridze & Kowalski (2014), J. Phys. Chem. A, 118, 11797 
[2] Blanca-Romero et al. (2014), J. Comput. Chem. 35, 1339 
[3] Li et al. (2014), J. Solid State Chem. 220, 137 
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Usage of wastes thermal treatment technologies caused 
production of bottom and fly ashes as incineration residues. In 
the next few years in Poland contribution of these materials in 
waste stream will rise significantly therefore  
a detailed mineralogical and chemical characterization  
is crucial to assess potential environmental impact and to find 
out the possibilites of their utilization. 

Both in bottom and fly ashes accumulation of non-
combustible fraction of thermally treated wastes took place.  
It is represented by amorphous and mineral phases together 
with metallic fragments and other heat-resistant components. 

In fly ashes, where more volatile elements can concentrate 
as a result of processes which occur in furnace, contribution of 
potentially toxic elements should be defined. Fly ashes are 
widely used as raw material therefore these analysis linked 
with mineralogical studies allows to estimate it usefulness in 
this area. 

Fly ashes from thermal treatment of municipal and 
industrial (also hazardous and medical) wastes were studied. 
Due to Polish legislation the first fly ash is treated as non-
dangerous and the second as material containing hazardous 
elements. Samples were studied using chemical (ICP-MS, ICP-
AES, LECO) and mineralogical methods (SEM-EDS, 
XRD+Rietveld). 

Fly ashes from municipal wastes were composed mostly of 
SiO2 (47 wt%), CaO (25 wt%) and Fe2O3 (9 wt%).  Crystalline 
phase (~75 wt%) outweighted the amorphous glass (~25 wt%). 
From mealic and toxic elements Ti  
(~1 wt%), Zn (2800-7000 ppm), Pb (700 ppm) and in smaller 
concentrations (~350 ppm) Cu and Cr were detected. 

Fly ashes from industial wastes shoud be considered  
as APC residues where domination of soluble phase were 
present (~50 wt% of NaCl). In their composition high content 
of Na2O (31 wt%), CaO (12 wt%) and S (7 wt%) were present 
and high LOI values (~48 wt%) were measured.  
In insoluble fraction of fly ashes amorphous glass (51 wt%) 
and sulphate minerals (34 wt%) were main components. 

Beside metallic and toxic elements Zn (0.5 to >1 wt%), Cu 
(2200 ppm) were these with the highest content but also 
relatively high concentrations of Pb (600 ppm) and As  
(~650 ppm) was notable. 
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El Niño-Southern Oscillation (ENSO) is presently the 
largest source of interannual climate variability in the world 
and therefore understanding of its past behavior under 
contrasting climate states is of upmost importance in predicting 
future ENSO behavior. The Western Pacific Warm Pool 
(WPWP) plays a dominant role in the development of ENSO 
but the detailed oceanographic observations do not go far 
enough back in time to assess the changes in circulation 
patterns of the WPWP over seasonal and interannual periods.   

Climate signals and ocean circulation patterns were 
investigated in a modern giant clam (T. gigas) from the Huon 
Peninsula, Papua-New Guinea (PNG) located along the Vitiaz 
Strait in the heart of the WPWP. Time-series analyses of stable 
oxygen and carbon isotopes at subweekly resolution, coupled 
with a detailed suite of AMS Δ14C determinations, has allowed 
documentation of hydrographic and salinity changes occurring 
during ENSO events. Our results indicate that during El Niño, 
the T.gigas record exhibits an increase of 5‰ above average in 
Δ14C with a range of 11‰  accompanied by positive δ18O and 
δ13C excursions while during La Niña  Δ14C falls 3‰ below 
average with a range of 30‰ accompanied by negative δ18O 
and δ13C excursions. Our data suggests that Vitiaz Strait acts 
as an important gateway of ocean  masses leading to ENSO 
events. During an El Niño the flow in the Vitiaz Strait is from 
Southeast to Northwest and waters are sourced in the 14C-
enriched subtropical ocean surface. In contrast, during La Niña 
the flow switches from Northwest to Southeast and is sourced 
in older, 14C-depleted, waters derived by upwelling in the 
Eastern Pacific.  The combined study of stable isotopes and 
Δ14C  demonstrates that giant clams show potential to serve as 
robust archives of seasonal and interannual variability in ocean 
circulation and water salinity accompanying ENSO events. 
Furthermore we show that by applying modern threshold 
limits, high resolution paleo-ENSO records can be acquired 
from fossil giant clams that are associated with the flight of 
uplifted coral reef terraces on the Huon Peninsula, PNG.   
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Sablya Ridge is located in the central part of Sub-Polar 
Urals and represented by anticline, which core is composed of 
metamorphized basic volcanites (RF3–V sb) corresponding to 
the settings of active continental margins. Overlying psephites 
don’t have a definite interpretation of age and origin and are 
interpreted as marine or continental from Upper Riphean to 
Lower Ordovician. Our studies revealed that psephite rocks are 
inhomogeneous – the basic volacnites are overlaid by 10 meter 
layer of cherry-brown tuff gravelites with layers of tuff 
sandstones and tuff aleurolites overlaid by normal-sedimentary 
psephites. The tuff gravelites are characterized by filling 
spherolite and gialoclasts. The tuff gravelites contain (weight 
%): SiO2 68.44–76.45,TiO2 0.91–1.86,Al2O3, 8.79–10.55, 
Fe2O3  4.58–9.02, FeO 0.59–2.96, MnO 0.027–0.087, MgO 
1.1–2.92, CaO 0.05–0.3, P2O5 0.079–0.38. They represent 
sedimentary-volcanoclastic formation with the signs of 
underwater extrusions, which material composition was 
resulted from mixing of underwater explosive, teffroid and 
sedimentary material. The gravelites by their texture-structural 
characteristics correspond to marine sediments of tidal facial 
type and are identical to Lower Ordovician psephites from 
neighboring areas of the Sub-Polar Urals. Interpretation of the 
results of chemical analyses allowed to trace evolution of 
composition of tuffogenic-sedimentary and to determine two 
groups of psephites that differ by their age and genesis – 
volcanogenic molassa (V2 –Є1lp) and shallow water - marine 
terrigenous sediments (O1tl). It is obvious that geochemical 
features of tuff gravelites can be used as one of diagnostic 
criteria to separation and correlation of paleontologically 
uncharacterized coarse clastic rocks.  

 
The work was supported by the Program of Basic 

Researches UB RAS, project No 15-18-5-46 “Mineragenia of 
Northern Urals and Timan in connection with the regularities 
of their geological development, main ore formation epochs”.  
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Introduction:  
Stable isotope fractionations are strongly temperature 

dependent, and can thus be used for constraining high-
temperature processes like planetary core formation [3-6]. This 
is because metal-silicate separation may induce a measurable 
variation due to a large difference in bond stiffness between 
the metal and the silicate phase. Investigating W stable isotope 
variations is particularly important given the link to the Hf-W 
chronometer, which is used to date core formation. 
Nevertheless, other processes operating in the solar nebula or 
during magmatic differentiation can potentially cause mass-
dependent W isotope variations as well. In this study we aim to 
assess the magnitude and origin of stable W isotope variations 
among terrestrial and extraterrestrial materials using a new W 
double spike. Here we present preliminary results for one 
terrestrial standard and three meteorite samples.  

Methods:  
Single 180W and 183W spikes obtained from Oak Ridge 

National Laboratory were mixed in optimal proportions to 
produce a 180W-183W double spike, and then calibrated against 
the NIST SRM 3163 W standard. Samples were spiked, 
dissolved, and W was then separated by anion chromatography 
[7]. Tungsten isotope measurements were performed using a 
Neptune Plus MC-ICPMS in Münster. Deconvolution of the 
data was conducted using the Double Spike Toolbox software 
in Matlab [1], and data are reported in δ183W/184W as the ‰ 
deviation from NIST SRM 3163.  

Results:  
Our measurements of a terrestrial rock standard AGV-2, 

two chondrites Allende (CV3) and Kernouvé (H6), and an iron 
meteorite Henbury (IIIAB) reveal no resolvable W isotope 
fractionations of the δ183W/184W values from NIST 3163 and 
so we do not reproduce the large variations with a total range 
of 0.5 permil per amu reported by an earlier study [2]. To 
understand this discrepancy and to assess the full extent of W 
stable isotope variations we are currently obtaining more data 
for additional (extra) terrestrial samples. 
 
[1] Rudge et al. (2009) Chem. Geol., 265, 420-431. [2] Breton 
& Quitté (2014) JAAS, 29, 2284-2293. [3] Georg et al. (2007) 
Nature, 447, 1102-1106. [4] Hin et al. (2013) EPSL, 379, 38-
48. [5] Moynier et al. (2011) Science, 331, 1417-1420. [6] 
Burkhardt, C. et al. (2014) EPSL, 391, 201-211. [7] Kruijer et 
al. (2013) EPSL, 361, 162-172. 
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We conducted scavenging experiments with Rare Earths 
and Yttrium (REY) on Mn (hydr)oxide in presence of the 
siderophore desferrioxamine B (DFOB). Siderophores are a 
group of biogenic complexing agents excreted by a wide range 
of plants and bacteria. The model siderophore used in this 
study, DFOB, is a hydroxamate siderophore occurring in 
almost all environmental settings with concentrations in the 
nanomolar to millimolar range and is one of the most 
thoroughly studied siderophores. 

In the absence of siderophores or other organic ligands, 
trivalent Ce is surface-oxidized to Ce(IV) during sorption onto 
Mn (hydr)oxides. Such Mn precipitates, therefore, often show 
positive Ce anomalies, whereas the ambient solutions display 
negative ones (e.g., Fe-Mn crusts and seawater). 

However, REY scavenging in the presence of DFOB 
produces negative Ce anomalies in the Mn (hydr)oxides and a 
distinct and characteristic positive Ce anomaly in the 
siderophore-bearing solution. Furthermore, the heavy REY 
(Sm-Lu incl. Y) also remain in solution, creating strongly Ce- 
and HREY-enriched residual solutions during scavenging of 
REY onto Mn (hydr)oxides. This process efficiently separates 
light REY (excl. Ce) from middle REY and heavy REY.  

Such preferential partitioning of Ce into the residual 
aqueous phase has been described in the literature for natural 
Mn (hydr)oxides [1], but the mechanism for this is still unclear. 
Our experimental results demonstrate that biogenic organic 
ligands such as siderophores that form very strong aqueous 
complexes with Ce4+, may produce solutions with positive Ce 
anomalies and Mn (hydr)oxide minerals with negative Ce 
anomalies, complicating the use of Ce anomalies as paleo-
redox proxies. 

 
[1] Loges et al. (2012) Geochim. Cosmochim. Acta 86, 296-
317. 
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Plants, bacteria and fungi exude iron binding ligands, the 

so-called siderophores, in order to acquire Fe from their 
external environment. Siderophores are typically characterized 
by a high affinity for iron. They increase the bioavailability of 
iron by increasing the solubility and dissolution rates of 
iron(oxyhydr)oxides. However, in complex natural 
environments a range of other metal ions may be present as 
solutes or associated with solid phases. In principle, 
competitive binding of such non-target metal ions by 
siderophores could inhibit iron acquisition.  

A solution to this problem is specificity of the acquisition 
system to iron on various biochemical, coordination chemical 
and geochemical levels. On the biochemical side, specificity 
can be attained by selective uptake based on steric recognition 
or the redox potential of the iron complex. However, even if 
selective uptake prohibits the uptake of non-target metals, their 
competitive binding by the siderophore could decrease iron 
dissolution rates and solubility and therefore inhibit iron 
transport to the organism. Coordination chemical specificity of 
siderophores for iron binding is assumed to solve this problem. 
However, various previous studies seem to indicate that 
thermodynamic specificity may often not be sufficient to 
explain successful iron acquisition by plants and 
microorganisms in natural systems.  

In this presentation, we explore the role of kinetic 
specificity in iron acquisition. We show that thermodynamic 
specificity may be sufficient in some cases to mobilize iron 
from complex matrices containing potentially competing metal 
ions such as Co and Mn. However, we also demonstrate that 
the fast mobilization of iron from solid phases may lead to iron 
mobilization even if other metals eventually exchange iron in 
metal exchange reactions from the siderophore complex, as 
predicted by thermodynamic calculations. 

With our presentation we hope to contribute to a better 
understanding of thermodynamic and kinetic factors 
controlling iron acquisition in complex geochemical 
environments. 
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Oceanic crust is the largest aquifer on Earth. The volume 

of seawater flowing through the basaltic crust is massive and 
the microbiome of this deep marine subsurface biosphere has 
been estimated to be substantial. Consequently their metabolic 
activity may significantly contribute to global biogeochemical 
cycles.  Earlier and recent studies provide insight into the 
microbial community composition of oceanic crustal fluids, 
but information on the microbial ecophysiology is broadly 
missing. In order to investigate the microbial transformation of 
fixed nitrogen compounds in crustal aquifer fluids, fluids were 
sampled from different horizons of two neighbouring CORK 
(Circulation Obviation Retrofit Kit) observatories at the North 
Pond sediment pond. This site is located on the western flank 
of the Mid Atlantic Ridge and is characterized by relatively 
young oceanic crust and cold fluids. The crustal fluids 
contained nitrate, which potentially may serve as electron 
acceptor for respiration, while ammonium may serve as 
electron donor. Here, we present nitrogen conversion rates. In 
a multidisciplinary approach these data are combined with the 
determination of the natural isotopic compositions and the 
analysis of relevant functional genes from a metagenomic 
dataset to investigate microbial nitrogen cycling at North Pond. 
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It has been proposed that the fractured crystalline bedrock 
of Forsmark, Sweden host a spent nuclear fuel repoistory. 
Early site characterizations found elevated dissolved U in 
groundwater[1], prompting studies on the local origin and 
solubility of natural U. At Forsmark, hydrothermal fluid 
circulation (>1Ga) is connected to U oxidation and alteration 
of primary (U,Th)-minerals to U(VI)-silicates haiweeite and 
uranophane[2]. 

Water-rock interaction with respect to U has been 
investigated using U/Th-series disequilibrium and PHREEQC 
geochemical modelling. Eleven groundwater samples with 
0.39-150 µg/L dissolved U were measured for 224,223Ra 
(τ1/2<12d) and 226,228Ra (τ1/2<1600y) using a Radium Delayed 
Coincidence Counter and gamma spectrometry.  

Activity ratios (ARs) of U/Th-series nuclides offer insight 
into the rates of processes (alpha recoil, dissolution, sorption, 
advection etc.) that control their groundwater distributions 
upon interaction with a source, i.e. local minerals and the rock 
surface. Most Forsmark samples are correlated by 222Rn/226Ra 
and 223Ra/235U ARs, indicating relations between the above 
processes. The sample with the highest dissolved U (150 µg/L) 
has anomalously high 235U activities, which may indicate that a 
distinct set of processes and/or rates have enhanced the U-
series disequilibrium. The sample with second highest 
dissolved U (34 µg/L) has 226Ra/238U and 223Ra/235U ARs >2 
orders of magnitude higher than the 150 µg/L U sample. 
Speciation-solubility calculations made using PHREEQC 
results have suggested that both samples are undersaturated  
with respect to uranophane and U speciation is dominated by 
low-sorbing Ca2UO2(CO3)3

0 and CaUO2(CO3)3
2-. These ARs 

may provide further insight into e.g. respective rates and/or 
timing U dissolution and adsorption at Forsmark. 
 
[1] Smellie et al. (2008) SKB R-08-84. [2] Krall et al. (2015) 
Applied Geochemistry. 
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Three small (27-55 ha) catchments situated 5-7 km apart 
and covered by Norway spruce (Picea abies), each underlain 
by contrasting bedrocks: granite at Lysina (L), amphibolite at 
Na Zeleném (N) and serpentinite at Pluhův Bor (P), were 
studied in the Slavkov Forest Critical Zone Observatory [1] 
[2]. It is situated close to lignite power plants with large sulfur 
emissions in 1950s - mid 1990s. Lysina exhibited low 
resilience to  acid deposition and therefore extremely low pH, 
however Pluhův Bor exhibited very high resilience (Table 1). 
Only Na Zeleném did not show any major ecosystem problems 
and exhibited high resilience to acidification. Strong 
differences in drainage water compositions were generated 
mainly by differences in chemical weathering rates [1] [3]. 
High dissolved organic carbon (DOC) resulted from 
suppressed soil organic matter decomposition due to extreme 
acidity and Al toxicity at Lysina and due to peculiar chemistry 
at Pluhův Bor (e.g. high Mg and Ni, and low K).  
 
This study was supported by the EC (FP7 SoilTrEC 244118).  
 
Site- water type pH Mg Ca K SBC DOC 
  mg L-1 ueq L-1 mg L-1 
L- shallow soilw.  3.6 0.2 0.5 2.1 120 39 
L- deep soilw.  4.6 0.1 0.3 0.1 80 5 
L- groundwater 6.0 1.0 6.9 1.1 710 2 
L- streamwater 4.1 0.3 1.1 0.3 160 21 
N- shallow soilw.  4.5 0.9 1.5 1.2 220 23 
N- deep soilw.  5.9 0.7 3.0 0.3 290 3 
N- groundwater 6.9 5.7 13.1 2.5 1440 1 
N- streamwater 6.3 2.1 4.3 0.6 530 11 
P- shallow soilw.  5.3 8.1 0.9 0.5 770 65 
P- deep soilw.  7.7 16 1.1 0.1 1400 16 
P- groundwater 8.0 32 10.4 0.2 3230 2 
P- streamwater 7.2 13 1.3 0.2 1170 32 

 
Table 1: Mean soilwater chemistry in 2012-2014 (depths 20 
and 90 cm), groundwater chemistry in 2014 (borehole depths 
26-30 m) and mean discharge-weighted streamwater chemistry 
in 2010-2014. SBC = sum of base cations. 

[1] Krám et al. (2012) Appl. Geoch. 27, 1854-1863. [2] 
Regelink et al. (2015) Geoderma 247-248, 24-37. [3] Krám et 
al. (2014) Procedia Earth Planet. Sci. 10, 52-55.  
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Alkaline complexes containing eudialyte group minerals 

(EGM) comprise one of the most promising sources for future 
rare earth element (REE) supply. The accurate quantification 
of the chemical composition of EGM is complicated by both 
mineralogical and X-ray-specific challenges. These include: 1) 
structural and chemical variability of EGM composition (e.g., 
[1-3]); 2) mutual interferences of X-ray lines from major and 
trace elements, in particular REEs [4]; 3) the diffusive 
volatility of light anions as F and Cl and cations such as K and 
Na; 4) particular instability of EGM under the electron beam.  

A novel analytical approach has been developed to account 
for the above-mentioned analytical challenges. Additionally, 
loss on ignition and differential scanning calorimetry data has 
been applied to constrain the content and composition of 
volatiles in the EGM structure. The influence of the electron 
beam on the structure of EGM has been explored with Raman 
spectroscopy. All correction for the overlapping of X-ray lines 
is processed offline. For comparison a subset of samples was 
analysed with Laser Ablation Inductively Coupled Plasma 
Mass Spectrometry. The results demonstrate that the above-
mentioned parameters need to be considered and carefully 
optimized to perform accurate quantitative analyses on the 
chemical composition of EGM with the electron microprobe.  

 
[1] Johnsen et al. (2003) Can. Mineralogist 41 785-794. [2] 
Rastsvetaeva (2007) Kristallografiya 52/1 50-67. [3] Schilling 
et al. (2007) Mineral. Mag. 75 87-115. [4] Pyle et al. (2002) 
Rev. Mineral. Geochem. 48 337-362. 
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Acidovorax facilis, an aerobic Gram-negative 

Betaproteobacterium which is commonly found in soil, was 
used for U(VI) sorption experiments. Experiments were 
performed in batch cultures under aerobic conditions at 25 °C 
using tap water. For U(VI) sorption experiments UO2(NO3)2 
was added to the culture to achieve an initial U concentration 
of 0.05 and 0.1 M, respectively, at a neutral pH range. The 
duration of the sorption experiments were limited to 8 h and 48 
h, respectively. By time-resolved laser fluorescence 
spectroscopy (TRLFS) the U(VI) luminescence at 274 K was 
measured after excitation with laser pulses at 266 nm and with 
an average pulse energy of 300 μJ. The measured emission 
spectrum of the cells is characterized by four emission bands 
with peak maxima at 497.8, 519.5, 544.1 and 568.6 nm ± 0.5 
nm. In addition, the spectra of the Uranyl-lipopolysaccharide-
complexes R-O-PO3-UO2 and [R-O-PO3]2-UO2

2-, reported by 
Barkleit et al. (2008) [1], were used for comparison. They 
show only a small deviation from those observed in our 
studies. Hence, it can be concluded that phosphoryl groups are 
the main binding sites for uranyl, located in the 
lipopolysaccharide (LPS) unit in the outer membrane of Gram-
negative Acidovorax facilis cells.  After the U(VI) sorption 
experiments, Acidovorax facilis cells were prepared for 
Energy-filtered transmission electron microscopy (EF-TEM) 
and electron energy-loss spectroscopy (EELS). The results 
support the TRLFS measurements by providing 
microscopically and spectroscopically evidence of U(VI) 
sorbed at the outer membrane of Acidovorax facilis cells by 
showing high electron density and U ionization intensity 
peaks. In addition, U was detected in the small polyphosphate 
granules of the cells, indicating the formation of a uranyl-
phosphate complex as a result of an intracellular 
bioaccumulation process. However, EELS spectra indicate less 
U in the U-polyphosphate granules than in the outer membrane 
of the Acidovorax facilis cells. 
 
[1] Barkleit, A., Moll, H. and Bernhard, G. (2008) Dalton 
Transaction 2879-2886. 
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Observations of the number concentrations, size 

distributions, supersaturation spectra, and chemical 
compositions of cloud condensation nucleating (CCN) 
particles have become more widely available over the past 
decade. These indicate surprisingly similar effective 
hygroscopicities in many regions, as well as the frequent 
occurrence of very small particles in the population. Larger 
particles, capable of serving as “giant CCN”, are in contrast 
understudied, and their role in precipitation formation is not 
well understood. Observational data for CCN are reviewed. 
The development and implementation of realistic aerosol 
properties and aerosol-cloud interactions in models relies 
strongly on these data, but the full CCN spectrum is not well 
constrained by available measurement methods. Also, most 
CCN data have been obtained from surface measurements 
whereas models testing impacts of aerosols on precipitation 
must make assumptions about the three dimensional 
distribution of the aerosol. We present results from a few 
selected modeling studies demonstrating potential shortfalls in 
our present understanding of, and representation of, aerosol-
cloud interactions. 
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Hematite (Fe2O3; hem) and goethite (FeOOH; goe) are 

known to incorporate considerable amounts of tungsten (W). 
Although W concentrations up to 3.8 wt.% in hem and 
8.6 wt.% in goe are reported in the literature, an accepted 
model for a structural incorporation is still open. In this study, 
we present the first X-ray absorption fine structure (XAFS; 
W L3- &  L2-edge) measurements combined with X-ray 
diffraction, Raman spectroscopy and chemical analyses to 
determine a general relation of W contents and its structural 
incorporation in natural and synthetic hem and goe.  

In addition to synthetic W-doped samples, we analyzed 
natural botryoidal hem and goe samples from different host 
rocks and variable genetic connections to tungsten deposits: (i) 
Fe-ores from the Schwarzwald Ore District, South Germany, 
and (ii) W-ores from the Grantcharitza tungsten deposit, 
Bulgaria. 

Extended X-ray absorption fine structure (EXAFS) spectra 
consistently show similarities of synthetic samples and the W-
bearing Fe-ores. The combination of X-ray absorption near 
edge structure (XANES) and EXAFS shows that W6+ resides 
on the Fe3+-position in both, goe and hem, rather than forming 
distinct W-rich phases or clusters. Based on our data, we 
confirm the previously proposed hypothesis that W in hem 
might be incorporated by an isomorphous exchange of two 
Fe3+ by one W6+ which is exclusively coupled to the formation 
of Fe3+-vacancies next to W6+. The structural incorporation of 
W6+ in goe could be accompanied by deprotonation of O2--
atoms (release of three H+-atoms) for charge balance. 
However, since Raman-active Fe-OH vibrations of W-doped 
goe are scarcely affected, a significant correlation of Fe-O-Fe 
vibrations indicate that Fe3+-vacancies represent the main 
mechanism rather than a deprotonation. These results are 
consistent with chemically observed Fe/W exchange ratios of 
nearly 2:1 in both, hem and goe. 
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Hydrothermal Cu-Pb-Zn mineralization is rare in Iceland, 
which is a landward extension of the Mid-Atlantic Ridge. One 
exception is the Lón District of southeastern Iceland [1], where 
intrusive rhyolitic breccias host Cu-Pb-Zn sulfide minerals. We 
performed petrographic, electron-probe, fluid inclusion, stable 
isotope, and U/Pb zircon dating analyses on samples collected 
in Lón to constrain the conditions and timing of sulfide mineral 
formation. Our results show that although anatectic melting of 
altered basalt has produced millions of years of felsic 
magmatism in southeastern Iceland [2-4], only the youngest 
melts have had Cu-Pb-Zn in significant concentrations to expel 
hydrothermal fluids rich in metals. 

Based on outcrop and hand sample observations, 
hydrothermal fluids precipitated chalcopyrite, sphalerite, 
galena, quartz, epidote, chlorite and carbonate minerals in 
rhyolitic breccia and adjacent basalt flows. The mean trapping 
temperature of liquid-dominated multi-phase fluid inclusions 
in quartz coeval with chalcopyrite is 332°C, a value 
corroborated by δ34S geothermometry of galena (-1.4 
to -0.6‰) and chalcopyrite (0.5 to 1.1‰). The calculated δ18O 
and δD values of fluids in equilibrium with epidote coeval 
with chalcopyrite range from -5.2 to -2.7 ± 0.1‰ and 
from -11.0 to -2.6 ± 0.1‰, respectively. The calculated δ18O 
values of fluids in equilibrium with quartz coeval with 
chalcopyrite are up to 5‰ greater than those of fluids in 
equilibrium with quartz precipitated after chalcopyrite. The 
U/Pb crystallization age of magmatic zircons in the rhyolite 
breccia is 2.63 ± 0.14 Ma, significantly younger than the 
proximal 3.7 [3] to 6.4 Ma [4] silicic intrusions of southeastern 
Iceland.   

Collectively, fluid inclusion and stable isotope analyses 
indicate that early-stage aqueous fluids derived from a mixture 
of meteoric waters and of magmatic waters exsolved from an 
evolved anatectically produced melt and that late-stage fluids 
were meteoric.  

 
[1] Jankovic (1970a) Some of the mineral occurrences in 
Iceland, U.N. Technical Assistance. [2] Pope et al. (2013) 
EPSL 374, 47-59. [3] Martin et al. (2011) EPSL 311, 28-38. 
[4] Padilla et al. (2014) GSA Abstract 75-14. 
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Stable isotope effects due to high temperature evaporation 
of volatile and refractory elements into vacuum have been 
extensively studied. In contrast, isotope fractionation related to 
condensation or evaporation at high ambient pressures 
received little attention (e.g. [1] [2]), Yet, higher pressures are 
relevant for terrestrial volcanism, tektite formation and 
possibly even for cosmochemistry (e.g. [3]–[5]). 

Using the mechanically assisted equilibration technique 
[6], evaporation of Cd from a silicate melt into CO-CO2 and air 
at ~1300°C and atmospheric pressure was studied. The results 
show that the loss of volatile elements can proceed with only 
marginal isotope fractionation under reduced conditions. The 
observed vapor-melt fractionation for δ114/110Cd corresponds to 
only -0.1‰, compared to -17.7‰ calculated from Grahams 
Law. This may be explained by the accelerated evaporation 
rate due to the low oxygen fugacity [7] and/or lower net 
isotope fractionation due to isotope exchange between melt 
and vapour [8]. 

Cadmium leached from condensation plates retrieved from 
inside of the furnace muffle tube reveals a light Cd isotope 
enrichment in condensates closer to the melt surface and 
heavier Cd isotope compositions at the top. The fractionation 
factor between vapor and condensate corresponds to  -1.8 to -
3.5‰, roughly in accordance with the fractionation expected 
for diffusion through the ambient atmospheres. To our 
knowledge this is the first time that experiments are in accord 
with the isotope fractionation during condensation predicted 
from kinetic theory. 
 
[1] Uyeda et al. (1991) EPSL 107, 138-147. [2] Richter et al. 
(2002) GCA 66, 521-540. [3] Baker et al. (2009) GCA 73, 
6340–6359. [4] Humayun & Clayton (1995) GCA 59, 2131–
2148. [5] Galy et al. (2000) Science 290, 1751–1753. [6] 
Dingwell et al. (1994) GCA 58, 1967–1974. [7] Nagahara & 
Ozawa (1996) GCA 60, 1445–1459. [8] Davis & Richter 
(2014) Treatise on Geochemistry 1, 335–360. 
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230Th and the 231Pa/230Th ratio have been widely used in 

marine sciences to study aspects of particle flux and ocean 
circulation. In particular, the 231Pa/230Th ratio has been shown 
to be a useful proxy of paleoproductivity, paleocirculation, or 
biogenic opal flux, depending on the oceanographic setting. 
Yet, it is still not fully understood what are the mechanisms 
that control the scavenging of both isotopes, especially the 
differences in their behaviour.  

Here we study the distribution of 231Pa and 230Th in the 
Northern part of the GEOTRACES GA02 (Western Atlantic) 
section, on the basis of a comprehensive set of parameters, 
analyzed on five selected stations from 64ºN to 18ºN. Our data 
trace North Atlantic Deep Water (NADW) and Antarctic 
Bottom Water (AABW), allowing to test the hypothesis that 
the 231Pa/230Th ratio tracks deep water ventilation in the North 
Atlantic. The measurement of 231Pa and 230Th on particulate 
phases, together with their composition, provides additional 
constraints on depositional processes and on the role of opal on 
Pa scavenging in these locations.  

Main features include the observation of a pronounced 
mid-water depth maximum in dissolved 231Pa, and to some 
extent 230Th, increasing towards the South. Near the bottom, 
we find increased particle concentrations in benthic nepheloid 
layers (BNL), accompanied by high particulate fractions for 
both isotopes (36-82% for 230Th and 7-31% for 231Pa). The 
relative fractions of lithogenic material (%lith) show a steadily 
increasing trend with depth, mostly reflecting the continuous 
loss of biogenic phases with depth.  

The 231Pa/230Th fractionation factor (F) is found to be 
controlled by  particle composition. Different trends of F with 
%lith  are found between subtropical stations (high sensitivity 
of F for %lith) and subarctic stations (low sensitivity of F for 
%lith).  
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ALEXANDER N. KROT AND KAZUHIDE NAGASHIMA 
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Chondrule formation is one of the most important but still 
poorly understood processes in the early Solar System. Among 
the currently discussed mechanisms are shock waves of 
different nature [1] [2], collisions between differentiated 
planetesimals with or without chondritic crust [3] [4], and 
current sheets [5]. The Pb-Pb absolute ages of porphyritic 
chondrules from type 3 ordinary, CV3, and CR2 chondrites 
indicate that chondrule formation started contemporaneously 
with CAIs and lasted for ~4 Myr [6] [7]. The mineralogy, 
petrography, and O-isotope compositions of porphyritic 
chondrules (major type in most chondrites) suggest formation 
by incomplete melting of isotopically diverse solid precursors 
during highly localized transient heating events in various 
regions of the protoplanetary disk [8]. The chondrule 
precursors included refractory inclusions (e.g., [8] [9]), 
fragments of chondrules of earlier generations (e.g., [10]), 
matrix-like material (e.g., [11] [12]), and possibly fragments of 
pre-existing planetesimals [14]. These observations preclude 
formation of porphyritic chondrules by collision between 
differentiated planetesimals [3]; instead, they are consistent 
with nebular melting of dust balls by bow shocks [2] and 
current sheets [3]. Some porphyritic chondrules in type 4‒6 
ordinary chondrites (OCs) are enriched in coarse chromite 
[14], a metamorphic mineral that is absent in type 3 OCs. It is 
suggested that chromite-rich chondrules formed by impact 
melting of thermally metamorphosed OC material [14]. 
Magnesian non-porphyritic chondrules in CB and CH 
chondrites formed in an impact generated gas-melt plume ~5 
Myr after CAIs, possibly in the debris disk [15‒17]. Some 
porphyritic chondrules in CH chondrites appear to contain 
relict 16O-depleted igneous CAIs that may have resulted from 
the impact plume event [18], and, therefore, might have 
postdated the impact. Formation of these chondrules by impact 
jetting [4] seems plausible. We conclude that there are multiple 
mechanisms of chondrule formation that operated during the 
accretionary and debris stages of the protoplanetary disk 
evolution. 
 
[1] Desch et al. (2010) ApJ 725:692. [2] Morris et al. (2012) 
ApJ 752:27. [3] Asphaug et al. (2011) EPSL 308:369. [4] 
Johnson et al. (2015) Nature 517:339. [5] McNally et al. 
(2013) ApJ 767:L2. [6] Connelly et al. (2012) Science 
338:651. [7] Bollard et al. (2014) MAPS 49:5234. [8] Krot et 
al. (2015) LPSC 46:1596. [9] Nagashima et al. (2015) LPSC 
46:2477. [10] Kita et al. (2010) GCA 74:6610. [11] Nagashima 
et al. (2013) LPSC 44:1780. [12] Nagashima et al. (2015) GCA 
151:49. [13] Libourel & Krot (2006) EPSL 251:232. [14] Krot 
& Rubin (1993) LPSC 24:827. [15] Krot et al. (2005) Nature 
436:589. [16] Krot et al. (2014) LPSC 45:2142. [17] Bollard et 
al. (2013) Min. Mag. 77:732. [18] Krot et al. (2012) GCA 
74:2190. 
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The original force field for clay materials (ClayFF) 

developed by Cygan el al. (J. Phys. Chem. B 2004, 108, 1255) 
is modified to describe negative charging of the (101) quartz 
surface above its point of zero charge (pH  ~ 2.0-4.5).The 
modified force field adopts the scaled NBO charges derived by 
the quantum mechanical calculations which are used to obtain 
the desired surface charge density and to determine the 
delocalization of the charge after deprotonation of surface 
silanol groups. Classical molecular dynamics simulations 
(CMD) of the (101) surface of α-quartz with different surface 
charge densities (0, -0.03, -0.06 and  0.12 C.m-2) are performed 
to evaluate the influence of the negative surface charge on 
interfacial water and adsorption of Na+,  Rb+, and Sr2+ ions. 
The CMD results are compared with ab initio calculations, X-
ray experiment and triple-layer model. The modified force 
field can be easily implemented into common molecular 
dynamics packages and used for simulations of interactions 
between quartz surfaces and various (bio)molecules over a 
wide range of pH values. 

We will also present results for interaction of quartz with 
organic matter, small organic molecules representing basic 
building blocks of larger biomolecules and functional groups 
of organic matter – e.g. benzoic acid, phenol, o-salicylic acid 
and their conjugated bases. 

 
[1] O. Kroutil, Z. Chval, A. A. Skelton, and M. Předota, 
Computer Simulations of Quartz (101)-Water Interface over a 
Range of pH Values. J Phys. Chem C  2015, in press. 
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Laterites form during intense tropical to semi-arid 

weathering and, when developed on ultramafic rocks, they can 
form economically important nickel deposits. Tectonic setting, 
climatic conditions, availability of water and redox processes 
are the main factors that control the evolution of a laterite 
deposit. During the weathering process, major and trace 
elements are redistributed, and may be enriched or depleted in 
different horizons. Oxidative weathering fractionates 
chromium (Cr) isotopes, producing an isotopically heavy and 
mobile Cr6+ pool which is redistributed and partly accumulated 
in the upper part of the weathering profile. Cr is retained in the 
Ni-bearing soil and saprolith horizons and has a relatively low 
δ53Cr signature. Deciphering Cr pathways can therefore help to 
identify alteration and lateritisation mechanisms and may be a 
useful tracer for supergene ore deposits.  

Here we present a geochemical and chromium isotopic 
characterisation of a laterite profile from Hematite Pit of the 
Ҫaldağ oxide nickel laterite deposit in the Aegean region of 
west Turkey. High Cr concentrations (up to 3.6 wt%) in the 
upper portions of the profile, in particular in clay veins in the 
silicified limonite horizon, indicate a high mobility of Cr 
during the formation of the deposit. Chromium spinel is the 
major source of the redistributed Cr pool, supported by 
observations of highly altered and partly dissolved mineral 
grains throughout the weathering profile. Analyses of Cr 
isotopes are underway. Our study contributes to the 
understanding of oxidative weathering processes in the critical 
zone and knowledge of fluid-rock interactions and the role of 
Cr during laterite formation.  
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The Moon likely formed after a giant impactor hit the 

Earth [1]. Details regarding the origin of the Moon, however, 
are still under debate. Variations in the abundance of 182W—
the decay-product of short-lived 182Hf (t1/2~9 Myr)—are a 
tracer of different components that make up the bulk silicate 
Earth (BSE) and the Moon, may therefore provide a better 
understanding of the Moon-forming giant impact and Earth’s 
accretion history. However, until now, no one has determined 
the lunar 182W value precisely enough, mostly because of 
cosmogenic contributions to 182W [2]. Here we re-assess the 
182W value of the Moon through analysis of KREEP-rich 
samples using improved techniques for high-precision W 
isotope measurements by MC-ICPMS and a new approach for 
quantifying cosmogenic 182W variations using Hf isotopes [3]. 

We find that the Moon exhibits a 27±4 ppm 182W excess 
over the modern BSE. This excess is consistent with the 
calculated 182W change resulting from a ‘late veneer’ of 
primitive material added to the BSE after the end of core 
formation [4]. Thus, the pre-late-veneer BSE and the Moon 
had indistinguishable ε182W, and the giant impact did not 
induce a ε182W difference, consistent with the Earth–Moon 
isotopic homogeneity observed for other elements (e.g., [5]). 
This could reflect that impactor and proto-Earth accreted from 
a homogeneous inner disk reservoir [6] or that the Moon fully 
consists of proto-Earth mantle material [7] [8]. However, the 
giant impact itself should have led to a 182W difference by (1) 
modifying the ε182W of the proto-Earth mantle, and (2) by 
distributing W-rich but 182W-depleted impactor core material to 
the lunar accretion disk. Consequently, the giant impact would 
have much more likely produced a 182W anomaly in the Moon, 
than generating ppm-level Earth–Moon 182W homogeneity 
which required extraordinarily fortuitous circumstances. Thus, 
our new findings appear to demand for a mechanism that post-
dated the giant impact and which led to isotopic equilibration 
of BSE and the Moon. 
 
[1] Canup R.M. & Asphaug E. (2001) Nature 412, 708-712. 
[2] Touboul et al. (2007) Nature 450, 1206-1209. [3] Kruijer 
T.S. et al. (2015) Nature, in press [4] Walker R.J. (2009) 
Chemie der Erde 69, 101-125. [5] Zhang J. et al (2012) Nature 
Geosci. 5, 251-255. [6] Dauphas N. et al (2014) Phil Trans R. 
Soc. [7] Ćuk, M. & Stewart S.T. (2012) Science 338, 1047-
1052. [8] Canup R.M. et al (2012) Science 338, 1052-1055. 
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The widespread use of nitrogen (N)-based organic and 

inorganic fertilizers as well as wastewater effluents have 
caused nitrate loading of surface and groundwater systems in 
many regions. NO3 source identification is an important step in 
preventing pollution or remediation of aquatic systems with N-
containing compounds. Stable isotope tracer techniques have 
been used for identification of nitrate sources in previous 
riverine studies in Alberta by measuring δ15N and δ18O values 
of NO3. However, due to NO3 lost during denitrification and 
overlap in δ15N and δ18O values of some nitrate sources, 
unique source identification is sometimes challenging. 
Therefore, we evaluate the use of boron as a co-tracer by 
characterizing the concentrations and δ11B values of major 
nutrient sources such as synthetic fertilizers, wastewater 
treatment plant effluents, and manure in the Bow River basin. 
Increasing NO3 concentrations in the Bow River with distance 
from the headwaters at Lake Louise as well as increasing δ15N 
and decreasing δ18O values suggest that this trend is in part 
caused by wastewater treatment plant (WWTP) effluents 
delivering nitrate to the river. Boron concentrations were 
measured in cow manure (1.1 μg/g), WWTP effluents (up to 
17 ppb), and in Bow River water (1-8 ppb). Emerging δ11B 
values are used to determine the efficacy of boron as a co-
tracer for identifying the major sources of nitrate in the Bow 
River basin.  
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Numerous studies have been devoted to phosphate 

adsorption and desorption on minerals surfaces, in particular 
those of Al and Fe oxides. A general observation from these 
studies is the biphasic adsorption/desorption kinetics consisting 
of an initial rapid reaction followed by a sluggish one. This has 
been explained in terms of weak and strong surfaces sites 
and/or slow diffusion of phosphates into the structures and 
pores of the minerals (e.g. [1] [2]). 

The aim of this study was to address the molecular basis of 
the phopshate desorption behavior using in-situ IR 
spectroscopy. We investigated the net forward desorption rate 
of phopshates from ferrihydrite and goethite surfaces in 
absence of competing anions over a wide pH range and over 
time periods of 0-24 h. Phosphate was adsorbed and pre-
equilibrated with the iron oxides for ca. 20 h. The 
spectroscopic data sets were analyzed by multivariate curve 
resolution alternating least squares (MCR-ALS), thus resolving 
kinetic profiles and the component spectrum of the surface 
species.  

Our collective results showed that a structural model, 
consisting of a series monodentate surface complexes in 
different protonation states, in conjunction with a model that 
accounts for the electrostatic effects on desorption kinetics, 
explained both the spectroscopic and kinetic features. The 
biphasic desorption behavior followed directly from 
electrostatic considerations. It was displayed by a single 
structural phosphate surface species, characterized by a unique 
IR spectrum, as a result of decreasing surface coverage as well 
as lateral repulsive interactions between adsorbed phosphate 
ions. Thus, biphasic desorption kinetics do not have to imply 
several different structural species associated either with weak 
and strong sites or exterior and interior surfaces. 
 
[1] Barrow et al. J. Soil Sci. 1983, 733-750 [2] Wang et al. 
Soil. Sci. 2013, 178, 1-11 
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A numerous spectacular research confirmed that oxygen 
isotope composition recorded within bioapatitic dental enamel 
or teeth-like component of a primitive marine vertebrates 
(conodonts) form a  significant identifier of paleoenvironment. 
Conventionally, enamel has been sampled  with a mini-drills or  
by a bulk analyses of the homogenized conodont material.  An 
alternative method for analysing δ18O is to use in situ 
techniques that employ secondary ion mass spectrometry, 
which is the only technique capable of sampling a spot within 
the innermost enamel thin layer or  directly on microfossils 
surface, consuming of few ng of sample. This oxygen isotope  
study was realized on sensitive high resolution ion microprobe 
in PGI-NRI, Warsaw. We explored the ability of the SHRIMP 
IIe/MC equipped with demountable Cs+ ion source, electron 
gun, multiple collector and a magnetic field compensator 
around the sample chamber. Tests have included Devonian 
conodonts, from Famennian  tropical sea (area of Holly Cross 
Mountain)  and a human enamel from the archeological 
settlement in ancient Mesopotamia. Our tests demonstrate that 
in situ δ18O SHRIMPIIe analysis of  bioapatitic dental targets 
can resolve isotopic inhomogeneity on a fine spatial scale and 
reveal that dramatic changes in climate can have a impact 
various ecosystems. 
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The compact-Time of Flight-Aerosol Mass Spectrometer 
(AMS) was used to describe seasonal differences in 
atmospheric aerosol at a Prague suburban site. The data were 
compared with measurements done with other instruments 
such as Sunset organic and elemental carbon analyzer, TSI 
Scanning Mobility Particle Sizer (SMPS), and results from ion 
chromatography, and with meteorological model. 

In winter, we observed higher total concentration of NR-
PM1 (non-refractory PM1) than in summer. Furthermore, the 
maxima of size distributions were higher in winter and during 
polluted episodes than in summer and during clean episodes. 
We discussed the influence of different seasonal sources, e.g. 
heating in winter. The daily cycles of the main AMS 
compounds were strongly inffluenced by the dilution effect of 
the mixing layer. The daily cycle of sulphate anion was 
influenced by the transport from the upper boundary layer, i.e. 
reservoir effect, and by the oxidation of SO2 to SO4

2- (Fig.1).  
A comparison of the organic fragments f43 and f44 [1] 

revealed less photochemically aged aerosol in winter compared 
to summer. Also, the winter aerosol was more influenced by 
biomass burning. 
 
 
 
 
 
 
 
 
 
 
 
Fig.1: Daily cycle of (a) SO2 and (b) sulfate anion in summer 
at a suburban measurement site Prague Suchdol.  
 
[1] Ng et al. (2010) Atmos. Chem. Phys., 10, 4625–4641. 
Ack: CSF P209/11/1342. 
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Heavy fraction derived from sediments of the polluted 

Przemsza river constitutes from 3.54 to 6.71% of the sediments 
investigated.  

Heavy fraction is composed of: 
I) mm to sub-millimeter fragments of rust made up from 

hydrated Fe oxides (limonite, hematite, magnetite, wüstite) 
derived from decaying machinery in mines, electric power 
plants, smelter mills, and ash particles of various provenance 
including fly ash, ash and slag from smelters, and ash dumped 
from homesteads. The above mentioned compounds constitute 
more than half of the heavy fraction studied (50- 70%)  

II) authigenic heavy metal sulphides are represented 
mainly by framboidal pyrite, bacterial mats growing on metal 
pieces and coal particles. Bacterial mats contain framboidal 
Fe-Zn oxysulphides, chalcopyrite-like and bornite-like 
oxysulphides. The last two minerals are banded and grow from 
Cu-sulphate added as activator of Zn and Pb sulphides 
flotation in flotation plants 

III) metal sulphides like pyrite, Ni-pyrite, chalcopyrite, 
sphalerite and galena or anglesite. The last two are angular and 
are coming from flotation mills as a fine particulate matter,  

IV) black coal particles and associated coal shales and 
sandstones with size from a few mm up 2.5cm, and a few to 
0.1mm particles of unburned anthracite are abundant 
components of the river sediments. They may be coated on the 
surface by bacterial mats. Several superimposed bacterial mats 
or framboidal pyrite may overgrow one over another. 

Bacterially derived sulphides and oxysulphides are main 
agents controlling abundance of heavy metals (except of Pb 
present mainly as fine PbS or PbSO4 particles) in the polluted 
Przemsza river sediments. Framboidal magnetite occurs in the 
same smples as framboidal pyrite. It forms separate clots of 
euhedral grains with size of individual euhedrons in order of 
0.5um.  
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Carbon isotope fractionation in the system carbon-oxygen-
hydrogen-fluid (COH-fluid) – graphite/diamond at deep-
crustal and mantle conditions is currently best described by 
theoretical calculations. These predict a fractionation of -1‰ 
to 5‰ between CH4 or CO2 and graphite/diamond at 
temperatures between 800 to 1400°C [1-3]. Experimental work 
verifying these calculations is scarce. Our goal is the 
determination of equilibrium carbon isotope fractionation 
factors between elemental carbon (C0) and COH-fluid at 800 to 
1600°C, 2 to 60 kbar and varying oxygen fugacities at least 
between QFM and IW-3. The O:H ratio of the starting material 
defines the fluid speciation, i.e. CH4, CO, and CO2 fractions 
and the fO2-value of the experiments [3] (Fig.1) and is 
therefore crucial for C-isotope fractionation [4]. We have 
hence designed a capsule-piercing-cell-assembly that allows 
contamination-free gas extraction from the experimental 
capsules and gas-storage in vials permitting multiple isotope 
and speciation analysis of the recovered fluid. The first 
experiments run in a fast-quench externally-heated pressure 
vessel at 2 kbar and 800°C produced sufficient volumes of gas 
and C0 for multiple isotope analysis.  

[1] Bottinga (1969) Geochim. Cosmochim. Acta 33, 49-64. [2] 
Bottinga (1969) Earth Planet. Sci. Lett. 5, 301-307 [3] 
Connolly & Cesare (1993) J. Metamorph. Geol. 11, 379-388. 
[4] Deines (1980) Geochim. Cosmochim. Acta 44, 943-961. 

Figure 1: COH-ternary diagram. Blue C0-saturation curve 
separates the C0-COH-fluid field (white) from the COH-fluid 
field (gray). fO2-isopleths are labeled in –log(fO2). COH-
compounds 1 and 2 decompose to a CH4 and a CO2-dominated 
fluid that would be in equilibrium with C0. 
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In the nascent solar system, primitive organic matter was a 

major contributor of volatile elements to planetary bodies. 
Most organic matter found in primitive chondrites occurs as 
insoluble organic matter (IOM). Despite many characterization 
efforts, the origin, nature of precursors and synthesis of this 
IOM is poorly understood [1]. Most scenarios advocate cold 
synthesis in the interstellar medium or in the outer solar system 
[2-3].  

Here, we report the synthesis of solid organics under 
ionizing conditions in a plasma setup [4] from gas mixtures 
(H2(O)-CO-N2-Noble gases) reminiscent of the protosolar 
nebula composition. Ionization of the gas phase was achieved 
at temperature up to 1000 K. Synthesized solid compounds 
share chemical and structural features with chondritic organics, 
and noble gases trapped during the experiments reproduce the 
elemental and isotopic fractionations of the primordial noble 
gas carrier Phase Q observed in primitive organics [1] [5].  

These results strongly suggest that both the formation of 
chondritic refractory organics and the trapping of noble gases 
took place simultaneously in the ionized areas of the 
protoplanetary disk, via photon- and/or electron-driven 
reactions and processing. Thus synthesis of primitive organics 
might not have required a cold environment and could have 
occurred anywhere it is ionized in the disk, including in its 
warm regions. This scenario also supports N2 
photodissociation as the cause of the large nitrogen isotopic 
range in the solar system [6]. 

 
[1] Derenne and Robert, (2010) MPS 45, 1461-1475, [2] 
Bernstein et al., (1995) ApJ 454, 327-344, [3] Ciesla and 
Sandford (2012) Science 336, 452-454, [4] Kuga et al. (2014) 
EPSL 393, 2-13, [5] Busemann et al. (2000) MPS 35, 949-973, 
[6] Chakraborty et al. (2014) PNAS 111, 14704-14709. 
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It is UK Government policy to dispose of higher activity 

radioactive waste through geological disposal into an 
engineered deep underground geological disposal facility 
(GDF). Low-level (LLW) and intermediate-level (ILW) 
radioactive wastes are very heterogeneous, containing 
significant amounts of cellulosic material. After closure of the 
GDF, eventual resaturation with groundwater will result in the 
development of a hyperalkaline environment within the 
cementitious backfill. Under these high pH conditions, 
cellulose is unstable and will be degraded chemically, forming 
water-soluble isosaccharinic acid (ISA). As ISA is known to 
form stable, soluble complexes with a range of radionuclides, 
the impact of microbial metabolism on this organic substrate 
was investigated, to help determine the role of microorganisms 
in moderating the transport of radionuclides from a 
cementitious GDF.  

In this study we focused on circumneutral conditions 
representative of the geosphere surrounding a GDF. Here we 
report the fate of ISA in circumneutral microcosms poised 
under aerobic and anaerobic conditions; the latter with nitrate, 
Fe(III) or sulfate added as electron acceptors. Data are 
presented confirming the metabolism of ISA under these 
conditions, including the direct oxidation of ISA under aerobic 
and nitrate-reducing conditions and the fermentation of ISA to 
acetate, propionate and butyrate prior to utilization of these 
acids during Fe(III) and sulfate reduction. The microbial 
communities associated with these processes were 
characterized using 16S rRNA gene pyrosequencing. 
Mineralogical degradation products were identified using 
XRD, Mossbauer, TEM and microscopic techniques. Methane 
production was also quantified in these experiments, and the 
added electron acceptors were shown to play a significant role 
in minimizing methanogenesis from ISA and its breakdown 
products. 
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Olivine is considered one of the best candidates for mineral 

carbonation under 200°C, because of its high Fe/Mg content 
and rapid dissolution kinetics. In addition, its alteration at 
higher temperatures (300°C) has also shown potential for 
hydrogen generation, as Fe2+ released during the 
serpentinization process may reduce water to produce H2. 
Though those processes have different optimum temperatures, 
they may occur simultaneously at intermediate ones. 

Hydrothermal batch experiments were thus performed on 
an olivine-bearing mine waste (New Caledonian mine slags) at 
PCO2 = 15 - 30 MPa and at 200°C-300°C, in order to determine 
the optimal environmental conditions that could lead to the 
generation of hydrogen and reduced carbon molecules in a 
CO2-rich environment (through Fischer-Tropsch Type 
reactions), while producing mineral carbonation at the same 
time. The fluid was sampled regularly and the reaction path 
followed was thermodynamically modelled thanks to cation 
composition analysis. In addition, organic species (aldehydes 
and acids) dissolved in the fluid phase were characterized, in 
order to identify intermediate products formed during the FTT 
reactions. Finally, mineral and textural analyses at the nm-
scale were performed on secondary surface layers (through 
FIB-TEM observations), to characterize the phases controlling 
the dissolution kinetics.  

Batch experiment performed at 15 MPa and 200 °C yielded 
~20 wt.% of ferroan-magnesite and ~2.0 mmol/g of hydrogen 
after a 4-weeks reaction on a ~50 µm powder, but no 
detectable reduced C-componds. At 30 MPa and 250 °C - 300 
°C, though analyses are still underway, the study also shows 
evidences of the presence of fomaldehyde and acetaldehyde in 
the fluid phase. Furthermore both hydrogen and methane were 
detected in the gaseous phase, suggesting reduction of 
inorganic carbon species into light hydrocarbons. 
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The Baltic Sea is one of the largest brackish ecosystems in 
the world. In parallel to low salinity, the buffer capacity of the 
Baltic Sea water is also low. This causes the seawater 
acidification due to increasing atmospheric CO2 levels is a 
serious threat for the Baltic Sea ecosystem. However, current 
approach ignores the complexity of the acid-base system of the 
Baltic Sea and the fact that it may undergo further 
modifications due to climate change and anthropogenic 
activities. Furthermore, models of the Baltic Sea 
biogeochemistry are based, to a large degree, on the 
approaches developed for the open ocean. However, processes 
such as eutrophication, significant input of organic  substances 
from land, variations in total alkalinity, a pronounced 
seasonality and steep spatial gradients of seawater properties 
make the structure of the Baltic Sea acid-base system unique 
and highly variable in space and time. These considerations are 
likely to be of importance also for other coastal and land-
locked seas. 

The major goal of this study was to characterize the 
structure and functioning of the acid-base system of the Baltic 
Sea. The processes and interactions which were insufficiently 
characterized or were entirely missing in the description of the 
Baltic Sea acid-base system have been identified and 
eperimentally parameterized. These include e.g.: quantification 
of the dissolved organic matter influence on the pH and total 
alkalinity, identification of spatial distribution of borate 
alkalinity, quantification the contribution of suspended 
carbonates as a carrier of total alkalinity. The obtained results 
showed that ignoring the local pecularities of the acid-base 
system structure causes significant uncertainty in the 
modelling of the pH and pCO2 in the Baltic Sea. Large 
differences were found between the measured and calculated 
pCO2 and pH. The calculated pCO2 was 27–56% lower than 
the measured values whereas the calculated pH was 
overestimated by as much as 0.4 pH units. 
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Complexation of arsenic (As) with dissolved organic 
matter (DOM) in reducing aquifers is one of the mechanisms 
that controls the As concentration in aqueous solution. It has 
been shown that in the presence of iron (Fe), DOM may either 
compete with As for adsorption sites and/or bind to form 
ternary complexes (As-Fe-DOM) or binary complexes (As-
DOM). The use of fluorescence spectroscopy (FS) with 
excitation-emission matrix (EEM) has been proven to be an 
effective tool for characterization of DOM and its properties. 
FS has been used to determine conditional stability constants 
for DOM-metal complexes. Recent advances in solution 
nuclear magnetic resonance (NMR) spectroscopy have also 
improved the characterization of DOM in environmental 
samples. This work applied fluorescence and 1H NMR 
spectroscopy to detect binary and ternary complex formation 
of As, Fe and Suwanee River Fulvic Acid (SRFA) as the DOM 
source.  Experiments were designed using a natural range of 
Fe, SRFA, and As concentrations and under oxic and anoxic 
(under N2) conditions, as titrations of Fe (1ppm – 50 ppm) with 
SRFA (6ppm and 12 ppm) solution, As (1ppb – 100 ppm) with 
SRFA solution and As with SRFA+Fe solution. The results of 
fluorescence quenching experiments provided clear evidence 
for the formation of Fe-DOM complexes under all conditions. 
By contrast, As-DOM or Fe-As-DOM complexes did not show 
any fluorescence quenching. Either the As-DOM complex was 
not formed or not detected using FS. To further confirm 
whether As-DOM complexes really did not form, samples 
were analyzed using 1H NMR spectroscopy. Different molar 
ratios of As:SRFA were used based on natural concentrations 
in relevent study areas (Bengal basin). Results indicated that 
the change in chemical shifts and intensity after addition of As 
occurred mostly in non-aromatic region protons and was 
negligible in the aromatic region. Given that fluorescence 
tyically results from double bonds, particularly those in 
araomatic carbon rings, this result may explain why As-DOM  
complexes were not detected using FS. The detection of As-
DOM binary complex formation using 1H NMR is relevant for 
studies of arsenic mobility in reducing groundwater in that 
such complexes could maintain high As concentrations in 
groundwater.  
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The presence of minute amounts of water in nominally 

anhydrous minerals (NAMs) can have large effects on the 
thermodynamic and rheological properties of the mantle (e.g. 
[1]), and precise and accurate measurements are required to 
quantify these effects. In the last decade, SIMS has become a 
mainstream method for measuring water in NAMs. SIMS is 
necessarily dependent on standards with known concentrations 
of water, however, and very few standards exist to measure 
water in mantle minerals. Here, we present new water data on 
homogenous natural samples of olivine, orthopyroxene, and 
clinopyroxene that can be used as standards. 

SIMS measurements were made on the Cameca 6f ion 
probe at the Carnegie Institution for Science. 6-10 points per 
grain on multiple grains per sample were measured using 
existing SIMS standards and protocols [2] [3]. Uncertainties 
associated with the calibration curve and drift correction factor 
were propagated into the reported water concentrations. 
Samples were considered homogeneous if the propagated 
intergranular standard deviation was less than 5%. 
Intragranular standard deviation was typically less than 3%. 
Water contents in orthopyroxene and clinopyroxene cover 
ranges of 50-250 and 10-450 ppm, respectively, and most 
olivines have less than 15 ppm. FTIR will be used to 
independently estimate water contents and confirm the 
suitability of these samples as standards. 
 
[1] Hirth and Kohlstedt (2003) Geophys. Mono. Series 138, 83-
105 [2] Koga et al (2003) Geochem. Geophys. Geosyst. 4,  1-
20 [3] Aubaud et al (2007) Am. Min. 92, 811-828 
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Although many studies have examined the role played by 

natural nanoparticles in contaminant transport and remediation, 
increasing emphasis is now being placed on studying the 
transformation of nanoparticles in natural environments. The 
physical, chemical, and biological transformations of 
nanoparticles can affect their surface properties, and thus their 
reactivities in the environment. Colloidal or nanoparticulate 
Fe-(hydr)oxides are major consituents of soil and sediment and 
known scavengers of heavy metals and other contaminants. 
The sulfidation of Fe-(hydr)oxides is an important process in 
Fe geochemical cycling and is the starting point of a complex 
reaction sequence that results in the production of sedimentary 
pyrite. Electron transfer between surface-complexed sulfide 
and solid phase FeIII results in the oxidation of dissolved 
sulfide to elemental sulfur, and subsequent dissolution of the 
surface-reduced Fe. Sulfidation of Fe-(hydr)oxides is a 
heterogeneous reaction that is difficult to study kinetically 
because physical and chemical processes usually happen 
simultaneously.  

In this study, lab-synthesized nano-Fe-(hydr)oxides 
(goethite, ferrihydrite, and hematite) were reacted with varying 
sulfide concentrations at room temperature to understand the 
mechanism of sulfidation with major focus on structural 
changes at molecular level. Formed as intermediates, poorly 
crystalline Fe-sulfides exhibit weak diffraction patterns that 
can be masked by other minerals and thus are hard to detect. 
We used x-ray absorption spectroscopy (XAS) and XRD at the 
Stanford Synchrotron Radiation Lightsource (SSRL) to 
characterise these Fe-S species associated with the three nano-
Fe-(hydr)oxides. Nanomaterials with lower crystallinity (e.g., 
ferrihydrite) are highly reactive and completely transformed to 
Fe-S, whereas more ordered solids like goethite and hematite 
underwent transformation to Fe sulfides more slowly. By 
analysing XAS data collected at the Fe-K-edge and S K-edge, 
coupled with linear combination fitting, we were able to 
identify the sulfidation products of these nanoparticles. Results 
will be reported and discussed. 
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This project's goal was to automate the process of locating 

fission tracks in apatite for thermochonological analysis, 
enabling geologists to more efficiently analyze samples. This 
automation was based on on machine learning, a branch of 
algorithms that are able to learn the properties of datasets and 
predict the properties of novel data.  

The dataset used consisted of stacks of digital images 
(AVIs) of etched surface fission tracks (SFTs) and confined 
fission tracks (CFTs) in apatite (Ap), which were collected for 
standard U-FT analysis: one AVI for reflected light; one AVI 
for transmitted light; both AVIs spanning 30 µm in X and Y 
directions at 24 pixel · µm-1 resolution; 33 frames separated by 
uniform 0.3 µm; 8 frames above Ap, frame with Ap surface in 
focus, 24 frames below Ap surface and within Ap volume. 

The following algorithm was developed: reduce an image 
stack to a single image that captures the important features, 
then run a feature detector that finds regions lighter than their 
surroundings. Each feature was then hand-labeled as either a 
fission track or not. The dataset consisted of 43 positive 
samples and 247 negative samples. This set was randomly 
divided into testing and training data, and a support vector 
machine (SVM) was trained on the training set. Finally, the 
SVM was tested on the testing portion of the dataset. 

The SVM achieved a precision of .88 and a recall of .93. 
Another test was done where the data had been transformed 
using principle component analysis (first three components), 
which resulted in a precision of .88 and a recall of .96. These 
were very promising results, and demonstrate the potential of 
automated fission track analysis.  
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Leaves of grasses accumulate silica up to 10 % of their dry 
weight, but the mechanism of biosilicification is not known. 
We recently reported a sorghum mutant, which is defective in 
absorbing silicic acid from soil and hence accumulates very 
little silica in its leaves. Our hypothesis is that the mutation is 
expressed only in the roots, and the leaf silicification 
mechanism is intact. Induction of silicification in the mutant 
leaves allowed us to reveal leaf bio-silicification dynamics. We 
induced silicification in the mutant leaves by bypassing root 
and supplying Si to the mutant shoot. We then followed the 
accumulation of silica in specialized epidermal dumbbell 
shaped cells in elongating leaves. Surprisingly, the older leaves 
did not accumulate silica at all. This result is in contrast to the 
tight correlation between silicification and transpiration. 
Supply of apoplastic Si to cut leaf pieces from elongating 
leaves also induced dumbbells silicification, even though the 
leaves did not transpire. Pieces from older leaves did not 
deposit silica. Viability assay showed that the dumbbells are 
non-viable before silicificaition. Collectively these results 
suggest that silicification starts only in fully mature cells, 
probably after programed death. The cells are receptive to 
silica only for a short period of time, after which they do not 
silicify. Contrary to the common assumption that silica forms 
from Si as a result of water loss, our results suggest that the 
dumbbell silica cells accumulate a biochemical that actively 
polymerize silica.  
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Synthetic orthorhombic (opx, SG Pbca) and low-pressure 
monoclinic (LP-P21/c) FeSiO3 pyroxenes were employed to 
perform Raman scattering measurement up to ~ 20 GPa. These 
two polymorphs are known of going through the displacive 
phase transitions at high pressure; from LP-P21/c to C2/c [1] 
and from Pbca to HP-P21/c [2,3].  Upon compression, when 
the LP-P21/c phase transformed to C2/c, the characteristic 
change in the doublet presented between 600 and 700 cm-1 in 
P21/c phase merging to a single peak in C2/c phase was 
observed [4].  In addition to the Raman patterns showed 
dramatically changed between the frequency range of 100 to 
500 cm-1.  Moreover, a Raman mode softening behaviour was 
observed at ~148cm-1 when the pressure reached ~13 GPa.  As 
for opx phase, the pattern remained similar feature till ~7 GPa.  
Above 7 GPa the major changes were observed below 200 cm-
1 and the peak at 1066 cm-2.  A peak splitting at the position 
near 680~700 cm-1 was observed.  The change should be 
related to the transition from Pbca to HP-P21/c, revealed by 
previous study [5].  The transition of Pbca to HP-P21/c also 
induced a velocity softening behaviour onset of phase 
transition at pressure of 7 GPa [6].   
 
[1] Angel et al. (1992) Nature 358, 322-324. [2]Zhang et a. 
(2012) Am. Miner. 97, 1070-1074. [3]Dera et al. (2013) Phys. 
Earth Plant.Inter., 221,12-51. [4] Ross & Reynard (1999) Eur. 
J. Mineral, 11, 585-589. [5] Zhang et al.(2013) Am. Miner. 98, 
986-992.[6] Kung & Li (2014) J. Phy. Chem. C, 118, 12410-
12419.  
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Over the last decades, concepts involving compound 

specific stable isotope analysis (CSIA) have been developed 
allowing the qualification and quantification of in situ 
(bio)transformation and evaluation of the related reaction 
mechanisms of transformation of common groundwater 
contaminants such as the chlorinated ethenes but also 
pesticides such as γ-hexachlorocyclohexane (Lindane). 
Brominated subtances are present in the environment as well 
either from natural or anthropogenic sources and have 
applications e.g. as flame retardants or biocides. Compared to 
their chlorinated analogues, however, the transformation 
pathways of these brominated substances are largely unknown 
and concepts to assess their fate in situ are absent.  

Therefore, we investigated the isotope effects for both 
carbon and bromine during transformation using ethylene 
dibromide (EDB), a fumigant and pre-cursor for chemical 
synthesis, as model compound. EDB transformation was tested 
under alkaline conditions; by reduction with Zn0, reduced  
corrinoids or by Sulfurospirillum multivorans; during aerobic 
degradation by Ancylobacter aquaticus as well as oxidation by 
Fenton reagent. The resulting isotope effects correlated with 
the presumed reaction types based on observed reactivity for 
1,2-dichloroethane: dehydrobromination, dihaloelimination, 
nucleophilic substitution and oxidation by hydroxyl radicals. 
Calculated apparent kinetic isotope effects (AKIE) carbon fit 
with expected values for the reaction types, however, bromine 
AKIE exceeded the theoretical values.  In summary, our study 
confirmed that CSIA may be used for both the evaluation of in 
situ transformation as well as to distinguish different 
degradation pathways.  
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Fragments of continental crust, derived from the NW 

margin of Adria, are widely distributed across the Western 
Alps (Italy). However, due to strongly variable Alpine 
overprint, correlation of these units is difficult, and their 
original relation at the Adriatic margin prior to rifting, 
subduction and orogeny is unknown. In many cases, mineral 
relics or pseudomorphs retain evidence of pre-Alpine history. 
Zircon is particularly robust to resetting even under severe 
geological conditions, hence it represents an ideal archive.  

In order to compare and link the crustal fragments to their 
pre-Alpine position, it is necessary to understand the zircon 
characteristics in the source region, i.e. the Adriatic margin. 
We sampled clastic metasediments from the Ivrea Zone 
(Kinzigite Formation) and established four types of core-rim 
morphology, a sequence of up to four overgrowth rims and 
their geochemical characteristics (U-Pb ages, Th/U ratios and 
Ti-in-Zrn temperatures). We also sampled clastic 
metasediments in tectonic fragments of the Western Alps 
(IIDK, EMC, Valpelline and Emilius klippe). A weak Alpine 
overprint in most of the the IIDK and the Valpelline slices 
(Sesia - Dent Blanche units) allows recognition of numerous 
similarities (zircon, mineral assemblage, P–T condition) with 
the Kinzigite Formation in the Ivrea Zone. Strongly 
overprinted fragments, such as large parts of the Sesia and 
Emilius Klippe, are less straightforward to link to a counterpart 
in the present Southern Alps (Adriatic margin). First results 
from the Emilius klippe show zircon with similar 
characteristics as in the Kinzigite Formation. The same is true 
for some of the EMC samples, but other samples show wider 
high-pressure overgrowths, leaving little similarity with Ivrea 
samples. This renders correlations with the Adriatic margin 
difficult. 

The approach used here combines textures of zircon 
growth/resorption, its trace element data and age relations. 
Such records provide a tool for very robust correlations across 
tectonic fragments. In the present case, the evolution of lower 
continental fragments in the Western Alps were shown to be 
very similar – up to Permian rifting – as in the Ivrea Zone. 
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Element partitioning plays a crucial role in understanding 

and explaining processes during the formation and early 
evolution of the Earth or impact events. In recent years, the 
advance of computational methods and technology has made it 
possible to use ab initio molecular simulations as a 
complementary tool to experimental approaches. Here, we 
present a pilot study to predict Ni partitioning between metal 
and silicate melts at 2500 K and ambient pressure. Using the 
alchemical transmutation method of ab initio thermodynamic 
integration and the CP2K program package, we compute free 
energy changes and describe exchange reactions of Ni between 
silicate and metal melt.   

The melt compositions for the model systems were chosen 
to represent experimentally determined equilibrium 
compositions[1].  For the simulations, the silicate melt of 112 
atoms contains only one Ni atom (approx. 2 wt%). The metal 
phase is reproduced by a mixture of 48 Fe and 16 Ni atoms. 

With an equilibrium constant of K=1.05, the calculations 
confirm that under these conditions and compositions, the 
reaction 

 
Fe2+

silicate + Nimetal → Femetal + Ni2+
silicate    (1) 

 
is close to equilibrium. A partition coefficient of DNi=450±100 
is estimated based on thermodynamic integration results, 
which is very close to the experimental value (DNi =397+31-
28[2]).  
 Changes in the Ni contents of both metal and silicate melt 
indicate that the amount of Ni in the silicate melt is the crucial 
factor that determines the partitioning.  
 This behavior can be traced back to structural effects in the 
silicate melt. The Ni-O bonds are considerably longer than the 
Fe-O bonds, which may lead to structural distortions when 
larger amounts of Ni are incorporated. Thus only little Ni will 
be transferred to the silicate. On the other hand, in the metal 
melt the coordination environment of Ni and Fe is practically 
the same and it can take up a significant amount of Ni.  
 
[1] Bouhifd and Jephcoat (2011) Earth Planet. Sci. Lett. 307, 
341-348. [2] Thibault and Walter (1995) GCA 59, 991-1002. 
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Continuous laser heating in diamond anvil cells is a widely 
used method to generate extreme temperature at static high 
pressure conditions in order to study structure and properties of 
matter at the conditions relevant to deep planet’ interiors [1]. 
Pulsed laser heating offers many advantages over continuous 
heating for techniques with long data acquisition time: it 
preserves the integrity of the sample preventing spreading of 
the heated material and/or of the pressure medium and 
minimizes any undesirable chemical reaction. 

Here we report on the first combination of time 
differentiated Nuclear Forward Scattering (NFS), Nuclear 
Inelastic Scattering (NIS), and Synchrotron Mössbauer Source 
(SMS) spectroscopy with pulsed laser heating in diamond anvil 
cells, successfully tested at the Nuclear Resonance beamline 
(ID18) of the European Synchrotron Radiation Facility 
(ESRF). 

The time dependence of the laser pulse was used to define 
the delays and widths of the acquisition gates, for separate 
acquisition of the data from hot and cold sample (Fig. 1). We 
will present the details of the detection schemes and 
application of the approach to studies of geophysically relevant 
materials. 

 

Figure. 1. Time spectra of nuclear forward scattering for Fe2O3 
at 23(3) GPa at T=300 K (a) and at T=1400 (70) K (b). 
 
[1] Kupenko et al. (2012) Rev. Sci. Instrum., 83 , 124501. 
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Studies on the diversity of the microbial community 

colonizing diatoms can provide an insight into the role of 
microorganisms in degradation of diatoms and turnover of 
biogenic elements, including Si. Fossil diatom remains from 
the bottom sediments of Lake Baikal are widely used for 
paleoclimatic and paleolimnological reconstructions, and 
deeper insight into the factors responsible for their preservation 
or destruction may significantly contribute to the accuracy of 
the results [1-3]. Using microscopic methods, it has been 
shown that the degree of diatom preservation and the numbers 
of diatom-associated bacteria in the surface layer of bottom 
sediments decrease with depth. The total cells enumerated by 
epifluorescence microscopy after DAPI staining varied from 
2.5×107 to 3.3×107 cells/mL. The structure and diversity of 
microbial community in the upper layers of deepwater 
sediments (0–10 cm depth) has been characterized by 
pyrosequencing of the 16S rRNA genes. A total of 29168 
Bacteria and 36997 Archaea sequences were obtained from ten 
samples. According to the results of metagenomic analysis, the 
bacterial community is dominated by representatives of 
Acidobacteria (31.9%), Firmicutes (21.6%), Proteobacteria 
(18.4%), Actinobacteria (10.7%), Chloroflexi (5.7%), 
Bacteroidetes (1.5%), WS3 (2.8%), Verrucomicrobia (1%), 
Nitrospira (0.9%); other phylotypes account for less than 1% 
each. The archaeal community is dominated by representatives 
of Crenarcheota (80.1%) and Euryarchaeota (19.9%). Among 
isolates of the eubacteria genus Bacillus (Firmicutes) isolated 
from the sediments on the medium, where the only source of 
organic matter was hydrolysate from diatoms, the activity of 
hydrolytic enzymes is revealed. An algicidal effect and 
degradation of siliceous diatom frustules are recorded in algal–
bacterial cultures during the cocultivation of isolates with the 
axenic diatom Synedra acus. These data show that potential 
degraders of diatoms occur among the vast variety of 
microorganisms in the deepwater sediments of Lake Baikal. 

 
[1] Grachev et al. (1998) Quaternary Sci Rev 17, 1101-1106. 
[2] Mackay et al. (2000) Terra Nostra 9, 34-48. [3] Battarbee 
et al. (2005) Glob Planet Change 46, 75–86.	  
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MgSiO3 bridgmanite is widely accepted to be the dominant 
phase in the Earth’s lower mantle where it coexists with 
ferropericlase. Chemical substitutions in MgSiO3 bridgmanite 
involving Al and Fe may contribute to seismic velocity 
anomalies observed in the Earth’s lower mantle [1-3]. The 
effect of these substitutions on the elastic properties of 
bridgmanite at high pressures and temperatures need to be 
better constrained experimentally in order to interpret seismic 
data. 

In this study two differently oriented single-crystals of 
magnesium silicate brigmanite containing some Fe and Al  
have been double-side polished and cut using the focused ion 
beam (FIB) technique as two semi-disks. Both semi-disks were 
loaded in one diamond anvil cell with helium as a pressure 
medium. Simultaneous measurements of density and sound 
velocities have been made on both crystals at high pressures 
and room temperature using single-crystal X-ray diffraction 
and Brillouin spectroscopy in order to obtain self-consistent 
data, which do not depend on a pressure scale. The data at each 
pressure were fitted for both crystals simultaneously in order to 
reduce correlations of Cij constants. The orientation matrix and 
cell parameters for each crystal at every pressure point were 
refined using in-situ x-ray diffraction measurements. From 
sample densities obtained from x-ray diffraction data and 
simultaneous measurements of the adiabatic bulk modulus 
obtained from Brillouin measurements, it was possible to 
calculate the absolute pressure for all our experimental points. 
This approach allowed the elastic properties of bridgmanite to 
be determined as a function of primary pressure, i.e. without 
resort to a secondary pressure standard. This consequently 
provides a more reliable data set to be compared with seismic 
data for the lower mantle.  

 
[1] Ni et al. (2005), Geophys. J. Int. 161, 283–294.  [2] 
Masters et al. (2000), AGU Monograph Series, 117, 63–87. [3] 
Garnero et al. (2005), The Geological Society of America 
Special Paper, 430, 79–101. 
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The Calera Limestone is included in the Franciscan 

Complex of northern California, which is thought to represent 
the obducted cap of accreted oceanic plateaus that formed on 
the Farallon plate [1]. An exposure of the Calera Limestone at 
the Permanente Quarry contains a ~14 m thick sequence of 
pelagic limestone with initerbedded chert [2] [3]. This 
sequence includes a 30 cm-thick black mudstone interval, or 
“Thalmann” layer, midway in the exposure. This layer 
separates light gray limestone and interbedded chert above 
from dark gray limestone with chert patches below. Previous 
studies on foraminifera assemblages clarified that the section 
we investigated blongs to Aptian in age [4], and that the black 
mudstone layer occurs at or near the boundary between the 
Globigerinelloides ferreolensis and G. algerianus Zone in the 
late Aptian [3]. Sliter [3] proposed that this black mudstone 
layer represents an organic carbon burial event (Thalmann 
Event) which seems to occur at the scale of Permanente 
Terrane, but may reflet a global perturbation of the carbon 
cycle.  

In this study we report major and trace element 
concentrations, as well as stable isotopic compositions of 
organic matter and carbonate, and radiogenic isotopic 
composition of osmium of the Calera Limestone at the 
Permanente Quarry. This black mudstone layer yields a total 
organic carbon content of ~1.8%.  We identified an interval 
characterized by unradiogenic osmium isotopic compositions 
near the black mudstone layer. We will correlate the osmium 
isotopic record of the Aptian Calera Limestone to those of the 
Mid Pacific Mountains in Pacific [5] and  Italian sections [5] 
[6] to further constrain stratigraphy of the Calera Limestone. 

 
[1] Tarduno et al. (1985) Nature 317, 345-347. [2] Sliter 
(1989) Geology 17, 909-912. [3] Sliter (1999) J. Foram. Res. 
29, 318-338. [4] Sliter & McCann (1992) USGS Open-File 
Rep. 1-27. [5] Bottini et al. (2012) Geology 40, 583-586. [6] 
Tejada et al. (2009) Geology 37, 855-858. 
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Water diffusion in silicate melts is one of the main 
controlling factors of magmatism in subduction zones. Water 
diffusivity in silicate melts has been known to depend on its 
own concentration. However, the details of atomic-scale 
processes responsible for concentration dependence of water 
diffusion have not yet been fully understood. In this study, in 
order to understand the mechanism of water diffusion and its 
concentration dependence in silicate melts, we carried out 
diffusion experiments of water in SiO2 glass at 650-850°C and 
the water vapor pressure of 50 bar. SiO2 glass was used as a 
diffusion medium to discuss the role of water on diffusion 
without any other compositional effects.  

Diffusion profiles of 1H and 30Si were measured on the 
cross section of a run product with a 5-micron step using 
Cameca ims-6f ion microprobe at Hokkaido University. 
Glasses with known water contents were used to convert 
secondary ion counts ratios of 1H/30Si to the water contents in 
the samples. 

The diffusion profiles of water obtained in this study in a 
H2O concentration range of 0.25-0.001 wt% cannot be simply 
explained by previous models, especially at the low 
concentration region, and show much stronger water 
concentration dependence. We propose following mechanisms 
in order to explain this stronger water concentration 
dependence of water diffusion in SiO2 glass: (1) The main 
diffusion species is molecular H2O, and its relative abundance 
to OH groups decreases with lowering the water content in the 
glass; (2) The number of pathways available for diffusion is 
controlled by the number of non-bridging oxygen atoms 
(NBO) that are produced by the formation of OH groups. 
Because the water diffusivity is proportional to the above two 
factors and both depend on the total water content in the glass, 
the water concentration dependence of water diffusion is larger 
than the previous models. The smaller water concentration 
dependence that observed for water diffusion in multi-
component silicate glasses as shown in natural glasses can be 
attributed to the little dependence of NBO concentration on the 
water content because it is controlled extrinsically by other 
network modifier cations.   
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Transient storage zones can be locations of intensive 

biogeochemical processing in streams, enhancing reach-scale 
nutrient uptake and metabolism. Despite this, the relationship 
between stream morphology, solute transport, nutrient cycling, 
and ecosystem functioning remains largely unresolved. We 
investigate the influence of stream channel morphology on 
transient storage, whole-stream respiration and nutrient uptake 
in two upland streams using coupled injections of the reactive 
tracer resazurin (Raz) and 15N-NH4

+. Raz, a weakly fluorescent 
dye, irreversibly transforms to resorufin (Rru) under mildly 
reducing conditions, providing a proxy for aerobic respiration. 
We also evaluate whether Raz transformation is correlated to 
rates of nutrient uptake, to confirm if Raz can be a predictor of 
the relationship between transient storage and nutrient 
retention.  

Pulse injections of Raz, NaCl, and uranine were added to 
two 3rd-order streams in the Harz Mountains, Germany, which 
are characterized by differing sub-reach channel morphology 
(riffles, glides and pools) and sediment characteristics. 
Continuous time series of electrical conductivity, Raz, Rru and 
uranine concentrations were measured in-situ at four evenly 
spaced locations along  ~1km reaches, and used to calculate 
sub-reach travel time distributions and aerobic respiration 
rates. 24-hr constant rate injections of 15N-NH4

+ and NaBr 
immediately preceded the Raz injections. Water, biofilm, 
macrophyte and organic matter samples were collected at the 
sub-reach scale to evaluate reach and sub-reach 15N uptake and 
transformation, and the significance of biofilms for N uptake 
processes.  

Preliminary results indicate distinct differences in sub-
reach travel time mean and distribution, with the slowest mean 
velocities occurring in the reaches with the largest proportion 
of pools. Respiration rate coefficients, consistent for headwater 
streams, are highest in the reaches with the slowest mean 
velocities, suggesting that the pools could contribute to 
increased metabolically active transient storage.  
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The Ediacaran (635 to 541 Ma) was a period of major 
environmental perturbations including tectonic reorganisation, 
biologic evolution and environmental oxygenation. Thereby, 
the exact timing and the extent of deep ocean oxygenation 
within this time period remains debated. 

We present Mo and Fe isotopic data of organic-rich black 
shales from the Teplá-Barrandian unit, Czech Republic, which 
were deposited in a hydrothermal vent site environment of a 
back-arc basin. New U-Pb age constrains provide a maximum 
depositional age of <560 Ma. By combining the Mo and Fe 
isotopic data with the main element composition of our black 
shales, we can distinguish between metal enrichment from 
seawater or from hydrothermal sources, respectively. Metal-
rich samples with high Fe/Al ratios show negative δ56Fe values 
around -0.4 ‰ and constant δ98Mo values around +0.7 ‰. 
Both values are similar to the Mo and Fe isotopic composition 
of modern hydrothermal fluids and suggest metal enrichment 
predominantly from a hydrothermal source. 

Our best estimate for the Ediacaran seawater δ98Mo value 
is +1.2 ‰. This value is similar to the inferred seawater Mo 
isotopic composition from mid-Proterozoic and also most early 
Paleozoic black shales, but in stark contrast to a maximum 
value of +2.3 ‰ in contemporaneous Ediacaran black shales 
from the Doushantuo Formation, China [1]. We argue that the 
peak δ98Mo values observed by [1] represent a local and 
transient signal, rather than global ocean δ98Mo. We further 
suggest that continuously low global seawater δ98Mo values 
during the Ediacaran indicate the lack of Mn oxides, which 
would preferentially remove isotopically light Mo from 
seawater leaving behind an isotopically heavy ocean. This in 
turn means that the deep ocean was largely decoupled from 
oxygenation and remained anoxic during the Ediacaran. First 
non-transient and modern-like high δ98Mo values in Devonian 
black shales might indicate that complete deep ocean 
oxygenation occurred during Paleozoic times [2]. 

 
[1] Kendall et al. (2015) GCA 156, 173-193. [2] Dahl et al. 
(2010) PNAS 107, 17911-17915. 
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The Oman ophiolite is one of the best places to investigate 
magmatic and volcanic processes of an infant arc. Volcanic 
rocks of the subduction stage extend for >80 km along the 
paleo arc and consisted of 1100 m thick of arc tholeiite (LV2) 
and boninite (UV2) upward. Pahoehoe and sheet flows are 
dominate in the LV2, while 50 m thick pyroclastic rocks are 
partly distributed upward. The UV2 magma intrudes into lower 
plutonic and extrusive sequences and erupted as pyroclastic 
fall and lava flows through fissure vents. Formation of these 
arc magmas are explained by the involvement of the 
amphibolite-facies slab-derived fluid in the mantle source [1]. 
Hf and Nd isotopic compositions provide evidence for 
contribution of sediments to the arc magma; the UV2 magma 
con be accounted for by 0.5-7% sedimentary melt mixing with 
the pre-arc (V1) magma. When 1.5% of the slab-derived fluid 
is added to the mantle source which is assumed from the V1, 
the LV2 magma generation is modeled by 9% partial melting. 
When 1.0% of the slab-derived fluid and 0.5% of the bulk 
sediment are added to the LV2 residue, the UV2 magma can be 
formed by 16% partial melting. Such successful, sequenctioal 
modelling implies that magma source region have not changed 
and the arc magma have been developed by the repetition of 
flux melting. A local compositional variation of the UV2 
would be generated from heterogeneous wedge mantle 
following the LV2 magmatism which occurred sporadically [2]. 
The hot subduction zone (~1400°C mantle potential 
temperature [3]) may invite ephemeral initial arc magmatism 
(<2 m.y. [4]) because the most of the water in the slab was 
released at shallow depth and not available to partial melting. 
Finally the immature wedge mantle had been cooled. 
 
[1] Ishikawa, T. et al. (2005) EPSL, 240, 355-377 [2] Kusano, 
Y. et al. (2014) GSL Spec. Publ. 392, 177-193 [3] Kitamura, K. 
et al. (2014) Goldschmidt2014 Abstracts, 1273 [3] Agui, Y. 
(2014) Sci. Rep. Niigata Univ., 29, suppl, 90-91 
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Nanospheres of metallic lead, 5-30 nm in diameter, are 

present in previously-identified Pb-rich domains in zircons 
from high-grade gneisses of the Napier Complex, Enderby 
Land, East Antarctica [1]. They are associated with amorphous 
silica and titanium- and aluminium-rich phases, suggesting 
they represent melt inclusions. Unlike the weak nanoclusters 
and limited nano-scale mobility of Pb identified by an atom 
probe tomographic study [2], and related to α-recoil with 
volume diffusion enhanced by later metamorphism, the 
formation of metallic Pb attests to a much more extensive 
redistribution of unsupported radiogenic Pb. This is likely the 
result of polymetamorphism, with the Napier Complex having 
undergone two high-grade events: at ~2.8 Ga and ~2.5 Ga [1]. 
The formation of metallic nanospheres within annealed zircon 
effectively halts the loss of radiogenic Pb. However, 
inhomogeneity and possible matrix effects may compromise 
the precision and accuracy of U-Pb ages obtained from such 
domains by high spatial resolution microbeam techniques [3]. 

 
References 
 
[1] Kusiak et al., 2013, Geology 41, 291-294; [2] Valley et al., 
2014, Nature Geosc. 7, 219-23; [3] Kusiak et al., PNAS, in 
press. 
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Based on a self-consistent thermodynamic-geophysical 

approach, we convert the recent seismic models of the lunar 
mantle to the temperature-depth profiles using Gibbs free 
energy minimization in the Na2O-TiO2-CaO-FeO-MgO-Al2O3-
SiO2 system [1]. The results lend support to the chemically 
stratified lunar mantle with a change in composition from 
predominantly pyroxenite upper mantle depleted in Ca and Al 
(~2% CaO and Al2O3) to predominantly fertile lower mantle 
enriched in Ca and Al (4-6% CaO and Al2O3). Such a zoned 
structure places significant constraints on any theory of lunar 
origin. Seismically derived temperatures allow us to constrain 
thermal structure of the lunar mantle and estimate the upper 
mantle heat flow (3.8-4.7 mW m-2), which is not consistent 
with that found from the Apollo heat flow and thorium 
abundance measurements. Lower mantle temperatures are well 
below the probable solidus condition and can be evaluated at 
the level of 1420-1550oC at the core-mantle boundary without 
requiring a melt layer. We find that regardless of the 
composition, the positive S-wave velocity gradient in the lunar 
mantle leads to a negative temperature gradient, which has no 
physical basis [1]. The physical properties of the lunar Fe–S 
core are modeled with molecular dynamics and the Embedded 
Atom Model potential; the density of the liquid core may vary 
from 7.4 (liquid iron) to 6.75 g/cm3 (Fe-10 at.% S) [2]. 
 
Support: Prog. No 9,28 RAS, RFBR grant No 15-05-01161. 
 
[1] Kuskov, O.L. et al. (2015) Solar System Research  49, 75. 
[2] Belashchenko, D.K., Kuskov, O.L. (2015) Doklady Earth 
Sci. 460, 37. 
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Permafrost thaw due to warming climate threatens to 

release large amounts of organic carbon (OC) from vast areas 
in the northern hemisphere. The Lena River basin has the 
largest annual export of OC to the Arctic Ocean. The basin is 
mainly underlain by continuous permafrost that is vulnerable 
to climate driven thawing, with possible future shifts in OC 
fluxes. Hitherto, data used for carbon export calculation and 
future prediction of changes have been based on data primarily 
collected in the main channel of Lena.  

Here we present spatial data on concentrations of dissolved 
organic carbon (DOC), particulate organic carbon (POC), C/N 
ratios, δ13CDOC, and δ13CPOC from the main channel of Lena and 
35 tributaries covering different landscape types and 
permafrost depths. The two largest tributaries, Aldan and 
Viliuj, which constitute almost 50% of the basin area, 
contributed 21% and 10% of the total OC exported to the 
Arctic Ocean respectively while the remaining area contributed 
69% of the total OC. DOC concentrations, δ13CDOC and 
δ13CPOC, showed significant geographical differences, 
especially between the lowland area of Central Siberian 
Plateau and the mountain area of Verkhoyansk. Carbon 
isotopes and C/N ratios showed that DOC, which made up 
about 95% of the total OC, primarily originates from fresh 
plant material and soil organic matter (SOM). This indicates 
that DOC transport probably was dominated by relatively 
surficial flowpaths. The POC was more influenced by aquatic 
primary production and SOM erosion.  

Our results indicate that climate driven shifts in OC fluxes 
to the Arctic Ocean will be dependent on spatial changes in 
hydrology and OC mobilization in the various contributing 
areas of the Lena River.  
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Olenitic tourmaline with high amounts of tetrahedral B (up 
to 2.53 [4]B pfu) has been synthesized in a piston-cylinder press 
at 4.0 GPa/700 °C and a run duration of 9 days. Crystals are 
large enough (up to 30 x 150 µm2) to allow for reliable and 
spatially resolved quantification of B by electron microprobe 
analysis (EMPA), single-crystal X-ray diffraction, and 
polarized single-crystal Raman spectroscopy. Tourmaline with 
radial acicular habit is zoned in [4]B-concentration (core: 
2.53(25) [4]B pfu; rim: 1.43(15) [4]B pfu) whereas columnar 
crystals are chemically homogeneous (1.18(15) [4]B pfu). A 
similar amount of 1.4(1) [4] B pfu was found in the columnar 
tourmaline by single-crystal structure refinement (SREF) (R = 
1.94%). The EMPA identify [T]Si-1

[V,W]O-1
[T]B1

[V,W](OH)1 as the 
main and [X]☐-1

[T]Si-1
[X]Na1

[T]B1 as minor exchange vectors for 
[4]B incorporation, which is supported by the SREF.  Due to the 
restricted and well-defined variations in chemistry, Raman 
bands in the OH-stretching region (3000 - 3800 cm-1) are 
unambiguously assigned to a specific cation arrangement. We 
found the sum of the relative integrated intensity (Irel) of two 
low frequency bands at 3284 - 3301 cm-1 (ν1) and 3367 – 3384 
cm-1 (ν2) to positively correlate with the [4]B concentrations: 
[4]B [pfu] = 0.03(1) * [Irel (ν1) + Irel (ν2)]. Hence, those bands 
correspond to configurations with mixed Si/B occupancy at the 
T site. Our semi-quantitative correlation also holds for well-
characterized natural [4]B-bearing tourmaline from the Koralpe, 
Austria. 

This study contributes to promote Raman spectroscopy as 
a fast and non-destructive tool for the chemical classification 
of (precious) natural tourmaline. 
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The chlorine abundance of the bulk silicate Earth may be 
greatly depleted relative to the prediction based on various 
types of primitive materials, such as chondrites [1]. There are 
two hypotheses for this depletion of terrestrial chlorine; 
Incorporation into the Earth’s core and impact blow-off of 
primordial oceans. Here we experimentally examine the 
possibility of the former case. Specifically, metal-silicate 
partitioning of chlorine in a magma ocean is investigated. 

In this study, we investigated the oxygen fugacity and 
sulfur content in metal dependencies for the partitioning 
coefficient of chlorine. Starting materials were prepared from a 
mixture of high-purity oxides (SiO2, Al2O3, CaO, MgO, FeO) 
and metal (Fe, FeS). The relative abundances of each 
component in the mixture were assumed to be CI chondritic. 
Chlorine was added to the mixutre as FeCl2. The starting 
materials were enclosed in graphite capsules. The experiments 
were performed at 4 GPa and 1900 K for 15 min using the 
multi-anvil high pressure apparatus. The elemental 
composition of recovered samples were analyzed by 
wavelength-dispersive electron microprobe. 

The metal-silicate partitioning coefficient of chlorine in 
recovered samples was up to 0.15, suggesting that chlorine is a 
highly lithophile element. If such a highly lithophilic behavior 
of chlorine observed in our study does not depend significantly 
on pressure, terrestrial missing chlorine might require 
primordial ocean blow off during the main-accretion phase. 
 
[1] Sahrp, Z.D. and D.S. Draper, (2013), Earth Planet. Sci. 
Lett. 369-370, 71-77. 
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Microbial fixation of N2 gas into biologically available 

ammonium is the main source of DIN in the open Ocean. The 
majority of N2 fixation is attributed to larger colonial and 
heterocystous (heterocysts are specialized cells for N2 fixation) 
cyanobacteria populations. There are other N2 fixing 
microorganisms, which are grouped into “the smaller size 
fraction” (< 10 µm), and which contain unicellular 
cyanobacterial, bacterial and archaeal lineages.  It is thought 
that the activity of these other N2 fixing populations may help 
balance the N budget; however we know little about their 
distribution and activity.  

Recent results from isotope labelling experiments using a 
new incubation method indicate that N2 fixation by the smaller 
size fraction can exceed N2 fixation by large cyanobacteria in 
the surface waters from the Atlantic Ocean. We used single 
cell techniques to identify the responsible organisms. A 
combination of in situ hybridization and nanoSIMS shows that 
a widespread small (<1 µm) uncultivated novel N2 fixing 
cyanobacterium (UCYN-A) lives in association with another 
equally small algal partner cell.  Moreover, we show that fixed 
N is provided by UCYN-A in exchange for fixed C from the 
host algal cell which we identified as a picoeukaryote. New 
results show that at least three different picoeukaryotes, two 
Haptophyta and an unknown organism, can act as a host. 
Furthermore, nanoSIMS analysis of samples incubated with 
15N2 and different nutrients show that Saharan Dust, iron and 
phosphorus stimulate N2 fixation by this uncultivated 
symbionts. These results reveal a direct linkage between the 
marine carbon and nitrogen cycles that is fuelled by the 
atmospheric deposition of dust.  

Currently a combination of light isotope tracers is used to 
get the first quantitative information on the contribution of this 
widespread and abundant diazotroph to the oceanic N and C 
cycles. 
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Oxygen minimum zones (OMZs) are major sites of fixed 

nitrogen loss in the ocean. Recent studies have highlighted the 
importance of anaerobic ammonium oxidation, anammox, in 
pelagic nitrogen removal. Sources of ammonium for the 
anammox reaction, however, remain controversial, as 
heterotrophic denitrification and alternative anaerobic 
pathways of organic matter remineralization cannot account 
for the ammonium requirements of reported anammox rates. 
We explored the significance of microaerobic respiration as a 
source of ammonium during organic matter degradation in the 
oxygen-deficient waters off Namibia and Peru. Experiments 
with additions of double-labelled oxygen revealed high aerobic 
activity in the upper part of the OMZs. This aerobic respiration 
under apparently anoxic conditions hints at efficient 
exploitation of vertically and laterally advected, oxygenated 
waters as well as in situ O2-production in this zone by aerobic 
microorganisms. In accordance, metagenomic and 
metatranscriptomic analyses identified genes encoding for 
aerobic terminal oxidases and demonstrated their expression 
by diverse microbial communities, even in virtually anoxic 
waters. Our combined results indicate that microaerobic 
respiration associated is a major mode of organic matter 
remineralization and source of ammonium in the upper OMZs.  
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The Subpolar Urals contain gold-palladium occurrences 

localized in Late Riphean-Vendian rhyolites and overlying 
Late Cambrian-Early Ordovician quartz gritstones and 
conglomerates. Gold occurs predominantly in thin fuchsite 
veinlets with thickness less than 1-1.5 cm. Apart from fuchsite 
veinlets include allanite, albite, quartz, hematite, titanite, 
anatase, leucoxene, xenotime, monazite. Sulphides are 
virtually absent. Single grains of silver, Zn-chromite, 
chalcopyrite, molybdenite, acanthite, pyrargyrite, rare earth 
minerals etc occur in the veins. Gold is found in close 
association with mertieite, atheneite, native palladium, 
sperrylite, stibiopalladinite, native platinum, stillwaterite 
(?).Gold is mostly fine – up to 50 microns, although the size of 
the individual gold grains reaches 8 mm. Gold contains 
impurities of Ag (sometimes up to 50 wt.%), Cu (up to  
11 wt.%), Hg (up to 1.3 wt. %) and Pd (up to 1.7 wt. %). Gold 
occurs to have complex internal structure, resembling the 
breakdown structure of a solid solution. Gold tends to include 
number of lamellas with thickness of 1-2 microns that have 
higher content of Cu than the matrix. The gold fineness is 
about 850-906‰. 

Gold-platinum-palladium occurrence of the Polar Urals is 
located in ultramafic rocks the northern part of Voykar-Synya 
massif. Noble metal minerals are in close association with 
copper sulfides and form very fine grains. First of all they are 
presented by gold-copper phases of cuproauride-auricupride 
range. There detected gold-palladium copper, golden silver, 
kustelite, mertieite, merenskeite, maychenerite, braggite, 
sperrylite, palladarsenite, atheneite, sobolevskite and other 
mineral phases. Discoveries of gold and platinum-palladium 
minerals in chrome ores of Voykar-Synya and other ultramafic 
massifs are well-known. In particular, sobolevskite Pd(Bi,As), 
potarite PdHg, zvyagintsevite Pd3Pb,(Pd,Hg)3Pb, 
plyumbopalladinit are found in the form of tiny inclusions in 
millerite. 

Gold-PGE mineralization in Pay-Khoy is associated with 
zones of copper-nickel mineralization localized in the Upper 
Devonian gabbro-dolerites. Platinum minerals are presented by 
sperrylite, platinum-palladium tellurides. 

The available data indicate wide development of gold-PGE 
mineralization in the northern part of Urals and Pay-Khoy. 
Formation of gold-PGE mineralization is associated with 
hydrothermal-metasomatic processes occurred predominantly 
in the Late Paleozoic. 

 
The investigation was carried out with the financial 

support of the Programs: ARCTIC № 45, RFBR р_north_а 
№13-05-98819 № р_ north _а №13-05-98820, Scientific 
School 4795.2014.5 
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In the presence of phosphate ions in solution, cerussite 

PbCO3 crystals transform into lead apatite through 
dissolution/precipitation mechanism. This is analogous to 
calcite CaCO3 conversion into hydroxylapatite Ca5(PO4)3OH. 
Experiments are often run at higher temperature to speed up 
the process. This may, however, alter the mechanism of the 
reaction since formation of metastable Pb3(PO4)2 is favored 
upon heating. In the autoclave experiments, fragments of 
cerussite crystal ca. 2 mm in size were placed into 2M 
(NH4)H2PO4 solution (pH=7) in teflon bomb, then heated to 
140 oC for several days. Dissolution of cerussite and formation 
of Pb5(PO4)3OH  (hydroxylpyromorphite, HPY) is expected in 
this setup. In the presence of 0.67M NH4Cl, formation of 
Pb5(PO4)3Cl (pyromorphite, CPY) was observed. The 
experiments were repeated several times stopping the reaction 
at various stages. In the free-chlorine system, cerussite in 
contact with phosphate ions gets immediately covered by a 
thin crust of relatively coarse-crystal (~5µm in size) HPY. 
After heating in the autoclave, the layer of very fine crystalline 
Pb3(PO4)2 develops underneath in the expense of cerussite. 
With time (ca. 5 days), this transforms into HPY. This 
sequence indicates formation of precursor phase in the 
transformation of cerussite into lead hydroxylapatite. In the Cl-
rich system, a thin layer of relatively coarse-crystal CPY (up to 
1 µm in size) also precipitates at ambient temperature and a 
layer of fine crystalline Pb3(PO4)2 develops underneath at 
140°C. To our surprise, within 1-2 days of heating this 
transforms into HPY regardless the presence of Cl in the 
system. Only later, HPY converts into CPY.  

The results indicate that at neutral pH and hydrothermal 
conditions, transformation of cerussite into lead apatites goes 
throught precursor stage: formation of Pb3(PO4)2. Therefore, 
high-temperature experiments do not simulate the 
environmental conditions. At current stage of knowledge it is 
assumed that the mechanisms of transformation of Pb3(PO4)2 
into HPY and HPY into CPY are similar to their analoques in 
calcium apatite systems. The role of carbonate ions as potential 
inhibitors of pyromorphite formation at hydrothermal 
conditions is under investigation. 

 
This project is supported by Polish NCN grant No. 

2014/01/M/ST10/00355. 
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The lateral edge surfaces of 2:1 phyllosilicates are 
important sites for metal sorption, but the surface structures 
and stability remain difficult to investigate experimentally. 
Density functional theory (DFT) atomistic thermodyanmics 
allows us to examine the stability of mineral-gas interfaces as a 
function of  environmental variables. In this presentation, we 
show our DFT results for the stability of wate-pyrophyllite 
(010) surface as a function of temperature, surface coverage, 
and the vapor pressure of water. 

The surface excess energy calculated at 0 K in vacuum 
space without vibrational contribution predicts that increased 
H2O coverage lowers the energy, implying that hydration 
enhances stability. On the other hand, surface free energy 
calculations demonstrate that the surface stability varies with 
temperature, the chemical potential of water (µ), and the extent 
of the surface coverage (Figure 1). We have examined the 
structure and stability of a surface defect that was intitally 
proposed as alternative bulk structure by Edelman and Favjee 
[1] and also identified at the edge surface in classical 
molecular dynamics smulations [2]. This defect posseses an 
inverted Si tetrahedron such that the apical O points toward the 
interlayer (Figure 1). Possible roles of this defect in the edge 
surface reactivity will be discussed.  
 

 
 
 
 
 
 

 
 
Figure 1: Surface free energy of hydrated pyrophyllite-1Tc 
(010) surface computed at 300 K where Nw represensts a H2O 
coverage (left). Surface with and without defect (right).  

 
[1] C.H. Edelman and J.C.L. Favejee (1940) Z. Krist. A102, 
417. [2] A. Newton (2012) Ph.D. thesis, University of 
California at Berkeley. 
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Heavy metal concentrations pattern of riverbank sediment 

by river flow of Hii river were measured at the small area 
(sand bank in the river water) (20m*35m in size), Izumo city, 
Shimane prefecture, southwest Japan. Sediment samples were 
collected at about 150 points at the small area. The interval of 
the samples were about 1-2m each. 

Analyzed elements are mainly Ca, Ti, Mn, Fe, Co, Zn, and 
Cr by portable (handheld) XRF. We also check the mineral 
compositions and grading analysis of each samples.  

The mineral and chemical concentration patterns on the 
river bank became clear by this preliminary study.  

We are going to study these results in details further and to 
perform the environmental and geological assessment to the 
Hii river. 

 
[1] Takayasu, K (2001): Tatara-syobou (press), pp184. [2] 
Matsumoto, I (2009): Laguna, 16, 53-62. [3] Matsumoto, 
Komatsu and Kamei et al. (2008): Memories of Faculty of 
Education, Shimane Univ, 42, 97-105. [4] Matsumoto, I., 
Hoffman D., Wolfe J. and Ishiga H. (2010): Texas Journal of 
science, 62, 223-236. 
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CO2 sequestration in deep-sea sediments (>3000 m deep) 

could provide a solution to global climate change, caused by 
increasing atmospheric CO2 concentration. CO2 hydrate can be 
formed during offshore CO2 injection and it could be stably 
maintained without its dissociation and dissolution at high 
pressure, low temperature, and CO2 saturated condition. 
Measuable concentrations of biosurfacts have been found in 
marine sediments due to their assimilation and production by 
microbial activities (e.g., P. aeruginosa and B. subtilis) in the 
sediments and sbusequent accumulation.  

In this study, we investigated the effect of biosurfactants 
(surfactin and snomax) on the CO2 hydrate dissolution rates at 
different marine environmental conditions in the range of 
273.3-283.3K and 20-50bar, to understand the chemical 
stability and lifetime of CO2 hydrate in storage sites. 
Dissolution processes of hemispheric CO2 hydrate formed 
inside the view-cell were observed by using real-time 
monitoring camera. From the rate of volume loss, we 
calculated the dissolution rates of CO2 hydrate.  

 In the presence of biosurfactants, the CO2 hydrate 
dissolution rates were decrased compared to those of controls. 
Biosurfactants might form organic film on the surface of CO2 
hydrate and decrease the CO2 solubility in surrouding water. 
This could result in a reduced mass transfer of CO2 from the 
hydrate to water not fully saturated with CO2. As the 
concentration of biosurfactants increased, the rates of CO2 
hydrate dissolution were proportionally decreased. The CO2 
hydrate dissolution rates were significantly slowed down at 
higher pressure and lower temperature. At certain 
environmental conditions, interfacial reaction breaking a 
hydrate crystal lattice (thus liberating enclosed CO2) could be 
reduced, due to stronger hydrogen bonds among water 
molecules in CO2 hydrate structure.   

The results could provide fundamental knowledge to 
prevent the CO2 hydrate dissolution for long-term stable CO2 
storage and sequestration in marine sediment environments. 
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The origin of banded sequences in calcareous-marl 
deposits is not yet completely understood. In general, both 
systematic external variations in the environment and self-
organized recurrent patterns due to the nonlinearity of the 
diagenetic processes can generate the sequences, as suggested 
by cellular automata modelling approaches [1].  In this 
contribution, a simple diagenetic reactive-transport model 
(RTM) is presented, following the conceptual model presented 
in [2]. This RTM differs from the model of [1] by explicitly 
considering diffusion of dissolved calcium and carbonate ions. 
However, no self-organized diagenetic oscillations were found 
in the RTM. Nevertheless, the system exhibits multistability, 
whereby different steady-state conditions are reached 
according to the choice of initial conditions.  We then simulate 
the effect of the external environment by subjecting the system 
to a weak periodic forcing and a random signal. The system 
then shows stochastic resonance [3], whereby it undergoes 
noise-induced transitions from one state to another in 
synchronicity with the periodic external signal, even though 
the latter is not sufficiently strong to induce such transitions on 
its own. Consequently, I show how a small periodic variation 
in the external conditions superposed with a random 
component triggers substantial transitions between a 
limestone-rich state and a marl state.   

[1] Westphal, Böhm & Bornholdt (2004), Facies 50, 3-11. [2]
Munnecke, Westphal, Elrick & Reijmer (2001), Int. J. Earth
Sciences 90, 795-812. [3] Gammaitoni, Hänggi, Jung &
Marchesoni (1998), Rev. Mod. Phys. 70, 223-287.
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This study presents a climate reconstruction utilizing a 

seasonally resolved 417-year oxygen-isotope record of tree 
rings from southern Georgia, United States (1580–1997 CE). 
Oxygen isotopes within the cellulose predominately reflect 
moisture source observed on a seasonal scale between 
earlywood and latewood growth. Signatures of large climate 
oscillations were captured in modern and subfossil wood. 
Spectral and wavelet transform analyses of seasonally resolved 
oxygen isotopes showed distinct periodicities coinciding with 
the Atlantic Multidecadal Oscillation and other major climate 
oscillation phenomena. Oxygen-isotope values in latewood 
growth revealed a significant correlation with North Atlantic 
sea surface temperature anomalies. This correlation suggests 
that the precipitation source was strongly influenced by 
fluctuations in the Atlantic Multidecadal Oscillation and 
teleconnections with other major climate phenomena such as 
the North Atlantic subtropical high-pressure system, El Niño 
Southern Oscillation, and Pacific Decadal Oscillation. These 
results emphasize the utility of oxygen isotopes in tree rings 
for revealing seasonal influences associated with major climate 
drivers over centuries and enhance our understanding of long-
term climate behavior on a detailed scale. 
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As an essential micronutrient, and also because its oxides 
efficiently scavenge many trace elements, iron (Fe) plays a key 
role in oceanic biogeochemical cycles. The relative importance 
of its various sources to the ocean, the processes involved in 
the release of dissolved (DFe) in seawater and the interactions 
between its dissolved and particulate pools are still largely 
unknown. Several recent studies have shown that Fe isotopes 
bring unique new insights into these questions. 

We obtained iron isotope data from the Equatorial Pacific 
(EUCFe cruise, 2006), from the western boundary to 140°W in 
the Central Pacific, for aerosols, filtered seawater (<0.4µm) 
and suspended particles (>0.4µm), from the surface down to 
1000m depth, at 11 stations (see map below). 

Aerosols display slightly heavy isotopic signatures, which 
will be briefly discussed. While the impact of continental 
inputs on the Fe isotope water mass signatures in the Papua 
New Guinea area has been discussed in another study [1], we 
will focus here on the open ocean. Comparison of filtered 
seawater signature with that of the suspended matter at the 
depth of the chlorophyll maxima suggest a possible isotopic 
fractionation associated with DFe uptake by phytoplankton. 
Our data suggest a preferential uptake of light iron isotopes in 
this area, in agreement with previous works [2]. At depth, 
potential links with dissolved O2 concentration and organic 
matter remineralization will be discussed.  

 
[1] Labatut et al. (2014) Global Biogeochem. Cy. 28, 
doi:10.1002/2014GB004928. [2] Ellwood et al. (2015). Proc. 
Natl. Acad. Sci. 112, E15–E20. 
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Despite their importance in the Earth’s system, 

fundamental knowledge on the formation and further 
development of clouds containing ice is still missing [1]. Only 
a tiny fraction of ambient aerosol particles are ice nucleating 
particles (INP) but continuous measurements of their 
concentrations in an environment relevant for ice and mixed-
phase clouds are rare. We perform measurements with our 
newly built instrument HINC (Horizontal Ice Nucleation 
Chamber) [2] at the High Altitude Research Station 
Jungfraujoch in the Swiss Alps. The site provides free 
tropospheric conditions with seasonal influence from 
convectively lifted boundary layer air [3] [4]. Furthermore, it is 
regularly affected by Sahara dust events [5]. By measuring 
during different seasons of the year we address the question of 
an annual cycle of INP concentrations in the free troposphere 
and investigate the influence of boundary layer air and Saharan 
mineral dust. We sample aerosols at 242 K in the deposition 
nucleation mode, which is relevant for the formation of pure 
ice clouds [6], and in the condensation freezing mode, 
representative of mixed-phase cloud formation conditions. [7]. 
Results from the first two field campaigns in August 2014 and 
January 2015 are compared to previous measurements on 
Jungfraujoch. The concentrations range from almost zero to 
hundreds of INP l-1 and are generally an order of magnitude 
higher in the condensation freezing mode as compared to 
deposition mode. Increased INP concentrations are measured 
during springtime, when the site might be influenced from 
biological material. Highest concentrations are observed 
during Sahara dust events. With the continuation of these 
measurements we have a longer time series and climatology 
and therefore a better understanding of the evolution of INP 
concentration on Jungfraujoch. 
 
[1] Boucher et al. (2013), in the 5th assessment report of the 
IPCC. [2] Kanji & Abbatt (2009), Aerosol Sci. Technol. 43, 
730-38. [3] Lugauer et al. (1998), Tellus B. 50, 76-92.        [4] 
Zellweger et al. (2003), Atmos. Chem. Phys. 3, 779-96. [5] 
Collard Coen et al. (2004), Atmos. Chem. Phys. 4, 2465-2480. 
[6] Cziczo et al. (2013), Science 340, 1320 – 1324.    [7] Welti 
et al. (2014) J. Atmos. Sci. 71, 16-36. 
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Algal lipids biomarkers are resistant to degradation and 

can persist in sediment on geologic time scales. Lipids 
typically record the hydrogen isotope composition (2H/1H or 
δ2H) of the water in which algae grow, which is controlled by 
climatic variables such as temperature, rainfall, and 
atmospheric circulation patterns. H isotopes of algal lipids 
have therefore been developed as a useful paleoclimate proxy. 
However, other variables can influence the isotopic 
composition of algal lipids. In particular, laboratory cultures 
have demonstrated that 2H/1H fractionation in marine algae is 
highly sensitive to nutrient availability. We present preliminary 
data from the first field investigation into the effect of nutrient 
levels on 2H/1H fractionation in freshwater algae. We collected 
surface sediment and sediment trap samples from ten Swiss 
lakes with similar climate but different histories of nutrient 
loading and different trophic states. By measuring 2H/1H ratios 
of the algal biomarkers dinosterol and brassicasterol in these 
sediments, we are able to determine the influence of nutrient 
availability on 2H/1H fractionation in lacustrine algae, and 
assess the robustness of climate records based on this proxy in 
systems where nutrient concentrations may have changed over 
time. We also explore the use of changes in 2H/1H fractionation 
as a proxy for past changes in nutrient availability in systems 
where the isotopic composition of water can be inferred from 
other sources, such as the oxygen isotopes of carbonates.  
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The April–May 2010 eruption of the Eyjafjallajökull 
volcano (Iceland) has become a benchmark for the 
understanding of ash-dominated eruptions. In this work we 
investigated volcanic ash collected at different locations during 
the terminal stage of the eruption (18.-23.05.10). The 
compositional variability of glass compositions, based on 771 
data points on 27 samples, claims for syn-eruptive magma 
mixing.  The glasses show continuous evolving trends from 
trachyandesite to rhyolite (57.13-70.78 wt.% SiO2). 
Compositional histograms of MgO, FeO, SiO2 and CaO show 
two populations of concentrations, while Na2O, Al2O3 and K2O 
display a single bell-shaped pattern. Numerical simulations of 
chaotic magma mixing have been performed. Results indicate 
that the initial stages of magma mixing are dominated by the 
presence of two compositional populations that, with the 
passing of time, merge into a single bell-shaped pattern, as for 
the natural samples. The maximum of the single bell-shaped 
pattern corresponds to the hybrid composition. In addition, at 
the same time, while the slow diffusing elements show two 
compositional populations, the fast diffusing ones display a 
single peak. Comparing our simulations with natural data we 
infer that, as Na2O, Al2O3 and K2O show a single 
compositional peak, they provide indication about the hybrid 
composition. Based on the classic two end-member mixing 
equation we estimated that the initial fractions of end-members 
were of the order of 0.5 felsic and 0.5 mafic. In conclusion, we 
show that the combination of high-resolution geochemical 
mapping of volcanic ash and numerical simulations can 
provide unprecedented information about end-members 
fractions. This is essential in order to constrain eruption 
dynamics and the kinetics of syn-eruptive mixing. Trace 
element determinations are in progress and will provide 
stronger constraints about the envisaged processes at 
Eyjafjallajökull volcano during the 2010 eruptive activity.  
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In order to determine the sources of Li, B and Sr, and 

constrain mixing processes in high-altitude basins in the 
volcanic arc of northern Chile, we compare the trace element 
geochemistry and isotopic signature (δ7Li, δ11B, 87Sr/86Sr) of 
thermal waters and saline lake waters from the Surire Basin in 
the Chilean Altiplano. 

Magnesium concentrations in thermal waters (~19.7 mg/L) 
are significantly depleted relative to saline lake waters  
(~685.2 mg/L). Furthermore, the Ca/Mg ratios of thermal 
waters (~7.5) are higher than those of saline lake waters (~1.2), 
suggesting water-rock interaction processes. This is supported 
by total Sr concentrations and the Sr isotopic data that 
indicates mixing between thermal waters with low-Sr  
(Sr=3.7 mg/L; 87Sr/86Sr=0.706244) and saline waters high-Sr 
(Sr=31 mg/L; 87Sr/86Sr=0.706314). Results for Li and B are in 
agreement with the presence of these two endmembers 
(Li=139 mg/L, δ7Li=5.37, B=795 mg/L, δ11B=10.6 for the 
saline lake water and Li=12.2 mg/L, δ7Li=2.96, B=73 mg/L, 
δ11B=5.09 for the thermal water), and are consistent with  
mixing processes between them. 

Experimental data of evaporitic mineral dissolution (e.g., 
ulexite, halite, gypsum) show that total Cl concentration and 
Br/Cl ratios of the resulting experimental waters  
(Cl=~3242 mg/L, Br/Cl=~6.5•10-4) are similar to the measured 
composition of thermal waters at Surire (Cl=~1953, 
Br/Cl=~7.5•10-4), suggesting that dissolution of evaporitic 
minerals is affecting the geochemistry of the thermal waters. 

The isotopic and geochemical data, coupled to 
experimental results, help to unravel the multiple sources of Li, 
B and Sr mobile cations in thermal waters at Surire. Our data 
also provide compeling evidence that thermal waters in the 
Chilean Altiplano are affected not only by mixing and water-
rock interaction processes, but also by significant inputs 
related to evaporitic mineral dissolution. 
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Gas hydrate is a high potentially alternative energy 

resource. Due to the interest in marine gas hydrate, the 
research team from Taiwan has been demonstrated the 
intensive BSR distribution, high methane and shallow depth of 
SMI at SW offshore Taiwan that indicated this area are 
potential gas hydrate region. In this study, the composition of 
the Archaeal and Bacterial communities were determined by 
16S rRNA phylogenetic analyses of clone libraries and 
metagenomic analyses from piston core KP-10N from MD 178 
cruise and two gravity cores obtained from the potential gas 
hydrate bearing area (station G1) and control normal area 
(station G2) from OR3-1672 cruise at Formosa Ridge. High 
methane and low SMI were detected at station KP10N at 
Formosa Ridge. Among them, ANME and 
Gammaproteobacteria sulfur reducer Desulfobacterium and 
Desulfomonas were detected at SMI area. The occurrence of 
archaeal phylotypes DSAG with MCG or MGI, and the 
dominant bacterial phylotypes (Chloroflexi, Planctomycetes, 
JS1) were dominant in station KP10N. These microbial 
community structures are closely related to the microbial 
community compositions in methane hydrate bearing 
sediment. Total 1322 archaeal and 9809 bacterial 16S rDNA 
sequence reads were extracted from six metagenomic datasets 
from gravity cores G1& G2 and classified based on SILVA 
taxonomy. Bacterial dominant phylotypes in all datasets are 
Chloroflexi, Planctomycetes, Deltaproteobacteria and 
Gammaproteobacteria. The bacterial phylotypes with 
significantly different occurrences is JS1 and OD1 only 
detected in GH region (G1) core, not in the control G2 core. 
Dominant archaeal phylotypes are DSHVG-6, MBGD/ 
DHVEG-1, and Thaumarchaeota, MBG-B and MGI. In 
addition, the gas hydrate related phylotypes of ANME-2, 
ANME-3 and JS1 were detected in the bottom of G1 core. 
Both phenomena indicated that the bottom of G1 core may be 
the region of sulfate-methane interface. The characterization of 
microbial community at gas hydrate area is essential to gain a 
better understanding of microbial diversity, contribution and 
the effects of microbial activities in hydrate ecosystems. 
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Reactive surface area is thought to be an important control 
on the rates of interfacial processes occurring between 
minerals and aqueous solutions with direct implications to 
reactive transport modelling. This work is focused on 
identifying and differentiating minerals using CT imaging to 
characterise reactive transport controls such as mineral-specific 
reactive-surface-area. In this study, we assess the use of dual-
energy micro-tomography to resolve pore-scale distribution of 
different minerals. The diffculty with current single energy 
micro-tomography methods is in differentiating similarly 
attenuating minerals such as kaolinite, K-feldspar and quartz in 
Berea sandstone for example. The dual-energy method 
provides two 3D CT images: one at high beam energy and one 
at low beam energy. When different minerals conspire to have 
similar attenuation responses at one energy by unique 
combinations of their photoelectric effect and Compton 
scattering, then their contrast can be improved by moving to a 
different energy where the relative contribution of the 
photoelectric effect and Compton scattering changes 
significantly, thus changing their relative attenuation response. 
However there is blurring of the x-ray response due to lower 
pixel resolution and x-ray counts imposed by the use of the 
dual-energy method, making it difficult to resolve the signature 
response of each mineral. This study incorporates dual energy 
data with grain-averaging to address the noise issue. Given 
each grain has a Gaussian distribution of CT values, taking the 
mean CT for each grain collapses it to a single value. 
However, neither the high-energy nor low-energy images offer 
satisfactory pixel resolution to resolve the grain contacts in 
order to separate the grains. Therefore a high-resolution image 
was used to identify the separate grains and correlating their 
location to composition information from the low-resolution 
dual energy images. Results identifying different mineral 
groups are presented for a sandstone and carbonate rock. These 
two rock types are important for carbon storage applications 
that involve chemical interactions between injected CO2, 
formation water and host rock. 
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Reactive surface area is thought to be an important control 

on the rates of interfacial processes occurring between 
minerals and aqueous solutions. Key interfacial processes 
occurring in natural porous materials, e.g. sandstones, include 
mineral dissolution and growth and nucleation of solids. In 
geochemical modeling, the continuum hypothesis is based on 
the assumption that such system can be represented by a 
sufficiently large number of representative elemental volumes. 
There has been recent interest in studying the significance of 
this assumption to systems in which mineral reactions and 
groundwater transport are coupled. In this paper, the 
relationship of pore-scale heterogeneity to the distribution of 
reactive surface area is assessed. 3-D images obtained using x-
ray micro-tomography were used to characterize the 
distribution of reactive surface area. Nitrogen BET surface 
areas were one to two orders of magnitude higher than 
measurements from x-ray micro- tomography. Co-registered 
images of Berea sandstone from x-ray and energy dispersive 
spectroscopy imagery suggest that quartz, K-feldspar and most 
clays could be identified. In Berea sandstone, mineral surface 
area fraction was poorly correlated to the mineral volumetric 
fraction. Clay and feldspar minerals exhibited higher surface 
area fractions than estimated from bulk mineralogy. In 
contrast, in the Edwards carbonate samples, modal mineral 
composition correlated with mineral-specific surface area. 
Berea sandstone revealed a characteristic pore size at which a 
surface area distribution may be used to quantify 
heterogeneity. Conversely, the carbonate samples suggested a 
continuous range of pore sizes across length scales. A 
comparison between these observations and simulations of 
pore networks from the literature indicates that statistical 
descriptions of surface area and pore volume heterogeneity in 
network modeling studies were largely consistent with our 
observations. However, the common assumption that surface 
area and pore volume are uncorrelated has lead to unrealistic 
estimates of the distribution in the surface area to pore volume 
ratio. We suggest pore-network models adopt a moderate 
correlation between these properties based on observations 
such as those reported here to reduce the implied heterogeneity 
in the surface area to pore volume ratio. 
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It is evident that early global differentiation of the silicate 
Earth occurred more than 4.47 Gyr ago based on the extinct 
146Sm-142Nd chronometer [1, 2]. The short-lived 92Nb -92Zr  
decay system (half-life of 36 Myr) is another excellent tool for 
dating early silicate differentiation owing to the different 
compatibilities of Nb and Zr during magmatic processes. 
Although its half-life is about one third of that of 146Sm-142Nd, 
Nb/Zr fractionation is likely an order of magnitude higher than 
for Sm/Nd during silicate differentiation [3]. Therefore, the 
Nb-Zr chronometer has the potential to better constrain the 
timing of the earliest silicate differentiation.  

High-precision Zr isotope data of 10 Archean rocks (8 
amphibolite and 2 dyke samples) from the Isua Supracrustal 
Belt were obtained. These samples exhibit well-resolved 
variations in 142Nd/144Nd, indicating that they inherited this 
signature from their sources that formed more than 4.47 Ga 
[2]. The Zr isotope ratios were measured on a Neptune Plus 
MC-ICPMS at ETH Zürich. The average ε92Zr value, and 
associated external precision (2SE) of this technique [4] for the 
USGS basalt BHVO-2 is 0.00 ± 0.02 (n = 56). 

The samples from the Isua Supracrustal Belt show no 
resolvable variation in ε92Zr. They yield an average ε92Zr of 
0.00 ± 0.05 (2SD) for the amphibolites and 0.04 ± 0.05 (2SD) 
for the dykes. This indicates that early silicate differentiation 
preserved in these samples occurred later than 20 - 60 Myr 
after the formation of the first solids in the solar system, 
assuming that the Earth’s Nb/Zr ratio is the same as chondrites 
and the initial solar system 92Nb/93Nb is between (2.5 - 5.3) x 
10-5 based on internal isochrons of the achondrites [5]. 
Combining evidence from the 146Sm-142Nd and 92Nb -92Zr 
chronometer indicates that silicate differentiation for the Isua 
mantle reservoir occurred 4.51 - 4.47 Gyr ago.  

 
[1] Boyet and Carlson (2005). Science 309: 576-580; [2] Rizo 
et al. (2012). Nature 491: 96-100; [3] Jochum et al. (1986). 
GCA 50: 1173-1183; [4] Lai et al. (2014) 77th Meteoritical 
Society meeting abs. 5139; [5] Iizuka et al. (2015) this volume. 
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Sumatra lies on the western Sunda arc which were formed 

by the Australian Plate subducting beneath the Sundaland. 
Here, new age and geochemical analyses results in NW 
Sumatra are reported. Volcanics from Tertiary (16.5 and 20.1 
Ma in zircon U-Pb dating, TV) and two Quaternary volcanoes 
(Seulawah volcano (SV) and Geureudong volcano (GV)) were 
collected in this area. The Tertiary volcanics are located on the 
Woyla Nappe terrane from the SW side of the fault, and 
volcanic rocks from SV and GV were collected from the 
opposite of the fault in the West and East Sumatra terrane, 
respectively. Both of them are basalts to andesites and belong 
to mid- to high-K calc-alkaline series. GV have higher 
concentrations of K2O (1.7 to 2.8 wt.%), LREEs ((La)n = 91 to 
132), compatible elements (e.g., Ba, Sr, Th, U) and lower εNd 
(εNd = +0.6 to -0.2) than SV (K2O = 0.8 to 1.7 wt.%, (La)n = 55 
to 74, and εNd = +2.8 to +2.1) as a result of different degrees of 
partial melting at different depths. According to the isotopic 
variations, crustal contaminations can be occurred in the 
Tertiary volcanics (εNd from +6.5 to +2.3) and source 
contamination can be recognized from each volcanoes (εNd in 
basalts changes from +6.5 (TV), +2.4 (SV), to +0.5 (GV)). We 
interpret the migration of arc volcanism as a consequence of 
the aseismic oceanic ridge subduction. Before the ridge 
reached to the Trench, the older volcanics were erupted on the 
volcanic front. The younger, warmer, and therefore more 
buoyant oceanic lithosphere resisted to subduction and 
changed the dip angle of the subducted slab to form these 
younger volcanoes after the Quaternary. 
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A number of reported methane occurrences in groundwater 

in shale gas exploration areas have more or less been taken as 
evidence of leaks caused by the shale gas activities. Little 
consideration has been given to the fact that these same areas 
were previously the scene of conventional hydrocarbon 
exploration which may have been responsible for some of the 
leaking methane. Natural gas underground storage in 
exhausted in oil/gas reservoirs in some areas may have 
increased the chance of gas leaks even further.  

The environmental monitoring program around the natural 
gas underground storage at Stenlille, Denmark, for the past  
25 years may serve as an example on how to relate 
groundwater methane to a specific hydrocarbon activity.  No 
groundwater methane had previously been reported for the 
Stenlille area, c. 70 km SE of Copenhagen. Yet, a baseline 
study in 1989 revealed low methane, 0.05-0.5 mg/L, of likely 
bacterial origin, δ13C: -90 to -62 ‰, in all water abstraction 
wells in the area. It was therefore considered fairly easy to be 
able to discriminate natural groundwater methane from the 
North Sea natural gas, δ13C: -47 ‰, C2+ ~10 pct, stored in the 
Triassic sandstone aquifer 1500 m below surface, in case of 
any leak. Insignificant amounts of hydrocarbons from the 
overlying rocks were expected to contribute to any leaking gas 
as indicated by the baseline study including material from a 
number of deep injection/withdrawel wells [1]. 

In 1995 while putting a newly drilled injection well into 
operation, underground gas escape of c. 5000 m3 occurred 
from a leaking tubing and casing at c. 780 m depth. The leak 
was fixed soon after, but the gas had been able to move into a 
shallower, 100 m, Paleocene calcareous sand, dissolving in the 
brackish groundwater that was monitored by one of the control 
wells. Fortunately gas from the intermittent escape did not 
reach the shallow, 30-40 m, Quaternary melt water sands, 
exploited for fresh water supply. In 2009 traces of ethane 
together with an increase in methane, 0.4 mg/L, were observed 
during low production from a water abstraction well. When 
back in normal production methane decreased to former level, 
0.1 mg/L, and ethane dropped below detection limit. Other 
groundwater constituents indicated that older and deeper water 
in the Quaternary aquifer may have been affected a little by the 
gas escape in 1995 [2].  
 
[1] Laier & Øbro (2009) Geol Soc Spec Publ (London), 313, 
79–90. [2] Laier (2012) Geol Surv Denm and Greenland Bull 
26, 45–48. 

1750



 Goldschmidt2015 Abstracts  

 1751 

Stability of chlorite in subducted 
ultramafic schists 

SHAYNE LAKEY1* AND JÖRG HERMANN12 
1Research School of Earth Sciences, Australian National 

University, Canberra, Australia. 
(shayne.lakey@anu.edu.au)  

2Institute of Geological Sciences, University of Bern, 
Switzerland. 

 
Hydrous minerals subducted at convergent margins are the 

major water contributors to arc magmas.   However, the 
stability of chlorite, one of the main water-bearing minerals, is 
not well constrained at sub-arc pressures and temperatures.   
Three key chlorite reactions were experimentally investigated 
in this study: Reaction 1: chlorite + clinopyroxene = garnet + 
olivine + H2O ±spinel; Reaction 2: chlorite + orthopyroxene = 
garnet + olivine + H2O ±spinel; Reaction 3: chlorite = garnet + 
olivine + H2O ±spinel.  In subducted serpentinites, chlorite will 
disappear along Reaction 1 and 2 whilst in metasomatically 
formed chlorite schists, it will persist until the terminal 
breakdown Reaction 3. 

The study involved a series of high pressure (1.0 GPa to 
6.0 GPa) and high temperature (600°C to 900°C) piston 
cylinder experiments conducted at the Australian National 
University, Canberra.  Starting materials comprised  
80-99% Mg-chlorite (Mg#=0.95) in order to observe all three 
reactions, and minor amounts of antigorite, tremolite and seed 
garnet. 

Using 3.0 GPa as a typical sub-arc pressure, it was found 
that garnet first appeared at 730°C and clinopyroxene had 
disappeared by 750°C, showing that Reaction 1 occurs over a 
temperature interval of ~20°C.  Orthopyroxene had reacted-out 
by 800°C, marking the upper limit of Reaction 2.  At 850°C, 
chlorite had decomposed indicating the upper limit of Reaction 
3.  Collectively, Reactions 1-3 release water via smeared 
pulses over a temperature range of more than 100°C.  All 
dehydration reactions have a moderate backbend in P-T space 
between 2-6 GPa. 

The water release from chlorite breakdown occurs in a 
temperature range where associated sediments undergo wet 
melting and agrees well with estimated top slab temperatures 
at sub-arc pressures.  After the terminal breakdown of chlorite 
at 840°C, the residual rocks are very dense garnet-spinel-
olivine rocks, and so diapiric rise of chlorite schists through 
the mantle wedge seems unlikely. 
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The Great Oxidation Event (GOE) is currently viewed as a 

protracted process during which atmospheric oxygen increased 
above ∼10−5 times the present atmospheric level (PAL) 
sometime around 2.5–2.3 Ga. However, an increasing number 
of studies have suggested that the timing for oxidative 
continental weathering, and by conventional thinking the onset 
of atmospheric oxygenation, was hundreds of millions of years 
earlier than previously thought (see [1] for review). We 
suggest that this apparent discrepancy can be resolved by the 
earliest oxidative weathering reactions occurring in benthic 
and soil environments at profound redox disequilibrium with 
the atmosphere, such as biological soil crusts and freshwater 
microbial mats covering riverbed, lacustrine, and estuarine 
sediments. We calculate that oxygenic photosynthesis in these 
millimeter-thick O2 factories provides sufficient oxidizing 
equivalents to mobilize sulfate [2] and redox-sensitive trace 
metals (e.g, [3]) from land to the oceans while the atmosphere 
itself could have remained anoxic with its attendant S-MIF 
signature. Our observations [4] help reconcile evidence for 
pre-GOE oxidative weathering with the history of atmospheric 
chemistry, and support the plausible antiquity of a terrestrial 
biosphere populated by cyanobacteria well before the GOE.  

 
[1] Lyons et al. (2014) Nature 506, 307-315. [2] Stuëken et al. 
(2012) Nature Geoscience 5, 722-725. [4] Lalonde and 
Konhauser (2015) PNAS 112, 995-1000. 
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The Paleoproterozoic is marked by arguably the most 

important environmental changes in Earth history, including 
Earth’s first widespread glaciation [1] and the first long-lived 
accumulation of atmospheric oxygen [2]. Geological evidence 
for these dramatic events is preserved on multiple continents, 
but few sedimentary records are as complete as that preserved 
in the ca. 2.7 – 2.4 Ga Hamersley and Turee Creek Groups, 
Western Australia. The Turee Creek Drilling Project (TCDP) 
targeted the uppermost part of that record with three scientific 
drill cores into the Hamersley and Turee Creek groups, 
sampling the Boolgeeda Iron Formation, the Meteorite Bore 
Diamictite, and mudstones and carbonates of the Kazput 
formation.  All three cores (> 400m total) were analyzed in 
high resolution (avg. 3 cm steps) for selected major and trace 
elements using the Avaatech XRF core scanner at IFREMER, 
Brest, France. This data will be presented along with an 
intercalibration exercise based on data from >150 powdered 
samples, spanning all sedimentary lithologies, that were 
analyzed for major and trace elements by classical acid-digest 
techniques. Of particular interest in the dataset are several 
horizons of sedimentary Mn enrichment, similar to those 
observed for approximately contemporaneous cores from the 
Koegas Subgroup, Griqualand West, South Africa (Agouron 
cores GEC01 and GTF01) which have been used to suggest the 
presence of a transient Mn–oxidizing photosystem prior to the 
evolution of oxygenic photosynthesis [3]. 

 
[1] Hoffman PF (2013) Chem. Geol. 362: 143-156. [2] 

Lyons et al. (2014) Nature 506: 307-315. [3] Johnson et al. 
(2013) PNAS 110: 11238-11243. 
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Ammonium is a weak acid that in neutral environments, 
where the concentration of hydroniun is very low (<10-7 M), 
may contribute to the overall acidity of the solution. In such 
conditions ammonium may act as proton donor in mineral 
alteration processes. High concentrations of ammonium ions 
have been detected in a wide variety of diagenetic 
environments [1,2], but the effect of this ion on the smectite 
dissolution reaction at pH~7 is yet unknown. In order to 
quantify the possible influence of NH4, a series of flow-
through dissolution experiments were carried out at 25, 50 and 
70 ºC, and five NH4 concentrations (10-4, 10-3, 10-2, 10-1 and  
0.5 M) until a steady-state dissolution rate was reached. 

The results show that at 25 and 50 °C the smectites 
dissolution rate, derived from Si concentration in the output 
solutions, increases with ammonium concentration. However, 
at 70 °C the dissolution rate is aproximately constant, 
irrespecitve of ammonium concentration. 

The evolution of the Al/Si ratio shows a linear dependence 
on the ammonium concentration, independent of temperature. 
As the ammonium concentration decreases, the Al/Si ratio 
tends to stoichiometry, i.e. the amount of Al increases in the 
output solutions. This trend may be explained by precipitation 
of aluminum hydroxides. Figueras et al [3] observed that NH4 
favored the formation of Al-hydroxide pillars in the interlayer 
space of smectites at circumneutral conditions. Currenlty, we 
are conducting detailed studies on the altered smectites to fully 
understand the reaction mechanisms. 

 

 
 
[1] Bates et al., Chem. Geol. 284, 2011. [2] Collins., 
Geochemistry of Oilfield Waters, 1975. [3] Figueras et al., 
Clays Clay Miner 38, 1990. 
 

1754

mailto:javierhuertas@ugr.es


 Goldschmidt2015 Abstracts  

 1755 

The Nd isotopic composition and 
concentrations in the Australian 
sector of the Southern Ocean – 

insights from the GIPY6 
GEOTRACES cruise along 140°E 

MYRIAM LAMBELET1*, TINA VAN DE FLIERDT1,  
EDWARD C. V. BUTLER2, ANDREW R. BOWIE2,  
STEPHEN R. RINTOUL2, ROSLYN J. WATSON3,  
TOMAS REMENYI2 AND DELPHINE LANNUZEL2 

1Department of Earth Science and Engineering, Imperial 
College London, London, UK (*mll109@imperial.ac.uk) 

2Antarctic Climate and Ecosystems Cooperative Research 
Centre (ACE CRC), Hobart, Tasmania, Australia 

3CSIRO National Research Collections Australia, Hobart, 
Tasmania, Australia 

 
The neodymium (Nd) isotopic composition of seawater is 

commonly used as a proxy to study changes in the 
thermohaline circulation in the past. Deep and bottom water 
formation, a key factor in driving the thermohaline circulation, 
takes place at high latitudes in the modern ocean: North 
Atlantic Deep Water forms in the North Atlantic, while 
Antarctic Bottom Water (AABW) forms in a number of 
regions around the Antarctic continent. Seafloor topography 
restricts dense AABW to separate sectors in the Southern 
Ocean, each of which show distinct hydrological 
characteristics, and potentially different Nd isotopic ratios.  
So far, Nd isotope data are available for the Atlantic [1] [2] and 
the Pacific [3-5] sectors of the Southern Ocean. We here 
present Nd isotope and concentration data from the Australian 
sector of the Southern Ocean, collected during the GIPY6 
voyage from the Adélie Depression (Antarctica) to Tasmania 
(Australia) (SR3 CASO-GEOTRACES transect; March-April 
2008). Four seawater profiles of three to four dephts were 
sampled along the 140°E meridian. 
Our results confirm a rather homogenous isotopic composition 
of Circumpolar Deep Waters (εNd = -8.2 to -9.0), but a distinct 
isotopic fingerprint of Adélie Land Bottom Water (εNd = -9.3 to 
-10.5), which is the predominant source of AABW in the 
Indian Ocean sector of the Southern Ocean. 
 
 
[1] Stichel et al. (2012) EPSL 317-318, 282-294. [2] Garcia-
Solsona et al. (2014) GCA 125, 351-372. [3] Piepgras and 
Wasserburg (1982) Science 217, 207-214. [4] Carter et al. 
(2012) GCA 79, 41-59. [5] Rickli et al. (2014) EPSL 394, 99-
110. 
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The growth of calcium phosphate phases has long been 
thought to proceed via a non-classical cluster aggregation 
mechanism similar to oriented attachment. However, the size, 
composition, and surface exchange kinetics of the 
hypothesized growth units are poorly constrained. Growth and 
dissolution of phosphate minerals regulates the availability of 
nutrient inorganic P and the mobility of metals and metalloids 
in soil systems. Inorganic P is a critical non-renewable 
resource, so understanding the relationship between growth 
mechanisms and the composition and stability of the bulk 
material could facilitate improved understanding of and control 
over P fluxes in soil systems.  

Calcium isotope signatures of carbonate minerals have 
been used to deduce the mineral-aqueous interfacial processes 
directing growth. Early measurements of the Ca isotope budget 
in vertebrates suggested a characteristic Δ44/40Ca on order -
1.5‰ arising from the formation of skeletal material [1]. This 
fractionation signature is consistent with the magnitude of 
kinetic isotope fractionation arising during ion-by-ion driven 
carbonate mineralization. Carbonate-substituted 
hydroxyapatite (HA) is the main inorganic constituent of bone, 
which suggests that Ca isotopes may be used to infer HA 
mineralization mechanisms similar to carbonates.  

Oriented attachment is a cluster-mediated mechanism 
somewhat analogous to the formation of amorphous calcium 
carbonate (ACC), which is characterized by a unique Δ44/40Ca  
signature. However, cluster attachment in HAP occurs along 
steps at the mineral surface, similar to ion-by-ion driven 
growth. A series of HA precipitation experiments were 
performed under varied aqueous supersaturation and Ca:P 
conditions to investigate the relationship between solution 
composition, HA precipitation kinetics, and Δ44/40Ca. Seeded 
growth experiments were conducted under continuous flow, 
and the Ca isotopic composition of the solid and aqueous 
phases were measured periodically during growth. Results of 
these experiments yield novel insights into aqueous cluster 
formation and composition, facilitating the development of a 
quantitative model for cluster-driven HA precipitation kinetics. 
 
[1] Skulan & DePaolo (1999) Proc. Nat. Acad. Sci. 96, 13709-
13713. 
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The mineralogical composition of the critical layer 
extracted from VNIR-SWIR reflectance spectra was 
investigated to establish a link between remote sensing ASTER 
geoscience products [1] and regolith geochemistry, for the 
purpose of mapping regolith landforms and mineral footprints 
potentially related to base metal mineralisation. Advantages of 
remotely detecting patterns of hydrothermal fluid flow from 
the cover where the alteration signal is diluted by weathering, 
and often distorted by transported cover, would be vast. To 
unravel these connections a regional study (60*110 km) was 
conducted  in the Edmund Basin of the Capricorn Orogen in 
Western Australia, in an area around Abra basemetal 
mineralisation.  

Analysis of the data suggests the regolith geochemistry 
reflects the underlying lithology and correlates with the VNIR-
SWIR data. The critical layer over basement granites and the 
overlying Edmund depositional packages 1 and 3 have high 
SiO2% in contrast to dolerites and Edmund depositional 
package 4 where silica content is relatively low. Analysis of 
reflectance spectra using 2200 nm wavelength depth for Al-
clay and 2160 nm wavelength depth for kaolinite feature 
extraction, combined with 2200 nm wavelength location, 
suggests that Al-rich clays are kaolinite, which are poorly 
ordered for most of the dataset, resembling transported 
material, but that there are occurrences of inferred white micas 
and other minerals that could relate to insitu regolith and 
subsequently, the bed rock signature. Compositional 
differences of Al-‐clays is also supported by K radiometric 
images, that indicate K-‐bearing minerals where reflectance 
spectroscopic data suggest the presence of white micas. The 
ASTER AlOH Group composition shows moderate correlation 
with sample geochemistry Al2O3% as well as with reflectance 
spectra Al-clay composition detected by the change in 2200 
nm wavelength position.  
 
[1] Cudahy T., Caccetta M., Hewson R., et al. (2012). Satellite 
ASTER Geoscience Map of Australia. v1. (DOI. 
10.4225/08/51400D6F7B335).  
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The Paleoproterozoic Wuyang Iron Formations (IF) on 

southern margin of the North China Craton (NCC) were 
metamorphosed under granulite facies, and are characterized 
with an assemblage of clinopyroxene, magnetite and 
orthopyroxene. Two types of iron ores can be identified on the 
basis of macro - and micro - textures: banded quartz -
clinopyroxene (±othopyroxene) - magnetite ores and massive 
clinopyroxene - magnetite ores. Two - pyroxene 
geothermometry indicates that the primary counterparts of 
these ores have undergone metamorphism with a peak 
temperature of about 762±9℃. Both the banded and massive 
ores have also similarly IF-like REE+Y features, and thus are 
proposed to have all formed from chemical sediments. 
Similarly, clinopyroxenes from both types have IF-like rare 
earth element compositions and are rich in Fe (16-23 wt.% 
FeOtotoal), further suggesting that they are primary Fe-Mg-Ca-
rich chemical sediments during metamorphism. Slight 
enrichments of TiO2, Al2O3, Zr, Hf, Ta and Th of the Wuyang 
IF suggest relatively low detritus input. The massive ore have 
magnetite containing V, Cr and Ti much higher than those of 
the banded ores, suggesting that they may have undergone 
stronger secondary alteration possibly related to the intrusion 
of nearby pyroxenite plutons. Different ores have seawater-like 
REE+Y patterns with LREE depletions and positive anomalies 
of La, Eu, and Y, showing that granulite facies metamorphism 
did not essentially modify the primary compositions of the 
Wuyang IF deposited from paleo-seawater. Our results suggest 
less than ~0.1% contribution from high-temperature 
hydrothermal fluids. 
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A new SIMS zircon U-Pb age of 691.9 ± 8.0 (MSWD=1.3) 

was obtained from a tuffaceous siltstone bed within the upper 
part of Xieshuihe Formation, Jiangkou Group, in the Nanhua 
Basin of South China, which is within errors consistent with 
the ID-TIMS U-Pb zircon age of 688.6+9.5/-6.2 Ma from 
Yukon, Canada, the SHRIMP U-Pb zircon ages of 685 ± 7 Ma 
and 684 ± 4 Ma from central Idaho, and the SHRIMP U-Pb 
zircon age of 686 ± 4 Ma from southeastern Idaho. All these 
dated formations conformably underlie the upper Sturtian 
glaciogenic diamictite. As such, new ages suggest a maximum 
initiation age of ca. 690 Ma for the 2nd episode of Sturtian 
glaciation, which is synchronous in at least two geographically 
separated paleocontinents. The commonly low δ18O values (3-
5‰) from the zircon grains of Xieshuihe Formation suggest 
the influence of glaciation during their formation, probably by 
means of an ice-fire interaction process as previously assumed, 
although an alteration process can not be totally discounted. 
Additionally, new age data suggest the Xieshuihe Formation is 
not correlative with the Banxi Group or Liantuo Formation as 
previously assumed. Rather, it should be correlated with the 
Liangjiahe Member, Fulu Formation in South China.  
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Archaean cratons provide a critical window into early 

Earth dynamics, preserving a record of crustal evolution 
processes that include the start of ‘modern’ plate tectonics and 
the development of supercontinents. However, these same 
processes can also destroy or rework substantial volumes of 
crust, and the oldest extant Archaean terrane is only ~3.9 Ga. 
While bulk isotopic techniques can provide considerable 
information about continental formation, they are susceptible 
to alteration by later metamorphic events. Another method is to 
examine resistant detrital minerals, such as zircon, which 
incorporate a range of isotopic and geochemical tracers and 
can survive multiple crystallisation and/or sedimentary events. 
In this manner, a more complete record of a craton’s evolution 
may be obtained, with the benefit of contributions from 
contrasting isotopic systems. 

The Dharwar craton of southern India is one such 
Archaean block, comprising >2.7 Ga trondjhemite-tonalite-
granodiorite (TTG) gneisses, volcano-sedimentary belts (>3.0 
and 2.9–2.6 Ga) and 2.7–2.5 Ga calc-alkaline to potassic 
granitoids. These rocks preserve evidence for several cycles of 
supracrustal formation, deformation, metamorphism and 
granitic activity during the Precambrian. New in situ U–Pb-Hf 
analyses of detrital zircons from across the craton indicate 
significant juvenile crustal extraction events at ~3.3 and  
2.7 Ga, and continuous extraction from 3.7–3.3 Ga. Reworking 
in the older western block at ~3.0 Ga marks the onset of 
cratonisation, most likely due to ‘modern’ plate tectonic 
processes, while reworking in both the western and younger 
eastern block at 2.55–2.50 Ga indicates accretion of the two 
terranes and final cratonisation much later than in most other 
Archaean terranes (~2.7 Ga). Different patterns of disturbance 
to the zircon U–Pb systematics reflect variations in both the U 
content of parent rocks and later metamorphic conditions. 
Tectonic links are observed between the Kaapvaal and western 
Dharwar cratons, and between the north China and eastern 
Dharwar cratons, though none of these links necessarily 
requires a consanguineous origin. 
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In nature, biotic transformation of selenium (Se) oxyanions 

(e.g. selenite, selenate) by micro-organisms is an important 
process in the biogeochemical cycling of this trace element. 
Microbially mediated processes consist in the reduction and 
the methylation of water-soluble Se oxyanions. The successive 
reduction steps and transformations of Se when assimilated 
into amino acids (e.g. selenocystine and selenomethionine), or 
transformed in elemental Se or volatile organic Se species, 
tend toward an enrichment of lighter isotopes in the reaction 
products [1, 2].  

Experimentally, the energy-generating metabolism of 
bacteria (Desulfovibrio sp.) exposed to selenite and growing 
either with sulfate/lactate or pyruvate/fumarate as electron 
acceptor/donor gave rise to different ratios of volatile Se 
species, mainly dimethyl selenide (DMSe), dimethyl diselenide 
(DMDSe) and dimethyl selenenyl  sulfide (DMSeS). 
Numerous spheres of amorphous elemental Se at the 
nanometric scale (~10-600 nm) were found in the extracellular 
medium [3]. Selenium isotopic composition in media, cells and 
acid traps containing the produced volatile Se species [4] 
typically fit with the theoretical mass dependent fractionation 
line. Filtered media (<0.2 µm) and cells showed a similar 
isotopic composition in both growing conditions, while 
opposite values were measured for volatile Se depending of the 
strain metabolism (i.e. sulphate or fumarate reduction) and the 
main volatile Se specie produced.  

Therefore, Se isotopes ratio measurements can provide 
relevant informations on the biochemical pathways involved in 
the volatilization of Se by micro-organisms.   

 
[1] Herbel, Johnson, Oremland & Bullen (2000) Geochim. 
Cosmochim. Acta 64, 3701–3709. [2] Schilling, Johnson & 
Wilcke (2011) Environ. Sci. Technol. 45, 2670-2676. [3] 
Tomei, Barton, Lemanski , Zocco, Fink & Sillerud (1995) J. 
Ind. Microbiol. 14, 329-336. [4] Winkel, Feldmann & Meharg 
(2010) Environ. Sci. Technol. 44, 382-387. 
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Marine biogenic carbonates undergo post-mortem burial in 
sediments where heterotrophic bacteria shape the geochemistry 
of their environment through a manifold of metabolic redox 
processes. Given the importance of biogenic carbonate 
archives for paleo-environmental reconstructions, it is of vital 
importance to gain insight into these, yet poorly constrained, 
processes regarding their potential for carbonate alteration. We 
conducted a three-month in-vitro experiment incubating 
aragonitic valve parts of the ocean quahog Arctica islandica in 
oxic and anoxic seawater media containing marine sediment 
slurries or bacterial cultures. Analyses of the bulk liquid from 
incubations with the anaerobic bacterium Shewanella sediminis 
and anoxic sediment indicated calcium carbonate dissolution in 
the supersaturated media, with a strong increase in Ca and Sr 
concentration, Total Alkalinity, DIC, and ΩAragonite. 
Stereomicroscopic examination displayed pronounced post-
incubation alteration of valve-surface structures. Further, SEM 
examination revealed surface dissolution features on incubated 
valve samples. Electron Microprobe element mapping showed 
declined Ca concentrations in valve areas exposed to S. 
sediminis cells and anoxic sediment. Our results depict the 
potential of microbial metabolic activity to substantially alter 
biogenic carbonates during early diagenesis. 
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Tektites, microtektites, and suevite glasses are glass 
products formed by asteroid impacts onto the Earth´s surface. 
They represent the chemical composition of the uppermost 
target materials and are known to have formed under reducing 
conditions. To shed further light on the redox conditions 
prevailing during the formation of the various impact melts, we 
have studied the valence states of the four transition metals Fe, 
Ti, Cr, and Mn, using X-ray Absorption (XANES) and 
Electron energy Loss Near-Edge Structures (ELNES) 
techniques. ELNES had to be employed for Fe valence state 
determination due to the small volume of suevite glass and 
mikrotektite. XANES permitted to detect the other transition 
metals occurring only in traces in tektites.  

Fe K XANES of tektites show a small pre-edge peak 
followed by a kink in the edge onset. The latter is indicative 
for pure Fe2+ in octahedral coordination. Fe L32 ELNES of 
microtektites and suevite glass indicate however detectable 
amounts of Fe3+. Microtektites contain generally less than 20 
%, suevite glasses up to 40 % Fe3+. Cr K and Mn K XANES of 
tektites display also spectral features consistent with mixed 
2+/3+ valence states of these transition metals. The Cr K pre-
edge region indicates a small amount of Cr2+ in octahedral 
coordination, while the Mn K spectra are largely compatible 
with Mn2+ in octahedral coordination. The overall shape of Ti 
K XANES of tektites and the energy position of a pre-peak are 
in very good agreement with data for silicate glass with Ti4+ in 
five-fold coordination [1].  

Our results indicate that tektites are the most reduced melt 
product of impacts, followed by microtektites and suevite 
glasses. In agreement with conclusions derived from trace 
element concentrations [2], the highly reduced state of tektites 
is compatible with very high formation temperatures (> 
2000°C), while microtektites and suevite glasses may have 
formed at lower temperatures and/or have been cooled slower.    

 
[1] Farges et al. (1996) GCA 60(16), 3039-3053 [2] Deutsch et 
al. (2015) MinMag, this volume 
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The ROSETTA spacecraft made its final approach to the 
nucleus of comet 67P/Churyumov-Gerasimenko in early 
August, 2014, initiating the first rendez-vous mission to one of 
the most primitive bodies in the solar system. Since then, all 11 
instruments on the orbiter payload have been obtaining high 
quality remote sensing and in-situ data on the nucleus and near 
comet environment at a distance ranging from ~ 10 km to ~ 
100 km. The nucleus as observed by the OSIRIS has an 
irregular shape, with two connected main lobes. The VIRTIS 
VIS-NIR imaging spectrometer detected signatures of organic 
material on the surface. Surface water ice has been quite 
elusive, which came as a major surprise. MIRO (submm range) 
and VIRTIS obtained temperature maps and information on 
surface thermal conductivity. ROSINA obtained the first in-
situ analyses of cometary gas with a mass resolution m/Δm > 
3000. The GIADA dust monitor observed lower than expected 
dust velocities (< 15 m/s). Both COSIMA (10 µm – 500 µm) 
and MIDAS (1 µm – 10 µm) could therefore collect cometary 
grains in a near-pristine state except for fragmentation during 
collection of low strength aggregates, with a likely link to 
IDP’s.  

The Philae lander was deployed on the 12th of November. 
After two rebounds, it finally came to rest in a cavity on the 
small lobe of the nucleus. The ROLIS descent imager and 
CIVA panoramic cameras fulfilled their primary objectives. 
During 3 days of operations on batteries, the magnetomer and 
plasma monitor (ROMAP) and the contact sensors (MUPUS, 
SESAME) obtained data on the lander environment. COSAC 
and PTOLEMY were able to provide information on the 
composition of near-surface cometary material (dust ./ gas). A 
first set of radio sounding measurements was performed by 
CONSERT. As of late March, contact attempts with Philae 
have not yet been successful, but the temperature and solar 
flux increase as the comet approach perihelion. It Philae wakes 
up, it will be possible to sample with the drill then to analyse 
the samples by COSAC, PTOLEMY and the VIS/IR CIVA 
microscopes, to perform APXS analyses and to resume radio 
sounding of the nucleus with Consert. 

The major results of ROSETTA after one full year of 
operation will be presented, with a focus on those most directly 
related to geochemistry. 
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O’Hara [1] emphasized the importance of differentiation in 
controlling the compositions of erupted basaltic magmas. 
Indeed, it is now recognized that virtually all erupted magmas 
are significantly removed from primary mantle melt 
compositions. The new global compilation of MORB 
compositions combined with data for the physical parameters 
of global ridge segments [2] permits investigation of what 
physical parameters control the extent of fractionation, as 
indicated by either MgO or Mg#. There is no correlation with 
spreading rate globally, and large variations in MgO occur at 
constant spreading rate. Additional parameters must be 
important. One of them is the overall magmatic budget and 
extent of melting as indicated by Na8.0 or ridge depth. If 
fractionation systems depend on flux of magma through the 
crust, that flux depends on both spreading rate and extent of 
melting. Natural experiments to investigate and calibrate these 
two effects occur in transects across hot spots where spreading 
rate is constant and magmatic flux varies. For well sampled 
ridge segments around the Azores there is a very clear 
relationship between ridge depth and an ~2% change in the 
mean MgO content of ridge segments.  Similar effects are seen 
for the Galapagos.  These data suggest greater extents of 
fractionation with higher magma flux, consistent also with the 
lower MgO content of EPR segments compared to many MAR 
segments. The Eastern Lau Spreading Center provides another 
natural experiment where spreading rate and water contents 
vary regularly along strike. Here lower MgO occurs at slower 
spreading rates, but shallower ridge depths and higher water 
contents, consistent with higher flux leading to greater extents 
of fractionation. Other signals apparent in the data are the 
effects of large fracture zones and segment length., as well as 
high pressure fractionation. Taking all of these into account 
raises the possibility of a general law for extent of fractionation 
that could be utilized with physical models of magma ascent 
and cooling.   

 
[1] O’Hara (1965) Scottish J. Geology 1 19-40,  [2] Gale et al.  
(2013) G-cubed doi:10.1029/2012GC004334  
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The organic complexation of iron (Fe) was assessed in 5 

snow, 34 sea ice, 12 brine and 24 under-ice seawater samples 
collected during a time series in the East Antarctic sector in 
austral summer 2009. Similar to seawater, over 99% of Fe was 
bound to organic ligands in snow, sea ice and brines 
throughout the study. Dissolved organic ligand and Fe 
concentrations were higher in the brines and sea ice than in 
snow and seawater samples. In sea ice, [DFe] ranged from 2.1 
to 81.0 nM and organic Fe complexing ligands ([Lt]) ranged 
from 4.5 to 72.1 nM, with complex stability logKFeL = 21.0-
23.0. Estimated concentrations of inorganic Fe ([Fe’]) in sea 
ice ranged from 0.1 to 98.2 pM. In brines, [DFe] ranged from 
0.3 to 34.6 nM and [Lt] ranged from 5.9 to 41.4 nM, with 
complex stability logKFeL=21.0-22.0. Estimated concentrations 
of inorganic Fe (Fe’) in brines ranged from 0.7 to 7.2 pM.  
Organic ligands were nearly saturated with Fe in both sea ice 
and brines, with positive linear relationships observed between 
[DFe] and [Lt]: [Lt] = 0.90 [DFe] + 4.24 (R2 = 0.93, n = 34) in 
sea ice and [Lt] = 1.08[DFe] + 4.86 (R2 = 0.98, n = 12) in 
brines. Our results therefore suggest that the organic ligands 
produced by sea ice algae and bacteria keep Fe in the dissolved 
phase therefore enhancing its availability for the sea ice algal 
community. When DFe concentrations become higher than the 
ligand concentrations, non-organically bound Fe is transferred 
into the particulate phase by scavenging, biological uptake or 
precipitation processes. As sea ice starts to melt, DFe will be 
released into seawater together with organic ligands, 
potentially increasing the residence time of Fe in Antarctic 
surface waters and its bio-availability for the phytoplankton 
community. 
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The ocean oxygenation state reflects a complex interplay 

between oxygen supply and demand, and is controlled by three 
main factors: while O2 solubility plays an important role in 
surface waters, the O2 concentration of the ocean interior is 
mainly determined by isopycnal downward transport of 
oxygenated water masses and by O2 consumption due to 
bacterially-mediated respiration and remineralization of 
sinking organic matter [1]. 

A global compilation of marine sediment proxy records 
has shown that during the last deglaciation the upper ocean 
became generally more deoxygenated, whereas deep ocean O2 
concentrations tended to increase [2]. While the compiled data 
show a strong spatial homogeneity, they also highlight a 
different temporal evolution between both hemispheres. 
During the transition from the LGM to HS1 O2 concentrations 
decreased in the upper 800 m of the eastern tropical Pacific 
and the Chilean Coast. Subsequently, the transition from HS1 
to the B/A saw an extremely widespread decrease in 
oxygenation throughout the northern Indo-Pacific. 

Here, we present new records of redox-sensitive trace 
metals, reflecting changes in oxygenation of intermediate to 
deep water masses (AAIW and PCW) in the course of the last 
deglaciation, from three core sites located on the Chilean 
margin (46°S, 1536 m below sea level; 46°S, 2524 m; 52°S, 
1032 m). These new results complement previously published 
observations [3, 4] and help better appraise sensitivities and 
point towards dominant mechanisms of change modulated by 
Southern Ocean circulation and nutrient dynamics. 
 
[1| Jaccard et al. (2014), Oceanography 27, 26–35. [2] Jaccard 
& Galbraith (2012), Nature Geoscience 5, 151-156. [3] Siani et 
al. (2013), Nat. Commun. 4, 2758. [4] Muratli et al. (2010), 
Nature Geoscience 3, 23-26. 
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Hyperenriched black shales (HBS) contain anomalously 
high levels of organic carbon and a wide variety of trace 
elements, in particular Mo, Se, Zn, Ni, Cu, U, and V, and, in 
some cases, Cr, Co, Ag, Au, PGE, and REE. The source of 
metals has been controversial, but recent research (e.g. [1]), 
suggests that seawater could be the source for most redox-
sensitive elements. 

HBS occur at particular times during Earth history, for 
example in the Early Cambrian to Early Ordovician (Niutitang 
Fm., S. China; Arthur Creek Fm., N. Australia; Alum Shale, 
Sweden and Norway), Middle Devonian (Popovich Fm. W. 
USA; Canol Fm., NW Canada), Middle Carboniferous (Linton, 
Heath and Chattanooga Fms. USA; Lisburne Group Alaska; 
Mecca Quarry Shale of the Midcontinent USA), Middle to 
Late Permian (Kuperschiefer, N. Europe; Phosphoria Fm., 
USA). Based on Se contents and Se/Co ratios in marine pyrite, 
periods of HBS deposition occur at peaks of atmosphere-ocean 
oxygenation [2]. This seems to be counter-intuitive as it 
suggests that periods of global ocean anoxia suitable for HBS 
formation coincide with elevated atmospheric O2. 

We suggest the following scenario that may explain this 
enigma. Cycles start with increased erosion related to 
continental uplift, which deliver a high nutrient flux of trace 
metals to the oceans, promoting planktonic productivity and 
related oxygen release to the atmosphere. The downward flux 
of organic matter produces widespread anoxia and draws down 
trace metals, with ultimate deposition of organic-rich HBS in 
marginal basins, epeiric seas, and on continental shelves. 
These coupled mechanisms produced nutrient-rich and anoxic-
sulfidic deep oceans with HBS peaks at 490-525 Ma,  
385-400 Ma, 310-335 Ma, 250-275 Ma, 205 Ma, 130 Ma, and 
the present day. 

 
[1] Lehmann, B., et al., (2007), Highly metalliferous 
carbonaceous shale and Early Cambrian seawater: Geology, v. 
35, p. 403–406. [2] Large RR., et.al., (2014), Trace element 
content of sedimentary pyrite as a new proxy for deep-time 
ocean-atmosphere evolution: Earth and Planetary Science 
Letters, v. 389, p. 209-220. 
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Humans use essential trace metals, such as copper and 
zinc, as part of metabolic processes fundamental for life. By 
investigating how these elements are taken up, used and stored 
by the body, we can improve understanding for illnesses such 
as cancer, dementia and diabetes. The highly sensitive isotopic 
methods routinely used in geochemistry are now emerging in 
medical sciences due to their potential to access previously 
elusive metabolic processes. 

An early diagnostic biomarker for breast cancer is essential 
to improve outcome. For the first time, the natural intrinsic 
zinc and copper isotopic compositions of various tissues in 
breast cancer patients and controls were determined [1]. The 
tumours of breast cancer patients were found to have a 
significantly lighter Zn isotopic composition than the blood, 
serum and healthy breast tissue of both cancer patients and 
healthy controls [2]. The light Zn isotopic composition of 
tumours suggests that metallothionein, a sulfur rich protein 
capable of binding up to seven zinc ions per molecule 
dominates the isotopic selectivity of a breast tissue cell, rather 
than Zn-specific proteins. Both healthy and tumour breast cells 
have vesicles that are used to sequester excess zinc [3]. The 
isotope compostion of the tumour cells reveals a possible 
mechanism of Zn delivery to Zn-sequestering vesicles by 
metallothionein. This change in intrinsic isotopic compositions 
due to cancer has the potential to provide a novel early 
biomarker for breast cancer. 

 
[1] Larner, F. et al. (2015) Metallomics 7, 112-117. [2] 
Samples provided by The Imperial College Tissue Bank and 
supported by ECMC Network. [3] Lopez, V. et al. (2011) 
Cancer Lett. 304, 41-51. 
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C. LAROSE, L. MACCARIO, L. SANGUINO-CASADO, A. 
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Snow cover is a dynamic habitat with a limited lifetime 

that acts as a medium and a mediator transmitting and 
modifying interactions among microorganisms, plants, 
animals, nutrients, the atmosphere and soil. Due to the cold 
conditions and the limited supply of liquid water, snow has 
long been considered as an entrapment and storage system for 
microorganisms, nutrients, soluble inorganic and organic 
matter and contaminants delivered by wet and dry deposition. 
However, this view has begun to change with the publication 
of a number of studies that examined microbial diversity, 
ecology, and function in the cryosphere. Recent reports suggest 
that microorganisms impact nutrient dynamics, composition 
and abundance, that they may shift surface albedo of snow and 
ice and that they impact hydrochemistry. Despite our increased 
knowledge of snowpack microbial community structure and 
dynamics, important questions remain as to the functional 
potential of these communities and their role in modifying and 
adapting to snow ecosystems, especially in the context of 
biogeochemical cycling and climate change. Here, we explored 
both microbial community structure and function in Arctic 
snowpacks (Greenland and Svalbard) by applying a global 
approach using metagenomics and metatranscriptomics. 
Microbial community structure and function at different 
seasons (spring, summer, winter) were also compared. The 
biogeography of Arctic microbial communities appears to be 
influenced by environmental factors, such as snow physics and 
chemistry relative to geographic distance. Snow metagenome 
analyses demonstrated major shifts in function distribution 
during the season indicating that the snowpack is a dynamic 
ecosystem. The results from this study offer insights into how 
arctic microorganisms are interacting with their environment. 
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Parícutin volcano is one of the best studied monogenetic 
cones from the Michoacan-Guanajato volcanic field (Mexican 
Volcanic Belt), with an excellent historical record of the 
eruption (February 1943 - February 1952) [1]. Prior studies of 
the geochemical characteristics of its products and the changes 
in the eruptive style have suggested three distinct eruptive 
phases [2 and references therein]. Phase 1 (February-July 
1943) comprises the most mafic material, and is a 
compositionally distinct magma batch (K2O<1%, SiO2<56% 
and Zr/Nb~22). Phase 2 (July 1943-1946) is characterized by 
K2O>1%, limited major element variability (e.g., SiO2: 54.27-
57.19%) and Zr/Nb<21, possibly representing a different 
magma batch from Phase 1. Phase 3 (1947-1952) shows the 
most distinctive compositional change, characterized by a wide 
range in SiO2 (56.7-61.58) and 87Sr/86Sr (0.70398-0.70430), 
and higher Zr/Nb (>19) than Phase 2, interpreted previously 
[2] as a third magma batch affected by progressive crustal 
assimilation. 

We present the first complete Sr-Nd-Pb isotopic study of 
all representative products including tephra and lavas from 
throughout the Parícutin eruptive history (1943-1951). Phase 1 
and most Phase 2 samples exhibit relatively less radiogenic Sr 
and Pb isotope signatures and more radiogenic 143Nd/144Nd 
than Phase 3, consistent with the onset of crustal assimilation 
in Phase 3 or late Phase 2, as previously proposed [2]. 
However, on Sr-Nd-Pb isotope diagrams, the late Phase 2 and 
Phase 3 samples produce similar trends to that of the primitive 
lavas from nearby Jorullo volcano, which are interpreted as 
mantle signatures. In addition, Sr-Nd-Pb isotopic signatures of 
the Phase 3 samples are similar to those found in high-Nb 
basalts from other areas of the TMVB (e.g., the Sierra 
Chichinautzin Volcanic Field), also interpreted as mantle-
derived signatures [3]. We are pursuing Os and high precision 
Pb isotope analyses to further evaluate the relative roles of 
crustal assimilation versus mantle source heterogeneity in the 
evolution of Parícutin volcano. 

 
[1] Luhr (2001) Contrib. Mineral. Petrol. 142, 261-283.[2] 
Rowe et al. (2011) J. Petrol. 52, 2187-2220. [3] Cai Y. (2009) 
Columbia University. 
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The Quaternary Yellowstone rhyolites, Wyoming, USA, 

are well known and voluminous, and erupted from complex 
calderas on the northeastern end of the Snake River Plain-
Yellowstone time progressive track of high silica rhyolite 
volcanic centers. Coeval basalts at Yellowstone are found only 
outside the margins of the calderas. Four extracaldera basalt-
rhyolite mixed flows occur in a linear array that extends from 
Norris Geyser Basin north towards Mammoth Hot Springs (the 
Norris-Mammoth Corridor): these include the Grizzly Lake, 
Gardner River, Crystal Spring, and Appolinaris Spring mixed 
magma complexes. Though mixing and commingling of 
magmas is widespread, mixing between rhyolite and basalt 
magmas in volcanic rocks is not common. Our model 
combines previous work on the mixed magma complexes with 
results from new analyses, recent mixing experiments, and 
regional tectonics. Extensional tectonism as seen in the East 
Gallatin-Washburn fault zone is coeval with eruption of the 
mixed magmas, and this feature is also present in other areas of 
basalt and rhyolite mixing/mingling in erupted rocks (e.g., 
Iceland). The central portions, or core, of the Yellowstone 
complexes contain increased concentrations of emulsion rock, 
basaltic pillows in a rhyolite matrix, net veining/filaments, 
mixed magma with highly variable geochemistry (SiO2 ranges 
from 50 to 78 wt %). Phenocrysts have been transferred 
between mafic and felsic portions of the complexes. Whole-
rock major element analyses generally show linear mixing 
trends that span the range between typical Yellowstone extra-
caldera rhyolites and basalts. Matrix analyses show more 
complex mixing behavior. These analyses at the micron-scale 
suggest that zones of chaotic mixing between basalt and high-
silica rhyolites may be more complete than previously thought. 
Radiogenic isotope models suggest that other extra-caldera 
rhyolites have undergone cryptic mixing or comingling. 
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Molecular proxies have been used for decades in many 
aspects of energy and environmental organic geochemistry. 
Despite widespread application, generic challenges remain in 
the quantitative use of these proxies in all applications, 
including; uncertainties about the often complex mechanisms 
of proxy function; the impacts of component mixing and other 
mass transport phenomena on a large range of spatial and 
temporal scales; calibration issues. I review part of our groups 
past and present work, over two decades, on the use of organic 
geochemistry to quantitatively assess several phenomena in 
sedimentary basins, in which the interplay of geochemistry and 
physics, play either a complementary or complicating role in 
the success of proxy application.  

Mass transport phenomena are always a factor in proxy 
utilisation and I review work on subsurface petroleum 
biodegradation and the use of molecular geochemistry linked 
to reactive transport models to determine fundamental 
properties of subsurface biosphere systems[1-3]. Conversely, 
we find that physical processes, especially ubiquitous mixing 
processes, greatly limit traditional application of molecular 
proxies to assessing migration and petroleum system properties 
such as maturity from analysis of reservoired oils[4] [5]. New 
strategies are needed! 

Currently, we are assessing the viability of molecular 
routes to assess the residence age history for subsurface fluids 
in porous media. This also links chemical and physical 
phenomena and we describe recent work looking at the 
possibility of using chemical changes, related to natural, in-
reservoir radiolysis of reservoir fluids, to the assessment of oil 
field petroleum charge histories and cap rock integrity studies 
for subsurface contaminant storage applications(e.g. CO2 
storage)[6].  

 
I acknowledge the many excellent scientists and 

technicians who collaborated in the groups I was/am part of. 
 

[1] Larter et al(2003). Organic Geochemistry 34, 601-613. [2] 
Jones et al (2008). Nature 451, 176-180. [3] Head, Gray and 
Larter(2014). Frontiers in Microbiology;5:566. [4] Larter et al 
(1996). Nature 383, 593-597.[5] Wilhelms and Larter(2004) 
in:. Geol. Soc, Spec Pub. 237. 27-36. [6] Marcano et al(2015) 
Submitted to IMOG 2015 
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Over the past decade, estimates of the atmospheric CO2 

uptake by continental shelf seas have been constrained within 
the 0.18–0.45 Pg C yr-1 range. However, most of those 
estimates are based on extrapolations from limited data sets of 
local flux measurements (n<100). Here, we present the first 
regionalized global budget of the CO2 air-sea exchange in the 
continental shelf seas derived from 3·106 direct surface ocean 
CO2 measurements extracted from the global database SOCAT 
(Surface Ocean CO2 Atlas). Our results were areagated using a 
global segmentation of the shelf in 45 units and 152 subunits to 
establish a consistent regionalized CO2 exchange budget at the 
global scale.Within each unit, the data density determines the 
spatial and temporal resolutions at which the air-sea CO2 
fluxes are calculated and range from a 0.5° resolution in the 
best surveyed regions to a whole unit resolution in areas where 
data coverage is limited. Our approach also accounts, for the 
first time, for the partial sea ice cover of polar shelves. 

Our new regionalized global CO2 sink estimate of 0.19 ± 
0.05 Pg C yr-1 falls in the low end of previous estimates. 
Reported to an ice-free surface area of 22·106 km2, this value 
yields a flux density of 0.7 mol C m-2 yr-1, ~40% more intense 
than that of the open ocean. Our results also highlight the 
significant contribution of Arctic shelves to this global CO2 
uptake (0.07 Pg C yr-1). Furthermore, the data coverage in the 
Atlantic basin allows resolving the seasonality of the CO2 
exchange for most regional units and investigate the relative 
contributions of the solubility and biological pumps to this 
seasonal dynamics. The next step in improving the 
understanding of the CO2 exchange between continental shelve 
seas and the atmosphere is to use advanced statisical methods 
based on artificial neural networks to fill spatial gaps in data 
and provide high resolution continuous maps including the 
least monitored regions. 
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Atmospheric particles often include heterogeneous internal 

mixtures of inorganic and organic components within the same 
individual particles, which contentiously evolve in the 
atmosphere as a result of their multi-phase chemistry. This 
presentation will give an overview of recent field and 
laboratory studies of atmospheric particles where novel 
complementary methods of chemical imaging and molecular 
characterization were used by the presenter and his colleagues 
with an overall goal to understand reaction chemistry between 
particle components, chemical transformations of particles 
during atmospheric aging, their environmental and climate 
impacts.  
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The UG2 chromitite of the Bushveld Complex has been 

variously interpreted as resulting from: magma mixing 
followed by gravitational settling of chromite to the magma 
chamber floor; a pressure-induced burst of crystallization of 
chromite; the emplacement of chromite-rich slurries from a 
staging chamber and hydrodynamic sorting of a mobilized 
slurry containing disseminated chromite. To test these models, 
we present field observations of the UG2 chromitite in 
potholes, roughly circular depressions in which some of the 
footwall rocks are absent. The most telling observations are: 
(a) extensive magmatic erosion of the footwall to the UG2; (b) 
extensive magmatic erosion of cumulate rocks within the UG2 
itself; (c) nearly solid rocks a few meters below the footwall 
prior to crystallization of the UG2; (d) igneous layering 
concordant with inclined sidewalls of potholes; (e) chromitite 
layers of the UG2 developed along subvertical sidewalls of 
potholes. None of the existing models for the origin of the 
UG2 are entirely consistent with these observations. We 
propose an alternative hypothesis that involves the following 
sequence of events: (1) new dense magma mixed with the 
resident melt as it entered the chamber and the resultant 
hybrids then spread out laterally along the floor as basal flows; 
(2) as a consequence of mixing, the hybrid magmas were 
initially superheated and caused intense thermochemical 
erosion of the footwall cumulates, resulting in an igneous 
unconformity; (3) on cooling of the hybrid magma, chromite 
and sulphides formed in situ draping the irregular erosional 
surface; (4) chromite and sulphides effectively scavenged PGE 
from magma that was continuously delivered to the base of the 
chamber during vigorous thermal/compositional convection. 
Multiple pulses of emplacement lead to repetition of this 
sequence of events, resulting in the UG2 chromitite layer. In 
situ crystallization of basal layers of chromite-saturated 
magma may be a viable interpretation of PGE-rich chromitites 
in other layered mafic-ultramafic intrusions.  

1776

mailto:Rais.Latypov@wits.ac.za


 Goldschmidt2015 Abstracts  

 1777 

Ca isotope constraints on Early 
Triassic marine carbonate chemistry  

K. V. LAU1*, K. MAHER1, D. ALTINER2, S. BROWN3,  
D. J. DEPAOLO3, A. EISENHAUER4, A. B. JOST1,  

B. M. KELLEY1, L. R. KUMP5, D. J. LEHRMANN6,  
A. PAYTAN7, J. C. SILVA-TAMAYO8, M. YU9 AND  

J. L. PAYNE1 
1Department of Geological Sciences, Stanford University, 

Stanford, CA 94305, USA (*kvlau@stanford.edu) 
2Department of Geological Engineering, Middle East 

Technical University, 06531, Ankara, Turkey 
3Department of Earth and Planetary Science, University of 

California, Berkeley, CA 94720, USA 
4GEOMAR, Helmholtz Centre for Ocean Research Kiel, 24148 

Kiel, Germany 
5Department of Geosciences, The Pennsylvania State 

University, University Park, PA 16802, USA 
6Geosciences Department, Trinity University, San Antonio, TX 

78212, USA 
7Institute of Marine Sciences, University of California, Santa 

Cruz, CA 95064 USA 
8Department of Earth and Atmospheric Sciences, University of 

Houston, Houston, TX 77204, USA 
9College of Resource and Environment Engineering, Guizhou 

University, Caijiaguan, Guiyang 550003, Guizhou, China 
 

Perturbed global C cycle dynamics characterized the five 
million years following the end-Permian mass extinction, 
coincident with reduced biodiversity and expansive anoxic 
conditions. Early Triassic δ13C exhibits multiple negative 
(down to -2‰) and positive (up to 8‰) excursions, which 
could have resulted from volcanism, acidification, or changes 
in organic carbon burial, carbonate precipitation, or 
mineralogy. Because the Ca cycle is linked to carbonate 
chemistry through CaCO3 acidification/dissolution and burial, 
Ca isotopes can help constrain C cycle behavior. We present 
δ44/40Ca data measured in Upper Permian-Upper Triassic 
limestones from south China and Turkey. By measuring 
δ44/40Ca in two stratigraphic sections located across the Tethys, 
we can determine whether the data represent global conditions 
or have undergone local effects, such as diagenesis. At the 
extinction horizon, a 0.5‰ negative excursion is observed at 
both sections, followed by a positive excursion of ~0.7‰. In 
Turkey, this positive excursion is concurrent with the large 
positive δ13C excursion at the Induan-Olenekian boundary 
(~251.22 Ma), whereas a 0.6‰ negative δ44/40Ca excursion 
occurs in south China. Records stabilize by the Spathian  
(~250 Ma). Using a coupled C and Ca model, we test different 
local and global controls on  δ44/40Ca and δ13C to identify 
conditions that explain the observed isotopic excursions in 
multiple elements. 
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In aquatic systems, redoxclines form at the boundary 

between oxic surface waters and anoxic bottom waters. They 
exhibit strong vertical gradients in redox potential and 
speciation of dissolved substances as well as in microbial 
diversity and ecosystem functioning. Redoxclines may move 
across aquatic-terrestrial or benthic-pelagic interfaces, and 
hence affect the redox state of both solid and dissolved phases. 
Over the last few years, several studies highlighted the 
importance of particulate (solid) geochemical phases in soils 
and sediments including iron and manganese bearing minerals 
and natural organic matter [1].  

In this contribution, we briefly explore how recent results 
obtained in lab-based studies on redox-active solid phases can 
be used to advance understanding of redox dynamics in aquatic 
systems. Those dynamics can be diverse: e.g., diurnal to 
seasonal shifts in pelagic oxygen availability in lakes and 
water-level changes in wetlands result in redoxcline 
oscillations across wide temporal and spatial scales. Using 
several examples, we will show that solid phases react readily 
on these changes in redox conditions. The phases participate in 
microbially mediated as well as abiotic electron transfer 
reactions and can hence control the chemical speciation, 
bioavailability, toxicity, and mobility of both natural and 
anthropogenic compounds. Implications of electron transfer to 
and from solid phases in sediments for oxygen regimes in 
aquatic systems, carbon cycling and greenhouse gas emissions 
will be discussed. 
 
[1] Lau MP, Sander M, Gelbrecht J, Hupfer M (2015), 
Biogeochemistry 123 (1-2), 49-61. 
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In 2014, 39% of electricity in the United States was 

generated from coal combustion [1], and the EIA projects that 
coal will continue as a major player in the US electricity sector 
for at least the next 25 years [2]. Uranium and thorium as well 
as their daughter products are present in coal and are typically 
enriched in corresponding coal combustion residuals (CCRs). 
Critically lacking from previous research is the 
characterization of radionuclides in coals and associated CCRs 
from specific coal producing regions. Increased knowledge of 
the occurrence and distribution of radionuclides in CCRs from 
known coal basins heightens our ability to evaluate the 
environemtal risks of CCRs upon their disposal to landfills and 
surface impoundments. The objective of this study is to 
characterize the activities and ratios of naturally occuring 
radioactive materials (NORM) in Illinois, Appalachian, and 
Powder River coals and associated CCRs. We used gamma 
spectrometry to measure 226Ra, 228Ra, and 210Pb and their ratios 
in coals and CCRs. Differences in mean 228Ra/226Ra activity 
ratios in CCRs originated from the Illinois, Appachian, and 
Powder River coals were found to be statistically significant. 
Illinois basin coal produces CCRs with the highest total Ra 
activity (298±46 bq/kg)  and the lowest 228Ra/226Ra activity 
ratio (0.31±0.09), followed by Appalachian CCRs (283±34 
Bq/kg; 0.67±0.09), and Powder River CCRs (213±20 Bq/kg; 
0.78±0.09). 228Ra/226Ra activity ratios in CCRs reflect the 
228Ra/226Ra activity ratios in the parent coal, suggesting that the 
original uranium and thorium of the parent coal, characteristic 
to the source basin, controls the 228Ra/226Ra activity ratios in 
the produced CCRs.  
 
[1] Electric Power Monthly with Data for December 2014: 
U.S. EIA, 2015. [2] AEO2014 Early Release Overview: U.S. 
EIA, 2013. 
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CO2 evasion from rivers (FCO2) is an important 
component of the global carbon budget. Here, we present the 
first global maps of CO2 partial pressures (pCO2) in rivers and 
the resulting FCO2 at 0.5° resolution constructed with a 
statistical model. We first derived a pCO2 prediction function 
trained on data from 1182 sampling locations covering the full 
spectrum from high to low latitudes. The predicted pCO2 map 
was then combined with spatially explicit estimates of stream 
surface area Ariver and gas exchange velocity k calculated from 
published empirical equations and data sets to derive the FCO2 
map.  

At the global scale, we estimate an average river pCO2 of 
2400 (2019-2826) µatm and a FCO2 of 650 (483-846) Tg C yr-

1 (5th and 95th percentile of confidence interval). Our maps 
reveal strong latitudinal gradients in pCO2, Ariver and FCO2. 
The zone between 10°N and 10°S contributes about half of the 
global CO2 evasion. Collection of pCO2 data in this zone, in 
particular for African and South East Asian rivers is a high 
priority to reduce uncertainty on FCO2. Additionally, we also 
used our model to simulate projections of the gobal pCO2 and 
FCO2 distribution in the year 2100 following the IPCC 
scenario RCP8.5. We predict an increase in CO2 evasion of 
about 60% compared to present-day conditions, due to the 
combined effects of ice and snow cover, changes in 
temperature, terrestrial NPP and population density. 
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Iron is an important redox-active element in the 
environment which is cycled between its divalent and its 
trivalent form by an interplay of biotic and abiotic processes. 
Three different metabolic types of microorganisms are able to 
oxidize iron(II) either by using the electron acceptor oxygen 
(microaerophilic iron(II)-oxidizers) or nitrate (nitrate-reducing 
iron(II)-oxidizers), or with light by anoxygenic phototsynthesis 
(anoxygenic phototrophic Fe(II)-oxidizers). So far, it has never 
been shown whether these different types of microorganisms 
coexist in one environmental habitat and which environmental 
factors control their abundance and activity.  

In our study we enumerated and identified the three 
physiological types of iron(II)-oxidizing microorganisms in 
two geochemically distinct coastal marine sediments from 
Aarhus Bay (Denmark) by different culture-dependent (most 
probable number counts and enrichments) and culture-
independent (qPCR) methods. We found that all three types of 
iron(II)-oxidizing microorganisms co-exist in both types of 
sediment. Surprisingly, the abundances of all three tpyes of 
Fe(II)-oxidizers did not correlate with geochemical and 
physical gradients (O2, NO3

-,light) in the sediment but were 
evenly distributed throughout the investigated sediment depth 
(0-3 cm). Highest cell numbers were found for microaerophilic 
Fe(II)-oxidizers which reached up to 1.0 x 106 cells per g 
sediment in most porobable number (MPN) counts and 3.2 x 
106 cells per g sediment in qPCR. Nitrate-reducing Fe(II)-
oxidizers reached up to 3.5 x 104 cells per g sediment in MPN 
counts. Lowest cell numbers were found for anoxygenic 
phototrophic Fe(II)-oxidizers, which only reached cell 
numbers of up to 3.1 x 102  cells per g sediment. For all three 
types of Fe(II)-oxidizers enrichment cultures were established 
which were phylogenetically classified. The next steps will 
will be a physiologically characterization of the isolated 
strains. Furthermore, qPCR and ITS assays will be used to 
determine the abundances and activities of the isolated Fe(II)-
oxidizers in the natural sediment. 
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Understanding source-deposit relationships in VMS 

systems is crucial for mining exploration and knowledge of 
oceanic hydrothermal processes. Studies of modern mid-ocean 
ridges and ancient ophiolitic systems have shown that the 
formation of these ore deposits is the result of the convective 
circulation of seawater within the oceanic crust, which leads to 
an intensive alteration of the sheeted dyke complex. It has been 
proposed that metal-depleted epidosites commonly found at 
the base of the sheeted dyke complex are the source rocks of 
metals in VMS deposits. However, some aspects of metal 
mobilization and transfer processes are still poorly understood. 
Although it is generally accepted that metals are released 
through leaching of magmatic sulfides present in the sheeted 
dyke complex, recent studies suggest that some metals (Zn, Co 
and Ni) are rather released by destabilization of secondary 
silicate minerals such as chlorite and amphibole. The purpose 
of this project is to experimentally test if the leaching of 
magmatic sulfides on its own allows to explain the amount of 
metals presents in VMS, or if it is necessary to involve silicate 
minerals as well. Thus, synthetic sulfides doped with various 
metals (Cu, Mn, Ni, Co, Zn, Pb, Mo, Au, Ag) together with 
natural samples of fresh MORB were reacted with an aqueous 
NaCl (0.5 m) solution at 400°C and 400 bars in a hydrothermal 
pressure vessel for one month. A pyrite-pyrrhotite-magnetite 
buffer assemblage was used to constrain fO2 and fS2, and the 
hydrothermal fluid was regularly sampled during the 
experiment and analyzed by ICP-MS. Preliminary results 
suggest an efficient dissolution of metal-bearing sulfides and a 
delayed alteration of the MORB samples, in accordance with 
the starting hypothesis. In addition, the present study allowed 
to determine metal solubility and partitioning between 
hydrothermal fluid and mineral phases (sulfides and silicates) 
in conditions favourable to the epidotization of the oceanic 
crust. 
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Monazite is a common accessory mineral in metamorphic 
rocks that often shows complex chemical zoning at the µm- to 
nm-scale. The large number of cations that may be 
accommodated in monazite lattice makes it particularly 
sensitive to changes in the rock-forming minerals and fluid 
composition. Chemical zoning resulting from dissolution / 
precipitation or new overgrowth may coincide, or not, with age 
zoning derived from U-Th-Pb isotopes. In this study, we focus 
on the mineralogical, U-Pb and Th-Pb isotopic responses of 
monazite to polyphase metamorphism reaching ultra-high 
temperature (> 900 °C) in the Proterozoic province of 
Rogaland, S. Norway. The P-T path of several granulite 
samples is derived from phase diagrams. Monazite grains were 
analyzed for trace elements with a FEG-microprobe that allows 
to compute U-Th-Pb chemical age maps and substitution maps 
with sub-µm spatial resolution. These maps, coupled with LA-
ICP-MS U-Pb and Th-Pb isotopic measurements reveal (1) 
perturbed domains that underwent differential U, Th, Pb 
mobility and (2) domains of consistent chemical and isotopic 
composition. From the latter domains, it is possible to link 
prograde sulfide breakdown to growth of monazite cores 
enriched in S at ca. 1020 Ma and high-Y rims to garnet 
breakdown during decompression at ca. 930 Ma. Finally, in 
order to check the presence of nano-phases or filled pores able 
to disturb the isotopic signal, a detailed TEM study of the 
perturbed domains was undertaken. 
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Organic matter found in carbonaceous chondrites is highly 

enriched in deuterium, relative to H2 in the protosolar nebula 
[1]. It is also enriched compared to the bulk “chondritic water” 
mainly adsorbed on or dissolved in silicate and oxide grains 
[2]. Here we test experimentally the possibility that these 
signatures result from the ionizing irradiation of solid 
precursors in the protosolar nebula.  

Recent experimental irradiations of natural and synthetic 
analogues of IOM under high energy (200 keV) have shown 
that electron irradiation could act as a driving mechanism for 
D-enrichment [3,5]. In this context, we conducted irradiation 
experiments on a large range of well-characterized analogues. 
All the samples consist in thin polymer and hydrous silicate 
films. The ionizing excitation was obtained by electron 
irradiation with a scanning electron microscope (SEM) at 
moderate energy (30 keV), and at room temperature. For 
organic analogues and with increasing energy deposition, a 
gradual and significant D-enrichment is observed, from 
320±85‰ up to 590±85‰. This enrichment is closely related 
to the initial structure of the analogue and to its evolution. 
Turning to silicates, a deuteration of the irradiated targets is 
also observed. However, for a given deposited energy, the 
fractionation is much lower than for organics. Furthermore, it 
does not follow the same dependence regarding the deposited 
energy. 

From our data, a quantitative model is derived. This model 
accounts for both structural and isotopic evolutions of the IOM 
and silicates. Moreover, our results show that the isotopic 
signatures can be produced over a timescale compatible with 
the lifespan of the protoplanetary disk and may explain the 
contrasted D/H signature of chondritic organics and silicates. 
	  
[1] Robert F. and Epstein S. (1982) GCA, 46, 81–95. [2] 
Alexander et al., (2010) GCA, 74, 4417-4437. [3] De Gregorio 
B. et al (2010) GCA, 74, 4454–4470. [4] Le Guillou C. et al 
(2013) Icarus, 226, 101–110. [5] Laurent et al., (2014), GCA, 
142, 522–534. 
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Combined U–Pb and Lu–Hf isotope data of detrital zircons 

are widely used to constrain the mechanisms of Hadean-
Archean continental crust formation and reworking. Linear Hf 
isotope-age arrays are interpreted to reflect the protracted, 
internal reworking of single crustal reservoirs, and related 
176Lu/177Hf are used to place constraints on the composition of 
the reworked crust. Results of this study, however, indicate 
that straight Hf isotope-age arrays can result also from 
complex geodynamic processes and crust-mantle interactions, 
as shown by U–Pb and Lu–Hf isotope analyses on zircons 
from granitoids of the Pietersburg Block, Kaapvaal Craton 
(South Africa).  

Besides scarce remnants of Paleoarchean crust, most 
granitoids with ages between 2.97 and 2.03 Ga (n=32) define a 
straight Hf isotope-age array, although they show a wide 
compositional range, were derived from various sources and 
emplaced successively in different geodynamic settings [1]. 
This evolution occurred in five stages: (I) mafic and minor 
felsic crust formation in an intra-oceanic environment (3.4– 
3.1 Ga); (II) formation of voluminous, juvenile TTG crust 
(εHft of ca. +3) in an early accretionary orogen (3.0–2.92 Ga); 
(III) intracrustal reworking and subduction of TTG-derived 
sediments in an Andean-type setting (2.89–2.75 Ga); (IV) 
(post-)collisional magmatism derived from a metasomatized 
mantle source (~2.68 Ga); and (V) alkaline magmatism in an 
intra-cratonic environment (~2.05 Ga).  

The Hf isotope-age array requires 176Lu/177Hf of 0.0027 ± 
0.002. Persistance of this low value during ~1 Ga in a complex 
geodynamic framework shows that the lithospheric Hf budget 
was controlled by the dominant crustal lithology, i.e. ~2.95 Ga-
old TTGs. Those later contributed to granitoid petrogenesis by 
(i) direct assimilation by younger TTG magmas (2.89– 
2.84 Ga); (ii) intracrustal anatexis between 2.84 and 2.75 Ga; 
and (iii) melting of mantle domains (~2.68 and ~2.05 Ga) 
previously enriched by subduction of TTG-derived sediments.  

 
[1] Laurent, O., et al., 2014. Lithos 205, 208–235. 
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The abundances of the highly siderophile elements (HSEs 

– Os, Ir, Ru, Rh, Pt, Pd, Re, Au) in the Earth’s mantle are 
thought to have been established by the addition of a chondritic 
late veneer after core formation ceased. However, the observed 
HSE mantle abundances, especially the Pd/Ir and Ru/Ir ratios, 
cannot be reproduced by any known meteorite group, 
questioning how the HSE abundances were established. Here, 
the possible stabilization of a core-forming sulfide melt is not 
taken into account. Segregation of this so-called “hadean 
matte” [1] would have a strong effect on the behaviour of the 
HSEs during core formation. 

In order to investigate the role of sulfide melt for the 
partitioning of the HSEs during core formation, we have 
studied S-solubility and sulfide-silicate partitioning of Pt, Pd, 
Ru and Ir under high P-T conditions. A molten peridotite was 
equilibrated with FeS-melt doped with two of the HSEs at a 
time (10 wt. % each). All experiments were performed in a 
multianvil-apparatus at 2100-2400 °C and 7-21 GPa using 
single crystal MgO capsules. Quenched silicate and sulfide 
were analyzed by electron microprobe for their major element 
concentrations while HSE and S abundances in the silicates 
were determined using LA-ICP-MS.  

Results show S-solubility in peridotite melt decreases 
strongly with increasing pressure, consistent with previous 
studies [2] The solubility limit for S in peridotite melt is 
slightly higher than in basaltic and chondritic (CV3) melt 
compositions due to the strong effect of melt composition (esp. 
FeO) [3]. Our experiments indicate that DHSE

sulfide-silicate of Pt 
increases with pressure, whereas those of Ru and Pd decrease 
and DIr

sulfide-silicate remains constant. Moreover, DHSE
sulfide-silicate of 

Pt and Pd increase with increasing temperature, whereas 
DRu

sulfide-silicate decreases. Modelling the behaviour of S and the 
HSEs in a combined accretion and core formation model [4] 
demonstrates that HSE abundances in the Earth’s mantle and 
Pd/Ir and Ru/Ir ratios can only be reproduced if segregation of 
an immiscible sulfide melt is taken into account. 

 
[1] O’Neill (1991) GCA 55, 1159-1172. [2] Mavrogenes & 
O’Neill (1999) GCA 63, 1173-1180. [3] O’Neill & 
Mavrogenes (2002) JPet 43, 1049-1087. [4] Rubie et al. 
(2015), this meeting 
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In the Seine River, France, nitrite concentrations exceed 
the European norm (0.6µM). Nitrite is produced and 
eliminated by ammonia oxidizers (AO) and nitrite oxidizers 
(NO) respectively in the oxic water column. In order to get 
more insight in the role of pelagic nitrification in the origin and 
persistence of elevated nitrite concentrations downstream of 
Paris we studied the potential for AO and NO. In addition the 
key players in ammonia and nitrite oxidation in the water 
column and the 2 main WWTP outlets of the Seine River were 
enumerated with qPCR. We showed that the pelagic ammonia 
and nitrite oxidation potentials were similar whereas nitrite 
oxidizers outnumbered ammonia oxidizers by an order of 
magnitude. The low levels of ammonium in the water column 
are efficiently oxidized by ammonia oxidizing archeae. 
However, the relatively low nitrite oxidation rates was in 
contrast with high numbers of NO. This discrepancy is most 
likely due to mixotrophic and or heterotrophic growth of 
Nitrobacter, the dominant species in the water column. Rather 
alternative metabolism of NO than high abundance of pelagic 
NO in the highly anthropogenic impacted river explains the 
persistence of nitrite along the Seine River. 
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Precambrian metamorphic belts host a significant 

proportion of the world’s gold. Many of the largest gold 
deposits were reworked during successive orogenic events. 
The Meliadine gold district, Nunavut, represents one of 
Canada’s largest emerging orogenic BIF-hosted gold districts 
and is situated at a reworked Archean cratonic margin. Gold is 
paragenetically late and occurs as clusters of inclusions within 
variably recrystallized arsenopyrite crystals and/or 
concentrated within low-strain micro-textural sites (e.g., 
sulphide grain boundaries and fractures) along with 
remobilized sulphide and hydrothermal phosphate minerals. 
Previously reported Re-Os arsenopyrite and U-Pb xenotime 
ages bracket the timing of gold introduction and subsequent 
remobilization to 2.27–1.85 Ga. New MC-ICP-MS and in situ 
LA-ICP-MS Pb isotope data for these dated arsenopyrite 
samples, together with undated remobilized sulphide phases 
(e.g., pyrrhotite), plot along an inferred mixing line that 
parallels the evolution of the bulk-earth between 2.3–1.8 Ga. 
Our Os-Pb results show that the isotopic composition of 
remobilized sulphide minerals provides a unique record for 
tracing the auriferous hydrothermal history and tectono-
thermal processes from reworked and metamorphosed 
deposits. For these environments, the present micro-textural 
setting of gold can provide very little information on how gold 
was initially introduced. Establishing the timing of gold 
introduction and its subsequent remobilization is particularly 
important for mineral exploration efforts in complexly 
deformed and metamorphosed settings that are favourable for 
orogenic gold systems.  
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A considerable proportion of microbial communities in 

subsurface habitats is accounted for by Archaea, however 
knowledge of their role in biogeochemical cycles is limited. 
This study focuses on archaeal community diversity in two 
superimposed aquifers each characterized by different oxygen 
availability. Samples were obtained from eight groundwater 
wells ranging from 12 to 88 m depth in the Hainich region 
(Thuringia, Germany). 

Quantitative PCR of archaeal 16S rRNA genes revealed 
that Archaea accounted for up to 9 % of the groundwater 
microbiota. In a DNA-based analysis, 66 to 99 % of the 
archaeal 16S rRNA gene sequence reads were related to the 
ammonia oxidizing thaumarchaeon Marine Group I (MG-I). 
Other gene sequence reads were related to uncultured archaeal 
clades typically detected in soil habitats, such as the Soil 
Crenarchaeotal Group, the Forest Soil Crenarchaeotal Group, 
or the Valkea Kotinen group III (VAL-III). However, analysis 
of the metabolically active archaeal communities on the RNA 
level showed equal fractions of the MG-I Thaumarchaeota and 
of the euryarchaeotal group VAL-III in the lower oxygen-rich 
aquifer. The upper oxygen-deficient aquifer was dominated by 
gene sequence reads affiliated to the uncultured clade of a 
possibly facultative autotrophic archaea, the Miscellaneous 
Crenarchaeotal Group. Our results suggested an input of soil 
Archaea to the groundwater community; and that ammonia 
oxidation could be an important metabolism of Archaea in 
deep limestone aquifers making a considerable contribution to 
autotrophic archaeal CO2-fixation. 
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Copper isotope compositions in Cu-bearing metals and Cu-

rich minerals (chalcopyrite, enargite, covellite, malachite and 
cuprite) have been measured by deep UV-fsLA-MC-ICP-MS. 
A long-term reproducibility of better than 0.08‰ (2SD) on the 
NIST SRM 976 Cu-metal standard has been achieved with this 
technique. The δ65Cu values for all samples have been 
determined relative to NIST SRM 976. For correction of 
instrumental mass bias, a Ni NIST SRM 986 standard solution 
has been introduced simultaneously to LA analyses. Potential 
effects from matrix-induced mass interferences, such as 
(32S33S)+, (32S-16O17O)+ and Zn-H on the measured copper 
isotope ratio of minerals, have not been observed.  

Copper isotope measurements are, independent of the 
matrix analysed, sensitive to the applied laser energy density 
(fluence). A positive correlation between the energy density 
and the magnitude of the isotope ratio shift has been observed 
in the energy density range from 0.2-1.3 J/cm2. When using an 
energy density of ~2 J/cm2 for laser ablation, artificial shifts in 
the δ65Cu values on the order of ~3‰ for Cu-metal, ~0.5‰ for 
brass and ~0.3‰ for malachite were obtained.  

The results demonstrate that it is possible to measure Cu 
isotopic ratios in native copper and Cu-bearing sulfides, 
carbonates and oxides in-situ with a precision of better than 
0.1‰ (2SD) without using a matrix-matched standard during 
laser ablation analyses.  
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Bacterial sulphate reducers (BSRs) produce lipids that are 

strongly depleted in deuterium relative to growth water (2εlipid-

H2O ~ -250‰) [1], along with sulphide that is depleted in 34S 
relative to provided sulphate. The magnitude of hydrogen 
isotope fractionation may relate to central energy metabolism 
[2], while sulphur isotope fractionation (34εSO4-H2S) scales 
inversely with sulphate reduction rate over a range of 70‰ [3-
5]. Given that both isotope systems may relate to cellular 
energy conservation, we investigate metabolic conditions that 
may be recorded by both systems.  

An important aspect of energy metabolism in some 
sulphate reducing bacteria is the activity of electron-
bifurcating transhydrognase [6]. Recent work in aerobic 
methylotrophs [7] implicates transhydrogenase (TH) activity as 
a critical control on 2εlipid-H2O. We grew mutant strains of 
Desulfovibrio alaskensis strain G20 deficient in the locus 
nfnAB-2 encoding one of two copies of electron-bifurcating 
transhydrogenase [8]. These strains produce lipids with 
perturbed hydrogen isotopic fractionations between media 
water and lipid. Due to perturbed central energy metabolism, 
we predict altered 34εSO4-H2S as well.  

We discuss implications for understanding H-isotope 
fractionation during microbial fatty acid biosynthesis in BSRs 
and anaerobes in general, and joint sulfur and hydrogen 
isotopes as tracers of microbial metabolism in anoxic 
environments.  

 
[1] Osburn (2013) Dissertation (PhD). CalTech. 
[2] Zhang et al. (2009) PNAS 106, 12580–86. 
[3] Chambers & Trudinger (1975) Can. J. Microbio. 1602-07.  
[4] Sim et al. (2011) Science 333, 74-77 
[5] Leavitt et al. (2013) PNAS 110, 11244–49  
[6] Price et al. (2014) Frontiers in Microbiology, 5, 1-20. 
[7] Bradley et al. (2014). AGU Fall Meeting. 
[8] Kuehl et al. (2014). mBio 5, 1-13. 
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The bottom waters of the Lower St-Lawrence estuary 

(LSLE), Canada, exhibit a significant temporal trend in oxygen 
depletion (hypoxic conditions).  This trend has been attributed 
in part to changes in the relative proportion of water masses 
entering the Laurentian channel but also to microbial 
degradation (respiration) of organic matter leading to 
concomitant production of CO2 and decrease of pH 
(acidification). According to recent numerical simulations, 
pelagic respiration appears to be the main cause of oxygen 
demand in these deep waters. However, the impact of 
suspended particulate matter (SPM) on these biogeochemical 
changes has not been thoroughly investigated. Yet, an increase 
of SPM (inputs or production) in the LSLE would enhance 
degradation/mineralization processes of SPM which would 
increase O2 demand and CO2 production in deep waters 
leading to hypoxia and acidification, respectively.  Archived 
and recent data on SPM are available to assess temporal trends 
on concentrations and composition of SPM which should help 
to clarify their role in the O2 and H+ trends in deep waters of 
the LSLE. However, comparing SPM data is a challenging task 
considering that various protocols were used to measure and 
characterize SPM in the SLE estuary.  This work focuses on 1) 
comparing concentrations of SPM using different filters, 
including the importance of blank correction and 2) applying 
different rinsing protocols to eliminate the salt retained on 
filters, and their impact on the determination of %C, %N, C/N 
ratio, δ13C and δ15N stable isotope ratios. The results indicate 
that concentrations of MPS are not significantly different 
within the range of porosity of investigated filters.  Blank 
correction for each lot of filters is recommended. Rinsing with 
ammonium formate (AF) appears to be efficient in removing 
the salt accumulated on filters but results in a contamination 
that affects δ15N but has a minor effect on δ13C. It is 
recommended to rinse the filter with AF to determine SPM 
concentration and used this value and the volume of water 
filtrated to determine the weight of SPM retained on the filter 
(without rinsing) used to determine δ13C and δ15N and to 
calculate the %C and %N and C/N ratio. 
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Emissions from sugarcane burning are known to impact 

the respiratory health of exposed populations. However, there 
have been few previous studies on occupational exposures to 
smoke and re-suspended ash on commercial sugarcane estates. 

From measurements taken whilst shadowing labourers 
during pre-harvest sugarcane burning in Brazil, airborne PM10 

concentrations reached maximum levels of ~280 mg m-3, much 
higher than during manual harvesting (~11 mg m-3) and in the 
sugarcane processing factory (~29 mg m-3). Guidelines for 
exposure to both ambient and occupational particulate matter 
(PM), issued by WHO for example, could easily be exceeded 
where labourers’ shift lengths are greater than 8 h. Further 
modelling of this data is ongoing to estimate the potential 
exposure levels over time and space during the sugarcane 
burning. Size-selected airborne PM, collected during 
monitoring, was characterised using Scanning Electron 
Microscopy (SEM) with X-ray elemental analysis. The very 
fine (<0.5 µm) and fine (>0.5 to <2.5 µm) fractions of the PM 
were predominantly carbonaceous. Only a small proportion of 
the sugarcane ash (~0.8 vol. %) and bagasse ash (~1.9 vol. %) 
was <10 µm diameter, determined by laser diffractometry. 
However, grinding experiments, to simulate disaggregation as 
a result of disturbance during harvest or bagasse ash removal, 
showed that the ash was fragile and easily broken down into 
thoracic (<10 µm) and in some instances respirable (<4 µm) 
sized PM. Leaching tests using deionised water were carried 
out on the ash samples to determine the bioavailability of 
adsorbed species on the PM surfaces, which could impact on 
human health or the environment. Initial leachate extracts were 
generally low in terms of concentrations of F-, Cl-, SO4

2-, Ba, 
Ca, Mg, Mn, Na, P, Si and Sr.  

As the concentrations of PM10 are above recommended 
exposure limits, and re-suspended particles of ash in the fields 
and processing plant contain potentially toxic cristobalite (e.g., 
Le Blond et al. 2010). We recommend that workers are 
protected from extended periods of exposure to the smoke and 
re-suspended ash. Further work in Nicaragua and El Salvador 
(in summer 2015) will generate more data to compare to these 
preliminary results. However, this issue will become 
increasingly important due to the predicted rise in global 
sugarcane production for biofuels. 
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The Miocene Climatic Optimum (MCO) is a warming 

event that could serve as an analogue for the present global 
warming. However, its impact on the Asian monsoon remains 
largely unknown. In this report, the objectives are: 1) to 
evaluate the changes in the environment and in the intensity of 
the Asian monsoon, 2) to infer the drivers of these changes. 

Authigenic carbonate δ13C and δ18O, δ13C of organic 
matter (δ13Corg), C/N and Total Organic Carbon were sampled 
at high resolution (1 sample per 3–4 ka) in Wenshan lacustrine 
sediments (Yunnan, SW China) dated by paleomagnetism to 
be 16.7 to 15 Ma old.  

The δ13Corg reveals the presence of the Carbon Maxima 
which had only been previously found in the marine record [1]. 
It confirmes that, during the MCO, the perturbation of the 
carbon cycle was global and paced by 400 ka eccentricity 
maxima. The δ18O, interpreted to reflect the precipitation 
amount, varies according to 100 ka cycles, implying a strong 
influence of the short eccentricity cycle. Overprinting these 
cycles, the results indicate two successive environmental and 
climatic stages. During the lower stage (16.7 to 15.7 Ma), the 
water cycle underwent strong fluctuations. The precipitations 
were lower, causing lake stratification and low nutrients 
recycling leading to low algal production. Conversely, during 
the upper stage (15.7 to 15 Ma), the environmental conditions 
were more stable, precipitations were higher facilitating lake 
water mixing and nutrient recycling, therefore enhancing algal 
productivity. The transition between the two stages coincides 
with a peak in mean annual insolation. 

For the first time in the terrestrial record, we found 1) 
Carbon Maxima, proving that the carbon cycle was strongly 
affected, 2) that orbital cycles were already the main driver of 
Asian monsoon intensity, as it was the case during the 
Holocene [2]. Surprisingly, global temperatures seemed to 
have little impact, as suggested by the low correspondence 
between δ18O measured at our site and δ18O of benthic 
foraminifera. 

 
[1] Holbourn et al. (2007) Earth Planet. Sci. Lett. 261 534–50. 
[2] Duan et al. (2014) Sci. Rep. 4 1–7. 
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The isotopic composition of surface seawater is widely 

used to infer past changes in sea surface salinity using paired 
foraminiferal Mg/Ca and δ18O from marine sediments. At low 
latitudes, paleosalinity reconstructions using this method have 
largely been used to document changes in the hydrological 
cycle. This method usually assumes that the modern seawater 
δ18O (δ18Osw) / salinity relationship remained constant through 
time. Modelling studies have shown that such assumptions 
may not be valid because large-scale atmospheric circulation 
patterns linked to global climate changes can alter the seawater 
δ18Osw / salinity relationship locally. Such processes have not 
been evidenced by paleo-data so far because there is presently 
no way to reconstruct past changes in the seawater δ18Osw / 
salinity relationship.  

We have addressed this issue by applying a multi-proxy 
salinity reconstruction from a marine sediment core collected 
in the Gulf of Guinea. We measured hydrogen isotopes in C37:2 
alkenones (δDa) to estimate changes in seawater δD. We find a 
smooth, long-term increase of ~10‰ in δDa between 10 and  
3 kyr BP, followed by a rapid decrease of ~10‰ in δDa 
between 3 kyr BP and core top to values slightly lighter than 
during the early Holocene. Those features are inconsistent with 
published salinity estimations based on δ18Osw and 
foraminiferal Ba/Ca, as well as nearby continental rainfall 
history derived from pollen analysis. We combined δDa and 
δ18Osw values to reconstruct a Holocene record of salinity and 
compared it to a Ba/Ca-derived salinity record from the same 
sedimentary sequence. This combined method provides 
salinity trends that are in better agreement with both the 
Ba/Ca-derived salinity and the regional precipitation changes 
as inferred from pollen records. Our results illustrate that 
changes in atmospheric circulation can trigger changes in 
precipitation isotopes in a counter-intuitive manner that 
ultimately impacts surface salinity estimates based on seawater 
isotopic values. Our data suggest that the trends in Holocene 
rainfall isotopic values at low latitudes may not uniquely result 
from changes in local precipitation associated with the amount 
effect. 
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Iron (Fe) is essential for the growth of marine 
phytoplankton and plays an important enzymatic role in many 
biochemical reactions such as photosynthesis and nitrogen 
fixation. Eolian dust (loess) is the major source of Fe to the 
surface waters of the open ocean, and its transport from the 
continents to the oceans is a fundamental component of the 
Earth system and its geochemical cycles. In this study, we 
explore the links between highly reactive atmospheric Fe dust 
inputs and marine biogeochemical responses by analyzing 
loess outcrops in China (the source) and several deep-sea 
sediment records from the Pacific Ocean (sink) across glacial-
interglacial intervals. 

In an oxic ocean it is likely that Fe is available only in 
trace amounts due to its low solubility and high biological and 
particle reactivity and therefore is often the limiting 
micronutrient. The Fe in wind-blown dust deposited in the 
ocean may be present in a wide range of minerals that reflect 
the geology of the source area, weathering processes, and 
alteration during transport (e.g., atmospheric processing). The 
relationship between possible changes in dust deposition and 
corresponding changes in bioavailable iron in the ocean are the 
main question examined in this study.   

 Since Fe bioavailability cannot be measured directly, we 
used a state-of-the-art Fe speciation technique and total acid 
dissolution to characterize Fe inputs. To date we have found 
higher concentrations of highly reactive (dominantly oxide) Fe 
and total Fe in the ocean sediments (FeHR 1.5 wt.%,  
FeT 7.8 wt.%) in comparison to the continental loess  
(FeHR 0.7 wt.%, FeT 2.9 wt.%). This difference could have 
major implications for the fluxes of reactive Fe to the ocean.  
However, when we analyze the reactive iron enrichment factor 
we see both sites falling in the range of typical continental 
margin sediments (oceans FeHR /FeT: 0.3; continent FeHR /FeT: 
0.2). No significant differences are seen in terms 
of mineralogy, grain size, and glacial versus interglacial 
deposition and the distribution of bioavailable iron. We will 
further explore Fe record in the ocean through isotope 
approaches  that should illuminate the source relationships and 
pathways of Fe cycling. 
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The objectives of this study were to select potentially 

suitable surfactants that solubilize tetrachloroethylene (PCE) 
and trichloroethylene (TCE) present as contaminants and to 
evaluate the optimal range of process parameters that can 
increase the removal efficiency in surfactant-enhanced soil 
flushing (SESF) pilot tests.  Used experimental method for 
surfactant selection was batch experiments.  The surfactant 
solution parameters for SESF pilot tests were surfactant 
solution concentration, surfactant solution pH, and the flow 
rate of surfactant solution in the SESF system. Based on the 
batch experiments, DOSL (an anionic surfactant) was selected 
as a suitable surfactant that solubilizes PCE and TCE present 
as contaminants.  The highest recovery (95 %) of the 
contaminants was obtained using a DOSL surfactant in the 
batch experiments.  The pilot test results revealed that the 
optimum conditions were achieved with a surfactant solution 
concentration of 4 % (v/v), a surfactant solution pH of 7.5, and 
a flow rate of 30 L/min of surfactant solution.  The maximum 
removal of contaminants (89 %) was obtained when optimum 
conditions were simultaneously met in pilot-scale SESF 
operations.  These results confirm the viability of SESF for 
treating PCE and TCE-contaminated groundwater. 
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Metal isotopes of Fe, Zn, Mo, and Cd, have been studied 
for the authigenic portion of a gravity core from Lake Baikal, 
in order to study the sources and sinks for these trace metals in 
the Lake Baikal, the largest fresh water lake in the world, and 
as potential proxies for the past climate changes in the region. 
A gravity core (GC-99; 52°05’23”N, 105°15’24”E; ~ 3m) 
sampled near the bore hole of BDP-99 in Lake Baikal is used 
in this study. The core was sampled continuously every cm, 
and one sample was analyzed for every 10 cm for the entire 
core in this study. A series of leaching procedures were used to 
remove the carbonates, and to collect the authigenic fractions 
for study. Double spike technique is used for all four metal 
stable isotopic measurements.  

Significant variations are observed, yet no correlation is 
found among these four metal stable isotopes, and their 
respective elemental contents. New 14C-dating results indicate 
that the 3m GC-99 core seems to have reorded the past ~ 30 ka 
of sedimentation history for Lake Baikal, with the 
Holocene/Pleistocene boundary at around 80-85 cm depth, 
marking the Younger Dryas Event at ~ 12 ka. The similar 
depth also marks the gradual shift of δ97Mo/94Mo for GC-99, 
from -0.5 ‰ in the deeper depth to ~ -2.2 ‰ in the upper 80-
90 cm. Simlar shifts from relatively constant at -0.7 ‰ in the 
deeper depth to more variable, 0 to -1.5 ‰, in the upper  
100 cm is also observed for δ56Fe/54Fe. Less pronounced but 
nonetheless similar shfts also observed for Cd and Zn isotopes. 
While the vairations of Cd, Zn, and Fe (to some degrees) 
isotopes are mostly likely reflect the biological activities, 
booming of diatoms, the isotopic vairations of Mo and Fe (to a 
lesser degree) can be explained by the changing of the redox 
states, towards more oxic from YD event to the present, in 
Lake Baikal. This study marks the first time the metal stable 
isotopes can be used to study the connections between the local 
climate events and Lake Baikal using the sedment records. 
More data, in particular, the detailed chemical and 
mineralogical compoisitions of the sediment cores are needed 
in order to better constrain the relationship between the Lake 
Baikal and regional climate changes in the past. 
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Subsurface geological storages are considered as one of the 
viable mathods to reduce CO2 emissions. Porous sedimentary 
rock layers with saline pore water are a prime candidate of CO2 
storages. The injected CO2 into pore spaces will be dissolved, 
ionized and eventually precipitated as carbonates. The entire 
processes of CO2 trapping need to be monitored to validate the 
effectiveness of CO2 storages and to deliver quantitative 
estimates of CO2 emission reduction. The objective of this 
study was to develop methods that can be used to apportion the 
amount of injected CO2 precipitated as carbonate cement in 
storage layers based on multi-isotopic constraints. 

As a possible natural analogue of mineral trapping of 
injected CO2, a 1200m core was retrieved from Mesozoic 
sandstones in southeastern Korean peninsula. Eleven layers 
from different depths with distinct mineral assemblages and 
carbonate contents (1.7~22.5%) were sampled for detailed 
chemical and isotopic analyses. The powdered rock samples 
were analyzed for carbon and oxygen stable isotopic 
compositions of carbonate cements. A step-wise dissolution 
technique was used to extract ‘exchangeable’, ‘carbonate’, 
‘silicate’ and ‘whole rock’ fractions, and Sr (87Sr/86Sr) and Mg 
(25Mg/24Mg, 26Mg/24Mg) isotopic compositions were analyzed 
for all fractions. 

The isotopic data were used to understand the condition of 
cement formation. (1) The carbon isotopic composition 
represents mobilization of existing inorganic carbon in pore 
waters and mineral phases, and carbon inputs via infiltrating 
meteoric waters. (2) The oxygen isotopic composition 
indicates that of pore waters during cement formation, which 
can be significantly modified by the CO2 injection due to 
isotopic exchanges associated with H2O-CO2 equilibration. (3) 
Sr and Mg isotopic compositions constrain the weathering and 
precipitation reactions occuring at the pore spaces, and 
therefore can be used to quantitatively estimate the proportion 
of carbon originated from different sources.  

 
This study was supported by the Korea Ministry of 

Environment (MOE) as “K-COSEM Research Program”. 
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Georgia, i.e., Georgian Caucasus, is located at the most 
northern part of the Caucasus-Iran-Anatolia region elevated by 
the collision between Arabia and Eurasia. U-Pb age and Hf 
isotopic results of detrital zircons were obtained from samples 
representative of Jurassic to Miocene sedimentary formations 
in Georgia to investigate magmatic records and crustal 
evolution related to the development of Tethys oceans. Two 
Jurassic rocks among all samples have ages distributing from 
Proterozoic to Paleozoic time, and no separates younger than 
~250 Ma. By contrast, the Miocene rock displays ages 
spreading from the Ordovician to Eocene, and no separates 
older than ~480 Ma. Furthermore, our data suggest several 
significant magmatic events in the Phanerozoic: (1) a major 
activity from ~500 to 420 Ma, (2) a major activity at ~320 Ma, 
(3) minor activities at ~220 and 170 Ma, (4) a major activity 
from ~110 to 90 Ma, and (5) a major activity at ~45 Ma. The 
Hf isotopes show not only positive/depleted but 
negative/enriched values/compositions in two episodes of ~500 
to 420 Ma and ~320 Ma, and are mainly positive-dominant 
since ~220 Ma. This scenario is also observed for magmatic 
zircons of a few igneous rocks, central to south Georgia with 
abundant inherited zircons (~700 to 500 Ma) and significant 
magmatism marks (~320, ~220, ~90 and ~45 Ma). The former 
is probably associated with the occurrence of a juvenile 
Arabian-Nubian Shield crust as the mantle component 
compared to the old curst. The later denotes the existence of a 
juvenile crust all over Georgia since the Carboniferous, 
representing the extensively continental crust growth during 
the Phanerozoic in Georgia. We propose that two stages of old 
crustal evolution (Proterozoic to ~500 Ma and ~500 to  
~320 Ma) accompanied by two apparent episodes of young 
crust growth at ~500 Ma and after ~320 Ma. And the results in 
this study could be applicable to different stages of magmatism 
related to a Gondwana domain provenance, closure of the 
northern Neotethys and the Arabia-Eurasia collision identified 
in many previous researches about evolution of the Alpine-
Himalayan Orogeny. 
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West Antarctica can be divided into five crustal blocks. 

The blocks are separated by deep crustal rift zones and 
regarded as having moved during the Mesozoic break-up of 
Gondwana. The Pirrit Hills granite occurs within the 
Ellsworth-Whitmore Mountains block, which is the center of 
five blocks in the present configurations. 

The Pirrit Hills granite is composed of quartz, perthitic 
alkali feldspar, and plagioclase with minor amounts of 
interstitial biotite and muscovite. The granite is a highly 
homogeneous, strongly fractionated, and mildly peraluminous 
granite. Although the Pirrit Hills granite has much of the 
geochemical features of A-type granites, the granite also 
retains some geochemical features akin to orogenic or post-
orogenic granites. In some tectonic discrimination diagrams, 
the granite is plotted in the post-collisional granite and syn-
collisional granite fields as well as within-plate granite field. 
These geochemical features may suggest that there was an 
unrecognized orogenic event before initiation of extensional 
and anorogenic environment to produce the Pirrit Hills granite.  

The U-Pb zircon age, the Rb-Sr and Sm-Nd whole rocks 
ages were 164.5±2.3 Ma (MSWD=1.3), 159±7.5 Ma 
(MSWD=42), and 169±12 Ma (MSWD=1.7), respectively. 
These ages are interpreted as the emplacement age of the Pirrit 
Hills granite and indistinguishable from the age of the first 
rifting stage of Gondwana break-up (at 165 Ma). The estimated 
initial Nd and Sr isotope ratios were 0.512207±7.5 Ma (2σ SE) 
and 0.711±0.025 (2σ SE), respectively, and suggest that the 
magma source was largely derived from crustal materials. 
Therfore, the Pirrit Hills granite represents the magmatic event 
that occurred responding the curstal thinning due to the break-
up of Gondwana during the Middle Jurassic in the West 
Antarctica. 
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Possible influences by CO2 leakage have consititued the 
biggest barrier to practical carbon capture and storage (CCS) 
projects. Specifically, the groundwater contamination and its 
impact on human and environmental health, sound 
environmental management is required. To secure the public 
acceptance, the gurantees on the site stability should be taken. 
And geophysical and geochemical monitoring play a crucial 
role to provide the data on the behavior of CO2 and whether 
CO2 is released or not. Specifically, geochemical monitoring 
gives informations on the efficiency of the geological storage, 
CO2-water-rock interaction, and long-term fate of CO2. It is, 
subsequently, very significant to eastablish the quality 
management plans on analytical procedures and data reporting 
for the geochemcial monitoring. To prepare the QA/QC 
protocols, the firts step is to review and compare the existing 
analytical methods for individual monitoring parameters. This 
investigation will provide intuitive method-decision charts as 
the results, eventually. 

 
This study received support from the Integrated Environmental 
Management of Geologic CO2 Storage project of the Korea 
Environmental Industry & Technology Institute (KEITI). And 
authors appreciate Ayoung Kim for devoted assitants in 
literatural research. 
 
 [1] European DIRECTIVE 2009/31/EC 
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Dissolved lead in the deep southeast 
Pacific Ocean: Results of the 2013 US 

GEOTRACES cruise  
JONG-MI LEE12, CHERYL M. ZURBRICK1, RALPH C. TILL3, 

EDWARD A. BOYLE1 AND A. RUSSELL FLEGAL3 
1Earth, Atmospheric, and Planetary Sciences, Massachusetts 

Institute of Technology, Cambridge, MA, USA 
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Santa Cruz, CA, US 
 

A number of studies have shown the human impact on 
oceanic Pb in many parts of the world ocean, but little Pb data 
has been available for the Southeast Pacific Ocean. We will 
present the dissolved Pb (<0.2µm) results from the US 
GEOTRACES cruise in 2013, which sailed from Manta, 
Ecuador, to Tahiti along around 12 degrees south.   

Pb concentrations in the southeast Pacific Ocean range 
from <1 to 32 pmol/kg. Higher Pb concentrations are found in 
the upper water column (<~2000m), showing the impact of 
anthropogenic Pb inputs to the ocean. At most stations, a 
subsurface Pb maximum (25-28 pmol/kg) appears at 200-250m, 
and then Pb continuously decreases to <8 pmol/kg at ~2000m. 
Pb in deep waters below 2500m is mostly <5 pmol/kg, which 
is comparable to the Pb observed in the central Pacific a few 
decades ago. In the east-west transect, relatively higher Pb 
concentrations are found near the coast than in the subtropical 
gyre. This trend appears more clearly in the surface Pb 
distribution, implying Pb inputs from the South American 
continent. Lowest Pb is observed at stations near the ridge 
crest, probably due to Pb scavenging by FeMn oxides or FeS 
precipitates from hydrothermal vents. At the two stations 
immediately west of the hydrothermal vent, average Pb 
concentration below 2200m is 0.9 +/- 0.5 pmol/kg (n=33), 
which is close to our detection limit for 1.5ml samples. This is 
similar to what we observed in the TAG plume in the North 
Atlantic, although the degree of scavenging is stronger in the 
southeast Pacific.   
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In this study, we demonstrated fluorine (F) desorption 
behavior in soil using various leaching tests including 
continuous batch, column, and pH stat tests. All 16 surface soil 
samples (0 – 30 cm) were collected from the intersecting point 
of each grid reference within a radius of 1 km of the point 
where the HF leakage accident took place. Physicochemical 
properties (i.e., pH, CEC, T-P, OM, andsoil texture) of soil 
samples were determined in order to understand the 
relationship with F desorption behavior using correlation 
analysis. 

The experimental results of batch tests showed that the rate 
of F release from to first was relatively higher than that of 
those released after first. This higher rate of F desorption in the 
first stages demonstrated that water soluble F is extracted at the 
beginning of extraction tests. The concentrations of F were 
poorly fitted by different kinetic equations and the coefficient 
of determination (R2) were compared to determine suitable 
equation to F desoprtion kinetics. In pH stat test, F 
concentration extracted from soil increased with a increase in 
pH. This result indicated that by raising the pH, more OH- ions 
compete with F- for sorption sites and consequently cause more 
F desorption amounts from the soil. The F concentrations 
extracted from soil had significant correlation with CEC. 
These results indicated that pH and CEC are the most 
important soil characteristics affecting F desorption behavior. 

 
 

This study received support from the Geo-Advanced Innovative 
Action (GAIA) project of the Korea Environmental Industry & 
Technology Institute (KEITI). 
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The recent increase in anthropogenic emissions of reactive 

nitrogen and the subsequent enhanced deposition over the 
extensive regions of the North Pacific and North Atlantic 
Oceans has led to a detectable increase in the nitrate (N) 
concentration of the upper ocean. The rate of increase of 
excess N relative to phosphate (P) was highest in the vicinity 
of the source continent, with rates decreasing eastward across 
the basins, consistent with the magnitude and distribution of 
atmospheric nitrogen deposition. This increase in the N content 
of the upper ocean may enhance primary production in these N 
limited regions, potentially leading to a long-term change of 
these regions from being N-limited to P-limited. Our results 
suggest that the input of airborne pollutant nitrogen has been a 
major driver of the temporal dynamics of seawater N content 
relative to P in the North Pacific and North Atlantic upper 
ocean over the past half century. 
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MI JUNG LEE1*, JONG IK LEE1, TAEHOON KIM1,  
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Mantle xenoliths entrained in the Quaternary Sverrefjell 

volcano from Spitsbergen were studied for their petrography 
and mineral chemistry. The suit of mantle xenoliths consists of 
spinel lherzolites, spinel harzburgites and websterites. The 
textures of all three rock types range from protogranular to 
porphyroclastic. Clinopyroxenes show highly variable mantle 
normalized REE patterns but can be classified into four major 
groups showing: a) LREE depleted to flat patterns (LaN/CeN 
0.39-1.39; CeN/YbN 0.29-1.87; SmN/YbN 0.75-1.43), b) spoon-
shaped REE patterns (LaN/CeN 1.64-2.20; CeN/YbN 3.56-7.74; 
SmN/YbN 1.21-2.80), c) highly enriched LREE and 
fractionated LREE/HREE patterns (LaN/CeN 0.83-1.04; 
CeN/YbN 10.04-11.60; SmN/YbN 2.21-3.29) and d) highest 
LaN/CeN ratios and relatively enriched MREE patterns 
(LaN/CeN 2.57-2.85; CeN/YbN 1.43-1.55; SmN/YbN 1.37-1.51). 
Group C and D clinopyroxenes are considered to have 
reequilibrated by metasomatic processes. Group C 
clinopyroxenes show trace element signatures produced by 
reaction of carbonate-rich fluids. Major element compositions 
of group d clinopyroxenes are clearly distinct from those of 
others. They show lower Mg# (87-89), and higher Al2O3 (6.56-
6.79 wt %) and TiO2 (0.65-0.68 wt %) compared to those of 
other groups (Mg# (90-93), and higher Al2O3 (4.30-6.33 wt %) 
and TiO2 (0.10-0.68 wt %). Group d clinopyroxenes are found 
in websterites. Mineral chemistry of olivines (Mg#, 87-88) and 
orhopyroxenes (Mg#, 88-89) from the websterites show also a 
correlation with compositions of clinopyroxenes. The 
websterites from the Sverrefjell volcano appear to have 
produced by interaction of peridotite with metasomatic melt 
which was probably silicate enriched. Further investigation for 
metasomatic sources produced group C and D clinopyroxenes 
will be performed by Sr-Nd-Pb isotope studies for whole rock 
and mineral separates. 
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The adsorption configuration of organic molecules on 
mineral surfaces is of great interest as it can provide an 
important insight for both engineered and natural systems. 
Surface enhanced Raman spectroscopy (SERS) is a highly 
surface sensitive approach for obtaining Raman data from 
molecular speices adsorbed to SERS-active substrates. In 
conventional SERS, the Raman signal at a metallic surface is 
amplified by the excitation of surface plasmon resonances and 
local enhancement of the electromagnetic field. For a small 
subset of organic molecules that bind strongly to 
semiconductor surfaces, formation of an interfacial charge-
transfer complex can cause high chemical enhancement of the 
Raman signal. Yet, so far, chemical SERS involving non-
mentallic substrate is largely limited to enediol family 
molecules. Many fields of interfacial chemistry thus lack a 
class of SERS-active substrates that possess representative 
surface structure and chemistry that are not limited to a narrow 
range of sorbate characteristics.  

Here we show by comparing Raman on non-conductive 
maghemite versus mangetite, a conducting mixed valence iron 
oxide, that mangnetite can act as a SERS substrate capable of 
electromagnetically enhancing the Raman signal for diverse 
surface sorbed organic molecules [1]. Our study demonstrates 
that magnetite (Fe3O4) nanoparticles provide a SERS signal via 
an electric field enhancement from oxalic acid and cysteine 
sorbed on magnetite surface with different functional groups. 
In fact, our data suggests a new geometry for cysteine binding 
on oxide surface. Currently, we are investigating the use of this 
approach for inorganic, oxyanions sorbents including 
aresenate.   

Magnetite nanoparticle combines benefits from both metal-
based and chemical SERS by providing an oxide surface for 
studies of environmentally and catalytically relevant detailed 
chemical bonding information. The discovery of magnetite-
based SERS substantially extends the scope for the study of 
interfacial adsorption reactions at metal oxide interface.  
 
[1] Lee et al. (2015) J. Phys.l Chem. Letters 6, 970-974. 
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The hallmark of biomineralization is the sophisticated 

control of mineral precipitation exerted by a variety of 
organisms across the tree of life.  Unicellular, phytoplanktonic 
algae known as coccolithophores are amongst the most 
conspicuous calcifiers on the planet, with an estimated 
production of ~1026 coccoliths/year.  They are responsible for 
~50% of deep sea carbonate burial, which forms the largest 
geological sink of carbon from the ocean/atmosphere reservoir 
[1].  Contrary to most organisms, where proteins make up the 
archetypal template, coccolithophores employ acidic 
polysaccharide(s) for regulation of crystal nucleation and 
growth [2].  The interaction of this polysaccharide with the 
carbonate chemistry of its intracellular calcifying 
compartment, the coccolith vesicle, is largely determined by its 
monosaccharide composition; particularly the carboxyl groups 
of uronic acid residues [3].  Here we report the isolation and 
characterization of coccolith-associated polysaccharides 
(CAPs), from modern day coccolithophores and their 
prehistoric predecessors preserved within sediment.  Our 
analysis uncovered a distinct variation in the biochemical 
properties of these polysaccharides across the species/strains 
tested; suggestive that several components are key to dictating 
the architecture of coccoliths.  By extending this analysis to 
fossil coccolithophores, we established that the recorded 
species-level pattern is conserved through time.  We propose 
that these variations may represent an adaptive footprint that 
arose from the delicate interplay between this macromolecule, 
the chemistry of its crystallization compartment and vitally, the 
environment.  

 
[1] Iglesias-Rodriguez et al. (2002) Global Biogeochem Cy 16, 
1100, doi: 10.1029/2001GB001454. [2] Westbroek et al. 
(1973) Calcif Tiss Res 12, 227-238. [3] Borman et al. (1982) 
Eur J Biochem 129, 179-183. 
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Contribution of particulate organic 
carbon of sea ice floes to arctic 

marine ecosystems  

SANG H LEE1*, BO KYUNG KIM1, HUI-TAE JOO1,  
JUNG WOOK PARK1, HYOUNG-MIN JOO2,  

DOO BYOUL LEE2, CHANG-KEUN KANG3 AND  
SUNG-HO KANG2 

The areal extent of arctic sea ice has rapidly decreased but 
areal extent of melt ponds within sea ice recently increased 
during the Arctic Ocean summer. Melt ponds in sea ice floes 
could be an important habitat for phytoplankton and higher 
trophic levels. However, the biological impacts of these 
changes on the arctic marine ecosystem have rarely been 
studied. Intensive works were executed at two different types 
of sea ice stations (ST 1 and ST 2) in the northern Chukchi 
Sea, 2011, to estimate contributions of particulate organic 
carbon (POC) as a potential food source in various 
environments on the arctic sea ice floes. The surface ice of 
melt ponds at ST 1 had the highest POC concentration with a 
mean of 148.0 mg C m-3, followed by sea ice cores at ST 2 
(mean ± S.D. = 125.7 ± 128.2 mg C m-3). The POC 
concentrations in melt ponds ranged between 90.0 mg C m-3 
and 103.9 mg C m-3 at ST 1 and ST 2, respectively. Major POC 
contributors for melt ponds were diatoms with a mean 
biovolume contribution of 48.7% (S.D. = ± 39.1%) which was 
strongly related to in situ salinity in melt ponds. The carbon 
contribution of sea ice floes could be important to higher 
trophic levels as sympagic meiofauna, under-ice amphipods, 
and small arctic cods because of the concentrated POC within 
sea ice floes, although the total POC concentration of entire 
sea ice floes relatively low (2.8 to 5.3%) compared with the 
euphotic water column. 
 

1809



 Goldschmidt2015 Abstracts  

 1810 

Geochemical controls on dispersion 
and migration of fluoride in soil and 
soil solution via accidental leakage 

SANGHOON LEE1*, EUNHYE KWON12, DOYOUNG KIM12, 
JUNSEOK LEE2, HYUN A LEE2 AND HYE-ON YOON2 

1Environmental Engineering Section, Division of 
Biotechnology, Catholic University, 43, Jibong-ro, 
Wonmi-gu, Bucheon-si, Gyeonggi-do, Repubilc of Korea 

2Seoul Center, Korea Basic Science Institute, 6-7, Inchon-ro 
22-gil, Seongbuk-gu, Seoul 136-075, Republic of Korea 

(*correspondence: slee@catholic.ac.kr) 
 

Recently, anhydrous hydrofluoric acid was leaked in Kumi, 
Korea where the adjacent area was subject to contamination.  
This study concerned not only with the short-term influence of 
the spillage but also with the long-term impact on the area.  
Both soil and soil porewater chemistry were analysed.  Soil 
solution chemistry is expected to provide information for real 
time migration of elements in soil, whereas soil chemistry is 
more static and long-term perspective.  Two stages of soil 
samplings taken: the first, several days after the spillage and 
the second one year later. No dramatic differences exist 
between the samples and therefore the spilled F seem to have 
degraded and dispersed quite rapidly, even in very early stage 
of the accident. The soil in the area do not show evidence of 
contamination, reporting less than background levels, reported 
in other studies. F concentrations in the soil and soil solution 
did not represent good correlation either. Water soluble F and 
porewater F are in good correlation and both solutions are 
controlled by pH to some degree.  The higher the pH, the 
higher in the soill solutions and this is thought to be competion 
between the adsorbed F and hydrogen ions F concentraions in 
soil seem to have been more influenced by land use, rather the 
geochmical factors such as pH.  A spiked sample was leached 
by succesive batch methods and continuous column methods.  
High amount of F was leached in the early stage of leaching 
and then the concentrations decreased rapidly with number of 
leachings and increasing pore volums. In conclusion, little 
evidence are suggested for extensive dispersion of F. F is 
mobile and easily soluble and eveidently seem to have been 
controlled by CaF2 by geochemical modelling, which limits the 
F concentrations in soil porewater.  

 
This study received support from the Geo-Advanced Innovative 
Action (GAIA) project of the Korea Environmental Industry & 
Technology Institute (KEITI). 
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Aragonite occurs via biological or physico-chemical 
processes through precipitation in many different environments 
including marine ecosystems. It is known that the formation 
and growth of aragonite are dependant on several parameters 
such as temperature, concentrations of chemical species and 
organics. Strontium (Sr) is often used as an indicator of climate 
change because it is one of the ocean conservative elements. In 
this study, we investigated Sr incorporation into aragonite over 
a wide range of temperature and supersaturation in the 
presence and absence of organics. 

All samples were synthesized through a constant-addition 
method with varying temperatures, injection rates, and 
concentrations of species. XRD shows that all synthesized 
samples even with Sr are pure aragonites. Although the crystal 
size and growth rate for Sr-incorporated aragonite increase, 
there is no distinctive difference in crystallinity of the 
synthesized aragonite even with increasing temperature and 
supersatuation with respect to aragonite. Note that partition 
coefficient of Sr into aragonite decreases from 2.37 to 1.57 
with increasing degree of the supersaturation. It is also found 
that the partition coefficient of Sr decreases from 1.90 to 1.54 
at 15 ℃ and 40 ℃, respectively. However, the partition 
coefficients of Sr in the presence of various organics are 1.59 
to 1.52, showing not much difference. We, therefore, note that 
temperature and supersaturation climbing with respect to 
aragonite increase growth rate of aragonite crystals and 
decrease Sr incorporation into the structure of aragonite. Our 
results suggest that the partition coefficient of Sr to biogenic 
aragonite could be seriously affected by temperature and 
degree of supersaturation in solution. 
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Rare earth elements (REEs) have been used as one of 

useful tools in geochemical and cosmochemical studies 
because of their similar chemical behaviors and their gradual 
changes in ionic radii. Recenlty, REE tetrad pattern has been 
considered as an example of a specific Sm/Nd fractionation in 
geologic systems such as evolved or highly-fractionated 
granites under the conditon that the REE measurement were 
performed at reasonable precison and accuracy. Then, such 
REE tetrad effect in the granite accompanies very large 
negative Eu anomaly. 

In this study, we measured REE abundances with high 
precison and accuracy within 5-10% for clarifying the order 
tetrad REE pattern and negative Eu anomaly. We also 
measured oxygen isotope for whole rock and its constituent 
minerals to survey hydrothermal effect due to water-rock 
interaction. The oxygen isotopes of the granites and their 
constituent minerals are plotted on the terretrial fractionation 
line suggesting that they are derived from the same source 
magma rather than hydrothermal alteration. Our data showed 
that Eu anomalies of the granites with REE tetrad pattern 
should be derived from K-feldspar fractionation rather than 
from a fractionation between the residual melt and a coexisting 
aqueous high temperature fluid. Our data also indicate that the 
formation of REE tetrad effect and negative Eu anomaly might 
have occurred concurrently. In this study, we could reconfirm 
that REE tetrad effect is a product by a specific magma 
fractionation not by hydrothermal alteration. 
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Refined petroleum products including gasoline, kerosene, 

and diesel are major sources of soil contamination. Analysis of 
petroleum compounds in the soil is essential to determining 
their potential impact to the environment as well as the 
responsible party for remediation. For the purpose of 
identifying the source of petroleum contamination, the patterns 
of GC chromatograms, representing the overall chemical 
composition of the samples, has been frequently used by 
comparing the pattern in the source with that in the sample. 
However, the conventional practice of simply comparing the 
shape of chromatograms is largely dependent on subjective 
decisions of the individual analysts. Moreover, GC 
chromatogram could be severely damaged by the geochemical 
weathering in the soil environment as to lose its original 
appearance. In this study, the pattern of unresolved complex 
mixture (UCM) in the GC chromatogram was estimated as a 
potential quantitative indictor for identifying the petroleum 
products in the soil sample. UCM represent the inseperable 
region in the GC chromatogram which might be composed of 
various hydrocarbons fairly resistant to the weathering. We 
found that the typical shape of UCM could be characterized 
with Gaussian function, and each petroleum product showed 
the different retention time at which the maximum intensity 
was observed; for example, 12.8 ± 0.4 for kerosene, 20.0 ± 0.2 
for diesel, and 32.5 ± 0.6 for lubricant oil under the analytical 
conditions employed in this study. These value was found to 
be consistent even for the extracts from highly weathered 
samples. Moreover, the specific contribution ratio of different 
petroleum products in a contaminated soil could be 
successfully estimated by using the UCM pattern recognition 
technique developed in this study. 
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Seasonal variations in fluorescent 
dissolved organic matter (FDOM) 

and dissolved organic carbon (DOC) 
in the Nakdong River estuary in 

Korea 
SHIN-AH LEE* AND GUEBUEM KIM 
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University, Korea (*correspondence: sina87@snu.ac.kr) 

 
Water samples were collected at a fixed station in the 

Nakdong River Estuary, Korea, from September 2014 to 
present. The sampling was performed every hour using an auto 
sampler during spring tide once a month. The Nakdong River, 
which is the longest river in Korea, is a major source of 
drinking water, agricultural irrigation, and industrial supply. 
The Nakdong River Dam located 560 m upstream from the 
sampling site controls the river-water discharge and prevents 
the saltwater intrusion. We analyzed the fluorescence intensity 
of dissolved organic matter (DOM) using a spectrofluorometer 
and the concentration of DOC using a TOC analyzer. The 
fluorescence spectra were further characterized by parallel 
factor analysis (PARAFAC). In general, salinities ranged from 
0.1–27. The concentrations of DOC and FDOM showed 
significant correlations with salinity (r2=0.65~0.98). These 
relationships indicate that terrestrial fresh water is the major 
source of FDOM and DOC in this region and that they are 
conservative over the estuarine mixing processes. The large 
seasonal variations in riverine endmember values suggest that 
the cycling of DOM in rivers is dynamic and might have 
critical impacts on biogeochemistry of DOM in receiving 
coastal waters. 
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biomineralization of magnetite and 
greigite in magnetotactic bacteria 

CHRISTOPHER T. LEFEVRE1 
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de Bioénergétique Cellulaire, Saint Paul lez Durance, 
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Magnetotactic 
bacteria (MTB) are defined as motile prokaryotes whose 
swimming direction is guided by magnetic fields, including the 
Earth’s geomagnetic field. This behavior, named magnetotaxis, 
results from the synthesis of magnetosomes which are 
composed of a magnetic mineral crystal, either an iron oxide 
(magnetite Fe3O4) or iron sulfide (greigite Fe3S4), surrounded 
by a lipid bilayer membrane. The process of magnetosome 
biomineralization includes (i) the choice of mineral 
composition, (ii) the control over the size and morphology of 
the crystals and (iii) their position within the cell. This process 
has been refined and optimized in the course of evolution, 
especially considering that it probably originated first as cells 
taking up large amounts of iron. At some point, the genes 
encoding magnetosome membrane proteins would have then 
evolved toward a controlled biomineralization process leading 
to the magnetosome mineral phase and the first MTB. The 
primitive lines of MTB that acquired the original pool of genes 
necessary for magnetosome formation seem to have evolved 
differently in different phylogenetic groups that contain MTB. 
This leads to different magnetosome crystal compositions and 
morphologies and the emergence of new genes involved in 
magnetosome formation, thus explaining the great diversity of 
MTB (Figure 1). During this presentation I will introduce the 
recent insights into the evolution of magnetosomes from a 
biological to a crystallographic point of view. 

Figure 1: 
Transmission 
electron 
micrographs of 
magnetotactic 
bacteria 
isolated from 
the same 
sampling bottle 
collected from 
the 
Mediterranean 
Sea at the 
Mejean 
Calanque near 
Marseille, 
France. 
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Early Cambrian black shale-hosted 
Mo-Ni and V mineralization on the 

rifted margin of the Yangtze 
Platform, China: Reconnaissance 

chromium isotope data  
BERND LEHMANN, ROBERT FREI, LINGANG XU AND 

JINGWEN MAO 
 
The transgressive basal unit of the Early Cambrian black-

shale sequence along the rifted margin of the southeastern 
Yangtze Platform hosts a wide spectrum of marine 
sedimentary rocks distributed over more than 1000 km length. 
A-few-cm thick sulfide-rich black shale units have spectacular 
metal tenors (Mo and Ni in the percent range, PGE + Au 
around 1 ppm) and consist of sub-mm-scale laminated sulfide 
and carbonaceous material and cm-sized pebble-like rip-up 
clasts of Mo-S-C compounds, pyrite, and Ni-rich polymetallic 
sulfides in carbonaceous and apatite-rich matrix.  

The δ53/52Crauth values of Mo-Ni-sulfide-rich black shale 
samples from the Huangjiawan mine (Guizhou province), as 
well as from the Sancha district (Hunan province), 400 km NE, 
have a mean of 0.96 ±0.22 ‰ (n=8), while V-rich black shale 
from both districts has a mean of 1.34 ±0.46 ‰ (n=5). These 
data indicate significantly positively fractionated values 
compared to igneous silicate Earth. The Cr isotope values of 
the studied shales compare with recent findings of positively 
fractionated δ53/52Cr values in Late Neoproterozoic – 
Phanerozoic marine carbonates and shale/mudstones and attest 
for the operation of an intensified oxidative surface Cr cycle 
from at least around ~0.75 Gyr ago.  

The Cr isotope data confirm earlier conclusions from Mo 
and Os isotopes which indicate a seawater metal source with 
ultimate metal supply by oxidative weathering of continental 
crust. The Mo-Ni-sulfide rich sediments can be regarded as the 
euxinic variant of the marine hydrogenous ore deposit 
spectrum, where ferromanganese nodules/crusts represent the 
oxic end-member of extreme fractionation.  
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JOHANNES LEHMANN1*, ANGELA POSSINGER1,  
BARNABY LEVIN2, AKIO ENDERS1, DAWIT SOLOMON1, 

LENA KOURKOUTIS2 AND DAVID MULLER2 
1Soil and Crop Sciences, Cornell University, Ithaca NY 14853, 

USA 
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University, Ithaca, NY 14853, USA 
 

Soil organic matter stores several-fold more organic carbon 
than the atmosphere and biosphere combined. Small changes 
in soil organic matter will have significant effects on 
atmospheric carbon dioxide contents and therefore global 
climate. This is both a challenge when considering enhanced 
mineralization in a warming World, and an opportunity to 
sequester atmospheric carbon dioxide to mitigate 
anthropogenic climate change. Despite the importance of soil 
organic carbon in the global carbon cycles, the interactions 
between organic matter and minerals are not clear. This is a 
significant shortcoming, since without this interaction, organic 
matter will mineralize very quickly. X-ray microscopy can 
shed new light on this interaction, and NEXAFS has been 
instrumental in highlighting the distribution of carbon and 
minerals in soil. However, the spatial resolution of NEXAFS is 
with 20-50 nm still too low to probe the interface directly. 
EELS is theoretically able to image with 1-2 order greater 
spatial resolution but has rarely been used in soil science and 
not in the context of soil organic carbon studies. With the help 
of cryo-focused ion beam technology, we sectioned soil 
microaggregates that were embedded in shock-frozen water. 
Beam damage occurred when imaging pure amino acid 
standards. First analyses of the interface of cryo-sectioned soil 
microaggregates are discussed.  
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pH plays a key role in mineral solubility hence, the 

determination of pH is an important parameter to understand 
metal transport properties in paleofluids. Here we present a 
software program developed to determine the pH of 
paleofluids trapped in fluid inclusions. pH estimation of 
paleofluids can be obtained using fluid-mineral equilibria, 
however, in this study, our approach is on the H2O–CO2–Na-
K-Ca-Mg-Cl–HCO3

- system, more specifically by focusing on 
the CO2/HCO3

- equilibrium that occurs at the trapping 
temperature of paleofluids in fluid inclusions. First, the HCO3

--
CO3

2--CO2 concentrations in the aqueous phase are obtained by 
Raman analysis at room temperature. Then the cations/Na 
ratios are measured using LA-ICPMS. The CO2 and HCO3

- 
concentrations and microthermometric data of ice melting 
temperature associated with a Pitzer thermodynamic model of 
this phase transition allows for the calculation of the 
concentration of the different aqueous species [1]. In the 
following step, we determine the CO2 density in the vapor 
phase. This is accomplished by using the concentration of 
aqueous CO2 and all other cations and anions combined with a 
dissymmetric thermodynamic model of CO2 solubility at room 
temperature [2]. The concentration of the total carbon species 
measured by Raman spectroscopy at the homogenization 
temperature combined with the Duan model allows for the 
calculation of the bulk ρ-x properties [3]. Finally, the pH is 
calculated along the isochores by using a combination of the 
models of Duan [3] and HKF [4]. The program can be applied 
for pressures and temperatures below 2000 bar and 523 K, 
respectively and NaCl concentrations below 5 molal. 
 
[1] Pitzer et al. (1973) J. Phys. Chem. 77, 268–277. [2] Duan et 
al. (2003) Geochim. Cosmochim. Acta 72 5128-5145 [3] Duan 
et al. (2008) Geochim. Cosmochim. Acta 67 671-680 
[4]Sverjensky et al. (1997) Geochim. Cosmochim. Acta 61 
1359-1412. 
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Understanding the links between chemistry, nanostructure 

and properties of silicate glasses and melts remains a 
fundamental problem both for Earth and Materials Sciences. 
Central to this, is whether the distribution of mobile metallic 
ions, like alkalis, can be considered random or not. This 
drastically affects our understanding of their properties, and 
ways to model them. We report viscosity, Raman, Nuclear 
Magnetic Resonance measurements combined with molecular 
dynamics simulations on alumino-silicate glasses supporting 
the contention that the micro-segregation of metallic ions into 
percolation channels is a universal phenomenon, strongly 
influenced by their ionic field strength. Such nanostructure 
critically affects melt viscosity, and probably nucleation and 
crystallization phenomena as well as volatile degassing. 
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North Atlantic (GEOTRACES GA01) 
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2Vrije Universiteit Brussel, Analytical, Environmental and 
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3Royal Museum for Central Africa, Leuvensesteenweg 13, 
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4Aix Marseille Université CNRS/INSU, Université de Toulon, 
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UM110, 13288 Marseille, France 
 
The international GEOVIDE expedition (GEOTRACES 

GA01, May-June 2014, spring period) aims at providing a 
better understanding on key trace metal biogeochemical cycles 
in the North Atlantic. Sampling was undertaken within 
different biogeochemical provinces including the Iberian 
Margin, the West European Basin, Reykjanes Ridge, Irminger 
Sea, Greenland Margin and the Labrador Sea showing 
contrasted physical, biological and chemical characteristics. 
Some of these areas are known to present an important spring 
phytoplankton bloom leading to the export of particles, but 
large uncertainties remain about the remineralization processes 
affecting the sinking particles. In this study, the inventories of 
the excess, non-lithogenic particulate barium (Baxs) proxy 
were determined at 12 stations in order to assess mesopelagic 
carbon remineralization (Dehairs et al., 1997). Baxs profiles 
display maximum values in the mesopelagic zone and range 
from 500 (Greenland Margin) to 1800 pmol.L-1 (West 
European Basin) suggesting a large variation in the magnitude 
of the remineralization processes. Remineralization fluxes of 
carbon in the North Atlantic will be discussed with the aim of 
determining if this area is efficient to transfer carbon in the 
deep ocean. 
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Modeling weathering rates in the 
critical zone with stable isotopes 
LEMARCHAND, D.1*AND DI CHIARA, ROUPERT R.1 

1LHyGeS-EOST, University of Strasbourg, Strasbourg, France, 
lemarcha@unistra.fr (* presenting author)  

 
Accurate knowledge of the chemical budget, rates and 

parameters that control soil-forming reactions is a crucial issue 
because they determine the long-term evolution of soils and 
landscape but also determine the rate at which soil nutrients 
can be renewed. This latter knowledge helps making short-
term decisions on sustainable agricultural and forestry 
practices. Classically, hydrological models and pore waters 
chemistry are used to determine the instantaneous budget of 
the exchange of matter between soils particles, solutions and 
sometimes vegetation. However, the complexity and non-
linearity of the soil/water/plant interactions often leads to 
underconstrained systems that makes a full characterization of 
the reactions in progress on the basis of chemical composition 
alone quite difficult. 

In the present study, we developed a general model of 
stable isotopes fractionation intended to determine reaction 
rates in soil layers. It is based on mass and isotopic budgets 
and treats the bulk soil evolution as a simple gain-and-loss 
problem in which soil-forming reactions consist of mineral 
dissolution (loss) and secondary mineral precipitation (gain). 
Although the model can be theoretically applied to any stable 
isotopes, we specifically focused on B isotopes because 1) all 
cogenetic silicate minerals have similar d11B, thus limiting 
uncertainty on the actual mineralogy of the dissolving phases; 
2) B isotopes undergo large isotopic fractionation during 
precipitation of secondary products and 3) d11B in the 
vegetation pool is very different from the soil mineral one that 
greatly helps the recognition and quantification of B exchange 
between soil and vegetation. 

We developed a population-based stochastic search 
technique based on a modified Particle Swarm Optimization 
approach (PSO). This has the advantage of providing sets of 
analytical solutions without requiring the precise knowledge of 
model parameters such as the isotopic fractionation factors,  
the relative mass of parent material lost, or even the chemistry 
of the pore waters. We applied the model to B isotopes in 
different soil profiles developed on a granite bedrock 
(Strengbach watershed, Vosges, France). Models outputs 
provide dissolution and precipitation rates that are consistent 
with the overall bulk soil chemistry and mineralogy [1]. The 
model also interestingly indicates that the bound-water 
chemistry is more consistent with the bulk soil profile than the 
water collected by the zero-tension lysimeter plate. 
 
[1] Lemarchand, D., et al. (2012) Geochim Cosmochim Ac 98, 
78–93 (2012).  
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KONO H. LEMKE1 AND CHAKREE TANJAROON1 
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Molecular complexation and microsolvation processes 
play a key role in the transport of metals in aqueous fluids. 
Understanding the structure of molecular metal ions in aqueous 
media has therefore become a topic of intense research, with 
important implications for the transport of metals by vapor and 
isotopic fractionation processes at gas/liquid interfaces. In 
order to probe metal speciation and, in particular, the solvation 
environment around larger ion clusters, we have begun a 
systematic survey of representative metal-perchlorate clusters 
[Mn(ClO4)2n-1]+(H2O)m, M=Mn, Ni, Cu, Co, Zn) using a 
combination of electrospray ionization (ESI), ion resonance 
mass spectrometry and tunable IR spectroscopy. Briefly, ion 
cluster experiments were conducted on a modified ESI FT-ICR 
mass spectrometer mated to a Nd:YAG pumped table-top 
OPO/POA laser system. The OPO/OPA produces  
10-15 mJ/pulse IR radiation over the 2500-4500 cm-1 range 
and is coupled to a CW-CO2 IR laser that is employed to 
preheat more strongly bound ion clusters. Metal perchlorate 
clusters were generated by ESI of dilute (0.1-1mM) solutions 
of metal perchlorate salts, and IR spectra, in the OH-stretching 
range (3400-3750 cm-1), were recorded on mass-selected ion 
clusters of the type [Mn(ClO4)2n-1]+(H2O)m. For example, in 
ESI mass spectra of aqueous Mn(ClO4)2 we identified clusters 
of the general form [Mnn(ClO4)2n-1]+(H2O)m with n≤3 and m≤5. 
Upon mass isolation of Mn2(ClO4)3]+(H2O)3, we observed slow 
dissociation to more stable [Mn2(ClO4)3]+(H2O)2, primarily due 
to background black-body radiation, and a shift in the IR 
spectra of the dihydrate to vibrations of O-H bonds not 
involved in hydrogen bonding. Measured IRMPD spectra of 
[Mn2(ClO4)3]+(H2O)m have also been compared against those 
predicted using MP2 theory using cc-pVTZ basis sets for Mn, 
cc-pVTZ for O and H and cc-pV(T + d)Z for Cl. Trends in the 
measured OH-stretching bands in [Mn2(ClO4)3]+(H2O)2 are 
qualitatively consistent with theory, which predicts a global 
minimum in which each H2O molecule attaches to one Mn site 
in [Mn2(ClO4)3]+ and, a higher energy (20.5 kJ/mol) isomer in 
which both water molecules are bound to one Mn site of 
[Mn2(ClO4)3]+ and H-bond with perchlorate oxygens giving 
rise to red-shifted OH stretching vibrations.  
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The mechanism of glass corrosion in aqueous solutions has 

generally been evaluated in the light of bulk solution data. One 
idea of corrosion experiments with a flow-through or regular 
renewal setup is to study the influence of different saturation 
levels of specific elements in solution on glass corrosion. We 
carried out a series of flow through experiments with a simple 
ternary Na borosilicate glass at 90°C using different solution 
renewal rates of pure water and NaCl solutions. High salt 
concentration were used to mimic storage conditions in salt 
mines, which are discussed to be used as nuclear waste 
repositories in some countries.  

Our results show that high salt concentration near the salt 
saturation point actually decrease the overall corrosion rate in 
contrast to the accelerating effect of small quantities of 
dissolved salt. Most importantly, we further observed the 
occurrence of of amorphous silica as alteration phase even in 
solutions that are highly undersaturated solution with respect to 
SiO2(am). The precipitation of silica was observed in NaCl 
solutions even if high renewal rates (as high as 5 ml/h) were 
used, This indicates that a silica supersaturated boundary layer 
at the glass surface must have been developed from which 
amorphous silica, after congruent glass dissolution, could back 
precipitate onto the dissolving glass surface. It also shows that 
non-stoichiometric distribution of elements in solution during 
silicate glass alteration does not necessarily point to a process 
that involves diffusion-controlled selective leaching of 
elements from the glass.  

The effect of such an interfacial boundery layers with its 
ability to establish a different chemical enviroment than the 
bulk solution need to be considered in glass corrosion not only 
at (polished) surfaces, but particularely in cracks, which 
inevitably will form during cooling in the industrial-sized 
waste glass production or directly during glass-water 
interaction.  
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A Paleozoic oxygenation event driven 
by the first land plants 

T. M. LENTON1*, B. MILLS1 AND S. J. DAINES1 
1University of Exeter, Exeter, UK (*t.m.lenton@exeter.ac.uk) 
 

Land plants have transformed weathering regimes and with 
that the composition of the atmosphere and oceans.  

It is widely accepted that the rise of rooted, vascular plants, 
including the first forests, through the Devonian-Carboniferous 
accelerated silicate weathering, causing a drawdown of 
atmospheric CO2 and cooling the planet into the Permo-
Carboniferous glaciations. Prior to that, the first non-vascular 
plants (mosses, liverworts and hornworts) colonised the land in 
the Mid-Late Ordovician. Weathering experiments have shown 
that a modern moss can amplify silicate weathering by a factor 
of 1.5 to 6 [1]. With a plausible estimate of the area covered by 
early non-vascular plants, they could have halved atmospheric 
CO2, causing sustained global cooling of around 5 °C, and 
triggering the Late Ordovician glaciations [1]. 

Mosses were also found to amplify phosphorus weathering 
by a factor of up to 60. This could explain the extensive 
shallow water phosphate deposits, organic-rich black shale, 
and positive excursions in the marine carbon isotope record in 
the Late Ordovician. We predict a resulting rise in O2 to levels 
>15% of the atmosphere, that could support combustion for the 
first time in Earth history. This is consistent with the 
appearance of the first fossil charcoal in the early Silurian, and 
with geochemical data that shows the deep ocean first became 
fully oxygenated sometime between the Ordovician and Mid 
Devonian [2]. The subsequent evolution of lignins with a high 
C/P ratio, further increased organic carbon burial and 
atmospheric O2 [3]. 

Thus we argue for a ‘Paleozoic oxygenation event’ driven 
by the earliest land plants. Using an improved modelling 
framework, based on the ‘COPSE’ biogeochemical model [3], 
we predict the effects of early land colonisation and test them 
against geochemical data. We find that the increase in 
atmospheric O2 caused by the rise of land plants fundamentally 
changed the global weathering regime from kinetically-limited 
oxidative weathering to transport-limited oxidative weathering 
[4]. With that the feedback mechanisms regulating atmospheric 
O2 shifted from its sink to its source – i.e. from oxidative 
weathering to phosphorus weathering and the resulting organic 
carbon burial. 

 
[1] Lenton et al. (2012) Nature Geosci. 5, 86-89. [2] Dahl et 
al. (2010) PNAS 107, 17911-5. [3] Bergman et al. (2004) Am. 
J. Sci. 304, 397-437. [4] Daines et al. (2015) submitted. 
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Commonly occurring 2.1-1.9 Ga organic-rich rocks are 
considered to track global environmental changes in the 
aftermath of the GOE at 2.3 Ga. The presence of strongly 13C-
depleted organic matter in two of the best-studied successions, 
the Francevillian in Gabon and the Zaonega in NW Russia, 
have been explained by two contrasting hypotheses: (i) a 
global change in δ13C of atmospheric CO2 due to weathering of 
organic-rich rocks deposited during the preceding Lomagundi-
Jatuli Ccarb isotopic excursion; or (ii) by basinal methanotrophy 
triggered by local hydrocarbon generation and CH4 seepage.   

New data on the carbon and hydrogen isotopic 
characteristics of trapped hydrocarbon gases (C1-C4), 
particularly the relationships between heavier species (C2-C4) 
in the Zaonega succession, are compatible with the 
accumulation of 13C-depleted organics (δ13C c. -40‰) with 
seepage of thermogenic CH4. These results, combined with 
published data, support the inference that regional/basinal 
processes best explain the Zaonega anomaly (Shunga Event). 

 New geochronologic results on the Zaonega rocks and 
comparison with age constraints on other broadly 
contemporaneous (2.1 to 1.9 Ga) organic-rich stratigraphic 
intervals demonstrate that Paleoproterozoic organic carbon 
accumulation define temporally discrete depositional episodes 
with conditions in individual basins being strongly influenced 
by magmatic activity. 
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Gunflint-type Paleoprotezoroic (2.45-1.6 Ga) microfossil 

assemblages are dominated by spherical (Huroniospora) and 
filamentous (Gunflintia) microfossils with phylogenetically 
ambiguous morphologies. Based on depositional environment, 
mineral associations (carbonates, Fe-oxides, sulfides), and Fe-, 
S- and C-isotopes, microfossils have been interpreted variously 
as cyanobacteria, Fe-oxidizing bacteria, or S-oxidizing 
bacteria. 

We studied microfossils in shallow water stromatolites of 
the 1.9 Ga Gunflint Iron Formation using a combination of 
Focused Ion Beam sectioning, Scanning Transmission Electron 
Microscopy, Electron Energy Loss Spectroscopy, nanobeam 
electron diffraction, and Scanning Transmission X-ray 
Microscopy. Taphonomic transformations and primary 
taxonomic features were distinguished by organic micro- to 
nanostructures. This defined two populations (thick- and thin-
walled) of Huroniospora. Moreover, intracellular Fe-oxide 
minerals were systematically found in thick-walled 
Huroniospora, but not in thin-walled Huroniospora or in 
filaments (Gunflintia). Nanoscale distribution of iron oxidation 
states (Fe2+ vs Fe3+), petrographic relationships, and 
cristallography provide constraints on the diagenetic fate of the 
initial Fe-bearing phases in these microfossils. We propose that 
these Fe-oxides formed after primary Fe3+-bearing intracellular 
biominerals in Huroniospora. The species-specific Fe-
mineralization rules out secondary processes affecting all 
organic fossils. Moreover, the intracellular locus of Fe-
mineralization, coupled with the large size (7-12 µm) of the 
microfossils put constraints on the metabolism of thick-walled 
Huroniospora and on the chemistry of their environment.  
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Metals and radionuclides in shales: 
Towards a better management of 

flow-back waters 
JÉRÉMY LERAT1, JÉRÔME STERPENICH1,  

RÉGINE MOSSER-RUCK1 AND ÉRIC C. GAUCHER2 
1Université de Lorraine, CNRS, CREGU, Laboratoire 

GeoRessources, Campus Aiguillettes, BP 70239, 
Vandœuvre-lès-Nancy, F-54506, France. (Correspondence: 
jeremy.lerat@univ-lorraine.fr) 

2Total CSTJF, Avenue Larribau, Pau, F-64000, France. 
 

The shales are a major resource for oil and gas. However, 
toxic metals and radionuclides can be strongly concentrated in 
shales and also can be released from the rock in the flow-back 
waters after hydraulic fracturing. This could lead to potential 
environmental risks if inadequate treatment or disposal are 
used. This problem can be anticipated by characterising the 
metal-bearing phases in order to formulate fracking solutions 
limiting the leaching of these minerals. 

The formation studied is the Alum Shale, a potential gas 
producer located in Denmark. The mineralogical study show 
that the major constituents of the Alum Shale are silicates, 
carbonates, sulfides and organic matter. The quantification of 
minerals are determined by a matrix calculation based on bulk 
ICP-MS and –OES analyses and by XRD (BGMN Program). 
The silicates are quartz (20-45 mol%), illite/muscovite  
(6-10 mol%), albite (1 mol%) and orthoclase (0-2 mol%). The 
major carbonates are calcite (0-5 mol%), dolomite (0-4 mol%) 
and sidérite (0-2 mol%). The main sulfide is pyrite varying 
between 5 and 7 mol%. The organic matter represents 35 to  
55 mol% of the shale. Rutile is also present around  
0.5-0.9 mol%. A statistical treatment of the chemical data 
obtained by PCA on the bulk highlights correlations between 
metals and the different mineral phases. Sr and Mn are linked 
to the carbonates, the sulfides are correlated with the most part 
of heavy metals and transition elements (As, Cu, Ni, Pb) and 
the organic matter is associated with U, V and Mo. Microprobe 
analyses on single phases reveal that carbonate phases contain 
between 0.2 and 2.7 wt% of Mn. Pyrites contain up to  
1600 ppm of As, 2000 ppm of Cu, 1700 ppm of Ni and  
1300 ppm of Pb. Leaching tests of Alum Shale are carried out 
to determine the released elements and are coupled with 
numerical simulations in order to develop hydraulic processes 
limiting the dissolution of minerals. The first results highlight 
that an oxydant fluid involves the release of heavy and 
transition metals (up to 3.5 mg.L-1 of Mn, 765 µg.L-1 of Ni,  
80 µg.L-1 of U, i.e. 70 times, 10.9 times and 5.3 times the 
thresholds of potability respectively). 
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Contrasting rates of thorium and 
particle cycling in different 

oceanographic environments along 
the US GEOTRACES North Atlantic 

Section  
1P. E. LERNER, 2P. J. LAM AND 1O. MARCHAL 

1Woods Hole Oceanographic Institution, Woods Hole, MA., 
02543, USA. (plerner@whoi.edu, omarchal@whoi.edu). 

2U.C. Santa Cruz. Santa Cruz, CA., 95064, USA. 
(pjlam@ucsc.edu). 

 
Thorium is an important tracer for the cycling of marine 

particles and their associated chemical consituents, including 
carbon, nutrients, and trace metals. Its use as a tracer of 
processes in the modern and past oceans derives from its high 
particle reactivity and its radioactive isotopes characterized by 
very different half-lives (t1/2 = 24.1 days for 234Th, 75,584 yrs 
for 230Th, and 1.91 yrs for 228Th). We have recently applied a 
generalized nonlinear least-squares method to fit a Th and 
particle cycling model to Th isotope and particle data from 
station GT11-22 of the US GEOTRACES North Atlantic 
section (GA03). The analysis of the fit residuals indicated that 
a version of the model with depth-dependent rate parameters 
(rate constants of Th adsorption, k1, Th desorption, k-1, and 
particle remineralization, β-1, as well as particle sinking speed) 
more accurately describes the data than a version with uniform 
rate parameters. 

In our presentation we will use this method to estimate 
these important rate parameters in contrasting biogeochemical 
environments along the GA03 section from data, or 
observational estimates, of dissolved (<0.45 µm) and 
particulate (>0.8 µm) 228,230,234Th, 230,234U, 228Ra, and particle 
concentration. These environments include, e.g., the 
biologically productive region off the northwestern African 
coast, the oligotrophic subtropical gyre, and sites influenced by 
the hydrothermal activity near the Mid-Atlantic Ridge. In 
particular, we will document the spatial variations of the rate 
constant ratio, K = k1/(k-1+β-1), which describes the relative 
importance of the attachment of Th to particles by adsorption 
vs. the release of Th from particles due to desorption and 
remineralization. In this way, we will elucidate the dominant 
mechanisms underlying the distribution of Th and particles in 
different biogeochemical environments in the North Atlantic.  
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Lithium and boron isotope analysis of 
whole-rock nano-particle pressed 

powder tablets by LA-MC-ICP-MS 
PETRUS LE ROUX1*, DIETER GARBE-SCHÖNBERG2 AND 

KERRYN GRAY1 
1Department of Geological Sciences, University of Cape 

Town, Rondebosch, South Africa  petrus.leroux@uct.ac.za 
kerryn.gray@uct.ac.za 

2CAU Kiel University, Institute of Geosciences, Kiel, 
Germany  
dgs@gpi.uni-kiel.de  

 
The ability to obtaining reliable lithium and/or boron 

isotope compositions of whole rock samples without 
dissolution and elemental separation chemistry would make 
these isotope systems significantly more accessable in 
hardrock geoscience research. 

Here we evaluate a new method to obtain such Li and B 
isotope compositions through the processing of whole rock 
samples to yield nano-particle pressed powder tablets [1] 
suitable for LA-MC-ICP-MS analysis. A selection of reference 
materials (BIR-1, BHVO-2, UB-N, and SCOL) spanning a 
large range in Li and B concentrations and isotope 
compositions (Li: 1.6-27ppm, -3 to 4.9‰ δ7Li; B: 0.3-140ppm, 
-0.7 to 13.1‰ δ11B) were prepared as pressed tablets. These 
were analysed by LA-MC-ICP-MS, using a NewWave solid-
state UP193 coupled to a NuPlasma HR, for Li and B isotope 
compositions. Instrumental protocols build on previous success 
with similar analysis of natural or synthetic glass samples [2, 
3], but here using 100µm spot analyses and not trenches. 

Preliminary results indicate sufficient sensitivity (0.3-0.6V 
total B) for meaningful B isotope analysis using faraday 
detectors. These nano-particle pressed powder tablets show B 
isotopic homogeneity at the external 2σ reproducibility level of 
this method (±0.2-0.5‰). Using BHVO-2 as bracketing 
standard, geologically meaningful results are obtained for BIR-
1 (-1.11±0.68 δ11B), but at present not for UB-N.  

Results of the evaluation of these nano-particle pressed 
powder tablets for similar Li isotope analysis by LA-MC-ICP-
MS will be presented. 

 
[1] Garbe-Schönberg & Müller (2014), J. Anal. At. Spectrom. 
29, 990-1000 [2] Le Roux (2010), J. Anal. At. Spectrom. 25, 
1033-1038 [3] Le Roux, Shirey, Benton, Hauri & Mock 
(2004), Chem. Geol. 203, 123-138 
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F and Cl in peridotite minerals: 
analytical development, partitioning, 

and applications to fluid cycling in the 
Earth's mantle 

V. LE ROUX1, B. MONTELEONE1, K. HAMMOND1 AND  
N. SHIMIZU1 

1266 Woods Hole road, Woods Hole Oceanographic 
Institution, Woods Hole, 02543 MA, USA. 
vleroux@whoi.edu 

 
The subduction factory plays a major role in recycling 

volatiles into the deep Earth. Fluids contained in the subducted 
slab are released during dehydration reactions and percolate 
through the mantle wedge. Fluorine (F) and chlorine (Cl) 
measurements in arc magmas have been increasingly popular 
in the last few years because of their potential to track 
subduction-derived components, and because of their effect on 
the properties of melts and magmatic systems. However, F and 
Cl concentrations in nominally anhydrous and hydrous mantle 
minerals remain scarce, because measuring F and Cl at low 
concentrations (< 1 ppm) is challenging. In order to understand 
the range of variability of F and Cl contents of arc magmas, 
and how F and Cl partition during mantle wedge melting, it is 
critical to obtain high-precision measurements of F and Cl 
directly in the source of arc magmas, i.e. in nominally 
anhydrous and hydrous mantle minerals from supra-subduction 
ophiolites that represent analogs of the mantle wedge. Here we 
have developed analytical methods to measure F and Cl at low 
concentrations by secondary-ion mass spectrometry in mantle 
minerals from various supra-subduction ophiolites, orogenic 
peridotites and mantle xenoliths world-wide. 

F and Cl can be added to the mantle wedge through fluid 
and melt percolation, and can be removed from the mantle 
wedge through melting. During those processes, F and Cl 
fractionation is tightly linked to their solubilities in aqueous 
fluids, and their partitioning behavior between melts, 
anhydrous minerals, and potentially stabilized hydrous phases. 
Using F and Cl concentrations of peridotite minerals, partition 
coefficients between minerals, fluids and melts, as well as 
fluid-melt compositions, we identify processes that connect F-
Cl sub-arc source variability to F-Cl variability in arc magmas. 
F and Cl contents of mantle minerals provide a direct record of 
fluid metasomatism, melt percolation and melting processes in 
the mantle source. Preliminary data show that those 
measurements have the potential to contribute significantly to 
our understanding of mantle metasomatism and melting in 
subduction zones.  
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Isotopic composition of nitrate from 
the temperate and sub-polar North 

Atlantic  
E. LE ROY1, D. FONSECA-BATISTA1, A. ROUKAERTS1,  

F. FRIPIAT1, F. DEMAN1, N. BRION1 AND F. DEHAIRS1 
1Vrije Universiteit Brussel, Analytical, Environmental and 

Geo-Chemistry and Earth System Sciences, Brussels, 
Belgium 

 
One of the aims of the GEOVIDE expedition in the North-

Atlantic (May–July 2014; Lisbon, Portugal – St John, Canada) 
is to understand the role of  the biological carbon pump on the 
distribution of trace elements and their isotopes (TEI). In this 
study we determined the natural nitrogen and oxygen isotopic 
composition of nitrate to trace the impact of biogeochemical 
processing and watermasses mixing on this nutrient. The N, O 
isotopic composition of nitrate was determined using the 
denitrifier method (Sigman et al., 2001), whereby nitrate is 
converted into nitrous oxide, using denitrifying bacteria. We 
will present results from contrasted biogeochemical regions of 
the North Atlantic: the Iberian margin, the West European 
Basin, Reykjanes Ridge, the Irminger Sea, the Greenland 
margin and the Labrador Sea. These regions strongly differ in 
terms of deep water ventilation and are presently still poorly 
documented regarding their nitrate isotopic composition. 
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 The supercooled liquid at high 
pressure - the missing link? 

C. E. LESHER12*, S. J. GAUDIO2, A. N. CLARK2,  
L. O’DWYER-BROWN1 

1Department of Geoscience, Aarhus University, Høegh-
Guldbergs Gade 2, DK-8000 Aarhus C, Denmark 
(*correspondence: lesher@geo.au.dk) 

2Department of Earth & Planetary Sciences, University of 
California, Davis, One Shields Ave., Davis, CA 95616, 
United States 

 
It is widely appreciated that the transport properties (e.g., 

viscosity, diffusion) of silicate melts are intimately linked to 
melt structure and the time scales of structural relaxation. 
These linkages have been explored extensively at low pressure, 
but our understanding is far more limited for high-pressure 
conditions relevant to the Earth’s deep interior. These 
shortcomings are partly related to the difficulties making in 
situ measurements at high pressure, and partly because most 
meaurements are made either on quenched glasses or 
superheated melt. In this talk we examine connections between 
glass and liquid behavior with a focus on the glass transition at 
high pressure and anomalous compressibility.  New results 
obtained by X-ray microtomography/ absorption, ultrasonic 
interferometry, and melt-quench and annealing experiments 
are used to interogate the properties of the supercooled liquid. 
These results together with high temperature viscosity 
measurements permit more refined interpolation of transport 
properties within the melting interval of silicate rocks at high 
pressures.  
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Quantifying micron-scale grain 
detachment during weathering 

experiments on limestone 
YAEL LEVENSON1 AND SIMON EMMANUEL1 

1Institute of Earth Sciences, The Hebrew University of 
Jerusalem, Edmond J. Safra Campus, Givat Ram, 
Jerusalem 91904, Israel yael.levenson@mail.huji.ac.il 

 
Weathering in carbonate rocks is often assumed to be 

governed by chemical dissolution. However, mechanical 
processes can also contribute to carbonate weathering by 
fracturing the rock into smaller fragments. Such processes can 
even extend down to the micron-scale, with small grains 
undergoing partial dissolution, followed by detachment from 
the rock surface, thereby accelerating overall weathering rates. 
Although this process could be crucial for the understanding of 
carbonate weathering at the global scale, the role played by 
grain detachment is poorly understood. To quantify the 
contribution of grain detachment to surface retreat rates, and to 
determine the impact of the flow regime, we carried out a 
series of simulated weathering experiments on micritic 
limestone. Using atomic force microscopy, we obtained high 
resolution in situ data of surface topography for reacting rock 
surfaces. In all the experiments, both grain detachment and 
chemical dissolution were observed. However, in the laminar 
conditions we explored in this study we found no clear 
correlation between the flow rate and detached grain size, or 
between the flow rate and the frequency of grain detachment 
events. Importantly, our results establish that grain detachment 
contributes significantly to the overall surface retreat, on 
average accelerating mass loss by 38 ±16% (1σ). In addition to 
speeding up weathering, this micron-scale mechanism could 
also influence the evolution of porosity in aquifers and 
hydrocarbon reservoirs, and provide a natural flux of colloids 
that could transport heavy metals or radionuclides in 
groundwater. 
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Geochemical approach to revealing of 
the fine structure in the Polar 

Formation (the Lomonosov Ridge, 
central Arctic Ocean) 

M. LEVITAN AND K. SYROMYATNIKOV  
V.I. Vernadsky Institute Geochemistry and Analytical 

Chemistry RAS, m-levitan@mail.ru 
 

Recently the study of Quaternary sediments from 
Lomonosov Ridge revealed two parts of cross-section [1]. 
Upper part consists of contrast interlayering of glacial and 
interglacial sediments (MIS 1 – MIS 6), and lower part – from 
uniform older sediments. We called them as the Lomonosov 
Formation and the Polar Formation, respectively [2]. Our XRF 
data from the Polar Formation [2] have been undergone to 
cluster analysis. We could prove the fine structure of the 
formation due to interlayering of sediments from glacial, 
stadial and interglacial paleoenvironments. To do that we used 
the idea from [1] about mean sedimentation rate of the Polar 
Formation equal to 1 cm/kyr and age model of Martinson et al. 
(1987). For sure, our data later should be  connected with 
XRF-scanner data. 

Recently our Swedish colleagues got the same results 
about fine structure of the Polar Formation based on grain-size 
analysis, for example, data about sortable silt and some other 
parameters. We checked this conclusion by means of 
correlation analysis of Al2O3/SiO2 ratio and ratio (sand 
+silt)/clay in our data base for the Polar Formation. Coefficient 
of correlation is 0.688. It means the possibility to reveal the 
fine structure of the Polar Formation by the both methods, the 
geochemical and the grain-size ones. 
 
[1] O’Regan et al. (2008) Paleoceanography 23. PA1S19, 
doi:10.1029/2007PA001551. [2] Levitan et al. (2010). 
Structure and the history of lithosphere development (Ed. 
Yu.G. Leonov). M.-Spb.: Paulsen Edition, 464-490. 
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Raman imaging for geological 
applications: More than a nice picture 

RENATA LEWANDOWSKA1 
1HORIBA Scientific, 231 rue de Lille, 59650 Villeneuve 

d’Ascq, France; renata.lewandowska@horiba.com 
 
Raman spectroscopy is an important analytical tool to study 
geological materials. This technique is a rapid and reliable way 
to confirm the chemical composition of samples as well as the 
particle distribution. Raman imaging is particularly useful to 
study heterogeneous samples in various fields of application of 
Earth Science: mineralogy, gemmology, petrology, 
geoarcheology, paleontology, planetology or volcanology. 
Beyond the nice pictures, Raman images contain rich chemical 
and structural information. This presentation has an 
educational aim to show how to adapt the parameters of 
Raman imaging to various applications and type of analysis in 
the geoscience domain). The latest developments in Raman 
imaging will be also presented.  

 

Figure 1: a 
meteorite and 
its components 
distribution 
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Abundances of chalcophile volatile 
elements in 2.7 Ga komatiites from 

Belingwe, Zimbabwe 
CHUNHUI LI1, HARRY BECKER1, IGOR S. PUCHTEL2, 

ZAICONG WANG1 AND J. ELIS HOFFMANN1 
1Insitut für Geowissenschaft, Freie Universität Berlin, 

Malterserstr.74-100, 14195 Berlin, Germany, 
chunhui@zedat.fu-berlin.de;  

2Department of Geology, University of Maryland, College 
Park, MD 20742, USA 

 
The abundances of incompatible elements in komatiites 

can be used to verify the model composition of the bulk 
silicate Earth obtained from data on mantle peridotites. 
Komatiites are produced by 30-50% partial melting of the 
mantle, which should result in complete exhaustion of base 
metal sulfides in their mantle sources. Chalcophile volatile 
elements (CVEs, i.e., S, Se, Te, Ag, and Cu), are all 
incompatible elements at high degrees of partial melting, and 
their abundances in komatiites can be used to constrain 
abundances of these elements in the mantle sources of 
komatiites.  

However, difficulties arise from the scarcity of komatiites 
in which CVEs were immobile during seafloor alteration and 
metamorphism. In this study, we present CVE abundances in 
remarkably fresh 2.7 Ga komatiites from the Belingwe 
greenstone belt. The data were obtained by isotope dilution 
ICP-MS on samples collected across a single differentiated 
lava flow. Except for Ag and S in the chilled margin, 
abundances of Se, Te, and Cu show well-defined linear 
correlations with indices of magmatic differentiation, such as 
MgO, indicating a fractional crystallization control of element 
distributions in the flow, with only very limited influence of 
degassing and post-eruptive alteration. Calculated CVE 
abundances (S=230±90 ppm, Se=66±11 ppb,Te=9±4 ppb, 
Ag=6±4 ppb and Cu=25±6 ppm; @MgO=38.0%[2]) and ratios 
(S/Se=3421±422, Se/Te=7.1±1.3, and Cu/Ag=3923±804) in 
the mantle source of the Belingwe komatiites, agree well with 
estimates for the composition of the bulk silicate Earth derived 
from mantle peridotites[3-4].  
 
[1] Bockrath et al., (2004), Science 305, 1951-1953; [2] 
McDonough and Sun, (1995), Chem. Geol. 120, 223-253; [3] 
Wang & Becker (2013), Nature 499, 328-331; [4] Wang & 
Becker (submitted), GCA. 
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Iodine records of local surface 
seawater redox conditions from 

Ediacaran to early Cambrian in south 
Yangtze basin, South China 

DA LI1, ZUNLI LU2, XIAOLI ZHOU2 AND HONGFEI LING1 
1State Key Laboratory for Mineral Deposits Research, School 

of Earth Sciences and Engineering, Nanjing University, 
Nanjing 210046, China 

2Department of Earth Sciences, Syracuse University, Syracuse 
NY, 13244, USA 

 
The naissance and extinction Ediacaran biota and the following 
radiation of skeletal metazoans in the early Cambrian has been 
linked to the widespread development of oxygenated oceanic 
conditions, especially the surface ocean redox conditions. 
However, a precise temporal redox evolution of the shallow 
water has not been resolved. Here we report iodine data of 
carbonates from two sections on Yangtze Platform 
(Jiulongwan-Wuhe-Yanjiahe section, Hubei Province and 
Xiaotan section, Yunnan Province) covering a period from  
635 Ma to ~525 Ma [1] 2[].  

Iodine is a redox-sensitive and biophilic element. Iodate 
persists exclusively in oxic waters and is the sole iodine 
species incorporated into carbonate minerals, allowing 
I/(Ca+Mg) ratios in shallow carbonates to be used as a paleo-
redox indicator. Our carbonate I/(Ca+Mg) ratios from two 
shallow water sections are mostly below 1 µmol/mol, lower 
than some of the values reported for Great Oxidation Event 
and the Lomagundi Event [3]. Overall, the I/(Ca+Mg) ratios 
decreased in the Doushantuo Stage (635-551 Ma) possibly 
indicating gradual shoaling of local chemocline at the 
Jiulongwan section. I/(Ca+Mg) does not show any notable 
change coeval with the rapid δ13C drop during the Shuram 
Excursion. I/(Ca+Mg) ratios remain low through the Dengying 
Stage at Jiulongwan, whereas slightly higher ratios are found 
in the Dengying Stage at Xiaotan section, emphasizing 
different local conditions recorded by the proxy. The Cambrian 
part of Xiaotan section shows interesting stratigraphic trends, 
although the baseline values are below 0.5 µmol/mol. These 
data suggest local oxygen penetration depth likely was very 
shallow at both sections in the studied interval.   
 
[1] Ling, H.-F., et al., Precam. Res., 2013. 225(0): p. 110-127. 
[2] Li, D., et al., Precam. Res., 2013. 225(0): p. 128-147. 
[3] Hardisty, D.S., et al., Geology, 2014. 42(7): p. 619-622. 
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Hydrogen solubility in brine at 
reservoir temperature and pressure 
and induced mineral-fluid reactions 

DEDONG LI, CHRISTOF BEYER AND SEBASTIAN BAUER1 
1Institute of Geosciences, University of Kiel, Germany 

(dedong.li@gpi.uni-kiel.de) 
 

Hydrogen gas storage in the subsurface is considered as a 
potential option for temporarily storing large amounts of power 
and thereby to dampen the fluctuating production by wind or 
solar power plants, which is required for the transition to 
renewable energy sources (“Energiewende”). Subsurface 
energy storage, however, requires an adequate process and 
system understanding in order to assess the feasibility of and 
effects induced by the storage operation [1]. When injecting 
hydrogen into porous formations for storage, hydrogen 
dissolves in the resident formation fluid and may trigger 
geochemical reactions with the reservoir host rock. For the 
quantitative description of induced effects, the hydrogen 
solubility is a key factor, as it determines the amount of 
hydrogen in the formation water and thus the extent of possible 
reactions.  

In this work, a new thermodynamic model of hydrogen 
dissolution under reservoir conditions is established, which 
accurately determines solubility and brine density. It accounts 
for pressure, temperature, the fugacity coefficient, gas 
composition, Henry's constant, the Poynting Factor and 
activity coefficients in the formation brine (i.e. at high salinity 
conditions). Appropriate ranges of application are 273-373 K, 
0.1-50 MPa and 0-5 mol/l NaCl. The model is verified against 
experimental data and can reproduce the measurements to 
within measurement error (< 5%) [2].  

The model was included in the open source scientific 
numerical simulator OpenGeoSys [3] and subsequently used 
for simulating the induced geochemical effects of a 
hypothetical hydrogen gas storage into a typical storage 
formation in North Germany. Generally it is found that abiotic 
reactions are not fast and strong for typical temperature 
conditions, however may become stronger at elevated 
temperatures at increased depth.  

 
[1] Bauer et al. (2013) Environ Earth Sci 70:3935–3943. [2] 
Young. (1981) IUPAC Solubility Data Series, v5/6 Hydrogen 
and Deuterium. [3] Kolditz et al. (2012) Environ Earth Sci 
67:589–599.  
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Iron and arsenic redox cycling in 
paddy soil 

FANGBAI LI*, WEILIN HUANG, MIM HU, SHUANG LI AND 
PENGCHENG CHENG 

Guangdong Institute of Eco-Environmental and Soil Sciences 
(email: cefbli@soil.gd.cn) 

 
Arsenic (As) is an important pollutant in soils of south 

China.  Its accumulation in rice has caused public concern over 
food safety in recent years.  Due to the periodical flooding, 
paddy soils have highly heterogeneous microbial community 
that constrains redox cycling of nitrogen, iron and carbon.  
Recent studies showed that such unique biogeochemical 
cycling dominates the oxidation/reduction reactions of As and 
control its bioavailability and bioaccumulation in the artificial 
wetland.   The research of our group has focused on 
identification and characterization of anaerobes that can couple 
reduction of nitrate and redox of iron with reduction of As(V) 
or oxidation of As(III).  Simple coupling processes involving 
nitrate reduction and oxidation of either Fe(II) or As(III) were 
well documented in literature. We examined two different 
mixed cultures that involve multiple processes including 
nitrate reduction, Fe(II) oxidation and As(III) oxidation or 
As(V) reduction. The first experiment showed microbes can 
quickly oxidize As(III) to As(V) when nitrate and/or Fe(II) 
was added to the microcosms, indicating that As(III) oxidizer(s) 
was greatly stimulated. Nitrate reduction was also enhanced by 
As(III) oxidation without Fe(II). The second experiment 
demonstrated that As(V) could be reduced slowly to As(III) 
under anoxic condition, and was nearly shut down in the  
presence of nitrate or/and Fe(II). Microbial community 
structure and functional bacteria related to each process of 
Fe/As/N redox cycling were studied to elucidate the coupled 
mechanisms. We further studied a pure culture 
(Rhodocyclaceae sp. strain Paddy-1) for the coupled nitrate 
reduction, Fe(II) oxidation and As(V) reduction. The results 
indicated that Paddy-1 has an As(V) reductase arsC gene 
likely responsible for the As reduction. Such an As(V) 
reduction was shut down when Fe(II) or nitrate was added. Our 
study may provide new evidence of the coupled Fe/As/N redox 
cycling that constrains As bioavailability at the interphase of 
mineral-root-microbe.   
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Effect of DOM with different mole 
weight on Cu and Pb bioavailability 

FEI-LI LI1 AND ZAN-FANG JIN1 
1Coll Biol & Environm Engn, Zhejiang Univ Technol, 

Hangzhou 310032, China 
 
Dissolved organic matter (DOM) has important effect on 

the bioavailability of heavy metals in water system. The study 
selected citrate acid, fulvic acid, and humic acid as three 
different mole weight DOM, to study their effect on the 
adsorption or absorption of Cu and Pb in Chlorella alga. 

Citrate acid greatly promoted the adsorption of Cu onto 
chlorella, increasing both the maximum enhancement capacity 
and the maximum concentration of chlorella survival. Fulvic 
acid and humic acid only increased the maximum 
concentration of chlorella survival, and humic acid obviously 
decreased the enhancement capacity with higher concentration 
being more effective (Fig.1). The results showed that DOM 
decreased Cu bioavailability for chlorella in water. 

  

  

  
 

Fig. 1: Adsorption isotherms of Cu on chlorella Fig.2 
Adsorption isotherms of Pb on chlorella 

For Pb, the three DOM greatly increased the enhancement 
capacity of Pb on chlorella, and their adsorption isotherms 
were no longer straight lines (Fig.2). An enhancement capacity 
peak occurred when fulvic acid and humic acid were added at 
a concentration of Pb about 0.016-0.005 mmol/L. It be 
explained that a ternary complex of Pb, fulvic acid or humic 
acid, and surface adsorption points of chlorella had been 
formed [1]. The trinary complexes were destroyed when more 
Pb was added, and the adsorbed Pb on chlorella were released 
causing a decrease of enrichment capacity. 

 
[1] Lamelas, C., Pinheiro, J.P., and Slaveykova, V.I., Effect of 
humic acid on Cd (II), Cu (II), and Pb (II) uptake by freshwater 
algae: kinetic and cell wall speciation considerations. 
Environmental science & technology, 2009. 43(3): 730-735. 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 
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How to differentiate hydrothermal 
zircons by determining their U, Th 
and Pb isotopic ratios: A case study 
from the Huangshaping polymetallic 

deposit, south China  
HUAN LI1 

1Faculty of Earth Resources, China University of Geosciences, 
Wuhan 430074, China 

 
The Huangshaping polymetallic deposit is a large-scale 

deposit located in the central Nanling region, South China. The 
intense W-Sn-Pb-Zn mineralization is mainly associated with 
the latest magmatic event, the intrusion of granite porphyry. In 
this study, three types of zircons have been identified in this 
unit: early magmatic, late magmatic and hydrothermal zircons. 
Hydrothermal zircons have been differentiated from magmatic 
ones based on their internal structural and trace elemental 
characteristics, and further confirmed by their U, Th and Pb 
isotopic ratios. Generally, the hydrothermal zircons have 
higher 207Pb/206Pb, 207Pb/235U and 208Pb/232Th ratios mainly 
ranging from 0.06 to 0.26, 0.26 to 1.55 and 0.012 to 0.15, 
respectively, compared to the magmatic zircons. On the other 
hand, the early magmatic zircons possess lowest 238U/232Th 
ratio ranging from 1.47 to 2.67. Additionally, the hydrothermal 
zircons have higher common Pb compositions (>20 ppm); and 
most hydrothermal zircons also have higher total Pb 
compositions mainly ranging from 550 ppm to 860 ppm.  

The higher values of common Pb, 207Pb/235U and 208Pb/232Th 
ratios in hydrothermal zircons suggested that the primitive 
fluid was enriched in Pb, Th and U. The greater ratios of 
207Pb/206Pb in hydrothermal zircons indicate that there were 
high concentrations of 235U rather than 238U in the original 
fluid, because 207Pb is daughter from 235U whereas 206Pb is 
daughter of 238U. The relative enrichment of 235U in the fluid 
suggests an oxidation environment for the intense W-Sn 
mineralization. On the other hand, the relatively low 238U/232Th 
ratios and radioactive Pb concentrations in magmatic zircons 
reveal that the magmatic zircons were transformed by the 
hydrothermal fluid. The Pb, Th, U and other trace elements 
could have been assimilated and leached by the hydrothermal 
process, forming a high-concentrated Pb, Th and U-bearing 
fluid. This study shows that some U, Th and Pb isotopic ratios 
can be used as good tools to identify hydrothermal zircons in 
magmatic-hydrothermal system. What’s more, there ratios are 
also helpful in determining the metallogenic environment of 
fluids and the genesis of hydrothermal zircons. 

1841



 Goldschmidt2015 Abstracts  

 1842 

New dating approach by the 
comparison of 18O/16O ratios of 

biogenic carbonate and fish apatite 
H. LI1, E. THOMAS2, D. P. JAISI3 AND R. E. BLAKE4  
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4Yale University, CT, USA (ruth.blake@yale.edu) 
 

Today, most biostratigraphic and paleocceanographic 
studies use  carbonate-based proxies, but ~38% of the seafloor 
is covered by pelagic clays without carbonate (Rothwell, 
2005). These clays can not be dated by high-resolution 
biostratigraphy so that geochemical methods must be used 
(e.g., assuming constant flux of some elements such as Co 
from oceanic ridges) to date sediment used for e.g., Nd studies. 
Phosphate fish debris (teeth, scales, bone), however, is 
reasonably abundant in deep-sea clays, and may be used to 
obtain a temperature and ice-volume dependent oxygen 
isotopic curve as from carbonate records. By calibrating the 
phosphate oxygen isotope curve against the well-dated 
carbonate curve by Zachos et al. (2008), we can date sediments 
deposited below the carbonate compensation depth (CCD) at 
higher resolution than using ichthyolith biostratigraphy or 
geochemical modeling. 

We studied sediments from North Pacific pelagic clay core 
LL44-GPC3, using the sequential extraction method of 
Ruttenberg (1992, 2009) to separate biogenic/authigenic 
phosphate from other forms of phosphate. We found that 
sediments deposited older than upper Miocene (>6Ma) have 
biogenic/authigenic phosphate-derived 18O/16O ratios similar to 
those in coeval carbonates, but values diverge for younger 
sediments. This could be the result of an increased proportion 
of authigenic over biogenic phosphate. These preliminary data 
show that we may be able to correlate the phosphate δ18O with 
the carbonate δ18O curve. We are using sediments from ODP 
Sites 576, 596 and 1262 to improve information on a 
phosphate-derived oxygen isotope curve, and compare 
phosphate-δ18O values in picked fish teeth with extracted 
phosphate, to testify that the discrepancy between phosphate-
δ18O curve and carbonate-δ18O curve in young sediments is 
resulted from the increased proportion of authigenic over 
biogenic phosphate. 

 
 
 

1842



 Goldschmidt2015 Abstracts  

 1843 

Mutual constraints between lighter 
and heavier element compositions of 
Earth's core from geochemistry and 

mineral physics experiments 
JIE (JACKIE) LI1*, JIACHAO LIU1, ROSS HRUBIAK2 AND 
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1University of Michigan, Ann Arbor, MI 48109, USA, 

*jackieli@umich.edu 
2Carnegie Institution of Washington, Advanced Photon Source, 

Argonne National Laboratory, Argonne, Illinois, 60439 
USA 

 
The Earth's core contains up to 1 wt.% carbon, at least  

2 wt.% sulfur, and possibly oxygen and silicon as additional 
major elements that are lighter than iron and nickel. Previous 
studies showed that the presence of lighter elements could 
strongly influence the partitioning of heavier elements such as 
potassium, lead, and platinum group elements during core 
segregation and inner core formation [1]. Here we review 
existing knowledge [2] and report new experimental results on 
the melting behaviors and physical properties of iron-lighter-
element alloys from synchrotron X-ray diffraction experiments 
and on the partitioning of minor or trace elements between 
molten metal and silicate from multi-anvil experiments. We 
will examine the interplay between the fates of lighter and 
heavier elements as the Earth grew from planetesimals with 
varying degrees of differentiation. The implications of 
combined constraints from geochemistry and mineral physics 
for core composition will be discussed. 

 
[1] Wood B.J. and Halliday A.N. (2010) Nature 465, 767-770; 
Chabot N.L. and Agee C.B. (2003) Geochim. Cosmochim. 
Acta 67(11), 2077-2091. [2] Li J. and Fei Y. (2014) Treaties 
on Geochemistry (Second Edition) 3, 527-557; Fei Y. and 
Brosh E.  (2014) Earth Planet. Sci. Lett. 408, 155-162; Chen 
B. et al. (2014) Proc. Natl. Acad. Sci. USA 111(50), 17755-
17758; Prescher et al. (2015) Nature Geo. 8, 220-223. 
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implications 
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The Wafangzi ferromanganese oxide deposit in North 

China Craton is the only sizable sedimentary manganese ore 
deposit in the Mid-proterozoic around the world, which 
provides a unique opportunity to constrain the ocean redox 
state in the Mid-proterozoic. 

Ferromanganese ores were collected from an underground 
mine, and eleven fresh samples were selected for this study. 
δ98/95Mo (relative to NIST 3134) of ferromanganese ores 
ranges from -2.50‰ to -0.50‰ with an average of -1.35‰. 

The Mo isotope composition of Mid-proterozoic seawater 
has been inferred from blacks to be δ98/95Mo ≥1.0‰, (Arnold 
et al., 2004), and δ98/95Mo of hydrothermal fluid to be ~0.8‰ 
(McManus et al., 2002). The adsorption of Mo on MnO2 and 
hematite results in a negative fractionation of 2.7‰ (Barling et 
al., 2002) and 1.80~2.00‰ (Goldberg et al., 2009). Mo isotope 
of ferromanganese ores may be the product of adsorption of 
dissolved Mo in seawater or hydrothermal fluid to Mn oxide 
(MnO2) and Fe oxide (hematite). 

If the Wafangzi ferromanganese oxide deposit formed in a 
restrict basin, massive Mn oxid and Fe oxide would remove all 
Mo in seawater and hydrothemal fluid, and the δ98/95Mo of 
ferromanganese ores should be same to the δ98/95Mo of 
seawater or hydrothemal fluid, which is opposite to the result 
of this study. Therefor, Wafangzi ferromanganese oxide 
deposit might formed in a basin with full connectivity to the 
open ocean.  

Mo isotope fractionation between Mo adsorpted on Fe, Mn 
oxides and Mo in seawater is roughly constant. Therefor 
δ98/95Mo of mid-Proterozoic ocean was ~1.35. This result 
suggests that the ocean was predominantly anoxia during the 
mid-Proterozoic. 

Overall, Wafangzi ferromanganese oxide deposit might 
formed in basin with full connectivity to the open ocean and 
widespread anoxia existed during the mid-Proterozoic. 
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Carbon recycling efficiency in the 
Lesser Antilles 

LONG LI 
Dept. Earth and Atmospheric Sciences, University of Alberta, 

Edmonon, Alberta, Canada (long4@ualberta.ca) 
 

Among the world major convergent margins, the Lesser 
Antilles is unique in extremely low convergence rate  
(2-4 mm/year) and not too old oceanic crust (80 to 105 Ma 
[1]). Such a setting may facilitate partial melting of subducted 
sediments in the arc depths and promote return of slab volatile 
components back to the surface via arc volcanism. A number 
of volatile components, such as noble gases and CO2, released 
by the Lesser Antilles arc volcanoes indeed contain significant 
slab contributions [2-4]. One remaining question is how 
efficient the slab volatiles can be recycled through the arc or 
how much the slab volatiles can survive arc magmatism and be 
further subducted to deeper mantle. 

As a first step to address this question, here, we constrain 
the input fluxes of sedimentary carbon (C) and nitrogen (N) 
based on the analyses of C and N concentrations and isotope 
compositions of drill core samples from DSDP Sites 543 and 
144 entering the middle and southern Lesser Antilles trenches, 
respectively. The results indicate that the subducting sediments 
contribute 3.7-7.4×106 g·yr-1·km-1 organic C with weight 
average δ13C value of -24.4‰, 1.9-3.8×107 g·yr-1·km-1 
inorganic C (as carbonate) with weight average δ13C value of 
2.0‰, and 3.7-7.4×106 g·yr-1·km-1 fixed N with weight average 
δ15N value of 5.4‰. These result in an input of 5.7-11.4×109 
g·yr-1 total C with weight average δ13C value of -2.3‰ into the 
250 km middle Lesser Antilles subduction zone (from 
Guadeloupe to Martinique), which is currently the most 
volcanically active part in the Lesser Antilles. So far, C output 
flux has only been determined for Guadeloupe with an 
estimate of 1.2×109 g·yr-1 [4], in which ~70% is from slab 
based on C isotope compositions. Accordingly, the recycled C 
in Guadeloupe accounts for 9-18% of the total C input by 
sediments. This number would decrease significantly if take 
into account the inorganic C in oceanic crust, which is 
currently under investigation. The C output flux in another 
active volcano, Dominica, is not available yet but another 
important component to be determined for a better constraint 
on the C recycling efficiency in the middle Lesser Antilles. 
 
 [1 Carpentier, M., et al. (2008) Earth Planet. Sci. Lett. 272, 
199-211; [2] Van Soest, M.C., et al. (1998) Geochim. 
Cosmochim. Acta 62, 3323-3335; [3] Ruzié, L., et al. (2013) 
Chem. Geol. 359, 70-80; [4] Allard, P., et al. (2014) Chem. 
Geol. 384, 76-93. 
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Situated adjacent to the border area of western China and 

Myanmar, Tengchong volcanic field has long been 
experienced intense tectonic stress from the subduction of 
Indian plate to Eurasian plate and had strong volcanism as well 
as frequent earthquakes and geothermal activities in Cenozoic. 
Previous researches revealed that volcanism in Tengchong area 
started from Miocene, strengthened in Pliocene and prospered 
in Pleistocene. 

Lying in a NS-stretched basin, a series of late Quaternary 
volcanoes and early Pleistocene volcanoes are included in 
Tengchong volcano group. Among them, Daliuchong volcano 
is located in the middle of the basin. Lithology of Daliuchong 
volcano consists of huge amount of thick-layered explosive 
volcaniclastic deposits and few effusive dacitic lava in the 
summit area, forming eruption products as vitric tuff, crystal 
tuff, lithic tuff etc., which covering more than 100 km2 in the 
volcanic field. A volcanic conduit with its diameter over a 
hundred meters, located 100 meters south of its peak, was 
determined the first time through field investigations. It might 
be the primary eruption conduit in the early Pleistocene 
eruption episodes in Tengchong area. Volcanic plug, lava 
dome, volcanic dikes, explosive and effusive eruption products 
together formed the volcanic edifice. Daliuchong edifice and 
its landslide deposits not only account for the source of widely 
distributed volcaniclastic deposits in Tengchong volcanic field, 
but also give an early warning for the volcanic disaster 
prevention as well. 
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modern human tooth enamel – 

Assessment of physiological controls? 
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A comprehensive understanding of the physiological 
controls on Ca isotope fractionation in skeletal tissues will 
allow us to reliably extract the environmental signals 
potentially carried by  Ca-isotopes. We present the first 
microsampled Ca isotope profiles in modern human tooth 
enamel to evaluate the physiological effects on Ca isotopes. 

Enamel microsamples were obtained from thick sections 
(~50 µm) of human deciduous and wisdom teeth. The former 
are from early 20th century Italians that clearly showed 
neonatal growth lines, thus delineating pre-and post-birth 
enamel segments; and the latter are of Asian origin 
representing adolescence. A RESOlution M-50 193 nm laser-
ablation system was used to cut histologically-defined 
bioapatite microsamples (~2-10μg Ca), delimited by both 
enamel-dentine junction (EDJ) and striae of Retzius. Sample 
mass requirements were achieved in sampling intervals along 
the EDJ of 500 – 1000 μm. These microsamples were 
extracted, cleaned, dissolved in HNO3 before being spiked and 
analyzed for their Ca-isotope composition.  

Ca isotopic data were obtained using an IsotopX PhoeniX-
62 TIMS, equipped with a 1010Ω resistor for 40Ca. No ion 
exchange chromatography was performed for enamel 
microsamples. The procedural blank is ~2 ng. The 42Ca-48Ca 
double-spike corrected δ44/40Ca of standards NIST 915b, 
HPSnew, Fisher 07 and NIST 1486 (bone meal) are 0.72 ± 
0.23, 0.71 ± 0.17, 1.03 ± 0.14, and -1.03 ± 0.25 ‰ (2sd), 
relative to SRM 915a, well in line with the published data [1-
2]. Proved by Durango apatite, no effect of laser cutting on its 
Ca isotope composition was found.  

Preliminary results of δ44/40Ca profiles along the EDJ of 
modern human teeth appear to indicate a correlation between 
physiological stress/change and δ44/40Ca excursions. The birth 
event indicated by the neonatal line coincides with a δ44/40Ca 
drop of 1.3 ‰ in a deciduous tooth. The δ44/40Ca decrease of 
0.4 ‰ in a third molar of a young female may coincide with 
her menarcheal age. Corresponding data will be presented that 
should help to interpret the large Ca-isotope variability 
indicated in bones at some archaeological sites [2].  
 
[1] A. Heuser & A.Eisenhauer., GGR, 2008, 32, 311-315. [2] 
L.M. Reynard et al., GCA, 2010, 74, 3735-3750. 
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Magnesium isotopic compositions of natrocarbonatites and 

peralkaline silicate rocks from Oldoinyo Lengai, Tanzania,  
were measured in order to understand the behavior of Mg 
isotopes during carbonatite petrogenesis. The silicate rocks, 
comprising olivine melilitites, phonolites of unit Lengai I, 
combeite–wollastonite nephelinites (CWNs) of unit Lengai II 
A and carbonated combeite–wollastonite–melilite nephelinites 
(carbCWMNs), have relatively homogeneous and mantle-like 
Mg isotopic compositions (δ26Mg of -0.30 to -0.10‰). This is 
consistent with limited Mg isotope fractionation during silicate 
magma differentiation. By contrast, the CWNs of unit Lengai 
II B, which represent the silicate melts that presumably 
experienced silicate–carbonatite liquid immiscibility, have 
heavier Mg isotopes (δ26Mg of -0.06 to +0.09‰). This 
suggests that Mg isotope fractionation may occur during liquid 
immiscibility. Theoretical calculations predict that heavy Mg 
isotopes prefer silicates to carbonates and by inference silicate 
melts to carbonatite melts, so that an isotopically light value 
for the original carbonatite melt of δ26Mg < -0.25‰ can be 
inferred. The variable and positive δ26Mg values of 
natrocarbonatites (from +0.13 to +0.36‰) hence require a 
modification of their Mg isotopic compositions subsequent to 
the liquid immiscibility process. Since δ26Mg correlates 
negatively with SrO, CaO and Na2O+K2O contents in 
natrocarbonatites, we suggest that significant Mg isotope 
fractionation occurs during carbonatite magma differentiation. 
Collectively, Mg isotope fractionation during both silicate–
carbonatite liquid immiscibility and carbonatite magma 
differentiation will produce carbonatite melts with highly 
variable Mg isotopic compositions. Such melts may potentially 
lead to Mg isotopic heterogeneity in some parts of the mantle 
through carbonatite metasomatism. 
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Knowledge of the age and timing of ophiolite sequences is 
essential for understanding the mechanisms of plate tectonics. 
The ophiolites in the Western Alps and Alpine Corsica 
represent remnants of the Liguria-Piemonte ocean basin that 
opened as a branch of the Central Atlantic during the 
separation of Adria/Africa from Europe. We provide integrated 
in situ analyses of zircon U-Pb age and O-Hf isotopes for 
ophiolitic rocks from the Chenaillet (Western Alps) and the 
Schistes Lustrés nappe (Corsica). High precision SIMS U-Pb 
dating results indicate that the Chenaillet ophiolitic troctolite 
and albitite crystallized synchronously at ~165 Ma, and the 
ophiolitic gabbros and plagiogranites in the Schistes Lustrés 
crystallized at ~159 Ma. All these ophiolitic zircons have 
typical mantle zircon δ18O values of ca. 5.2-5.4‰ and εHf(t) 
values of 13.0-15.9, suggesting that their derivation from a 
depleted N-MORB type mantle source.  

Based on our new U-Pb isotopic dating results and 
compilation of the reliable literature U-Pb age data, the 
ophiolitic rocks from Eastern, Central and Western Alps, 
Liguria and Corsica crystallized at a limited time interval of 
158-169 Ma, indicating a short life span of ~11 m.y. for the 
formation of the Piemont-Liguria oceanic domain. Provided 
the spreading velocities of ~3 cm/yr full rate for the magma-
poor MOR sequences, the width to the Liguria-Piemonte 
oceanic floor would have been in the order of 300±100 km, 
taking into consideration of the dating uncetainty. Subduction 
of such a small-size oceanic basin would release limited 
amount of fluids to fertilize the mantle wedge, which might be 
one of the major causes responsible for the absence of 
magmatic arc in the Apline orogeny. 
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 Although c-type cytochromes (c-Cyts) mediating metal 

reduction have been mainly investigated with in vitro purified 
proteins of dissimilatory metal reducing bacteria, the in vivo 
behavior of c-Cyts is still unclear. Here, c-Cyts in living 
Shewanella putrefaciens 200 (SP200) were successfully 
quantified using diffuse-transmission UV/Vis spectroscopy, 
and the in situ spectral kinetics of Cr(VI) reduction by c-Cyts 
were examined. A brief kinetic model was established with 
two predominant reactions, redox transformation of c-Cyts and 
Cr(VI) reduction by reduced c-Cyts, but the fitting curves were 
not well-matched with the experimental data from c-Cyts. The 
Cr(III)-induced toxic effect was then added to the model, 
resulting in substantially improved fitting curves to the 
experimental data. The Cr-induced toxic effect to the cellular 
function of redox transformation of c-Cyts was further 
confirmed by 16S rRNA analysis. This study provides a 
molecular-level insight into in situ microbial metal reduction 
processes and toxic effects of heavy metals under 
physiological conditions. 
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A low-Ca content in olivine within alkali basalts has ever 

been utilized as inherent feature of disaggregation from the 
upper mantle. Nonetheless, we, for the first time to our 
knowledge, report low-Ca olivine xenocrysts with low Fo 
values (< 87) from alkali basalts, West Qinling, central China. 
They lack compositional zonings and most of them do not 
exhibit reaction rims, but minor xenocrysts have high-Ca rims, 
indicating reaction with high-Ca magmas. These low-Ca 
olivines possess high V/Sc ratios, implying a highly oxidized 
environment during crystallization [1]. In contrast, the olivine 
phenocrysts display pronounced Fe-Mg zonings. The different 
compositional profile defines a fundamental yardstick to 
discriminate these two types of olivines. We argue that a low-
Ca content is not a diagnostic characteristic of mantle olivine. 
The low-Ca olivines in alkali basalts from West Qinling 
probably were probably disaggregated from olivine-bearing 
cumulate rocks in the lithosphere or from magmatic cumulates 
(e.g. Alaskan-type complexes). The upwelling magma could 
have trapped these xenocrysts en route to the surface. This 
study is of fundamental significance for identifying a new type 
of olivine xenocryst within intracontinental alkali basalts. This 
discovery provides new insights into crust-mantle interaction 
for alkali basaltic magmas during their ascent to the surface. 

 
This study was supported by NSFC (Grant 41403028). 
 

[1] Mallmann & O’Neill (2013) J. Petrol. 54, 933-949. 
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Iron (Fe) plays an essential role in controlling the marine 

primary productivity and the efficiency of biological carbon 
pump. Although controversial, Fe is considered as an 
important trace element which has a strong link to climate 
change, the sequestration of atmospheric carbon dioxide (CO2) 
and the global carbon and nitrogen  cycles.  

The objective of our research is to evaluate how global 
climate change processes (dust deposition, sea-surface 
warming and ocean acidification) affect Fe speciation and 
bioavailability. Will also be assessed the impact of the latter on 
the role of Fe in controlling biological N2 fixation.  

Laboratory culture experiments using a coastal marine 
diatom (Chaetoceros socialis) were examined at two 
temperatures (13°C and 18°C) and two CO2 conditions  
(400 µatm and 800 µatm). The present study demonstrates 
clearly the influence of ocean acidification on the release of Fe 
upon dust deposition. It also shows that dust particles could 
provide a readily utilizable source of Fe and other 
macronutrients (dissolved phosphate and silicate) for 
phytoplankton growth. Elevated pCO2 concentrations may 
have adverse impact on the diatom growth; warming may 
cause diatom poleward shifts in biogeographic distribution. 

The impact of marine iron biogeochemistry on the natural 
N2 fixation was tested via field incubation experiments using 
natureal phytoplankton assemblage in the Bay of Biscay and 
along the Iberian Margin. According to our preliminary results, 
N2 fixation rates in oligotrophic waters were tremendously 
stimulated through the addition of dissolved Fe compared to 
the control, demonstrating the limitation of N2 fixation by Fe.  

More laboratory culture study and field experiments are 
proposed to obtain a more complete picture of how global 
change might affect Fe speciation and marine phytoplankton, 
and how dissolved Fe and mineral dusts could control the 
distribution and the rates of biological N2 fixation. 
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Large amount of highly radioactive waste is created  
worldwide mainly as a byproduct of electricity production [1]. 
Most of it is destined for long-term storage and eventual 
geological disposal. Because naturally occurring monazites 
and pyrochlores can contain significant amounts of 
radionuclides and preserve their crystalline structure for even 
billions of years, these materials are considered as potential 
matrix for permanent immobilization of minor actinides or Pu 
and for final waste disposal [2] [3]. We thus perform 
systematic ab initio investigation of various structutal and 
thermodynamic parameters of these ceramics [4] and deliver 
the information that is essential for assessment of stability of 
these materials under disposal conditions. We will discuss the 
computed excess enthalpies of mixing and the  Margules 
interaction parameters that describe the non-ideality of the 
solid solutions of these materials with actinide and lanthanide 
cations. With atomistic simulations we were able to obtain 
relationships between the strength of the excess properties 
represented by the value of the Margules interaction 
parameters and the mismatch in the volumes of endmembers. 
We will discuss the results of these studies in context of 
stability of relevant waste forms.  Because the high radiation 
damage resistance shown by selected pyrochlores (A2B2O7) has 
a common basis with the disordering of cation and anion 
sublattices, and subsequent formation of defective fluorite, we 
calculated the cation antisite and anion Frenkel pair defects 
formation energies for a series of pyrochlores. Our results 
show that the anion Frenkel pair defect formation energy is 
negative in the compounds that tend to crystallize as a 
defective fluorite and positive for other pyrochlores. This 
correlation suggests that the low energy cost for defects 
accumulation is one of the main factors that lead to the order-
disorder transition of selected pyrochlores and results in high 
radiation damage resistance of these ceramics. 
 
[1] Ewing, (2015) Nat. Mater. 14, 252. [2] Schlenz, et al., 
(2013) Z. Kristallogr. 228, 113. [3] Lumpkin, (2001) J. Nucl. 
Mater. 289, 136; [4] Li et al., (2014) J. Solid State Chem., 220, 
137.  
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It is widely acknowledged that the rare-earth elements 
(REEs) of conodont bioapatite can provide information 
regarding the influence of weathering fluxes and hydrothermal 
inputs on seawater chemistry. However, researchers gradually 
found that the remobilization and inter-elemental fractionation 
of REEs during diagenesis generally accompany redox 
reactions in sediment porewaters assimilated by bioapatite, 
trigerring the doubt about the accurancy of paleoceanic 
environment reconstructed by REEs. 

Here, to evaluate the degree of diagenesis uptake of REEs 
in Permian-Triassic conodonts, we reviewed previous results 
and measured the REE content of in-situ, single albid 
conodonts’crowns from various depositional settings in a 
nearly contemporaneous strata unit, the P-Tr boundary bed, 
just above the extinction horizon from four sections in South 
China, using laser ablation-inductively coupled plasma-mass 
spectrometry (LA-ICP-MS). 

The data show that the REEs of all the conodont samples 
undergo strong lithogenic influence, shown as significant 
“MREE bulge” pattern and positive relationship berween 
SREE with [Th] (R2=0.66), while there is moderate 
hydrogenous source, especailly in the samples from lower 
ramp setting, a handful of which has relatively higher Y/Ho 
(30-45) and lower SREE (< 100 ppm), also lower 
MREE/MREE* (< 3). Although we could work out the ratio of 
Ce/Ce*, according to the formula of CeN/(LaN

2/3+NdN
1/3), even 

find the trend with water depth, it is suggested by the 
dominated positive covariation of Ce/Ce* vs Pr/Pr* that the 
“true” anomaly of Ce are rare and mostly influenced by detrital 
signature or MREE enrichment. Besides, partial conodonts 
from lower ramp (Meishan Section) display negative 
covariation of Ce/Ce* vs Pr/Pr*, that is to say, the REEs 
conodonts from this environment undergo less diagenesis. 
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The acid mine drainage (AMD) is formed when a certain 

sulfide minerals in rocks exposed to oxidation conditions, and 
causes environmental pollution. The inducing of the AMD is 
not only by the mining process, but non-mining process, like in 
some engineering works during the construction of a railway 
tunnel in central China, where the waste rocks with low-grade 
pyrite were piled without any treatment also could release the 
AMD. In order to study the genesis of the AMD for the 
purpose of suggesting a reasonable remedial measure, the 
rocks, surface water, groundwater, soils and sediments samples 
were collected and the pH, mineral ions (sulfate, iron), in 
addition, heavy metals (copper, zinc, etc.) concentrations were 
tested. Moreover, the outdoor experiments were applied for the 
determination of water level recovery and infiltration rate 
using the double-ring method. In addition, a series of indoor 
experiments were conducted to investigate how rocks released 
acid liquid under 4 different oxidizing conditions.  

The results indicated that the pollutants in the study area 
were mainly acids, salts and metal ions. The surface water was 
acidic (1.56~2.31pH), while the groundwater hasn’t been 
contaminated. The pH (57%) of the sediment was lower than 
the reference as well as Fe, Mn, Cu, Zn, Cd, and SO4

2-. The 
pollutants in soil were mainly concentrated at the surface layer 
(0~0.2m).The laboratory experiments results showed that one 
rock sample marked as R2 produced liquid of which pH value 
was much lower, and the concentrations of total Fe and SO4

2- 
were higher than others. The concentration of the total Fe for 
the R2 was 70 times at the pH of 2.00 than 4.00 and 6.00, 
which revealed that the low pH value was the prerequisite of 
acidity formation. The oxygen and bacteria (isolated from the 
polluted surface water) reduced the pH value of leachate from 
7.00 to 4.11, and produced Fe and SO4

2-, but only oxygen in 
the condition, only SO4

2- generated, while only bacteria or 
none of the two, every substrate seemed unchanged along the 
77 days. So it was both of them made the spoil site to release 
AMD, oxygen was necessary, while the bacteria played the 
leading role. Therefore, more attention should be paid on the 
engineering work, as these rocks may produce acid water just 
like the mine. 
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Fe is not only the important ore-forming element but also 
the most abundant element engaging in redox chemistry, and is 
one of the element has been used biologically at very early 
stage. Thus understanding the geochemical cycling of Fe has 
great implications for the development of atmosphere 
oxygenation, ore genesis and the origin of life. The Xuanlong 
type iron ore deposits are early epicontinental sedimentation in 
North China Craton formed during the Mesoproterozoic 
Chuanlinggou period. They have potential to preserve 
paleoceanographic and biological signitures. Here we report 
the isotopic results of the Xuanlong type iron ore deposits. 

Fe isotope compositions of bulk samples as well as mineral 
separates of hematite, magnetite and siderite, were measured 
using a Nu Plasma HR MC-ICP-MS at high-resolution mode 
after purification using anion exchange chromatography. The 
results show some important features: 1) Fe isotope 
compositions of iron ore bulk samples show heavy Fe isotope 
enrichment, whereas the wall rock-sandstone and shale are 
enriched in light Fe isotopes relatively; 2) The relative order of 
δ56FeIRMM-14 values appears to decrease from magnetite to 
hematite to siderite; 3) Fe isotope compositions of iron ore 
samples from decrease layers are different from bottom to top. 

The average Fe isotope compositions obtained from 
Xuanlong type iron ore deposits in this study for iron ore bulk 
rocks show heavy Fe isotope enrichment, which is explained 
by partial oxidation of Fe and the variations in Fe isotope 
compositions may be explained in terms of different degree of 
precipitation. The variation in Fe isotope compositions of iron 
ore samples from different layers may imply the variation of 
the oxygen state of the ocean. 

In all, the results abtained in this study demonstrate clearly 
that seawater was not oxygenated enough to quatitative Fe 
precipitation during the early Msoproterozoic even in the 
epicontinental evironment. 
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Cheqiongzhuobu antimony deposit is located in Southern 

Tibet, and it’s a representative antimony deposit in this area. 
Microscopic observation and microthermometric study using 
infrared microscopy were performed on fluid inclusions hosted 
in ore minerals stibnite and quartz. 

Infrared microscopic observation shows that the fluid 
inclusions hosted in stibnite and quartz are mainly NaCl-H2O 
type. According to results of microthermometry, four types of 
fluid inclusions can be recognized: liquid-rich two-phrase fluid 
inclusion, gas-rich two-phrase fluid inclusion, liquid aqueous 
inclusion and pure gas inclusion 

The fluid inclusions hosted in sphalerite have two ranges 
of salinity values. One is 1.0 wt%-2.0 wt%NaCleqv, which is 
similar to those hosted in symbiotic quartz; the other is higher, 
between 2.0 wt%-5.0 wt%NaCleqv. It is indicated that ore-
forming fluids can be divided into two stages, fluid in the 
earlier stage had higher salinity. While the crystallization 
proceeded, the salinity decreased. Together with Laser Raman 
analysis, the ore-forming fluid of the Cheqiongzhuobu 
antimony deposit is a NaCl-H2O fluid system characterized by 
low-medium homogenization temperature, low salinity, low 
density and trace CO2 and CH4 gases. 

DH2O and 18OH2O of the ore-forming fluids are -133.7‰～-
172.0 ‰ and 1.9 ‰～6.5‰ respectively, implying that the 
fluid originated from hydrothermal water. Along with carbon 
and sulfur isotopic compositions, the Cheqiongzhuobu 
antimony deposit is an epithermal type. The metallogenic fluid 
is derived from hydrothermal water and the ore-froming 
elements mostly come from strata. 
 

Supported  by the National Natural Science Foundation of 
China (No. U1302233, 40830425,41202055)  

 

                                                             
 

1857



 Goldschmidt2015 Abstracts  

 1858 

Molybdenum in the mantle 
YU-HSUAN LIANG1, CHRIS SIEBERT2,  

ALEX N. HALLIDAY1, J. GODFREY FITTON3,  
KEVIN W. BURTON4, KUO-LONG WANG5 AND  

JASON HARVEY6 
1Dept of Earth Sciences, Univ Oxford, OX1 3AN, UK 
2GEOMAR, Wischhofstrasse 1-3, 24146 Kiel, Germany 
3School of Geosciences, Univ Edinburgh, EH9 3JW, UK 
4Earth Sciences, Durham Univ, DH1 3LE, UK 
5Inst Earth Sciences, Academia Sinica, Taipei 11529, Taiwan 
6School of Earth and Environ, Univ Leeds, LS2 9JT, UK  

 
Precise, double spiking, Mo isotope data (δ98/95MoNIST) 

exhibit a significant range of fractionation for terrestrial mafic 
and ultramafic rocks from globally dispersed locations. The 
compositions of mid-ocean ridge basalts (MORBs) 
(+0.00±0.07‰) are relatively uniform and resolved from both 
CI and ordinary chondrites (-0.14±0.02‰) but contrast with 
considerable diversity in ultramafic xenoliths from Kilbourne 
Hole, Lashaine, Tariat and Vitim (-0.39 to 0.41‰). Lashaine 
xenoliths have Mo that is particularly heavy.  Intraplate and 
ocean island basalts (OIBs) also display significant variability 
within a single locality from MORB-like to strongly negative 
(-0.59±0.09‰) for nephelinites. These highly enriched 
samples also have low Mo/Ce relative to other oceanic basaltic 
rocks, providing evidence that Mo can be less incompatible 
than previously thought.  This is consistent with the Mg/Mo of 
the xenoliths which extend from the standard bulk silicate 
Earth (BSE) value (6×106) to much lower values (3×105), 
which is hard to reconcile with it being strongly incompatible. 
The Mo concentrations ([Mo]) of the xenoliths do not correlate 
with [La] which might otherwise provide evidence of 
metasomatic Mo enrichment.  Residual sulphides may be 
partly responsible for the apparently complex behaviour. The 
Mo concentration and isotopic composition of the BSE are 
currently poorly constrained because of this. Based on the 
xenolith data a best estimate of the BSE [Mo] is about 5 times 
higher than previously assumed, and similar to the levels of 
depletion in the other refractory moderately siderophile 
elements W, Ni and Co.  
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The combination of stable Sr (δ88/86Sr) and Ca (δ44/40Ca) 
isotope analyses on marine sulfates provides new perspectives 
for the quantification of element fluxes within the water 
column and new insights into the principles of precipitation-
related fractionation processes.  

Acantharia are widespread distributed protozoans with a 
SrSO4 skeleton, common in the upper 400 m of the oceans and 
suggested as potential driver of seasonal changes in Sr/Ca 
ratios of the upper water column by depletion in Sr. After their 
lifetime these celestite spines (σ = 3.96 g/cm3) sink and 
dissolve in the deeper water column, thereby potentially 
transfering large amounts of Sr (Sr/Cacelestite-spines >40 mol/mol) 
to the deep sea. The initial data set of this study provides 
δ88/86Sr signatures of Acantharia from the North East Atlantic 
(Bay of Biscay) and Eastern Indian Ocean (off Western 
Australia) with values down to 0.03 and 0.11 ‰ (referred to 
NIST-SRM 987), respectively. This corresponds to a 
precipitation related fractionation Δ88/86Sr (acanth.-sw) of up to -
0.36 ‰, referred to the IAPSO seawater (SW) standard of this 
study (0.39±0.03 ‰, 2SD). In a case study we combined high 
resolution chemical composition and growth structure analyses 
(EMP) on single Acantharia with double spike Sr and Ca 
isotope analyses (TIMS). Providing also precise concentration 
data the latter imply a Sr transfer in the order of  
50 ng/skeleton. One aim of the study is to develop an isotope 
based model for the threshold value of Acantharia blooming 
(n/liter SW) for significant Sr/CaSW and δ88/86SrSW changes and 
its potential impact on coincident carbonate archives.  

In contrast to this carbonate analogue fractionation 
systematic, Sr coprecipitates as trace element in Ca sulfate 
(CaSO4

.2H2O, gypsum) from pore waters in marine sediments 
and in lab experiments with a positive Δ88/86Sr (precip.-fluid) value 
of up to 0.2 ‰. This direction is also reverse to the 
fractionation of Ca as main constitutent in gypsum (Δ44/40Ca 
(precip.-fluid): -0.9±0.2 ‰, 2SD) and implies lattice and element 
coordination as controlling factor. 
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The technical and environmental aspects of geothermal 
energy storage in the subsurface have rarely been studied. 
Particularly, the impact on the aquifer colonizing 
microorganisms is insufficiently investigated. Soil column 
experiments at four different temperatures (10 °C, 25 °C, 
40 °C, 70 °C) were carried out to simulate a temperature 
elevation in aerobic shallow aquifers due to geothermal usage 
of the subsurface. The columns were filled with Pleistocene 
aquifer sediment and flown through with tap water containing 
approximately 5 mg L-1 oxygen and 0.5 mmol L-1 sulfate. In 
addition to geochemical analyses, the microbial community 
composition and abundance in the upper outflow fluids were 
analysed by genetic fingerprinting and quantitative polymerase 
chain reaction. After an initial phase at a groundwater 
temperature of 10 °C, one column was kept at 10 °C as a 
reference and the other three columns were heated to 25 °C,  
40 °C and 70 °C. The bacterial community composition as well 
as abundance changed in terms of the temperature increase. 
While the geochemical composition and gene copy numbers 
for Bacteria only changed slighly at 25 °C, increasing 
concentrations of total organic carbon in the 40 °C column 
were followed by a strong increase in bacterial abundance. 
Thermophilic bacteria appeared after 50 days of heating at 
70 °C. Interestingly, a temporarily sulfate reduction took place 
at 70 °C and this correlated with an increased abundance of 
sulfate reducing bacteria. The results indicated that a 
temperature increase up to 70 °C in aerobic shallow aquifers 
caused by geothermal usage might enhance the activity of 
sulfate reducing bacteria leadingto a possible production of 
hydrogen sulfide in the groundwater. 
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The scaling implications of two recent time-dependent 

spherical harmonic geomagnetic models spanning the 
Holocene are explored using a recently published cosmogenic 
nuclide (CN) production-rate scaling model [1] termed the 
LSD model. [2] and [3] updated earlier paleomagnetic models, 
now covering 0-10 ka. Time-integrated scaling predictions 
using the new models and LSD differ significantly from those 
using 1) the earlier models, and 2) another recent time-
dependent spherical harmonic geomagnetic model from  
0-14 ka [4].  

In addition, the effects of a time-dependent atmospheric 
model (SynTraCE-21, e.g., [5]) on LSD scaling predictions are 
evaluated from 0-21 ka. Given the dominance of altitudinal 
over latitudinal (geomagnetic) scaling effects on CN 
production, incorporating such transient global simulations of 
atmospheric structure into scaling frameworks may contribute 
to improved understanding of long-term production rate 
variations and their implications for surficial process studies. 

 
[1] Lifton et al., 2014 EPSL 386, 149–160 [2] Korte and 
Constable (2011, Phys. Earth. Planet. Int. 188, 247–259 [3] 
Korte et al. (2011, EPSL 312, 497–505 [4] Pavón-Carrasco et 
al. (2014, EPSL 388, 98–109 [5] Liu et al., 2009, Science 325, 
310–314 
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Terrestrial mud volcanoes are important gateways for deep 
fluids to migrate upward and as a window for studying fluid 
interaction at depth. Most of the mud volcanoes worldwide are 
associated with an active petroleum reservoir. The expelled 
gases deriving from the reservoirs are dominated by methane 
and carbon dioxide and are of early mature thermogenic origin. 
The supply of natural gas from mud volcanoes is commonly 
attributed to the migration of gas-bearing fluids from a deeper 
source area. However, the relative importance of these fluid 
sources is not well known.  

Onshore mud volcanoes distributed along two major 
geological structures in southern Taiwan, the Chishan fault and 
the Gutingkeng anticline. Fluids sampled from 10 mud 
volcanoes, their chemical compositions, including hydrogen, 
oxygen, radon and radium isotopes were analyzed to evaluate 
possible sources. 

The distribution of geochemical compositions in mud 
volcano fluids show patterns associated with their localities 
and geological settings. Generally, relative to seawater, the 
mud volcano fluids are depleted in Cl, Mg, SO4, and are 
elevated in δ18O. However, the fluids of Chishan fault show 
the lower salinity, but with anomalously high δ18O (4.3– 
7.0 ‰) and higher 222Rn concentration, compare with the 
Gutingkeng anticline.  

The expelled gases also demonstrate the different feature 
in these two regions. Carbon stable isotope analyzes of the 
methane provide evidence for thermogenic component (δ13C= 
-29.4~ -35.9‰) and microbial gas dominated (δ13C= -47.3~ -
51.6‰) in the fluid reservoir for Chishan fault and Gutingkeng 
anticline, respectively. 

According to results, gases from these mud volcanoes are 
predominantly methane enriched. The origins of hydrocarbon 
gases as inferred from carbon isotopic compositions range 
from microbial to thermally overmature sources. Mud volcano 
fluids in Taiwan originate at depth and their chemical 
compositions are controlled by the host rock. A simplified 
scenario involving mixing of the original sedimentary pore 
fluids (Gutingkeng anticline) and waters affected by clay 
dehydration released at depth (Chishan fault) , possibly due to 
different depth of water-rock interaction in the sources. 
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The feasibility of accurate analysis of Li isotopic ratios by 

MC-ICP-MS is traditionally hampered by strong memory 
effect of Li. Here, a novel method of reducing memory effect 
of Li was developed. We found that Li blank of 2% HNO3 can 
be magically reduced by a factor of 50 - 70 by the addition of a 
5% NaCl rinse step. The "mismatching effects" caused by 
different acid and Li concentrations between the sample and 
standard reported previously were eliminated on the condition 
that the Li blank was efficiently reduced, which means that the 
essence of the two kinds of matrix effects is memory effect. 
Our experiments demonstrate that both the sample type and Li 
mass load can influence the elution process for chemical 
purification of Li. It is thus suggested to keep the Li mass 
loaded on the resin identical and reasonably broaden the 
elution interval (9 - 26 ml used in this work) to guarantee the 
100% recovery of Li for different sample types. Applying the 
single-step column process and blank reducing technique using 
NaCl solution, a method without strict matrix-matching was 
developed for accurately and precisely analyzing Li isotopic 
ratios. Analyses of 8 reference materials including rock, 
seawater and Li-carbonate agree well with the recommended 
values within the uncertainty but give generally improved 
precision. The external precision of our method is better than ± 
0.25‰ (2SD) for δ7Li, which is good enough for us to identify 
the slight fractionation of Li isotopes during the geological 
process. 
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We collected a suite of water samples from the lake, 

thermal springs, streams and melted snow in the Mono Basin, 
located in the southwestern corner of the US Great Basin, and 
analyzed their U concentration and isotope ratios. We found 
that the U concentration and δ234U of today’s lake water are ~ 
300 ppb and ~ 170‰, respectively. U concentration in spring 
water can vary from ~ 0.02 ppb for samples collected a few 
hundred meters away from the shore, to ~ 25 ppb for samples 
collected near the shore. Spring water samples also have quite 
different δ234U values. To the east of the lake, thermal spring 
water δ234U is ~ 250‰, while the spring water samples from 
the northwest shore have δ234U ~ 160-180‰. The relatively 
low value in the western spring water suggests a mixture of 
lake water, or less δ234U leaching from bedrock along a short 
transport distance from the Sierra Nevada, or a combination of 
both. The spring water from the south shore has the lowest 
δ234U value, ~ 100-140‰. This may suggest that the spring 
water in the south shore is sourced from the Mono Craters to 
its south, where 234U and 238U in rocks may have been reset to a 
secular equilibrium state during the recent volcanic activities. 
Nevertheless, the δ234U value in spring water is similar to, or 
lower than that in melted snow and water from creeks in 
southwestern basin, which has a δ234U value of ~ 200-300‰, 
although their U concentration can be as low as 0.006 ppb. A 
water sample from the Mill Creek, which flows from the 
Lundy Canyon and through glacial moraines to the northwest 
of the lake, registers the highest δ234U value, ~ 500 ‰ among 
all samples.  

Our preliminary δ234U data in water samples from the 
Mono Basin therefore suggest that the leaching of 234U in the 
western basin, particularly through physical weathering of 
glacial moraines, is likely a dominant factor in controlling of 
lake water δ234U. The elevated δ234U in tufa carbonates during 
the deglacial wet periods could indicate a much stronger 
physical weathering in the Sierra Nevada, which boosted 234U 
release from glacial grinded rocks.  
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Particle export from small rivers of the oceanic island is a 
major source of sediments to the ocean.  Earlier study 
indicated that deposition on the foreland basin and further 
transport offshore to the deeper ocean through submarine 
canyon maybe two major forms of sediment burial at the ocean 
environment near small river.  In this report, we study particle 
export and deposition at a rift basin under strong influence of 
an adjacent boundary current, the Kuroshio.  60 stations of box 
and gravity cores were taken and analyzed for grain size, Pb-
210 sedimentation rate, organic carbon, carbonate carbon, 
organic C/N ratio and organic carbon stable isotopic C13/12 
ratio. 

Lanyang River, located at northeastern Taiwan, is a small 
river of only 73 km long with a drainage area of ~1000 km2.  
The area receives high precipitation and exports an average of 
7 M t of suspended particle to the ocean. 

Our results show that large sedimentation rates variations 
were observed.  Multiple depositional highs indicating more 
than one source of suspended particle entering the area.  The 
highest sedimentation rate observed was not at the river mouth 
but at further distance where canyon slope become gentle.  
Another higher sedimentation rate was observed further away 
from river at continental slope near another canyon.  
Furthermore, unusually high activity of excess Pb210 
(approximately 10x more) were observed at surface sediments 
at a region under the topography upwelling area.  The results 
demonstrated that sediments were re-suspended, scavenged 
extra Pb210 from the water column and later deposited with 
enriched Pb-210.  Our results also show that about 7 Mt of 
sediments deposited in region near the Lanyang River, 
approximately equal to the amount of Lanyang River sediment 
exported to the ocean. 
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In Archean granite-greenstone terranes in the Superior 
craton, a dome and keel map pattern is evident on the regional 
scale, with greenstone belts occurring in narrow synclinal keels 
between open granitoid domes. These dome and keel structures 
have been interpreted as a result of diapirism and sagduction.  

Neoarchean “Timiskaming-type” sedimentary sequences 
are the youngest supracrustal rocks in many Archean 
greenstone belts. They show features of structurally controlled 
basins and recent results show that they were deposited in 
synclinal keels between granitoid domes during diapirism and 
sagduction  

The Kapuskasing uplift in the Superior craton provides an 
oblique section through the Archean mid to lower crust. The 
Borden Lake conglomerate (BLC) in the uplift is a 
Timiskaming-type sedimentary rock. U-Pb geochronological 
results show that it was buried to 20-30 km deep and 
metamorphosed to upper amphibolite and granulite grade 
(>700°C) less than ~7 m.y. after its deposition. This cannot be 
readily by conductive heat relaxation after crustal thickening 
caused by thrusting as (1) such a heating process is a slow one, 
and (2) there is no evidence for major crustal thickening in the 
region in the Archean. We suggest that diapirism and 
sagduction may provide an efficient mechanism for the 
sedimentation, burial and heating of the BLC. In this scenario, 
BLC was “sagducted” deep into the crust and surrounded by 
hot updoming TTG. This is a more efficient heating 
mechanism than thrust burial. In contrast to the thrusting 
model, the “sagduction” model does not lead to crustal 
thickening and may occur during crustal extension or thinning 
(see Lin et al., 2013, Precambrian Res., v. 238, p. 148-157). 
Assuming what is observed in the Kapuskasing uplift is 
representative of the middle to lower crust of the Superior 
craton, our interpretation implies that many lower grade 
greenstone belts and the associated Timiskaming-type 
sedimentary rocks in the craton, and potentially elsewhere, 
have deep and much higher grade “roots”. 
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Detrital zircons from riverbank sands have been used to 
assemble the picture of crustal evolution of the drainage area. 
Here we report U-Pb and Hf isotope data of detrital zircons 
from a recent sand sample from riverbank and two samples 
from Triassic strata in eastern Burma to provide relative 
information of the Salween River, which is soured from Tibet 
plateau and flows over the eastern Qiangtang, eastern Lhasa 
and Sibumasu terranes.  

Based on our data, these detrital zircons can be genetically 
related to the major batholiths in the drainage area. The age 
and ɛHf(T) distribution given by these detrital zircons, agrees 
with that of sediments from southern Sibumasu in Malya 
Peninsula (Sevastjanova et al., 2011), and exhibits isotopic 
characteristics mimicking products of crustal remelting. 
Compared the distribution of age peaks displayed by detrital 
zircons from other major rivers in SE Asia, the similarities and 
dissimilarities imply the periodic formation and separation of 
supercontinents. Furthermore, only the detrital zircons younger 
than Jurassic from the drainage area of the Yarlu-Tsangpo-
Bramaputra and Irrawady Rivers reveal the conspicuous 
injection of juvenile materials into crustal evolution. The 
discrepancy between these two western major rivers and the 
Salween River is interpreted as inheritance of the two parallel 
magmatic belts with distinct isotopic characteristics that has 
been recognized in Southern Lhasa and Burma (Lin et al., 
2013).  
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Martian meteorites supply us with unique samples 
allowing use of sophisticated laboratory instruments for 
comprehensive analyses. NanoSIMS analysis of carbon grains 
from Martian meteorites could shed light on possible biotic 
activity, paleoclimate and carbon cycle on Mars. NWA 6162 is 
a Martian olivine-phyric shergottite. It consists of subhedral 
olivine grains up to 1.6 mm in size in basaltic matrix. The 
meteorite was heavily shocked and contains shock-induced 
melt pockets and veins. Carbon grains were found in some 
melt pockets, destributed as black dots (<2 µm in size) in the 
fine-grained host melt. They are usually round. Raman spectra 
of the carbon grains show broad bands at ~1360 cm-1 and 
~1580cm-1, indicative of kerogen and/or  amorphous carbon.. 
TEM observations of FIB extracted slices from one of the C-
bearing melt pockets reveal that few C-grains consist of nano-
scaled carbon and SiO2-rich glass. 

H and C isotopes of carbon grains in the other two melt 
pockets were analyzed with NanoSIMS 50L. One graphite, two 
coals and one natural bitumen were used as working 
NanoSIMS references. The analyses reveal large variations in 
both H and C isotopes, with δD from (2SD= 80~210 ‰) -10 to 
+650 ‰ and δ13C from (2SD= 2~4 ‰) -24 to +6 ‰. Those 
carbon grains with δ13C < -15‰ are normal in H isotopes 
(δD<160‰), except for one grain (δ13C= -20±3‰, 
δD=540±75‰). Terrestrial contamination cannot entirely be  
excluded for carbon grains with normal H isotopes. In contrast, 
several carbon grains with δ13C of -4 ~ +6‰ show significant 
D-enrichment (δD= 490~590‰). It is also noticed that these 
D-rich carbon grains have low H/C ratios and high 12C- 

counting rates, similar to the graphite standard but different 
from coal. They are probably graphite instead of organic 
carbon. We suggest that the D-rich carbon grains were formed 
by reaction of CO2+CH4 = 2H2O+2C, which has been proposed 
to explain graphite found in hydrothermal system on the Earth. 
NanoSIMS analyses of carbon grains from NWA 6162 reveal 
rather complex carbon reservoirs on Mars. Further details will 
be presented at the meeting. 
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This study reports new zircon U-Pb ages and Hf isotopes, 
together with whole-rock geochemical and Sr-Nd isotope data, 
of the Elazig magmatic rocks that postdate the Neotethyan 
ophiolites in SE Turkey. These new data allow us to divide the 
Elazig magmatics into three groups: (1) 84-81 Ma: tholeiitic 
suite that consists of extrusive (basalt and andesite) and 
intrusive (gabbro and diorite) rocks, showing flat REE or 
slightly LREE-enriched patterns [(La/Yb)N= 0.5-6], coupled 
with positive zircon εHf(t) [+17 to 0] and wr εNd(t) [+4.7 to 
+5.3] values; (2) 80-79 Ma: calc-alkaline suite of monzonite, 
granodiorite and granite that shows LREE-enriched patterns 
[(La/Yb)N= 7-18] and intermediate εHf(t) [+10 to -8] and 
εNd(t) [-3 to -5] values; (3) 74-72 Ma: calc-alkaline suite of 
intrusions (gabbro, monzodiorite and monzonite) in the 
Puturge massif, showing highly LREE-enriched patterns 
[(La/Yb)N= 12-24] and negative εHf(t) [0 to -12] and εNd(t)  
[-5 to -6] values. Such a secular variation suggests that there 
were at least two components involved in the magma genesis, 
one is a depleted mantle source that prevails in the Neotethyan 
ophiolites and the other is an upper continental crust similar to 
gneissic rocks from the Puturge massif. Therefore, the 
variation is indicative of changing in the source components in 
the Elazig magmatism that we attribute to tectonic switching 
from an intra-oceanic subduction setting to a collision with the 
Arabian continent in the region. 
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Layered Mn oxides of the birnessite family are commonly 

found as fine-grained coatings and nodules in natural 
environments.  They have been studied for their high cation 
exchange capacity and redox properties, with potential 
applications in environmental remediation and batteries. 
Synthetic triclinic and hexagonal birnessites are commonly 
used as analogues for natural layered Mn oxides.  We have 
studied and compared a variety of natural and synthetic 
birnessite-like phases, using  X-ray diffraction (XRD), energy-
dispersive X-ray spectroscopy (EDS), and X-ray photoelectron 
spectroscopy (XPS). Synthetic birnessites studied include 
triclinic Na-, Ca-, K-, and Ba-birnessites. Synthetic hexagonal 
H-birnessites studied were made from triclinic birnessites 
placed in a pH 7 HEPES-buffered solution, or pH 2 and 3 
solutions.  Natural samples included Mn oxides from a 
Tennessee stream and several acid mine drainage sites in 
Pennsylvania. 

All natural samples were identified as birnessites/buserites 
using XRD.  EDS showed that all natural Mn samples were 
associated with Ca.  Despite being indistinguishable with 
XRD, the XPS showed differences in ratios of Mn2+, Mn3+, and 
Mn4+ among natural samples. More important, the XPS results 
indicate that most samples analyzed contain Mn in +2, +3, and 
+4 oxidation states, providing new insights beyond the 
typically reported average Mn oxidation states measured 
through titrations. Among samples of synthetic hexagonal H-
birnessites formed at different solution pH’s, we found that as 
pH decreased, the amount of Mn3+ also decreased, while Mn4+ 
increased.  For synthetic triclinic birnessites, the 
disproportionation of Mn varied with the interlayer cation 
despite all samples yielding similar XRD patterns. Our 
research suggests that multiple techniques may be necessary to 
properly characterize Mn oxides. 
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The Young-Davidson (YD) and Thunder Creek (TC) gold 
deposits are both associated with Timiskaming-age syenite 
intrusions, west of Kirkland Lake and Timmins, respectively. 
At both deposits gold grade correlates with pyrite abundance 
and there are multiple deformation events and vein sets that 
contain gold, as well as gold with disseminated pyrite. Two 
textural types of pyrite are observed at both deposits: Type 1 is 
porous, corroded pyrite, which is associated with the best gold 
grades. Gold in Type 1 pyrite commonly occurs as inclusions, 
filling secondary porosity. Type 2 pyrite is euhedral, is less 
mineralized and gold tends to occur along fractures in pyrite or 
as free gold.  

At YD, gold is dominantly associated with potassic 
alteration, anhydrite is present and ankerite alteration is 
pervasive. Strong Ni-Co zoning is observed in both pyrite 
Types, Co can be in excess of 1%, Ni and As are commonly 
1000s of ppm. Bulk δ34S values typically range from -1.0 to 
+2.0 ‰. However, in situ microanalysis indicates considerable 
variation within single grains, in one case from  
-2.7 to +4.3‰. Mineralization is interpreted to have been 
controlled by fluid mixing. 

At TC silicification is present, barite is common, but 
potassic and carbonate alteration are poorly developed, 
although at the Hwy 144 area, south of the deposit these 
alteration styles are present. Ni and Co contents are all low 
(100s ppm), in contrast to weakly mineralized pyrite at the 
Hwy 144 prospect which contains 0.5 to 1.3 wt% Ni and Co. 
Pyrite from both areas contain only 10s ppm As. δ34S 
micronanalsys of pyrite at TC range from -3.0 to -6.0 ‰. It is 
not clear whether there are different sources for TC compared 
to YD or whether processes such as oxidation occurred to 
different extents at the two areas. What is clear however is that 
syenite-hosted gold mineralization in the Abitibi belt cannot be 
explained by a single model.  
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At Mt. Etna the presence of a persistent volcanic plume 

provides large amount of volcanogenic elements to the bulk 
deposition along its flanks. The volcanic plume consists of 
solid particles, acidic droplets and gaseous species. After H2O 
and CO2, S, Cl and F represent the most abundant volatile 
elements emitted as gaseous species from the craters. On the 
other hand, minor amount of I and Br are also discharged. 
During rain events acidic gases interact rapidly with droplets 
lowering the pH of rain. This process favors the dissolution 
and dissociation of the most acidic gases. Under these 
conditions the weathering of volcanic rocks starts when acidic 
bulk deposition interacts with outcropping rocks and ashes. 
The weathering processes are further promoted by diffuse CO2 
emissions that usually characterize aquifer hosted in active 
volcanic edifices. The chemical composition of groundwater at 
Mt. Etna has been investigated in order to define to what extent 
the persistent plume affects the chemical composition of 
circulating waters. The content of dissolved elements derives 
from the bulk deposition at the recharge areas as well as from 
the weathering of volcanics rocks during infiltration and 
transport of groundwater. The content of chlorine and bromine 
dissolved in groundwater mainly derives from the interaction 
between the plume and rainfall while total alkalinity can be 
totally ascribed to the dissociation of carbonic acid. The 
relative contribution of plume derived elements/weathering 
and CO2 driven weathering has been computed for several 
elements. Sulfur usually reflects the bulk deposition, fluorine 
undergoes processes that decrease the pristine concentration of 
the bulk deposition and iodine, in spite of its complex 
geochemical behavior, often reflects the plume composition. In 
addition, anomalous concentration of Se and B have been 
recognized in the most plume-influenced sites thus confirming 
their high volatility. 

Due to the huge fluxes of emitted gases, Mt. Etna volcano 
impacts the geochemical cycles of volatile elements at a larger 
scale. 
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For more than a decade 231Pa/230Th and Nd isotopes from deep 
sea sediments have been essential parts of the toolbox in 
paleoceanography [1-3]. While the 231Pa/230Th proxy is a 
recorder of past overturning strength, 143Nd/144Nd can be used 
as a water mass tracer, providing information towards the 
source of deep water at a sampling site. Clearly both proxies 
maximize their potential when combined, yet only very 
recently have studies reported results from such combined 
approaches [4-7]. Unfortunately, the spatial coverage is very 
patchy and far from being comparable to the observations 
available from stable isotopes or paleonutrient proxies. New 
combined data from several locations spanning the Atlantic 
Ocean suggest that 231Pa/230Th before and during the last 
glacial termination cannot be interpreted in a straightforward 
way, mostly because the deep Atlantic was bathed in Southern 
Source Water [7] [8]. Since water mass age, upwelling and 
downwelling and in particular water depth are essential 
parameters controlling 231Pa/230Th, we will present examples 
as to why it is advisable to compile available data sets [9] [10] 
rather than interpreting 231Pa/230Th down core profiles from a 
single location. 
 
[1] Yu, E. et al. (1996) Nature [2] McManus, J. et al. (2004) 
Nature [3] Piotrowski, A. et al. (2004) Earth and Planetary 
Science Letters [4] Roberts, N. et al. (2010) Science [5] 
Gutjahr, M. et al. (2011) Paleoceanography [6] Böhm, E. et al. 
(2014) Nature [7] Jonkers, L. et al. (2015) Earth and Planetary 
Science Letters [8] Curry et al. (2005) Paleoceanography [9] 
Bradtmiller, L. et al. (2014) Nature Comm. [10]  Lippold, J. et 
al. (2012) Nature Geoscience  
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Peridotite xenoliths in Plio-Pleistocene alkali basalts can 

provide information on the nature of the mantle beneath the 
Carpathian-Pannonian region. The northernmost xenolith 
occurrence is the Nógrád-Gömör Volcanic Field (NGVF), 
where recent studies used samples only from the central and 
southern parts of the area [1]. This study focuses on the 
northern part, comparing the petrography and geochemistry of 
xenoliths collected there, including localities that have not 
been previously described, with existing and new data from the 
central and southern part of the NGVF. 

Major differences include the presence of abundant 
amphibole in the xenoliths from the northern vents, whereas it 
is usually absent from samples from the central part. In 
addition to modal metasomatism indicated by the amphibole, 
some samples show cryptic metasomatism in the form of Fe-
enrichment, leading to lower Mg# of olivine and pyroxenes. 
This is strongest in the locality closest to the central part, 
where similar cryptic metasomatism has been described [2]. 
Equilibration temperatures calculated from major-element 
mineral compositions are between 845 and 1025 °C, which 
gives an estimate of 40-50 km for depth of origin by reference 
to a typical basaltic province geotherm. These P-T conditions 
are similar to those in the central part, suggesting that similar 
processes could have led to cryptic metasomatism in both 
areas. The lack of correlation between amphibole content and 
Fe-enrichment suggests that at least two distinct metasomatic 
processes affected the upper mantle beneath the northern part 
of the NGVF. 

 
[1] Liptai et al. (2013) Bull. Hung. Geol. Soc. 143, 371-382. 
[2] Patkó et al. (2013) Mineral. Mag. 77, 1934. 
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Reactive porous flow (RPF) is a melt transport mechanism 

characterised by reactions between migrating interstitial melt 
and the crystalline framework of its surrounding crystal mush. 
Here, we review the evidence for RPF in mafic magatic 
systems by examining plutonic rocks from the lower oceanic 
crust and their overlying extrusive rocks (MORB). Texturally, 
RPF manisfests itself in plutonic rocks by locally complex 
zoning paterns in plagioclase, as well as dissolution of cumulus 
phases by reactive melt. In some rocks this leads to the 
formation of new, hybrid rock types. However, RPF is 
commonly cryptic, leaving no textural evidence. 
Geochemically, RPF leads to the formation of minerals with 
major- and minor element compositions not predicted by 
conventional crystallization models (e.g., clinopyroxene with 
anomalously high Mg# and Cr2O3). Moreover, RPF has the 
potential to redistribute trace elements, with relative over-
enrichment (compared to fractional crystallization) of the 
highly incompatible elements over moderately incompatible 
elements. In the lower oceanic crust, this leads to extreme trace 
element enrichment in the reactive melt, coupled with changes 
in incompatible trace element ratios. 

The rock record from the lower oceanic crust demonstrates 
that, at least in a mid-ocean ridge setting, RPF is pervasive. It 
is recorded in all studied sample suites, predominantly as core-
to-rim trace element enrichment. Moreover, in the only 
available more or less complete lower crustal section (from 
Hess Deep in the equatorial Pacific) trace element enrichment 
increases upwards over ~4 km, peaking at the top of the lower 
crust. The peak in enrichment occurs at the level where the 
seismically imaged magma chamber occurs. This is an 
important observation, because erupted MORB show an over-
enrichment in incompatible trace elements. This over-
enrichment shows striking similarities with that observed 
upsection in the lower oceanic crust, suggesting that MORB 
trace elements record the effect of RPF. Hence, RPF may 
affect both the plutonic and volcanic components of mafic 
magmatic systems. 

We posit that RPF is a natural consequence of the 
gravitational compaction of, and melt extraction from, a 
crystallising magma body, at least at mid-ocean ridges. Further 
data are required to test whether this also holds true for 
continental magmatic systems. 
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Subduction zones represent the sites of the highest mass 

fluxes between crust and mantle known in the Earth. While 
these fluxes are well understood for the lithophile elements and 
isotope systems, the behavior of chalcophile (Se, Te) and 
highly siderophile elements (HSE: Os, Ir, Ru, Pt, Pd, Re) 
during dehydration of subducting oceanic crust is poorly 
constrained.  

Hence we present new 187Os-HSE and first Se-Te data on a 
set of paleo-subduction rocks from Syros (Greece). Samples 
comprise fragments of subducted and then rapidly exhumed 
oceanic crust, fully recrystallized to blueschist and eclogite 
mineralogies with no or only minor signs of retrogression. 
Thermodynamic modeling indicates P-T conditions of  
1.7-2.0 GPa and 450-550 °C, close to previous peak P-T 
estimations. Normalized REE patterns of meta-gabbros and -
basalts are similar to those of oceanic gabbro and MORB. 
Strikingly, when compared to the average MORB, the studied 
metabasites show overall depletions in Pt (75%), Pd (85%), Re 
(80%), Se (70%) and Te (5%) but enrichments in Os (80%) 
and Ir (40%). This fractionation is likely linked to the 
replacement of magmatic sulfides (pentlandite+pyrothite+ 
chalcopyrite) by the denser pyrite at high pressure and in the 
presence of a fluid with low metal/sulfur. During this reaction, 
part of the HSE (Pd, Pt, Re and Se) are mobilized by the fluid 
and potentially transferred to the sub-arc mantle, while the 
residual HSE budget is controlled by pyrite and silicates. 
Metabasites yield radiogenic 187Os/188Os (0.168-4.0). Although 
some eclogites have Re-Os model ages (TMA) that cluster 
around 80 ± 6 Ma, indistinguishable from a magmatic zircon 
age of 80 ± 2 Ma, most samples yield much older and erratic 
model ages suggesting Re loss during HP metamorphism 
and/or contamination by components with high 187Os/188Os 
(e.g., seawater). Recycling of subducted oceanic crust with 
such high 187Os/188Os would, to some extent, explain the 
heterogeneous 187Os/188Os of Ocean Island Basalts and some 
plume-related enriched MORB.  
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Particles are a fundamental part of the oceanic 

biogeochemical cycling of trace metals, both directly, in their 
input, dissolution, aggregation, disaggregation and removal to 
sediment, and indirectly, as surfaces for scavenging and 
transport. The details of their role remain relatively poorly 
understood, however, largely due to difficulties associated with 
sampling and analysis. One of the goals of the GEOTRACES 
program is to address these difficulties, with the result that 
high quality trace metal particulate data is now becoming 
available (e.g., [1]). This data is shedding new light on the 
inputs and the internal cycling of bioessential trace metals 
within the water column but many open questions remain. To 
date, only very sparse isotopic data for particulates has been 
presented (e.g., [2]). Such data has the potential to distinguish 
the contribution of biogenic, authigenic, and lithogenic phases 
to the total metal complement of the particles. More 
significantly, isotopic data for particulates also has the 
potential to provide quantitative information on the relevance 
of particulates to oceanic mass balance. 

We present one of the (if not the) first attempts to measure 
stable metal isotope variability within different fractions of 
particulate material collected as part of the UK-GEOTRACES 
South Atlantic cruise in 2011-12. We compare concentration 
and isotopic data for a range of metals (including Cu, Zn and 
Ni) from bulk dissolution of filters (ashing) with that for a 
weak acidic leach, the latter targeting the labile metal fraction. 
Preliminary results confirm clear isotopic heterogeneity, with 
the lithogenic fraction isotopically distinguishable from the 
labile pool.  For example, the labile fraction of Cu is 
isotopically similar to the Cu isotopic composition of Fe-Mn 
crusts, indicating a strong influence of authigenic Mn oxides 
on Cu. 
 
[1] Rauschenberg, S., & Twining, B. S. (2015). Mar.  Chem., 
171, 67-77. [2] Revels, B. N., Ohnemus, D. C., Lam, P. J., 
Conway, T. M., & John, S. G. (in press). Deep Sea Res. II 
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Absolute sea-surface temperature (SST) estimates from 
late Jurassic–earliest Cretaceous are scarce, particularly from 
the Pacific Ocean. Here we present the first absolute SST 
estimates for the tropical Pacific spanning this period, based on 
the TEX86 paleotemperature proxy. Reconstructed mean annual 
SSTs of 29–33°C at two Integrated Ocean Drilling Program 
sites on Shatsky Rise (IODP Sites U1346 and U1347) suggest 
very warm conditions at the paleo-equator at this time. 
Interestingly, the new data suggests slightly cooler SSTs in the 
equatorial Pacific relative to the proto-North Atlantic at 15–
20°N [1]. At all sites very low BIT Index values suggests 
minimal contamination from terrestrial GDGTs, indicating this 
is not a source of SST bias. Therefore, the apparent 
discrepancy could be due to either: 1) a warm pool effect in the 
proto-North Atlantic relative to the open Pacific; 2) different 
populations of archaea in the two basins; 3) equatorial 
upwelling in the Pacific. Comparison to contemporaneous 
GCM simulations (HadCM3L coupled ocean-atmosphere 
model with dynamic vegetation) suggest option 1) is the most 
likely, as the spatial trends seen in the proxy data are broadly 
replicated in the modeled data. This suggests that the TEX86 
technique can capture genuine spatial variability in deep time 
SSTs, helping to ground-truth model outputs of climate 
variables for ancient greenhouse worlds.  

 
[1] Littler et al., (2011) Nat. Geosci. 4, 169–172 
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Peculiarities of texture and phasecomposition of 

metasomatized diamondiferous eclogites (the upper mantle 
xenoliths in kimberlites) were studied. Numerous pores of 
irregular form and up to 50-100 µm size as well as cracks and 
viens over grains of rockforming garnet and clinopyroxenes 
were revealed by scanning electron microscopy probably all 
the defects are filled with remains of a diamond-parental melts 
solidified into the assemblage of ferrous mafnesite 
(Mg,Fe)CO3 orthopyroxene (Mg,Fe)SiO3 and kyanite Al2SiO5 
(by Raman spectroscopy and electrone microprobe data). Also, 
many diamond and carbonate microcrystals are identifed at the 
material inside of the defects. By the Raman specroscopy, an 
intense narrow peak at 1332 cm-1 (diamond) and group of four 
peaks corresponding to internal vibrations of CO3

2- (Mg-
carbonate) were determined. Specific typomorphic features of 
diamondiferous peridotites and eclogites were estimated from 
analytical and literature [1-6] data. The features point out onto 
the different sources of diamondiferous and diamond-free 
rocks among upper mantle xenolits in kimberlites. Syngenesis 
phase diagram for diamond and rockforming minerals of the 
peridotite-eclogite-carbonatite-diamond system (in a regime of 
fractional crystallization) is constracted with the use of 
experimental data at 7 GPa (upper mantle PT-conditions). The 
analytical and experimental results are generalized and applied 
to development of phisico-chemical model for dimondiferous 
peridotite and eclogite genesis at the upper mantle chambers of 
diamond-parental carbonatite melts.  

Support: RFBR grants #13-05-00835, 14-05-00537 
 

[1] Sobolev N.V. (1977), 279 p. [2] Liu et al. (2009) Lithos 
112, 1014-1024; [3] Richardson et al. (1993) Nature 366, 256-
258; [4] Spetsius, Taylor (2002) Int. Geol. Review 44, 973-
987; [5] Shatsky et al. (2008) Lithos 105, 289-300; [6] Spetsius 
et al. (2012) Abstr. of 10th Int. Kimb. Conf., 101KC-512012 
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Upper Cretaceous mudstones are the most important 

source rocks in the Termit Basin, SE Niger. For this study, 184 
mudstone samples from the Santonian-Campanian  Yogou 
Formation and the underlying Cenomanian-Coniacian Donga 
Formation from eight wells were analyzed on the basis of 
palaeontological, petrographical and geochemical data, the 
latter including the results of biomarker and stable isotope 
analyses. Samples from the upper member of the Yogou 
Formation contain marine algae and ostracods together with 
freshwater algae (Pediastrum) and arenaceous foraminifera, 
indicating a shallow marine to paralic depositional 
environment with fresh- to brackish waters. Terrestrial pollen 
and spores are common and of high diversity, suggesting 
proximity to land. Samples from the lower member contain 
marine algae and ostracodes and arenaceous foraminifera 
without freshwater algae, indicating a shallow-marine, 
brackish-water setting. Terrestrial pollen and spores are 
common in the lower member but are reduced in both diversity 
and abundance compared to the upper member. This may 
reflect a reduced rate of terrigenous input, perhaps due to 
deepening or more offshore conditions. 

The Pr/Ph ratio is widely used as an indicator for the redox 
potential of the depositional environment [1] [2]. 
Gammacerane is an indicator for water column stratification, 
which commonly occurs in hypersaline settings [3]. The 
gammacerane index is used to measure the relative prominence 
of gammacerane. The wide range of gammacerane index 
(gammacerane/C30 hopane) (0.07-0.5) and Pr/Ph ratios (0.63-
4.68) in samples from the upper member of the Yogou 
Formation suggest a low to moderately saline environment 
with oxic to anoxic conditions. In samples from the lower 
member, the narrow range of gammacerane index (0.23~0.35) 
and Pr/Ph ratios (0.76-1.36) probably indicate a moderately 
saline environment with suboxic to relatively anoxic 
conditions. 
 
[1] Powell et al.. (1973) NPS, 243, 37-39. [2] Didyk et al.. 
(1978) Nature, 272, 216-222. [3] Sinninghe et al.. (1995) GCA, 
59, 1895-1900. 
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Many carbon nanomaterials such as carbon nanotube, 

graphene and fullerene etc. are released into natural 
environments during their production and application. The 
presence of these anthropogenic nanomaterials, which possess 
large surface area, multiple functional groups and high 
conductivity, could impact the biogeochemical cycling of 
different elements and the bioremediation of pollutants. It is 
well-known that Shewanella strains can effectively reduce a 
wide range of metals or metalloids including Fe(III), Mn(IV), 
Au(III), Ag(I), As(V), Se(IV), Cr(VI) and U(VI) etc. to their 
lower valences or even elementary states and thus play 
important roles in biogeochemical cycles of these elements. In 
addition, members from this genus also demonstrate great 
capacity for the biodegradation and bioremediation of organic 
pollutants in aqueous environments, sediments and soils. 

We found that Shewanella oneidensis MR-1 could 
simultaneously transform graphene oxide and Au(III) to 
reduced graphene oxide (rGO) and Au(0) nanoparticles. The 
biogenic Au nanoparticles located evenly on the rGO sheets 
with a mean size of 7~8 nm. Both cellular components and 
extracellular polymeric substances were involved in the 
formation of Au/rGO complex. The biogenic Au nanoparticle, 
rGO, and Au/rGO complex could all stimulate the reduction of 
model organic pollutant nitrobenzene significantly. And the 
best improving effects were observed with Au/rGO complex. 
MR-1 cells attached themselves closely to the surfaces of 
Au/rGO complex. It was suggested that the biogenic and 
conductive nanomaterials might act as redox mediator and 
participate in the transferring of electrons from cells to 
extracellular pollutant. Cytochromes of the Mtr pathway were 
found to be essential for the electron transfer through biogenic 
Au/rGO by MR-1. Therefore, the release of artificially 
synthesized nanomaterials into natural environments could 
significantly impact biogeochemical and pollutant 
biotransformation processes. 

 
The work was partly supported by National Natural 

Science Foundation of China (No. 51478076). 
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Physicochemical variables such as temperature, pressure 
and salinity are some of the important factors constraining the 
distribution, abundance and diversity of microorganisms in the 
ocean. Much less is known about the effects of water mass 
mixing on microbial community structure and diversity in 
different oceanic regions. In water columns of different areas 
in northeastern South China Sea (SCS), we quantified the 
abundances of total archaea (16S rRNA gene), Marine Group I 
(MG I) Crenarchaeota (estimated based on amoA gene) and 
Marine Group II (MG II) Euryarchaeota (16S rRNA gene) by 
using real-time quantitative PCR (qPCR), and examined the 
archaeal community composition by 454 and Miseq 
sequencing. Both the qPCR and sequencing results revealed 
that MG II dominated the whole water columns in the 
northeastern SCS when sampling occurred in April of 2013. 
The results are in contrast to previous findings in many other 
oceanic regions. This may be explained by physical processes 
(such as warm eddy or downward movement of the western 
Pacific water into the northeastern SCS through the Luzon 
Strait) that transport surface water to the deep SCS. 
Furthermore, MG I and MG II correlated significantly between 
50 m and 3200 m at these locations, which may hint at 
potential interactions for carbon metabolism between these two 
physiologically disparate archaeal groups. These hypotheses, 
however, have yet to be verified by future studies. 
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The origin of the enriched signature of the Cenozoic 

basalts in east China are hottly debated. We implore the water 
conents of the Cenozoic alkali basalts from the Taihang 
Mountains (Central Zone of the North China Craton (NCC)), 
Shandong province (in eastern part of the NCC), and the 
Shuangliao Basin (north margin of the NCC), by a reverse 
calculation based on water contents (by FTIR) in 
clinopyroxene (cpx) phenocrysts with Mg#>75 and IVAl-
dependent water partitioning coefficient[1]. The recovered 
magma water contents are various from 0.20 to 3.89 wt.%, and 
the large heterogenity are not caused by degassing and 
fractional crystallization. Most of them are beyond the normal 
water contents of OIBs[2]. H2O/Ce ratios of the Shandong 
basalts varies from 150 to 696, and are positively correlated 
with bulk rock 87Sr/86Sr. The Taihang and Shuangliao basalts 
have very different range of H2O/Ce (24 to 189 and 157 to 735, 
respectively), but they are all positively correlated with bulk 
Ba/Th ratios (Fig. 1), the former ones also negatively 
correlates with εNd. The high magma water contents and their 
correlation with Ba/Th and rediogenic isotopes suggest that 
their mantle source contain hydrous components, which are 
most likely derived from the subducted Pacific slab. 

Figure 1. H2O/Ce vs. (Ba/Th)n (Primitive mantle normalized) 
 
[1] O’Leary et al. (2010) Earth. Planet. Sci. Lette 297, 111-220. 
[2] Dixon et al. (2004) Earth. Planet. Sci. Lette 222, 451-467. 
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For nitrogen isotope fractionation during ammonium 
uptake by phytoplankton field observations and lab cultures 
produced highly variable isotope effects, (15k/14k-1)x1000, 
ranging from 0 to -29.  To reconcile this apparent 
inconsistency we analyzed suspended particulate matter (SPM) 
collected during an intense algal bloom in the highly eutrophic 
and, often, hypoxic Danshuei estuary, northern Taiwan, in July 
2009.  The observed δ15N ranged from -8.6 ‰ to 0.2 ‰, and 
the δ15N of coexisting ammonium from 4.6 to 11.9 ‰, yielding 
isotope effects between -4.7 and -16.4.  The plot of all field 
observed isotope effects vs. corresponding ammonium 
concentrations shows a consistent trend, i.e., a concentration 
dependent curve, which shows a maximum magnitude of -20 at 
[NH4

+] ~100 uM with decreasing isotope effect on both sides 
[1]. Using this curve we determine the δ15N of algal biomass 
from δ15NNH4 and the isotope effect, which depends on [NH4

+]. 
Employing a 3 end-member mixing model based on δ15N and 
C/N, we found algal contribution to be 45% in February and 
75% in July, suggesting phytodetritus as the major culprit that 
consumes oxygen during hypoxia.   

 
[1] Liu, K.-K., et al. (2013) Concentration dependent nitrogen 
isotope fractionation during ammonium uptake by 
phytoplankton under an algal bloom condition, Mar. Chem. 
157, 242–252. 
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With the rapid development of petroleum exploration 

technologies, a growing number of coal oil-gas reservoirs were 
found in the coal basins around the world: exampling Canadian 
Mackenzie Basin and Indonesian Ma Hakan Delta. 
Nonetheless the Pan-Sanjiang Basin encircling the Chinese 
biggest oil field–Daqing oil field, known for coal accumulating 
region, has not been carried out a systematic research on 
source rocks evaluation due to data limitation.  

The Pan-Sanjiang Basin with an area of 13 times of 
Daqing oil field, is one of the most significant coal-rich 
regions in China, which is formed during the Early Cretaceous 
and located in the sedimentary basin groups in northeastern 
China. Currently this basin is composed of Sanjiang basin, 
Shuangyashan basin, Boli Basin, Hulin Basin, Jixi basin, 
Ningan Basin. The main source rocks were the Formation 
Chengzihe (Qihulinhe + Yunshan) and Formation Muleng 
(Zhushan) source rocks from Lower Cretaceous with 
widespread, and the accumulative depth was over 1000m in 
some regions.  

During this research, the recent samples testing has yielded 
data on TOC, IH, A, RO,Tmax. Integrating new data and 
previous data with new organic macerals analysis, the main 
source rocks were evaluated overall in terms of organic 
richness, organic maturity, kerogen type.  

The results show that the main source rocks of Formation 
Chengzihe (Qihulinhe + Yunshan) and Formation Muleng 
(Zhushan) from Lower Cretaceous were coal measure rocks, 
including mudstone, carbonaceous mudstone and coal. The 
mudstone samples in coal measure rocks have the ranges of 
organic richness from general level to medium level, the 
carbonaceous mudstone samples with the ranges from medium 
level to high level, and the coal samples with high level. The 
kerogen types of the samples were found to be Type III 
dominantly, with a small number of Type II2 and Type I. The 
thermal maturity of the samples were characterized by maturity 
stage, with a good hydrocarbon generating potential, which 
was favorable for the large-size gas field forming in the Pan-
Sanjiang basin. 
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Recent developments in mass spectrometry [1] and tunable 
infrared laser direct absorption spectroscopy [2] make it 
possible to measure 13C-D clumped isotope effects of methane. 
These techniques can be further applied to determine 13C-D 
clumped isotope effects of methyl fragments, therefore need 
accurate equilirbium Δi values to calibrate experimental 
measurements. In this study, we calculate temperature 
depandences of 13C-D clumped isotope signatures in methyl of 
several organic compounds including ethane, propane, acetic 
acid, etc. Our calculation are performed at CCSD/6-
311+G(3df,3pd) by using Gaussian 03 program with no scale 
treament.  

Our results show that the Δi values of 13C-D clumping in 
methyl fragments of different organic compounds yield similar 
signals (~5.5‰ at 25˚C, slightly lower than Δi value of 13C-D 
clumping in methane). For testing the calculated accuracy, 
theoretical treaments beyond the harmonic level by including 
several higher-order corrections to the Bigeleisen-Mayer 
equation are used. Contributions from higher-order corrections 
(e.g., AnZPE, AnEXC, VrZPE, VrEXC, QmCorr and CenDist) 
are estimated to repire the ignorings of the Bigeleisen-Mayer 
equation (the anharmonic effects of vibration, vibration-
rotation coupling, quantum mechanics and centrifugal 
distortion for rotation, etc.) for the calculation of partition 
function ratios. The results show that the higher-order 
corrections contribute ~0.05‰ at 25˚C, which is similar to the 
contribution for calculating 13C-D clumped isotope signature of 
methane. By comparing our calculated frequencies to the 
measured ones, the uncertainty of our calculation of Δi values  
13C-D clumping in methyl fragments is considered to be within 
~0.05‰ at room temperature.  
 
[1] Stolper et al. (2014) Geochim. Cosmochim. Acta 126: 169-
191. [2] Ono et al. (2014) Anal. Chem. 86:6487-6494.  
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The phase evolution and thermal expansivity of 
synthesized orthorhombic α-BaCO3 and α-SrCO3 were studied 
up to 1413 K using high-temperature powder X-ray diffraction. 
In addition, the phase transitions and compressibilities for 
these two carbonates were examined by by synchrotron X-ray 
diffraction combined with diamond-anvil cells up to 30 GPa 
and 15 GPa at room temperature, respectively. SrCO3 and 
BaCO3 transform from orthorhombic phase (Pmcn) to trigonal 
phase (R-3m or R3m) and further to cubic phase (Fm-3m) at a 
higher temperature (Boeke, 1913; Lander, 1949; Baker, 1962; 
Stromme, 1975). SrCO3 (Pmcn to P21212) and BaCO3 (Pmcn 
to Pmmn) also undergo phase tranformation with increasing 
pressure (Ono et al. 2005; Townsend et al. 2013, and 
references therein). The phase transition temperatures and 
pressures are obtained for both carbonates. Both carbonates in 
aragonite structure display anisotropy in thermal expansivity 
and compressibility, with the c-axis much more expansible and 
compressible than the a- and b-axis, which can be explained by 
their structure, where the weak ionic bond M−O (Ba−O, Sr−O) 
controls the c-axis, while the strong covalent bond C−O in the 
plane of CO3 groups and the basal component of the ionic bond 
M−O dominate the a- and b-axis. For the high temperature 
trigonal phase of β-BaCO3, the thermal expansion along the a-
axis is negative, and the thermal expansion along the c-axis is 
2.7 times the contraction along the a-axis, which resulting in a 
positive volume expansion. Thermal expansion coefficient of 
the cubic high-temperature phase γ-BaCO3 is derived for the 
first time. By combining with previous studies on aragointe 
(CaCO3), this study reveals a contrasting behavior of the 
thermal expansion and compression for aragonite-group 
carbonates (CaCO3, SrCO3, and BaCO3) as a function of cation 
size (i.e. constant volume thermal expansion vs. increasing 
compressibility with an increase in cation radius) which agrees 
with the empirical formula proposed by Hazen et al.(2000). 
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While the occurrence of Hg compounds as mantle sourced 

solid ore in the Earth’s crust have been widely documented in 
various studies, abundant Hg in the commercial gas reservoirs 
is still confused. We present recent findings which indicate 
that, under some circumstances, abnormal high Hg 
concentration as a representative of mantle degassing volatile 
may migrate and entrap in the commercial abiogenic alkane 
gas reservoirs. The Hg concentration in 17 gas samples from 
the Qingshen gas field in the Songliao Basin, NE China is in 
the range of 5×103-4050×103 ng/m3, with the average value of 
1148×103 ng/m3. The maximum avalue in this study is higher 
than that of 3000×103ng/m3 in the gases from Wusite Ralph gas 
field in Germany which were reported as the highest 
concentration around the world. Hg concentration in three 
Chinese sedimentary basins of Tarim, Sichuan and Ordos is 
distributed in the range of 0.01×103-296.8×103 ng/m3. Natural 
gases in the Sichuan and Ordos basins were sourced from 
thermal decomposition of organic matters, without any 
evidence suggesting the mantle contribution to the gas pools. 
Most natural gases in the Tarim Basin were also derived from 
the sapropelic or humic organic matters, and only a little 
contribution of mantle sourced gas was made in the 
southwestern depression of the Basin, with the maximum Hg 
concentration of 296.8×103 ng/m3. Thus, the Hg concentration 
in the natural gas sourced from organic matters is much less 
than that in the mantle-derived gas. Therefore, we demonstrate 
that the absolutely higher Hg concentration in natural gas 
might be a direct evidence for the contribution of mantle 
degassing volatile to the gas pool. The varied Hg concentration 
observed is due to different contribution proportions of mantel 
degassing volatile to the gas pool. The geological and seismic 
profiles indicate that three areas with abnormal high Hg 
concentration are located nearby the volcanic vents. 
Considering the negative effect of Hg to the production 
equipments, ecological environment, and human health, we 
strongly appeal the Hg removing for mantle degassing gas 
alone or mixing gas with thermogenic gas. 
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Materials and Methods 
Mineral carbon sequestration is the only known form of 

permanent CO2 storage[1]. Anorthite, as one of the most 
aboundant sources of calcium in the earth’s crust, may play an 
important role for CO2 and SO2 storage[2] [3]. This research 
aims to characterization of interaction between the flue gas and 
anorthite in the lower temperature and pressure, to help us 
understand anorthite environmental effects. 

 

 
Fig 1: SEM microimages and EDX spectrum of the residues 
after anorthite reaction with pure CO2 
 

Discussion of Results  
The transformation effiency of anorthite carbonation could 

research 88.61%  with the reaction temperature 200℃,the 
pressure 2MPa, the periods 4 hours. The anorthite was 
pretreated by nitric and acetic acids in the atomsphere of pure 
CO2. SO2 in the oxygen-riched flue gases was not benefit for 
deposition of CaCO3.  

Carbonation reaction of anorthite could be attributed to the 
surface chemical reaction [4]. The CaCO3 covered on the 
anorthite surface might hinder continues reaction. The released 
of Ca2+ ions could be accelerated through adding of the nitric 
and acetic acids in the reaction solution [5] and raise the 
transformation effiency of anorthite carbonation. The addition 
of buffering agents would help deposition of calcium carbonate 
on the surface of anorthite, raise the transformation effiency of 
the mineral carbonation.  

 
[1] Seifritz (1990) Nature 345, 486. [2] Munz et al. (2012) 
GeoCosActa 77, 27–51. [3] Ayris et al. (2012) GeoCosActa 
110, 58–69. [4] Bobicki et al. (2015) MaterEng. 27, 1615–
1622. [5] Baldyga et al. (2010) MaterLett. 64, 702-704. 
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The origin of enriched components in the source of the 

intraplate continental basalts along east China remains a matter 
of heated debate, despite much work in the past decades. To 
identify the origin of their enriched components and the 
contributions of enriched component to these mafic magmas, 
we explore the relationship between the water contents and the 
trace elements ratios of Cenozoic alkaline basalts in Zhejiang 
province, Southeast China. These basalts display a large range 
of reversely calculated water contents, from 1.3 to 2.6 (wt. %), 
within the range of BABBs and IABs [1]. Major and trace 
elements divide the Zhejiang basalts into two groups: weak 
alkaline rocks and strong alkaline rocks. The relationships 
between H2O/Ce, Ba/La and Ba/Th (Fig. 1) of the Zhejiang 
basalts indicate that a recycled dehydrated oceanic alkaline 
basalt component is needed in the source of the strong alkaline 
rocks with a depleted mantle (DMM) component. Meanwhile, 
both of the recycled dehydrated sediments and oceanic crust 
components might be enriched components in the source of the 
weak alkaline rocks (Fig. 1), which are most likely derived 
from the stagnant Pacific slab in MTZ. 

 
 
 
 
 
 
 
 
 
Figure 1. Plots of Ba/Th vs. Ba/La and H2O/Ce vs Ba/Th for 
Zhejiang basalts. 
 
[1] Dixon et al. (2004) Earth. Planet. Sci. Lette 222, 451-467. 
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Hydroxylamine (HA, NH2OH) is a potential precursor of 
abiotic nitrous oxide (N2O) formation in the soil. However, the 
contribution of soil HA to soil N2O emission rates in natural 
ecosystems is still unclear. Here, we determined the spatial 
variability of HA content and potential N2O emission rates of 
organic (Oh) and mineral (Ah) soil layers of a Norway spruce 
forest (Wüstebach, Eifel National Park, Germany), where dry 
and wet areas coexist due to a small brook flowing through the 
sampling area. A newly developed analytical method was 
applied for the determination of HA content in soil [1], 
combined with a kriging approach and stepwise multiple 
regression analysis to demonstrate the spatial distribution of 
HA and the contribution of HA to soil potential N2O 
emissions, respectively. Soil potential N2O emission rates were 
determined by aerobic laboratory incubations. Soil properties 
such as pH, C, N, Mn, Fe, NH4

+ and NO3
- content were also 

determined. The results demonstrated that potential N2O 
emission rates, HA and nitrate content were spatially highly 
correlated, with hotspots for all three parameters observed in 
the headwater (the wet area) of the small brook. However, soil 
NH4

+ showed only small contribution to the potential N2O 
emission rates, and was not included in the multiple regression 
models for soil N2O prediction. Soil HA content explained the 
potential soil N2O emission rates best for both layers,  as well 
as for both dry and wet areas. Soil Mn content was the most 
crucial factor for the conversion of HA to N2O emission rates, 
followed by soil water content, soil C content, and soil pH. 
These results provide the evidence that HA plays a crucial role 
in prediction of the spatial variability of soil N2O emissions.  

 

[1] Liu et al. (2014) Geoderma 232–234(0): 117-122. 
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Despite the importance of exogenous electron shuttles 
(ESs) in extracellular electron transfer (EET), a lack of 
understanding of the key properties of ESs is a concern given 
their different influences on EET processes. Here, the ES-
mediated EET capacity of Shewanella putrefaciens 200 
(SP200) was evaluated by examining the electricity generated 
in a microbial fuel cell. The results indicated that all the ESs 
substantially accelerated the current generation compared to 
only SP200. The current and polarization parameters were 
linearly correlated with both the standard redox potential and 
the electron accepting capacity (EAC) of the ESs. A 
thermodynamic analysis of the electron transfer from the 
electron donor to the electrode suggested that the EET from c-
type cytochromes (c-Cyts) to ESs is a crucial step causing the 
differences in EET capacities among various ESs. Based on the 
derived equations, both standard redox potential and EAC can 
quantitatively determine potential losses (∆E) that reflect the 
potential loss of the ES-mediated EET. In situ spectral kinetic 
analysis of ES reduction by c-Cyts in a living SP200 
suspension was first investigated with the EES, Ec-Cyt, and ∆E 
values being calculated. This study can provide a 
comprehensive understanding of the role of ESs in EET. 

 

E

EET -Cyt EScE E EΔ = −

IEAs

Lactate

OM c-Cyts

ESs

EET

Diffuse

IET DIRBe-

e-

e-

IET: Intracellular ET
EET: Extracellular ET

ESs: Electron shuttles
IEAs: Insoluble electron acceptors

1892



 Goldschmidt2015 Abstracts  

 1893 

Speciation and solubility of gold in 
CO2-HCl-H2O fluids: MD simulations 

and solubility experiments 
WEIHUA LIU1, YUAN MEI12, JOËL BRUGGER2,  

ARTASHE MIGDISOV3 AND ANTHONY WILLIAMS-JONES3 
1CSIRO Mineral Resoureces Flagship, Melbourne, 

weihua.liu@csiro.au 
2Monash University, Melbourne, Australia 
3McGill University, Montreal, Canada 
 

Increasing evidence of the abundance of water-poor, CO2-
rich fluids in orogenic gold deposits indicates that ‘exotic’ 
volatile-rich fluids may have played a role in their formation 
(e.g., Ashanti Belt, Ghana [1]; Red Lake, Canada [2]; Sunrise 
Dam, Australia [3]). In water-rich, CO2-bearing fluids, CO2 has 
been suggested to be a pH buffering agent, optimising gold 
solubility as gold-hydrosulphide complexes [4]. However, the 
role of CO2 for gold mobility in water-poor, CO2-rich 
supercritical fluids is yet to be explored. 

We have conducted preliminary gold solubility 
experiments and ab initio molecular dynamics simulations to 
investigate this problem. The solubility experiments have been 
conducted in a titanium autoclave at 340 ºC with 0.01 m HCl, 
and the amount of water and CO2 were loaded to the cell to 
ensure the fluid density is in the vapour phase with CO2 mole 
fraction (CO2/(H2O+CO2)) ranging from 0.1 to 0.84. The 
results showed that gold solubility has a negative correlation to 
the CO2 content in the fluids, i.e., decreasing with decreasing 
water fugacity.  

Ab initio MD simulations of the AuCl0 complex (linear 
[H2O-Au-Cl]0) in the CO2-H2O system were conducted at 
340 ºC with CO2 mole fraction from 0.1-0.98 at densities 
between 0.78-0.15 g/cm3. The MD simulations indicate that the 
number of hydration water and H-bonds near the AuCl0 
complex decreases systematically with increasing CO2 mole 
fraction. These results are consistent with the experiments, 
suggesting that H2O as a polarized molecule plays a more 
active role than the un-polarized CO2 molecule in the fluids, 
and hydrated chloride species are the main form for 
transporting gold in the CO2-H2O-HCl system.  

 
[1] Schmdit Mum et al., 1997, Min. Dep. 32:107-118 [2] Chi et 
al., 2006, Min. Dep. 40:726-741 [3] Baker et al., 2010, Econ. 
Geol. 105:873-894 [4] Philips and Evans, 2004, Nature, 
429:860-863  
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The chemical and strontium isotopic compositions of four 

major rivers were measured to better understand the 
hydrochemical processes and solute sources of surface waters 
around the Badain Jaran Desert, North China, in the arid and 
semi-arid region. All these rivers originate from the north foot 
of Qilian Mountains, northeastern Tibetan Plateau, and Heihe, 
Beida and Shiyang rivers drain around the Badain Jaran Desert 
located in Inner Mongolia, China. Heihe River is the second 
largest inland river in China. 

These rivers have high total cationic charge (TZ+) ranging 
from 3,271 to 11,439 μEq, with an average of 7,379 μEq, 
which is significantly higher than the global rivers’ average. 
The major ion compositions of the river waters are 
characterized by the dominance of Ca2+, Mg2+ and HCO3

-, and 
significantly rich in SO4

2- and Cl-. River waters are slightly 
alkaline and are characterized by high total dissolved solids 
(TDS). TDS values varied from 249 to 895 mg/l, with an 
average of 511 mg/l. The increase in TDS and major ions (Na+, 
Cl- and SO4

2-) concentrations from upper to lower reaches is 
ascribed to both extensive effect of evaporation and the 
evaporite dissolution in the arid and semi-arid areas. 87Sr/86Sr 
ratios of these rivers ranged between 0.7102 and 0.7163, with 
an average of 0.7132. The chemical and Sr isotopic analyses 
indicate that three major weathering sources (evaporites, 
carbonates and silicates) contribute to the total dissolved loads. 
The quantitative solute sources are first calculated using a 
forward model in this area. The results show that the dissolved 
load is dominated by carbonates weathering and evaporites 
dissolution, which accounts for about 84% of the total 
dissolved cations in the area. 
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The purpose of this study is to investigate the impact of 

spatial-temporal changes on the Yangtze River 
biogeochemistry, and the subsequent nutrient export to the 
East China Sea for the period 1900-2010. To achieve this, an 
integrated spatially explicit model is used. The model based on 
coupled hydrology-nutrient delivery to surface water and in-
stream retention. The model includes all the components of 
river basin soils, shallow groundwater, deep groundwater, 
riparian zones, floodplains, streams, rivers, lakes, and 
reservoirs.  

We will present the whole model system [1], and 1) 
identify the nutrient sources in the Yangtze River considering 
point and diffuse sources, through an analysis of nutrient data 
over the period 1900-2010; 2) compare nutrient concentrations 
and export at different stations along the mainstream including 
Zhutuo station Yichang station (the nearest station after Three 
Gorge Dams) and Datong station (free from ECS tidal effects); 
(3) use the spatially explicit model to explore the stream lakes 
and reservoirs nutrient retention and to infer its importance, 
spatial variability and trens during 1900-2010. 

 
 
 
 
 
 
 
 

[1] Bouwman AF, et al. (2013) Global trends and uncertainties 
in terrestrial denitrification and N2O emissions. Philosophical 
Transactions of the Royal Society B: Biological Sciences 
368(1621). 
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Stable nitrogen isotope composition in ornithogenic 

sediments is affected by many biogeochemical processes. In 
this study, we analyzed total nitrogen (TN) and different forms 
of nitrogen as well as N isotopic composition and total organic 
carbon (TOC) in the guano pellets collected from three 
ornithogenic sediment profiles in Yongle Islands, Xisha 
Archipelago of South China Sea. An increasing trend of 

 in the ancient guano samples was observed in three 
profiles from the bottom to top and a significant increase of 

 from fresh guano to ancient guano pellets. We suggest 
that the nitrogen in the ancient guano pellets had experienced 
two major fractionation processes. The first one happened 
immediately after excretion by seabirds, which caused a 
significant enrichment in 15N and obvious loss of total 
nitrogen. The second process took place during post-buried 
diagenesis, whcih caused the  value to increase toward 
the top of sediment profiles. The diagenesis process can 
produce some inorganic nitrogen such as NH4

+, NO3
-, and the 

abundance of these inorganic nitrogen may be leached due to 
the rainwater, and this caused the increase of NH4

+/TN ratio 
from the bottom to top of sediment profiles, thus the increasing 
trend of  in the ancient guano samples might occur 
towards the top profiles. This study provided some valuable 
insight into the biogeochemical cycle of nitrogen in the 
tropical region. 
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Planktonic archaea are widespread in both marine and 
terrestrial aquatic environments. The distribution of archaeal 
tetraether lipids in stratified water bodies such as the Black Sea 
[1] and Cariaco Basin [2] is thought to reflect the changes of 
archaeal groups with water chemistry and depth. We studied 
the composition of planktonic archaea in a permanently 
stratified lake, the Green Lake, New York.  

Lipid profiles indicate that archaea below the chemocline 
at 20m produce two novel ring containing GDGTs (glycerol 
dialkyl glycerol tetraethers). Compared to the regular 
cyclopentane ring-containing tetraethers, the earlier eluting 
compounds were reported as abundant in soils near a hot 
spring [3] and recognized as constitutional isomers of GDGT-1 
and -2. Their distinct chromatographic behavior under normal 
phase and reverse phase liquid chromatograph suggests a 
unique ring configuration on the biphytane. 

Correlative analysis of the archeal diversity in the water 
samples by high-throughput Illumina sequencing is currently 
under way to identify biological sources of the novel GDGTs. 
The distribution of these compounds in Green Lake and other 
environments suggests that they may be biomarkers of 
anaerobic archaea favoring sulfidic conditions. 
 

Figure 1: Archaeal tetraether composition at different depths 
showing the occurrence of novel mono- and di-cyclic GDGTs 
in anoxic lake waters. 
 
[1] Wakeham (2003) Geochim. Cosmochim. Acta 67, 1359–
1374. [2] Liu (2014) Mar. Chem. 166, 1-8. [3] Pitcher (2009) 
Appl. Environ. Microbiol. 75, 4443-4451. 
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Modern computer simulation tools make it feasible to 

study solid solutions at the atomistic level and thus to 
contribute to the understanding of their structural and 
thermodynamic properties. Here we investigate the 
thermodynamical mixing functions of the rutile - cassiterite 
(TiO2 - SnO2) solid solution based on first principles 
computation of local interactions between Sn and Ti. 

Several different computational schemes were tested and 
compared. Direct DFT calculation of the partition function was 
carried out within a 2×2×2 supercell of rutile. Futher, pairwise 
interactions were computed within a 2×2×4 supercell and a 
generalised Ising model expansion was employed for the 
calculation of the energies of all possible configurations. The 
Gibbs free energy was modelled both via a direct calculation of 
the partition function within a 2×2×4 supercell and via a Monte 
Carlo simulation of a 8×12×16 supercell. Quasi-random 
structures and empirical pair potentials were used to assess the 
excess vibrational free energy contribution. Consequently, the 
phase diagram has been outlined and compared to the 
experimental data. 

The phase relations derived from Monte Carlo simulations 
with a correction for the excess vibrational entropy are in good 
agreement with the available experimental data [1]. The direct 
calculation of the partition function for a 2×2×4 supercell can 
provide reasonable phase relations only when the 
configurational entropy is corrected to provide consistency 
with the ideal mixing in the high-temperature limit. 

 
[1] Naidu & Virkar (1998) J. Am. Ceram. Soc. 81, 2176-2180. 
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The China Geochemical Baselines (CGB) project provides 

geochemical baselines of catchment sediments and alluvial 
soils for 81 chemical parameters, including 76 elements, FeO, 
CO2, H2O+, organic carbon and pH. Sampling sites (n=3382) 
cover approximately 94% China’s territory, corresponding to a 
sampling density of 1 sample per 3000 km2. The median 
mercury (Hg) determined by cold mercury vapor generation 
AFS in 3376 top samples (0-25 cm) is 26 ng/g and in 3026 
deep samples (25 cm thick section at a depth of 100 cm or C 
horizon) is 18 ng/g. The median top/deep Hg concentration 
ratio is 1.26, with an average value of 1.87. Clearly, Hg 
exhibits modest but systematic enrichment in top samples. The 
national-scale Hg distribution pattern both in the top and deep 
samples illustrates an increasing trend from the northwest to 
southeast across China. This is interpreted to be primarily 
related to: 1) the extensive distribution of Lower Cambrian 
black shale in the southeast of China; 2) large-scale epithermal 
metallogenic domains developed in southwestern China 
characterized by mineralization of Au, Hg, Sb, As, P, Pb, Zn, 
Ni, Mo, PGE and barite, where Hg occurs as an metallogenic 
element or accompanying element; and 3) the varied climate 
and landscapes in China, which ultimately determine Hg 
geochemical behaviour in soils. Generally, the Hg top/deep 
concentration ratios increase from western/southwestern to 
eastern China, and this is interpreted to be a consequence of 
anthropogenic emissions from the densely populated areas in 
east China, and its humid and semi-humid climatic conditions. 
Geology, metallogeny, mining, climate, landscapes and human 
activities are demonstrated factors controlling elevated Hg 
concentrations in catchment sediments and alluvial soils in 
China.   
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Key buffering factors of aerosol-
indirect effects: Their physical 

understanding and parameterization 
in climate models 

YANGANG LIU1, JINGYI CHEN2, CHUNSONG LU3 AND 
MINGHUA ZHANG2 

1Brookhaven National Laboratory, USA, lyg@bnl.gov 
2Stony Brook University, USA 
3Nanjing University of Information and Technology, China 
 

Despite progress in understanding of aerosol-cloud 
interactions and their representation in climate models, climate 
models still suffer from large uncertainty in estimated aerosol 
indirect effects and large discrepancy compared to 
observations. It has been increasingly recognized that the 
vexing problems are likely related to the factors that 
compensate or buffer aerosol-cloud interactions as 
conventionally represented in climate models. This study will 
review and report our research on four potentially important 
but poorly understood such buffering factors in warm clouds: 
1) non-linear dependence of cloud properties on aerosol 
concentration and updraft velocity; 2) dispersion effect 
associated with the aerosol-induced changes of the spectral 
shape of the cloud droplet size distribution; 3) effect of 
entrainment-mixing processes, 4) subscale-variability, 5) 
“secondary” aerosol factors (hygroscopicity, mean size and 
spectral shape. The relationships between aerosol properties, 
vertical velocity, cloud properties and entrainment rate will be 
explored in the context of considering clouds as an open 
system. New regime equation will be presented that can be 
used to quantitatively separate aerosol-limited regime from the 
regime limited by vertical velocity. Future direction will be 
discussed as well. 
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Modern acidification in the northern 
South China Sea driven by Asian 

winter monsoon and CO2 
Y. LIU1*, C-F. YOU2 AND C-C SHEN3 

1CAS Key Laboratory of Crust-Mantle Material and 
Environment, University of Science and Technology of 
China, Hefei 230026, China (*correspondence: gee@uni-
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2Earth Dynamic System Research Center (EDSRC), National 
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Modern acidification by the uptake of anthropogenic CO2 

can profoundly affect the physiology of marine organisms and 
the structure of ocean ecosystems. Centennial-scale global and 
regional influences of anthropogenic CO2 remain largely 
unknown due to limited instrumental pH records. Here we 
present coral boron isotope-inferred pH records for two periods 
from the South China Sea(SCS): AD 1048-1079 and AD 1838-
2001, characterized by a high average value of 8.1-8.2. 
However, we find anomalous and unprecedented acidification 
during the 20th century, pacing the observed increase in 
atmospheric CO2. Specifically, the pH values decreased at a 
rate of -0.0011 ± 0.0003 pH/a in a 110-yr interval after AD 
1840. This rate of decline almost tripled to -0.0029 ±  
0.0013 pH/a  after AD 1950. The long-term decreasing trend of 
pH also corresponds to a shift to more negative δ13C values. 
These signatures all reflect the remarkable absorption of 
anthropogenic CO2 by the ocean, and induced acidification in 
response to the rapid rise in CO2 since the Industrialization 
Period. While CO2 governs the long-term SCS pH trend, the 
inter-decadal cycles of 0.1-0.2 pH varies in phase with inter-
decadal changes in Asian Winter Monsoon (AWM) intensity. 
During weak AWM periods with reduced wind forcing in the 
SCS, the build-up of CO2 due to calcification and respiration 
could lower pH due to poor flushing of reef waters by open 
seawater. In contrast, periods of relatively strong AWM with 
strengthened surface currents could result in higher pH values. 
At the same time, a weak (strong) AWM would cause the 
nutricline to deepen (shallow) and result in lower (higher) 
surface productivity and decreased (increased) pH. As the level 
of CO2 keeps rising, the coupling global warming via 
weakening the AWM intensity could exacerbate acidification 
of the SCS and threaten this expansive shallow water marine 
ecosystem.  
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Re-Os isotope systematics of sulfide 
from the Huize giant Zn-Pb-(Ag) 

deposit, Yunnan Province, SW China 
YINGYING LIU* AND ZHILONG HUANG 

State Key Laboratory of Ore Deposit Geochemistry, Institute 
of Geochemistry, Chinese Academy of Sciences, Guiyang, 
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Apart from molybdenite, sulfides like pyrite, chalcopyrite, 

pyrrhotite, and arsenopyrite have been widely used for Re-Os 
geochronology. However, Re-Os isotope systematics of 
sphalerite are rarely involved.  

Located in the west of the Yangtze Block, southwest China, 
the Huize giant carbonate-hosted Zn-Pb-(Ag) deposit is the 
most representative and studied deposit in the Sichuan-
Yunnan-Guizhou (SYG) Pb-Zn metallogenic province, with 
total metal reserve of Pb and Zn exceeds 7.6 Mt. The deposit is 
characterized by high Zn+Pb grade of 30~50 wt.% and rich in 
Ag and dispersed elements. Sphalerites and pyrites are closely 
associated with each other within the primary sulfide ores.  

In this study, 11 sphalerites, 10 coarse-grained pyrites, and 
13 fine-grained pyrites in 12 primary sulfide ore samples from 
different mining elevations between 1261~1548 m in the Huize 
Zn-Pb deposit were analyzed. All the mineral separates have 
relative high and variable Re contents within rang of 3.47~ 
588 ng/g. Common Os and radiogenic 187Os contents are 
between 1.5~65.9 pg/g and 2.5~287 pg/g, yielding 187Re/188Os 
ratios of 2168~57402, which are typical low-level highly 
radiogenic (LLHR) sulfides.  

The results show that concentrations of Re can vary 
severely within every single sample. The pyrites contain 
relatively higher rhenium than the associated sphalerites, and 
rhenium is more enriched in the fine-grained pyrites rather 
than the associated coarse-grained pyrites. For every single 
sample, the 187Re-187Os model ages vary for different sulfide 
separates, but δ34S is almost invariable. The scattered Re-Os 
isotopic data might result from the long-lasting hydrothermal 
evolvement, and the 187Re and 187Os isotopes might have not 
reached equilibration even when the isotopic system was 
enclosed. Moreover, both the microscopic observations and the 
in-situ LA-ICP-MS results of trace elements indicate that 
pyrites are multi-staged in the Huize Zn-Pb deposit. Thus, the 
large variation of the 187Re-187Os model ages might result from 
the mixed isotope information recorded by Re-Os systematics 
in these sulfides.  
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Equilibrium Si isotope fractionation 
during adsorption of monosilicic acid 

on Fe(Ⅲ)-oxyhydroxide surface 
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Adsorption process is ubiquitous in Earth’s surface 
environments and has an important effect on the change of Si 
isotope compositions of pore water, river and sea water. In this 
study, we focus on monosilicic acid (H4SiO4), which is the 
most important aqueous Si-bearing species, adsorbed on Fe 
(Ⅲ)-oxyhydroxide and its consequence on Si isotope 
fractionations. Based on quantum chemistry calculation, we 
find a large equilibrium Si isotope fractionation (i.e., -3.0‰) 
between a stable absorbed bidentate Si surface complex 
(2C>Fe2O2Si(OH)2) and aqueous H4SiO4 solution, which 
considerably differs from previously experimental results (ca. -
1.08‰). To explain this large discrepancy, we investigate a 
transient monodentate Si surface complex (1V>Fe2OSi(OH)3) 
and find that it has much smaller Si isotope fractionation. A 
kinetic isotope fractionation effect for the formation of 
1V>Fe2OSi(OH)3 surface complexes is also calculated. 
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Phosphorus transport within the 
land-sea margin - from molecular 

mechanisms to global models 
YU-TING LIU* AND WEN-HAN LIAO 

Department of Environmental Science and Engineering, 
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(*correspondence: ytliu@thu.edu.tw) 

 
In this study, our goal is to develop a universal model to 

predict P transport within the land-sea margin in a global scope 
through the lens of biogeochemical mechanisms in a molecular 
level. While field-scale research identified phenomena and 
gauges the magnitude of the P transport, a mechanistic study 
derived from the spectroscopic analysis provides the 
explanation and a basis for further application. We will first 
determine the transformation and transport of P across the 
land-sea margin in terms of quantifying and qualifying the 
variation in P species as functions of biogeochemical 
parameters. Both sequential extraction and spectroscopic 
analysis - X-ray absorption near edge structure (XANES) 
spectroscopy – will be conducted to decipher the spatial and 
temporal distribution of P species in the case study that locates 
in the Gaomei wetland area. Secondarily, a batch study will be 
conducted to determine the sequestration, mobilization, and 
exchange of P at the fresh-sea water interfaces as functions 
environmental parameters such as pH, Eh, salinity, and total 
organic carbon. The conclusive results from the first and 
secondary experiments are supposed to provide the definitive 
relationship between the P mobilization in relation to its 
species and biogeochemical characteristics. Under the 
prerequisite that P release across the land-sea continuum may 
share common features in a global scale, biogeochemical 
parameters that dominate P transport derived from the case 
study will be applied to develop a global P transport model. 
Wherein proposed mobilization mechanisms driven by hydro-
chemical responses and biogeochemical reactions will be 
integrated with the site-specific data such as biota-nutrient 
variables, soil characteristics, and environmental features using 
the approach with the combination of Bayesian belief network 
(BBN) and geographic information system (GIS) to determine 
the probability of P release as functions of areas that share 
common environmental features. The model is expected to 
shed light on effective mitigation/adaptation strategies for 
environmental conservation and to provide new insight for P 
management in environmental risk assessment for 
anthropogenic activities. 
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Improving the understanding of 
uranium isotopic variations using 

Uranium-bearing minerals 
B. D. LIVERMORE, J. N. CONNELLY AND M. BIZZARRO 

Centre for Star and Planet Formation, Natural History Museum 
of Denmark, University of Copenhagen, Copenhagen 1350 
DK. E-mail: bettina@livermore.dk 

 
Improving our understanding of uranium isotopic 

variations is essential in determining the absolute ages of rocks 
dated by the long-lived double decay U-Pb system. Variations 
have now been reported for both extra-terrestrial inclusions 
(Calcium-Aluminium-rich Inclusions) [1] and terrestrial 
samples [2-3]. With the continuous development of high-
resolution multi collector ICP mass spectrometers and 
supporting methods, U isotopes can be measured with an order 
of magnitude improved external reproducibility over previous 
studies.  

Zircon (ZrSiO4) is a robust, uranium-bearing mineral that 
is nearly ubiquitous in the felsic crust of Earth. As such, it is 
widely used to study geological processes throughout Earth’s 
history. However, the nearly 10 ε238U variations reported for 
zircons in different environments [2] place some limits on its 
use as a ultra-high resolution chronometer. We seek to verify 
this variation within zircons and other uranium-bearing 
minerals with varying formation ages, locations and histories 
through an expanded study employing high precision MC-ICP-
MS supported by more extensive chemical separation 
procedures.  

Uranium is separated by a four-step separation method – 
with two identical UTEVA resin steps and two different anion 
resin steps and measured by HR-MC-ICP-MS using a Thermo-
Fisher Neptune Plus [4]. Results to date show less spread in the 
238U/235U ratios compared to previous studies, with ε238U 
values ranging only from +1.8 to +2.7 compared to results 
from [2] with ε238U values ranging between -4.1 and +5.7 (all 
normalized to CRM145a). 

Further work will investigate whether some component of 
the variations in reported U isotopic compositions can be 
attributed to analytical methods, especially a single stage 
chemical separation of U but also annealing, pre-cleaning 
methods, tracer addition routines, dissolution steps and MC-
ICP-MS protocols. 
 
[1] Brennecka et al. (2010) Science 327, 449. [2] Hiess et al. 
(2012) Science 335, 1610. [3] Stirling et al. (2007) Earth and 
Planetary Science Letters 264, 208. [4] Connelly et al. (2012) 
Science 338, 651.  

1905



 Goldschmidt2015 Abstracts  

 1906 

Nanoscale investigation of 
hydroxylapatite formation in 

Alligator Gar fish scale 
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1Earth & Planetary Science, Integrated Imaging Center, Johns 

Hopkins University, Baltimore, MD 21218 USA 
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USA  
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Alligator Gar (Atractosteus spatula) is a modern armored 
fish thought to be descended from Mesozoic aged ray-finned 
bony fish (palaeoniscoids). Its scales are dermal denticles 
consisting of a bony core and a ganoid enamel-like (ganoine) 
cap. SEM and µCT imaging revealed that the ganoine cap was 
a dense layer of apatite anchored to the underlying bone by 
circumferential ridges. The bone beneath the ganoine was, in 
places, a dense and highly textured composite of 
hydroxylapatite (HAp) and type I collagen (Col) similar to 
bone of other vertebrates. The ganoine HAp was enriched in 
Na and depleted in Mg relative to the bone HAp. Ca/P ratios 
from EPMA tended to be higher in the bone relative to the 
ganoine. FTIR analyses indicated the presence of CO3

-2 in both 
the ganoine and bone HAp, but the spectra showed different 
absorption bands for Col in the amide region (1100 to  
1800 cm-1). At the nanoscale, TEM tomography and STEM 
imaging of partially demineralized bone identified two types of 
HAp, one  intracollagenous and roughly centered on what may 
be the “gap” zone of Col, and another extracollagenous and 
larger than the banding repeat of Col. Both HAp crystal types 
were thin and oriented at an angle to the Col long axis, which 
implies an interpenetration of HAp and Col at the nanoscale. 
HAp(bone) separated from Col had the form of thin  
~50 x 50 x 5 nm3 sheets that were interconnected at corners to 
form a structure similar to an open “Granny Square” crochet 
quilt. TEM EDX analyses of bone separates had a lower Ca/P 
than EPMA of HAp(bone)+Col, a result indicating a possible 
third component in gar scale bone. The physical properties of 
this HAp/Col interpenetration model would be greatly different 
from a parallel HAp/Col model. 
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Microbe-radionuclide redox 
interactions: Extending the biobarrier 

concept from contaminated land to 
geodisposal 

JONATHAN R. LLOYD 
1Williamson Research Centre and Research Centre for 
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Microorganisms are able to colonise some of the most 
exteme environments on Earth, including highly radioactive 
environments associated with the nuclear fuel cycle. In nuclear 
facilities, their proliferation as biofilms or planktonic “blooms” 
can help capture priority radionuclides (although in some 
settings their presence can also cause operational challenges).  
In contaminated land microorganisms can also have a 
controlling infleunce on the solubility of redox active 
radionuclides, and here microbial activity can be harnessed for 
non-invasive bioremediation applications, effectively forming 
“biobarriers” to prevent radionuclide migration.  In the “far 
field” deep geosphere surrounding underground nuclear 
repositories, microorganisms can also immobilise redox active 
radionuclides via respiratory processes that either change 
directly the oxidation state of the element, or produce new 
biomineral phases for enhanced sorption.  In the “near field” of 
the repository, where higher level wastes are located, the direct 
and indirect impacts of microbial metabolism  are less well 
characterised but have the potential to have a significant 
impact on wasteform evolution and radionuclide mobility.  The 
extension of the “biobarrier” concept to geodisposal scenarios 
can have a significant, and currently underrepresented, positive 
impact on safety case development for geological disposal 
facilities. 

Recent work on the impact of microbial metabolism on 
various steps of the nuclear fuel cycle will be discussed.  
Focusing primarily on contaminated land and geodisposal 
scenarios, this talk will also discuss the biogeochemistry and 
redox cycling of priority radionuclides including U, Np, Pu 
and Tc, including reactions that build new insoluble phases 
that “lock” these radionuclides into subsurface sediments. 
Studies from a range of contrasting natural and engineered 
systems will highlight how microbial communities can respond 
to the radioactive inventory and the extreme (radio)chemistry 
of some disposed wasteforms, and ultimately control the 
biogeochemical fate of key radioactive elements via a range of 
mechanisms.  A particular focus will be new work on the imact 
of microbial metabolism on the nuclear inventory of high pH 
cementitious intermediate level wasteforms. 
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The clumped isotope geochemistry of 
dolomite and calcite in contact 

metamorphic environments 
M. K. LLOYD1*, J. M. EILER1 AND P. I. NABELEK2 

1Caltech, Pasadena, CA, USA (*mlloyd@caltech.edu) 
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Studies of metamorphic processes commonly focus on 
greenschist- and higher grade rocks because conventional 
cation and isotopic exchange thermometers often fail to record 
heterogeneous equilibrium at lower grades. Carbonate 
`clumped’ isotope thermometers often record homogeneous 
equilibrium at near-surface conditions, but undergo diffusion-
limited solid-state reordering over geological timescales. In 
calcite, prior work indicates this re-ordering begins at 
temperatures above ~115 ˚C, and full re-equilibration occurs 
quickly (wks-yrs) above ~200 ˚C. We present new laboratory 
heating experiments that indicate dolomite is resistant to re-
ordering below ~175 ˚C and reaches equilibrium quickly above 
~350 ˚C. Within these intervals (115-200 ˚C for calcite and 
175-350 ˚C for dolomite), clumped isotope compositions are 
sensitive to the details of the T-t path. For this reason, 
measurements of the ∆47 values of co-existing calcite and 
dolomite can place new constraints on thermal history over a 
large slice of the upper crust (from ~5 to ~15 km depth). 
 We studied the clumped isotope geochemistry of 
coexisting calcite and dolomite in marbles from the Notch 
Peak contact metamorphic aureole, Utah. Here, flat-lying 
limestones were intruded by a pluton, producing a regular, 
zoned metamorphic aureole. Calcite ∆47 temperatures are 
uniform, 140 ± 6 ˚C (1 s.e.), across rocks varying from high-
grade marbles that exceeded 500C to nominally 
unmetamorphosed limestones >5 km from the intrusion. This 
result appears to require that the temperature far from the 
pluton was close to this value; an ambient temperature just  
15 ˚C lower would not have permitted even partial re-
equilibration, and should have preserved depositional or early 
diagenetic ∆47 values several km from the pluton. Combining 
this result with depth constraints from overlying strata  
suggests the country rock here had a regional geotherm of  
21-24 ˚C/km from the Jurassic to the Tertiary.  
 Dolomite ∆47 in all samples above the talc+tremolite-in 
isograd record apparent equilibrium temperatures of 297 ±  
11 C (1 s.e.), consistent with the blocking temperature we 
predict for cooling from peak contact metamorphic conditions. 
At greater distances, dolomite ∆47 records temperatures of peak 
(anchi)metamorphism or pre-metamorphic diagenetic 
conditions. The interface between these domains is the location 
of the 300 ˚C isotherm associated with intrusion.  
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Use of 1013 ohm Faraday cup 
amplifiers in (LA-) MC-ICP-MS: 

External precision of 234U/238U ratios 
and δ11B 
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High-precision isotope ratio measurements are made 

possible by using mass spectrometers with arrays of Faraday 
cups, since this detector type is highly stable and linear over a 
wide dynamic range of ion beam intensities. However, for 
samples where the total analyte quantity is limited or where 
low-abundance isotopes are measured, measurement precisions 
for the resulting low intensity ion beams are limited by 
electronic baseline noise. 

Thermo Scientific 1013 ohm Faraday cup current amplifiers 
improve the signal/noise ratio. External reproducibility of 
isotope ratio measurements from ion beams with intensities 
from 3 - 200 fA (0.3 – 20 mV on standard 1011 Ω amplifier, or 
ca. 20 kcps – 1.25 Mcps) intensity are significantly improved 
when compared against those measured with standard 
amplifiers [1]. New propriety technology means that the 
settling times of the 1013 ohm amplifiers are not greatly 
extended. Thus, with care for signal stability, application in 
laser ablation (LA-) MC-ICP-MS could be feasible, improving 
precision for high-spatial resolution isotopic measurements. 

Data from a Thermo Scientific NEPTUNE Plus MC-ICP-
MS with Jet Interface option for highest-sensitivity, 
demonstrates exceptional mass bias and detector stability. The 
reproducibility of 234U/238U ratios with 1 pg 234U consumed per 
run was 0.6 ‰ (2σ) using a Faraday cup with 1013 Ω current 
amplifier for the 234U beam. 

At the other end of the mass spectrum, availability of B 
from marine carbonate samples can limit precision. We present 
new δ11B data from both solution mode and laser ablation 
mode using 1013 ohm amplifiers. The external reproducibility 
of solution mode data are compared to data measured by 
standard amplifiers; LA data against multi-ion counter (MIC) 
data. 

 
[1] Koornneef et al. (2014), Anal. Chim. Acta 819, 49–55. 
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Siderite spin transition probed by 
optical spectroscopy in a laser-heated 

diamond anvil cell 
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*correspondence: slobanov@carnegiescience.edu 
 

Probing optical properties at high pressure and temperature 
conditions is an important ingredient for constructing an 
accuate model of the mantle’s thermal conductivity. The entire 
pressure range of the lower mantle is accessible via diamond 
anvil cell (DAC) experiments, however, resistive heating 
provides access to only T<1000 K. On the other hand, laser-
heated DAC are routinely used to heat samples to T>2000 K, 
but optical measurements are difficult because of the thermal 
radiation emitted by the hot sample. In this work, we have used 
a supercontinum laser source and an intensified CCD camera 
to measure optical absorption of siderite at T=900-1600 K. 
Synchronously gating the CCD with the supercontinum pulses 
allowed diminishing thermal background to ~8.3*10-4.  

Siderite, FeCO3, has a spin transition at 44 GPa (300 K). In 
the low spin (LS) state, siderite has an intense crystal field 
absoprtion band, while this band in the high spin (HS) state is 
weak1; thus, the temperature-induced LS to HS transition at 
P>44 GPa should be easily accessable, making siderite a good 
sample choice for pilot experiments.  

Expectedly, siderite absorption spectra at 45 GPa and 
T=1200 K show the LS to HS transformation has completed. 
At 62 GPa and T=1000 K the spectrum is typical of the LS 
siderite; at 1200 K the spectrum has features of both LS and 
HS states; at 1600 K the spectrum shows a full conversion to 
the HS siderite. Spectra collected at 1070, 1275, and 1480 K 
and 85 GPa are characteristic of the LS siderite. The probed 
spin states are consistent with the siderite spin phase diagram2. 
Overall, this is the first report of succesful optical absorption 
measurements in a laser-heated DAC. 
 
[1] S. S. Lobanov, A. F. Goncharov, and K. D. Litasov,  100, 
http://dx.doi.org/10.2138/am (2015). [2] J. Liu, J. F. Lin, Z. 
Mao, and V. B. Prakapenka, Am Mineral 99, 84 (2014). 
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Trace metal interactions with Fe(III) 
minerals formed in a mixed 

community of Fe(II)-oxidising 
bacteria 
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M. OBST1 AND A. KAPPLER1 
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Biogenic Fe(III) minerals are formed in freshwater lake 

sediments via mixed communities of Fe(II)-oxidizing bacteria; 
microaerophillic, nitrate-reducing and phototrophic Fe(II)-
oxidizing bacteria. However, the extent of how Fe(III) mineral 
formation in these mixed communities controls nutrient and 
metal cycling in these environments is not yet fully 
understood. The goals of this study are to examine the 
relationship between biogenic Fe(III) minerals produced in 
these systems by different Fe(II)-oxidizing bacteria and their 
potential for metal sequestration. 

Biogenic iron minerals are well known scavengers of trace 
metals due to their large reactive surface area and their high 
sorption affinity to metal cations. Ni and Co are essential trace 
metals used by many microbes in key metabolic pathways, but 
are both are harmful to microbes and humans in high 
concentrations.  

To this end, we used spiked batch microcosms using 
freshwater lake sediment, to determine; Fe(III) mineralisation 
rates and Ni and Co uptake onto lake sediment minerals. The 
evolution of Ni and Co concentrations were determined by 
ICP-OES and acid extraction techniques. Finally, SEM/EDX 
mapping of the solid phase was used to examine changes in the 
relationship between Ni and Co with Fe over time.  

These data provide insights into Fe(III) mineral formation 
in lake sediments with mixed communities and, the extent to 
which the different microbial communities control metal 
cycling during Fe(II) oxidation under differing geochemical 
condition. 
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Particulate iron, an important source 
of dissolved Fe 
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It is well established that iron (Fe) is essential 
micronutrient for the growth of phytoplankton and hence plays 
a crucial role in ocean ecosystems. The sensitivity of 
ecosystems to Fe supply is largely due to its short residence 
time, which is in the order of days to months in surface waters 
and tens to a few hundred years in deeper waters. The 
dissolved phase (dFe) is considered the most biologically 
available however, rather ironically, the main source of new Fe 
to the ocean is through particulate sources (i.e. dust deposition, 
sediment re-suspension, ice-rafted debris).  The oceanic Fe 
inventory is dominated by the particulate phase (pFe) and is 
most evident in shelf systems yet this fraction is not well 
understood compared to dFe.   

Here we present dFe, pFe and aerosol data to evaluate the 
input sources of Fe to the sub-tropical Atlantic Ocean and in 
the South Atlantic collected during two GEOTACES cruises 
(GA06 and GA10). In the subtropical Atlantic both 
atmospheric deposition and lateral advection from shelf 
systems was identified. Several studies in the sub-tropical 
Atlantic have suggested that the dominant source of dFe is dust 
deposition and biological remineralisation [1] [2]. Our data 
however reveal that lateral transport from the shelf accounted 
for 5000 µmol m-2 d-1 of dFe and up to 103,000 µmol m-2 d-1 of 
leachable particulate Fe. Further off-shore these fluxes 
decreased and were a similar to the atmospheric Fe flux, 
indicating the importance of this source of pFe to dFe in this 
region. 

In the South Atlantic pFe was much higher in the western 
basin compared to the eastern basin and benthic storms 
resulted in large particle resuspension resulting in very high 
pFe up to 1000 m off the sea floor. This contributed to high 
dFe concentrations in this region. 

 
[1] Fitzsimmons et al 2014. Marine Chemistry 154: 87-99. 
Geophysical Research Letters. 41. 920-926 [2] Hatta et al. 
2014. Deep Sea Res II 
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Molybdenum in sediments is used as indicator for reducing 

conditions during the time of deposition and hence serves as 
important paleoproxy. Thiomolybdates (MoO4-xSx

2- with x = 1-
4) are assumed to play a key role in the process of 
molybdenum precipitation in form of molybdenum (iron) 
sulfides but have not yet been determined in natural waters. 
This is due to the lack of a suitable analytical method with 
sufficiently low detection limit. 

We adapted an ion-pair chromatographic (IPC) separation 
method [1] to be able to use inductively coupled plasma-mass 
spectrometry (ICP-MS) as detection system. Therefore, 
previously used acetonitrile was replaced by 2-propanol to 
reduce the carbon load into the plasma. Detection limits of the 
newly developed IPC-ICP-MS method were ~10 nM. Salt 
concentrations higher than 2 mM were found to have a 
negative effect on molybdate elution but not on higher 
thiolated molybdates. 

In synthetic solutions, kinetics and degree of 
thiomolybdate formation increased with increasing sulfide 
excess and were highest at pH 7. Tetrathiomolybdate was most 
stable at pH 9; higher pHs led to direct transformation to 
molybdate, lower pHs to stepwise hydrolysis and precipitation 
from solution. Flash-freezing preserved tetrathiomolybdate 
with less than 4% transformation over more than two months. 

In the environment, spontaneous formation of 
thiomolybdates was observed after adding a molybdate spike 
to a euxinic saline water sample of Lake Rogoznica, for which 
the natural occurrence of thiomolybdates was predicted by 
modeling [2]. Moreover, we were able to determine 
considerable amounts of di- to tetrathiomolybdate in several 
hot springs of Yellowstone National Park. 

With the newly developed IPC-ICP-MS method, we 
provide the first evidence for thiomolybdate occurrence in 
natural waters. Thus, this method is the basis for elucidating 
the molybdenum-sulfur cycle in nature. 
 
[1] Weiss et al. (1988) Chromatogr. 439, 93-108. [2] Helz et 
al. (2011) Chem. Geol. 284, 323-332. 
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The dynamic interaction between marine sediments and 

burrowing fauna represents one of the key biogeochemical 
processes on Earth. Benthic animals facilitate sediment 
irrigation and oxygen ingress through burrowing, and 
accelerate organic matter (OM) degradation through ingestion, 
physical comminution and enzymatic breakdown. Since their 
proliferation in the Cambrian, animal burrowers have left an 
indelible signature on the sedimentary record in almost all 
marine environments, with the seeming exception of low 
oxygen environments. In modern environments, however, sub-
mm benthic meiofaunal animals are adapted to low oxygen, 
even sulfidic conditions. Yet almost nothing is known about 
their impact on ancient marine sediments because they leave 
few recognizable traces. Here we show, in Pliocene-aged 
sapropels from three sites in the Eastern Mediterranean, the 
first reported trace fossil evidence of meiofaunal activity and 
its relation to changing oxygenation. 

The Pliocene sapropels are a classic low-oxygen facies. 
We apply a novel imaging approach comprising back scatter 
electron (BSE) microscopy of Ar-ion polished samples to 
demonstrate that meiofauna comprehensively reworked the 
uppermost 3-4 cm of the sapropels under oxygen-depleted 
conditions that excluded benthic macrofauna. The meiofauna 
fragmented and ingested organic laminae, emplacing 15-70 μm 
diameter faecal pellets without visibly influencing the 
macroscopic sediment fabric. 

Benthic nematodes are a common, widespread class of 
meiofauna in modern sediments, and are able to tolerate 
severely dysoxic and even sulfidic conditions. Nematodes from 
modern low-oxygen settings have body diameters closely 
corresponding to the size range of the faecal pellets, so that we 
interpret the concentration of pellets to be the product of 
marine nematodes living in and reworking the sediment during 
freshening phases of sapropel deposition.  

Meiofaunal traces are present in Pliocene sapropels at all 
three sites studied. This raises the question: while sapropels are 
commonly used as a model system for anoxic preservation of 
OM, are they also generally representative of meiofaunal 
modification that has as yet gone unnoticed in other fine-
grained sediments from low-oxygen settings? How common is 
meiofaunal reworking of sediments under low oxygen 
conditions that are prohibitive to macrofauna, such as those 
typical of the Phanerozoic mass-extinctions? 
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The study of sodium and chloride in the environment has a 

long history, with a particular focus on road salting in urban 
areas. In many previous studies, spatial scales are limited (e.g., 
city) and temporal measurements are coarse (e.g., monthly), 
such that our understanding of the hydrogeochemical dynamics 
is limited. Through a unique set of spatial and temporal 
measurements from the State of Michigan we a) examine the 
spatial distribution of chloride across a broad geographic area, 
b) explore the temporal behavior of sodium, chloride, nitrate, 
potssium and DOC over hydrologic events capturing both 
snowmelt and rain through salting seasons, and c) explore the 
use of chloride/sodium ratios as a tool for linking sources to 
concentrations.  Results show that 1) distributions of chloride 
concentrations in wells across the landscape clearly show the 
fingerprint of human activities and the impact of urban areas 
and roads, as well as evidence for the upwelling of brine; 2) 
changes in concentration patterns and first-flush characteristics 
of the solutes differ over the hydrographs as a function of 
salting and post-salting periods, and as a function of event (e.g. 
snow melt, rain) which are interpreted to be related to changes 
in flow pathways; 3) chloride/sodium ratios do not clearly 
indicate a halite source and can be very high (>5) which is 
interpreted to be the result of their different environmental 
behaviors, which can decouple their relationship (e.g., during 
salting periods both are quickly removed from the landscape 
during first flush and diluted as event water begins to 
dominate, while in post salting periods only chloride is diluted) 
and to the type of road salt applied. The results may help 
define the concentration limits of sodium and chloride in the 
environment. These two solutes are easily measured indicators 
of human influence on the environment and measurements of 
their spatial and temporal concentraton patterns should 
continue. However, we suggest more research is necessary to 
better understand their cycling on shorter time scales and how 
this knowledge can be used to inform our understanding of 
other chemical cycles in the environment. 
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Kerogen, or the insoluble fraction of organic matter in 

sediments,  is a vast, structurally-complex, and economically-
important organic carbon reservoir. Due to kerogen's inherent 
insolubility and structural complexity, the analytical 
techniques capable of providing molecular structure 
information in the solid-state are relatively limited. The present 
study seeks to explore relationships between chemical 
attributes of kerogen isolates and conventional methods for 
determining source rock potential, organic matter evolutionary 
pathway, and thermal maturity using solid-state carbon-13 
Nuclear Magnetic Resonance (13C NMR) spectroscopy. We 
have used 3 distinct 13C NMR techniques: direct polarization, 
cross polarization, and dipolar dephasing to delineate structural 
properties and elemental ratios of kerogens of marine, 
lacustrine, and terrestrial origin (types I-III). Specifically, 1H-
13C cross-polarization NMR spectra, and the amount of 
nonprotontated C and mobile CH3/CH2 obtained by C-H 
dipolar dephasing are applied as predictive tools in describing 
the genetic potential of shales and humic coals.  These data are 
also explored as a method for kerogen classification when used 
in conjunction with a molecular mixing model. It is our 
assertion that NMR analyses of this type provide advantages in 
source rock characterization compared to standard pyrolysis 
methods due, in part, to the non-destructive nature of the NMR 
analysis as well as the bevy of structural information it 
provides. 
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The composition of groundwater extracted from four 
tubular wells was investigated to find associations between the 
dissolved trace elements and the lithological units of the 
respective aquifers. The four wells are used for potable water 
supply. They are in an area of ca. 1 km2 within a complex 
geological setting. The water of two wells is mostly extracted 
from fractured aquifers, formed by granite, gneiss and also 
diabase, while the other two wells are mostly from porous 
aquifers, dominated by sandstones. The groundwaters are 
slightly alkaline (pH = 7.3-8.1) and calcium bicarbonate type.  

The rare earth elements La-Lu were determined in 0.2 µm 
pore size membrane filtered samples after preconcentration. 
The quality of the results was assessed using field and 
laboratory blanks, duplicate sampling and analysis of reference 
materials. The ΣETR in the four wells ranged between 1.76 
and 9.50 ng/L. The PAAS normalized REE patterns of the 
samples showed distinct shapes and features. They showed 
similarities with the REE patterns of the different lithotypes 
that host the aquifers, despite some fractionation. In three 
wells, the heavy REE are enriched against the light REE, with 
(La/Yb)N values ranging from 0.26 to 0.92. One well  
presented a (La/Yb)N of 2.9. This light REE enrichment 
suggests an influence from the crystalline aquifer. On the other 
side, this same well exhibited a small positive anomaly of Gd,  
attributed to percolation of surface water contaminated with 
anthropogenic Gd chelates. Excess of Gd in water also 
previously found in a nearby stream, probably is related to two 
hospitals in the surroundings. All samples produced negative 
calculated Ce anomalies, attributed to the sorption of 
tetravalent Ce to solid phases.  

Former analysis of the groundwater systematically resulted 
in uranium values higher than the recommended limit for 
drinking water (30 µg/L) in one of the wells of the sedimentary 
aquifer. The U in water probably originates from the oxidative 
dissolution of U-bearing phases. Results of uranium speciation 
calculations done with PHREEQC and introducing additional 
stability constants showed that the main dissolved uranium 
species are Ca2UO2(CO3)3 and CaUO2(CO3)2

2-, which are 
considered nontoxic and nonbioavailable.  
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In 2011-2012, a shallow submarine eruption off the south 
coast of El Hierro, Canary Islands, sporadically produced gas-
filled basanite lava balloons that buoyantly rose to the sea 
surface. We present ion and electron microprobe 
measurements of volatile element concentrations and sulfur 
speciation in olivine-hosted melt inclusions from the sulfide-
bearing El Hierro basanite. The results reveal that melt 
inclusions are sulfur-rich, with up to 5080 ppm S, far 
exceeding the expected sulfur concentration at sulfide 
saturation (SCSS) of 1300-1700 ppm over a wide range of 
pressure, temperature and oxygen fugacity conditions [1]. 
However, the presence of dissolved sulfate species (S6+/∑S of 
up to 0.7) appears to have greatly enhanced the SCSS of the El 
Hierro magma, in agreement with the model of [2]. Positive 
correlations between sulfur concentration, S6+/∑S and water 
content in melt inclusions suggest that coupled H2O and S 
degassing caused reduction of the oxidation state of the 
initially highly oxidized magma [3]. Most Fe-(±Cu)-S blebs 
present as inclusions within clinopyroxene and titanomagnetite 
phenocrysts — but not olivine — are texturally late, hinting to 
the possibility that degassing and accompanying redox 
reactions may have triggered sulfide saturation upon magma 
ascent. Our findings provide new insights into the behavior of 
sulfur in oxidized basaltic magmas and have implications for 
ore-forming processes as well as the mantle source and volatile 
fluxes at alkaline ocean island volcanoes. 

 
[1] Liu et al. (2007), GCA, 71, 1783-1799. [2] Jugo (2009), 
Geology, 37, 415-418. [3] Moussallam et al. (2014), EPSL, 
393, 200-209. 
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The Boa Fé gold prospect is located within the Montemor-
o-Novo Shear Zone, in the Ossa-Morena Zone (OMZ), one of 
the major geotectonic units of the Iberian Variscan chain. The 
studied samples were obtained in drill cores and they may be 
divided into: metasediments from the Série Negra 
lithostratigraphic unit (Ediacaran); metabasites, also from Série 
Negra; late-Variscan granites. 

The metasediments are micashists to paragneisses 
displaying Qz + Pl + Bt + Ms + Mag + Ilm ± Tur ± Sil ± Crd + 
Zrn as peak metamorphic assemblage, whilst the metabasites 
are amphibolites showing the paragenesis Pl + Hbl + Qz + 
Mag + Ilm ± Bt. In  both types of metamorphic rocks, Apy, Lo, 
Py, Sp, Ccp and Po, related with late hydrothermal events, are 
commonly found. Immobile trace element compositions of 
both metasediments and metabasites are compatible with the 
generation of their protoliths in a magmatic arc setting. 
Microstructures observed in the metamorphic rocks testify for 
two major ductile deformation phases, probably corresponding 
to the Variscan D1 and D2 previously identified in the 
autochthon of the OMZ. The most penetrative tectonic 
anisotropy is a crenulation schistosity. 

Isotopic compositions calculated for a plausible age for the 
genesis of late-kinematic granitoids show the following ranges: 
-10.6 ≤ εNd320Ma ≤ -8.9 and  0.7110 ≤ (87Sr/86Sr)320Ma ≤ 0.7148, 
in the metasediments; +2.9 ≤ εNd320Ma ≤ +4.3 and  0.7093 ≤ 
(87Sr/86Sr)320Ma  ≤ 0.7125, in the amphibolites. 

The studied late-Variscan granites are strongly 
peraluminous (A/CNK ≥ 1.2), and have quartz, microcline, Na-
plagioclase and muscovite as the most abundant minerals. 
Biotite, zircon, apatite, opaques, tourmaline and sillimanite 
occur as accessories. Considering isotope geochemistry, 
(87Sr/86Sr)320Ma varies between 0.7107 and 0.7169, whilst the 
εNd320Ma values go from -6.7 to -9.0. These data can be 
explained by a strong involvement of anatexis of the Série 
Negra metasediments in the genesis of the granitic magmas. 

 
Acknowledgments: Colt Resources for giving access to 

drill cores; Fundação para a Ciência e a Tecnologia, for the 
financial support through projects Petrochron (PTDC/CTE-
GIX/112561/2009) and Geobiotec (PEst-
OE/CTE/UI4035/2014). 
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The deep geological repository (DGR) of radioactive 

wastes is the safest internationally accepted option for the 
disposal of these hazardous materials. For the planned Spanish 
DGR, Cabo de Gata National Park bentonite formations are 
used as artificial barriers analogue. High microbial diversity of 
these bentonites was observed using culture dependent and 
independent based techniques (clone libraries and Illumina-
sequencing)[1,2]. In addition, selected microbial isolates 
showed their ability to sorb Cm(III) through carboxyl groups, 
and to precipitate U(VI) as U phosphate mineral phases.To 
simulate a scenario where the mobilization of uranium from 
the planned repository to the clay formations may occur, long-
term bentonite microcosms were elaborated. The microcosms 
were treated with uranyl nitrate to evaluate the response of the 
subsurface bacterial community of the bentonites, to the 
addition of this radionuclide. By using Illumina sequencing, it 
was demonstrated that the structure of the bacterial community 
of the uranyl-treated microcosms differs to that of the control 
microcosms (non-treated and nitrate-treated). Pseudomonas 
and Bacillus, already described for their ability to precipitate 
uraniun as U phosphate mineral phases with a structure similar 
to that of meta-autunite through phosphatase activity, were 
highly enriched due to the uranyl treatment. Therefore, a novel 
approach was applied to create a database of the acid 
phosphatase catabolic genes, with the aim of fulfilling the 
uranium bioprecipitation process.  

The microbial diversity changes and the probable 
biomineralization of U will be discussed taking in account the 
speciation of U(VI) in the U-treated bentonites determined by 
TRLFS spectroscopy and STEM/HAADF analysis. 
 
[1] López-Fernández M.  et al. (2014), Applied Geochemistry 
49, 77-86. [2] López-Fernández M.  et al. (2015), Microbial 
Ecology (in press) 
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Members of the bacterial genus Stenotrophomonas are 
considered promising candidates for biotechnological 
applications due to their broad metabolic properties, biofilms 
formation capacity, and intrinsic resistance to numerous heavy 
metals and antibiotics. Apart from their utility as plant growth 
promoters, this microbial group has been proposed for 
bioremediation of polluted soils. 

Stenotrophomonas sp. BII-R7, an environmental strain 
isolated in our laboratory from bentonite samples [1], showed 
high tolerance to increasing concentrations of U(VI) and 
selenite, SeO3

2-. A comprehensive study of the interaction 
mechanisms occurring between these common contaminants 
and BII-R7 isolate was performed through a multidisciplinary 
approach combining Scanning Transmission Electron 
Microscopy-High Angle Annular Dark-Field (STEM-
HAADF), X-ray Absorption Spectroscopy (XAS), Time-
Resolved Laser-Induced Fluorescence Spectroscopy (TRLFS) 
and next-generation sequencing (NGS) technologies. 

Results showed the accumulation of U(VI) phosphates in 
the cells wall and the reduction of SeO3

2- to Se0. These 
interaction mechanisms, likely affecting the behavior of these 
elements in nature, are driven by genes coding for certain 
enzymes such as acid/alkaline phosphatases in the case of U, 
and glutathione-related enzymes, NADH-dependent enzymes, 
or thioredoxin reductase for Se reduction. All these enzymes 
were detected among the Stenotrophomonas sp. BII-R7 
genome contigs that we assembled. Further analyses might 
lead to a preliminary BII-R7 draft genome which will provide 
useful information of its genetic structure and composition. 

Further studies in order to effectively understand the 
enzymatic reactions responsible of the resistance mechanisms 
described in Stenotrophomas spp. are central to advancing 
these environmental remediation-related applications. 
 
[1] Microbial communities in bentonite formations and their 
interactions with uranium, López-Fernández M.  et al. (2014), 
Applied Geochemistry 49, 77-86. 

1921



 Goldschmidt2015 Abstracts  

 1922 

238U/235U fractionation during U(VI) 
reduction by synthetic magnetite 

L. LOREGGIAN1, Y. ROEBBERT2, R. BERNIER-LATMANI1* 
AND S. WEYER2 

1Environmental Microbiology Laboratory, Ecole 
Polytechnique Federale de Lausanne, Lausanne, 
Switzerland; 

2Institut fur Mineralogie, Leibniz Universitat Hannover, 
Hannover, Germany. (*corresponding author: 
rizlan.bernier-latmani@epfl.ch) 

 
The ratio of the two major uranium (U) isotopes, 238U/235U, 

varies in near-surface environments depending on bio-
geochemical conditions [1]. Strong U isotope fractionation 
(with high 238U/235U in the product) occurs during enzymatic U 
reduction [2]. In contrast, during abiotic U reduction, U isotope 
fractionation is either negligible or is opposite in direction to 
that during enzymatic reduction. Thus, U isotope signatures 
were proposed as a tool to distinguish between abiotic and 
biotic processes in U(VI) reduction [3] and may be used to 
deconvolute the mechanism of U reduction leading to 
remediation in the subsurface.  

Previous research has also shown that Fe(II)-bearing 
minerals exhibit two distinct fractionation behaviors [3]. An 
initial reduction phase during which no fractionation is 
observed, followed by a slower reduction phase during which 
the light isotope is preferentially reduced. This work further 
investigates the mechanism(s) responsible for this peculiar 
isotopic fingerprint.  

We hypothesized that the availability of reactive Fe(II) 
surface sites controls the reduction rate, and potentially the 
isotopic fractionation behavior. In the cases in which there are 
excess Fe(II) surface sites, direct reduction of U(VI) to U(IV) 
can occur, resulting in no fractionation. However, when Fe(II) 
surface sites become limiting, the mineral may only reduce 
U(VI) to U(V). Subsequently, U(V) disproportionates to U(IV) 
and U(VI). Either the one-electron transfer or the 
disproportionation step (or both)  may result in the isotopic 
fractionation observed. 

To test this hypothesis, we assessed U(VI) reduction by 
magnetite at varying surface loadings in a batch configuration. 
The reduction progress was monitored by inductively coupled 
plasma mass spectrometry (ICP-MS) and isotopic fractionation 
probed by multi-collector ICP-MS. Further, we characterized 
the U products in the solid phase with XAS techniques to 
confirm the extent of reduction. Preliminary results support the 
two-phase reduction kinetics reported previously and isotopic 
data are pending.  

 

[1] Weyer et al. (2008), Geochimica et Cosmochimica Acta 72, 
345-359. [2] Basu et al. (2014), Geochimica et Cosmochimica 
Acta 136,100-113. [3] Stylo et al. (2015), PNAS accepted. 
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2 million liters of petroleum products were released to soil 

and groundwater last 2010 in the financial district of the 
Philippines. The leak was traced to a defective weld on a 
pipeline. Remediation measures using multi-phase extraction 
were initiated and monitoring of the contaminant plume was 
done through 50 sampling wells. GCMS analyses within a  
2-year time frame done monthly show benzene levels are 
persistently high (>>5ppb) in monitoring wells which are 
adjacent to the spill point and are located in a relatively flat 
groundwater elevation. Upon inspection of the VOC profiles 
from the GCMS derived chromatograms, it was also found that 
volatile hydrocarbons such as BTEX and various benzene 
derivatives such as naphthalene and indane are still present 
even four years after the start of petroleum spill remediation 
activities. The plume also varies in size depending on the 
extent of rainfall and groundwater infiltration. 
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During IODP Expedition 342 offshore Newfoundland a 

well preserved K-Pg boundary sequence was recovered in Hole 
U1403B (core section 28X-1W, 43-57 cm) comprising a  
~1.5-cm-thick, graded, green-greyish impact spherule horizon. 
We analysed this sample using SEM, EMPA, and LA-ICP-MS 
at the IfM-WWU. The abundances of 50 trace elements were 
measured in situ along a cross section at 144 235-µm-sized 
spots to compile a high resolution distribution profile. 

We located the Ir-anomaly with a peak concentration of 
0.05 µg/g at the basis of the ejecta layer with the altered glass 
spherules. This high concentration was determined only at an 
area of just a few hundred µm² which is characterized by a 
change in color from light beige to greenish; this layer is 
interpreted as the base of K-Pg event bed. Concerning the 
other PGE, we found also remarkable high concentrations of Pt 
≤ 2.79 µg/g Pd ≤ 1.64 µg/g, Rh ≤ 0.348 µg/g, and  
Au ≤ 0.856 µg/g at the bottom of the spherule horizon.This 
unusual position of the Ir-anomaly below the spherule layer 
indicates mobilization of PGE, obviously as corollary of the 
hydratization of the glass in an acidic environment (e.g., [1]) 
This interpretaion is supported by a strong depletion in REE 
for Newfoundland which is similar to near total loss of REE in 
those parts of the black impact glass at Beloc, Haiti, which are 
altered to smectite [1]. 

In conclusion, our data for the K-Pg event bed in IOPD 
Hole U1403B compares well with characteristics in element 
behavior of other altered distal K-Pg sections [1-5]. The K-Pg 
sample U1403B, however, provides an exceptional opportunity 
to document and understand alteration effects of impact glass 
and the K-Pg bed at the scale of 10s of µm. 

 
[1] Ritter et al. (2015) MAPS 50, 418-432. [2] Schulte et al. 
(2010) Science 327, 1214-1218. [3] Smit (1999) Anuv. Rev. 
Earth Plan. Sci. 27, 75-113. [4] Goderis et al. (2013) GCA 
120, 417-446. [5] Berndt et al. (2011) Geology 39, 279-282.  
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Iron (Fe) is an essential micronutrient that limits primary 

productivity in high nutrient low chlorophyll (HNLC) regions, 
however the mechanism of Fe supply to the ocean is poorly 
understood. Hydrothermal vents are a recently discovered 
source of Fe and potentially other trace metals to the deep 
ocean. Fe isotope ratios (56Fe/54Fe) can potentially be used to 
trace sources and sinks of the global Fe biogeochemical cycle. 
Previous studies on Fe isotopes in hydrothermal plumes have 
focussed on particulate samples. However Fe isotope ratios 
could be used to trace the input of hydrothermal dissolved iron 
to the oceans. We test this hypothesis using samples of Total 
Fe (TFe) dissolved Fe (dFe) and soluble (sFe) from a 
hydrothermal plume in the Southern Ocean.  

We show that approximately 40 to 90 % of dFe in the 
hydrothermal plume is present as colloidal Fe (dFe-sFe). δ56Fe 
values (relative to IRMM-14) of dFe from the hydrothermal 
plume change dramatically during plume rise, ranging from -
2.39 ± 0.08 ‰ to -0.13 ± 0.06 ‰. δ56Fe values of TFe were 
generally heavier than dFe values, ranging from -0.31 ±  
0.03 ‰ to 0.78 ± 0.09 ‰. Iron isotope variations between TFe 
and dFe are explained by the dominance of Fe-oxyhydroxide 
or pyrite precipitation processes; the master variables 
influencing the δ56Fe of dFe supplied to the deep ocean. 

Our study indicates dFe in hydrothermal plumes will 
include colloidal species, and contribute a flux of isotopically 
light dFe to the deep ocean.  
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It is now well established that most of the terrestrial planets 
underwent a magma ocean stage during their accretion. On 
Earth, it is probable that at the end of accretion, giant impacts 
like the hypothesised Moon-forming impact, together with 
other sources of heat, melted a substantial part of the mantle.  

Considerable research has been done on magma oceans 
using 1-D models [1-3]. However, some aspects of the 
dynamics may not be adequately addressed in 1-D and require 
the use of 2-D or 3-D models. Moreover, new developments in 
mineral physics that indicate that melt can be denser than solid 
at high pressures [4] can have very important impacts on the 
classical views of the solidification of magma oceans [5]. 

The goal of our study is to understand and characterize the 
influence of melting on the long-term thermo-chemical 
evolution of rocky planet interiors, starting from an initial 
molten state (magma ocean). Our approach is to model viscous 
creep of the solid mantle, while parameterizing processes that 
involve melt as previously done in 1-D models, including melt-
solid separation at all melt fractions, the use of an effective 
diffusivity to parameterize turbulent mixing, coupling to a 
parameterized core heat balance and a radiative surface 
boundary condition. These enhancements have been made to 
the numerical code StagYY [6]. 

We will present results for the evolution of an Earth-like 
planet from a molten initial state to present day, while testing 
the effect of uncertainties in parameters such as melt-solid 
density differences, surface heat loss and efficiency of 
turbulent mixing. Our results show rapid cooling and 
crystallization until the rheological transition then much slower 
crystallization, large-scale overturn well before full 
solidification, the formation and subduction of an early crust 
while a partially-molten upper mantle is still present, 
transitioning to mostly-solid-state long-term mantle convection 
and plate tectonics or an episodic-lid regime.  

 
[1] Abe (1997) PEPI 100, 27-39. [2] Solomatov (2007) Treat. 
Geophys. 9, 91-120. [3] Elkins-Tanton (2008) EPSL 271, 181-
191. [4] de Koker et al. (2013) EPSL 361, 58-63. [5] Labrosse 
et al. (2007) Nature 450, 866-869. [6] Tackley (2008) PEPI 
171, 7-18. 
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Cl and Br behave conservatively in porewaters, so their 
isotopes have been used to trace the origin and fate (circulation 
pathways) of formation waters in sedimentary rocks and 
hydrocarbon fields. Numerous studies report δ37Cl variations in 
brines [1] [2], but few laboratories worldwide measure 
81Br/79Br ratios [3-7]. Due to low abundances in geological 
fluids, high first ionisation energy and purification steps 
required, relatively large amounts of samples are needed for 
precise and accurate δ81Br measurements. Until Zakon et al [8], 
Br was extracted through silver halide precipitation followed 
by CH3Br separation.  

We describe a δ81Br analysis method for solutions (sea-
water and brines) by MC-ICP-MS in wet plasma conditions, 
after Br extraction through ion exchange chromatography. The 
method is robust, for Br amounts in the 1-10 µg range. 
Reproducibility is ≤ 0.25‰ (2σ), typically ≤ 0.1‰.  

We extracted Br with NH4NO3 from AG 1X4 anion 
exchange resin. We achieved complete Br recovery and 
introduced the Br fraction into a MC-ICP-MS (Neptune, 
Thermo Scientific) through a cyclonic spray chamber. Wet 
plasma conditions produced higher levels of Ar2H than gas 
introduction or desolvation systems. Correcting this 81Br 
interference was tested in both low- and high-resolution 
modes. Repeated extraction and analyses of synthetic and 
natural seawaters proved the robustness of the method.  

Measurements of seawater, salts and four HBr solutions 
with δ81Br between –1‰ and +2‰ by MC-ICP-MS and IRMS3 
validated the accuracy of our new method.  

We analyzed brines from the Paris Basin and North Sea oil 
fields, and found correlations between δ81Br and δ37Cl showing 
mixing trends and possibly geochemical evolution. 

 
[1] Lavastre et al. (2005) Geochim. Cosmochim. Acta  
[2] Eastoe et al. (2001) Chem. Geol. [3] Eggenkamp & 
Coleman (2000) Chem. Geol. [4] Shouakar-Stash et al (2005) 
Anal. Chem. [5] Holmstrand et al. (2010) R. Com. Mass Spec. 
[6] Gelman & Halicz (2011) Int. J. Mass Spec. [7] Du et al 
(2013) Int. J. Mass Spec. [8] Zakon et al., 2014, Anal. Chem. 
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U/Pb and trace element signatures of zircons occurring in 

mineralized veins have frequently been used to reconstruct the 
source and timing of ore fluids in magmatic-hydrothermal 
environments [1,2]. These ‘hydrothermal’ zircons are believed 
to form from aqueous fluids at T < 650 °C and are generally 
distinguished from those of magmatic origin on the basis of 
petrological association, shape, texture and geochemical 
signature. Yet, ‘hydrothermal’ zircons from the Sn-W Mole 
Granite (Australia) or the Gidginbung high-sulfidation deposit 
(Australia) could not be conclusively distinguished from 
magmatic ones, neither from their HFSE and REE signatures 
nor their isotopic signature [3,4].  

Here, we report experimental evidence for the 
crystallization of zircons from high temperature gas mixtures 
(T>650 °C) that further questions the origin of zircons in 
magmatic-hydrothermal systems. ZrO2 powder and zircon 
grains have been subjected to high temperature gas mixtures 
under a thermal gradient (800 to 600 °C) to identify the 
conditions at which gas transport of Zr can occur, to simulate 
vapor-crystallization of zircons and to model the effect of 
magmatic gas alteration on zircon geochemistry. 1-10 μm 
euhedral bipyramidal zircons formed within a few days in 
H2O-FeBr-NaF gas mixtures. Other experiments further 
demonstrate that Zr is efficiently transported over a wide range 
of gas compositions involving H2O, Cl, F (+Si). Gas-altered 
zircons become transparent but do not show significant 
evidence of alteration by CL imaging. LA-ICMPS analysis of 
altered versus non-altered zircons are used to discuss the 
likeliness of HFSE, REE, U or Pb scavenging by high 
temperature gases and the possible resetting of zircon 
geochemical signatures in magmatic-hydrothermal 
environments. 
 

References:[1] Kerrich and Kyser, 1994. Geology 22, 
1131-1134. [2] Pelleter et al., 2007. Chem. Geol. 245, 135-
161.[3] Pettke et al., 2005. Chem. Geol. 220, 191-213. [4] Fu 
et al., 2009. Chem. Geol. 259,131-142. 
 

1928

mailto:marion.louvel@anu.edu.au
mailto:john.mavrogenes@anu.edu.au


 Goldschmidt2015 Abstracts  

 1929 

The application of high resolution 
chemostratigraphy to improve 
reservoir characterization – an 

example from the Shu’aiba 
Formation Saudi Arabia 

FENG LU*1, CHRIS REID1, DAVID TAYLOR1 AND 
SHOUWEN SHEN1 

1Saudi Aramco, Dhahran, Saudi Arabia 31311 
(*correspondence: feng.lu@aramco.com) 

 
The heterogeneity of the Lower Cretaceous Aptian 

carbonates, Shu’aiba Formation, in the Rub Al Khali of Saudi 
Arabia is challenging to extrapolate for reservoir quality 
laterally, due to dramatic changes in deposition. A 
comprehensive set of low-cost chemostratigraphic techniques, 
including: stable carbon and oxygen isotopes, carbon isotopes 
of organic matter, strontium isotopes, and major and trace 
elements, have been utilized to identify depositional cyclicity. 
These techniques, complemented by well log, core description, 
x-ray diffraction, petrography and diagenetic studies are very 
helpful to correlate strata, to delineate reservoir quality 
distribution, and to establish a reservoir model for production 
planning. The Aptian chemostratigraphy, d13C in particular, in 
the Rub Al Khali can be correlated to the adjacent Shaybah 
field, UAE and Oman fields, and also Tethyan deep sea 
sections. In addition, these isotopic excursions reveal one 
major, and probably two minor, OAEs during the Aptian. 
Furthermore, a dramatic isotope shift indicates subaerial 
exposure occurred between the early and late Aptian, 
facilitating diagenesis and secondary porosity development in 
the underlying reservoir section. 
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Paleozoic magmatic rocks are widely developed in eastern 

Xinjiang, and record the Paleozoic tectonic environment and 
crust-mantle interaction mechanism of the region.  

The research on the chronology and structural properties of 
magmatic rocks in this region not only provides a basis for 
establishing the tectonic chronological framework in eastern 
Xinjiang, but also has a great importance in restoring the 
tectonic evolution process of eastern Xinjiang. In recent years, 
researchers have performed much work on the volcanic 
chronology and tectonic environment of eastern Xinjiang. On 
the basis of summarizing previous achievements, according to 
the differences among the chronology and structural properties, 
the basite and acidic rocks in eastern Xinjiang are classified 
and summarized. The following are considered: 1) From the 
Devonian to Early Carboniferous, subduction events occurred 
commonly in eastern Xinjiang to form the Yemaquan island 
arc belt, Harlik island arc belt and Dananhu island arc belt; (2) 
From the Late Carboniferous to Permian, a large number of 
alkaline granites and gabbro veins occurred in the study area, 
which suggests that eastern Xinjiang fully entered the stage of 
collision. The Kalatage rock mass in the eastern part at the 
southern margin of Tuha, Dananhu island arc belt and Kangur 
island arc volcanic rocks show the characteristics from old to 
new, which may be due to the accretionof the island arccaused 
by the northward subduction and southward migration of the 
Kangur Ocean. In the meantime, the western Kangur Ocean 
was closed earlier than the eastern section, and the Huangshan-
Jingerquan subduction events persisted for a long period of 
time. Up until the Permian, subduction events still existed. In 
general, north-eastern Xinjiang entered the post-collision stage 
prior to the southern section. 
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Pelagic iron-rich macroscopic aggregates (iron snow) are 
formed by iron oxidizers at opposing gradients of oxygen and 
Fe(II) in the redoxcline of acidic lignite mine lakes. 
Precipitation of the iron snow links the redoxcline with the 
sediment, where the reduction of Fe(III) is the terminal 
electron-accepting process. To elucidate the chemical structure 
of iron snow and the diverse metabolic activities involved in 
aggregate formation we applied a combination of 
metatranscriptomics and microscopic analyses of iron snow 
collected at different time points below the redoxcline.  

The iron oxidizers Ferrovum and Acidithrix, and the 
reducers Acidiphilium, Acidobacterium and Acidisphaera 
exhibited high transcriptional activities. Metatranscriptomic 
analysis showed that microorganisms adapted to the acidic 
environmental condition by regulating the expression of genes 
involved in low-pH adaptation, oxidation and reduction of 
iron, carbon assimilation and biofilm formation. To identify 
potential glycoconjugates of extracellular polymeric 
substances (EPS), we stained iron snow with 75 different 
fluorescently labeled lectins and used confocal laser scanning 
microscopy (CLSM). Globular capsule- and cloud-like EPS 
patterns were observed in the iron snow and EPS 
glycoconjugates were dominated by sialic acid, amino sugars, 
fucose, mannose and galactose. Scanning transmission X-ray 
microscopy (STXM) analyses at the Fe L2,3-edges revealed 
strong redox heterogeneities of Fe redox state at the sub-
micrometer scale. X-ray absorption near edge structure spectra 
revealed spots exhibiting up to 60% Fe(II) in iron snow 
particles from the anoxic 6 m deep water layer. This local 
increase of the Fe(II)/FeTotal ratio in iron snow aggregates 
suggests active microbial Fe(III) reduction in the anoxic water 
column. Our results provide insights into the highly active and 
specific metabolic processes that characterize the formation 
and activities of pelagic aggregates in acidic lakes. 
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The Bitter Springs Anomaly (BSA) is characterized by a 

8‰ negative δ13C excursion between 810 and 800 Ma. 
Eukaryotic diversification around this time interval may be 
related to oxygenation changes in the surface ocean. We report 
carbonate associated iodine concentrations, shown as 
I/[Ca+Mg], for the BSA. This proxy has been used as a surface 
or upper ocean redox indicator to study important climatic and 
redox transitions in the Earth history, including the Great 
Oxidation Event (GOE), Mesozoic Oceanic Anoxic Events and 
the Paleocene/Eocene Thermal Maximum.  

The thermodynamically stable forms of iodine in seawater 
are iodate (IO3

-) and iodide (I-). Iodine speciation change is 
strongly redox sensitive. IO3

-  can completely be converted to I- 
in anoxic basins and Oxygen Minimum Zones (OMZs) in the 
modern ocean. Because IO3

- is the only chemical form of 
iodine that can be incorporated in the structure of carbonate, 
carbonate precipitated closer to an OMZ should record lower 
I/[Ca+Mg] and vice versa. 

Here we present new results of this proxy in two sections, 
at Svalbard and Greenland, recording the BSA. More data are 
being produced for both sections. Several observations are 
made from the current I/[Ca+Mg] data set: (1) majority of the 
values are similar to those of the GOE, much lower than the 
Mesozoic and Cenozoic values; (2) I/[Ca+Mg] spikes appear at 
the recover phase of BSA and two precursor “mini BSA” 
events; (3) notably more samples post-BSA do not contain 
detectable amount of iodine, compared to pre-BSA intervals. 
(4) the few samples within the peak-BSA seem to indicate 
anoxia. In the near future, we will confirm and/or reevaluate 
these observations after completing both records, and then 
interpret the redox changes across the studied interval. 
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The two major continental blocks, Fennoscandia and 

Volgo-Sarmatia during their docking to form the East 
European Craton (Baltica) at 1.8-1.7 Ga are important ‘puzzle 
pieces’ in the Global Precambrian paleogeography. For 
paleomagnetic reconstructions we used ca 1.98 Ga mafic dyke 
swarm and sills intruding the south-eastern Karelian Craton 
along the eastern shore of Lake Onega. Dyke strikes 
dominantly 300−330°NW. These commonly occur as steeply 
dipping bodies in the Archean basement and as gently dipping 
sheet-like bodies (sills) in Paleoproterozoic 
(Jatulian−Ludicovian) carbonate units. They are composed of 
dolerite, gabbrodolerite and diorite and contain more iron, 
titanium and potassium and less silicon, calcium and 
magnesium than 2.5-2.45 Ga rocks. The new U-Pb baddeleyite 
age of 1968±2 Ma for the Unoi dolerite sill is slightly younger 
within error limits than the age of Pudozhgora intrusion, dated 
at 1983±6.5 Ma [1] Geochemical compositions of the dykes 
allow us to assume a single episode of magmatic activity ca 
25-30 Ma, including several pulses. Paleomagnetic studies 
include both thermal and AF demagnetization; characteristic 
northeastern remanent magnetization (ChRM) directions with 
downward inclinations were isolated. Magnetic mineralogy 
experiments show that ChRM is carried by high-Hc, and high-
unblocking temperature Ti-poor titanomagnetite. 

The new 1.98 Ga pole contributes to better define the 
apparent polar wander (APW) path for the Karelian Craton 
during the Paleoproterozoic (1980-1750 Ma) and helps to 
constrain the position of the Karelian Craton in the 
supercontinent Columbia in the Late Paleoproterozoic. 
 
[1] Philippov, N.B., Trofimov, N.N., Golubev, A.I., Sergeev, 
S.A., Huhma, H.(2007). Geol. Miner. Resour. Karelia 10, 49–
68. 
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Seabird guano-deposits are preserved along the arid section 
of the Chilean and Peruvian Pacific Coast since at least  
2.5 Ma. Guano birds feed on small schooling fish (mainly 
Anchovy) from the upwelling zone in front of the coast. Nd, 
Pb, Sr isotope systems do not substantially fractionate in the 
trophic chain and hence transfer the composition of the 
involved water masses. The guano deposits on land are prone 
to additions from continental sources. Seawater Sr isotope 
signature is an excellent tracer for such additions, that are 
small in modern- and more variable but still close to seawater 
in fossil samples. The εNd of modern guano from an active 
nesting place is around -8 and modern to fossil guano from 
resting places falls between εNd +2 and -2. Seawater from -3 
to -17° S sampled 2008/9 [1] shows εNd from -6 to -1, 
whereas Anchovy fishmeal from the same region (our samples, 
2014) plots at εNd of −8. Near surface, northward moving 
coastal seawater at -34° S [2] shows εNd at +1 to -2 in the 
upper 100 m and at -4 to -6 between 250 and 800 m. The 
radiogenic εNd at the southern coast is attributed to boundary 
exchange with Cretaceous to modern arcs [2] and is the 
dominant Nd source in fossil and modern guano of northern 
Chile between ~-24 to -20° S, i.e. the surface water supply 
from the south is a stable feature. The fishmeal represents 
unradiogenic Nd of Antarctic intermediate water or 
compositional similar East Pacific water masses around εNd of 
-8 [3, 4]. The ingression of Antarctic intermediate water is 
transitional, with duration longer than the lifetime of the 
Anchovy of 2 years.  
 
[1] Grasse et al. (2012) EPSL 353-354, 198-207. [2] Jeandel et 
al. (2013) Geochem. Geophys. Geosyst. 14, 328-341. [3] Noble 
et al. (2013) EPSL 384, 27-36. [4] Carter et al. (2012) GCA 79, 
41-59. 
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The prolonged and periodically active Miocene silicic 

ignimbrite flare-up episode in the Pannonian basin provide an 
excellent opportunity to study timescales associated with 
magma reservoirs during period of intensive lithosphere 
thinning. The new in-situ zircon U-Pb geochronology data 
obtained by LA-ICP-MS on volcanic units allow us to 
constrain the eruption ages as well as the extent of crystals 
recycling. The zircon crystallization ages cover a near 
continuous period from ~20 Ma to 14 Ma. There are only a few 
spot ages out of over 1000 data that could indicate xenocrystic 
zircons. Thus, the zircon population of the studied samples 
contain dominantly antecrysts and autocryts in various 
amounts. 

Six volcanic eruption phases can be distinguished based on 
the youngest zircon age populations in the spot data of 
individual samples. They occurred between 14.0 Ma and  
18.2 Ma. However, based on the evaluation of the entire data 
set, at least 10 zircon crystallization peak periods were 
recognized, starting at 19.6 Ma, well before the onset of the 
volcanism. Within this prolonged silicic volcanic activity, only 
a single significant zircon crystallization gap could be 
distinguished (between ~16.2 and ~15.0 Ma). These results are 
consistent with a model involving existence of long-lasting 
silicic crystal mush zones in the continental crust, where 
periodic rejuvenation of zircon crystallization and withdrawal 
of medium to large volume eruptible magmas occurred. This 
requires elevated heat-flux and thermally prepared upper crust, 
a condition that was consistent with the syn-extensional stage 
of the Pannonian Basin during the Mid-Miocene. Our LA-ICP-
MS study highlights that in-situ U-Pb zircon age data enable to 
get a deep insight into the timescale of zircon crystallization 
and recycling in the silicic magmatic system. 
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last two glacial terminations 
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Mid-ocean ridge magmatism is driven by seafloor 
spreading and decompression melting of the upper mantle.  
Scaling estimates [1] [2] and model results [3] [4] indicate that 
glacial-interglacial changes in sea level should modulate melt 
production at mid-ocean ridges, an idea that has been 
confirmed with detailed surveys of ridge bathymetry [4] [5]. 
The nature and timing of associated changes in hydrothermal 
activity have remained unknown, however, precluding a clear 
understanding of whether ridge magmatism can act as a 
negative feedback on ice sheet size.  Here we present multiple 
records of hydrothermal sedimentation spanning 1300 km of 
the East Pacific Rise (EPR). At each location, the carbonate-
free concentration of Fe, Mn, and As increased beginning at  
~25 kyr BP, reached maximum values by 15 kyr BP, and then 
decreased into the Holocene.  3He-normalized fluxes confirm 
that input of hydrothermal metals to ridge-crest sediments 
increased during Termination I.  Lateral sediment focusing is 
an unlikely explanation given the similar signal in multiple 
cores and the lack of evidence for anomalous horizontal 
transport in 3He-based focusing factors. Coherent variations in 
Fe, Mn, and As suggest that diagenetic overprinting is not the 
primary driver of the down core signal.  Elevated metal 
concentrations also occur during Termination II. The time 
series of hydrothermal sedimentation bear a strong 
resemblance to a record of seafloor bathymetry from 17ºS [5], 
suggesting that both have a common driver.  The simplest 
explanation is glacial-interglacial variations in sea level, which 
apparently modulates sub-ridge melting, crustal thickness, and 
hydrothermal activity at the EPR.  Our results imply that 
geothermal heat flux from ridges increases during the last two 
glacial terminations, which should act to erode the deep ocean 
stratification, enhance the abyssal circulation, and transmit 
excess heat to the Southern Ocean, thereby setting the stage for 
deglaciation. 

 
[1] Lund and Asimow (2008) AGU Fall Meeting, Abstract 
#PP11D-08.  [2] Huybers and Langmuir (2009) Earth and 
Planetary Science Letters 286, 479-491. [3] Lund and Asimow 
(2011) G-cubed 12, Q12009. [4] Crowley et al. (2015) Science 
347, 1237-1240.  [5] Tolstoy (2015) Geophys. Res. Lett. 42.  
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Igneous diversity mostly reflects crustal depth magma 

differentiation; how differentiation occurs remains nebulous. 
Clearly, magma evolution follows control of mineral-melt 
equilibrium. Yet the paradigm that magmas evolve by 
fractional crystallization or partial melting (e.g. mechanical 
separation of melt from crystals) does not readily explain the 
most basic observation of silicic differentiates: these processes 
imply granites are minimum melts (on the NaAlSi3O8-SiO2-
KAlSi3O8 ternary) extracted from a quartz bearing residue. A 
non-mechanical process that can produce minimum melt-like 
bulk compositions is wet thermal migration (mineral-melt 
equilibrium driven diffusion in a temperature gradient). We 
have shown that andesite + 4wt% H2O evolves to a granite at 
the low temperature end (400°C) of a 950-350°C temperature 
gradient following a typical calc-alkaline differentiation trend. 
Indeed, compositional trends in the experiment closely follow 
those of the eruptive sequence of Mt. Mazama. 

Could this process apply to all crustal level magma 
differentiation? I explore this with new experiments on 2 
compositions: 1) to understand the zoned 2008 silicate eruption 
at Ol Doinyo Lengai, I performed a 4 week thermal migration 
experiment placing nephelinite with 10% Na2CO3 and 5% H2O 
into a 1000-350°C gradient at 5 kb; 2) an experiment using a 
tephrite from La Palma +4 wt%  H2O (same gradient and 
pressure)  is currently running. The goal is to assess the degree 
to which thermal migration reproduces the observed 
differentiation trends of these zoned eruptions. The nephelinite 
run product shows clear mineralogical layering and bulk 
compositional changes with temperature, reproducing the anti-
correlation between total alkalis and silica unique to this 
eruption. Whether the tephrite evolves to phonolite remains to 
be seen. 
 

1937



 Goldschmidt2015 Abstracts  

 1938 

Rapid oxygenation of Earth's 
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Multiple lines of evidence suggest that the Earth's early 

atmosphere >2.45 billion years ago (Ga) was anoxic. The 
irreversible oxygenation, generally denoted as the great 
oxidation event (GOE), was a pivotal point in Earth's history 
and paved the way for the emergence and diversification of 
eukaryotes.  

The sedimentary rock record of multiple sulfur isotopes is 
one of the most important proxies with which to explore the 
oxygenation of the atmosphere. Although the mechanisms for 
the mass independent fractionation of sulfur isotopes (S-MIF) 
are still under investigation, it is thought to arise from 
photochemical processes involving atmospheric SO2. The 
production and preservation of S-MIF signals are only possible 
under an atmosphere with pO2 less than 10-5 times the present 
atmospheric level (PAL). Previous measurements of S-MIF in 
pyrite and sulfate minerals roughly constrained the anoxic-to-
oxic transition to between 2.5 and 2.3 billion years ago. Details 
of the process and its duration, however, have been poorly 
constrained. Here, through analyses of multiple sulfur isotope 
ratios in diagenetic pyrite grains from three drill cores through 
a continous sedimentary package from the Upper Rooihoogte 
to the lower Timeball Hill formations, South Africa, we show 
that the oxygenation occurred at ~ 2330 Ma as indicated by the 
disappearance of S-MIF signals. The transition occurred 
rapidly, probably in 5 million years or less, and was likely 
followed by intensive oxidative pyrite weathering and an 
increase of seawater sulfate levels recorded in highly 34S-
depleted pyrite grains.  

The rapidity of the oxygenation suggests that the Earth’s 
surface redox systems were delicately-balanced and is 
consistent with an origination of oxygenic photosynthesis well 
before 2.3 Ga. Our results further suggest that this oxygenation 
postdated the initial Paleoproterozoic glaciation. 
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Three gas fields with reserve of billion cubic meters of 

gases and one oil field with a hundred million tons of oil were 
found related to volcanic rocks in China. Volcanic activity can 
not only form excellent reservoir rocks but also affect 
hydrocarbon generation of source rocks. These effect were 
discussed in this paper and shown as follows: Firstly, volcanic 
activity enhanced the entire region’s palaeo- temperature and 
accelerated thermal evolution of the source rocks. For 
example, geothermal gradient reached high up to 65°C/1000 m 
in Songliao basin when volcano was erupting in large scale 
while the present-day geothermal gradient is only  
37°C/1000 m. Hence the Shahezi source rocks in Cretaceous 
between two sets of volcanic rocks had high hydrocarbon 
generation rate. Maturity of the source rocks rapidly reached 
high to over mature (3.5% or above). Secondly, igneous 
intrusion make local source rocks generate hydrocarbons 
promptly even when the source rock was uplifting, it still could 
become high to over mature very quickly to generate large 
amounts of gases. In Qinshui basin, multiple areas were 
intruded by igneous rocks during Yanshanian and geothermal 
gradient was high up to 55°C/1000 m. The source rocks were 
still generating hydrocarbons when the entire basin was 
uplifted. The gas generated due to volcanic activity accounted 
for more than 70% and formed large Qinshui coal seam gas 
field. Thirdly, when source rock developed with concomitant 
volcanic eruption or igneous intrusion, these kinds of volcanic 
rocks were normally in small scale. Influence areas by igneous 
intrusion are small. Hot fluids and transition metals from 
volcanic activity catalyzed and accelerated thermal evolution 
of the source rocks and thus generated large amounts of low 
mature oil and gas. 
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The northern Lau Basin is host to a complicated pattern of 

volcanic activity, including the volcanoes of the Tofua Arc and 
several back-arc spreading centers such as the NE Lau 
Spreading Center (NELSC), the NW Lau Spreading Center 
(NWLSC), as well as various “rear-arc” volcanoes.  We have 
employed helium isotopes, C/3He ratios, and trace element 
signatures to distinguish between various arc, back-arc, and 
hotspot affinities in the region.  Along the NWLSC elevated 
3He/4He ratios in the seafloor lavas (12 - 28 Ra) suggest that an 
OIB or mantle plume signature, possibly from Samoa, has 
influenced this extensional zone.  However this hotspot helium 
is absent in the NE Lau Basin, which has mid-ocean ridge 
(MOR) type helium (~8 Ra).  In the NE Lau Basin, 3He/4He – 
C/3He systematics and Ba-Nb-Ti signatures indicate varying 
degrees of subduction influence among the volcanic centers.  
For example, the recently erupting West Mata submarine 
volcano in the NE Lau has a C-He signature indicating strong 
arc affinities. Farther west in the North Fiji Basin (NFB), some 
of the seafloor volcanic rocks have elevated 3He/4He of 12 –  
20 Ra suggesting the presence of an OIB component.  
Additional measurements of helium and radiogenic isotopes 
should help to determine whether the NFB has been influenced 
by intrusion of the Samoan hotspot of by a different OIB 
component.   
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Though it is of crucial importance in order to better 
understand carbon persistence in soils, the chemical nature of 
stable soil organic matter (SOM) is poorly characterized. This 
is explained by two major difficulties: (1) there is still no 
successful experimental way to isolate the pool of SOM that 
has a pluri-decennial residence time and (2) SOM with high 
residence time is often associated to minerals, which 
complicates its characterization.  

In this work, we overcame these two major difficulties by 
characterizing samples from long term bare fallow (LTBF) 
experiments using the state-of-the-art synchrotron-based 
NEXAFS spectroscopy (Canadian Light Source, Saskatoon, 
Canada). Firstly, LTBF experiments offer a unique opportunity 
to study stable SOM, as without carbon inputs and with 
continuing biodegradation and mineralization, SOM becomes 
progressively enriched in its most stable components. 
Secondly, NEXAFS technique allows the characterization of 
Carbon speciation with no sample pre-treatments and little to 
no noise induced by the mineral part of the samples. In this 
work, the fluorescence emission spectra at the Carbon K-edge 
threshold (280 eV) were measured for samples taken up at the 
initiation of 5 different european LTBF experiments and 
several decades later.  

Results show that differences in chemical composition 
between different dates are subtle but significant and spectra 
are highly reproducible between field replicates. More 
advanced data treatment is ongoing and will be presented at the 
Goldschmidt conference. 
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In previous work, we documented the presence of 

significant concentrations of soluble (<0.2µm) manganese(III) 
in the suboxic waters of the Black Sea, the Chesapeake Bay 
and sedimentary pore waters. Recently, we showed that soluble 
Mn(III) is kinetically stable in the anoxic waters of the 
Chesapeake Bay when its concentration is greater than or equal 
to the sulfide concentration, and that the ligands stabilizing 
Mn(III) appear to be of humic origin with catecholate 
functional groups. Here, we demonstrate that soluble Mn(III) is 
also found in fully oxygenated waters ranging from those of a 
coastal waterway (salinity ranging from freshwater to 31) 
bordered by wetlands and salt marshes to the water column of 
the St. Lawrence Estuary. Soluble Mn(III) comprises up to 
50% of the total manganese in these oxic waters. Our results 
reveal that soluble Mn(III) is ubiquitous, and, as such, is a key 
redox species in the global sedimentary cycles of carbon, 
oxygen, iron and sulfur. 

The spectroscopic porphyrin method we use for manganese 
oxidation state analysis, provides kinetic information on the 
actual weak and strong complexes binding soluble Mn(III). 
The reaction rate constants permit an estimate of the 
conditional stability constants of the weak and strong 
complexes. Weak Mn(III)L complexes are those that react with 
the porphyrin competitive ligand. Strong Mn(III)L complexes 
are those that do not react with the porphyrin and have KCOND 
(Mʹ′L) values > 1.6 × 1013 M-1 (log KCOND >13.2). The ligands 
responsible for the Mn(III) complexes are ubiquitous 
and originate from metabolic processes in the sediment, in the 
water column as well as runoff from wetland and terrestrial 
systems. 
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In many branches of Earth sciences we are currently 

observing a major change, as researchers quantifying the 
chemical behavior of complex systems must now supply 
predictions of the future state of these systems. Specifically, 
the prediction of coupled mineral dissolution and precipitation 
processes are critical for a large number of applications. 

In our view, this challenging task requires a comprehensive 
re-evaluation of our current way of doing business, as it will 
become increasingly expensive and time-consuming to study 
the systems of interest only in an inductive way, i.e., by taking 
measurements and conducting simplified experiments. These 
results may be extrapolated at best.  

At the same time, increasing and cheap computer power in 
combination with more sophisticated software provides a 
complementary tool [1]. We have started to employ kinetic 
Monte Carlo (KMC) simulations to model and predict mineral 
dissolution behaviour, 3-D grain systems and pore-system 
evolution even in multi-grain systems. We will provide some 
examples of current results. Of particular interest is the 
combination of KMC results with the new rate spectra concept 
[2]. Having said this, we are convinced that the value of 
experiments will further increase because the predicted results 
must be tested independently. KMC results will thus determine 
which experiments are critically important to conduct.  

 
[1] Luttge et al (2014), Elements 43, 132-157 [2] Fischer et al. 
(2012), GCA, 98, 177-185 
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Glaciers are important components of Earth’s climate and 

water system. Physical and chemical aspects of glaciers have 
been studied intensively; however, glacial microbiology is still 
in its infancy. Glacial surfaces have been considered barren for 
a long time, yet distinct habitats can be found to harbour 
species from all three domains of life. We recently showed that 
snow and ice algae are critical and prolific primary colonisers 
and producers in these environments [1]. Furthermore, due to 
the development of pigmentantion they have a significant 
effect on surface albedo. However, the relationships between 
environmental conditions and microbial abundance, diversity 
and function on snow and ice surfaces in the Arctic are still 
poorly understood.   

Here we present the first comprehensive metagenomic 
study of various snow, slush and ice habitats from 21 glaciers 
spanning the European Arctic (Svalbard, Sweden, Iceland, 
Greenland) sampled during the 2012-2014 melting seasons. 
The biome composition and function and the geochemical 
parameters that affect their growth have been characterized. 
Our results reveal a cosmopolitan distribution of snow and ice 
algae and that our habitat classification is valid across all 
studied Arctic glaciers. Algal composition within a single 
habitat is more similar than within a geographic location. On 
the other hand, the bacterial composition shows a more 
endemic distribution. Archaea were also detected in all 
samples. Overall functionality (e.g., metabolic fingerprints, 
pigments, fatty acids) seems to be controlled by nutrient 
availability and trends for C/N/P ratios could be established. 
 

[1] Lutz et al. (2014). FEMS Microbial Ecology 89(2), 
402-414. 
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We have studied the 001 planes of hematite and sapphire 
using various methods, encompassing streaming potential, 
colloid adhesion, surface potential, AFM, or second harmonic 
generation. The effects of surface roughness, sample miscut, 
and various pre-treatment procedures (like annealing, plasma 
treatment, UV-treatment) on the interfacial behavior of these 
single crystals are discussed in relation to a "reference" surface 
that shows constant behavior in electrolyte solutions over 
extended periods of time. Annealing of sapphire 001 
surprisingly causes very rapidly a change in the previously 
highly ordered surface structure. The annealed surface has an 
isoelectric point (IEP) lower than the "reference" surface, 
while aging in water of this annealed surfaces makes the IEP 
increase above that of the "reference" surface. On the other 
hand the sapphire 001 plane is found to relax to pre-treatment 
conditions after plasma and UV-treatments. Our second 
harmonic generation data differ significantly from previous 
results and concur with surface potential data. Some surface 
energy measurements also agree with the shape of these 
curves. However, more data are needed for the latter kind of 
measurements. Surface potential measurements on sapphire 
001 at constant pH for varying electrolyte concentrations 
suggest that simple electrolyte ions are potential determining 
ions causing an increase in the surface potential. This agrees 
with a previous model for the 001 plane of hematite. The full 
set of data for the sapphire 001 plane can be reasonably 
described by a unique model, that includes protonation, 
deprotonation, strong electrolyte ion adsorption (electrolyte 
layering) and physical hydroxide adsorption in the adjacent 
water layer. The full model correctly predicts an extremum in 
the zeta-potential curve at constant pH that was previously 
found. A simple charge regulation model using the 
protonation/deprotonation properties correctly predicts 
previously published surface force data measured at low ionic 
strength for > 5 nm. Implementation of a more complex charge 
regulation model to describe the oscillations in the force 
measurements at smaller distances is in progress.   
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Marine selenium (Se) speciation is complex, with 

coexisting inorganic selenite and selenate and a large pool of 
operationally defined organic selenide. A small fraction of this 
organic pool is in the form of dimethylselenide (DMSe) and 
dimethyldiselenide (DMDSe), volatile selenium species that 
can escape to the atmosphere. These mobile species are crucial 
for global biogeochemical cycling, with an estimated  
60 percent of natural atmospheric selenium derived from the 
marine biosphere [1].  

Although marine-derived selenium is presumed to be a key 
source of this essential micronutrient to land, the formation of 
these volatile compounds in the ocean is poorly understood. It 
has been suggested that the species are formed by mechanisms 
analogous to those responsible for the production of volatile 
sulfur species [2] [3] or by degredation of selenoamino acids 
with light [4]. Mechanistic evidence for these hypotheses 
under environmentally relevant conditions remains lacking.  

We are using laboratory microcosm experiments with two 
marine algae, Emiliania huxleyi and Thalassiosira oceanica, to 
test possible mechanisms for the production of volatile 
selenium species in the oceans. Our preliminary results hint 
that algae are less important than previously assumed, and that 
sorption to organic matter is an important constraint on the 
mobility of the volatile species. Planned experiments will 
investigate the impact of bacteria and abiotic degradation on 
the production of volatile species. Altogether, these results will 
shed light on the mechanisms responsible for the creation of 
highly mobile selenium species in the marine biosphere. 
 
[1] Wen & Carignan (2007), Atmospheric Environment 41, 
7151-7165. [2] Amouroux et al. (2001), Earth Plan Sci Lett 
189, 277-283. [3] Ansede & Yoch (1997), FEMS Microio. 
Ecol. 23, 315-324. [4] Amouroux, Pécheyran & Donard 
(2000), Appl. Organometal. Chem. 14, 236-244.  
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The Cu and Zn isotopic compositions of balck shales, 

which are related to the geochemical cycling of heavy metal 
elements within oceans, are not well constrained. The 
concentrations and isotopic compositions of Cu and Zn in the 
fresh and weathered metalliferous shale and siliceous interbeds 
of the Maokou Formation in central China are reported to 
investigate the likely controlling factors of metal mobility and 
redistribution during continental weathering. For the fresh 
metalliferous shales and cherts from drill cores, the moderate 
enrichment of Cu and homogeneous Cu isotopic composition 
are rationalized in term of quantitative scavenging under 
anoxic conditions [1]. The high concentrations of Zn and the 
slightly positive Zn isotopic shift relative to the classic clastic 
sediments and igneous rocks can be explained by biological 
uptake of metals during deposition [2]. 

The weathered shales and cherts have an extremely large 
range (25.82‰) of Cu isotopic compositions and a small 
variation (0.53‰) of Zn isotopic ratios. The redox cycling is 
the primary mechanism for the large range of Cu isotopic 
variation, in contrast to the small isotopic variation of Zn. The 
vertical strata and faults could provide pathways for migration 
of fluids to enhance leaching activities during weathering. The 
preferential release of heavy Zn and Cu isotopes from the 
sulfides in shales into leaching fluids during oxiditive 
weathering, may be responsible for the negative isotopic shift 
in strongly weathered shales and the positive isotopic shift 
during the re-mineralization of Cu and Zn from the leachate [3]. 
According to our results, the variations of Cu and Zn isotopes 
duing continental weathering need to be considered when 
comes to the calculation of flux into oceans. In particular, Zn 
isotopic composition of riverine flux from shale weathering 
into oceans may be variable and not be equal to the 
composition of igneous rocks (0.3‰).  
 
[1] Lehmann et al. (2007) Geology, 35(5), 403-406. 
[2]Andersen et al. (2011), EPSL 301(1–2), 137-145. [3] 
Mathur et al. (2012), CG, 304,175-184.  
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Both ectomycorrhizae and saprotrophic fungal metabolites 

have proven capable of initiating a Fenton (H2O2 + Fe2+ + H+ 
↔ H2O + Fe3+ + ·OH) or Fenton-like reaction during 
decomposition of wood and soil organic matter [1,2]. Previous 
studies have typically involved systems containing dissolved 
Fe(III) to generate the Fenton reaction. However, in oxic soils 
Fe(III) is primarily found in the solid state as minerals. Thus, 
both mineral dissolution and Fe reduction is needed to trigger 
the Fenton reaction, and the extent and rate of these reactions 
are dependent on the physicochemical properties of the Fe(III) 
minerals.  The aim of this study was to investigate the extent 
and rate of a Fenton or Fenton-like reaction initiated by fungal 
metabolites in heterogeneous systems containing iron oxides. 
We investigated the reactions between synthesized ferrihydrite 
or goethite with 2,6-dimethoxhydroquinone (DMHQ), a stable 
analogue to common secondary metabolites produced by the 
brown-rot fungi, and with crude metabolite extracts produced 
by the ectomycorrhizae Paxillus involutus. This was examined 
by relating in-situ IR spectroscopy to the solution content of 
total Fe, measured by ICP-AES, Fe(II), measured by the 
ferrozine assay, and hydroxyl radical, detected by the TPA 
probe, at different time scales by conducting a series of 
systematic experiments at a pH range from 3 to 8. Results will 
be presented showing that 2,6-DMHQ can initiate a Fenton or 
Fenton-like reaction in systems containing H2O2 and iron 
oxides. In systems without H2O2 no ·OH can be detected but an 
increase in Fe(II) and of total Fe concentrations in solutions 
were pronounced within the first 4 h of reaction, followed by a 
marked decreases. A slow heterogenous Fenton-like reaction 
was also indicated in presence of iron oxides and in absence of 
2,6-DMHQ. Furthermore, we will show that crude metabolites 
can produce Fe(II) and dissolve Fe in both the ferrihydrite and 
goethite systems, the latter, however, to a lesser extent. The 
results of this study provide a better understanding of the 
reactions between fungal metabolites and mineral surfaces at 
naturally relevant conditions, and give a new perspective on 
how these reactions define organic matter decomposition. 
 
[1] Rineau et al. (2012), Environ Microb, 14, 1477-1487 [2] 
Korripally et al. (2013), Appl Environ Microb, 79, 2377-2383.   
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Medium and high-resolution UV cross 
sections for isotopic SO2 

J. R. LYONS1, G. STARK2, D. BLACKIE3, J. PICKERING3,  
J.-L. LEMAIRE4 AND N. DE OLIVEIRA5 

1SESE, Arizona State Univ., USA, jimlyons@asu.edu 
2Physics Dept., Wellesley College, USA, 

gstark@wellesley.edu 
3Physics Dept., Imperial College London, UK, 

douglas.blackie01@imperial.ac.uk; 
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4Paris Observatory Meudon, France, jean-
louis.lemaire@obspm.fr 
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nelson.de.oliveira@synchrotron-soleil.fr 

 
The prevailing interpretation of the Archean sulfur mass-

independent fractionation (S-MIF) signature has been that 
photodissociation of SO2 in a low O2 atmosphere allows for the 
formation of multiple sulfur reservoirs with different S-MIF 
signatures, which then become recorded in barites and pyrites 
in sediments. The key assumption has been that SO2 
dissociation yields a S-MIF signature. We are measuring cross 
sections for isotopic SO2 to both understand the formation of 
any S-MIF signature produced during SO2 photolysis, and to 
use in photochemical models of the early Earth atmosphere.  

We used the VUV FTS of the DESIRS beamline at the 
Soleil synchrotron to measure cross sections. The high signal 
to noise ratio, and rapid scanning capability of the VUV FTS 
allowed us to complete an extensive set of absorption 
measurements at 0.5 cm-1, along with a first set of high 
resolution absorption measurements at ~ 0.1 cm-1. We focused 
on the ~190-220 nm dissociation region of SO2. The 0.5 cm-1 
data is used to evaluate S-MIF signatures from SO2 photolysis, 
including those due to any intensity variations, while the 0.1 
cm-1 is to be used primarily for line positions and the 
development of rovibronic models for C-X band system in 
isotopic SO2. We also made quadrupole mass spectrometry 
measurements on each of the gas bottles to test for impurities. 
A 2.5% mass 44 impurity (CO2) was found in our 32SO2 bottle, 
which must be accounted for in order to obtain accurate cross 
sections.  

Integrated 0.5 cm-1 cross sections over 190-220 nm yield 
values for each of the isotopes that are within < 1% of each 
other. This means that it is unlikely that optically-thin 
photolysis of SO2 is solely responsible for the S-MIF signature 
in ancient rocks.  
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Unravelling Earth’s oxygenation 
history: The extraordinary legacy of 

Robert A. Berner 
TIMOTHY W. LYONS1 

1Dept. of Earth Sciences, Univ. of California, Riverside, CA 
USA; timothyl@ucr.edu 

 
From his pioneering studies of sediment diagenesis during 

the 1960s, Bob Berner developed a keen sense for the 
controlling factors on carbon cycling in marine sediments and 
the mineral products that result from coupled microbial 
processes, such as pyrite formed via sulfate reduction. Bob 
liked to think of himself as a geologist, despite defining many 
if not most of the initial pathways that led to highly integrated 
fields such as biogeochemistry, geobiology, and astrobiology.  
From that geological vantage point, Bob was tuned into the 
microbially facilitated minerals that can preserve deep into the 
rock record. And by calibrating those minerals against the 
observable factors that favor and limit the styles and rates of 
microbial C cycling and their products in modern settings—
such as sulfate and oxygen availability, the quantity and 
quality of organic matter, and iron geochemistry—Bob gave us 
a C-S-Fe framework for inferring such fundamental conditions 
as ancient freshwater versus marine and oxic versus anoxic 
deposition. Bob also gave us many of the earliest and most 
robust numerical simulations of sediment diagenesis, and he 
expanded those views to become the leader in modeling 
oxygen and carbon dioxide contents in the Phanerozoic 
atmosphere, building from his deep friendship and respect for 
Bob Garrels. These efforts, collectively, have guided our 
examination of the evolving Earth surface system. 

This talk will develop the historical milestones of Bob’s 
contributions to paleoenvironmental reconstructions. Included 
will be the steps taken in partnership with Rob Raiswell and 
Don Canfield and from that platform an exploration of the 
mechanistic state-of-the-art for iron paleoredox tracers and 
their relationships to new, refined, and anticipated trace metal 
proxies. These metals, both their concentrations and isotope 
relationships, are key to reconstructing local and global marine 
redox, the patterns and controls on nutrient availability in the 
oceans, atmospheric compositions, and the co-evolution of life. 
Undoubtedly, most of the analytical, numerical, and 
experimental toolbox available today for investigating Earth’s 
ancient climates, oceans, and life bears Bob Berner’s profound 
influence. And his game-changing extrapolation of the modern 
world to understand the past began with simple but elegant 
analysis of pore waters in marine muds more than fifty years 
ago. 
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Retention of the anions existing in 
nuclear waste by AFm phases 

BIN MA1, ALEJANDRO FERNANDEZ-MARTINEZ12*,
SYLVAIN GRANGEON3 AND LAURENT CHARLET1 

1ISTerre, University of Grenoble, P.O. Box 53, F 38041, 
Grenoble, France (*correspondence: alex.fernandez-
martinez@ujf-grenoble.fr) 

2ISTerre, CNRS, P.O. Box 53, F 38041, Grenoble, France
3BRGM, 3, Avenue Claude Guillemin, 45060 Orléans Cedex 

2, France 

The cementitious structure in geologic nuclear waste 
repositories contains AFm phases, a family of hydrated 
calcium aluminates with double layered structure[1], with 
potential to retard the migration of anionic radionuclides[2]. In 
this project, we propose to evaluate the capacity of AFm-SO4 
and AFm-Cl2 to retard the mobility of SeO3

2-, MoO4
2-, I- and 

SO4
2-. 
Anionic exchange in the AFm interlayer was studied using 

wet chemistry methods. For both AFm phases we observed 
anion exchange and AFm dissolution over 48 h with the 
corresponding release of Ca2+, Al3+, and SO4

2-/Cl- into the 
solution. Total aqueous concentrations of Se and Mo indicate 
that the removal rates of anions by AFm-Cl2 from the solution
are higher than for AFm-SO4. On the contrary, I- was found to 
be little uptaken by any AFm. Although interlayer sulfate is
not easily exchangeable, the double-layer structure of AFm-
SO4 was found to be most unstable, leading to dissolution-
reprecipitation reactions and formation of gypsum.  

Regarding the interaction of SeO3
2- and MoO4

2- with AFm 
phases, the two anions show a strong affinity with Ca2+, that is 
translated in a co-precipitation at high loadings. When SeO3

2- 
and MoO4

2- were over stoichiometric	   amounts	   of	   interlayer
anions, the AFm phase dissolved and CaSeO3 and CaMoO4 
precipitates were observed by extended X-ray absorption fine 
structure spectroscopy and X-ray diffraction analysis. 

Both the anion exchange and saturated precipitation give 
us an insight that affinity of AFm phases for studied anions 
was found to be in the order of SO4

2- > SeO3
2- > MoO4

2- > I-. 

[1] Matschei et al. (2007) Cem. Concr. Res. 37, 118-130.
[2]Aimoz et al. (2012) ES&T 46, 3874-3881.
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Higher temperature and hydrogen 
availability stimulated the 

methanogenic activity in east 
Antarctic subglacial sediment 

HONGMEI MA1, WENKAI YAN2, XIANG XIAO2, BO SUN1, 
YINKE DOU3 AND YU ZHANG2 

1Polar research institute of China, China 
2Shanghai Jiao Tong University, China 
3Taiyuan University of Technology, China 
 

Subglacial ecosystem in Antactic, though considered as 
cold and barren, is influential and, at the same time, sensitive 
to global climate. With liquid water, organic carbon and anoxia 
condition in subglacial sediment, microbial activity have been 
found here and methanogenesis is regarded as the last step of 
carbon metablolim. The powerful greenhouse gas, methane, is 
accumulative beneath the ice sheet and shows the potential 
effect on global climate change. However, the methane 
production in East Antarctica need more study. 

In vitro incubation and molecular study were enmployed to 
study the methanogenesis in subglacial sediment in East 
Antarctica. The sediment was collected from the glacial 
margin and incubated at 1 oC, 4 oC, 12 oC with carbon soure to 
test the methane prodcution rate. The methanogens’ marker 
gene, mcrA gene was analyzed to study the diversity and 
abundance of methanogens. Based on the mcrA gene analysis, 
hydrogenotrophic methanogens were dominant here which was 
consistent with the result that much higher methane production 
rate was observed with H2 supplying. H2 could be produced 
through the degradation of organic carbon which was affected 
positively by temperature. This finding highlights the chemical 
and physic condition effect on methanogenesis in subglacial 
sediment and supports the notion that greenhouse gas could be 
produced beneath ice sheet and may have positive feedback on 
global warming considering that the produced methane 
beneath ice sheet could be released into the air. 
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Distribution of B and variation of 
δ11B in basaltic weathering profile 
from Hainan island, South China  

JINLONG MA1, GANGJIAN WEI1, YING LIU1 AND  
YIGANG XU1 

1State key Laboratory of Isotope Geochemistry, Guangzhou 
Institute of Geochemistry, Chinese Academy of Sciences, 
Guangzhou, 510640, China jlma@gig.ac.cn 

 
A 60-meter core spanning from the fresh parent rock to 

laterites was drilled from a Cenozoic basaltic weathering 
profile in Hainan Island, South China to investigate the 
behaviour of elemental and isotopic geochemistry during 
intensive chemical weathering. B contents and B isotopic 
compositions were measured to exhibit B distribution and 
boron isotopic fractionation during the weathering process. 
Normalized to Ti, τB (the percentage changes of B relative to 
Ti) values in most samples show negative values and have 
great variations ranging from -2% to -78%. δ11B also show a 
great variation in weathering products ranging from -4.5 to  
2. τB values are gradually decreased from the bottom parts to 
the middle parts with the continuous increasing of CIA, 
indicating a successive release of B from the profile during 
chemical weathering until the CIA values close to 100%. τB 
values in the bottom parts have a low loss  and most samples 
keep relative constant values of about -22%. The τB variation 
on the profile is close associated with that of the pH values. 
When pH values decrease from 6.3 to about 5.3, τB values are 
gradually decreased to -78%. This suggests that B was easier 
to be removed from the profile at low pH condition. The 
positive correlation between Si and τB values suggest that B is 
mainly hosted in the silicate minerals, consequently, B is 
released during the decomposition of primary silicate minerals 
and the re-construction of second silicate minerals. Meanwhile, 
δ11B show negative correlation to Si concentrations, τB values 
and pH values. This suggests that lighter boron isotope (10B) 
are preferentially released from the profile at low pH values, 
and, heavy boron isotope (11B) tends to be hosted in the 
residual products during decomposition and re-construction of 
silicate minerals.  
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Quantifying weathering rates along a 
precipitation gradient on Basse-Terre 
Island, French Guadeloupe: Insights 
from U-series isotopes in weathering 

rinds  
LIN MA1, JACQUELINE ENGEL1, PETER SAK2,  
JEROME GAILLARDET3, MINGHUA REN4 AND  

SUSAN BRANTLEY5 
1Department of Geological Sciences, University of Texas at El 

Paso, El Paso, TX, USA (lma@utep.edu) 
2Department of Earth Sciences, Dickinson College, Carlisle, 

PA, USA 
3Institut de Physique du Globe de Paris, Paris, France 
4Department of Geoscience, University of Nevada at Las 

Vegas, Las Vegas, NV, USA 
5Earth and Environmental Systems Institute, Pennsylvania 

State University, University Park, PA, USA 
 

Rock fragments entrapped in soils may form weathering 
clasts. A weathering clast contains a layer of  alteration rind 
(solid weathering products) surrounding a core of unweathered 
parent material. The presence of thick rinds implies that little 
or no physical erosion has occurred to the rind materials after 
weathering. Weathering rinds thus provide an excellent yet 
simple system to study initiation of weathering at the rock-
regolith interface. Furthermore, recent studies successfully 
utilized a novel U-series isotope chronometer to directly 
determine ages of weathering rinds, highlighting a new 
combined geochemical and isotopic approach to use 
weathering rinds to quantify long term weathering rates. Here, 
we applied petrographic, bulk chemical, electron microprobe, 
and U-series isotope techniques to charaterize weathering 
reactions and quantify weathering rates in rinds collected 
across a steep precipitation gradient on tropical volcanic 
Basse-Terre island in French Guadeloupe. New rinds were 
collected from a relatively dry part of the island (Deshaies: 
MAP 1800 mm and MAT 25°C), an ideal site to compare to 
the previously studied rind from the wet part of the island 
(Bras David: 3400 mm and MAT 25°C). The new weathering 
rates of the Deshaies rind range from ~0.1 to 0.2 mm kyr-1, 
slower than the ~0.2 to 0.3 mm kyr-1 rates in the Bras David, 
highlighting the important role of precipitation on controlling 
weathering rates on this island. New results also revealed the 
importance of curvature and porosity during rind formation at 
the clast scale. Weathering rinds thus provide a promising 
system to study chemical weathering across environemntal 
gradients. 
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History of methane adsorption 
capacity on high rank coals:  

A case study from Hancheng area in 
Ordos basin, China 

MA XINGZHI1, LIU SHAOBO1, JIANG LIN1 & HONG FENG1, 
HAO JIAQING1 

1Research Institute of Petroleum Exploration and 
Development, PetroChina, Beijing 100083, China 

 
In China, high rank coals had experienced multiple 

tectonic subsidence and uplift events. Research on the 
adsorption capacity evolution of high rank coals in geological 
history has implications for better understanding of coalbed 
methane enrichment and accumulation. In accordance with the 
data of high-temperature and high-pressure methane isotherm 
adsorption experiments, a mathematical method was 
established for predicting adsorption evolution of coal 
reservoirs and then the adsorption evolution process 
reconstructed for main coal reservoirs in Hancheng area, Ordos 
basin. Results show that the adsorption capacity of high rank 
coal reservoirs is influenced by multiple factors. It is positively 
correlated with pressure and thermal evolutionary degree of 
coals, and negatively correlated with temperature, moisture 
content, ash content and volatile matter content. Based on 
mathematical analysis, an extended Langmuir model 
considering temperature, pressure and thermal evolutionary 
degree was built to predict the adsorption capacity of high rank 
coals. Combined with the analysis of burial history and thermal 
history, the adsorption evolution process of the main coal 
reservoirs in Hancheng area was divided into three stages, 
including the stable low-adsorption stage, increasing 
adsorption stage, and stable high-adsorption stage. 
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Effects of Earth’s rotation on the 
early evolution of a terrestrial magma 

ocean 
C. MAAS1* AND U. HANSEN1 
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(*correspondence: christian.maas@uni-muenster.de) 

 
Like Moon or Mars, Earth experienced one or several deep 

magma oceans of global extent in a later stage of its accretion. 
The crystallization of these magma oceans is of key 
importance for the chemical structure of Earth, the mantle 
evolution and the onset of plate tectonics. Due to the fast 
rotation of early Earth and small magma viscosity, rotation 
probably had a profound effect on differentiation processes.  
For example, [1] propose that the distribution of 
heterogeneities like the two large low shear velocity provinces 
(LLSVP) at the core mantle boundary is influenced by 
rotational dynamics of early Earth. Further [2] suggest that the 
LLSVP’s are very long-living anomalies, probably reaching 
back to the time of differentiation and solidification of Earth. 
However, nearly all previous studies neglected the effects of 
rotation. 
In our work a strong influence of rotation as well as of latitude 
on the differentiation processes in an early magma ocean is 
revealed. We show that crystal settling in an early stage of 
magma ocean crystallization crucially depends on latitude as 
well as on rotational strength and crystal density. Due to 
rotation an asymmetrically differentiated mantle could possibly 
develop after magma ocean solidification, with strong effects 
on mantle composition. Further we show that rotation could 
explain the development of a basal magma ocean [3] and the 
formation of chemical heterogeneities at the core mantle 
boundary. These heterogeneities in the deep early mantle 
would have a profound effect and could control the planform 
of mantle convection and the geometry of plate motions at the 
surface [4]. 
 
[1] Dziewonski et al. (2010) EPSL 299, 69-79. [2] Garnero and 
McNamara (2008) Science 320, 626-628. [3] Labrosse et al. 
(2007) Nature 450, 866-869. [4] Trim et al. (2014) EPSL 405, 
1-14. 
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Olympic Dam Cu-U-Au deposit: 
87Sr/86Sr in carbonate gangue 

documents long formation history   
ROLAND MAAS1, OLGA APUKHTINA2,  

VADIM KAMENETSKY2 AND KATHY EHRIG3 

1University of Melbourne, Australia, maasr@unimelb.edu.au 
2CODES, University of Tasmania, Hobart, Australia 
3BHP Billiton Olympic Dam, Adelaide, Australia  
 

The Olympic Dam supergiant Cu-U-Au-Ag-(REE) deposit, 
South Australia, is hosted in hematite-rich breccia within  
1590 Ma granite. Initially linked exclusively to the 1590 Ma 
Gawler Range Volcanic LIP and associated mafic/ultramafic 
magmatism, mineralization is now known to have a complex 
multi-stage history. Here we use Sr isotope ratios in gangue 
minerals to constrain the history of this complex deposit.  

Carbonate (chiefly siderite, dolomite-ankerite, calcite with 
diverse settings and textures) forms a prominent component of 
the Olympic Dam Breccia Complex. 87Sr/86Sr  in a set of 58 
carbonate samples (most with Rb/Sr<0.05) vary from 0.7077 to 
0.7524, clustering at 0.715-0.725, and there is little correlation 
with mineralogy, paragenesis, texture or host lithology. Similar 
results were obtained for barite and fluorite [1,2]. Existing 
models involving ‘single-stage’ mineralization at ~1590 Ma 
propose two main sources of ore-forming fluids, the host 
granite and near-coeval mafic-ultramafic magmatism. In this 
scenario, carbonate, fluorite and barite gangue would have 
formed with 87Sr/86Sr of ≤0.7090 [3], and given their low 
Rb/Sr, such minerals would be expected to largely preserve 
this fluid signature. In contrast, the high and variable 87Sr/86Sr 
observed in low-Rb/Sr gangue minerals requires that much of 
the carbonate-sulfate-fluorite gangue formed substantially 
post-1590 Ma, after build-up of radiogenic Sr within the high-
Rb/Sr granitic host rock. Alternatively, high 87Sr/86Sr may be 
inherited from pre-1590 Ma, possibly sedimentary components 
within the breccia complex. Our preferred explanation involves 
multiple episodes of ore/gangue formation at 1590, 1300-1100, 
820 and ~500 Ma, as a response to large-scale geological 
events [4].  
 
[1] Wawryk (1989) Hons Thesis, Univ.of Adelaide [2] Maas et 
al. (2011) Min. Mag. Goldschmidt Abstracts 1375 [3] Creaser 
& Gray (1992) GCA 56, 2789-2795 [4] Kamenetsky et al. 
(2015) SEG abstract, Hobart 
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Can retention by dams 
counterbalance anthropogenic 
phosphorus loading to rivers? 

TAYLOR MAAVARA* AND PHILIPPE VAN CAPPELLEN 
Ecohydrology Research Group, Water Institute and 

Department of Earth and Environmental Sciences, 
University of Waterloo, Ontario, Canada 
(*correspondence: tmaavara@uwaterloo.ca) 

 
Humans already built in excess of 15 million reservoirs 

and 70,000 large dams worldwide. With rising water stress and 
demand for energy, these numbers will continue to increase in 
the foreseeable future. The number of large hydroelectric 
dams, for example, is expected to nearly double over the next 
20 years. River damming traps phosphorus (P) and, hence, may 
help offset the transfer of this limiting nutrient element to 
downstream lakes and, utimately, the coastal zone. In this 
study, we use a mechanistic approach to model the retention 
and transformation of P speciation associated with the 
construction of dams. We develop probability distribution 
functions (PDFs) to describe riverine P fluxes and 
transformation processes in reservoirs. These PDFs are then 
used in Monte Carlo simulations to generate P retention 
relationships as a function of the hydraulic residence time in 
reservoirs. A key finding is that these relationships are quite 
similar to those derived originally by Vollenweider for lakes. 
We apply our model approach to calculate the expected 
reductions in riverine P loads by reservoirs in 1970, 2000 and 
2030, following the Millennium Ecosystem Assessment 
projections. Our results represent the first spatially explicit, 
global estimations of the effects of river damming on the 
riverine fluxes and speciation of P. Between 1970 and 2000 we 
estimate that the mass of total P (TP) retained in reservoirs 
nearly doubled, with more than 11% of the TP loading to 
watersheds retained in reservoirs in 2000. Despite the current 
damming boom, TP retention will not increase significantly by 
2030, largely due to the short water residence times of most 
new reservoirs. The largest increases in reactive P retention 
will take place in the Yangtze, Mekong and Amazon basins, 
where, by 2030, 142, 121 and 184 new dams will be built, 
respectively. Results additionally indicate that reservoirs 
preferentially retain unreactive forms of P, thus enhancing the 
bioavailability of riverine P. Overall, our results imply that, 
despite massive river damming, P retention in artificial 
reservoirs cannot offset the anthropogenic loading of P to 
rivers and streams.  
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Simulating atmospheric loss and 
carbonate formation on early Mars 

using hydrothermal experiments 
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INTRODUCTION:  
Multi-stranded evidence strongly advocates liquid water 

once flowed on Mars, yet current surface conditions are 
outside the stability field of water, indicating the past 
atmosphere must have been thicker (1-5 bar [1]); probably 
possessing significant CO2/SO2 components. The fate of such a 
palaeo-atmosphere has been vigorously debated, with 
hydrodynamic escape and polar ice storage estimates unable to 
adequately explain atmospheric loss alone, without employing 
significant crustal carbonation, even when using very 
conservative initial estimates [2]. 

This research investigates the rate, fluid dynamics, 
morphology and quantity of such crustal carbonation through a 
simplified contolled analogue. From previous study of martian 
meteorites the authors concluded that observed martian 
carbonates formed as low temperature fluid weathering 
products, replacing the original silicate mineralogy.   

METHODS AND RESULTS:  
To test this conclusion, a 120 day pressure chamber 

experiment seeks to establish conditions conducive to 
replicating the meteorite carbonate mineralogy. Based at the 
British Geological Survey, it consists of eight H2O filled 
vessels under constant 80°C and 2 bar. Well analysed 10g 
samples of olivine, basalt, basalt and pyrrhotite are selected as 
initial mineralogies. Each sample is saturated with either CO2, 
CO2/SO2 2:1 mix or N (control). At 5 points during the 
experiment 12ml will be extracted and analysed using 
PHREEQC 3 software to calculate fluid geochemical 
evolution. Post experiment, samples are petrographically 
reanalysed for petrological changes, and specifically, carbonate 
growth. 

 
[1] Pollack et al. 1987. Icarus 71 203-24. [2] Niles and 
Michalski, 2011. 42nd Lunar and Planetary Science 
Conference 2471. 
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Nd-, Pb-, Sr-isotope signatures in 
Arctic sea-ice and marine sediments 
under present interglacial boundary 

conditions 
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Ice rafting and oceanic currents are the most efficient 

mechanisms for the dispersal of sedimentary material over 
ridges and between deep basins of the Arctic Ocean. Under full 
glacial conditions, when the Laurentide and Eurasian ice sheets 
(LIS, EIS) were active, Nd, Pb and Sr isotope signatures in 
ridge sediments record supplies from the LIS-Canadian Arctic 
margin and/or from the Barents-Kara Sea EIS-margin [1]. 
Under modern conditions, the large continental shelves of the 
Arctic Ocean are the place where most of the sediments are 
deposited and incorporated into sea-ice to be redistributed over 
the Arctic basin with respect to the Beaufort Gyre and the 
Trans-Polar Drift.  

Major "isotopic shelf provinces" have been characterized 
based on surface sediment data from the circum-Arctic shelves 
and are: the Arctic Canadian shelf (εNd ~ -13.6, 87Sr/86Sr 
~0.727 and 206Pb/204Pb ~18.9) ; the Mackenzie-Beaufort Sea 
shelf area (εNd ~ -14.4, 87Sr/86Sr ~0.731 and 206Pb/204Pb 
~19.5) ; the Bering Strait/ Chukchi Sea areas (εNd ~ -7.6, 
87Sr/86Sr ~0.710 and 206Pb/204Pb ~19.2) ; the Laptev Sea (εNd ~ 
-12.8, 87Sr/86Sr ~0.716 and 206Pb/204Pb ~18.7). The Arctic 
Canadian shelf seems highly influenced by the Mackenzie 
river and, on the contrary, the Lena river influence seems to be 
diluted towards the outer Laptev Sea margin. The few 
available data on sea-ice sediments fall within these clusters, 
mostly from the Laptev Sea area. 
 
[1] Maccali et al. (2013), Quaternary Science Reviews, 64, 
136-151 
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Ferromanganese (Fe-Mn) nodules have long been 
considered a potential resource for metals, such as Ni, Cu, and 
Li, that are important in contemporary technology. Extensive 
areas of densely distributed high-grade nodules have been 
recognized in the region between the Clarion and Clipperton 
Fracture Zones (CCZ) in the central Pacific Ocean (e.g., Hein 
et al., 2013, OGR). Japan has approved exploration licenses 
for future mining in CCZ, although the location’s remoteness 
is an obstacle to mining operations. We discovered a dense 
field of Fe-Mn nodules on a seamount approximately 300 km 
east of Minamitorishima Island, in the Japanese Exclusive 
Economic Zone. Then, it can be expected that the further 
exploration in EEZ and the future development followed by 
the self-sufficiency and the stabilization of the market for the 
rare metal. 

To evaluate potential Fe-Mn nodule field esast of 
Minamitorishima Island as a rare metal resource, we describe 
results of a geological survey using the SHINKAI 6500 
submersible (dive No. 6K 1207) during cruise YK10-05 of R/V 
Yokosuka in 2010, and geochemical analyses of collected 
samples. Submersible observations showed that spherical 
nodules 5-10 cm in diameter almost fully cover the region of 
high acoustic reflectivity. The large nodules generally consist 
of three concentric layers: the outermost mottled (sediment-
filled) layer L0; the massive black layer L1; and the innermost 
porous (sediment-filled) layer L2. Geochemical and structural 
features indicate that the nodules are compositionally and 
morphologically similar to Fe-Mn crusts, suggesting that they 
owe their origin solely to prolonged hydrogenetic precipitation 
of Fe-Mn-(oxyhydr)oxides. As nodules include metals of 
economic interest, especially Co, Ni, Mo, and W, this deposit 
should have a high potential for future mining. The changes in 
nodule composition from the center to the rim may yield 
information on paleoceanographic events since early 
Oligocene time. 
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During the last 200 years there has been a variety of 
studies debating the origin of the black or brown, up to 250 µm 
thick manganese-rich coatings on rocks, which are referred to 
as rock varnish. Varnish grows in almost every type of 
terrestrial weathering environment, and literature rarely 
distinguishes between varnish from arid to semi-arid climates, 
cold climates or even river splash zones. 

We used a combination of 200 nm-femtosecond laser 
ablation-inductively coupled plasma-mass spectrometry (fs 
LA-ICP-MS), focused ion beam (FIB) slicing and scanning 
transmission X-ray microscopy (STXM) for high-spatial-
resolution analysis of rock varnish. Even though fs laser 
measurements are almost matrix independent, appropriate 
reference materials are rare, due to their low Fe and Mn 
amounts. Therefore, manganese nodule reference material 
powders (JMn-1 (GSJ), FeMn-1 (IAG), NOD A-1 and NOD P-
1 (USGS)) were investigated for their suitability as future 
reference materials for LA-ICP-MS analyses of these Mn rich 
coatings. 

Rock varnish samples from different arid (Negev, Israel; 
Death Valley and Mojave Desert, California; An Nafud, Saudi 
Arabia) and semi-arid (Knersvlakte, South Africa) locations, 
river splash zones (New York state, USA)², and an urban area 
(Smithsonian Castle, Washington D.C., USA)³ were 
investigated for internal morphologies and element 
distributions at the nm scale, as well as for their element 
composition and Pb isotope ratios. Based on these features, we 
present our results displaying differences and similarities 
between the rock varnish samples from different regions.  
 
¹Samples (dated to ~110 years) obtained by B. DiGregorio 
²Samples were obtained by R. Livingston and C. Grissom 
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Potential for environmental releases of charged organic 
compounds has increased through application of less 
bioaccumulative pesticides, disposal of wastes containing 
pharmaceutical compounds and development of ionic liquid 
solvents.  Models to predict charged organic compound 
interactions with soil and sediment surfaces are not well-
developed.  Experimental approaches to structure-based 
models are precluded by the coupled influence of substituents 
on organic compound size and electronic effects on the charge 
site.  New advances in computational chemistry tools allow for 
separation of size (van der Waals forces) and electrostatic 
contributions to binding energies and hold promise for 
developing predictive sorption models. 

We examined the application of the ‘Linear Interaction 
Energy’ approximation to the sorption of organic cations on 
pure phase aluminosilicate clay minerals.  Computational 
efficiencies are afforded by calculating van der Waals and 
electrostatic energies in only the bound and unbound states.  
Regressions of the ensemble van der Waals and electrostatic 
free energy differences against measured sorption energies 
gave error of less than 0.4 kcal mol-1.  Further, calculated 
electron density maps provided insights into underlying 
attraction/repulsion of organic cation substructures with the 
clay surface.  Model translation to systems with varied 
competing inorganic cations and clay mineralogies were 
explored. 
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δ15N-NH4
+-N of dairy manure compost piles with and 

without bulking agent (10% w/w) were compared to 
understand the significant mitigation of N2O emission by the 
use of bulking agent. δ15N-NH4

+-N of each locations of the pile 
(top, side and core) were also compared. Piles with bulking 
agent showed significantly higher value 17.7±1.3‰ than that 
of the piles without bulking agent (11.8±0.9‰) at the end of 
the process, reflecting significant higher nitrogen conversion 
and NH3 loss occurred in the pile with bulking agent. The pile 
top samples, especially in the piles with bulking agent, showed 
very high NH4

+-N concentrations with significantly enriched 
δ15N values (12.7-29.8‰) indicate extremely high nitrogen 
conversion, nitrification-denitrification activity of the microbes 
and NH3 volatilization occurred in this zone. 
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The stable isotopic composition of sulphur in single blood 
cells and hair strands has been measured using the new 
SHRIMP-SI ion probe at the Australian National University, 
using Faraday cups equipped with rate-of-charge electrometers 
[1]. For the blood cells, silicon wafer matrix was used for low 
backgrounds, conductivity, and tuning. The small signals 
released and chemical fixing procedures required to allow the 
cells to withstand vacuum create several analytical challenges. 
Carbon isotopic measurements were imprecise due to 
backgrounds from fixative chemicals, and oxygen ion yield 
was insufficient for permil-level counting statistics on 18O in 
the ~40 second burn through time for single red blood cells. 
Despite these complications, we were able to measure red 
blood cells to a cell-to cell δ34S reproducibility (standard 
deviation) of 3.5‰, and hair to a reproducibility of 0.5‰. It is 
not clear how much of this variability is biological vs 
instrumental.  As archaeological human populations have δ34S 
variations on the order of 20‰, this precision might be 
adequate for investigating a variety of anthropological, 
athletic, or forensic applications. However, results of a month-
long intercontinental travel study from Australia to Japan and 
an investigation into isotopic fractionation of malaria-infected 
cells show only limited isotopic change in the hair and no 
change within analytical error in the blood cells. 
 
[1] Ireland, T. R., N. Schram, P. Holden, P. Lanc, J. Ávila, R. 
Armstrong, Y. Amelin, et al. 2014. ‘Charge-Mode 
Electrometer Measurements of S-Isotopic Compositions on 
SHRIMP-SI’. International Journal of Mass Spectrometry 359 
(February): 26–37. doi:10.1016/j.ijms.2013.12.020. 
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At Macmillan Pass, Selwyn Basin (YT, Canada), Zn-Pb-
Ba mineralization is hosted by Late Devonian carbonaceous 
mudstones at the Tom and Jason deposits. A euxinic water 
column is widely accepted to form the metal trap for these 
systems, whereby H2S is produced during bacterial reduction 
of seawater sulphate. In this study, isotopic microanalysis 
(secondary ion mass spectrometry; SIMS) is used to evaluate 
the δ34S composition of barite and pyrite and the evidence for 
euxinia. 

Petrographic assessment of drill-core samples from the 
mineralization at Tom and Jason reveals multiple generations 
of pre-ore diagenetic barite and pyrite, all of which are 
overprinted by later hydrothermal sulphides (galena, sphalerite, 
pyrite). All generations of barite preserve a relatively narrow 
range of δ34S values (24‰ to 34‰) and the first generation of 
pyrite (py-1; framboidal) preserves negative δ34S values (-23‰ 
to -28‰); this is consistent with diagenetic precipitation of py-
I during open system bacterial sulphate reduction. The isotopic 
relationship of subsequent stratiform euhedral pyrite (py-II) 
with barite (δ34S-pyrite ≅δ34S-barite) can only be explained by 
sulphate reduction coupled with anaerobic methane oxidation 
(SR-AOM) at the sulphate-methane transition zone (SMTZ). 
Methane-rich pore fluids were effective at both mobilizing 
barium beneath, and reducing sulphate at, the SMTZ. Thus, 
precipitation of stratiform barite and pyrite occurred when 
methanic, Ba-rich fluids interacted with the SMTZ, indicating 
a low temperature, diagenetic origin for this pre-ore 
assemblage.  

Hydrothermal sulphides (pyrite, sphalerite and galena)  
post-date the diagenetic barite-pyrite assemblage, and so did 
not precipitate from a euxinic water column. This necessitates 
an alternative metal trap, and we suggest that H2S generated 
during SR-AOM formed an effective mineralization pathway 
for the metal–bearing hydrothermal fluids. 
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The transport of water to large depths via subduction zones 

has a major impact on the Earth’s volatile budget, on the 
chemical evolution of the Earth, and on the deep mantle 
composition and rheology. The amount of water that is 
retained in slabs and carried deep into the mantle is difficult to 
constrain for the present-day, and, arguably, even more so for 
early Earth conditions. 

Here, we use a numerical tool that combines thermo-
mechanical models with a thermodynamic database to examine 
slab dehydration for present-day and early Earth settings and 
its consequences for the deep water recycling throughout time. 
We parameterize the amount of water that can be carried deep 
into the mantle, W (x105 kg/m2), as a function of subduction 
velocity vs (cm/yr), slab age a (Myrs), and mantle potential 
temperature Tm (°C): 

W = 1.06vs + 0.14a – 0.023Tm +17 
We generally observe that a 1) 100°C increase in the 

mantle temperature, 2) ~15 Myr decrease of plate age, or 3) 
decrease in subduction velocity of ~2 cm/yr all have the same 
effect on the amount of water retained in the slab at depth, 
corresponding to a decrease of ~2.2x105 kg/m2 of H2O. We 
estimate that for present-day conditions ~26% of the global 
influx water, or 7x108 Tg/Myr of H2O, is recycled into the 
mantle. Using a realistic distribution of subduction parameters, 
we illustrate that deep water recycling might still be possible in 
early Earth conditions, although its efficiency would generally 
decrease. Indeed, depending on the plate velocity model 
evolution we use, we find that 0.5-3.7x108 Tg/Myr of H2O, or 
3-13%, could still be recycled in the mantle at ages >2.8 Ga. 
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Groundwater arsenic contamination is a significant health 

risk to millions of people worldwide. Microorganisms save 
energy by reducing arsenate, ferric iron, sulfate, and other 
electron acceptors. In aquifers, these processes can potentially 
degrade water quality by mobilizing arsenic. Here we show in 
an arsenic-contaminated volcaniclastic aquifer how microbial 
metabolisms change aquifer chemistry and release arsenic into 
groundwater. We mixed sloughed sediments from the aquifer 
with synthetic groundwater to construct a series of batch 
reactors. These reactors included a biological control of 
sterilized sediments, a microcosm of native aquifer conditions, 
and two ethanol-stimulated microcosms (with and without 
sulfate addition). We incubated these microcosms for two 
months and monitored the chemistry in the solid, aqueous, and 
gas phases. In the reactor simulating native conditions, 
arsenate was reduced; however, no significant reduction of 
ferric iron or sulfate was detected.  In the microcosm amended 
with ethanol, significant reduction of arsenate and ferric iron 
occurred, releasing arsenic into groundwater. In the microcosm 
with the addition of both ethanol and sulfate, significant 
reduction of arsenate, ferric iron, and sulfate occurred, 
producing significant sulfide minerals, and maintaining 
groundwater arsenic at relatively low levels. These data 
highlight the compounding effects of microbial reduction of 
arsenate, ferric iron, and sulfate on the occurrence and mobility 
of groundwater arsenic. 
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Cryosphere environments include numerous oil-rich areas, 

including polar regions and the deep ocean.  Understanding the 
geomicrobiology of these environments is important for 
understanding mechanisms of microbial petroleum 
degradation. Hydrocarbonoclastic microbes are major players 
in global biogeochemical cycling, with applications to 
bioremediation and heavy oil upgrading. We are investigating 
proteins from psychrophilic and mesophilic hydrocarbon-
degrading bacteria, specifically Colwellia psychrerythraea and 
Marinobacter hydrocarbonoclasticus. Using UV-visible 
absorption, circular dichroism, and NMR spectroscopies, X-
ray crystallography, and electrochemistry, we are studying 
energetics, dynamics, and electron transfer in  cytochromes 
from these organisms. We report new insights into roles of 
protein flexibility in structure and function in electron-transfer 
proteins. In addition, we explore how specific methionine 
residues are involved in protein stabilization and activity. 
Cytochromes with the native iron replaced by Zn(II) or Co(III) 
are used to elucidate these mechanisms. Our work suggests a 
series of important molecular adaptations for life in the 
cryosphere. 
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Nitrous oxide (N2O), a greenhouse gas and ozone-

depleting molecule, is currently accumulating in the 
atmosphere. This accumulation is thought to be driven by 
biological nitrification and denitrification, but the exact 
balance of biological contributions of N2O in the environment 
is unclear. We are assessing whether distinct isotopic 
signatures are associated with different biological sources of 
N2O, using new analytical methods of high resolution mass 
spectrometry that enable quantification of: δ15N, δ18O, ∆17O, 
15N site preference, and the clumped isotopologues 14N15N18O, 
15N14N18O, 15N2

16O, and the sum of 14N15N17O+15N14N17O. Each 
of these parameters records different aspects of the substrates 
and bond-making and bond-breaking reactions that involve 
N2O and its precursors, including both equilibrium and kinetic 
effects.  

We have applied these techniques to measure the 
isotopologues of N2O associated with a number of 
environmentally relevant processes, including bacterial and 
fungal denitrification, bacterial ammonia oxidation, and abiotic 
nitrite reduction by ferrous iron. The bulk isotopic compostion 
and 15N site preference for each sample match the expected 
mechanism of formation and previous pure culture 
measurements. No sample has position-specific and clumped 
isotope compositions consistant with an equilibrated final 
product. Most processes produce a ∆(14N15N18O+15N14N18O) 
value, which represents the abundance of these two 
isotopologues relative to a random distribution of 15N and 18O 
among all isotopologues, between 0 and 1‰. But for some 
samples that come from organisms with a copper-type nitrite 
reductase, including both ammonia oxidizing bacteria and 
denitrifiers, this parameter can be less than zero. One 
possibility is that these values can be inherited from from 
precursors to N2O, like nitrite. Finally, the site preference for 
15N in 18O-containing isotopomers  proves to be useful to 
distinguish N2O from fungal denitrifiers and the hydroxlamine 
oxidation pathway of bacterial nitrifiers, which overlap in both 
∆(14N15N18O+15N14N18O) and conventional 15N site preference. 
These results suggest that all measured isotopologues are 
useful for distinguishing among various mechanisms of nitrous 
oxide production.   
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During migration and residence in sedimentary reservoirs, 
petroleum liquids are in nearly constant contact with formation 
waters. We undertook an experimental study of the effects 
such contact might have on the Re-Os radiometric system, 
which is increasingly used to date oils (e.g. [1] [2]). Contact 
experiments were performed to study the possible transfer of 
Re and Os from aqueous solutions highly enriched in these 
elements to natural oils. Tested parameters included time, 
temperature, concentration and oil composition. In all cases 
very rapid, extensive transfer occurred of both elements from 
the aqueous to the organic phase. The molecular-scale 
mechanism by which this occurs was studied by XANES and 
EXAFS at Re and Os L-edges using the FAME beamline at the 
European Synchrotron Radiation Facility. 

If the efficient Re and Os transfer seen in the laboratory 
occurs in nature, this process may have a major effect on the 
Re and Os systematics of oils. Assuming that Re and Os 
contents of formation waters are similar to those of 
groundwaters (e.g., ~4 pg/g for Re [3] and ~0.07 pg/g for Os 
[4]), the amounts of Re and Os found in 1 gram of our 
conventional oil are equivalent to those found in ~200 g of 
water. Reservoir flow modeling shows that oils are likely to be 
exposed to such quantities of water over geologically short 
timescales (several hundred thousand years). Thus our results 
suggest that many oils may have acquired much or in some 
cases nearly all of their Re and Os content through interaction 
with basin waters. It is therefore critical to consider this 
process when interpreting apparent Re-Os isochrons in oils. 

  
[1] Selby & Creaser (2005), Science 308, 1293-1295. [2] Lillis 
& Selby (2013), Geochim. Cosmochim. Acta 118, 312-330. [3] 
Colodner et al. (1993), Earth Planet. Sci. Lett. 131, 1-15. [4] 
Paul et al. (2010), Geochim. Cosmochim. Acta. 74, 3232-3448. 

  

1971



 Goldschmidt2015 Abstracts  

 1972 

Are mangrove carbon exports old or 
modern? A multiple radio- and stable 

isotope analysis 
DAMIEN MAHER1*, MITCHELL CALL1, ISAAC SANTOS1, 

CHRISTIAN SANDERS1, KAI SCHULZ1,  
ANDREW JENKINSON2 AND GERALDINE JACOBSEN2 

1Southern Cross University, Military Road Lismore NSW 2480 
Australia.* damien.maher@scu.edu.au 

2ANSTO, New Illawarra Road, Lucas Heights, NSW 2234 
Australia 

 
Around half of the carbon fixed by mangroves globally is 

unaccounted for in current carbon budgets. Much of the 
“missing” carbon may be associated with the underground 
respiration of organic matter which is exported via 
groundwater flow. In mangrove systems, crabs burrows and 
macropores created by dead roots may expose buried carbon to 
changes in redox conditions, and potentially lead to the 
remineralisation and export of old carbon (100’s to 1000’s of 
years old). This has important implications for the global “blue 
carbon” stocks in mangroves. To assess whether old or modern 
carbon is exported, we measured Δ14C-DIC concentrations in a 
mangrove creek hourly over a tidal cycle. In addition we 
measured groundwater radiogenic geochemical tracers (223Ra, 
224Ra, 226Ra and 222Rn), along with continuous measurements of 
δ13C-CO2 using a cavity ring down spectrometer. There was 
significant export of DIC from the mangrove system that had a 
δ13C value matching mangrove organic matter. The export was 
driven by underground carbon respiration and subsequent 
export via groundwater as determined via radiogenic tracers. 
Interestingly, the age of the exported DIC as determined by a 
mixing and mass balance model of measured Δ14C-DIC values, 
was 100’s of years old, suggesting that the timescale used to 
estimate long term carbon burial in mangroves should be 
longer than what is currently used (typically buried carbon > 
30 years old is considered “permanent”). The results also 
suggest that there might be at least two distinct pathways for 
carbon export from mangroves – 1) Remineralisation of 
“young” shallow surface organic matter which is lost directly 
to the atmosphere as CO2 within the mangrove forest, and 2) 
Remineralisation of “old” buried carbon which is exported via 
lateral groundwater export to the coastal ocean. Measuring 
these pathways in conjunction will help to adequately constrain 
carbon budgets and determine the long term burial capacity of 
mangroves.  
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Iron is ubiquitous in natural environments and used widely 

in engineered treatment systems as a coagulant or adsorbent. 
When iron is introduced to such systems, it forms a variety of 
species dependent upon the pH of the solution with this pH 
very dependent upon the particular concentration of iron 
added. In an attempt to better understand the relative 
importance of factors controlling iron oxide precipitation, we 
modelled the dynamic formation of iron oxides on addition of 
ferric (or ferrous) iron to a solution of well-defined 
hydrodynamic characteristics. The hydrodynamics of this 
system and the transport of iron species from the Fe injection 
point were modelled using COMSOL while the speciation and 
kinetic calculations were performed using the speciation 
program PHREEQC with the coupling of hydrodynamic and 
speciation aspects undertaken using a modified version of the 
method described by Wissmeier and Barry [1]. 

Fe was introduced in to the system at a controlled rate at a 
particular location and the concentrations of the various Fe(III) 
hydrolysis products determined by a charge balance at each 
element in the simulation domain for each time step. This 
model enables description of the formation of amorphous ferric 
oxides (AFOs) as a result of Fe(III) polymerization  and 
subsequent changes in Fe concentration in the system as a 
function of pH. The rate of Fe(III) polymerization was 
calculated as a function of Fe(III) speciation and associated 
water-loss rates.  

The distribution of pH and all Fe species in the simulation 
domain were determined at every time step and the AFO 
distribution in the simulation domain also modelled providing 
insight into the spatial-species dependant mechanisms and 
their contribution to the observed kinetics of AFO formation. 
The time scale of mixing was also obtained from the 
hydrodynamics of the system and will be used in subsequent 
studies of adsorptive uptake of contaminants on the freshly 
forming AFO.  

  
[1] Wissmeier & Barry (2011) Env. Mod. & Soft. 26, 210-218 
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Microbial communities play a key role in biogeochemical 

weathering of minerals in both aquatic and terrestrial 
ecosystems. Symbiotic ectomycorrhizal fungi colonise >95% 
of the fine roots of trees in boreal forests and play a significant 
role in mobilisation and acquisition of Ca, K, Mg and P from 
minerals, as well as organic substrates. Trees invest a 
substantial proportion of recently fixed C belowground, 
enabling the growth of taxonomically and functionally diverse 
fungi that colonise microsites in minerals and organic matter 
that are inaccessible to tree roots. This provision of energy-rich 
compounds fuels the production of biological agents such as 
enzymes, siderophores and organic acids that influence 
decomposition and weathering. Although it is increasingly 
accepted that ectomycorrhizal fungi do play a central role in 
mobilising different nutrients from both organic substrates and 
minerals, the amounts of C invested in these processes, their 
regulation and the identity of the different fungal symbionts 
involved are still poorly understood. We hypothesise that: (1) 
trees allocate more C to those ectomycorrhizal fungi (and 
associated bacteria) that are active in weathering of minerals 
than those involved in decomposition of organic matter, (2) the 
C demand of ectomycorrhizal fungi involved in the weathering 
process depends upon the chemical and physical properties of 
the minerals, (3) N deposition has a negative effect on the C 
allocation to fungi involved in mineral weathering. We tested 
the above hypotheses by using microcosm systems containing 
pine seedlings grown in boreal forest soils amended with 
different minerals, or systems partitioned by nylon-mesh 
barriers preventing roots, but allowing fungal mycelia, to grow 
into different mineral substrates. Seedlings were pulse labeled 
with 13CO2 and 13C allocated to shoot, roots, mycelium and 
different minerals or organic matter substrates was analysed 
using IRMS. Active fungal and bacterial communities 
assimilating plant-derived photosynthetic 13C and involved in 
weathering of minerals were analysed using 13C-RNA based 
stable isotope probing (SIP) and high throughput 454-
pyrosequencing techniques. 
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A model for evolution of fracture aperture 
A model is developed to study evolution of the fracture 

aperture in crystalline rocks mediated by pressure solution. It 
accounts for advection through the fracture, diffusion into the 
rock matrix as well as into the stagnant water existing in the 
fracture plane, pressure dissolution and free-face dissolution or 
precipitation of stressed and unstressed minerals in the 
fracture. 

The developed model has been applied to examine the 
concentration of dissolved minerals in a flow-through test on a 
natural fracture [1]. 

 
Figure 1. Comparison of Si concentration between 

experimental results [1] and model predictions. 
A multitude of simulations are performed to illustrate the 

contribution of different processes to the closure rate of 
fracture. The results are exemplified in Figure 2. 

 
Figure 2. Concentration of dissolved minerals in the 

stagnant water zone 
 
[1] Yasuhara et al. (2006) Earth Planet Sci. Lett. 244,186–200. 
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The net effect of anthropogenic aerosols on climate is 

usually considered the sum of the direct radiative effect of 
anthropogenic aerosols, plus the indirect effect of these 
aerosols through aerosol-cloud interactions. However, an 
additional impact of aerosols on a longer time scale is their 
indirect effect on climate through biogeochemical feedbacks, 
largely due to changes in the atmospheric concentration of 
CO2. Aerosols can affect land and ocean biogeochemical 
cycles by physical forcing or by adding nutrients and 
pollutants to ecosystems. The net biogeochemical effect of 
aerosols is estimated to be equivalent to a radiative forcing of –
0.5 +/- 0.4 watts per square meter, which suggests that 
reaching lower carbon targets will be even costlier than 
previously estimated. 
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Chromite is commonly used for deciphering the 

petrogenesis and geodynamic setting of ultramafic rocks. We 
report here the compositions of chrome-spinels occurring in 
the form of podiform chromitites associated with mantle 
sequence of the Indo-Myanmar Ophiolite Belt and the chrome-
spinel phenocrysts from  a volcanic suite of rocks. The 
Cr/(Cr+Al)  and Mg/(Mg+Fe2+) range from 66 to 70 in the 
chromitite, whereas  volcanic spinels have Cr/(Cr+Al) of 47 to 
56 and the Mg/(Mg+Fe2+)  ranges from 67 to 70. The 
computed crystallisation conditions indicates that the 
chromites were crystallised in an upper mantle environment.  

Using the chrome spinel compositions, we further 
computed the parental melt for the chromitite rock and 
indicative of boninitic composition. In contrast, the volcanic 
spinel resembles more with mid-ocean ridge basalt type. Minor 
and trace elements (Ga, Ni, Zn, Co, Mn, V, Sc) compositions 
of the spinels are comparable to those reported from other 
podiform chromitites of ophiolite complexes. Mineral 
compositions of these two chrome spinels are also used to infer 
the probable crystallization conditions.  

Additionally, metallic alloys, such as Ni-Fe, Ni-Fe-Cr and 
sulphide of Ni-Cr-Fe are present as inclusions in the 
chromitites. We focus on the chemical characterisation and 
discuss the probable formation processes of these inclusive 
phases.  
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Chloride-rich brines are increasingly recognized as playing 
an important role in high P-T metamorphic and magmatic 
systems [1]. The origins of these saline, multicomponent fluids 
are still debated, but experimental evidence suggests that 
regardless of their origin they are important agents of rock 
alteration and mass transfer wherever they occur. Apatite 
(Ca5(PO4)3(OH, F, Cl)) is a ubiquitous accessory mineral in 
many crustal rocks that is widely used to evaluate petrogenetic 
processes [2] and is also particularly suitable for assessing the 
role of fluids at high pressures and temperatures, where 
metasomatic activity is important but poorly understood. 
Apatite is an important host for LREE, F, and Cl and thus can 
be used to monitor elemental mass transfer in high P-T 
settings. Therefore the determination of its solubility in 
geologic fluids is of utmost geochemical importance.  To this 
end, we have investigated the influence KCl-H2O aqueous 
fluids on the solubility behaviour of synthetic F-apatite, 
synthetic Cl-apatite, and natural Durango F-apatite at 800°C 
and 1.0 GPa using 3 mm diameter/1cm long Pt capsules arc 
welded shut and the piston-cylinder apparatus (NaCl setup, 
cylindrical graphite oven). The experimental results indicate a 
strong increase in apatite solubility for aqueous fluids with a 
moderate KCl mole fraction (XKCl). Synthetic F-apatite and 
synthetic Cl-apatite dissolve congruently. Their solubility 
increases from 19 and 37 ppm in pure H2O to 1917 and  
2487 ppm, respectively, at XKCl = 0.4. Natural Durango F-
apatite dissolves incongruently at XKCl < 0.2 to monazite + 
fluid and congruently at XKCl > 0.2. The solubility behaviour of 
both apatites with increasing XKCl indicates the participation of 
H2O in the dissolution reaction. In contrast to the NaCl-H2O 
system investigated by Antignano & Manning (2008) [3], 
apatite solubilities in the system KCl-H2O are considerably 
lower.  

 
[1] Newton, R.C., Manning, C.E. (2010): Geofluids, 10, 58-72. 
[2] Spear, F.S., Pyle, J.M. (2002): Rev. Mineral. Geoch., 48, 
293-335 [3] Antignano, A., Manning, C. (2008): Chem. Geol., 
251, 112-119 
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The deposition of oxidized Fe to Precambrian Banded Iron 

Formations (BIFs) has classically been interpreted to reflect 
ferrous iron [Fe(II)] oxidation by molecular oxygen that was 
produced by cyanobacteria. Recent studies calculated that 
anoxygenic photoautotrophic Fe(II) oxidizing bacteria could 
also have played a major role in deposition of BIFs in a 
stratified ancient ocean, especially in Fe(II)-rich upwelling 
systems. 

In order to investigate and analyze microbial processes in a 
laboratory-scale Fe(II)-rich upwelling system we designed a 
50 cm long vertical flow-through column with anoxic, Fe(II)-
rich medium of seawater salinity that is pumped into the 
bottom of the column at rates representative of upwelling to 
Archaen BIF basins [1]. The photic zone is simulated with a 
defined light source from the top, and by covering the sides of 
the column. Glassbeads (~ 0.5 mm diameter) fill the column to 
stabilize the geochemical gradient as with a pycnocline [2], 
and also serve to narrow the "photic zone" (i.e. by attenuating 
light). In-situ measurements can be conducted to quantify 
oxygen-concentration and distribution vertically through the 
column. Iron concentration and speciation can be analyzed by 
liquid samples, taken anoxically via sampling ports along the 
sides of the column. Aqueous samples can also be used to 
determine the density of microorganisms. Initial experiments 
documented the response of cyanobacteria Synechococcus 
PCC 7002 to sustained upwelling fluxes of Fe(II) and 
quantified Fe(II) oxidation rates induced by photo-
synthetically-produced oxygen. 

This laboratory-scale column therefore serves as proof-of-
concept for an Archaen upwelling system and as a method to 
investigate microbial processes and geochemical patterns 
within these systems. Future experiments will incorporate 
more complex microbial communities (i.e. cyanobacteria, 
photoferrotrophs and/or microaerophilic Fe(II)-oxidizers), and 
we anticipate the column can be used to investigate other 
geochemical parameters, such as the fractionation of Fe 
isotopes in a stratified system. 

 
[1] Konhauser et al. (2002), Geology. [2] Özsoy and Ünlüata 
(1997), Earth Sci. Rev. 
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Antimony enters the environment mostly through mining 
activities or owing to the disposal of antimony-containing 
products. In both cases, minerals which incorporate this 
element can strongly limit its mobility. One of the most 
efficient minerals of this kind is tripuhyite; with its flexible, 
defect-rich structure, it can widely deviate from the nominal 
composition FeSbO4 and accommodate great range of Fe/Sb 
ratios. We are finding tripuhyite as an inconspicuous phase 
essentially everywhere Sb-containing ores or waste forms are 
weathering. The compositional field of tripuhyite in the Fe-Sb-
As ternary passes gapless into the field of Sb-containing 
goethite. Given that such goethite may contain Sb2O5 even in 
excess of 10 weight %, this Sb must be an integral part of its 
structure, not just an adsorbed species. At lower load of Sb(V), 
the predominant aqueous species Sb(OH)6

– is adsorbed onto 
the surfaces of iron oxides, as are many other anions. 

Tripuhyite is commonly accompanied by pyrochlore-type 
phases with general composition (Ca,Pb,Sb3+)2Sb5+

2O6(O,OH). 
In open systems with circumneutral fluids, however, we 
observe massive precipitation of brandholzite, 
Mg[Sb(OH)6]2·6H2O, even though calcium is abundant and the 
pyrochlore-type phases should be preferred. 

The recent discovery of new antimony sulfoxides, e.g., 
ottensite, (Na,K)3Sb6

3+(Sb3+S3)O9·3H2O [1], indicates that the 
mechanisms of Sb weathering and the intermediate species are 
still not well known and offer new fields to explore. 
 

[1] J. Sejkora, J., Hyršl, J., (2007): Mineralogical Record 38, 
77-81. 
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Amorphous and nanocrystalline phases, so-called 
mineraloids, play a special role in weathering processes. They 
are metastable, persist for some time, and convert to other 
phases or dissolve in aqueous solutions. Yet, we are 
increasingly finding that even well crystalline secondary 
minerals which may have precipitated directly from the 
aqueous solution, had a transient amorphous precursor. 

In a Medieval Jacob adit in Ľubietová (Slovakia), massive 
amounts of langite, Cu4(SO4)(OH)6·2H2O, are precipitating. 
The sky-blue, milimeter-sizes euhedral crystals do not form 
directly from the water contaminated by copper. Instead, that 
water is covered by a layer of copper-rich gel, visually 
comparable to blue ice. This gel then slowly transforms into 
langite, although other Cu sulfate minerals are predicted to be 
thermodynamically more stable. We are currently applying 
spectroscopic techniques to understand the local structure of 
this gel. 

In the dumps in Kutná Hora (Czech Republic), the mineral 
bukovskýite, Fe2(AsO4)(SO4)(OH)·9H2O, is abundant. A 
detailed investigation with microtechniques showed that 
bukovskýite forms by slow recrystallization of solid silicate 
gels. These gels span the entire range of chemical 
compositions from silicate-rich to arsenate-rich. 

At the Chyžné (Slovakia) site, we encounter a range of 
ferric arsenate minerals which formed by weathering of the 
arsenopyrite-containing waste. They contain Fe, As, and traces 
of other cations. Yet, the stalactites found there are made of an 
amorphous ferric arsenate-phosphate, although the rocks are 
not particularly rich in phosphorus. At this site, the biological 
contribution to the formation of the amorphous materials 
seems to predominate and dictate what will form and persist. 
We believe that the role and importance of amorphous and 
nanocrystalline materials in the nature is still underestimated 
and deserves more attention. 
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Lake sediments are frequently used to estimate 

contaminant loading and interpretation is often based directly 
on the concentration levels or enrichment factors. This 
approach, however, is inadequate in some cases because 
hydrological processes, lake morphology, trophic level etc. 
affect the elemental enrichment or dilution in the sediments. 

To study this, sediments from 164 small headwater lakes 
with till dominated boreal forest catchments in Central Finland 
were sampled. The samples were dated with the 137Cs method 
and post-1986 (Chernobyl) accumulation was calculated. The 
multi-element sediment composition was determined by acid 
leaching (EPA 3051). The mean carbon content of sediments 
was 21 % (s.d. 8). The dataset combined with catchment till 
fines (< 0.06 mm) geochemistry (Aqua regia leach) and water 
quality data.  To eliminate the variation in dry matter (DM; 
median = 74 g/m2/a), element accumulation rates in each lake 
were normalized by regression based on the lake dataset – with 
DM as an independent variable. Standardized residuals of the 
elements were used for the statistical processing. 

According to the results, Cu, Ni, S and Zn reflect most 
accurately catchment till geochemistry. On the other hand, 
accumulation rate of As, Co, Fe, Mn, P and V  correlated 
positively with the water depth and also with secchi depth and 
pH, referring to the effect of lake morphomometry and acid 
humus fractions from topsoil. The behaviour of Pb deviated 
from other elements, correlating negatively with the water P. 
Thus mobility/accumulation rate of Pb is highest in the 
oligotrophic catchment/lake system. Thus, the Pb immobility is 
brought into question.  The average Pb accumulation rate in 
the post-1986 sediment was estimated to be 5 mg/m2/a. 
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The Highly Siderophile Elements (HSE) are powerful 
tracers of planetary differentiation. Despite the importance for 
the understanding of planetary core formation, there is still a 
huge discrepancy between conclusions of different high 
temperature (HT) experimental studies. These disagreements 
may be due to the presence of HSE micro and nanonuggets in 
quenched silicate melts. The formation of these nuggets is still 
not well understood. One hypothesis is that these HSE nuggets 
formed during the quench of the silicate melt, while another 
hypothesis supposes that these nuggets formed before the 
quench and are artefacts of experiments.  

The goal of this work is to clarify if the presence of HSE 
nuggets in silicate melts is linked to a quench effect or not. We 
performed new HT experiments at different oxygène fugacity 
fO2, between ambient air up to ~5 log units below the Iron-
Wüstite buffer, for two different silicate compositions 
(synthetic basalts) mixed with a metallic mixture of Pt-Au-Pd-
Ru. Our samples underwent fine textural, structural and 
analytical characterizations (SEM, TEM observations). The 
distribution of the HSE nuggets in our runs was not 
homogenous throughout the quenched silicate melt. Dendritic 
textures from the quenched silicate melt formed around HSE 
nuggets during the quench. Finally, some nuggets also had 
strong heterogeneities suggesting a two-stage formation 
process under reducing conditions.  

Consequently, our results show that HSE nuggets formed 
before the quench in the silicate melt. Their formation did 
depend on the fO2, as reducing conditions favored nugget 
formation, even if oxidizing conditions did not prevent their 
formation. 
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Silicate melts constitute only a minor volume fraction of 
the present day Earth, but play a critical role in Earth’s 
geochemical and geodynamical evolution due to their high 
mobility and reactivity. The density contrast between melts 
and minerals determines the rate and direction (up or down) of 
melt migration and the rate of fractional crystallization.  

Over the last few years, we measured the density of dry 
and hydrous rhyolite [1], phonolite [2] and andesite [3] melts 
at subduction zone pressures and temperatures (up to 4 GPa 
and 2000 K) with the X-ray absorption method combined with 
the Paris-Edinburgh press. These new data on felsic and 
intermediate melts complement a rapidly growing set of in situ 
data on (ultra)mafic systems and ambient pressure dilatometry 
and sound velocity data. The combined dataset indicates that 
the partial molar volume of water is independent of melt 
composition, even at high pressure [3]; and serves to calibrate 
a predictive model for the density of dry, hydrous and CO2 
bearing melts at crustal, upper mantle and mantle transition 
zone conditions. Our in situ, rhyolite melt density data 
constrain the bouyancy derived overpressure at the roof of 
supervolcano magma chambers and indicate that bouyancy 
alone can be enough to trigger an eruption [1].  

Recently, we adapted the X-ray absorption method to the 
confinement of the diamond anvil cell and measured the 
density of MgSiO3 glass up to 127 GPa, more than doubling 
the pressure range over which density data on melts or glasses 
had been collected before [4]. The density of MgSiO3 glass is 
the same as MgSiO3 bridgmannite at core-mantle boundary 
pressures. Thus, taking into account the partitioning of iron, 
silicate melts will be denser than the mineral phases in the 
lowermost mantle and melts will sink towards the core-mantle 
boundary [4].  

 
[1] Malfait et al. (2014) Nature Geosc. 7, 122-125. [2] Seifert 
et al. (2013) EPSL 381, 12-20. [3] Malfait et al. (2014) EPSL 
393, 31-38. [4] Petitgirard et al. (submitted). 
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The world-class Ni-Cu-PGE sulfide deposits associated 
with the Noril’sk-1, Talnakh and Kharaelakh intrusions in the 
Noril’sk Province are considered to be sourced from the 
mantle plume-related magma with the addition of sulfur from 
the country rocks. However, why the Ni-Cu-PGE sulfide ores 
of the Noril’sk-type economic deposits contain isotopically 
heavy S isotopes has been hotly debated ([1] [2], among 
others). 

This study assesses Nd-Sr-Cu-S isotope data for the same 
suite of lithologies and associated disseminated Ni-Cu-PGE 
sufide ores from the subeconomic Chernogorsk and Zub-
Marksheider intrusions that contain small- to medium-sized 
Ni-Cu sulfide deposits, and medium- to large-sized PGE 
deposits. Studied intrusions have mineralogy, geochemistry 
and Nd-Sr isotope systematics broadly similar to that of the 
economic Noril’sk-1, Talnakh and Kharaelakh intrusions that 
show heterogeneous ‘radiogenic’ initial Sr (87Sr/86Sri = 0.7055-
0.7075) against rather constant ɛNd values of ~+1.  

In terms of Cu-isotopes, the analyzed samples fall within a 
tight cluster (with a mean δ65Cu of –0.03±0.06‰ at 
Chernogorsk and –0.10±0.15‰ at Zub-Marksheider, 
respectively) characteristic of the ores from the economic Ni-
Cu-PGE deposits at Talnakh and Stillwater [1]. In contrast, the 
disseminated ores of the Chernogorsk and Zub-Marksheider 
intrusions show distinct S isotope signatures (δ34S=10.9±0.4‰ 
and 0.4±1.6‰, respectively).  

The determined δ65Cu variability is interpreted to represent 
a primary signature of the ores. Finding of mantle-like δ34S 
values in the subeconomic sulfide ore from the Zub-
Marksheider intrusion hosted within sulphate-rich Devonian 
sediments suggests that the immediate country rocks may have 
little influence on the mineralization in igneous rocks 
challenging a model demanding assimilation of crustal S as a 
prerequisite to forming a magmatic deposit [2].  

 
The study was supported by RFBR (grant 13-05-00671).  
 

[1] Malitch et al. (2014) Lithos 204, 172-187. [2] Keays & 
Lightfoot (2010) Mineralium Deposita 45, 241-257. 
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The South Pacific Convergence Zone (SPCZ) is the 

Southern Hemisphere’s most prominent precipitation feature 
extending southeastward 3000 km from Papua New Guinea to 
French Polynesia. Determining how the SPCZ responded to 
climate variations before the instrumental record requires the 
use of indirect indicators of rainfall. The link between the 
hydrogen isotopic composition of fluxes of water though the 
hydrologic cycle, lake water, and molecular fossil D/H ratios 
make hydrogen isotopes a promising tool for improving our 
understanding of this important climate feature. A preliminary 
analysis of coretop sediment from freshwater lakes in the 
SPCZ region indicates that there is a strong spatial relationship 
between δDdinosterol and mean annual precipitation rate, whereas 
the relationship is weak for δDnC16:0fattyacid and mean annual 
precipitation rate. The objectives of this research are to use 
D/H ratios of the biomarker dinosterol to develop an empirical 
relationship between δDdinosterol and modern environmental 
rainfall rates so that we may quantitatively reconstruct several 
aspects of the SPCZ’s hydrological system during the late 
Holocene. The analysis includes 31 coretops from 6 Solomon 
Islands lakes, 2 Wallis Island lakes, 3 Vanuatu lakes, and 1 
lake each from Tahiti, Samoa, New Caledonia, and the Cook 
Islands. These islands span range of average modern 
precipitation rates from 3 to 7 mm/day and the coretop 
sediment δDdinosterol values range from -240‰ to -320‰. 
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The hot springs of the Pymvashor subarctic hydrothermal 

system are of considerable interest because the area is devoid 
of recent volcanism and is located in the permafrost region. 
We attempted to evaluate the activity of thermal waters with 
respect to host rocks to quantify the water residence time in 
this system. Therefore, we used the chemical composition of 
the thermal waters, thermodynamic modeling, δ18O and δ2H 
labels and isotopes, such as 14C-δ13C, 234U-238U, and 230Th-
232Th. The δ18O and δ2H values indicated the infiltration of 
atmospheric water in the recharge area of the hydrothermal 
system and suggested a stable paleoclimate in the area over the 
last 5-7.9 thousand years. The fresh water flows through deep 
parts of the aquifer system where it mixes with brine followed 
by discharge. The composition of the thermal water can be 
formed via a mixture of one part of the brines with 130 parts of 
the cold water end member. The results of thermodynamic 
modeling and mixing diagram analysis indicate that during 
water-rock interaction in the aquifer, the precipitation of 
calcite and the dissolution of gypsum and magnesite were 
accompanied by hydrolysis of the sodium aluminosilicates 
with precipitating clay secondary minerals. The low uranium 
concentration in the Pymvashor groundwater suggest a high α 
recoil loss due to radioactive decay of the precipitated and 
adsorbed 238U because in this case, the probability of 234Th 
release and 234U appearance in water increases ~ 4-fold 
compared to the probability of emission directly from the rock.  
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Constraining Earth’s crust-mantle evolution using isotope 
tracers requires robust linkage of age- and isotopic data. This 
task is especially challenging for Hadean and Eoarchean rocks, 
which are prone to multiple episodes of metamorphic 
overprinting (e.g. [1] [2]). Similar issues affect zircon grains, 
as they often carry the isotopic signatures (e.g. Hf and O) of 
multiple events (e.g. [3] [6]). Kemp et al. [7] however have 
shown that carefully linking U-Pb dates to Hf isotope ratios in 
zircon (via simultaneous LA-ICPMS analysis) provides a 
clearer view of pre-3.7 Ga crustal reservoir evolution. 
Attempting to robustly match ages with the isotope 
compositions of whole rocks, we are investigating several 
layered gneisses from the Acasta Gneiss Complex (Northwest 
Territories, Canada) using combined Sm-Nd, Lu-Hf, and Rb-Sr 
layer- and internal (mineral) geochronology. The resulting 
isochron dates and initial isotope ratios represent potentially 
linked datasets that can help constrain the evolution paths of 
juvenile and secondary crustal reservoirs [8]. In addition, we 
are also dating zircon populations (U-Pb, LA-ICPMS) within 
individual layers for comparison. So far, inter-layer isochron 
dates range up to 4.01 Ga [8], whereas the latest (partial) 
equilibration among minerals within individual layers occurred 
much later: 2.4-2.2 Ga (Lu-Hf), 2.3-2.1 Ga (Sm-Nd), 1.76-
1.70 Ga (Rb-Sr). Zircon dates range from 2.6 to 3.7 Ga, with a 
peak at 3.5-3.7 Ga, plus a single 4.0 Ga analysis. Importantly, 
closed systems can be preserved on the layer scale despite later 
within-layer mineral resetting and zircon (re)crystallization, 
whereas internal isochrons and zircon do not reliably date the 
establishment and closure of larger scale (> a few cm) 
chemical systems.  

 
[1] Moorbath et al. (2007) Chem. Geol. 135, 213-231. [2] 
Mojzsis et al. (2014) GCA 133, 68-96. [3] Bowring & 
Williams (1999) CMP 134, 3-16. [4] Amelin et al. (2000) GCA 
64, 4205-4225. [5] Iizuka et al. (2007) Precam. Res. 153, 179-
208. [6] Guitreau et al. (2014) GCA 135, 251-269. [7] Kemp et 
al. (2010) EPSL 296, 45-56. [8] Scherer et al. (2010) Fall AGU 
V44B-01.  
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The Pamir Mountains mark the western continuation of the 
Tibetan Plateau and formed in response to the India-Asia 
collision, which started about 55 Ma ago. Little is known about 
the timing and processes that led to the extensive pre-
collisional Cretaceous magmatism in the Pamir >500 km away 
from the closest plate boundary at the time. 

In the Central and Southern Pamir, Cretaceous magmatism 
occurred at two distinct episodes with peaks at ca. 108 and 82 
Ma. We studied 40 monzogranites and granodiorites covering 
both peaks that are metaluminous to peraluminous with trace 
element characteristics pointing to bt-dehydration melting 
processes. The initial Sr-, Nd- and Hf-isotope ratios are very 
hetereogenous with 87Sr/86Sri, εNdi and εHfi ranging from 
0.7024 to 0.7308, from -12.8 to -2.2, and from -15.2 to +5.4, 
respectively. This large variation indicates that the granitic 
melts contain variable amounts of mantle derived material 
added to the crustal melts or increasing AFC processes 
involving ancient crust in mantle-derived melts. 

The temporal gap of Cretaceous magmatism correlates 
with the collision of the Kohistan arc and the Karakoram 
terrane between 100 and 85 Ma [1, 2]. We hypothesize that the 
Mid-Cretaceous magmatic pulse is related to flat-slab 
subduction of the Neo-Tethys that terminated due to slab-
rollback or break-off, whereas Late-Cretaceous magmatism is 
triggered by crustal thickening and melting as a far-field effect 
following collision. To test this hypothesis we currently 
investigate the age and isotopic variation of felsic magmatism 
across strike from the Kohistan-Ladakh arc in the south to the 
Central Pamir in the north. 

 
[1] Treolar et al. 1989, Tectonics 8 [2] Treloar et al.1996, J. 
Geol. Soc. Lond. 153 
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Two-line ferrihydrite affects the regulation of element 

cycling in natural environments by adsorbing trace elements. 
Iron-reducing bacteria can release these trace elements from 
the ferrihydrite to the solution or transfer them onto magnetite 
or other minerals. We investigated the fate of arsenate and zinc 
adsorbed on two-line ferrifydrite during bacterial-iron 
reduction.  

Ferrihydrite was synthesized by grinding Fe(NO3)3�9H2O 
and NH4HCO3 following the procedure described by Stacey et 
al. [1]. As- and Zn-adsorbed samples were prepared by 
soaking the ferrihydrite in NaHAsO4 and Zn(NO3)2 solutions, 
respectively. The degree of adsorption was measured with a 
transmission electron microscope (TEM) equipped with an 
energy-dispersive X-ray spectrometer (EDX). Bacteria were 
isolated from a natural anaerobic mud sample from Fukushima, 
Japan. The particular species has not yet been identified. The 
vials containing As- or Zn-ferrihydrite with bacteria were 
incubated for 26 and 19 days, respectively.  

X-ray diffraction and TEM revealed that ~20nm diameter 
Zn- and As-bearing magnetite particles formed. TEM–EDX 
and inductively coupled plasma–mass spectroscopy indicate 
that almost all the Zn and more than half of the As were 
transferred to magnetite. 

We concluded that adsorbed As and Zn were fixed onto 
more stable magnetite through bacterial iron reduction. Our 
results suggest that iron-reducing bacteria play a role in 
keeping contaminants in their environment. 
 
[1] Stacey et al. (2012) Inorganic Chemistry 51, 6421–6424. 
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Modern phosphogenesis in upwelling shelf areas is thought 
to be strongly influenced by microbial processes. Sulphur 
bacteria inhabiting modern shelfs act as bacterial “pumps” 
leading to the increased concentration of phosphate in 
sediment pore water [1] and the precipitation of the Ca-
phosphate mineral apatite. Apatite precipitation is significantly 
enhanced in certain environmental conditions, e.g. in the 
presence of suitable nucleation substrates, such as organic 
matrices and bacterial ultrastructures [2]. 

Microstructures of phosphatic grains from modern 
Namibian shelf  sediments were examined using scanning 
electron microscopy. The grains are mainly composed of 
massive Ca-phosphate containing some microscale pores in 
which conspicuous apatitic cylindrical particles were revealed 
along with framboidal pyrite aggregates. Such particles co-
occur with biofilm and measure around 1 µm in length and  
0.3 µm in diameter. They possess consistent shapes and sizes 
and are composed of small nanocrystallites aligned along the 
long axis. Superficially, they strongly resemble mineralized 
microbial cells. However, some morphological characteristics 
are not typical of microbes – many of the particles intersect, 
usually at angles close to 60 and 45 degrees, which may be the 
result of recrystallization. However, it is important to note that 
similar aggregates have been previously described from 
authigenic calcite and phosphorites [3] as well as in phosphate 
aggregates produced in laboratory experiments [4] forming at 
relatively high supersaturation levels. 

Our findings indicate that precaution must be taken while 
assessing the microbial origin of authigenic precipitates. 
Nevertheless, the common association of apatitic particles with 
organic matrices is consistent with the influence of biological 
processes on phosphate availability and precipitation. 

 
[1] Schulz & Schulz (2005) Science 307, 416-418. [2] 
Benzerara et al. (2004) Earth Planet Sc. Lett. 228, 439-449. [3] 
Föllmi et al. (2005) Geol. Soc. Am. Bull. 117, 589-619. [4] 
Ruan et al. (2013) Acta Biomater. 9, 7289-7297. 
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Si, a specific nutrient needed by diatoms and its 

availability relative to other nutrients determines the 
phytoplankton composition while land use and climate change 
alters the supply of nutrients in estuarine and coastal 
ecosystems functioning. For instance, a Si limitation relative to 
N is indicative of high eutrophication potential. In order to 
understand the biogeochemical cycling of Si and its supply to 
coastal ocean, here we present the first study on silicon 
isotopes (δ30Si) in more than 18 tropical Indian estuaries 
during dry period. Average δ30Si is 1.9 ± 0.4 ‰ (n= 58) which 
is almost 1 ‰ heavier than the world river supply to the ocean 
estimated so far. Indeed, contrary to a typical weathering 
control on riverine δ30Si as generally observed, there is no 
positive correlation between Dissolved Silicon (DSi) content 
and δ30Si. More specifically in western estuaries, δ30Si are 
lighter (1.2±0.2‰) with negative and positive correlation with 
DSi and Biogenic Si (BSi), respectively. This cannot be 
ascribed to diatoms since these variations are not related to 
diatoms pigments. In contrast, the eastern estuaries have 
heavier δ30Si (2.1±0.3‰) with no clear relation with either DSi 
or BSi contents across the salinity gradient. Interestingly 
however, there is good correlation between BSi and diatom 
pigment (r=0.65) that might be indicative of the significant role 
of diatoms. These first results also show significant relation 
with land use especially crops & groves coverage as seen by 
positive correlation with δ30Si, that might be indicative of plant 
Si uptake, and negative relation with sown area. 

We will compare these data with the δ30Si of monsoon and 
groundwater samples currently under processing. The results 
will then be discussed in terms of Si cycle and impact of land 
use and climate on these contrasted Indian estuaries and how 
this can affect coastal biogeochemistry and ecosystems 
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Constraining the thermal and fluid-flows histories of 

sedimentary basins is crucial to understand their geodynamic 
evolutions and predict hydrocarbon maturation and migration. 
However, the reliability of available temperature (T) or fluid 
composition proxies are often limited by many factors and 
requires their comparison and/or combination to provide the 
best constraints on a basin’s history. In this context, the Δ47 
thermometry show high promises since it allows to determine 
both the T and the oxygen isotopic composition of the 
mineralizing fluid (δ18Ofluid) from which one carbonate grew. 
However, on carbonates that experienced high-T histories, its 
accuracy might be weakened by reordering of 13C–18O bonds 
though solid-state diffusion into the mineral lattice [1].  

Here, we studied a core drilled in the Dogger of the 
Paris Basin (with maximum burial T< 90°C [2]) and ran both 
Δ47 and fluid inclusions microthermometry (FI) measurements 
on two generations of blocky calcite cements. Importantly, we 
found that both T and fluid compositions out of the two 
independent proxies are consistent. More specifically, the first 
generation of cement crystallized at T ~ 60°C from a high 
salinity fluid (14-17wt.% NaCl eq. and δ18Ofluid of 1.5 ± 1‰) 
that we interpret as slightly evaporated seawater trapped in 
sediment porosity at the moment of the deposition (i.e. lagoon 
environment). In contrast, the second generation precipitated at 
T ~ 78°C from a meteoric-type fluid with variable salinity 
(δ18Ofluid of -5 ± 1‰ and salinity of 0-9wt.% NaCl eq.) 
probably related to lateral water-infiltrations during the 
Cretaceous/Tertiary compressive phases [3]. More widely, the 
good consistency between the precipitation temperatures, the 
origin of fluids and the link to geodynamic events confirm the 
reliability of the Δ47 thermometry as a powerful tool to 
simultaneously reconstruct the temperature and δ18Ofluid of 
paleofluids related to burial environments in “low” 
temperature sedimentary basin, like the Paris basin. 
 
[1] Passey and Henkes (2012) EPSL 262, 309-327. [2] Amir et 
al. (2005) Tectonophysics 400, 227-240 [3] Carpentier et al. 
(2014) Marine Petrol. Geol. 53 44-70.  
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In the UK, the Government have stated their preference for 

the final disposal of radioactive waste within a geological 
disposal facility (GDF), several hundred meters below ground. 
Engineered barrier systems (EBS) will be designed to 
physically and chemically retard the transport of radionuclides 
to the biosphere. Groundwater will interact with the EBS 
which, for UK intermediate-level waste (ILW), will include 
high pH cement as a waste isolation matrix and in the GDF 
construction, which will produce alkaline conditions within the 
GDF. It is not well understood how such solutions will affect 
the durability of co-located vitrified ILW.  

A multidisciplinary experimental approach is described; 
aimed at developing a mechanistic understanding of how the 
evolving geochemical conditions associated with a 
cementitious EBS may affect the dissolution kinetics of 
vitrified ILW. The results of an experimental study using 
simulant ILW glass compositions exposed to cementitious pore 
fluid of different ages, representative of the evolving 
geochemical conditions of the EBS as a function of time, are 
discussed. Additionally, a parallel natural analogue study, in 
which 60-year old glass bottles, discarded in high pH leachate 
pools (pH~12.5) at a lime-waste site in the UK are being 
investigated to understand the nature of alteration layers and 
the evolution of ground water at the site.  

It is hoped this study will answer fundamental questions 
about the passive safety of UK’s geological disposal plans. 
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Ongoing climate change in the Arctic is warming soils, 
thawing permafrost and liberating ancient carbon to inland 
waters. The potential for newly mobilised permafrost deposits 
to drive a positive feedback upon climate will depend on its 
geochemical composition and associated biological and 
photochemical reactivity within river waters, and during 
transport along the land-ocean interface. The sources, fluxes 
and fate of organic carbon (OC) in Arctic rivers are however 
poorly constrained. Here we examine these processes in the 
Kolyma River Basin, the largest arctic watershed entirely 
underlain by continuous permafrost. Aquatic OC composition 
was measured using techniques ranging from simple optical 
properties (absorbance and fluorescence) to high-resolution 
mass spectrometry (FTICR-MS). We developed relationships 
between optical measurements and dissolved OC (DOC)  
concentration and composition, enabling us to trace the 
temporal and spatial variability of OC flux and its quality. 
Collecting waters across the Kolyma network, we measure 
radiocarbon (14C) and stable isotopes (13C) on DOC to 
determine the age and source of DOC fueling microbial 
demand and photochemical losses. Permafrost-derived OC 
subsidised a significant proportion (13-43%) of microbial 
carbon utilisation across headwaters, and caused permafrost-
derived OC to be preferentially removed with increasing water 
residence time. Permafrost OC initially contained a unique 
molecular FTICR-MS signature which shifted towards a more 
classic riverine DOC signature during microbial utilisation. 
Understanding the response of high-latitude river systems to 
future change and increasing permafrost-derived OC will 
require integrative studies combining OC geochemistry with 
measures of carbon reactivity and transformation. 
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LIBS, is a versatile technique able to detect, any element 

of the periodic table. This technique has played an important 
role in the latest discoveries by NASA’s rover Cursiosity 
ChemCam instrument [1]. Nevertheless the process to induce 
the plasma prevents from observing the structure of the 
analyzed material. Thus,  the most important area of aplication 
of this technique is to analyse the elemental composition of the 
sample, making it not possible to distinguish between 
polymorphs as calcite or aragonite, or the structural order in 
carbonaceous materials. On the other hand, Raman Laser 
Spectroscopy provides information about the structure of the 
sample and it is a very useful technique in the detection of 
biomarkers. For this reason Raman spectrometers will be 
present in several future missions to Mars [2] [3]. As a 
drawback, in some situations, for example in cationic 
substitutions, it can be hard to distinguish between two 
different samples, i.e. Jarosite and Natrojarosite. 

Supercam, the instrument that will be part of NASA’s next 
mission to Mars, Mars2020, will be able to perform combined 
Raman and LIBS analyses at the same spot.  

In this work we study some mixtures of different 
compounds, with both techniques, evaluating different cases in 
which a cross-study of the data from both spectra makes a 
significative improvement in identification and cuantification, 
as candidates for Supercam calibration target for chemometric 
purposes.  

We present preliminary results obtained in several samples 
including silicates, sulfates, carbonates and carbon with a 
combined Raman + LIBS remote instrument. We also present 
basic chemometric / data fusion studies on different mixtures 
taking into account several factors such as thermolability or 
Raman -  LIBS emission efficiency. This work is relevant in 
the framework of the exploration of Mars, and will also be 
used for the definition of the candidate compounds for 
Supercam’s calibration targets. 

 
[1] Blaney, D. L. et al., 2015, LPSC Science Conference. [2] 
Rull, F. et al. 2013, LPSC Science Conference. [3] Manrique, 
J.A. et al. 2014 Georaman Conference 
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Fe isotopic compositions of sedimentary sulfide minerals 

may yield valuable insights into redox states on the early 
Earth. Pyrite deposited during the late Archaean have Fe 
isotopic compositions (δ56Fe) as low as -3.5‰ (relative to 
IRMM-14) [1]. The reason for such low values is unclear, 
though it has been speculated to be the result of a benthic iron 
shuttle [2], the formation of isotopically-heavy banded iron 
formations [1], or a kinetic isotope effect associated with 
precipitation during pyrite formation [3].  

This study investigates the mineralogy, chemistry, and Fe 
isotopic compositions of sediments and biofilms from below 
10 m depth of subsurface euxinic lakes in the Frasassi caves 
(Italy). As determined by x-ray diffraction, all collected 
samples contained pyrite. Marcasite, a polymorph of pyrite, 
was detected only in meter-long microbial “ropes” attached to 
the submerged limestone walls of the cave.   

Fe was sequentially extracted using HCl (reactive Fe), HF 
(Fe-silicates) and HNO3 (FeS2). Reactive Fe makes up less 
than 7% of total Fe, and this is reflected in the high degree of 
pyritization (>0.78) in all samples. In sediments, the majority 
of Fe was in the form of Fe-silicates. In contrast, the majority 
of Fe in the biofilms was in the form of FeS2 (pyrite and 
marcasite). Comparisons of the tau factor (τZr,Fe) and Fe/AlT 
ratios indicate that Fe is preferentially enriched in the biofilms 
in the form of FeS2.   

Fe isotopic measurements were conducted on a Thermo-
Fisher Neptune Plus MC-ICP-MS in Penn State’s Metal 
Isotope Laboratory (long-term external reproducibility of two 
in-house standards=0.06‰, 2SD). The data reveal limited 
isotopic variability of silicates (δ56Fe = 0.4 to 0.5‰) and a 
small offset with pyrite (-0.2 to 0‰) in the sediments. By 
contrast, FeS2 in biofilms have significantly lower δ56Fe values 
(-0.5 to -1.2‰).   

Overall, the data suggest that the presence of microbial 
biofilms can lead to Fe enrichment and the subsequent 
formation of isotopically light pyrite relative to the ostensible 
Fe source. The exact mechanism governing this process is as 
yet unknown, and could be either passive or actively controlled 
by microorganisms. On the early Earth, abundant microbial 
biofilms could contribute to the formation of isotopically light 
FeS2 minerals, though multiple episodes of cycling are likely 
necessary to produce the δ56Fe values observed in the rock 
record.  

 
[1] Rouxel et al. (2005) Science 307, 1088-1091. [2] 
Severmann et al. (2008) Geo Chim Acta 70, 2006-2022. [3] 
Guilbaud et al. (2011) Science 332, 1548-1551. 
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Lawosnite is calcium-aluminum hydrous silicate mineral 

with CaAl2Si2O7(OH)2.H2O stoichiometry. It is 
thermodynamically stable in the hydrated oceanic crust. Low 
velocity anomalies observed in cold subducted slabs have been 
related with the unusual shear wave velocities of lawsonite 
eclogite [1]. However, electrical conductivity of lawsonite at 
high pressure and temepersture remains unknown. In this 
study, the electrical conductivity of lawsonite was investigated 
at 7 GPa, both before and after its dehydration temperature. At 
1173 k, the electrical conductivity of lawsonite was around 0.1 
S/m and the experimental data indicate several conduction 
mechanisms operated in the sample below this temperature. At 
temperature below 573 K activation enthalpy is significantly 
low (0.21 eV). The activation enthalpy in the temperature 
range 573 and 973 K is about 0.62 eV and increased to 0.98 eV 
before the dehydration (1023-1173 K). A sharp increase of 
electrical conductivity was observed beyond 1173 K where 
lawsonite dehydrates to grossular, and releases fluid. The high 
electrical conductivity observed in our experiments is due to 
the presence of fluid in the sample. 

 The breakdown of lawsonite was also confirmed with 
detailed electron probe analysis. 

 

[1]Chanel, J., Mookherjee, M., Frost, D. J., (2012) The 
elasticity of lawsonite at high pressure and the origin of  low 
velocity layers in subduction zones, Earth Planet Sci. Lett., 
349, 116-125. 
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Partial melting plays a key role in the seismic and 

conductivity anomalies observed in the asthenosphere. Here 
we investigate by molecular dynamics simulation the transport 
properties of two model systems in partial melting, an 
ultrafine-grained olivine and a polycrystalline olivine (San 
Carlos) wetted by a MORB melt. The advantage of atomistic 
simulations is to provide a clear picture at the atomic scale of 
transport mechanisms acting in interphase boundaries. For the 
ultrafine-grained olivine (see the figure), we found that 
diffusion of elements through grain boundaries is several 
orders of magnitude greater that in the crystal structure. The 
activation energy of the electrical conductivity of the simulated 
system is in good agreement with the experimental data [1] 
although its magnitude is one  order of magnitude too high, 
because of the small grain size investigated (~0.02 µ). More 
than 90% of the calculated conductivity is generated by the 
diffusion of Mg and Fe atoms within the grain boundaries the 
rest of it being generated by the slower diffusion of elements 
located in the first boundary layer of the grains. Moreover, the 
conductivity of the simulated olivine increases significantly 
with the Fe concentration, as observed experimentally [1].  
With regard to the olivine-basalt system (2 wt% MORB), the 
calculated electrical conductivity is in agreement with 
experimental data [2] whereas the conductivity of the melt 
alone is evaluated and compared with that of the total system 
(Archie’s law). The effect of the temperature, the pressure, the 
grain size, and the melt fraction is also discussed. 

 
[1] Dai L. et al. (2014), Phys Earth. Planet. Inter. 237, 73-

79. [2] Yoshino T. et al. (2010), Earth Planet. Sci. Lett. 295, 
593-602 
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Only a few data of oxygen isotopes in melt inclusions (MI) 

from different geological settings have been published so far. 
The existing dataset (e.g., [1] [2]) shows that δ18O in MI have 
variations five times larger than the host rocks or the matrix 
glasses. This suggests that MI preserved O-isotope ratios of 
magmas unaffected by superficial processes. 

Here we present MI’s from ARP MORB samples in the 
FAMOUS zone (Mid-Atlantic Ridge). The major and trace 
elements compositions of MI from this region have been found 
to reflect source heterogeneity as well as melting processes [3]. 
δ18O in MI was analysed using the CAMECA IMS 1280-HR of 
the SwissSIMS at Lausanne. Reproducibility on standard 
glasses was 0.2-0.3‰ (2SD). Preliminary results show δ18O 
variability ranging from +4.0 to +5.9‰, in 8 MI of comparable 
major element compositions. The published bulk average δ18O 
for Atlantic MORB glasses is +5.5± 0.3‰ [4]. The δ18O in MI 
thus record small-scale magmatic processes and/or source 
heterogeneities during MORB genesis. 

 
[1] Hartley et al. (2013), GCA, v.123, pp. 55-73 [2] Bouvier et 
al. (2008), J. Petrol, v.43, pp. 1427-1448 [3] Laubier et al. 
(2012), J. Petrol., v.53, pp. 665-698 [4] Eiler et al. (2000), 
Nature, v.403, pp. 530-534 
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Layer-type Mn(III/IV) oxides (birnessites) are ubiquitous 

in environmental systems. These minerals are characterized by 
a high surface area, abundant vacancy sites and strong 
oxidizing capacity. These properties link birnessites to the 
biogeochemical cycle of carbon and trace metals. In sunlit 
aquatic environments, the main processes driving the Mn cycle 
are biogenic Mn(II) oxidation and photoreduction of 
particulate MnO2. However, the environmental controls on the 
photoreduction mechanism remain poorly understood. 

In our previous work, we elucidated the photoreduction 
mechanism for δ-MnO2, a fully oxidized synthetic analog of 
natural birnessites, coupled to water oxidation at pH 6.5 [1]. 
Our results suggested that the stabilization of photogenerated 
Mn(III) in the interlayer may passivate further photoreactivity 
of the mineral. However, natural birnessites are formed under 
varying pH conditions and may contain significant fractions of 
Mn(III).  

The objective of this work is to investigate the efficiency 
of δ-MnO2 photoreduction as a function of pH and interlayer 
Mn(III) content. To this end, we carried out photoreduction 
experiments in a flow-through photoreactor setup under  
400 nm irradiation on hour to day timescales using 
pyrophosphate to trap photogenerated Mn(III). We 
complemented the macroscopic rate measurements with optical 
pump-probe spectrsocopy to investigate the electron dynamics 
(electron-hole pair generation and recombination) on the pico- 
to nano-second timescale.  

Our preliminary results show that the quantum yield for 
photoreduction decreases with increasing pH. A similar trend 
is expected with increasing interlayer Mn(III) due to 
passivation of mineral reactivity. The results from this study 
expand our current understanding of MnO2 photoreduction 
pathways to include the effects of pH and Mn(III) as key 
geochemical constraints in natural settings. 

 
[1] Marafatto F, et al. (2015) Proceedings of the National 
Academy of Sciences of the United States of America. 
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The Po river cross Northern Italy and flows within a 
densely populated area characterized by intense agriculture and 
industrial activities.  The presented data represent a follow up 
of a previous study that discussed dissolved components and 
oxygen-hydrogen isotope composition of its waters in distinct 
seasons of the year 2012, all along the river course [1].  In this 
contribution the study of Po river water is implemented with 
further sampling campaigns of the year 2013, to provide a 
more complete chemical and multi-isotopic investigation. 
δ18O-δD data on riverine waters conform to the meteoric 
trends, and their analogies with the local groundwater rule out 
significant warming trends. The comparison of the new data 
with historical analyses indicates that the Ca-HCO3 

hydrochemical facies remained constant over the decades; in 
contrast, nitrate drastically increases from less than 1 mg/L to 
an average value of 9 mg/L. 

δ13C (between -11.4‰ and -4.4‰) and δ34S (between 
4.2‰ and 8.0‰) are compatible with the weathering and 
dissolution processes that involve the lithologies outcropping 
in the basin, while extremely variable δ15N (between -4.1‰ 
and 18.0‰) indicates contribution of pollutants from mixed 
anthropogenic sources (urban wastewater, agricultural and 
zootechnical activities). These observations suggest that 
although the origin of the main constituents of the Po river 
water is geogenic, anthropogenic contributions are also 
effective.    
 
[1] Marchina et al (2015) Environ. Sci. Pollut. R. 22, 5184-
5203 
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Natural silicate magmas contain networks of Si4+ and Al3+ 

cations in tetrahedral coordination with oxygen. With 
increasing pressure, higher coordination numbers become 
stable. This has major implications for the physical properties 
of the melt, but there are also chemical implications. If the 
coordination number of an element increases, the element’s 
partial molar volume in the melt decreases, which changes the 
way that element partitions between the melt and other phases. 
Studies of partitioning, particularly of trace elements, are 
widely used for understanding geochemical processes. Despite 
this, there has been very little research on coordination changes 
of trace elements in melts; so far, only Ni2+, Co2+ and W4+ have 
been investigated. No change was observed for W4+ up to  
4 GPa [1], whereas Co2+ undergoes a 50% 4- to 6-fold 
coordination change by 10 GPa [2], and Ni2+ completely 
changes from 4- to 6-fold by 4 GPa [1].  

In this study, we investigated the coordination of Ge4+ and 
Ga3+ at trace levels in CMAS glasses quenched from up to  
6 GPa and 1650 °C. X-ray absorption near edge structure 
(XANES) spectra changed systematically with pressure for 
both elements in these glasses, which is consistent with a 
partial change in coordination. The most dramatic change was 
seen for both elements between ~3-4 GPa in one melt 
composition, suggesting that changes in the major element 
structure might be affecting the local environment of both trace 
elements. To investigate this, nuclear magnetic resonance 
spectroscopy will be used to study the environments of Si, Al, 
Mg and Ga in similar glasses. 

Such a coordination change is expected to cause a change 
in partitioning for Ge4+ and Ga3+, and this has two potential 
applications. Firstly, Ge4+ partitioning between silicate melts 
and minerals has potential to be used as a tool for determining 
the depth of magma origins. Secondly, partitioning between 
silicate melt and metallic melt is the basis of geochemical 
models of Earth core formation, and as moderately siderophile 
elements, an understanding of the partitioning data for Ge4+ 
and Ga3+ at high pressures is necessary for these models. 

 
[1] Jones (2012), PhD Thesis, Australian National University. 
[2] Keppler and Rubie (1993), Nature 364, 54-56. 
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TTGs are melts of mafic crust that represent ca. 2/3 of the 
preserved Archean continental crust. In the Phanerozoic, the 
formation of felsic melts from oceanic crust is less 
voluminous, but it has been speculated, as to wether such melts 
may serve as analogue for Archean crust formation processes 
(e.g., [1]). In particular the thickness of oceanic crust and its 
hydrothermal processing may have significantly changed 
through geologic time. Different endmember models are 
invoked for the petrogenesis of modern oceanic plagiogranites 
that make up the majority of felsic melts in such environments, 
including high-pressure dehydration melting and fractional 
crystallization in deeper levels of oceanic crust (e.g., [2]). 

In order to evaluate the significance of modern 
plagiogranites as putative equivalents to Archean crustal 
lithologies, we performed combined conventional trace 
elements, high precision HFSE, and Sr-Hf-Nd isotope 
measurements on plagiogranites from the Troodos Ophiolite 
Complex in Cyprus. In line with earlier trace element data [3], 
most samples exhibit depleted LREE and Rb-Ba contents. 
Initial Nd-Hf isotope compositions at 90 Ma overlap with 
those of surrounding mafic rocks and range from +5.6 to +8.3 
and +14.4 to 16.4, respectively, whereas initial 87Sr/86Sr ratios 
are slightly more radiogenic (0.704 to 0.707). Most 
plagiogranites exhibit relatively narrow Nb/Ta at around 15-
16. A dinstinctive group of samples, however, exhibit more 
variable Nb/Ta (12.3-19.8) and Zr/Hf (24-32.3) values, 
coupled with positive Zr-Hf anomalies. 

Collectively we can distinguish three different petro-
genetic groups: compositions of the first two groups can be 
explained via fractional crystallization from ambient arc-
tholeiites and boninites, respectively. Compositions of a third 
group can be explained by dehydration melting of altered 
oceanic crust in the presence of ilmenite and amphibole. 
Altogether, HFSE ratios in Cyprus plagiogranites are much 
less fractionated than in their Archean equivalents, reflecting a 
much shallower environment for formation. 
 
[1] Willbold et al. (2009), EPSL, 279, 44-52 [2] Koepke et al. 
(2007), CMP 153, 67-84 [3] Freund et al. (2014), CMP, 
167:978 
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Microbial sulfate reduction (MSR) is a common 

metabolism in modern stromatolites involved in carbonate 
precipitation and lithification. MSR is thought to have operated 
very early on Earth but was not precisely identified in fossil 
stromatolite due to the difficulty of recognizing original 
microbial signature from abiotic diagenetic processes.  

We studied by NanoSIMS the sulfur isotope composition 
of pyrites associated with stromatolitic limestones of the  
2.7 Gyr old Tumbiana Formation (Western Australia). Two 
types of pyrites were analyzed: 1) sub micron-pyrites occurring 
in organic material lining the domical shape of stromatolite 
knobs and 2) larger pyrites present as randomly-distributed 
grains in micritic carbonate and mudstone layers. The analyzed 
sub micron-pyrites show a large range of δ34S values of about 
82‰ (from -35.4 ‰ to + 47.1‰), with one main population at 
about -12‰ and two others centered at -35 ‰ and +14 ‰. In 
contrast, pyrite in the rock matrix shows a narrower range of 
δ34S values between -5.3 ‰ and +3.4‰. This indicates that the 
nanopyrites preserved in the carbonaceous layers are pristine 
features and were not re-homogenized with the surrounding 
matrix after trapping. The 80‰ range found in 
individual kerogenous-rich layers indicates that the sub-
microns pyrites were formed in the microbial mat through 
MSR during early diagenesis in the sediments. These 
results confirm that MSR metabolisms actively participate to 
the biogeochemical cycling of sulfur during the Mesoarchean.  
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A shallow-level monzodioritic to quartz-monzodioritic 

pluton of Upper Cretaceous age caused extensive contact 
metamorphism of Tithonic - Kimmeridgian reef limestones at 
Măgureaua Vaţei (Metaliferi Massif, Apuseni Mountains, 
Romania). The preserved peak metamorphic assemblage 
includes gehlenite, monticellite, wollastonite-2M, Ti-poor 
calcic garnet, and Ca-Tschermak diopside. An obvious 
periplutonic zoning could be observed. From the monzodioritic 
body to the calcitic marble, this zoning can be described as: 
monzodiorite / agpaitic syenite-like inner endoskarn / gehlenite 
+ (Al-poor) diopside + monticellite ± wollastonite / gehlenite + 
wollastonite + Ti-poor garnet + perovskite (outer endoskarn) / 
wollastonite + vesuvianite + titanian garnet ± perovskite (inner 
exoskarn) / wollastonite + Al-rich diopside + grossular (outer 
exoskarn) / calcitic marble. The peak metamorphic assemblage 
contains gehlenite (in which the solid solution toward 
åkermanite vary from Ak 33.64 to Ak 38.13 - mean Ak 36.22), 
diopside (which up to 11.15 mol.% Ca-Tschermak molecule), 
wollastonite-2M, perovskite, monticellite. Three generations of 
Ca garnets could be identified, as follows: a first generation 
consist in Ti-poor grossular (Grs 54.22 – 580.49 mol.%) in 
equilibrium with gehlenite, a second one is a Ti-rich grossular 
(Grs 50.44 – 55.39 mol.% with up to 19.41 mol.% morimotoite 
in solid solution) and a third generation consists in titanian 
andradite with up to 28.39 mol.% morimotoite in solid 
solution. A subsequent paragenesis corresponds to an early 
hydrothermal stage and produced retrogression of the first 
stage and a paragenesis including vesuvianite, 
hydroxylellestadite (or rather Si-substituted apatite), 
clinochlore, hibschite. A second, late hydrothermal event 
induced the formation of lizardite, chrysotile, kaolinite, 
thomsonite-Ca, thaumasite, okenite and tobermorite. A last, 
weathering, paragenesis includes allophane, C-S-H gels and 
probably portlandite, unpreserved because its transformation in 
aragonite then calcite. Imprints of these late events on the 
primary zoning are quite limited. 

2006

mailto:marincea@igr.ro


 Goldschmidt2015 Abstracts  

 2007 

Strategic elements, REEs and PGEs 
in Fe-Mn crusts from the Canary 

seamounts: Preliminary study 
MARINO, E.1*, GONZÁLEZ, F. J.1, LUNAR, R.2,  

SOMOZA, L.1, ORTEGA, L.2, BELLIDO, E.1 AND REYES, J.1 
1Geological Survey of Spain (IGME). Madrid, Spain 
*Correspondence: marino.es@gmail.com 
2Dpt. Crystallography and Mineralogy (UCM). Madrid 
 

Fe-Mn crusts from the Canary Islands seamount area 
(Central East Atlantic) were studied to establish their contents 
in base and strategic metals and their genetic models. Analized 
elements were major metals (Fe, Mn, Ti) traces (Co, V, Ni, 
Mo, Cu, Zn), REEs and PGEs and associated mineralogy. 
Sixteen samples were collected from slopes and summits at 
four seamounts: The Paps, Tropic, Echo and Drago. Selected 
samples present different colour, surface textures and thickness 
(up to 25 cm) in order to include all different types found in 
dredge stations. 

Mineralogical and chemical studies of these Fe-Mn crusts 
indicate their hydrogenetic origin. RXD analysis shows the 
abundance of Fe-Mn oxy-hydroxides. The main Mn minerals 
are vernadite, and todorokyte and asbolane-buserite in minor 
proportion growing interlayered. Fe oxides are goethite group 
minerals specially ferroxyhita and goethite. XRF and ICP-MS 
techniques show the high average contents of Fe (21 wt%) and 
Mn (14.5 wt%), and trace elements as Co (4200 µg/g), Ni 
(2500 µg/g) and V (2100 µg/g). REY contents show a mean of 
2500 µg/g being the main Ce (1400 µg/g). PGEs reach an 
average of 200 ng/g, being Pt the most enriched (162 ng/g). 

Interelements comparison diagrams have been used to 
show that certain metals have a specific chemical affiliation 
with others. The highest amounts of Mn are associated with the 
highest Co+Ni+Cu, while Fe have a practically direct 
association with REEs. On the other hand, Pearson indexes 
have confirmed these element affiliations.  

EPMA show two principal types of micro-morphologies in 
the crust: 1) areas with dense lamination of oxides present in 
general the highest amounts of Mn, Co and Ni associated with 
vernadite; 2) botryoidal-layered parts have the highest amounts 
of Fe, Ti and V, conjoint with goethite. 

Comparison between studied Fe-Mn crusts with Pacific 
Ocean crusts shows that canary samples have higher contents 
in Fe , V, Pb and REEs while Mn, Co, Ni and PGEs are about 
25-35% lower. This difference can be due to the Fe-rich 
mineralogy of these crust supported by sedimentary (Sahara 
eolian dust) and submarine volcanic inputs that influenced 
formation of Fe oxy-hydroxides.  
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The Coulomb orogenic wedge model predicts that orogen 

deformation behaviour is governed by wedge state: when 
subcritical the orogenic wedge thickens internally, promoting 
hinterland exhumation, and when supercritical the wedge 
propagates by foreland thrusting, reducing hinterland 
exhumation. However, the difficulty in constraining source 
area palaeo-exhumation rates from the detrital record has 
rendered attempts to identify wedge behaviour in the European 
Alps challenging1. As internal shortening should build 
topography, subcritical wedge periods should promote pro-
foreland migration of the orogenic drainage divide. 
Constraining past locations of the Alpine drainage divide 
therefore provides a simple way to identify wedge behaviour. 

 Here, we exploit the detrital record of the 
thermochronologically distinctive high-grade internal units in 
the central and western Alps (e.g., the Lepontine Dome and the 
Dora Maira massif), to track the orogenic drainage divide 
location. We apply the apatite and rutile U-Pb 
thermochronometers, sensitive to temperatures of ~375-550 °C 
and ~490-640 °C respectively2,3, to Oligo-Miocene sediments 
of the Alpine foreland hosted in the Swiss Molasse, Barrême, 
and Valensole basins, along with the classic zircon U-Pb and 
apatite fission track (AFT) thermochronometers. In contrast to 
these conventional techniques, which are either not reset 
(zircon U-Pb) or widely reset (AFT) by the Alpine orogeny, 
the apatite and rutile U-Pb thermochronometers are ideal 
provenance tools for identifying debris from medium to high-
grade amagmatic metamorphic source terranes.  

We identify a shift from supercritical to subcritical wedge 
state occurring around the arc of the western and central Alps 
at ca. 25 Ma. We speculate on possible causal mechanisms and 
discuss the implications for the tectonic evolution of the Alps.  

 
[1] Carrapa (2009), Geology 37, 1127–1130. [2] Cochrane, 

et al. (2014), Geochim. Cosmochim. Acta 127, 39–56. [3] 
Kooijman, Mezger, & Berndt (2010), Earth Planet. Sci. Lett. 
293, 321–330.  
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Inhibition terms are often used to reproduce the well-

known sequential of consumption of terminal electron 
acceptors (TEA) during microbial degradation of organic 
matter [1,2]. Using these terms implies a non-competitive 
inhibition of reactions. However, this approach does not take 
into account the dynamic nature of environmental systems, 
such as changes in pH, temperature, or redox state, which 
affect the thermodynamic driving force of energy-yielding 
reactions. Moreover, the parameters of the inhibiting terms 
usually are site or experiment specific and, thus, lack general 
validity. 

We propose a new approach that is based on the 
optimization of the energy yield of catabolic processes. The 
new approach accounts for the Gibbs energy of reaction of the 
potential redox processes and simulates TEA consumption 
based on the actual conditions in the system. That is, 
energetically less favorable oxidants are outcompeted by more 
favorable ones. The approach does not require any additional 
parameters to be calibrated and can be applied in environments 
with time and space variable conditions. 

The method is applied to the redox stratification observed 
in early diagenesis, including the following TEAs: O2, NO3

-, 
MnO2, Fe(OH)3 and SO4

2-. The results of the simulations are in 
agreement with experimental data. 

[1] Blanch, H.W., (1981) Chemical Engineering 
Communications, 8(4-6), 181–211; [2] Wang, Y. & Van 
Cappellen, P (1996) Geochimica et Cosmochimica Acta 60, 
2993–3014; 
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Fig. 1: Antimony (Sb) 
removal by soil (circle) and 
clay (square) in bioreactors. 

Comparative im/mobilization of As, 
Cr, Sb in argillaceous and soil 

suspensions 
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P. VAN CAPPELLEN1, B. MADÉ4 AND L. CHARLET2 
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Oxyanion behavior in subsurface environments strongly 
depends on redox conditions and on the presence or absence of 
other redox active components[1]. Here, we contrast 
contaminant im/mobilization in a natural soil to argillaceous 
clay-rich suspensions. We focus on the oxidation state, 
sorption affinity and mobility of arsenic (As), chromium (Cr) 
and antimony (Sb) under various redox conditions. We 
performed experiments using bio-reactors to impose temporal 
oscillations between anoxic and oxic conditions. This resulted 
in substantial redox potential (EH) fluctuation in soil 
suspensions (-320 to +450 mV, pH ~7), but only small changes 
in clay-rich suspensions (+250 to +340 mV, pH ~7). 

Cr(6) was removed from the aqueous phase during the first 
7 days for both substrates and was not subsequently 
remobilised. This suggests irreversible reduction of soluble 

Cr(6) to insoluble Cr(3). Total 
aqueous As and Sb 
concentrations oscillated along 
with oxic/anoxic transitions in 
the soil suspension, but 
decreased steadily in the clay 
suspension. Speciation analyses 
indicate reduction coupled to 
ethanol oxidation in both soil 
and clay systems. Comparisons 
between biotic experiments and 

sterilised controls suggest that reduction is microbially 
induced. Based on thermodynamic predictions end-products of 
As and Sb reduction are likely Sb2O3 or HSbO2 and 
CaHAsO3(s). 

Overall we observed a contrast in contaminant behavior 
between soil and argillaceous clay-rich substrate (Fig. 1). We 
ascribe this to the presence of Fe and Mn oxides in the soil, 
which can act both as sorbents and as catalysts for oxidation.  

[1] Couture, R.-M et al. (2015) ES&T 49, 3015−3023. 
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Re-Os shale data reveal gravity 
gliding deformation and surface 

water circulation, Hekkingen 
Formation, Loppa High, Barents Sea  

MARKEY, R.1*, STEIN, H. J.12, HANNAH, J. L.12, 
GEORGIEV, S. V.1, PEDERSEN, J. H.3 AND DONS, C. E.3 

1AIRIE Program, Colorado State University, USA 
(correspondence: richard.markey@colostate.edu) 

2CEED Center of Excellence, University of Oslo, Norway 
3Lundin Norway AS, 1366 Lysaker, Norway 
 

We studied shales from the Upper Jurassic Hekkingen 
Formation on the south flank of the Loppa High in the Barents 
Sea. Re-Os data from five core segments spanning the 18 m 
thickness provide ages of 153.3 ̶ 148.6 Ma (after Bayesian 
refinements) with initial Os ratios that systematically increase 
with time from 0.475 to 0.603. The Re-Os results also reveal 
within-unit reverse faulting, which is corroborated by 
geochemical profiles and subtle features observed in thin 
section. We estimate the vertical throw on the observed reverse 
fault to be on the order of a few meters.  We speculate that 
such compressional features may be the distal (i.e., down-dip) 
components of gravity gliding structures. Reverse faulting may 
have been facilitated by high fluid pressures, which are 
indicated by beef-like calcite veins associated with the inferred 
stratigraphic discontinuity. Evidence of minor normal faulting 
is also observed in other core intervals. 

Geochemical parameters indicate that the sediments were 
deposited under strongly reducing conditions. High V/Mo 
together with high Mo concentrations indicates euxinia at least 
within the sediment pile. Rhenium, Cd, Mo, Ag, Zn are all 
highly enriched compared to average shale and correlate 
strongly with S, suggesting that euxinia may have extended 
into the water column.   

Although the Hekkingen Formation at this location has 
high TOC contents (7-22 wt %), the ages post-date the Re-Os 
ages for the organic-rich Alge member elsewhere (Troms III 
and the Nordkapp Basin, to the SW and NE, respectively). The 
later onset of deposition of the Hekkingen Formation at this 
locality is likely due to its location high on the flank of the 
Loppa High. Seawater Os isotopic trends show agreement with 
time-correlative strata in the Hekkingen Formation at Troms 
III and the Nordkapp Basin, suggesting open circulation of the 
surface waters to the north of the Finnmark Platform during the 
Late Jurassic. 

 
Support provided by the Norwegian petroleum industry 

under the CHRONOS project. 
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U-Pb and Lu-Hf isotope systematics 
of Nb-Ta mineralization 
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Rare element pegmatites are supposed to be the product of 
igneous fractionation of diverse felsic magmas. In many cases, 
a genetic relation between granite plutons and bodies of 
pegmatite is assumed on the basis of spatial proximity. If the 
“parental” granite is not exposed, the origin of a given 
pegmatite is unknown. The combination of high-spatial 
resolution Sm-Nd and Lu-Hf isotope systematics with U-Pb 
geochronology could be used to characterize the origin and 
source of the parental magma. We studied columbite group 
(CGM) minerals from the Tanco pegmatite (LCT) in 
southeastern Manitoba (Canada) and from different pegmatite 
fields of Kibaran age from Central Africa. LA-SF-ICP-MS U-
Pb ages of CGM from the Tanco pegmatites show quasi 
concordant ages between 2.67 – 2.50 Ga as well as strongly 
discordant analyses with 206Pb/238U ages of 0.35 to 1.6 Ga. The 
association of the pegmatite to their “parent” magmas is still 
unknown. U-Pb ages of CGM samples from the Kibaran 
pegmatites vary between ~975 and ~930 Ma and are 
interpreted to be associated to the G4-Granite which formed at 
986 ±10 Ma[1]. The U-Pb system shows a clear age variation 
for the Tanco and Kibaran CGM as well as some discordant 
ages. Sm-Nd and Lu-Hf isotopes of specific domains in CGM 
were analysed by isotope dilution technique using a Neptune 
MC-ICP-MS after dissolution in acid and subsequent 
separation of the isotope fraction by ion exchange 
chromatography. Samples of 0.5 to 50 mg were collected from 
thick section guided by BSE images using a microdrill and 
Resolution Excimer Laser, respectively. Nd and Sm 
concentration vary from 0.1 to 107 ppm with Sm/Nd of 0.1 to 
0.9; Hf concentration vary from 8 to 740 ppm with Lu/Hf of 
0.001 to 0.21. The CGM of the Tanco pegmatite fall in an 
positiv ɛHf(t) range of 0.4 to 2.2. The ɛHf(t) data from Kibaran 
pegmatites show considerable variation from -2.9 to -23.9 
between different localities, within single pegmatites and even 
grains. This variation correlates with textural heterogeneity and 
is probably caused by a hydrothermal alteration process. But 
the big spread in the εHf(t) data from the CGM and the 
discordant ages are pointing to a more complex history. The 
association to the “parent” rock and the following processes 
will be discussed.  
 
[1] Tack et al. (2010) Prec. Res. 180 (1-2)pp. 63–84.  
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Fractionation of Zn upon 
complexation with physiologically 
relevant organic ligands in plants  
T. MARKOVIC1*, A. SIMPERLER1, J. N. HARVEY2,  
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1Imperial College, Exhibition Road, London SW7 2AZ, UK; 

(*correspondence: t.markovic12@imperial.ac.uk)  
2KU Leuven, Celestijnenlaan 200F, Heverlee B-3001, 

Belgium.  
 

The contribution of ligand-facilitated uptake of Zn in 
graminaceous plants, such as rice, is studied with the purpose 
to better understand the mechanism of Zn efficiency. Previous 
work suggested that the formation of Zn complexes with 
naturally available organic ligands introduces an enrichment in 
heavy 66Zn isotope, analogous to the mechanisms shown for Fe 
uptake [1]. Organic compounds that have been associated with 
a Zn transport role in plants include low molecular weight 
organic acids such as citrate and malate, small amino acids e.g. 
cysteine, as well as strong chelators from the group of 
phytosiderophores (PS) and peptide based metallothioneins.  

This study quantifies isotopic fraction upon Zn2+ 
complexation with three synthetic ligands (i.e. EDTA, 
TMDTA and CyDTA) similar in reactivity and structure to 2’-
deoxymugineic acid (DMA), a phytosiderophore from the 
group of mugineic acids utilised by rice to facilitate Zn 
translocation. Under the experimental conditions used, we 
observe heavy isotope enrichment within the complex 
(expressed as ∆66Zn) of 0.52±0.06‰, 0.48±0.04‰ and 
0.63±0.08‰ for EDTA, TMDTA and CyDTA respectively.  

Heavy 66Zn enrichment (0.18 to 0.22‰), previously 
reported by our group in field-grown rice [2], was explained by 
involvement of DMA in Zn uptake mechanisms under Zn 
deficient conditions. To estimate Zn partitioning when 
complexed by DMA, we calculate δ66/64Zn using computational 
methods (i.e. DFT) as well as extrapolate the anticipated value 
from the experimental results shown above. Both methods 
agree in the direction of bias and the extent of isotopic 
fractionation, where δ66/64Znfree-Zn - [ZnDMA]2- ~ 0.32‰.  

Our results demonstrate advances in the application of 
DFT as a fast and powerful tool in future environmental and 
stable isotope studies. Nevertheless, further efforts in 
optimising analytical techniques are necessary to overcome the 
challenges of measuring Zn fractionation in situ.  

 
[1] Römheld V. and Marchner H. (1986) Plant Physiol. 80, 
175-180. [2] Arnold T. et al. (2010) Plant Cell Environ. 33, 
370-381. 
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Eudialyte-group minerals (EGM) occur in a special group 
of peralkaline nepheline syenites and granites, the so-called 
agpaites. They comprise a number of Cl-bearing Na-Ca-Zr-
cyclosilicates with variable amounts of Fe, Mn, Sr, REE, and 
Nb, forming extensive solid solution series. The textural 
occurrence of EGM can be highly variable, from 
orthocumulates (less common, e.g., Ilímaussaq and Lovozero), 
to late magmatic or hydrothermal occurences (more common, 
e.g., Pilansberg, Tamazeght, Langesundfjord). As the structure 
of EGM contains several different structural sites, a large 
number of minor and trace elements can be accomodated. 
Accordingly, compositional and textural variations of EGM are 
promising monitors of various magmatic and hydrothermal 
processes.  

The stability of EGM depends on a number of factors, such 
as melt composition (especially peralkalinity and Zr content), 
redox conditions, and the availability of volatile components 
(such as F, Cl and H2O). If any of these factors are not met, 
other Zr-phases such as zircon, catapleite and others are 
stabilized. These parameters have a major impact on 
enrichment processes during the differentiation of a magmatic 
system, e.g. for REE and Zr. 

The type locality for eudialytes.s. is the Ilímaussaq complex 
in South Greenland. Some of its agpaitic rocks contain 
economically very attractive levels of REE, Zr, Nb and others. 
The complex has therefore a long prospecting and exploration 
history and recent developments on the REE market as well as 
political changes in Greenland have led to increased 
exploration activity in the complex. Using the Ilímaussaq 
complex as a type example, we show, that EGM are reliable 
monitors of processes such as fractional crystallization, 
formation of layering, magma replenishment, late-magmatic to 
hydrothermal overprint and supergene alteration. 
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Cba. tepidum-S0 interactions: Some 
attachment required 
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The Chlorobi are anoxygenic phototrophic bacteria that 
produce solid, extracellular elemental sulfur (S0) globules as an 
intermediate step in the oxidation of sulfide to sulfate. Because 
globules are deposited extracellularly, cells must prevent 
encrustation during globule formation, and access sulfur 
through direct contact or at-a-distance mechanisms while 
degrading globules. To understand how Chlorobaculum 
tepidum, a model organism of the Chlorobi, addresses these 
challenges, we characterized the spatial relationships of cells 
and globules by light, electron (SEM), and atomic force 
(AFM) microscopy. 

Cba. tepidum oxidizes sulfide to form extracellular S0 
globules. Globules nucleate early on, then continue to grow 
during this stage, with cells generally outnumbering globules 
by a factor of 2-3. Using time-lapse light microscopy, globules 
were observed to form and grow at a distance from cells, with 
~15% of globules never coming into contact with cells. This 
suggests that Cba. tepidum cells produce a pool of soluble 
sulfur compounds (e.g. polysulfides) that can nucleate into 
globules and accrete away from the cell surface.  

Upon the exhaustion of sulfide, cells begin to oxidize and 
degrade S0 globules. During this stage, most cell-sulfur contact 
is transitory. Only ~15% of cells are attached during globule 
degradation. Cells grow while not attached to globules, even in 
the absence of other electron donors. Likewise, globules can be 
degraded without any contact from cells. However, cells 
separated from globules by a dialysis membrane are unable to 
grow. Taken together, these results suggest that attached Cba. 
tepidum cells may produce soluble intermediates that can feed 
unattached cells, and potentially activate S8 rings in unattached 
globules.  

Overall, these observations suggest mechanisms for Cba. 
tepidum globule formation and degradation that are dependent 
on cell-sulfur contact in a system where contact is transient and 
dynamic. Additionally, we are using AFM and SEM to 
investigate how the biomineral structure and rigidity evolve 
over the formation and degradation stages.  
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The Earth’s lower mantle constitutes more than 50% of 

Earth’s volume and is the largest geochemical reservoir for 
many elements. Material transport from Earth’s surface into 
the deep mantle occurs by subduction of oceanic lithosphere. 
Seismic observations indicate stagnation and broadening of 
subducting slabs in the shallow lower mantle, but the 
underyling principle is unclear. 

Ferropericlase (Mg,Fe)O is thought to be the second most 
abundant mineral in Earth’s lower mantle. Due to its 
potentially weak rheological behavior it may play a key role in 
controlling rheology, particularly in high strain areas in the 
Earth’s mantle such as around subducting slabs.  

Here, we present new results from synchrotron radial  
x-ray diffraction measurements on the deformation behavior of 
(Mg,Fe)O at high-pressures and high-temperatures. One set of 
experiments was performed on (Mg0.8F0.2)O at the Advanced 
Light Source (Lawrence Berkeley National Laboratory) up to 
96 GPa at 300 K. A second suite of data were collected at the 
Extreme Conditions Beamline of PETRA III (DESY) to 70 
GPa at 850 K and 40 GPa at 1150 K.  

From our data, we calculate the flow strength of 
ferropericlase, which we find to increase by a factor of 3 at 
pressures from 20 to 65 GPa at 300 K. Modelling based on our 
experimental data indicates a 2.3 orders of magnitude increase 
of viscosity around subducting slabs in the upper  
900 km of the lower mantle [1]. Such a strong viscosity 
increase can lead to stagnation of sinking slabs in the shallow 
lower mantle as observed by seismic tomography. 
 
[1] Marquardt & Miyagi (2015) Nature Geoscience 8, 311-
314, doi:10.1038/ngeo2393. 
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The Brazilian largest chromite deposit is hosted in a 

Paleoproterozoic mafic-ultramafic swarm of layered bodies, 
possible fragments of a single larger sill disrupted during 
deformation. The Jacurici Complex outcrops in a N-S trending 
(70 km-long to 20 km-wide) parallel to a large syenite 
intrusion in the NE of the São Francisco Craton. The sill is just 
300 m thick whereas the ore occurs in a single 5-8 m thick 
massive layer posing huge problems considering mass balance 
[1] [2]. At the northern part, Ni-Cu sulfide mineralization also 
occurs at the same stratigraphic level. Re-Os dating [3] 
suggested that the complex was older than reported before [4]. 
Zircons separated from a norite belonging the Complex and an 
undeformed alkaline pegmatite that crosscuts the mafic-
ultramafic rocks point to a very short interval of time between 
crystallization, deformation and intrusion of the syenite (table 
1). Marques et al. [2] suggested that chromite crystallization 
was triggered by crustal contamination and a high volume of 
magma flowed through the sill acting as a dynamic conduit 
leaving chromite behind. Although the Jacurici chromitites 
formation shows reasonable aspects to consider the in situ 
model [1] [2], it is difficult to reconcile the crystallization 
conditions to the thickness observed in the short timing 
assumed for the magmatism. The chromite-rich slurry 
transportation [5] [6] could be an alternative possibility, 
although the small size of the complex precludes mush 
mobility [cf.6]. 

 

 
Table 1: Ages for the Jacurici Complex area 
 
[1]Marques & Ferreira Filho (2003) Econ. Geol. 98, 87-108. 
[2] Marques et al. (2003) J. Petrol. 44, 659-678. [3] Marques 
& Carlson (2008) Geoch. Cosmoch. Acta, suplem.,72, A 593. 
[4] Oliveira et al. (2004) Precamb. Res. 128, 143-165. [5] 
Voordouw et al. (2009) Mineral.Petrol. 97,75–94. [6] Maier et 
al. (2013) 48, 1-56. 

Rock/mineral Method Age Ref.
Jacurici gabbro 2085±5Ma
Itiúba Syenite 2084±16Ma
Remobilized sulfide in 
veinlets Re-Os 2084±1Ma 3
Pegmatites that crosscut 
the Complex 2084±6Ma
Jacurici norite 2099±3Ma

U-Pb zircon 
SHRIMP 4

this 
study

U-Pb zircon        
LA-MC-ICP-MS
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Brava is a small volcanic island of the Cape Verde 
archipelago with an older basement composed of a submarine 
volcanic sequence (nephelinitic/ankaramitic hyaloclastites and 
pillow lavas) and an intrusive complex (alkaline–carbonatite) 
that is unconformably covered by younger sub-aerial volcanic 
deposits (dominated by phonolitic magmatism). Sediments 
also occur. Intrusive and extrusive carbonatites increase the 
imbalance of elements in the parent materials that can impact 
on the health of plants and animals growing in or on the soils. 
Brava is characterised by an irregular plateau between 300 and 
976 m above sea level, with numerous closed depressions 
corresponding to recent phreato-magmatic craters. Soils are 
incipient mainly due to a semi-arid climate. Cultivated land is 
mostly found in soils developed on phonolitic pyroclasts at the 
plateau area around Nova Sintra village, where a higher index 
of moisture occurs, together with soils developed on sediments 
particularly in fluvial valleys. 

A geochemical, mineralogical and iron speciation study of 
topsoils developed on phonolitic pyroclasts and on sediments 
is reported, aiming at assessing metal(loid)s behavior, 
including radioactive elements, and the mineralogical 
assemblage. Whole samples and the clay-sized fractions were 
analyzed by neutron activation analysis, X-ray diffraction and 
Mössbauer spectroscopy. 

A general enrichment of the chemical elements studied in 
the clay-sized fraction of soils is observed, with exception of 
Fe and Cr suggesting their occurrence in coarser particles of 
iron oxides; a significant enrichment of Sb occurs in the clay-
sized fraction of the plateau soils particularly those close to 
fault zones. Radioactive elements tend to be concentrated in 
the fine particles, except in soils developed in sediments with a 
significant contribution from extrusive carbonatites and from 
the alkaline–carbonatite complex. Illite, mixed-layered 
minerals and kaolinite were the main clay minerals identified 
in the studied topsoils. Chlorite also occurs in trace amounts. 
Approximately 85% and 75% of the total Fe is in the Fe3+ 
oxidation state in soils developed on sediments and phonolitic 
pyroclasts, respectively. Hematite is virtually the only Fe oxide 
present in soils of sediments, while maghemite is more 
abundant than hematite in soils developed on pyroclasts.  
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Biomining of sulfide minerals has been applied for almost 

more than five decades. However, geobiotechnology for 
processing of oxide ores such as laterites lags commercially 
behind. Acidithiobacillus (At.) ferrooxidans and At. 
thiooxidans are two of the most relevant acidophilic 
chemolithotrophic bacteria used in biomining for the oxidation 
of sulfide minerals. At. ferrooxidans can also reduce ferric iron 
while oxidizing sulfur compounds under anaerobic conditions. 
This metabolic capability was used for an anaerobic reductive 
bioprocessing of laterite ores (Ferredox process, [1]). While At. 
ferrooxidans is the most studied iron-oxidizing and -reducing 
acidophilic biomining bacterium, At. thiooxidans is almost 
only known as sulfur-oxidizer. We show that the ferric iron 
reduction mediated by At. thiooxidans can be applied in 
presence of molecular oxygen to an aerobic reductive 
dissolution (AeRD) of nickel laterite tailings as well as other 
waste material. Interestingly, the consortium of At. 
ferrooxidans and At. thiooxidans showed improved capacities 
of reductive dissolution of laterite materials in presence of 
oxygen. No requirement for nitrogen atmosphere, reduced acid 
consumption as well as nickel and cobalt recovered in a 
ferrous-based pregnant leach solution (PLS), facilitating the 
subsequent metal recovery, could be mentioned as some of the 
advantages of AeRD for processing of laterites. Therefore, the 
development of the AeRD process should be considered as an 
environmental friendly process to treat laterite with low 
operational cost and as an attractive alternative to anaerobic 
reductive dissolution. 

 
[1] du Plessis et al. 2011. Hydrometallurgy 109, 221–229. 
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The wide use of clay minerals in industrial applications, 

energy and environmental engineering  is partly due to their 
remarkable properties of retention at the mineral surface. 
Swelling clay minerals are made of negatively charged 
aluminosilicate layers, the charge of which is compensated by 
exchangeable cations situated between clay layers. The 
favorable hydration of these counter-ions causes the swelling 
of the clay nanopores in the presence of water. The way the 
mobile species are retained in the mineral depend on the 
relative interactions between water, ions and clay surfaces. 

Molecular dynamics simulations, which describe the 
evolution of matter at the atomic scale, allow to access 
adsorption properties at the surface of the clay layer. The 
presence of the clay surface induces a slowing down of the 
mobile species in agreement with experiments, with diffusion 
mechanisms different between species and from bulk aqueous 
solutions [1-3]. However if this type of simulations is helpful 
to understand the water/mineral interactions in detail, it is 
limited to ideal systems with relatively small dimensions. 

In order to reach higher scales, simulations or analytical 
theories considering the solvent as a continuum can be 
considered. If such modelings can be appropriate in 
inteparticle pores of several nanometers [4] [5], they are not 
well adapted to describe the dynamics of solutes in the small 
interlayer pores because of a strong coupling between the ion 
and the solvent molecules [6]. 

However we will show how the values of the diffusion 
coefficients obtained at the atomic scale can be directly used in 
Brownian dynamics simulations to mimic tracers diffusion 
(water and ions) through a micrometric clay sample with a 
complex multiporous geometry. 

 
[1] Marry et al. (2003), J. Phys. Chem. B, 107, 1832-1839. 

[2] Marry et al. (2008), PCCP, 10, 4802-4813. [3] Marry et al. 
(2013), J. Phys. Chem. C, 117, 15106−15115. [4] Botan et al. 
(2011), J. Phys. Chem. C, 115, 16109–16115. [5] Botan et al. 
(2013), J. Phys. Chem. C, 117, 978−985. [6] Carof et al. 
(2013), Mol. Sim., 40, 237-244. 
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Stable isotopes of boron and lithium show variations of 
several tens of per mil in Earth’s surface environments and are 
potentially powerful geochemical tracers for the secular 
evolution of the ocean-crust-mantle system. Yet, the isotopic 
compositions of the Earth’s major reservoirs are still poorly 
constrained, in particular in the case of boron. Estimates for the 
isotopic composition of the mantle are dominantly based on 
analyses of MORB, and range from -10 ±2 ‰ to ~0 ‰ [1] [2]. 
This large uncertainty in the mantle reference value is due to 
analytical challenges of B isotope analyses at low 
concentrations and to possible assimilation of seafloor-altered 
materials by the basaltic magmas. 

The first of these obstacles was recently overcome at the 
WHOI ionprobe lab by implementing an improved analytical 
protocol for B isotope analyses, which enables precise and 
accurate δ11B analyses of MORB [3]. This improved method 
was employed in this study to analyse a range of 56 different 
MORB glasses from a range of settings and localities, 
including N-MORB and E-MORB from the EPR, MAR and 
SWIR. The samples had been characterised in a number of 
previous studies for major and trace elements and radiogenic 
isotopes. Here, we add B isotope data to this set of glasses. We 
also analysed a subset of these samples for Li isotopes by MC-
ICP-MS, and added missing Cl and F concentration data. 

Our results show a broad positive correlation between B 
and Li isotopes. δ11B values exceeding -5 ‰ are restricted to 
glasses with high [Cl] and high Cl/K. No correlation exists 
between B (or Li) isotopes and Nd or Pb isotope ratios, but 
some high-δ11B high-δ7Li samples show elevated 87Sr/86Sr. All 
this evidence taken together is interpreted to represent 
assimilation of seawater-altered materials or seawater-derived 
brines into the basaltic magmas, adding heavy B and Li, as 
well as Cl and radiogenic Sr to the melts. No differences were 
observed in δ11B among low-Cl/K glasses from EPR, MAR 
and SWIR, and their average δ11B is -7.5 ±0.7 ‰. This value 
represents our best estimate for average uncontaminated 
MORB. Differences exist in δ7Li among different localities, 
but the best estimate for average uncontaminated MORB from 
this set of samples is +3.5 ±0.4 ‰. 
 
[1] Chaussidon & Jambon (1994), EPSL 121: 277–291. [2] 
Ishikawa & Nakamura (1992) GCA 56: 1633–1639. [3] 
Marschall & Monteleone (2015), GGR 39: 31–46. 
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Geodynamic models applied to the western Canadian 
Grenville Province predict a protracted period of high-
temperature conditions (e.g. T > 700 °C for >70 Myrs) across 
the orogenic infrastructure during and after the main collisional 
phase. This is supported by a ~50 Myr range in zircon ages 
from mid-crustal migmatites and hornblende 40Ar-39Ar cooling 
ages that are younger by another ~65 Myrs across much of the 
western Grenville. This type of long-duration high-T thermal 
history should result in complete diffusional re-equilibration of 
major-element zoning in most garnet crystals and young ages 
in U-Pb thermochronometers with amphibolite-facies closure 
temperatures. However, exploratory thermal-chronological 
studies of HP mafic blocks within the orogenic core show a 
number of characteristics consistent with relatively short high-
T residence times and rapid cooling. Prograde growth zoning 
(i.e. decreasing Mn and increasing Mg# from core to rim) is 
well-preserved in ~4 mm garnet crystals and moderately 
preserved in many ~1 mm crystals. Given that these samples 
yield peak T estimates of ~ 800-850 °C, the preservation of 
growth zoning suggests high-T durations of <10 Myrs (for Tchar 
= 750 °C) and <30 Myrs (for Tchar = 700 °C). Steep Mn 
enrichment profiles along the garnet margins, associated with 
resorption and back-diffusion during decompression, also yield 
short timescales of cooling (~2 Myrs for Tchar = 743 °C and ~7 
Myrs for Tchar = 663 °C). Finally, depth-profiled rutile crystals 
commonly show 207Pb/206Pb age progressions from ~1080 Ma 
in the cores to ~980 Ma along the rims, indicating core-to-rim 
migration of the intracrystalline diffusional closure front 
(associated with cooling from ~650 °C to ~500 °C) over this 
timeframe. The older ages preserved in the rutile cores  are 
commonly within 10 Ma of U-Pb zircon ages for the same 
samples (1085-1097 Ma), and suggest relatively rapid cooling 
(>10 °C/Myr) to <650 °C following HP metamorphism. Rapid 
cooling early in the Ottawan collisional phase suggests syn-
convergent exhumation to shallow crustal levels, a process that 
may have been aided by melting at HP conditions within the 
high-strain margins of the mafic blocks. 
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Large areas within Europe show a metal contamination of 

the soil and the water phase (e.g. surface and ground water). 
That pollutions are often caused by former and actual mining 
activities. For cleansing of these sites after termination of the 
mining phytoremediation is a possible tool. It uses plants and 
microbes either for extraction of metals from soil 
(Phytoextraction) or to stabilize them in the soil 
(Phytostabilization). The latter causes a decrease of mobility, 
bioavailability and also toxicity of the metals. 

The ‘Kanigsberg’ study site in eastern Germany represents 
a case example for mining influenced areas. Besides other 
impacts of the former mining the area shows residual metal 
contamination in soil and water. After the endining of the 
mining, the site was reforested with various tree species for 
remediation. Furthermore succession by birch trees started. To 
estimate the benefit of such a remediation strategy a better 
understanding of the processes occurring at the plant-soil-
interface on reforested heaps is essential. Therefore mesocosm 
pot experiments were set up. Four 45 l pots filled with 
homogenized heap material from the study site were equipped 
with instrumentation for acquisition of physico-chemical soil 
parameters as well as for soil water sampling in various depths. 
Three pots were cropped with autochthonous birch trees, the 
fourth serves as an unplanted control. 

In the ongoing experiment periodically soil water sampling 
is scheduled to monitor trends in electrical conductivity, pH 
and metal concentrations. Furthermore the mycorrhiza of the 
autochthonous birches in field and in the pots is investigated 
by morphologically and genetically identification. 

The results from the first vegetation period indicate a 
decrease of metal loads as well as an increase of pH in the soil 
water of the planted pots compared to the unplanted control.  
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Lateral and vertical changes in inorganic species 
concentrations in New Zealand (southern South Island) soils 
have been studied using a new data set of 360 sites (8-km 
spaced) collected at two depths: 0-30 cm (A-depth) and  
50-70 cm (B-depth). Samples underwent HNO3-HCl-H2O 
digestion before determination of 65 elements by dilution-
ICPMS analysis. Sample splits were analysed by lab XRF as a 
lithium tetraborate melt and by field portable XRF as a < 2 mm 
sieved soil sample. A further sub-set has had Sr, S, C and N 
isotopic ratios determined. Results show many elements vary 
with, and correlate to, the underlying basement geology but 
there is also a decoupling of the near surface sample from the 
deeper sample for some elements (e.g. P, S, Mn, Pb, Cd, Se). 
The variation in these later samples can be explained 
anthropogenically. For example, variation in P, S and Mn in 
the A depth is apparent particularly in areas of high producing 
grassland, which have been fertilised in these elements for the 
past 130 years and Pb is more concentrated around urban 
centres where vehicle emissions and contaminants such as Pb-
based paint are focussed. Arsenic is concentrated in the B-
depth relative to the A-depth in historic mining areas northwest 
of Dunedin. This is attributed to natural As-bearing sulphides 
in mineralised veins and elevated As levels in the surrounding 
host rocks. There is also evidence in the survey for natural re-
mobilisation of heavy metals (e.g. Cr, Ni, Co) where they are 
more concentrated in the floodplains of a major braided river 
system, the Oreti River, during Neogene-Quaternary erosion of 
ultramafic rock sources. The survey is showing natural and 
anthropogenic change affecting New Zealand soils. 

2024



 Goldschmidt2015 Abstracts  

 2025 

Weathering in deglaciated watersheds 
of western Greenland 

ELLEN E. MARTIN1, CECILIA A. SCRIBNER1,  
JONATHAN B. MARTIN1 AND KELLY M. DEUERLING1 

1Dept. of Geological Sciences, Univ. of Florida, Gainesville, Fl 
32611, USA (eemartin@ufl.edu; jbmartin@ufl.edu; 
kdeuer@ufl.edu; cscribner@ufl.edu) 

 
Weathering fluxes from Greenland are currently derived 

from subglacial, proglacial and deglaciated environments.  As 
the Greenland Ice Sheet (GrIS) retreats in response to current 
warming, the proportions of weathered material sourced from 
each of these watersheds and delivered to the ocean will 
change.  Currently there is little data on weathering in 
deglacial watersheds that are isolated from the GrIS and 
discharge annual precipitation and permafrost melt.  We 
collected stream water and bedload samples from four 
deglacial watersheds in a 125 km transect from Sisimuit on the 
coast of western Greenland inland to Kangerlussuaq.  The 
entire region is within the Nagssugtoqidian Mobile Belt, but 
the coastal sites sit on ~10 ky old moraines and experience a 
positive water balance while the inland sites sit on ~7.5 ky old 
moraines and experience a negative water balance. Analyses of 
waters indicate the dominant anion is HCO3

- and the dominant 
cation is Ca2+ for all watersheds.  The coastal sites record 
higher Na/Cl, SO4/Cl, and Si/Ca ratios, lower Ca/Sr ratios, and 
are more undersaturated with respect to calcite compared to 
inland sites.  These data indicate that carbonate weathering 
dominates the weathering fluxes in the inland sites and there is 
an increase in silicate and sulfide weathering toward the coast.  
Carbonate minerals weather more readily than silicates, thus 
this transition suggests the coastal region has experienced more 
extensive weathering than inland watersheds. This conclusion 
is supported by Sr isotopic analyses that record a smaller offset 
between water and bedload 87Sr/86Sr values in coastal 
watersheds (0.005) compared to inland water sheds (0.018). 
The difference in exposure age between these locations is 
small, thus differences in weathering are probably related to 
precipitation, which is influenced by proximity to the coast and 
GrIS.  These results predict a greater contribution of silicate 
weathering as the arid landscape influenced by dry winds off 
the GrIS comprises a smaller proportion of the deglacial 
region. The evolution of weathering reactions in deglacial 
watersheds will ultimately impact the fluxes of solutes, 
nutrients and isotopes to the ocean.  
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Carbonate minerals dissolve in modern carbonate 

depositonal settings by naturally produced carbonic and 
sulfuric acids. Sulfuric acid forms through coupling of 
microbial oxidation of organic carbon and sulfate reduction to 
sulfide followed by reoxidation of sulfide by atmospheric 
oxygen and oxygen produced photosynthetically in the local 
environment.  Microbial oxidation of organic carbon also 
forms CO2, which along with CO2 dissolved from Earth’s 
atmosphere, hydrates to carbonic acid.  Although carbonate 
mineral dissolution is often congruent, a common early 
diagenetic reaction is the dissolution of biogenically produced 
aragonite and subsequent co-precipitation of 
thermodynamically more stable calcite.  Precipitation of solid 
carbonate minerals from bicarbonate produced from hydrated 
atmospheric CO2 releases CO2 back to the atmosphere; 
therefore, these coupled reactions do not affect atmospheric 
CO2 concentrations.  In contrast, CO2 released during 
dissolution of solid carbonate minerals via sulfuric acid results 
in a net contribution of CO2 to the atmosphere.  The 
magnitudes of these two types of reactions depend on the 
hydrologic dynamics of the systems.  Water filled sinkholes 
(called blue holes in The Bahamas and cenotes in the Yucatán) 
are fairly static and organic carbon oxidation occurs at the 
pycnocline where organic matter is trapped at the density 
interface.  Dissolution occurs as diffusion and tidal pumping 
bring low pH water into contact with carbonate minerals of 
sinkhole walls.  In regions with large fresh-water lenses such 
as the Yucatán, fresh water discharges dynamically from 
offshore springs.  Backflooding of these springs during times 
of elevated sea surface drives dissolution through mixing oxic 
and sulfide-rich water. Both organic carbon oxidation and 
carbonate mineral dissolution affect P cycling in these system 
through release of organic- and carbonate-bound P, thereby 
providing a feedback to the microbial and benthic 
communities.  Although dissolution in carbonate systems can 
be congruent, and thus not form regolith, weathering, early 
diagenesis, and atmospheric fluxes critically depend on the 
relationship between biotic processes, oxidation of carbon 
fixed by primary productivity, and dissolution reactions. 
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The boron isotopic composition of coral skeleton (δ11B) is 

a common proxy for reconstructing past seawater pH. 
However, because corals increase the pH of their calcifying 
fluid relative to seawater to aid calcification, δ11B-based pH 
estimates must be corrected for this pH difference. 
Unfortunately, instrumental records of seawater pH to 
empirically calibrate the δ11B proxy are currently scarce. We 
show that there is a relationship between the boron (δ11B) and 
carbon (δ13C) isotopic composition in the skeletons of both 
deep-sea and tropical shallow-water corals. We further show 
that skeletal δ13C is related to the pH difference between the 
calcifying fluid and seawater. This relationship can be 
explained by the effect that pH differences have on the rate of 
CO2 diffusion from seawater to the calcifying fluid, because 
greater incorporation of isotopically-light carbon from CO2 
into the coral skeleton reduces skeletal δ13C. We used a 
numerical model to explore how physiological manipulation of 
the calcifying fluid by corals (through ion pumps and exchange 
with seawater) can give rise to the trends we observed in δ11B, 
δ13C, and the pH difference between seawater and the 
calcifying fluid. Although δ13C in coral skeletons is 
undoubtedly also influenced by factors besides pH, our data 
indicate that δ13C might potentially be a useful proxy measure 
to correct δ11B data for the pH difference between calcifying 
fluid and seawater. 
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Backarc crustal formation involves pressure-release 
melting and hydrous fluxing in the mantle wedge. A 
controlling factor in the expression of these processes may be 
opening rate.  Fast opening rates in the Lau basin (>97 mm/yr) 
decrease to ultraslow rates in the Havre trough (~15 mm/yr) 
and are accompanied by large changes in style of crustal 
accretion and composition. In the Lau basin crust forms along 
well-organized spreading centers with MORB-like basaltic 
compositions in arc-distal locations but abruptly switches to 
arc-like andesitic compositions with proximity to the arc 
volcanic front [1,2].  The Havre Trough also forms MORB-
like and arc-like crustal domains but there they are arrayed in 
basins and volcanic chains respectively that trend across the 
basin [3]. We propose that opening rate fundamentally controls 
the style of crustal accretion. In the Lau basin fast opening 
rates force two-dimensional plate-driven advection dominated 
by pressure release melting in the mantle wedge that results in 
crustal accretion centered on an organized seafloor spreading 
axis. Subtle variations in ridge structure and composition 
correlate with the location of arc volcanoes, however. In the 
Havre Trough, ultraslow opening rates minimize plate-driven 
mantle advection. Melt formation and volcanism are 
dominated by water release from the slab and hydrous fluxing 
of the mantle wedge. The pattern of hydrous fluxing is 
believed to form diapiric upwellings in the form of “hot 
fingers” [4] above the slab with intervening areas of more 
MORB-like mantle, thus giving rise to arc-like volcanic cross 
chains separated by MORB-like basins. The change from 
organized spreading in the Lau basin to diffuse volcanism in 
the Havre Trough may be further conditioned by generally 
increasing water content in the mantle wedge as spreading 
rates decrease. Increasing water content has a strong effect on 
mantle rheology and may eventually inhibit formation of 
narrow plate boundary zones by broadly weakening the 
lithosphere. 

 
[1] Martinez & Taylor (2002) Nature, 416, 417-420; [2] Dunn 
& Martinez, (2011) Nature, 469, 198-202; [3] Wysoczanski, et 
al, (2006) JVGR, 152, 51-73; [4] Tamura et al., (2002) EPSL 
197, 105-116.  
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The alteration of peridotites (the serpentinization reaction), 
leads to the production of H2 and thus propagates low oxygen 
fugacity conditions in the fluids which may in turn favor the 
reduction of CO2. This reduction reaction is invoked for the 
production of methane and other reduced carbon molecules 
(e.g. carboxylic acids, formic acid, methanol) observed in 
hydrothermal fluids circulating through the oceanic 
lithosphere. These reactions are usually interpreted in terms of 
Fischer-Tropsch type (FTT) processes and have been 
experimentally studied for natural systems leading to 
contradictory results. In particular, even though it is admitted 
that they are promoted by some catalysts, those catalysts have 
not been clearly identified yet among the mineral phases 
present in such environments. Hence, we have studied the 
catalytic properties of some spinel-structure phases (magnetite, 
chromite) and sulfides (Fe, Cu-sulfides) which are suspected to 
play some role in these FTT processes in aqueous phase. 
Hydrothermal batch experiments were first performed on 
nano-magnetite powder under elevated fugacities :  
PH2=40 bars, PCO2=40 bars and T=180°C. After 3 days of 
reaction some methanol was detected by GC in the gas phase 
whereas only CO2 was present in a blank experiment run 
without any solid. This result shows that, under these 
conditions, CO2 can react with hydrogen in an aqueous phase. 
Analyses of both the fluid phases and the solid after reactions 
are still in progress. In a second part of this work, the potential 
catalysts (spinels, sulfides) were added in relatively small 
amounts to nano-olivine and run in gold capsule at  
P=200 bars–T=200°C, closer to natural systems, under more 
realistic H2 fugacity and CO2 being present as a bicarbonate 
solution. We show that relatively small amounts of added 
“geocatalysts” modify profoundly the carbon speciation in the 
solid products. For instance, large amounts of condensed 
reduced carbon phases are formed in presence of pyrite (FeS2) 
whereas numerous large magnesites with euhedral shapes and 
phyllosilicates with very specific microstructures are induced 
by chalcocite (Cu2S).  
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Fluctuations in Ba excess in sediments from the 

Mediterranean basins over the last 20 kyr have served to 
reconstruct variations in productivity in turn linked to climate 
changes. Productivity events recorded by Ba proxies are not 
correlated between eastern and western basins, pointing to 
significant differences in nutrient supply and 
paleoceanographic conditions. Differences in barite production 
could also derive from the mechanisms involved in barite 
precipitation. The recently demonstrated capability of certain 
microbial groups to mediate barite precipitation under 
laboratory conditions suggests that bacteria may have played a 
significant role in barite precipitation in seawater. This is also 
supported by a clear correlation between bacterial activity and 
barite production in the ocean water column. Thus, differences 
in bacterial activity between diverse basins should be also 
considered to explain spatial differences in barite accumulation 
rates within the sedimentary record.  
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This work presents a methodology to assess the 

environmental potential risk of soils when submitted to 
different conditions. The potentially toxic elements (PTEs) 
behaviour was evaluated by single chemical extractions in 
order to simulate four conditions: PTEs leaching under actual 
rainfall conditions; acid mine drainage; an anoxic and an oxic 
environment. Soil pollution assessment was carried out using 
the contamination factor (CF) and the pollution load index 
(PLI) for total contents and indicators of mobility were 
established for each extraction: natural mobility indicator 
(NMI), acid mine drainage mobility indicator (AMI), oxic 
mobility indicator (OMI) and anoxic mobility indicator 
(ANMI).  

The total PTEs content in samples was high, and this 
content decreased when the distance of the sampling site to the 
source of contamination increased. The results obtained after 
the extractions suggested that the highest PTEs content were 
extracted in the acidic medium. These results allow to suggest 
that acid mine drainage in the studied area is an important 
problem, especially in samples located close to the 
contamination sources, where soils could act as secondary 
contamination sources if they receive acidic waters. In 
addition, the complexing-medium results suggest that if in 
sediments close to contamination sources a change from 
oxidant to reducing conditions takes place, PTEs mobilisation 
could be an important issue. 

The most reactive materials under oxic conditions are, in 
the study area, the most modern. The proposed indices may 
constitute a first attempt to define areas with high potential 
environmental risk, where urgent action is needed.  In addition, 
the proposed methodology could be a valuable tool to prioritise 
these interventions. 
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complex (Central Ceará, Brazil)  
F. MARTINS1*, M. R. AZEVEDO1, B. VALLE AGUADO1,  

M. LIMA1 AND J. A. NOGUEIRA NETO2 
1GeoBioTec, Department of Geosciences, University of 

Aveiro, Portugal (*fabioamartins@ua.pt) 
2Department of Geology, Federal University of Ceará, 

Fortaleza, CE, Brazil 
 

The Banabuiú area, located in the Central Ceará Domain 
(NE Brazil), exposes a segment of the middle crust intensely 
affected by partial melting during the Brasiliano / Pan-African 
Orogeny in the Late Neoproterozoic (ca. 600 Ma). 

The high-grade metamorphic rocks from the Banabuiú area 
comprise paragneisses and orthogneisses, both migmatitic, 
displaying a wide variety of structures and morphologies 
(stromatic metatexites, schollen, schlieren and massive 
diatexites). Stromatic metatexites are the dominant lithological 
type and contain abundant leucocratic veins parallell to the 
main regional foliation (S3), which is related to the N–S 
striking sinistral Orós Shear Zone. There are, however, some 
felsic veins that appear to have been folded by D3 and others 
clearly discordant with D3 structures.  

Field and petrographic data reveal that the typical mineral 
assemblage in both leucocratic veins and diatexites is quartz + 
plagioclase ± K-feldspar + muscovite ± biotite ± garnet ± 
tourmaline. No evidence of solid state deformation was 
observed. 

Metamorphic assemblages and geothermobarometry 
suggest that partial melting of fertile metasediments occurred 
at slightly lower crustal levels, through incongruent breakdown 
of biotite, over a temperature range of 750-800°C. Subsequent 
migration and multiple injection of melts was a deformation-
assisted process, controlled by the Orós Shear Zone. Water 
released during melt crystallization was responsible for 
extensive rehydration of high-grade country rocks and 
overprinting of their previous mineral assemblages, during the 
last stages of D3. 

Thus, the Banabuiú gneiss-migmatitic complex is 
interpreted as a large injection complex, where anatectic melts 
produced at slightly deeper levels were accumulated. 
 
Funding: GeoBioTec research unit UIDGEO040352013  and 
M. Lima PhD Grant SFRH/BD/47222/2008 by FCT 
(Portugal). Metamorphic Evolution of the Granja Complex & 
Metallogenetic Potential of the Central Ceará Pegmatites 
(SPU Nº: 11294909-6, FUNCAP, Ceará, Brazil). 
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The use of the HARP satellite for the 
measurement of aerosol and cloud 

particles 
J. VANDERLEI MARTINS12,  

ROBERTO FERNANDEZ-BORDA2 AND LORRAINE REMER2 
1Department of Physics, University of Maryland Baltimore 

County 
2JCET-University of Maryland Baltimore County,  USA. 

remer@umbc.edu 
 

The HARP (Hyperangular Rainbow Polarimeter) CubeSat 
satellite is a full feature multi-angle imaging polarimeter that 
wil be launched in 2016 at the International Space Station orbit 
for the measurement of aerosol and cloud particles. HARP will 
HARP accurate poiting capabilites, four wavelengths (440, 
550, 670 and 870nm), hyperangular capability with up to 60 
along track viewing angles at 670nm, and up to 20 angles for 
all other wavelengths. The HARP imaging polarimeter will 
simultaneously measure the three  Stokes parameters (I, Q, and 
U) over a has wide field of view with 94deg cross track and +/-
58 degs along track. The combination of these capabilities will 
allow for the detailed meausurement of water and ice cloud 
particles in terms of their polarization and angular properties. 
HARP’s polarization capabilities will also allow for better 
discrimination for aerosols in the proximity of the clouds. 
Airborne results from the PACS airborne hypernangular 
polarimeter (a precursor to the HARP sensor) will be presented 
as a demosntration of the HARP capabilities. 
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Origin of terrestrial volatiles: 

Potential contribution of comets  
B. MARTY1 

1CRPG-CNRS, Université de Lorraine, Vandoeuvre les Nancy, 
France; bmarty@crpg.cnrs-nancy.fr 

 
The composition of volatile elements on Earth is subject to 

debate. A chondritic composition for volatiles in Earth is 
consistent with the isotope ratios of terrestrial H and N, but 
noble gases point to minor contributions of solar gases in the 
Earth, and to a possible cometary contribution. Here we review 
this problem in the light of the recent analysis of gases released 
by Comet 67P/Churyumov-Gerasimenko by the ROSINA 
instrument on board of the ESA Rosetta mission. Terrestrial 
noble gases are mostly in the atmosphere, and their bulk Earth 
budget corresponds to about 2 % carbonaceous chondrite-type 
material contribution to the proto-Earth [1]. For major volatiles 
(H, C, N), a mass balance based on 40Ar produced by the decay 
of 40K and on 40Ar/N/C/H2O ratios in mantle-derived material 
yields a comparable contribution of 2±1 % CC, with most 
major elements being concentrated the mantle.  This model 
predicts a high major volatile content, e.g., ≥4 ocean masses, in 
the mantle [1]. Other estimates based on the observed volatile 
content of mantle-derived basalts advocate low volatile 
concentrations in the mantle (e.g. 1-2 ocean masses for water), 
equivalent to <1% contribution of CC material [2,3]. In such a 
case, the bulk Earth noble gas/major volatile (e.g., 36Ar/H2O) 
ratio is one order of magntitude higher than that of CCs. Water 
in Comet 67P/CG has a D/H ratio 3 times the ocean value, 
precluding a cometary origin if 67P/CG is representative of the 
cometary reservoir [4]. 67P/CG is rich in Ar relative to water, 
with a 36Ar/H2O ratio 3-4 orders of magnitude higher than 
Terrestrial, thus opening the possibility that a significant 
fraction of atmospheric noble gases (but not major volatiles) 
was contributed by comets. However, a cometary contribution 
is not consistent with the near-chondritic 20Ne/36Ar ratio of the 
atmosphere because neon is not expected to be trapped in 
cometary ice. It is also at odds with a mixing correlation 
between 20Ne/22Ne and 36Ar/22Ne observed for terrestrial 
reservoirs that requires a CC end-member for terrestrial noble 
gases. Thus a volatile-rich mantle is still a viable possibility. 

 
[1] B. Marty (2012), EPSL 313-314, 56. [2] B. Marty & R. 
Yokochi (2006), RIMG 62, 421. [3] A. N. Halliday (2013), 
GCA 105, 146. [4] K. Altwegg et al. (2015), Science 347, 
1261952-1. 

 

2034



 Goldschmidt2015 Abstracts  

 2035 

Composition of cometary volatiles: 
Results from the ROSINA instrument 
on board of the ROSETTA spacecraft  
B. MARTY1, K. ALTWEGG2, H. BALSIGER2, M. HÄSSIG2, 
M. RUBIN2, OLIVIER MOUSIS3 AND THE ROSINA TEAM 

1CRPG-CNRS, Université de Lorraine, Vandoeuvre les Nancy, 
France; bmarty@crpg.cnrs-nancy.fr 

2Physikalisches Institut, University of Bern, Sidlerstrasse 5, 
Bern, Switzerland 

3Laboratoire d’Astrophysique de Marseille, CNRS-INSU, 
Université d’Aix-Marseille, France 

 
Comet 67P/Churyumov-Gerasimenko (67P) is a Jupiter 

Family comet targeted by the Rosetta mission for in-situ 
analysis of cometary material and properties. The ROSINA 
(Rosetta Orbiter Sensor for Ion and Neutral Analysis) 
instrument on board of the Rosetta spacecraft has been 
analyzing the composition of gases emitted from 67P since 
August, 2014.  ROSINA consists of two mass spectrometers, a 
double focusing MS (DFMS) and a time of flight MS, both 
having a Nier-type ion source. The high sensitivity (dynamic 
range of 1010), high resolution (m/Δ m > 3000) of the DFMS 
has the ability to resolve adjacent masses (e.g., complete 
separation of N2 from CO), and  allows bulk analyzis of gases 
emitted by the comet [1].   

The measured D/H ratio is found to be 3 times the oceans' 
value, precluding that terrestrial water was contributed by this 
type of material.  This high value is also consistent with an 
increase of the D/H with heliocentric distance [2]. ROSINA 
measured large fluctuations in composition (H2O/CO/CO2) 
during cometary rotation, possibily driven by temperature 
differences below the comet surface and/or heterogeneous 
composition of cometary matter [3]. Dinitrogen (N2) has been 
detected for the first time in a comet. The N2/CO ratio is 
depleted by a factor of 25 compared to the protosola value, 
suggesting an ice formation temperature below ~ 30 K [4]. 
Finally, the comet contains significant quantities of argon, that, 
together with water and the D/H ratio, permits to set 
constraints on environmental conditions of comet formation 
and on the contribution of cometary volatiles to Earth [5].  

 
[1]  H. Balsiger et al. (2007) Space Sci. Rev. 128, 745–801. [2] 
K. Altwegg et al. (2015), Science 347, 1261952. [3] Hässig et 
al. (2015), Science 347, aaa0276. [4] Rubin et al. (2015), 
Sciencexpress 19 March 2015. [5] B. Marty et al., this conf. 
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Autonomous observations of carbon 
dynamics in the southern California 

Current System 
TODD MARTZ1*, UWE SEND1, MARK OHMAN1,  
YUICHIRO TAKESHITA1, PHILIP BRESNAHAN1,  

HEY-JIN KIM1, SUNGHYUN NAM1, RICHARD A. FEELY2 
AND SIMONE R. ALIN2 

1Scripps Institution of Oceanography, University of California, 
San Diego, La Jolla, California, USA (*correspondence: 
trmartz@ucsd.edu) 

2NOAA Pacific Marine Environmental Laboratory, Seattle, 
Washington, USA 

 
Autonomous chemical sensors have been used recently to 

study dynamic variability in biogeochemical ratios [1] and 
formulate mixed layer chemical budgets [2]. Building on these 
studies, concurrent autonomous pH, pCO2, and Oxygen data 
covering eight months at two sites in the southern California 
Current System are used in this work to examine and compare 
the surface mixed layer budgets for dissolved inorganic carbon 
(DIC) and dissolved oxygen. It is shown that upwelling and 
advection often dominate the DIC budget, whereas air-sea gas 
exchange is the dominant term in the O2 budget.  The effects of 
digital filtering, sensor error and other input errors are 
discussed in the context of a sensitivity analysis of the 
chemical budgets.  Uncertainty in the budget inputs and/or 
assumptions inherent in the formulation of a surface mixed 
layer budget lead to significant accumulated errors over 8 
months.  However, restricting the calculations to event-scale 
phenomena reveals that, in many cases, a mixed layer chemical 
budget can be constrained for prolonged periods during 
important transient processes such as upwelling and relaxation 
events occuring on the weekly to monthly timescale.  

 
[1] Martz, T., U. Send, M. D. Ohman, Y. Takeshita, P. 
Bresnahan, H.-J. Kim, and S. Nam (2014), Dynamic variability 
of biogeochemical ratios in the Southern California Current 
System, Geophys. Res. Lett., 2014GL059332. [2] Emerson, S., 
and C. Stump (2010), Net biological oxygen production in the 
ocean—II: Remote in situ measurements of O2 and N2 in 
subarctic pacific surface waters, Deep Sea Research Part I: 
Oceanographic Research Papers, 57(10), 1255-1265. 
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Determination of trace 
orthophosphate in water of Lake 

Biwa (Japan) by ion chromatography 
M. MARUO*1, M. ISHIMARU1, Y. AZUMI1, K. OHYAMA1 

AND H. OBATA2 
1The University of Shiga Prefecture, Shiga 522-8533, Japan         

(*correspondence: maruo@ses.usp.ac.jp) 
2The Universiy of Tokyo, Chiba 277-8564, Japan                    

(obata@aori.u-tokyo.ac.jp) 
 

Background of determination method of nanomolar 
orthophosphate in lake water 

For the determination of soluble reactive phosphorous 
(SRP) in water, spectrophotometry of reduced form of 
phosphomolybdate was widely used. However, this method 
has problems concerning intereference of As(V) with 
phosphomolybdate. Moreover, both polyphosphates and 
organic phosphorous compounds in natural water are 
hydrolyzed and release orthophosphate, which causes 
overestimation of orthophosphate in water. Although detection 
limit of this method can be improved at some tens of nmol/L to 
1 nmol/L levels by using liquid waveguide capillary cell[1], 
the problems on interference of above described compounds 
and CDOMs remain[2]. 

Ion chromatographic determination method of 
orthophosphate in water has a high advantage to avoid 
interfrerences of other components. Detection limit could be 
improved by decreasing bachground conductivity and injecting 
large volume of sample waters. This combination method was 
applied to measure orthophosphate in waters of phosphorous 
limiting lake (Lake Biwa, Japan: mesotrophic). 

 Results and discussion 
We obtained a vertical profile of orthophosphate (2 –  

140 nmol/L) in Lake Biwa. There is a contamination problem 
on determination of trace-level (around 0.3 nmol/L) phosphate, 
but this method has a potentioal to determine 0.1 nmol/L level 
of orthophophate, that was close to the minimum values in lake 
water obtained by steady-state radiobioassy [3]. By comparing 
the concentrations of SRP in bottom waters with those of 
orthophosphate by this method, we found that orthophosphate 
occupied almost below half values of SRP values. 

 
 [1] Anagnostou & Sherrell (2008) Limnol. Oceanogr 

Methods 6, 64-74. [2] Zimmer & Cutter (2012) Limnol. 
Oceanogr Methods 10, 568-580. [3] Hudson et al. (2000) 
Nature 406, 54-56. 
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Beyond authigenic apatite:            
New (and old) insights into the   

marine phosphorus cycle  
C. MÄRZ1

, H.-J. BRUMSACK2, S. KASTEN3,  
S.W. POULTON4, N. RIEDINGER5, B. SCHNETGER2 AND  

T. WAGNER1 
1School of Civil Engineering & Geosciences, Newcastle 

University, UK (christian.maerz@ncl.ac.uk) 
2ICBM, Oldenburg University, Oldenburg, Germany 
3Alfred Wegener Institute Bremerhaven, Germany 
4School of Earth & Environment, University of Leeds, UK 
5School of Geology, Oklahoma State University, USA 
 

Robert Berner has contributed significantly to our 
understanding of global P cycling, including its adsorption to 
Fe oxides [1], its riverine input to the sea [2], its involvement 
in diagenetic processes [3], and its coupling to the carbon cycle 
[4]. One of the most significant findings was the widespread 
formation of carbonate fluorapatite in continental margin 
sediments [5], constituting the largest sink in the global 
biogeochemical P cycle. In this presentation, I will highlight 
some recent (in fact, partly long-standing but neglected) 
insights into the marine P cycle that may significantly impact 
current views on this bioessential nutrient’s environmental 
behaviour.  

On the one hand, these insights are based on Pleistocene-
Pliocene Bering Sea sediments (IODP Expedition 323), where 
opal-bound P appears to be an important reactive P sink, while 
carbonate fluorapatite seems to be mainly detrital and not part 
of the reactive P pool [6]. If these relationships are more wide-
spread, they might require a revision of the average residence 
time of reactive P in the ocean.  

On the other hand, analyses of deep-sea fan sediments off 
major African and South American rivers reveal that below 
sulphate-methane transition zones, geochemical conditions are 
conducive for the precipitation not of authigenic apatite, but of 
Fe(II) phosphate minerals like vivianite [7]. Iron(II) 
phosphates have now been suggested to precipitate in a range 
of other marine sedimentary environments as well. They might 
therefore represent an important component of marine Fe-P 
coupling and reactive P burial.  
 
[1] Berner RA (1973) EPSL 18, 77-83; [2] Berner RA, Rao J-L 
(1994), GCA 58, 2333-2339; [3] Krom MD, Berner RA (1981) 
GCA 47, 207-216; [4] Berner RA (2013) Aquat. Geochem. 19, 
565-568; [5] Ruttenberg KC, Berner RA (1993) GCA 57, 991-
1007; [6] März C et al. (2014) Chem. Geol. 363, 270-282; [7] 
März C et al. (2008) Mar. Geol. 255, 118-130. 
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Diffusion is an ordinary mechanism occurring between all 
fundamental states of matter and it is influenced by the P/T 
conditions. The purpose of this study is to observe the pressure 
effect on diffusion coefficient of Si in pure Fe at constant 
temperature.  

Multianvil apparatus (1000 tons press) was used for 
generating the P-T conditions required for studying the 
diffusion between the FeSi alloy (5 wt. % Si) and a pure iron. 
Three experiments were conducted at constant temperature of 
1300˚C and pressure of 5 GPa, 10 GPa and 15 GPa. 

The diffusion profiles for the recovered samples in each 
experiment were measured by EPMA and resultant activation 
volume was 4.77±0.08 cc/mol. To obtain precise pressure 
dependence of diffusion coefficient, further experiments 
should be conducted at higher pressures. 

 
This study has been carried out during the Misasa 

International Student Intern Program 2014. 
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ELENA MASFERRER DODAS1*, ABBY BULL2,  
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GEOTRACES GROUP1 
1LEGOS, CNRS/UPS/IRD/CNES, Toulouse, France 

(*correspondence: ipo@geotraces.org) 
2GDAC/British Oceanographic Data Centre, National 
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Southampton, UK (geotraces.dac@bodc.ac.uk) 

3Department of Earth Sciences, University of Oxford, Oxford, 
UK (gideonh@earth.ox.ac.uk) 

 
Main highlights from GEOTRACES research will be 

presented including its first intermediate data product and 
plans for the future. GEOTRACES (www.geotraces.org) is an 
international study of the marine biogeochemical cycles of 
trace elements and their isotopes. Scientists from 35 nations 
have been involved in the programme, designed to study all 
major ocean basins over the next decade. So far, 747 stations 
have been sampled during 52 cruises resulting in more than 
1000 data sets of hydrographical and geochemical data. To 
facilitate access to these data, the first GEOTRACES 
Intermediate Data Product is freely available on-line from the 
GEOTRACES site. Digital data is accompanied by an 
electronic atlas (www.egeotraces.org) that provides 2D and 3D 
images of the ocean distribution of many of the parameters.  

This poster will display selected original data, illustrating 
the power of geochemical tracers to reveal oceanographic 
features. In addition, it will present the recent and forthcoming 
cruises, the timeline for the next intermediate data product and 
the GEOTRACES data synthesis efforts. 
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Crystallographic ordering of the 
particles in sedimentary rocks 
A.V. MASHUKOV*, A. E. MASHUKOVA AND  

S. V. PONOMAREVA 
Siberian Federal University, 95, Krasnoyarskiy Rabochiy,    

660025, Krasnoyarsk, Russia (*correspondence: 
AVMashukov@sfu-kras.ru, AMashukova@sfu-kras.ru) 

 
The samples of sedimentary rocks of the Yenisei river 

were studied by using X-ray, Mössbauer spectroscopy and 
scanning electron microscopy methods. There was shown the 
influence of the size and form of the particles on the 
temperature stability of the remanent magnetization. The 
samples were re-precipitated under the given laboratory 
conditions in the Earth magnetic field and were investigated by 
using X-ray straight pole figures method. It was done for 
revealing the crystallographic ordering of the grains. 

The particles have different shapes and sizes from 10 μm 
to 207 μm. The powder also contains elongated grains, grains 
of irregular shape with a size comparable in all dimensions, as 
well as granular masses, formed by micron particles of powder 
on top of the larger grains. Semiquantitative analysis showed 
the composition of the powder, the presence of elements such 
as Al, Si, Mg, Fe, Ca, K, C, O, and Na. 

The three fractions, – namely strong-magnetic (Fe3O4– 
87,3%, Fe2O3 – 0,7%), soft-magnetic (Fe2O3– 21,7% ) and 
non- magnetic (FeO – 53,1%, FeOOH – 46,9% ) –  were 
extracted by using the magnetic separation method for 
determining the minerals – magnetization carriers. In the 
strong-magnetic fraction, the main iron-containing mineral is 
magnetite. The isomer Δ shifts and the quadrupole splitting δ 
indicate a different local surrounding emitting and absorbing 
the nuclei and the different valence of iron ions. The carriers of 
the magnetization of soft-magnetic fractions are hematite 
grains. The Δ and δ values indicate strong non - stoichiometry 
of wüstite. The compounds of FeOOH and FeO do not 
contribute to the residual magnetization. 

The particle size of Fe3O4 in microns (in parentheses) and 
the corresponding intensity values: (0 ÷ 8) - 1,9; (9 ÷ 16) – 1,9; 
(17 ÷32) - 1,8; (33 ÷44) - 1,6; (45 ÷ 64) - 1,3; (65÷100) -1,2; (101÷ 
150) - 1,1. 

The above-mentioned studies show the prospects of 
applying the complex research in geology. The Mössbauer 
spectra can identify the types of magnetic minerals in complex 
compounds. The identification of the iron-containing natural 
minerals helps to reveal the stability of the residual 
magnetization in geological time scales. 
 

 
 

2041

mailto:AVMashukov@sfu-kras.ru
mailto:AMashukova@sfu-kras.ru


 Goldschmidt2015 Abstracts  

 2042 

The role of the elemental composition 
on the phase formation in ores of the 

Norilsk type  
A. E. MASHUKOVA*, A. V. MASHUKOV AND  

S. A. BISTRYAKOVA 
Siberian Federal University, 95, Krasnoyarskiy Rabochiy, 

660025, Krasnoyarsk, Russia (*correspondence: 
AMashukova@sfu-kras.ru, AVMashukov@sfu-kras.ru) 

 
Using the methods of X-ray and Mössbauer spectroscopy, 

scanning electron microscopy, there were studied the samples 
of ores of the Norilsk type in order to identify compounds 
containing Cu and Ni.   Depending on elemental composition 
there were singled out sample series. 

The concentration of selected elements varied from sample 
to sample and reached maximum values in percent age: for Cu 
– 23,0; Fe – 41,7; S – 34,0; O – 1,1. The relative magnetization 
(I/I0) of the samples at different temperatures are shown in 
Table 1. 
 

t 20 200 240 300 400 500 560 
 
I/I0 

1,00 
0,70 

0,59 
0,38 

0,90 
0,21 

0,44 
0,18 

0,20 
0,14 

0,10 
0,05 

0,01 
0,01 

Table 1: The temperature dependence of the relative 
magnetization, for I/I0  line 1 - heating, line 2 – cooling 
 

Magnetization changes irreversibly with the change of 
temperature. This fact, as well as the discrepancy of Curie 
temperature in the cycle «heating - cooling», indicates the 
presence of a mechanical mixture, consisting of two and more 
ferromagnetic phases.  

The magnetic phase has the spectrum composed of two 
six-linear spectrums. The peaks on the spectrum borders show 
the iron oxide presence.  The sample magnetism is caused by 
the presence of the cubanite. 

Phases containing Cu, Ni have complex composition: 
cubanite 1 (24,3% CuFe2S3), cubanite 2 (42,5% Cu333.3 
Fe666.7S), nickel sulfide (24,8%). In addition, the samples 
contain silicon dioxide (8,34%). 

 The position of the absorption lines in the magnetically 
ordered areas indicates the presence of cubanite. Some of the 
samples of this group have broadened lines, indicating the 
existence of various positions of the Fe ions in the sublattices.  

Thus, the presence of the characteristic structures of the 
solid solutions decomposition shows a wide temperature range 
of sulphide crystallization.  
 

 
 

2042

mailto:AMashukova@sfu-kras.ru
mailto:AVMashukov@sfu-kras.ru


 Goldschmidt2015 Abstracts  

 2043 

Geochemistry of a Palaeoarchean 
shallow shelf environment: 

Unravelling sediment provenance, 
alteration history and redox tracers 
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Universität Münster, Münster, Germany 
4Freie Universität Berlin, Berlin, Germany 
5Stanford University, USA 
 

Scientific drilling was recently completed by the ICDP-
sponsored Barberton Greenstone Belt Drilling Project and has 
provided well-preserved volcanic and sedimentary rocks of 
Palaeoarchean age. Siliclastic and felsic volcaniclastic rocks of 
the 3.26- 3.23 Ga Middle Mapepe Formation in the Fig Tree 
Group were intersected by the BARB5 core. In this study, we 
use a chemostratigraphic approach to identify the nature of 
sedimentation, sediment sources and redox conditions for this 
core which traverses a 400m stratigraphic section from deeper 
water to a shallow nearshore environment. Lithologies include 
mudstone, sandstone and conglomerate together with chert, 
carbonate, barite, iron formation and volcaniclastic ash. 
Silification is minor at most depths and cherts occur as 
distinctive layers in shale and ash horizons. A distinctive layer 
of detrital heavy minerals including diverse sulfides indicates 
weathering of prexisting mineralized crust. Bulk rock analysis 
of mudstones and sandstones shows overall depletions in TiO2, 
K2O, P2O5, Al2O3, Na2O and enrichment in Fe2O3, MnO, CaO 
and MgO relative to PAAS. Th/Sc and Cr/Th ratios reveal 
variable proportions of source material weathered from high-
Mg basalt mixed with dacitic ash. Carbonate chemistry links 
fine grained bedded carbonate to late stage carbonate veining. 
Cryptic alteration has affected only the most highly mobile 
elements including alkali metals, Sr and Ba. Many other 
elements including redox sensitive tracers such as Fe, Mo, V 
and U appear immune to alteration and are consistent with 
fully anoxic conditions in the Palaeoarchean. The wealth of 
information provided here will provide a critical framework for 
the interpretation of sedimentary, geochemical and 
microbiological processes in early Archean basins. 
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The role of air-sea exchange in the 
global selenium cycle 
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The biogeochemical cycling of selenium (Se) is important 
given that current atmospheric anthropogenic inputs are a 
substantial fraction of the total, and that Se can be both toxic 
and limiting to lower food chain marine organisms depending 
on concentration. It also has complex exchange dynamics 
between the atmosphere and the ocean given that it can be 
emitted as gaseous formssuch as dimethylselenide (DMSe), 
which are rapidly oxidized in the atmosphere. Preliminary 
modelling suggests that a large fraction (>60%) of the Se 
deposited to the ocean surface is evaded to the atmosphere. In 
the surface ocean, In the ocean Se is present as reduced organic 
Se, produced biotically, dissolved gaseous Se, and the 
inorganic forms (Se(IV) or Se(VI), which are oxyanions in 
water). As most Se in atmospheric deposition is inorganic, its 
rate of interconversion between oxidized and reduced forms 
has an important impact on Se fate and bioaccumulation in the 
ocean. To examine this cycling more closely, we have 
performed incubation experiments to probe the photochemical 
redox chemistry of inorganic and organic Se in seawater, and 
the stability of the various forms. We have also adapted an 
existing box model framework to simulate the biogeochemical 
cycle of Se using information from our incubation experiments 
in conjunction with literature data on the sources and 
speciation of Se in the biosphere. We will present the results of 
these measurements and discuss insights from the model. We 
will further discuss the important processes controlling Se 
cycling at the air-sea interface, and its role in the global Se 
cycle. 
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Sulfur compounds (H2S and SO2) constitute a major 

fraction of volcanic emissions, with abundance next only to 
H2O and CO2. Explosive eruptions can inject large amounts of 
sulfur into the stratosphere, inducing atmospheric perturbations 
that may eventually result in changes of the Earth’s average 
temperature [1]. Before being released during volcanic 
eruptions, sulfur can be stored in the silicate melt or in a 
separate fluid phase [2]. Sulfur contained in sulfur-bearing 
minerals is usually not released during eruptions because the 
decomposition reactions are not efficient at the eruptive 
timescale. The solubility of these minerals in the silicate melt 
is, however, important because it directly controls the 
concentration of sulfur in the melt and, indirectly, the amount 
of sulfur that partitions in the fluid phase. Sulfur partition 
coefficients for most of the differentiated arc magmas at 
oxidizing conditions are poorly constrained and large 
uncertainties exist because of the experimental difficulty to get 
reliable results.  

Here we present new experimental data on anhydrite 
solubility [3] and fluid-melt partition coefficients of sulfur in 
differentiated arc magma compositions. Melt polymerization, 
temperature and water content strongly influence the 
distribution of sulfur among minerals, fluid and melt, by 
controlling both the anhydrite solubility and the fluid-melt 
partitioning. Sulfur in less polymerized melts is preferentially 
accumulated in the melt, because of the high anhydrite 
solubility and low partion coefficient. At increasing melt 
polymerization, the solubility of anhydrite decreases and sulfur 
is preferentially partitioned into the fluid phase or locked up in 
anhydrite. The interplay between anhydrite solubility and 
sulfur partitioning yields a maximum distribution of sulfur in 
the fluid phase at intermediate nbo/t (between 0.10 and 0.15).   

 
[1] McCormick et al. (1995) Nature 373, 399-404. [2] Keppler 
(1999) Science 284, 1652-1654. [3] Masotta and Keppler 
(2015) Geochim. Cosmochim. Acta 158, 79-102. 
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The presence of CO2-rich melts inside the upper mantle 

has so far been revealed by experimental petrology and by 
textural and chemical evidence in oceanic and cratonic 
xenoliths undergoing metasomatism. However, the equilibrium 
chemical composition of these melts in the upper mantle 
ranging from a carbonate-rich to a silicate-rich melt is not well 
defined in a P-T space. We provide here a model showing that 
sharp changes in melt composition from carbonate to basanite 
can occur due to temperature increase of 50°C, water content 
increase from 0 to 10 wt.% or decompression of 0.5 GPa. 

Using Margules’ formalisms, we established a multi-
component model describing the Gibbs free energy of melt 
produced by mantle melting in presence of CO2-H2O. This 
parameterization is calibrated on crystal-liquid, redox, fluid-
liquid and liquid-liquid equilibria obtained by experimental 
studies in the P-T range 1-14 GPa and 1090-1800°C. 

We calculate the composition of melts produced in the 
oceanic upper mantle as a function of ages (temperature) and 
chemical heterogeneities (water, alkalis). Hydrous carbonatitic 
melts are stabilized in most of the upper mantle. Carbonated 
silicate melts, with SiO2 > 25 wt.%, are produced above ~60-
100 km, and can coexist with an immiscible carbonatite. This 
depth range corresponds to the Low Velocity Zone (LVZ), and 
may be the source of the petit spot lavas. In our presentation, 
we will define the P-T- conditions and the chemical 
composition (alkalis, water) required to produce kimberlite 
melts below cratons. 
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Arsenic behavior in between the deep seafloor sediment 
and porewater, taken from Nankai Trough by IODP Exp. 338 
down to 2000 m depth from the seafloor, was studied to 
document the concentration process of this element in marine 
sedimentary rocks.  

Arsenic concentration of the sediments varies within 3 and 
13 ppm without any relationship to the depth and lithology. In 
porewater, the arsenic concentration varies within 10 and 220 
ppb, and has two peaks at 140-160 mbsf (meters below 
seafloor) (200 ppb) and 400 mbsf (220 ppb). The former peak 
is consistent with the peak maximum of bromide concentration 
of porewater. Ammonium and phosphate concentrations of 
porewater increases from the seafloor and is highest at this 
depth, while total amino acid concentration of the sediment 
decreases with depth negatively corresponding to those 
components. Thus, the arsenic would be released via microbial 
decomposition of algae and other organic matters. The arsenic 
concentration again increases down to about  
400 mbsf, where the highest concentration of methane hydrate 
was observed and autotrophic microbial activity would occur, 
and it decreases <30 ppb below 500 mbsf. These results 
indicate that microbial activity plays an important role to 
release arsenic from sediments into porewater during the early 
stage of diagenesis in deepsea sediments until finally fixed as 
mineral phase(s) in the sediments.  

The observed process here suggests the importance of 
biological activities to concentrate and release arsenic in 
aqueous systems including subsurface envrionment. 
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Quantifying the initial stages of solution-based nucleation 
and the mechanisms leading to iron sulphide phase formation 
are both critical to understanding the role of iron sulphides in 
the global S and Fe biochemical cycles. Furthermore, 
nanoparticulate iron sulphides, due to their high surface 
reactivity and affinity for heavy metals are crucial phases used 
in various remediation and industrial catalitic applications. A 
plethora of previous studies proposed that the first solid phase 
that forms in aqueous media in the Fe-S system is a nanophase 
mackinawite-type material; however, neither the exact 
formation mechanism, nor the structure or reactivity of such a 
primary FeS entity that is believed to nucleate and grow from 
aqueous media have so far been quantified. Here we present 
results from a study in which we characterized the formation of 
FeS phases from aqueous solutions and followed their aging 
and crystallization to mackinawite. 

Our results revealed that immediately after mixing of a 
ferrous iron and sulphide rich solution a precursor phase on the 
way to mackinawite was formed. This precursor differs from 
that of mackinawite in that it has characteristic d-spacing of 
~12, 9 and 7 Å (compared to 5.03 Å in mackinawite). 
Depending on experimental approach (e.g., titration, direct 
mixing or diffusion; see image below) this nanophase 
transforms to mackinawithe via different pathways. The 
crystallization to mackinawte can be controlled through variou 
sways to stabilize the nano-sized precursor phase. This may 
have potential interesting new applications.  

Fig 1. Mackinawite morphologies from titration 
and rapid-mix experiments. 
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Terrestrial carbonates are widespread in the semi-arid 

Pilbara region of northwest Australia, including at the 
Fortescue Marsh, a nationally significant ephemeral wetland. 
We investigate the geochemistry and stable isotope 
composition of carbonates and groundwater from the Fortescue 
Marsh to determine the mode of carbonate formation and 
provide information on the environmental and hydrochemical 
conditions occurring at the time of precipitation. The 
carbonates belong to two distinct groups based on δ18O, depth 
and mineral composition. The δ18O of carbonates increase with 
depth. Below 380 m asl (>25 m bgl) carbonates are almost 
pure dolomite with more positive δ18O values (-4.5 to 0.16 ‰) 
compared to samples at higher elevations (-7.7 to -6 ‰) 
comprised of both calcite-rich and dolomite-rich carbonates. 
Groundwater isotopic composition revealed mixing between 
fresh flood water (δ18O = -8.0±0.9 ‰) with highly saline, deep 
groundwater (-6 to +2.3 ‰). Modelled δ18O values of the 
water from which the shallow carbonates precipitated (-5.3 to -
2.7 ‰) and the distribution of the carbonates, which are 
concentrated around alluvial fans, are consistent with 
groundwater calcrete formation within the mixing zone of 
fresh and saline groundwater. We propose that infiltration of 
relatively fresh, carbonate-rich surface water and alluvium 
groundwater, increases the Mg and Ca concentration and 
alkalinity within the marsh, triggering the precipitation of 
carbonates. However, the presence of almost pure dolomite 
layers at depth may be indicative of a different mode of 
formation as the occurrence of terrestrial dolomite has largely 
been associated with saline ephemeral lakes where dolomite 
may have formed by primary precipitation or dolomitization of 
calcite. The higher δ18O of pure dolomite indicates a more 
evaporated source water and may indicate lacustrine deposition 
under a different hydrological regime with a relatively higher 
water table.  
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Understanding the processing of sulphur through the 
subduction zone system remains one of the major challenges in 
geoscience. Not only is sulphur a tracer of magmatic processes 
but produces economically important deposits and can have a 
short term effect on climate. High S-concentrations in arc 
magmas (>1000ppm) are often explained by the presence of 
S6+ (sulphate ions) related to the prevalence of oxidizing 
conditions. Yet, the behaviour of sulphur in magmatic systems 
at mid to deep crustal conditions (>5kbar) has been neglected. 
Evidence of this behaviour from natural samples is limited and 
previously experimental simulation faced many challenges, 
particularly, oxygen fugacity (ƒO2) control at high-pressures 
conditions.  

Recent studies [1] [2] have suggested that the transition 
from S2- to S6+ (sulphide to sulphate melt species) takes place 
in an logƒO2 window of ∆FMQ 0 to +2 at 2kbar and 1000°C. 
In this study we explore this equilibrium at higher pressures of 
10 and 15kbar. Piston cylinder experiments were performed 
using a synthetic basaltic andesite from Laguna del Maule 
(Chile) doped with S (3000 ppm), Cl (1500 ppm), with  
5.5 wt% water added. 1.5 wt.% carbon was added by reaction 
of Ca(OH)2 with air. Temperatures were between 850-950°C 
and ƒO2 was controlled from ∆FMQ-0.5 to +5.5 using the new 
solid oxygen buffers technique [3]. 

Our results suggest a strong control of oxygen fugacity 
over phase relations. At reduced conditions ∆FMQ-0.5 and +1 
crystallisation of plagioclase is suppressed and as result Al2O3, 
CaO contents of the melt are higher by 2-3wt.% compared to 
the higher ƒO2 conditions. At low ƒO2 the sulphide pyrrhotite is 
stable as expected but it's stability reaches up to ∆FMQ+3 at 
10 and 15 kbar. Within this pyrrhotite field sulphur solubility 
increases strongly above ∆FMQ+3, suggesting an additional 
sulphate component is increasing in the melt. The 'sulphate 
only' stability field was reached by ∆FMQ+5 as shown by 
switch to anhydride crystals. Thus, the S2- to S6+ transition at 
10 and 15kbar appears to occur at a higher oxygen fugacity 
than the ∆FMQ range of 0 to +2 proposed for 2kbar [1].  
 
[1]Klimm et al. (2012) Chem. Geol. 322-323, 250-267 [2] 
Masotta and Keppler (2015) GCA 158, 79-102 [3]Matjuschkin 
et al. (2015) Contrib. Mineral. Petrol. 169, 9 
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Anorthite megacrysts from Hakone volcano, Japan with 
about 94 mol% of CaAl2Si2O8 component contain about 0.4 
wt% of FeO. It is known that Fe2+ enters anorthite through the 
coupling substitution (Fe2+ + Si4+) for 2 Al3+. On the other hand, 
simple substitution of Fe3+ for Al3+ in K-feldspar is common 
and forms the KFeSi3O8 end-member [1]. In addition, 
according to stoichiometric calculations based on the data for 
anorthite megacrysts from island arc, Fe2+ can partially replace 
Ca2+ on the M-site [2]. Thus, iron can enter feldspar in either 
trivalent or divalent form. In the Hakone district, there are two 
types of anorthite megacryst which are coloured yellow and 
colourless. Substitution of Fe3+ for Al in tetrahedral sites 
produces a yellow colour because of absorption bands in the 
blue region [3]. Consequently, it is suggested that ferric iron 
may partialy occpy the T-site in the feldspar structure of the 
megacryst coloured yellow.  

Preliminary analysis by XPS had shown that iron in the 
yellow megacryst was ferric [4]. Crystal structures of the 
above yellow and colourless anorthite megacrysts were refined 
from single crystal diffraction data in space group P-1 and I-1 
respectively. Average T-O bond distances for both megacrysts 
suggested that Al/Si distributions in the T-site were highly 
ordered. In particular, the T1(0z00)-site in the yellow sample, 
the T-O bond distance was slightly longer and the isotropic 
temperature factor was just smaller than the other Al-sites. 
Judging from the compositional data (EPMA) and the 
structural evidence (XRD) it seems reasonable for ferric iron to 
enter T-site in the yellow one, and for ferrous iron into the M-
site of the colourless sample. These results imply that a 
somewhat large and heavy cation occupies the T1(0z00)-site, 
namely, partial replacement of Al3+ by Fe3+. Thus, the 
colouration in the yellow anorthite megacryst was confirmed 
structurally. The outcome of the site preference of iron is 
heavily influenced by a vast variety of physico-chemical 
conditions. Therefore, determination of the site and the valence 
state of iron does not only provide an answer for the 
colouration but can give useful insight into the conditions 
under which these anorthite megacrysts form. 

 
[1] Petrov & Hafner (1988) American Mineralogist, 73, 97-104. 
[2] Kimata et al. (1994) Mineralogical Magazine, 59, 1-13. [3] 
Hofmeister & Rossman (1983) Reviews in Mineralogy, 2, 271-
280. [4] Matsui et al. (2015, in preparation). 
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There are many surpentinized dunite-harzburgite 

complexes with chromitite in the Sangun zone, Southwest 
Japan. Cr/(Cr+Al) atomic ratios (Cr#) of almost all spinels 
from the ultramafic rocks and chromitite of this area show 
range from 0.40-0.65 (e.g. Arai and Yurimoto, 1994, 
Matsumoto et al., 1997, 2002). However we found the high-Cr 
(range from 0.91-0.97) spinel form the new serpentinized 
ultramafic complex or mega-block (300m*200m*500m in 
size) from the Jurassic melange zone of Masuda area,  Sangun 
zone, southwest Japan.  

In this study, we show petrological characteristics of this 
rocks under the microscope and chemical feature of spinel, 
olivine, and opaque minerals (mainly sulfide minerals; pyrite, 
pentlandite and pyrrhotite). And we consider how high-Cr 
chromian spinel generation.  

Arai et al (2006) cleary presented an idea for the origin of  
high-Cr chromian spinel of podiform chromitite from Rayat, 
northeastern Iraq at low tempreture alteration condition. 
However, high-Cr chromian spinel of Masuda area is not from 
chromitite but from ultramafic rosks. That is there are different 
condition between Rayat and Masuda area. In this presentation, 
we will show the preliminary idea of origin of high-Cr 
chromian spinel from the serpentinized ultramafic rocks. 

 
[1] Arai and Yurimoto (1994): Econ. Geol., 89, 1279-1288.   
[2] Matsumoto et al. (1997): Resouce Geology, 47, 189-199. 
[3] Matsumoto et al. (2002): Shigen-Chishitsu, 52, 135-146. 
[4] Arai et al. (2006): Mineralogical Magazine, 70, 499-508.   
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We applied the short-lived 107Pd-107Ag system (t1/2 =  
6.5 Ma) [1] to a suite of early- to late-crystallized IIIAB iron 
meteorites to constrain the cooling history of their parent body. 
Because exposure of the iron meteoroids to galactic cosmic 
rays can modify the Ag isotopic composition [2], we used Pt 
isotopes as an independent neutron-dose proxy and developed 
a model linking this to the effects on 107Ag/109Ag. The IIIAB 
irons investigated for this study are Boxhole, Cape York 
(Agpalilik), Grant and Henbury. After dissolution, three 
different aliquots were taken for the determination of Pd and 
Ag concentrations and Pt isotope compositions. Ion exchange 
procedures were adopted and slightly modified from [3] [4]. 
All measurements were performed on the Thermo Scientific® 
Neptune Plus MC-ICPMS in Münster. 

With the exception of Cape York, all samples exhibit well-
resolved Pt isotope anomalies, indicating significant neutron 
capture effects. After correction for these effects, Pd-Ag 
isochrons are obtained for all investigated irons. The initial 
107Pd/108Pd inferred from the isochrons are indistinguishable 
from each other and correspond to Pd-Ag ages between ~3 and 
~5 Ma relative to an inferred solar system initial of 
(3.1±0.5)×10-5 [5] [6].  

The Pd-Ag ages thus obtained indicate cooling of the 
IIIAB metal core below the Pd-Ag closure temperature at  
~4 Ma after CAI formation. Assuming the core was 
surrounded by an insulating mantle, such rapid cooling would 
indicate a small parent body with a radius of ~10 km. 
However, large variations in metallographic cooling rates [7] 
appear inconsistent with this scenario. They were interpreted to 
indicate removal of the mantle in a hit-and-run collision [7], 
which would have exposed the IIIAB metal core to space, 
facilitating a rapid and simultaneously heterogenous cooling of 
a much larger metal core. If the cooling history of the IIIAB 
irons reflects mantle removal by such a collision, then the Pd-
Ag ages date this event at ~4 Ma after CAI formation. 

 
[1] Chen, J.H. and G.H. Wasserburg (1990) GCA, 54, 1729-
1743. [2] Leya, I. and Masarik, J. (2013) MAPS, 48, 665-685. 
[3] Schönbächler, M. et al. (2007) IJMS, 261, 183-191. [4] 
Kruijer, T.S. et al. (2013) EPSL, 361, 162-172. [5] Horan, M.F. 
et al. (2012) EPSL, 351, 215-222. [6] Matthes, M. et al. (2015) 
46th LPSC, #2382. [7] Yang, J. and Goldstein, J.I. (2006) GCA, 
70, 3197-3215. 
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Introduction 
Ships emit large amounts of nitrogen oxides and sulphur 

oxides into the coastal atmosphere. Europes three biggest ports 
are located at the North Sea coast. Therefore this region is 
particularly affected by air pollution from ships. These 
pollutants undergo chemical transformation in the atmosphere, 
they are transported into other areas and finally deposited. 
Thereby, they contribute to acidification and eutrophication. 
The share of ships in the total deposition will very likely 
increase in the future, because ship traffic will increase and 
emission redcution technologies are not yet implemented in 
this sector.  

Methods 
Emissions from ships in the North Sea were calculated for 

the year 2011 based on AIS position data and ship 
characteristics data [1]. Future shipping emissions were 
simulated for three scenarios for 2030 [2]. These emissions 
were used together with land based emissions to calculate the 
impact of shipping to concentrations of air pollutants and 
deposition of nitrogen and sulfur by means of the chemistry 
transport model system CMAQ [3]. Meteorological fields were 
taken from the mesoscale model COSMO-CLM [4]. 

Results 
The contribution of shipping to the concentrations of the 

gaseous pollutants NO2, SO2 was found to be in the order of 
20-30 % of the total concentrations of these substances in 
North Sea coastal areas. The aerosol bound pollutants NO3

- and 
SO4

2- had a lower share, around 15-20% of the total, but were 
more widespread. Aerosol concentrations were mainly 
enhanced in summer. The contribution of shipping emissions 
to the deposition of oxidised nitrogen reached more than 40 % 
in summer in the English Channel and its surrounding areas. 
The scenarios for 2030 revealed that this share will increase 
further if no additional emission reduction measures will be 
taken. 
 
[1] Aulinger et al. (2015), ACPD. [2] Matthias et al. (2015) 
ACPD. [3] Byun & Ching (1999), US EPA. [4] Rockel et al. 
(2008) MetZ. 
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Metal isotope ratio partitioning between mantle minerals 

become evident. However, specific effects of magmatic 
processes (partial melting, fractional crystallisation, 
metasomatism) and respective roles of T, P, fO2 on metal 
isotope fractionation are still puzzling. 

Zn and Mg are characterized by the same oxidation state 
and might occupy the same crystal site; they are potential 
powerful proxies to investigate the effects of mantle magmatic 
processes on metal isotope fractionation. The present study 
reports high-precision MC-ICP-MS measurements of Zn and 
Mg isotopic compositions on whole rocks and mineral 
separates from two komatiitic differenciated flows. Fred’s 
Flow and Theo’s Flow are two thick Archean flows (2.7 Ga) 
from the Abitibi greenstone belt (Munro Township, Canada). 
Fred’s Flow has a komatiitic affinity, and is classified as Al-
undepleted type, whereas Theo’s Flow has a Fe-rich tholeiitic 
affinity and is classified as Al-depleted type. Their 
geographical relationship and ages support a common 
petrogenetic evolution.  

The two flows show bulk Zn isotopic variations on 0.23 δ-
units with average δ66ZnJMC-Lyon value of +0.29‰. Throughout 
the two stratigraphic sequences, the different lithological units 
display significantly distinct δ66Zn values: spinifex and 
gabbroic units are characterized by light Zn isotopic 
composition (δ66ZnJMC-Lyon values down to +0.28±0.04‰), 
whilst the cumulate units show enrichments in heavy Zn 
isotopes (δ66ZnJMC-Lyon up to +0.55±0.05‰). Mineral separates 
show much more large Zn isotopic variations (1.6 δ-units), 
depending on the mineral phases. Results in bulk δ25MgDSM3 
reproduce the same Zn isotopic profiles controlled by the 
lithological units, with even stronger variations. The δ25MgDSM3 
values range from -0.48±0.06‰ (in the spinifex units) up to -
0.12±0.03‰ (in the cumulate units). 

Isotopic analyses of mineral separates coupled with 
crystallographic considerations suggest Zn and Mg isotope 
fractionation controlled by the inter-mineral fractionation 
during crystal accumulation in high T system, whose signature 
still remains after serpentinization.  
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The primary mechanism by which the Earth’s mantle 
chemically evolves is through the formation and recycling of 
oceanic and continental crust. Assuming a constant subduction 
rate for the past 4 Gyr, the mantle should contain 
approximately 5% recycled oceanic crust. Thus, recycled crust 
has the potential to be a significant geochemical reservoir (e.g., 
[1]). Trace elements and radiogenic isotopes (e.g., [2]) and, 
recently, Ni and Mn contents of olivine (ol) phenocrysts [3] 
have been used to infer the presence of recycled oceanic 
crust—in the form of pyroxenites—in the source regions of 
ocean-island basalts (OIBs).  

I made high-precision measurements of the Mn contents of 
ol and silicate liquid (liq) from the run products of [4] [5] in 
which temperature (T) and pressure (P) were varied together to 
keep the liq composition approximately constant. For each 
constant-composition series, the olivine-liquid Mn partition 
coefficient (DMn=MnOol/MnOliq, by wt.) is independent of T 
and P, although it does depends on MgOliq: decreasing from ~ 
0.90 to 0.65 as MgOliq increases from 12 to 21 wt. %.  

 Major-element concentrations and phase proportions 
during melting of a fertile peridotite [6] at 0.5, 1, 2, and 3 GPa 
were modeled using pMELTS [7]. Mn concentrations in opx, 
cpx, garnet, and olivine were calculated using partition 
coefficients from the literature (e.g., [6]) together with the new 
olivine data presented here. With increasing P, partial melts of 
peridotite become more ol normative (e.g., [8]); thus, MnO 
concentrations of residual ol are sensitive to the P of melting, 
decreasing from approximately 0.145 to 0.125 as P increases 
from 0.5 to 3 GPa. These concentrations agree well with the 
median MnO of Mg-rich (Mg# = 90.5) olivines from MORBs 
and Hawaii, 0.149 and 0.127 wt. %, respectively. Correlations 
between Mn and Ni contents of ol previously ascribed to 
pyroxenite melting [3] can be generated by partial melting of 
peridotite under lithosphere of varying thickness, removing the 
requirement, based on Ni-Mn, for the presence of significant 
amounts of pyroxenite in the OIB source.   
 
[1] Stracke et al. (2003) G3 4, 8003. [2] Hofmann (1997) 
Nature 385, 219-229.[3] Sobolev et al. (2007) Nature 316, 
412-417. [4] Matzen et al. (2013) J. Pet. 54, 2521-2545. [5] 
Matzen et al. (2014) Goldschmidt Abstracts 1627. [6] Walter 
(1998) J. Pet. 39, 29-60. [7] Ghiorso et al. (2002) G3 3, 
10.1029/2001GC000217. [8] Presnall et al. (1978) CMP 66, 
203-220.  
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Elevated arsenic concentrations are commonly found in 

urban soils due to historical use of arsenical pesticides, use of 
treated wood, mining activities, and glass manufacturing. 
Sustainable remediation methods are needed to reduce levels 
of this carcinogen, enabling safe reuse of brownfields for 
purposes such as urban agriculture. Among in situ methods, 
phytoextraction is an emerging technology to remediate soils 
with shallow arsenic contamination; the hyperaccumulating 
fern Pteris vittata removes arsenic from soil with very little 
disturbance to the sites. Estimates of remediation rates using P. 
vittata, based mainly on greenhouse experiments, are on the 
order of decades. More research is needed to optimize arsenic 
phytoextraction in the heterogeneous field conditions typical of 
urban soils. 

The objective of this study is to quantify fertilizer impact 
on P. vittata biomass production and arsenic uptake, in order to 
develop faster and more efficient methods for in situ arsenic 
phytoremediation. The study, begun in February 2013, was 
performed in an urban soil moderately contaminated with 
arsenic (20-100 mg kg-1). The field study site is an abandoned 
railroad right-of-way (sandy loam to clay loam) located in 
Berkeley (CA) characterized by a Mediterranean climate. The 
soil was tilled and limed before P. vittata ferns (200-400 per 
treatment) were planted, 30 cm apart (11 ferns m-2). Five slow-
release agricultural amendments, including organic N and 
inorganic N (50 kg N ha-1), organic P and inorganic P (85 kg P 
ha-1), and compost (151 kg N ha-1, 34 kg P ha-1), were applied 
semiannually to separate fern plots to determine effects of 
fertilizer on aboveground biomass, arsenic uptake per gram of 
fern, overall arsenic removal per plant, and estimated 
remediation time. Two controls were established: 1) ferns, no 
treatment; and 2) soil, no ferns and no treatment. Fern arsenic 
accumulation and biomass data 9 months post-planting suggest 
control ferns are most effective at removing arsenic (7.8 kg As 
ha-1 yr-1), followed by compost-amended ferns (6.9 kg As ha-1 
yr-1); all other treatments decreased arsenic accumulation by a 
factor of 2 to 3, compared to the control. New biomass and 
arsenic accumulation results from fronds harvested 21 months 
post-planting will be presented; preliminary data suggest that 
compared to the first harvest, arsenic uptake in N-amended 
ferns increased by a factor of 2. 
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Particulate material from the main rivers of Rio de Janeiro 
Metropolitan Area (RJMA) were studied to determine the 
origin of polycyclic aromatic hydrocarbons (PAHs) and the 
input into Guanabara Bay. Sampling were performed monthly 
from September 2012 to August 2013, ensuring a robust 
characterization. The rivers were chosen as to  represent the 
major runoff to the bay (Figure1) including significant 
drainage basins. Water flow rates obtained from Brasilian 
National Water Agency (ANA) were used to calculate the total 
hydrocarbon flow.  

Figure 1: Station location and drainage basins in RJMA 
with each respective PAH input into Guanabara Bay.  

 
Despite the highest total PAH contribution to the bay (t 

year-1) derives from Iguaçu River (IG), the total  hydrocarbon 
input normalized by the drainage basin area (kg year-1 km-2) 
highlights Irajá as the most contaminated drainage basin. The 
hydrocarbon input by drainage basin area, instead of total input 
by rivers, stresses the impact of urban settlement on 
contamination. The industrial area (Northwest – Iguacú River) 
appears as the major PAH source in both evaluation 
procedures. Mass balance shows the examined rivers 
contribute with about 30% of the total PAH input to the bay’s 
north area. The PAH export to the open coastal area accounts 
for about 1% of the total estimated inputs.  
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Serpentinites are rocks formed at the oceanic floor by 

peridotite hydration; they are carriers of significant amounts of 
water to the mantle wedge via oceanic lithosphere subduction. 
Antigorite is the high temperature phase of the serpentine 
group, it can contain up to 13 wt% water and carries ferric 
iron. Its breakdown at depth involves water release and 
contributes to the mantle wedge partial melting.  

In this study, phase relationships occurring at the 
dehydration of natural antigorite have been experimentally 
investigated at 3 GPa as a function of temperature and time. 
Experiments of natural antigorite dehydration have been 
conducted in a multi-anvil apparatus at the Laboratoire 
Magmas et Volcans in Clermont-Ferrand, France. Most of the 
experiments were performed in the chlorite stability field 
(700°C) for durations from 3 to 12 hours. The initial antigorite 
contains inherited oxides minerals such as spinel, chromite and 
magnetite; we were therefore able to characterize both oxides 
and silicate phases (remaining antigorite, enstatite, olivine, and 
chlorite) according to different run duration and temperature of 
experiments.  

We will present our results on the iron distribution between 
the different phases and compare to natural samples in order to 
understand the speciation of iron in the course of dehydrating 
serpentinite. 
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Energy sources involved in the early stages of planetary 

formation could have caused partial or possibly entire melting 
of the mantle of terrestrial planets and moons [1]. Global or 
local liquid magma oceans could thus have formed, whose 
solidification, from the bottom upwards, upon planetary 
cooling could have exerted a significant impact on the 
differentiation and subsequent evolution of the interior of 
terrestrial bodies. Initial compositional stratification of the 
solid mantle, as a result of magma ocean crystallization can 
play an important role for the subsequent planetary evolution 
and surface tectonics [2] [3].  

In this study, we investigate the cooling and crystallization 
of a whole-mantle magma ocean and in particular the 
conditions for the onset of solid-state thermal convection 
before complete mantle solidification. To this end we employ 
two-dimensional Cartesian box simulations using the finite-
volume code Gaia [4]. We assume an adiabatic temperature 
profile in the magma ocean and various cooling rates of the 
surface temperature according to coupled magma ocean-
atmosphere models [5]. Upon reaching a critical melt fraction 
that marks the formation of the so-called rheological front, [6], 
we self-consistently solve the conservation equations of solid-
state mantle convection in the partially molten domain 
assuming a viscosity strongly dependent on temperature and 
melt content. By varying the reference Rayleigh number 
between 106 - 109 and the magma ocean cooling rate between 
100 - 0.01 Ma, we show that, even for a rapidly decreasing 
surface temperature, a sufficiently high Rayleigh number 
guarantees the onset of solid-state convection prior to complete 
crystallization of the mantle. This finding can have important 
consequences for the initial distribution of compositional 
heterogeneities generated through the magma ocean fractional 
crystallization.  

 
[1] Elkins-Tanton (2008) Annual Review of Earth and 
Planetary Sciences 40, 113-139. [2] Tosi et al. (2013) JGR: 
Planets 118(7), 1512-1528. [3] Plesa et al. (2014) EPSL 403, 
225-235. [4] Hüttig et al. (2013) PEPI 220, 11-18. [5] Lebrun 
et al. (2013) JGR: Planets 118, 1155-1176. [6] Solomatov 
(2007) Treatise on Geophysics 9, 91-119. 
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The ability of some plants to absorb and accumulate metals 
makes them useful as geochemical indicators. In this study, the 
trace elements and isotopic content of native plant species such 
as alder, ash, brambles and hawthorn will be determined above 
the sub-outcrop of the Navan Zn-Pb deposit (Ireland), 
currently mined by Boliden Tara Mines Limited. This area 
represents a sub-outcropping carbonate-hosted base˗metal 
orebody characterised by a large shallow soil Zn-Pb anomaly. 
Vegetation (trees and shrubs) grows directly above 
mineralization, which makes it an ideal location for 
biogeochemical surveys. Biogeochemistry is not a standard 
exploration methodology, since there are a number of factors 
to be considered in sampling and analysis, (e.g. 
phytochemistry, seasonal variations and contamination). 
Consequently, detailed sampling strategies, including control 
locations, will be investigated with the aim of demonstrating 
that the uptake of trace elements and stable metal isotopes in 
higher plants can be used as an exploration tool. We seek to 
demonstrate that isotopic ratios differ among plant species and 
plant material. It is thought that different metal distribution 
between plant tissues can lead to fractionation of stable metal 
isotopes. Also, that trees and shrubs grown in soil with metal 
enrichment exhibit higher metal concentrations than those 
from control sites. Using dendrochronological records of metal 
absorption we can distinguish the metal footprint of Zn-Pb 
mineralization from anthropogenic sources. Using trace 
elements and stable metal isotopes, we aim to characterise 
metal sources in European tree and shrub species. This work 
will be used to develop new criteria for biogeochemical 
surveys that detect uptake of indicator elements in a vegetation 
typical of a temperate European climate. 

 
The research leading to these results has received funding 

from the People Programme (Marie Curie Actions) of the 
European Union's Seventh Framework Programme FP7/2007-
2013/ under REA grant agreement n° [608069]. 
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The very contrasting steric and electronic properties of 

divalent metal cations result in very distinct kinetic and 
thermodynamic trends of their isotopic composition in aqueous 
fluids and coexisting carbonate minerals. For example, 
although all alkaline earths in calcite are depleted in their 
heavy isotope, only magnesium exhibits a decrease of its 
isotope fractionation with increasing calcite growth rate [1]. 
The distinct behaviour of Mg stems from the reduced lability 
of water molecules in its coordination sphere compared to Ca, 
Ba and Sr. Transition metals (i.e. Cu, Zn), unlike alkaline 
earths, exhibit a slight preferential incorporation of their heavy 
isotopes in calcite which is consistent with their greater affinity 
for calcite than for the aqueous solution (DMe>>1). 

Herein, based on co-precipitation experiments and ab initio 
calculations of the isotope fractionation among Mg(II) and 
Zn(II) aqueous species, we have investigated the impact of 
solution pH, dissolved CO2 and aqueous ligands on the 
isotopic composition of Mg and Zn in calcite. Our results 
indicate that increasing pH and concentration of aqueous 
bicarbonate/carbonate result in isotopically lighter Mg2+ and 
Zn2+ as well as Mg and Zn in calcite. This is consistent with 
the reduction of these aquo ions coordination sphere upon their 
coordination to carbonate/bicarbonate ligands and the 
enrichment of these metals carbonate/bicarbonate complexes in 
heavy isotopes. For example, the increase of pH from 7.7 to 
8.2 produces a 0.4 ‰ decrease in calcite δ66Zn Thus Zn isotope 
composition in CaCO3 is suggested as a promising proxy of 
pH, e.g. in marine and terrestrial carbonate precipitating 
surroundings. 

These observations provide new insights into the 
mechanisms controlling the isotope composition of aqueous 
Me2+ in natural waters and set the foundation for the 
development of new tools to reconstruct paleo-environmental 
conditions from the isotope composition of Me2+ recorded in 
sedimentary carbonates. 
 
[1] Mavromatis et al., 2013, Geochim. Cosmochim Acta 114, 
188-203. 
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Double-beta (ββ) decay measurements are a class of 

nuclear studies with the objective of detecting the neutrinoless 
(0νββ) decay variants. Detection of a 0νββ decay would prove 
the neutrino to be massive and to be its own anti-particle (i.e., 
a Majorana particle). 

96Zr is of particular interest as a double-beta decay 
candidate. A geochemical measurement of its ββ decay half-
life was previously performed by measuring an isotopic 
anomaly of the 96Mo daughter in ancient zircons. This 
measurement yielded a half-life of 0.94(32)x1019 yr [1]. More 
recently, the NEMO collaboration measured the half-life by a 
direct count rate measurement to be 2.4(3)x1019 yr [2], twice as 
long as the geochemical measurement. 

We aim to study this discrepancy through a series of 
experiments combining nuclear physics and geochemical 
techniques. We are measuring the mass independent 
fractionation of 96Mo due to the ββ decay of 96Zr→96Mo in  
1.8 Gyr zircons. The zirconium silicates, which have remained 
a closed system over their lifetimes, are especially suitable for 
this investigation due to their high zirconium content and the 
low natural molybdenum abundance. This makes it possible to 
detect the small amount of accumulated decay product. We are 
performing these measurements using improved chemical 
preparation techniques and isotopic analysis using the Thermo 
Scientific Neptune MC-ICP-MS. 

These measurements are being performed in conjunction 
with beta decay Q-value measurements at the TRIUMF 
TITAN experiment, a high precision mass measurement 
penning trap for atomic and nuclear science. The Q-value 
measurements aim to study a possible second decay route, a 
highly forbidden single-beta decay of 96Zr→96Nb, which then 
immediately decays to 96Mo. Combined, these measurements 
will remove a long-standing discrepancy of the two 
independent 96Zr ββ decay half-life measurements. 

 
[1] Wieser & De Laeter (2001), Phys. Rev. C 64, 024308. [2] 
NEMO-3 Collaboration (2010) Nucl. Phys. A 847, 168-179. 
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Geological storage of CO2 is a promising technology to 
reduce CO2 emissions into the atmosphere. Tracer methods are 
an essential tool for monitoring CO2 plume distribution in the 
target formation and for tracking of potential leakage of CO2 
outside of the storage reservoir. The stable isotope composition 
of injected CO2 constitutes a cost-effective inherent tracer for 
the movement and the fate of injected CO2 provided that it is 
isotopically distinct. To refine the stable isotope tracer 
approach for assessing potential leakage of CO2 from storage 
reservoirs we conducted numerous laboratory experiments to 
determine carbon and oxygen isotope fraction effects between 
CO2, dissolved inorganic carbon (DIC) and saline reservoir 
waters at pressure and temperature conditions that cover the 
transition from supercritical to subcritical CO2. We found that 
this transition encountered during potential CO2 leakage 
towards near-surface environments does not cause additional 
isotope effects and hence does not compromise the use of 
stable isotopes as a tracer in CO2 storage projects. To further 
demonstrate the utility of the stable isotope tracer approach for 
tracing injected CO2 we have commenced a field 
demonstration at the newly established field research station 
(FRS) of CMC Research Institutes and the University of 
Calgary near Brooks in south-eastern Alberta, Canada. During 
drilling of a potential CO2 injection well we obtained a 
continuous record of mud gas samples as well as drill cuttings 
and core that were placed in sealed containers in water and 
outgassed for several weeks. Concentration and isotope ratio 
measurements on these samples yielded a detailed profile of 
CO2 and CH4 distribution and isotopic fingerprints throughout 
the intermediate zone below shallow groundwater and above 
the storage reservoir. This detailed record of gas occurrences 
above the storage reservoir will be a major asset for future 
tracking of potential leakage of isotopically distinct injected 
CO2 and for potential stray gas leakage from oil and gas 
development. 
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Ubiquitous correlated nucleosynthetic anomalies are 

known in bulk meteorites mostly recorded in refractory 
elements like, Ti, Mo, Ru. In Ru and Mo the anomalies are 
attributed to s-process deficits. Proposed causes include late 
injection of freshly nucleosynthesized matter from the ISM, 
the processing of refractory mineral carrier phases in the 
nebula, or other processes. To distinguish between these 
hypotheses, we have analyzed the less refractory Pd and its 
isotopic compositions in a variety of chondrites and iron 
meteorites. Palladium shows resolved nucleosynthetic 
anomalies that correlate with Ru and Mo anomalies. The 
maximum anomalies are in CV and CB chondrites, and in IVB 
iron meteorites. All meteorites form a single Pd-Mo (or Ru) 
correlation. However, unlike the uniform Ru-Mo correlation, 
the magnitude of the Pd anomalies is about half that predicted 
from Ru-Mo anomalies for the same meteorites assuming 
subtraction of a uniform s-process yield from solar 
abundances. This observation rules out that the Ru-Mo 
anomalies are due exclusively to late injection or to physical 
processing of presolar SiC/refractory metal in the nebula. It 
should be noted that elements of comparable volatility, like Fe, 
do not exhibit resolvable nucleosynthetic anomalies, so the 
preservation of isotope anomalies in Pd is even more 
remarkable. Moreover, the observed correlation of isotope 
anomalies in Mo, Ru with anomalies in Pd indicate separation 
and processing of presolar material within the solar nebula 
rather than initial disk heterogeneity. Metal from Gujba (CB 
chondrite) plots along the Pd-Mo correlation defined by iron 
meteorites, H and CV chondrites. This metal condensed from a 
dense, metal-enriched vapor plume, where Pd behaved more as 
a refractory element than in nebular settings, where the Tc of 
Pd is similar to that of Fe. Thus, thermal and physical 
processing of chemically diverse presolar carriers and the 
resulting anomalies must have occurred prior to the formation 
of the iron meteorite parent bodies and chondrites, i.e. <1 Ma 
after CAIs. Therefore, the observed Ru-Mo-Pd anomalies 
imply that nucleosynthetic anomalies observed in meteorites 
are likely to be isotopic relicts reflecting the different chemical 
behaviour of their presolar carriers rather than incomplete 
mixing of presolar material representing different stellar 
sources. 
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A detailed understanding of the dynamics of reactive and 

inert gases in the subsurface is important for reliable gas tracer 
studies such as noble gas temperature (NGT) determination 
and groundwater dating. A basic assumption of gas tracer 
methods is that infiltrating water equilibrates with soil air near 
the groundwater table. Due to microbial gas consumption and 
production, the partial pressures of the noble gases in soil air 
can deviate from atmospheric air, an effect that could offset 
NGT estimates if not accounted for [1]. Our study provides 
measurements of soil gas composition as well as noble gas 
(NG) contents in young groundwater at different sites near 
Heidelberg (Germany) and Santarém (Brazil). These study 
areas were chosen to compare soil gas composition under 
temperate and tropical climate conditions.  

Soil air data confirm a correlation between the sum value 
of O2+CO2 and partial pressures of NGs both for enhanced as 
well as reduced values of O2+CO2 with respect to the 
atmosphere. We find significant NG enhancements in soil air 
by up to 7%. The strongest increase is observed in tropical 
Santarém, whereas NG excesses vary seasonally in temperate 
Heidelberg. An observed mass dependent fractionation of NG 
isotopes in Heidelberg can be explained by the seasonality of 
O2+CO2. However, there is no such effect in Santarém, 
indicating a year-long NG enhancement in soil air.  

The determination of reliable absolute NGTs requires a 
correct accounting for bubbles of soil air that are entrapped and 
(partly) dissolved in the water during groundwater table 
fluctuations, creating the so-called excess air component. This 
effect is reasonably well described by the closed system 
equilibration (CE) model for excess air [2]. An according NGT 
fit was performed for the groundwater data from Santarém. A 
systematic underestimation of the real groundwater 
temperature is found under the assumption of atmospheric NG 
contents in soil air, while a good agreement is reached if the 
enhanced NG partial pressures in the local soil air are taken 
into account. 

 
[1] Hall et al. (2005) Geophys. Res. Lett. 32, L18404. [2] 
Aeschbach-Hertig et al. (2000) Nature 405, 1040-1044. 
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The Messinian Salinity Crisis (MSC) is an extreme event 

which occurred in the Mediterranean Basin at the end of the 
Miocene (5.97 to 5.33 Ma) resulting in thick evaporites 
deposits. There is evidence of restriction of the Atlantic-
Mediterranean corridor several million years before the first 
evaporites. These pre-MSC successions are dominated by 
precession-controlled lithological variations which are 
responses to changing fluvial runoff. Runoff into the Eastern 
Mediterranean is influenced by monsoonal precipitation from 
the North African continent illustrated by a suite of 22 climate 
simulations throughout one entire precession cycle. The Sorbas 
Basin in SW Spain and the Pissouri Section on Cyprus both 
contain pre-MSC successions from the margins of the 
Mediterranean Basin. We analysed biomarkers in conjunction 
with the existing faunal records to understand the terrestrial 
sources of organic matter. This multi-proxy dataset allows us 
to compare the environmental evolution of the western vs. 
eastern basins prior to the MSC and allows us to evaluate the 
controls on and characteristics of environmental evolution. 
Pronounced orbital changes in faunal assemblages in the 
Sorbas Basin reflect Mediterrannean influences into the local 
Sorbas system. 

Changes in apparent soil pH inferred from the distribution 
of GDGTs in the Sorbas Basin along with terrigenous inputs 
deduced from the amount of BrGDGT and n-alkanes, indicate 
variations in the terrigeous sources both on an orbital and over 
timescales of the entire section (ca 1 Ma). These data contrast 
with the pronounced precessional signal seen in the microfossil 
data from Sorbas. This reflects the complex interaction of 
progressive isolation of the Sorbas Basin from the 
Mediterranean with precession-driven variations in 
precipitation and associated runoff. 

The Pissouri Basin also shows strong variability in its 
biomarker content, but the long-chain n-alkanes are 
significantly less abundant by comparison with Sorbas. This 
implies less input from terrestrial sources, and provides a more 
prominent Mediterranean signal in the lead up to the MSC. 
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Sabzevar Range includes the NW-SE–trending ophiolitic 
belt which located at the northern edge of the Central East 
Iranian micro-continent and contains all members of an 
ophiolitic sequence. This ophiolitic assemblage has been 
intruded by numerous magmatic bodies. Major part of these 
magmatic intrusives have adakitic signature with broad 
compositional range of different plutonic [1] and volcanic-
suvolcanic rocks [2]. Here, the geochemical and petrological 
characteristics of igneous rocks in the SW of Sabzevar Range 
have been studied. This area is located out of ophiolitic belt 
and appears close association of adakitic and high Nb basaltic 
(HNB) rocks. Adakites are calc-alkaline and include trachy-
andesite, teachy-dacite and dacite. These rocks are enriched of 
Na2O, Al2O3 and Sr and depleted from MgO, Y and Yb. 
Adakitic samples are defined by high Sr/Y (88-128) and La/Yb 
(20-45) ratios; and lack Eu anomaly (Eu/Eu*= 0.92-0.99) in 
REE patterns. Geochemical composition indicates adakites 
formation by slab melting in a high pressure-high heat flow 
subducting setting. Different adakitic rocks have been formed 
by various slab partial melting degrees and reaction of adakitic 
magma with heterogeneous mantle wedge. HNB rocks are 
alkaline, nepheline normative and sodic (Na2O/K2O= 2.7-3.4) 
with high concentration of Al2O3, TiO2, MgO, P2O5, LILE and 
HFSE, especially Nb (30-56 ppm). These basalts show 
fractionated REE patterns with high LREE/HREE 
(LaN/YbN=20-25) and trace elements modeling suggests their 
generation by low partial melting degrees (<2%) from garnet-
peridotite origin which already metasomatized by adakitic 
melts. 

 
 
[1] Rossetti, F., Nasrabady, M., Theye, T., Gerdes, A., Monié, 
P., Lucci, F., and Vignaroli, G.: Adakite differentiation and 
emplacement in a subduction channel 2014, The late Paleocene 
Sabzevar magmatism (NE Iran), Geol. Soc .Am. Bull. 126, 
317–343. [2] Jamshidi Kh., Ghasemi H., Troll V.R., Sadeghian 
M., and Dahren B. (2014) Magma storage and plumbing of 
adakite-type post-ophiolite intrusions in the Sabzevar 
ophiolitic zone, NE Iran. Journal of Solid Earth 6, 49-72. 
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Coccolithophores are ubiquitous single-celled marine 
algae. They produce calcium carbonate and organic matter 
intracellularly from dissolved inorganic carbon (DIC). Each of 
these carbon fixing processes occurs in a different cellular 
compartment, has a different set of associated isotopic 
fractionation factors, and the substrate is a different species of 
DIC.  The isotopic composition of organic and inorganic 
coccolithophore biomass is a function of cellular geometry, 
rates of calcification and photosynthesis and external 
parameters such as [DIC], pH and temperature.  If some of 
these parameters can be constrained, others may be inferred 
from isotopic compositions. Coccolithophore biomass has 
contributed to pelagic sediment for over 200 Myr, making 
these algae a unique, and currently underutilized, source of 
paleoceanographic and paleoclimatic information. Here we 
present results from culture manipulation experiments, and an 
isotopic flux model, which we show may reconcile apparent 
interspecific isotopic responses to carbon limitation, and shed 
light on the enigmatic “vital effect”. 
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The occurrence of Energy Critical Elements (ECE’s) in 

primary ore minerals is of great metallurgical interest. 
Recovery of many ECE’s, in particular In, Ga, Ge, Se and Te 
have come chiefly as a by-product of metal production; these 
elements are found only at very low levels in the Earth’s crust 
and do not typically form economic deposits on their own. 
Recent examination of sphalerite-bearing polymetallic veins of 
the Leinster Batholith in southeast Ireland has revealed 
significant trace-element signatures with anomalous 
concentrations of In, Ga and Ge.  

The Wicklow region of southeast Ireland was host to 
numerous Pb-Ag mines, the most prosperous of these situated 
in the Glendalough area, which operated between 1826 and 
1900. These intrusion-related deposits are hosted by Devonian 
granite-granodiorite of the large Leinster Batholith and consist 
of polymetallic Zn-Pb sulphide veins and breccias that are 
superimposed on an earlier phase of Sn-W-bearing greisen 
veins. Mineralisation comprises sphalerite, galena, native 
silver, chalcopyrite, pyrite, fluorite, scheelite, and cassiterite, 
as well as a wide range of trace phases. Alteration consists of 
intense and widespread silicic alteration punctuated by greisen 
veins increasing in intensity near historical ore bodies, and 
resulting in the replacement of the host granite by quartz, 
sericite and lesser fluorite. 

Laser-ablation ICP-MS analyses of sphalerite from the 
historical Glendalough workings reveal anomalous values of 
ECE’s, specifically In (4700 ppm), Ga (1300 ppm), and Ge 
(350 ppm); element maps (raster analysis) reveal a strong 
zonation of ECE’s, which correlate strongly with Fe contents 
indicating limited influence from trace inclusions. 
Interestingly, analyses of inclusion-free sphalerite grains from 
the Mount Pleasant Sn-In deposit, the world’s largest reserve 
of indium, reveal similar levels of In (5500 ppm) and Ga  
(880 ppm), although levels of Ge are notably lower. 

Further analyses of polymetallic systems from other 
plutons reveal anomalous values of ECE’s, but with differing 
trace-element signatures. These results suggest that sphalerite 
chemistry may offer a unique trace-element fingerprint of 
hydrothermal systems unique to their host pluton. 
Understanding the extent of polymetallic vein systems in the 
Leinster Batholith may have significant implications for the 
value of associated Sn-W-Mo resources, currently a focus of 
exploration.  
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There are few unambiguous tracers of secular variations in 
the oxidation state of subducted surface material and its impact 
on mantle chemical evolution. For example redox-sensitive 
tracers, such as the vanadium concentrations [1] and iron stable 
isotope compositions of igneous rocks [2] do not record any 
systematic variations in mantle oxidation state with time.  
Molybdenum stable isotopes provide an extremely sensitive 
redox tracer and have been widely used to reconstruct 
transitions in sedimentary palaeo-redox environments from 
euxinic (S-dominated) to oxic conditions that typify modern 
oceans ([3]; δ98/95Mo ≈ 0.5‒1.5 ‰).  Previous work focussing 
on Archean komatiites has shown they range from 0.02‒ 
0.19 ‰ ([4]; ± 0.16 ‰; 2SD), although altered samples 
produce significantly heavier compositons up to 0.7 ‰. Due to 
these large analytical uncertainties, it is not possible to resolve 
the effects of any primary magmatic differentiaiton or 
alterantion and hence properly assess temporal variablity.  
 To elimate the effects that long-term weathering ± 
seprentinistation may have had on these mafic rocks we have 
focused on their modern equivalents.  Two Phanerozioc 
examples of extremly fresh high degree paritally melts the  
~69 Ma Baffin Island picrites [5] and the ~90 Ma Gorgona 
komatiites [2] have been analysed here.  Improved long-term 
analytical reproducibility in this study (Romil δ98/95Mo ±  
0.031 ‰; n = 48 and Molybdenite 2706 ± 0.022 ‰; n = 29; 
2SD) will allow resolution of high temperature magmatic 
fractionations. These analyses will be coupled with stable Zn 
and Fe isotopic measurements on the same samples to better 
understand the proccess causing isotopic variablity. 
 
[1] Canil, EPSL 195, 75 (2002); [2] Hibbert et al., EPSL 322 
98 (2011); [3] Archer et al., Nature Geosci 1, 597 (2008);  
Duan et al., GCA 74, 6655 (2010); [4] Greber et al., AGU 
V31A-4722 (2014); [5] Dale et al., EPSL 278, 267 (2009).  
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Analyses of ultramafic volcanic glasses, olivine-hosted 
melt inclusions within volcanic glasses, and apatites within 
mare basalts all indicate that the mare source region is highly 
depleted in Cl compared to F and H2O [1-3]. In contrast, 
apatites from crustal rocks are enriched in Cl relative to F or 
H2O [3]. Furthermore, estimates of the volatile content of 
urKREEP (i.e., the last 1-2% of the global lunar magma ocean 
(LMO)) indicate that the abundance of Cl > F and Cl > H2O 
[4]. 

Given the incompatible nature of F, Cl, and H2O in 
nominally anhydrous silicates, the above observations imply 
that the volatile content of the mare source region is not 
representative of trapped interstitial residual liquid from the 
LMO because such a process would not efficiently fractionate 
F and H2O from Cl. However, if the volatile content of the 
mare source region is controlled by the F, Cl, and H2O 
partitioning relationships between nominally anhydrous 
minerals (NAM) and melt, the mare source would be enriched 
in F and H2O relative to Cl because Cl is much more 
incompatible in NAM’s than F and H2O [5-8]. 

A mare source region controlled by NAMs poses a 
problem for estimates of a wet lunar mantle (>10 ppm H2O) 
because it requires superchondritic abundances of F and Cl in 
the LMO liquid, which is inconsistent with overwhelming 
geochemical evidence for a volatile-depleted Moon. In fact, if 
the mare source region is controlled by NAMs, the bulk H2O 
content of the lunar mantle is likely < 1 ppm.  

Alternatively, experiments on the partitioning of F, Cl, and 
H2O between nominally anhydrous minerals and melt have not 
been conducted under lunar P-T-X-fO2 conditions, and if the 
mineral melt partition coefficients are sufficently high, a NAM 
controlled volatile budget for the lunar mantle could be 
reconciled with some of the terrestrial-like estimates for the 
H2O content of the lunar interior. 
 
[1] Saal et al., (2008) Nature, 454, 192-195 [2] Hauri et al., 
(2011) Science, 333, 213-215. [3] McCubbin et al., (2011) 
Geochimica et Cosmochimica Acta, 75, 5073-5093 [4] 
McCubbin et al., (2015) American Mineralogist, 100, In Press 
[5] Beyer et al., (2012) Earth and Planetary Science Letters, 
337, 1-9 [6] Hauri et al., (2006) Earth and Planetary Science 
Letters, 248, 715-734 [7] O’Leary et al., (2010) Earth and 
Planetary Science Letters, 297, 111-120 [8] Tenner et al., 
(2009) Chemical Geology, 262, 42-56. 
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The ability of scleractinian corals to up-regulate the pH of 

their calcifying fluid is fundamental to the process of bio-
calcification, as well as being critical to their ability to 
withstand the impacts of decreasing seawater pH due to ocean 
acidification. Here we report the results of a δ11B global 
isotopic survey of mainly hermatypic zooxanthellate corals 
sampled from the tropical Indo-Pacific and Caribbean, as well 
as azooxanthellate corals from both shallow-water tropical and 
deep-sea environments. We find that, regardless of location, 
the dominant aragonitic zooxanthellate reef-building corals 
(e.g. Acropora, Favia,  Porites, Pocillopora, Galaxea, 
Turbinaria, Fungi, Montipora, Montastrea, Stylophora, 
Trachyphylla, Lobophyllia) have a similar range in δ11B 
compositions (22  to 26 per mil) indicating the calcifying fluid 
has a pHcf of 8.4 to 8.6. Relative to their ambient reef-water 
environments this is indicative of ΔpHcf up-regulation from 
~0.3 to ~0.5 pH units, with some distinctive species/growth 
dependent offsets. We find, for example, that the faster 
growing Acropora (e.g. Indo-Pacific  formosa, cerealis, 
pulchara and the Caribbean palmata, and cervicornis) 
generally have low ΔpHcf  values (~0.3). Porites has similarly 
low ΔpHcf values within the summer months compared to 
winter. Interestingly, the azooxanthellate tropical coral 
Tubastrea has relatively high δ11B compositions (26 to  
28 permil) indicative of high ΔpHcf up-regulation (+0.5 to  
0.6 units), similar to that found in deep-sea cold-water corals 
(e.g. Desmophyllum). This suggests that the process of pHcf up-
regulation is independent on the presence of algal symbionts 
and only indirectly related to temperature via calcification rate. 
This is consistent with it being an energically favourable 
process critical to calcification. Our findings also indicate that 
up-regulation of pHcf is a dynamic characteristic of both 
hermatypic and ahermatypic corals, enhancing their resilience 
to ocean acidification. 
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Fracture waters within the Precambrian Shield rocks of 
Canada and South Africa have been sequestered underground 
over geologic timescales up to 1.5 Ga [1] [2]. Tapped by deep 
mines, these fluids have been shown to host a low-biomass, 
low-diversity microbial ecosystem at some sites [2]. The 
question of whether abiogenic or biogenic geochemical 
processes dominate in deep, isolated aqueous subsurface 
environments has important implications for habitability, and 
for the role played by abiotic organic synthesis in carbon flux 
from the deep to the surface biosphere.  

Volatile fatty acids (VFAs) may support chemosynthetic 
communities, e.g. in terrestrial [3] and deep-sea [4] hot 
springs. We present abundance and δ13C analysis for VFAs in 
a spectrum of Canadian Shield fluids characterized by near-
neutral pH and highly variable H2, CH4, C2+ n-alkane, and SO4 
contents. Isotope mass balance indicates that elevated levels of 
acetate (371-816 μM) may be generated by microbial 
fermentation in Birchtree mine. In contrast, thermodynamic 
considerations and isotopic signatures of the notably higher 
acetate (1.31-1.91 mM), as well as formate and propionate 
abundances (371-816 μM and 200-379 μM, respectively) 
found at Kidd Creek suggest possible abiogenic production via 
reduction of dissolved inorganic carbon with H2 for formate, 
and inorganic oxidation of C2+ n-alkanes for acetate and 
propionate. VFAs dominate the pool of dissolved and total 
organic carbon in the mines surveyed, and as such represent a 
potential key substrate for life.  
 
[1] Holland et al. (2013) Nature 497: 367-360. [2] Lin et al. 
(2006) Science 314: 479-482. [3] Windman et al. (2007) 
Astrobiology 7 (6): 873-890. [4] Lang et al. (2010) Geochim. 
Cosmochim. Acta 92: 82-99.  
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The heavy halogens (Cl, Br and I) are volatile elements 

which play a key role in terrestrial planetary processes and can 
be used as a tracer of volatile concentration and evolution on 
Earth. However, relatively little is known about the behaviour 
of heavy halogens in the mantle over time.  

Archaean komatiites have been selected as representative 
of the ancient terrestrial mantle. Komatiite samples were 
chosen that vary in age and greenstone belt location: Canada,  
(n=1, 2.7 Ga), South Africa (n=3, 3.3 Ga), SE Baltic Shield 
(n=1, 2.4 Ga) and Zimbabwe (n=4, 2.7 Ga). All samples have 
experienced low grade metamorphism and a varying degree of 
serpentinisation. Materials of differing texture (olivine 
cumulative, pyroxene spinifex and olivine spinifex) were 
sourced, reflective of different layers within a komatiite flow. 

Bulk and olivine separates were neutron irradiated to 
convert the halogens into noble gas isotopes, Ar, Kr and Xe. 
The noble gases were released from samples by step heating 
and fusion for analysis by noble gas mass spectrometry at the 
University of Manchester. 

The measured bulk halogen concentrations are: Cl, ~87 to 
485 ppm; Br, ~480 to 9978 ppb and I, ~6 to 394 ppb. 
Concentrations of halogens in olivines in the same samples are 
consistently lower by ~50-90%. Halogen ratios are between 
1.98x10-5 and 2.92x10-4 for I/Cl, and 2.15x10-3 and 9.13x10-3 

for Br/Cl, with no significant difference between bulk samples 
and olivine separates. Minor variation is seen between sample 
location and/or sample age. The lower-most I/Cl and Br/Cl 
values are similar to the modern MORB source [1]. This may 
imply that the Archaean and modern terrestrial mantle have 
similar halogen compositions.  

A greater range of halogen ratios are obtained during step 
heating, extending up to 2.17x10-3 for I/Cl and 2.59x10-2 for 
Br/Cl. The cause of these high halogen values is uncertain, but 
could be related to post-emplacement alteration.  

In-situ halogen analysis of the komatiite alteration phases 
and olivine hosted melt inclusions will help to constrain 
halogen composition and behaviour in the Archaean mantle. 
 
[1] Kendrick et al. (2013), EPSL. 365, 86-96. 
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Stratovolcanoes in arc settings often have complicated 
magmatic histories. These can include assimilation of slab-
derived material and/or wall rock and sometimes multiple 
phases of fractional crystallisation in reservoirs at varying 
depths. However, when magma volumes are small and melting 
and eruption events are too short-lived to develop complicated 
histories, an opportunity is provided whereby source-to-surface 
processes in arcs can be investigated. 

In Southern Chile there are several examples of 
stratovolcanoes that are adjacent to small volume basaltic 
volcanic fields. One such example is the coexistence of the 
stratovolcano Villarrica and the Caburgua-Huelemolle small 
eruptive centres (SECs). The latter is composed of eight 
Holocene basaltic complexes. Three of these are aligned with a 
major tectonic structure NNE-SSW (the Liquine Ofqui Fault 
Zone), three form a secondary alignment NEE-SWW, and two 
are not related to structural features. The nearby 
stratovolcanoes Villarrica, Quetrupillan and Lanin are aligned 
NW-SE. Whole rock major and trace element data and U-Th 
isotopes were obtained for eruptive material from the majority 
of the SECs. Significant variation is observed in composition, 
between and within eruption sequences. Individual centres 
display distinct signatures in U-Th space despite erupting only 
a few kilometres apart. The chemical dissection of a case study 
centre suggests that ascent is fast at the beginning of the 
melting event, and slows with the progression into a more 
stable magmatic system, as seen in whole rock data and more 
in-depth crystal studies. It is suggested that rather than 
differences in the mantle source, it is the ascent processes 
which vary and create the real difference to the neighbouring 
stratovolcanoes. Such studies may provide the ‘missing link’ 
between single event (monogenetic) and stratovolcanoes 
helping us to understand why one volcanic style is preferred 
over another in such settings, and how they can co-exist. 
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Accessory minerals contain trace element signatures that 
can be used to elucidate the physiochemical history and 
genesis of rock formations, information which has utility in 
exploration targeting. A crucial issue for exploration is 
discriminating anomalous mineral chemistry signatures from 
background levels. This work reports on a project designed to 
determine the background trace element abundances for key 
Western Australian lithologies via analysis of 150 heavy 
mineral concentrate residues from the GSWA SHRIMP U-Pb 
geochronology program.  

The project team developed a workflow that integrates a 
laboratory information management system (LIMS) with  the 
IGSN sample registry, TIMA FE-SEM automated mineralogy 
technology, and SHRIMP U-Pb and ELA-ICP-MS data 
outputs. Zircon, monazite, titanite, rutile, apatite and many 
other accessory minerals in polished mounts are rapidly 
identified (up to 20,000 grains/hr) and spatially registered for 
subsequent trace element analysis by laser or ion microprobe. 
Instrument outputs are linked to the LIMS metadata registry 
and are acessible via the AuScope Discovery Portal 
(portal.auscope.org).  

Determination of rutile trace element contents is an 
example of the practical importance of this project, as Doyle et 
al. [1] have recently reported that W-rich rutile with a specific 
age range (2521 ± 5 Ma) is an indicator of gold mineralisation 
at the Tropicana gold deposit. 

 
[1] Doyle et al. (2015). Econ Geol 110, 355-386. 
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Silicate weathering is commonly considered the primary 
regulator of atmospheric CO2 on multimillion-year timescales. 
Spatiotemporal variability in the continental volcanic arc CO2 
flux, however, has recently been proposed to play a more 
dominant role in pCO2 changes. Since the mineral zircon is 
abundantly produced in arc-related melts, we utilize a 
compilation of ~120,000 new and published single grain 
detrital zircon U-Pb age data from globally dispersed 
sedimentary rocks as a proxy to track continental magmatic arc 
systems through time. These data, which are derived from 
sedimentary rocks with depositional ages spanning the last 
~720 Myr, are evaluated in a stratigraphic context to assess 
how global zircon production and inherently related volcanic 
CO2 fluxes have changed in association with major icehouse–
greenhouse transitions. These data demonstrate that zircon age 
distributions are skewed towards relatively young detrital 
zircon populations during periods of greenhouse climates (e.g., 
the Cambrian, Jurassic, and Cretaceous), whereas age 
distributions from periods with icehouse climates (the 
Cryogenian and Permian) contain relatively low concentrations 
of young grains. These shifts in the relative abundance of 
young zircon grains indicate that continental volcanic arcs 
were spatially extensive during greenhouse climates and 
spatially reduced during icehouse climates. Cryogenian 
deposits notably contain the lowest proportion of young zircon 
of any geologic period considered here, consistent with the 
hypothesis that a dramatic reduction in the volcanic CO2 flux 
may have been a key parameter in driving severe “Snowball 
Earth” glaciations. Although silicate weathering is certainly a 
major component in the long-term carbon cycle, the data 
summarized here imply that major shifts in atmospheric pCO2 
and major icehouse-greenhouse transitions have been 
principally controlled by variation in the continental arc 
volcanic flux from the Cryogenian to present. 
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Main-Group pallasite meteorites originate in a single early 

planetesimal [1] formed in the early history of the Solar 
System. This type of parent body may be the default end-
product of silicate melt extraction (as indicated by the presence 
of other pallasite parent bodies, e.g. [2]) and represents the last 
stage before core-mantle separation. Two fundamental textural 
types are recognised in  the rounded and euhedral olivine in 
Main-Group pallasites (e.g. [3]), while fragmental textures 
record secondary events. Additionally, some Main-Group 
pallasites contain phosphoran olivine [3] and low-temperature 
phosphates [4] formed at an intermediate point in pallasite 
history, between early high-temperature differentiation 
involving silicate melt extraction, and late slow cooling 
responsible for development of metallographic textures [5]. 

The coarse grainsize of pallasites has made representative 
sampling difficult, but previously published data [3] [4] [6] 
strongly suggest that rounded olivine in pallasites (with the 
remarkable exception of the Pavlodar specimen) fall into just 
two distinctive geochemical groupings: either low-Mn type 
(e.g. Brenham), or high-Fe type (e.g. Springwater). Both types 
of round-olivine pallasite can host low-temperature 
phosphates, phosphoran olivine, and perhaps high sulfide 
contents; these phases are almost without exception absent (in 
the case of P2O5 rich phases) or in low quantity (sulfide) in the 
euhedrally textured pallasites. Additionally, we report on the 
preliminary finding of rounded olivine in the key low-Mn 
pallasite Brahin, which consolidates the two groups. Pallasite 
geochemistry therefore indicates that olivine rounding, and 
therefore the probable equilibration of core and mantle, took 
place across two distinct reservoirs, neither of which appear to 
be related to metallographic cooling rates. Accessory P2O5-rich 
phases, in conjunction with olivine geochemistry, represent the 
missing link in pallasite history between high- and low-
temperature processes. 
 
[1] Greenwood et al. (2006) Science 313, 1763-1765. [2] 
Clayton and Mayeda (1996) GCA, 60, 1999-2017. [3] 
Boesenberg et al. (2012) GCA 89, 134-158. [4] Buseck (1977) 
GCA 41, 711-740. [5] Yang et al. (2010) GCA 74, 4471-4492.  
[6] Wasson and Choi (2003) GCA 67, 3079-3096. 
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Elemental analysis to support mineral exploration requires 

accurate, precise and low detection limits, with an ability to 
meet high sample throughput demands. With respect to 
analytical figures of merit, LA-ICP-MS is an excellent fit. 
However, the current level of human intervention limits its 
ability to meet throughput requirements and thus the technique 
has not been widely adopted in the industry. 

The most common approach for improving LA-ICP-MS 
throughput is to utilize large sample chambers that are capable 
of holding a large number of samples at a time. This approach 
is non-ideal, however, as simply utilizing a large sample 
chamber fails to address the time and human involvement of 
placement of samples, purging, and focusing scans. Depending 
on the samples, this can take nearly as long as the analysis 
itself.  

Additionally, recent studies have demonstrated that 
increasing the sample chamber dimensions without accounting 
for gas flow dynamics can either dramatically increase the 
purge time (actually decreasing throughput) or decreasing 
positional reproducibility (increasing error) [1]. Even large 
sample chambers that are capable of rapid, efficient purges, 
such as the TwoVol2, require manual placement of samples 
and focus adjustments. Samples may also be cut, to increase 
the volume per batch, but this adds sample prep time and 
makes traceability more complex. 

To reduce the time and human involvement between 
analyses, ESI has developed the SelfSeal sample chamber, 
specifically for true high throughput sampling of industrial 
materials. The SelfSeal chamber requires no focusing time, no 
pattern adjustment, has a purge time of under 7 seconds, and 
maintains the positional stability and sensitivity expected of 
LA-ICP-MS. Here we demonstrate calibration curves on real 
XRF standards and repeatability figures on NIST glass, as well 
as providing a full analysis time from sample introduction to 
sample removal and realistic estimates of maximum samples 
per day. 
 

[1] ESI Technical Note: NWR025 Comparison of Laser 
Ablation Cell Purging Techniques 
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Ultra-low velocity zones (ULVZs) are small, kilometer-

scale structures at the base of the mantle, characterized by 
sharp reductions in seismic velocity, high density, and possibly 
partial melting.  Here, we explore how their locations are 
related to much larger-scale seismic features: the Large Low 
Shear Velocity Provinces (LLSVPs) beneath Africa and the 
Pacific.  The larger LLSVPs are hypothesized to be caused by 
primordial, compositional reservoirs (i.e., thermochemical 
piles) with slightly increased intrinsic density.  However, the 
cause of ULVZs is more-widely debated, and hypotheses 
generally fall into two categories:  (1) partial melting of normal 
mantle and (2) additional small-scale compositional 
heterogeneity. We perform numerical convection calculations 
in a partial sphere geometry, employing two sets of 
experiments; each of which includes thermochemical piles to 
represent LLSVPs.  In one set of experiments, we simply 
examine the time-dependent locations of the hottest regions of 
the lowermost mantle.  We find that the hottest regions, where 
partial melting could occur to explain ULVZs, are located well 
within thermochemical pile interiors. In the second set of 
experiments, we include an additional composition:  a small 
volume of ultra-dense material to represent ULVZs.  We find 
that the ultra-dense material accumulates within patches 
spotted along the margins of thermochemical piles.  Both 
hypothetical causes of ULVZs lead to significantly different 
morphologies and positions with respect to thermochemical 
piles, providing evidence that seismic observations of ULVZ 
shape and location with respect to LLSVPs can provide insight 
into their cause and act as markers for understanding global 
mantle flow patterns. 
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Transport of pH through reactive media gives rise to 

reaction fronts with complex morphologies. The first-order 
structure of these fronts can be analyzed in the hyperbolic limit 
of the governing equations. Results from column flow 
experiments through silica glass beads and quartz sand show 
agreement with analytical simulations. Results highlight the 
effect of nonlinear sorption on transport behavior. We evaluate 
the ability of various surface chemistry models to predict 
experimental breakthrough behavior.  Incorporation of 
electrostatic forces in sorption improves model predictions 
over Langmuir type assumptions.  In comparison to 
experimentally derived sorption relationships, a significant 
disprepancy in predicted behavior is observed. This 
discrepancy is attributed to the influence of transport 
conditions on the sorption behavior of protons.  A classical 
interpretation would contribute this effect to chemical kinetics. 
We present evidence suggesting the phenonmen is due to 
streaming current influencing the electrochemistry of the grain 
surface. Our findings suggest that sorption relationships 
obtained from batch titration experiments  may not be 
appropriate for predicting transport behavior in ionic species 
which are highly sensetive to surface charge. 
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The distribution of trace elements in refractory heavy 

minerals is a potential pathfinder for economic ore deposits, 
yet there is still little understanding of the controls on trace 
element partitioning and redistribution in complex ore systems. 
We undertake a detailed micro-analytical study of a small, yet 
complex, vein associated with a Pb-Zn-Cu-Ag-Au deposit. The 
dolomite vein cross cuts a quartz rich host rock that 
accommodates sulphide and iron oxide mineralisation in the 
adjacent wall rock. Simultaneous large area EBSD and EDS 
mapping of the vein and surrounding wall rock reveals 
systematic zoning of phases away from the vein walls into a 
deformed host rock with little evidence of post-vein 
deformation. LA-ICP-MS mapping shows trace element 
zoning within the vein as well as the surrounding pyrite and 
reveals late stage mobility of Ba and Sr not evident in the 
EBSD data.  Pyrite is a common phase in the deposit and the 
As content may be an indicator of Au mineralisation. The 
behaviour of many other trace elements such as Ba, Cd, Cu, 
Pb, Ni, Sb, Sn, Sr and Zn, which associate with base metal 
mineralisation, partition into alteration phases and relate to the 
formation of the dolomite vein. This approach of integrating 
multiple techniques means quantative trace element data can 
be spatially correlated with phases, microstructure, and 
distance from the vein. This approach potentially enables the 
chemical fingerprinting of a yet unidentified or buried ore 
deposits from the examination of distal samples. 
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The origin of the late Mesozoic to Recent volcanism in the 

Australian southern continental, ‘non-volcanic’ margin is a 
long-standing and important problem. To date, investigations 
of this intraplate basaltic province have focused on the 
preserved, onshore record. However, an extensive record of 
Cenozoic magmatic activity is preserved in the sedimentary 
successions of the Bight, Otway, Bass and Gippsland rift 
basins, and remains largely undescribed. 

Multiple models have been invoked in order to explain this 
magmatic activity. Preliminary seismic studies [1] have shown 
that magmatism mainly occurs at Eocene to Oligocene and 
Miocene to Recent times. This activity therefore post-dates the 
rift or breakup phases that are placed at 90, 83 and 67 Ma and 
related to the separation of Australia and Antarctica. This 
observation hence argues against a link with continental 
breakup and related decompressional melting processes. 
Additionally, clear links have been observed between basin 
events offshore and timing of magmatism preserved onshore. 
We also note the recurrence of mafic magmatic activity in the 
same geographic localities with apparently similar mantle 
source characteristics over extended time intervals. These 
factors suggest that the distribution of igneous activity cannot 
be solely explained by the classic plume model. Given the 
rapid northward motion of the Australian plate during this time 
interval they indicate either lithospheric mantle sources or a 
certain coupling between asthenospheric sources and the 
lithosphere. Melting may be driven by subtle lithospheric 
stretching and edge convection [2]. The competion between 
asthenospheric and lithospheric mantle sources is highlighted 
by temporal shifts in basalt major and trace elements and 
isotope compositions. 

 
[1] Holford et al. (2012) APPEA Journal 52, p. 229-252. [2] 
Demidjuk et al (2007). Earth and Planetary Science Letters 
261, 517-533.  
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Laser ablation mass spectrometry is an increasingly useful 

technique which can be used for research into ore deposit 
genesis, geochemical exploration targeting and metallurgical 
ore studies into the siting and deportment of various beneficial 
and deleterious elements. The technique is currently taking ore 
deposit trace element geochemistry beyond the traditional one-
metre assays into a holistic understanding of the distribution 
and apportioning of elements (and in some cases isotopes) 
between different minerals at the millimetre to submicron 
scale. It has the potential to be expanded to the centimetre to 
metre scale once data handling and reduction issues are 
resolved. 

This review of the ore deposit application of the technique 
briefly examines a number of novel applications that have 
recently been tested. These include: 

• Multi-trace element mapping of ores from complex gold 
deposits. 

• Gold deportment and gold-rich inclusion size 
determinations in Archean gold deposits. 

• Epidote and chlorite geochemistry in the geochemical 
halos around porphyry deposits. 

• Pyrite geochemistry around orogenic and volcanic-hosted 
massive sulphide. 

• Lead isotopic determination in pyrite to unravel the timing 
of ore genesis in unconformity uranium and orogenic 
deposits. 

• Rhenium  element trace element mapping of pyrite to help 
with interpretation of rhenium-osmium geochronological 
data. 
Despite the enormous potential of the technique there 

remain a number of challenges related to analysis and the 
quantification of laser ablation data including accurate 
prediction of argide and oxide interference across the mass 
range, matrix corrections as the laser travels from one mineral 
to another, and cross contamination of elements between the 
different minerals and samples. These problems are by no 
means insoluble but at present require careful interpretation of 
the data currently being produced as well as experimentation 
so that our understanding of this technique increases in the 
future. 
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Carbon capture and geologic storage is a frequently 

discussed option to reduce atmospheric CO2 concentrations 
with the risk of leakage from storage sites to overlying aquifers 
and soils. The long-term effects of CO2 on a soil can be 
investigated at natural analogues, e.g. cold volcanic CO2 
exhalations, so-called mofettes. We could show from natural 
samples of mofettes in a wetland area in Czech Republic that, 
compared to CO2-unaffected references, a strong mobilization 
of metal(loid)s (e.g. As, Pb) occurred due to soil acidification 
and decreased iron (hydr)oxide content (by 85 % to 1.2 ± 
0.4 g kg-1), the main sorbent in CO2-unaffected soils. However, 
some metals (e.g. Ni, Cu) seemed to profit from organic matter 
accumulation in mofettes by resorption and showed a net-
immobilization. 

Studying natural mofette sites can reveal long-term effects 
of CO2 on a soil, but the processes and dynamics that occur 
immediately after mofette formation (or CO2 leakage from 
storage sites) remain unknown. We started a long-term 
laboratory batch experiment, in which we simulate the early 
state of a mofette by exposing hitherto CO2-unaffected soil and 
water from the Czech wetland site to gaseous CO2 at 15, 22, 
and 35 °C with continuous monitoring of redox potential, pH, 
and aqueous concentration of As, Cu, Fe, Mn, and S.  

Initial results, after only 14 days of CO2 exposure, show a 
decrease in redox potential and pH towards suboxic conditions. 
The aqueous concentration of all considered elements 
increased, but with interesting differences: while Mn already 
reached a constant level after 3 days (increase to 199 % of 
initial concentration), S, As, Cu, and especially Fe are 
continuously mobilized from the solid phase (so far to 149 %, 
143 %, 172 %, and 183 %, respectively). For these 4 elements, 
mobilization increased with temperature, indicating a 
microbial influence on the mobilization processes.  

The experiment will be continued until a constant 
concentration level of all elements in the aqueous phase is 
reached. Further analysis, especially of the solid phase at the 
end of the experiment, will reveal details on mobilization 
processes and rates and increase our understanding of CO2-
induced changes in soils. 
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The solubilities of metals in crustal fluids is enhanced at 
high temperature by the formation of complexes with ligands 
such as Cl– and HS–. Understanding the nature and 
thermodynamic properties of metal complexes in hydrothermal 
fluids is crucial for predicting solubilities of minerals in natural 
and man-made systems.  

Ab initio molecular dynamics simulations provide a means 
to determine the nature and stabilities of metal complexes 
under conditions that are beyond experimental practicality. 
This approach is made possible by the availability of high-
performance computing resources and the implementation of 
density functional theory. However, we still need to use 
approximate exchange-correlation functionals (GGA), and a 
fundamental question is the whether such functionals can 
provide us with geochemically useful accuracy. Moreover, we 
must extrapolate our results to other conditions (e.g., infinite 
dilution) in order to compare our results to existing 
thermodynamic models  and experiment. 

We have tested this approach on Cu [1] [2], Au [2], Zn [3], 
and Pd [4] complexing in chloride- and sulfur-rich ore fluids 
under extreme T-P conditions. We find very encouraging 
agreement with experiment; this suggests that the level of 
theory (i.e., the generalised gradient exchange-correlation 
functional) that we are using is adequate for these systems. The 
simulations also helped to resolve some uncertainty in the 
interpertation of experimental data. Coupled with experimental 
studies, the MD simulation give molecular-level insights into 
the chemical processes responsible for the formation of ore 
deposits. We are now able to explore PT regimes where 
experiments are impractical.  

 
[1] Mei et al., 2013, Geochim. Cosmochim. Acta, 102, 45–64 
[2] Mei et al., 2014, Geochim. Cosmochim. Acta, 131, 196–212 
[3] Mei et al., 2015, Geochim. Cosmochim. Acta, 150, 265–284 
[4] Mei et al., 2015, Geochim. Cosmochim. Acta, in press 
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Understanding fundamental cellular processes, such as 
metabolic turnover and transfer of nutrients, has gained 
importance in the study of organisms suseptible to the effects 
of environmental change(s) - ranging from localized 
phenomena (e.g. anoxia and polution) to global climatic 
change, such as increasing temperature. Examples from the 
marine environment include reef-building corals and 
forminifera. 

NanoSIMS isotopic mapping correlated with transmission 
electron microscope (TEM) imaging, in combination with 
targeted isotopic labeling experiments, represents a cutting-
edge methodological approach to the study of metabolism in a 
very broad suite of organisms. With such analytical 
capabilities it is now possible to quantitatively trace in situ the 
assimilation of nutrients and metabolite translocation between 
specific cell-types and to evaluate the effects that 
environmental change has, or will have, on these cellular 
processes. 

Examples of ongoing work will be given in order to 
illustrate the kind of data can be achieved in pratice. as we 
push the limits of spatial resolution and sensitivity. Discussion 
of the shortcomings that NanoSIMS imaging do suffer from 
will also be presented. 
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Many studies have inferred a dominant role for the 
Southern Ocean in modulating glacial-interglacial variability 
of atmospheric pCO2 [1]. The potential importance of the 
Southern Ocean for pCO2 reflects its leverage on the efficiency 
of the global soft-tissue loop, by which the photosynthetic 
production, sinking and remineralization of organic matter 
stores carbon in the ocean interior, lowering atmospheric CO2. 
By reconstructing paleofluxes of export production and redox 
conditions at the sediment-water interface, inferences of past 
ocean dynamics can be made. Thus far, available high-
resolution sediment records are dominated by cores from the 
Atlantic sector of the Southern Ocean. Here, we present new 
results for a sedimentary archive collected from the abyssal 
southwest Pacific right at the location of today’s Antarctic 
polar front. We report multi-proxy 230Th-normalized export 
production records covering the last glacial cycle. The records 
show a strong climate-related signal, with higher export fluxes 
during interglacials and lower values during the last ice age 
[2], consistent with previously reported evidence from the 
South Atlantic and the SE Pacific signaling lower upward 
supply of subsurface nutrient-rich waters [3] [4]. Our data 
therefore provide the opportunity to compare past atmospheric 
CO2-changes with a well-dated sub-millenially resolved record 
in a region previously sparsely considered over a full glacial 
cycle. 
 
[1] Sigman and Boyle (2000) Nature 407, 859-869. [2] 
Anderson et al. (2009) Science 323, 1443-1448. [3] Jaccard et 
al. (2013) Science 339, 1419-1423. [4] Lamy et al. (2014) 
Science 343, 403-407. 
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Silver nanoparticles (Ag-NP) used in numerous consumer 
products will most likely be discharged into the sewer system. 
During the transport, Ag-NPs will be sulfidized to various 
degrees due to the reaction with bisulfide or metal sulfides [1] 
[2]. The sulfidation continues during the wastewater treatment 
and the resulting Ag2S is accumulated in the sewage sludge 
[3]. In Switzerland and in large parts of Germany, the digested 
sludge is incinerated in mono-combustion facilities (fluidized 
bed reactors). To investigate the fate of Ag-NP discharged to 
the wastewater stream, we spiked Ag-NP into a pilot 
wastewater treatment plant (WWTP, primary clarifier, 
nitrification, denitrification, secondary clarifier) followed by 
an anaerobic digestion. Samples from the digested sludge were 
dewatered and incinerated in a bench-scale fluidized bed 
reactor. The reactor was operated at 800 °C in an atmosphere 
of 4 % O2, 12 % CO2, 84% N2 with 300 ppm SO2 and 
humidified to 30% H2O. 

The Ag content in the dried sludge was ~1000 mg/kg and 
increased to ~4000 mg/kg in the fly ash. The same enrichment 
was observed for other (conservative) elements such as Ti, 
confirming that Ag was not volatilized during the incineration 
process. Results from transmission electron microscopy (TEM) 
and X-ray absorption spectroscopy (XAS) confirmed that the 
Ag-NP spiked to the WWTP completely transformed into 
Ag2S particles during the wastewater treatment. Fly ash 
collected from the fluidized bed reactor after only 1 minute 
reaction time revealed that Ag was dominantly present as 
metallic, spherical particles < 50 nm. The fly ash is currently 
deposited in landfills but to a limited extent, it is used in 
agriculture. The study revealed that sulfidized Ag-NP will be 
transformed back into metallic NP during the incineration 
process. It remains to be investigated whether the metallic NP 
are incorporated into the fly ash matrix during the combustion 
process or whether they are only loosely attached to the fly ash 
and may be released upon contact with water during storage in 
a landfill. 

 
[1] Thalmann B. et al., ES&T. 2014;48:4885–4892. [2] Kaegi 
R. et al., Water res. 2013;47:3866–3877. [3] Kaegi R. et al., 
ES&T. 2011;45:3902–3908. 
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Silica-lysozyme composites are good analogues for 

biosilicification because both lysozyme and the proteins 
(silaffins) controlling for example silica precipitation in 
diatoms exhibit a high content of basic amino acids, e.g. lysine 
and arginine [1]. Such amino acids can induce silica 
polymerisation by interactions between their ammonium 
groups with the silanol groups resulting in the protein 
incorporation into the silica precipitate [3]. However, the role 
of the proteins on silica aggregation or their effect on the silica 
precipitates is still unknown. Here we describe data on the 
characteristics of silica-lysozyme composites as derived from 
electron microscopy combined with electron loss spectroscopy 
(EELS), infrared spectroscopy, surface charge and surface area 
measurements. Our results reveal that lysozyme was not 
incorporated into primary silica nanoparticles but that, due to 
electrostatic interactions between positively charged lysozyme 
and negatively charged silica particles, lysozyme acted as a 
flocculating agent. This induced faster aggregation of the silica 
particles but also lead to smaller silica nanoparticle diameters 
than in the pure silica system. During flocculation, lysozyme 
became incorporated into the bulk precipitate (up to 15 wt.%) 
but EELS data revealed that it was not distributed 
homogeneously throughout the composite but was present as 
larger clusters within the silica colloid matrix. The presence of 
lysozyme also strongly affected the surface properties of the 
composites as the surface areas were reduced by up to 90% 
compared to the pure silica system. Finally, the isoelectric 
point of the silica-lysozyme composites was also significantly 
higher (pHIEP,silica < 2, pHIEP,lysozyme = 11, pHIEP,composites = 5 – 8). 
Our results improve the understanding of the aggregation 
behaviour of silica colloids in the presence of lysozyme, with 
implications on how silicifying organisms such as diatoms 
control the characteristics and morphology of silica 
precipitated inside their cells through interactions with specific 
organic molecules. 

 
[1] Kröger et al. (1999), Science 286, 1129-1132. [2] Coradin 
et al. (2003), Coll & Surf B: Biointerfaces 29, 189-196. 
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Mercury (Hg) is present at varying abundances in different 
types of meteorites [1-3]. Because of the high toxicity of Hg, it 
had long been suggested that it might be a potential “killing 
agent” during mass extinctions [4]. Natural Hg poisoning 
might either be the result of large amounts of Hg expelled 
during eruptions in Large Igneous Provinces, injected into the 
terrestrial environment by a volatile-rich asteroidal or 
cometary impactor, and/or released from terrestrial sediments 
by acid rain leaching in the aftermath of an impact [4]. If the 
Hg concentrations measured by [2] [3] in the CI-chondrite 
Orgueil were typical for the Cretaceous-Paleogene (K-Pg) / 
Chicxulub impactor as a whole, full release of the highly 
volatile Hg would correspond to a total injected mass of 106 – 
107 metric tons of Hg (i.e., 104 – 105 times more than todays 
annual anthropogenic emissions), and result in a global Hg 
deposit of several 1000 ng Hg/cm2, on a par with present-day 
sites of high Hg contamination (e.g., [5]). Small Hg peaks at 
the K-Pg boundary have been reported before, and have been 
attributed to the terrestrial response to the Chicxulub impact 
[6] or to volcanic activity pulses [7]. However, an impactor 
contribution could not be excluded because Hg isotopic data 
were available from neither K-Pg boundary sediments nor 
meteorites. We have measured the concentration and isotopic 
composition of Hg in meteorites [2] and at several K-Pg sites, 
including the distal marine sites Stevens Klint (Denmark), 
Bidart (France) and the more proximal terrestrial site Teapot 
Dome (USA). At Teapot Dome, we find a comparatively huge, 
double-spiked Hg peak of ~1000 ppb, while the Hg peaks at 
Stevens Klint and Bidart are much smaller (200 ppb and  
80 ppb, respectively). The low Hg abundance at the latter two 
sites suggests a bulk Hg content of the K-Pg impactor certainly 
much lower than the one measured in Orgueil. While we 
cannot fully constrain the extraterrestrial Hg contribution, the 
K-Pg boundary sediments still put constraints on the Hg 
content and isotopic composition of the impactor. We can thus 
exclude an impactor similar to Orgueil, but Mighei- and 
Ornans-type carbonaceous chondrites are possible. 
 
[1] Lauretta et al., 1999, EPSL 171, 35-47. [2] Meier et al., 
2015, LPSC XLVI, abstract 1101. [3] Wiederhold & 
Schönbächler, 2015, LPSC XLVI, abstract 1841. [4] Prinn & 
Fegley, 1987, EPSL 83, 1-15. [5] Higueras et al., 2006, Sci. 
Total Environm. 356, 112-124. [6] Hildebrandt & Boynton, 
1989, LPI contrib. 712, 89. [7] Sial et al. 2013, 
Palaeogeogrography, Palaeoclimatology, Palaeoecology 387, 
153–164. 
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Culture studies have suggested temperature and kinetic 
effects as potential drivers for changes in coccolith Ca isotopic 
composition (δ44/40Ca) and Ca isotopic fractionation. However, 
the specific mechanisms affecting δ44/40Ca are still unclear. 
Moreover, additional interacting factors, such as carbon 
limitation under low CO2 could also play a role.   

We measured δ44/40Ca and Sr/Ca from cultured Emiliania 
huxleyi, Gephyrocapsa oceanica and Calcidiscus leptoporus at 
varying CO2 levels, and from two coccolith size fractions from 
site 925 in the Western Equatorial Atlantic representing the 
last ∼11 Ma. We propose a simple model (CaSri-Co) for 
transmembrane Ca and Sr transport, assuming Ca desolvation 
as the sole source for Ca fractionation. This model identifies 
three main potential factors driving Ca fractionation in 
coccolith calcite, based on our culture results and those from 
other studies for which calcification rates have been reported.  

The model shows that higher calcification rates decrease 
Ca fractionation, while an increased Ca retention efficiency 
(Ca incorporated/Ca taken up) tends to increase it. Ca 
efficiency was found to have a larger effect on Sr/Ca than in 
Ca fractionation. The model also shows that Ca fractionation is 
very sensitive to the solvation environment, which affect the 
solvation (Rb) and desolvation (Rf) rates via modification of 
the water structure strenght. A decreased solvation rate could 
explain the observed increasing Ca fractionation at decreasing 
calcification rates for the small fossil coccolith size fraction 
observed form ∼5 to ∼4 Ma. Between the potential factors that 
could have produced decreases in the Rb are increases in the 
seawater Mg concentrations, decreases or modifications in the 
cellular exudate production, possibly associated to 
physiological adaptations to limiting carbon availability, 
changes in the affinity of the protein to which Ca attaches upon 
uptake, and decreases in seawater temperatures in part driven 
by seawater CO2 variations.   
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Integrating geochronological analysis of in situ zircons 
with the petrological study of their microstructural growing 
microdomains –through petrography and phase diagram 
modelling– yields to a more precise interpretation and 
understanding of any geological process –specially in 
polymetamorphic histories– than the study of ages from 
separate zircons. We present in situ U-Pb analyses of zircons 
from metapelitic granulites exposed in contact with the 
ultramafic massif of Beni Bousera (N Morocco, western 
Mediterranean). Our aim was constraining the time of the 
responsible episodes of the metapelitic granulites formation, as 
they represent key pieces in the puzzle-evolution of the Betico-
Rifean belt.  

Results reveal two main groups of ages, namely Permian-
Carboniferous (~ 285-330 Ma) and early Miocene (~ 20 Ma) 
matching a higher- and a lower-pressure episodes, 
respectively, at high temperature (c. 800ºC). The combination 
of these estimates with the petrological, geophysical and 
geodynamical studies in the area give us new clues to constrain 
the geodynamic evolution of the region from Permian-
Carboniferous to Jurassic times, being that from 140 Ma to 
recent widely accepted by previous tectonic proposals.  
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Depletion and enrichment processes affecting the 
Patagonian lithospheric mantle have been investigated through 
a suite of anhydrous peridotites sampled at Estancia Sol de 
Mayo (ESM, Central Patagonia, Argentina) [1], and a 
comparison with other Patagonian localities (4 from Northern 
and 2 from Central Patagonia).  

Major element composition of cpx and opx of ESM 
highlights two different trends characterized by i) high Al2O3 
content at almost constant mg# and ii) a slight increase in 
Al2O3 content with decreasing mg#. Cpx are LREE-enriched 
and characterized by prominent to slightly negative Nb, Zr and 
Ti anomalies. Cpx La/Yb and Sr vs Al2O3 show negative 
correlation pointing to a refertilization event affecting this 
lithospheric mantle portion. The agent was most probably a 
transitional alkaline/subalkaline melt, as also indicated by the 
presence of opx arranged in vein and the similar geochemical 
features of ESM cpx and those from Northern Patagonia 
pyroxenites which are derived from transitional 
alkaline/subalkaline lavas. 

A further comparison between cpx compositions from 
different localities in Northern and Central Patagonia suggests 
other two enrichment trends acting in the subcontinental 
lithospheric mantle that can be ascribed to alkaline or tholeiitic 
metasomatism/refertilization processes. 

Sr-Nd systematic performed on samples from several 
localities show a large range of both isotopic ratios. Mixing 
calculations allow to assess that up to 9% of an EM II 
component is needed to account for the most radiogenic 
samples. 

 
[1] Melchiorre et al., 2015. Tectonophysics in press. 
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The complex geodynamic history of the Western 
Mediterranean since Oligocene has been explained with 
various models that can be broadly divided in three groups on 
the basis of the locations and dip of the subduction lithosphere: 
A) N-NW dipping slab extending from the Gibraltar arc to the 
Balearic promontory retreating in S-SE direction; B) NW 
dipping slab under the Balearic promontory, retreating in SE 
direction towards the Gibraltar strait C) two opposite-directed 
subductions separated by a transform fault subparellel to the 
Pierre Fallot Fault  

The geological evolution of this part of the Mediterranean 
is characterized by widespread volcanic activity, associated to 
subductive (orogenic) or intraplate (anorogenic) settings. Two 
huge databases of both types of volcanism have been merged 
and analyzed through factor analysis, in order to reduce the 
large number of geochemical parameters describing each 
sample (i.e. major and trace elements,isotopic compositions) 
through a smaller number of factors.  

Seven factors have been calculated accounting for ~84% of 
variance. Binary diagrams obtained combining these factors 
allow to clearly distinguish the anorogenic field from the 
orogenic one, except for some overlaps caused by the great 
number of samples included in the analysis. Anorogenic rocks 
usually fall in a narrow range of variation, while orogenic are 
characterized by a greater variability and by alignement along 
different trends. These different trends account for large 
heterogeneities of the sub lithospheric mantle due to extensive 
recycling of geochemically different materials through time, 
supporting the idea that different reservoirs are responsible for 
the Mediterranean volcanism [1]. 

The spatio-temporal evolution of the Western 
Mediterranean lamproites (always clearly discriminated in the 
diagrams) allows us to speculate a two-step evolution of the 
mantle beneath southern Spain. This evolution has been 
evaluated at the light of the three models described above. 

 
[1] Conticelli et al. (2009). Lithos 107, 68-92. 
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The original source of arc magmas lies within the mantle 

wedge. However, primitive, mantle-derived magmas are rather 
rare in volcanic arcs, proving that magmas undergo 
differentiation prior to eruption.  The location, mechanism and 
timing of this differentiation have direct implications for the 
range of eruption products of a volcano  

A series of experiments were carried out on high-MgO and 
low-MgO basalts in order to evaluate the chemical 
consequences of basalt differentiation in the shallow- to lower-
crust. 

The key result shows that the melt fraction (F) temperature 
(T) relationships are non-linear and varies with H2O content. 
The principle control on the F-T relationships is compositional 
contrast between the crystallizing assemblage and coexisting 
melt. Rapid change in F occurs during eutectic-like behaviour. 
That means melt and crystalline residues have similar 
compositions. Contrariwise, during peritectic reaction F 
changes only slightly when change in melt composition could 
be substantial. For instance, orthopyroxene and plagioclase are 
compositionally very close to basaltic melts and a rapid 
decrease in F will be observed on saturation with these 
minerals, but residual melt composition will hardly change, 
and this consistent with dry experiments (initial H2O  
<0.6 wt%) at 2 and 10 kbar. In contrast, amphibole and melt 
differ greatly in composition and lower dF/dT is observed 
upon amphibole saturation in the experiments with initial H2O 
> 2 wt%. However, the change in melt composition is 
significant.  

This demonstrates that initial H2O content has significant 
influence on the differentiation path of primary magmas. 

Compilation of these experimental results and existing data 
on Cascades showed that the entire array of Cascades magma 
compositions could be produced by polybaric crystallisation of 
primitive basalts with variable initial H2O content. 
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Petrography based on detailed geochemical analyses were 

made on clinopyroxene (cpx) separates from spinel lherzolite 
and harzburgite xenoliths hosted in the Cenozoic basalts of 
Ethiopian Plateau (Gundweyn area) and rift zone (Dillo and 
Megado areas). The peridotites show fertile to refractory 
character in olivine Fo (87–91) and spinel Cr# (8–59). On a 
chondrite-normalized REE diagram, lherzolite cpxs show both 
LREE-depleted and -enriched patterns with higher HREE 
abundances than harzburgite cpxs that reveal LREE-enriched 
patterns. The degrees of LREE depletion and enrichment are 
similar to those of the Arabian cpxs, but different from those of 
abyssal peridotite cpxs. The 143Nd/144Nd and 176Hf/177Hf of the 
lherzolite cpxs range from 0.51285 to 0.51370 and 0.28289 to 
0.28385, respectively. Some cpxs show higher 176Hf/177Hf than 
the DMM values. The Sm-Nd and Lu-Hf average model ages 
for LREE-depleted are 0.5 and 1.2 Ga for plateau cpx and 0.6 
and 2.1 Ga for rift cpx, respectively. Back calculated Nd and 
Hf isotopic ratios using these model ages plot away from the 
field of MORB, indicating that these lherzolites could be 
produced by melt extraction from the asthenosphere during 
and/or before the Pan-African orogenic event. The peridotite 
compositional variations combined with pressure-temperature 
estimations show three layers of sub-continental lithospheric 
mantle (SCLM) that exist beneath the Ethiopian plateau and 
rift zone. From top to bottom these are accreted, modally 
metasomatized and modally-crypticallymetasomatized SCLM 
which are mainly made from fertile lherzolites with depleted 
Nd-Hf isotopic compostions, LREE-enriched lherzolites and 
refractory harzburgite, respectively. There is no much 
significant difference between the accreted and the 
metasomatized  cpxs in 87Sr/86Sr ratios.  This suggests that the 
metasomatic agents were mainly derived from asthenospheric 
mantle. Overall, mineralogical and isotopic compositions of 
peridotite xenoliths showed heterogeneity of the SCLM under 
Ethiopia.  Such heterogeneity could be resulted from various 
degrees of  melt extraction of the SCLM and then 
metasomatism by melts from asthenosphere. 
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Soda lakes occur globally and are defined by their high salinity 
(0.6-4 M Na+) and stable alkaline pH conditions (pH 8-11), 
designating them as extreme haloalkaline environments. In 
contrast to other extreme environments, these haloalkaline 
lakes host a wide variety of microbes, which actively drive the 
extant biogeochemical nutrient cycles. The sulfur cycle is 
especially active in such habitats, enhanced by the chemical 
stability and low toxicity of sulfide, polysulfides and 
thiosulfate at these elevated pH conditions. Most notably, a 
variety of haloalkaliphilic anaerobes are able to extract 
metabolic energy from disproportionation of inorganic sulfur 
compounds. Hereby, the original sulfur compound is split into 
a more oxidized and more reduced sulfur species, thereby 
acting both as e- donor and acceptor. However, the 
mechanisms and genes responsible for such disproportionation 
reactions remain largely unknown. In order to uncover the 
genetic mechanism of thiosulfate disproportionation, we 
cultivated the haloalkaliphile Desulfonatronospira 
thiodismutans ASO3-1 anaerobically in thiosulfate-limited 
chemostats in 2 M Na+ medium at a pH of 10. Using a 
combination of analytical and molecular techniques we could 
analyze the transcriptome and substrate conversion by this 
haloalkaliphilic strain under steady state conditions. As the 
genome of strain ASO3-1 has been sequenced, we could 
identify genes involved in the reductive sulfur metabolism and 
couple them to gene expression levels in the laboratory 
cultures. These experiments bring us closer to the 
identification of key genes responsible for the poorly 
understood sulfur-dependent disproportionation metabolism. 
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Iron is essential to all living organisms and required for 

more proteins than any other metal in all the domains of life. 
Thus, the iron speciation and thereby its bioavailability 
controls the dynamics and functioning of ecosystems. Iron 
occurs in two redox states in the environment: oxidized ferric 
iron (Fe(III)) and reduced ferrous iron (Fe(II)). Due to its 
redox activity, iron can donate or accept electrons from C, N 
and S species, making it a major player in biogeochemical 
cycles. Many iron redox processes previously assumed to be 
purely abiotic are now known to also be microbially mediated. 
In fact, we are now aware that many abiotic and microbially 
mediated iron redox processes are interweaved and not 
mutually exclusive, compete with each other and are difficult 
to discern. In order to understand the network of reactions 
within the biogeochemical iron cycle it is therefore necessary 
to determine which abiotic or microbially mediated reactions 
are dominant under various environmental conditions and 
which factors determine their relative dominance. We outline 
the microbially mediated reactions different iron phases can 
undergo in hierarchical order of thermodynamically the most 
favourable reactions starting with oxygen and light-induced Fe 
redox processes through reactions with nitrogen-species and 
manganese oxides to sulphur compounds and also organics. 
This covers the range of possible iron reactions from 
environmental to laboratory conditions, important to a myriad 
of scientific disciplines ranging from geochemists to 
microbiologists. Considering the full network of interweaved 
abiotic and biotic reactions will provide a new basis how 
environmental iron cycling can be viewed and understood. 
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Live and fossil deep-sea corals (Desmophyllum dianthus) 
were collected at Orphan Knoll and Flemish Cap (southern 
Labrador Sea). Both sites are ~ 1800 m deep, ideally located to 
document changes in the intermediate to deep water mass 
circulation within the North Atlantic subpolar gyre. 
Preliminary 14C and U-Th dating indicate that the corals 
developed during relatively warm periods of the Late 
Quaternary: MIS 1 (Holocene), the Bølling-Allerød, MIS 5c 
and MIS 7a. All samples are analyzed for their Neodymium 
isotopic composition (εNd) to document εNd values of 
ambient water mass and to compare the Northwestern Atlantic 
circulation regimes during these “warm” periods. εNd values 
of live-collected corals and of ambient seawater at both sites 
yield a good agreement around – 13.5. Results obtained so far 
on fossil corals from Orphan Knoll indicate seawater εNd of 
around -14 throughout the Holocene and the Bølling-Allerød, -
25 during MIS 5c and -17 during MIS 7a. The strongly 
negative seawater εNd values during MIS 5c and 7a reveal an 
increased imprint of unradiogenic lithogenic sources of Nd 
derived from Greenland and the Canadian Shield via slope 
sediment remobilizations and/or an increased Baffin Bay 
overflow of relatively dense waters through Davis Strait. Such 
εNd values imply the absence of deepwater formation in the 
Labrador Sea through the advection of more radiogenic north 
Atlantic waters, and thus a drastically distinct northwest North 
Atlantic intermediate to deep water circulation during these 
time periods. On-going analysis on the Flemish Cap specimens 
will complement these results with information on water 
masses at the transition between the Labrador Sea and the open 
North Atlantic Ocean. 
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Relatively high concentrations of rare earth elements 

(REEs) can be found in deep-sea marine clays, polymetallic 
nodules and cobalt crusts, making them an attractive resource 
for potential exploitation. Existing studies have highlighted the 
importance of hydrogenous scavenging of REEs from seawater 
by iron oxyhydroxide phases [1], and release of REEs from 
sediment pore waters [2] for high REE concentrations, but the 
processes that result in high REE concentrations are as yet 
poorly quantified.  
To fill this gap, we have undertaken detailed geochemical and 
mineralogical studies of deep-sea clays (with a focus on 
Atlantic waters), cobalt crusts and polymetallic nodules, with 
emphasis on the less abundant (but economically important) 
heavy REEs for which few data are available. Sediment 
samples have been obtained from a transect across the Atlantic 
Ocean at ~23 ˚N, as well as the deepest parts of the ocean 
basin (Nares Abyssal Plain and Canary and North America 
Basins), and crusts and nodules have been obtained from 
various locations in the Pacific and Atlantic oceans.  

Total REE concentrations are highest in red clays 
deposited away from the mid-ocean ridge and continent. 
However, total REE concentartions are generally lower (up to 
510 ppm) than REE concentrations measured in clays from the 
Pacific (up to 660 ppm [3]). The REE distribution pattern in 
the red clays mirrors that of seawater, and they have a 
pronounced positive cerium anomaly. Total REEs show a 
positive correlation with iron concentration, except close to the 
mid-ocean ridge where REEs are low, despite high iron. Some 
crusts and nodules also exhibit a positive correlation between 
REE and Fe concentrations, and positive Ce anomalies. These 
samples would have acquired REEs from seawater; by 
contrast, nodules that have acquired REEs from sediment pore 
waters or hydrothermal sources have low REE concentrations 
and a negative or no Ce anomaly.  
This approach provides new insights as to the complex 
interplay of processes regulating REE enrichment in marine 
deposits. This is essential for mineral prospecting, and for 
establishing the footprint of potential mining activities on 
seafloor and sub-seafloor ecosystems. 
 
[1] Zhang et al., (2012). Journal of Rare Earths, 30, 621 [2] 
Dubinin & Sval’nov (2003), Lithology and Mineral Resources 
38, 91-100 [3] Kato et al., (2011). Nature Geoscience, 8, 535-
539 
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The pyrolysis experiment have proved that hydrogen-

bearing matters can both make the product of pyrolysis much 
more similar to real petroleum [1] and improve the amount of 
product [2]. These hydrogen-bearing matters include rock, 
water and hyfrogen gas.  

Which one is the first hydrogenation matter is critical 
because there were both water and hydrogen gas [3] in 
petroliferous basin.  

We carried out pyrolysis experiment by Type II kerogen 
with water and water together with hydrogen gas, respecively. 
The hydrogen isotopic composition of water is much heavier 
than that of hydrogen gas, that is, -47‰ V.S. -
182‰(VSMOW). The pyrolysis temperature is as high as 500 ℃ 
and the enduring time is 48h. 

The methane hydrogen isotopic composition character is 
interesting. The methane generated by kerogen adding water 
and hydrogen gas has much more lighter hydrogen isotopic 
value than that by kerogen with water alone. 

It takes months to complete the hydrogen isotope 
fractiontion between hydrogen gas and methane under high 
temperature [4].Thus, the change of methane hydrogen isotope 
character was originated from the hydrogenation matters. The 
hydrogen gas prior to water to hydrogenate source rock, which 
results in the lighter hydrogen isotopic composition of methane. 

 
Acknowledgement: This research was sponsored by 

NSFC(Grant No. 41102075). 
 
[1]Seewald J S, Benitez-Nelson B, Whelan J K. 1998. 
Geochim. Cosmochim. Acta 62(9): 1599– 1617. [2] Lewan M 
D. 1997.Geochim. Cosmochim. Acta, 61(17): 3691– 3723. [3] 
Sherwood B L, Onstott, T. C., G. Lacrampe-Couloume, et al. 
2014, Nature, 516:379-382. [4] Eoghan P. R, Jeffrey S.S, Sean 
P.S. 2012, Geochimica et Cosmochimica Acta,77:582-599. 
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Mercury (Hg) is a natural element whose global 
biogeochemical cycle has been profoundly changed by human 
activites. In its methylmercury (MeHg) form, Hg 
bioaccumulates along aquatic food chains and affects human 
and wildlife health. MeHg is neurotoxic to the developing 
foetus and young children and is thought to be linked to 
cardiovascular disease in adults. Humans are thought to mainly 
absorb toxic MeHg through dietary exposure. There is 
however substantial variation in dose-response among different 
populations. A better understanding of precise dietary exposure 
and metabolic breakdown of MeHg would help optimizing  Hg 
risk management and environmental policy. 

Hg stable isotope signatures show large variations across 
Earth surface reservoirs and within biological species. These 
variations result from the gradual fractionation of heavy/light 
and even/odd Hg isotopes during the multiple physicochemical 
processes that shuttle Hg across the Earth’s surface. Two 
useful Hg isotope fingerprints, δ202Hg and Δ199Hg, characterize 
its source, or code for the transformations that Hg has 
undergone in its biogeochemical cycle. 

Recent work on Hg isotopes in human hair has given 
insight into dietary Hg exposure. Hair Δ199Hg, which has a 
photochemical origin and is not affected by Hg metabolism, 
appears to be a robust and conservative marker for the dietary 
source of MeHg. Amazonion river people have low Δ199Hg 
that are identical to that of the fresh water fish they consume; 
similarly Europeans have higher Δ199Hg corresponding to a 
mixed sea food diet, while North-Americans have elevated 
Δ199Hg corresponding to the consumption of open ocean 
predator fish such as tuna. 

In contrast, the δ202Hg signature is affected by nearly all 
chemical transformations of Hg. Human hair δ202Hg shows a 
systematic 2 ‰ enrichment in the heavier isotopes compared 
to the fish that was consumed across all three populations. We 
will show that the origin of this 2 ‰ enrichment potentially 
lies in the metabolic demethylation of MeHg, a detoxification 
mechanism that lowers MeHg exposure. 

 

2104

mailto:jmenges@smail.uni-koeln.de


 Goldschmidt2015 Abstracts  

 2105 

Evidence for subduction zone fluid 
metasomatism during UHP 

metamorphism  
C. A. MENOLD1* AND M. GROVE2 

1Albion College, Albion, MI 49224, USA (*correspondence: 
cmenold@albion.edu) 

2Stanford University, Palo Alto, CA  
 

Thick, garnet- and mica-rich metasomatic selvages 
developed between ubiquitous mafic eclogite blocks included 
within Si-rich gneiss are a characteristic feature within the 
Luliang Shan area of the North Qaidam ultrahigh-pressure 
(UHP) metamorphic terrane in northwestern China. 
Zircon δ18O data suggest that the gneiss protolith had δ18O 
values of ca.7.5‰. Quartz, white mica and garnet δ18O data 
from the gneiss and selvage, yield much higher values (up to 
15‰).  In constrast, garnet δ18O values from the eclogite core 
are 5‰ lower. This enrichment in the selvage can be explained 
either by substantial devolatilization and mobility of locally 
derived fluids within the host gneiss or regional infiltration of a 
high δ18O (ca. 13‰) fluid at near peak UHP temperatures. In 
the limiting case of an inherited heavy δ18O signature in the 
gneiss substantial fluid is required to explain the selvage 
values. Given the high-density of eclogite throughout the 
Luliang Shan, fluid would have to have been mobile 
throughout the entire >100 km2 exposure to explain the 
extensive selvage development. Zircon δ18O results from the 
gneiss can be interpreted in terms of an igneous origin for the 
gneiss however.  If true, the infiltrating high δ18O fluids were 
most likely far-sourced with the isotopic signature ultimately 
traceable to devolatilization of subducted, low-grade 
metasedimentary rocks. High δ18O isotope signatures broadly 
correlate with the concentration of unsupported radiogenic 
argon (40ArE) in the selvage.  Significant quantities of 40ArE 
were incorporated into phengite in both the relatively 
impermeable and low-porosity mafic eclogite and the higher 
permeability schistose selvage.  Phengite K-Ar ages are up to 
150% higher and 180% higher than the 488 Ma zircon U-Pb 
age for UHP metamorphism in the mafic eclogite and selvage 
respectively. Alternatively, overprinting, retrograde muscovite 
produced geologically reasonable cooling ages indicating 
insignificant incorporation of 40ArE subsequent to UHP 
metamorphism. In order to account for the combination of high 
fluid availability and high 40ArE concentrations in phengite, we 
postulate that the phengite/fluid partition coefficient for argon 
must increase with pressure to values approaching 10-2 under 
UHP conditions. 
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In the northeastern part of the Central Indian Tectonic 
Zone (CITZ), felsic granulites are exposed along the NE-SW 
Central Indian Shear Zone (CISZ). Felsic granulites are the 
lower crustal felsic rocks typically characterised by garnet 
bearing and garnet free assemblages with minerals such as 
opx+cpx+plag+qtz±hbl±grt±bt±kfs.The igneous parentage is 
apparent from a combination of features including field 
relations, petrography and also distinct geochemical 
signatures.The geochemical data of felsic granulites rocks of 
supposed igneous origin always plot along the calc alkaline 
trend.The major oxides have negative variations with silica 
content and the trace-element contents and variation trends, 
such as increasing Rb, Ba and Eu, with increasing Yb and Sr, 
can be explained by partial melting and fractional 
crystallization of a granitic magma. A two-stage process is 
suggested for the formation of these felsic granulites. During 
the first stage there was a period of basalt underplating with 
the ponding of alkaline mafic magmas. Partial melting of this 
mafic lower crust formed the felsic magmas.The emplacement 
of basalt with low water content would prompt to dehydration 
melting of the lower crust, forming felsic granulites. Sm–Nd 
(whole rock) ages for the felsic granulites have two stages of 
TDM-Nd (1.49-2.00 Ga) and (2.00-3.10 Ga) ages with negative 
values of εNd (-13.34 to -16.50) and (-16.60 to -36.00) 
respectively, indicating a Paleoproterozoic continental source 
for these rocks. These wide range values of negative εNd values 
indicate an enriched mantle source which might have 
experienced longer crustal residence time to evolve this 
significantly older sialic crust. Geochemical and Rb-Sr data for 
felsic granulites indicate that intracrustal differentiation and 
polyphase deformation were followed by granulite facies 
metamorphism. The granulite protoliths appear to have formed 
in a within plate granulite/rift environment. 

 

2106



 Goldschmidt2015 Abstracts  

 2107 

The behaviour of Fe and S during 
serpentinite dehydration 

M. MERKULOVA1, M. MUNOZ1, O. VIDAL1 AND  
F. BRUNET1 

1ISTerre, Univ. Joseph Fourier, 38400 Grenoble, France 
(margarita.merkulova@ujf-grenoble.fr) 

 
Serpentinite rocks, formed by hydrothermal alteration of 

peridotites compose ~70% of the oceanic crust [1], which later 
sinks into subduction zones. Serpentines carry ~12 wt.% H2O 
and thereby introduce large amounts of water into the upper 
mantle [2] when dehydrating during subduction. Additionally, 
serpentinites contain 2-6 wt% of magnetite [3] and up to 0.8 
wt% of sulfur, mostly in the form of pyrite [4]. During 
mineralogical changes in subducting slab, the speciation of Fe 
and S is likely to change, which potentially affect fO2 and, 
therefore the mobility of metals and volatile elements [5]. 

This experimental work is dedicated to the characterization 
of iron and sulfur speciation during serpentinite dehydration. 
Three different starting materials composed of powdered 
mineral mixtures were used: Fe(III)-antigorite (atg), atg + 
magnetite, atg + pyrite. Runs were performed at 2 GPa, 
between 400 and 900°C in piston-cylinder apparatus. 
Experimental products were first characterized by X-ray 
powder diffraction and electron microprobe before being 
characterized by XANES spectroscopy at the iron and sulfur 
K-edges. 

Our results show that in the temperature window where 
antigorite is found to partially dehydrate, both iron and sulfur 
are progressively reduced. In consequence, the properties of 
antigorite dehydration fluids will depend on the amount of 
ferric iron and sulfide phases in serpentinites, a parameter 
inherited from pre-subduction processes. 

 
[1] Hacker et al. (2003) J. Geophys. Res. 108, article 

number 2029. [2] Ulmer & Trommsdorff (1995) Science 268, 
858-861. [3] Debret et al. (2014) EPSL 400, 206-218. [4] Alt et 
al. (2013) Lithos 178, 40-54. [5] Pokrovski & Dubrovinsky 
(2011) Science 331, 1052-1056. 
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The common minerals in the Earth’s crust and upper 

mantle undergoes phase transitions at high pressures and 
temperatures. Single crystal diffraction is a powerful technique 
to have structural information of these phases, with possibility 
of collecting data in-situ, at high pressures. The current 
features of synchrotron beamlines  (i.e. X-ray beam and 
detector features) allow fairly good data even after first order 
transitions and chemical reactions, where an original single 
crystal domain is transformed into a multi-crystals/domains. 
Structure refinements, including atomic site occupancy 
refinement, profide also an in-situ chemical analysis, and this 
is extremely important after non isochemical transitions. Few 
examples are provided, on silicates, oxides and carbonates, at 
lower mantle pressures. Alkali-pyroxenes transform at high 
pressures and temperatures in alkali-perovskite, indicating that 
significant amount of these elements may incorporate in 
perovskite (bridgmanite) mineral. Iron oxide at lowermost 
mantle conditions transforms into complex structures with 
stoichiometry unknown at ambient conditions. This is the case 
of Fe13O19 oxide, stabilized above Mbar pressure, with a 
stoichiometry intermediate between magnetite and hematite. 
Carbonates provide interesting example of coordination change 
from [3] to [4] at pressures above 80 GPa, and continuous or 
discrete coordination change is observed as function of 
pressure. Red-ox reaction in Fe-bearing systems, furthermore, 
promote different stoichiometries compared to the low 
pressure ABO3 carbonate, with extremely rich structural and 
topological features, such as truncated chain C4O13 groups 
observed in Mg2Fe2(C4O13) carbonate. 
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As rivers are one of the major sources of trace elements to 

the ocean, it is vital to understand the estuarine processes that 
control trace element input from rivers into the ocean. While 
some elements, such as Sr, generally mix conservatively in 
estuaries, the behavior of particle-reactive elements may vary 
between different estuaries. While salt induced coagulation of 
colloids removes a high percentage of dissolved particle-
reactive elements in most estuaries, exceptions have been 
observed for organic-rich rivers draining into the Arctic ocean. 
Here we present results of mixing experiments with river water 
rich in organic and inorganic nanoparticles, respectively, with 
seawater. The Rio Negro was chosen as a riverine endmember 
rich in organic particles, colloids and nanoparticles, whereas 
the Rio Solimões was chosen as a riverine endmember rich in 
inorganic particles, colloids and nanoparticles. Both 
endmembers were 200 nm-filtered prior to mixing, in order to 
ensure that the experiment would only reflect the trace element 
removal by the salt induced coagulation of colloids and 
nanoparticles. During the mixing experiment of Rio Solimões 
water with seawater, rapid removal of particle-reactive elments 
in the low-salinity zone occurred (e.g., Nd concentrations 
decreased by >50% between salinity 0 and 6.5), which can be 
attributed to the salt-induced coagulation and subsequent 
removal of colloidal particles carrying a major fraction of these 
elements. In marked contrast, mixing experiments using Rio 
Negro river water, which is rich in organic nanoparticles and 
colloids, revealed almost conservative mixing of  particle-
reactive elements. This behavior agrees with that of DOC 
during the mixing experiment, indicating that organic riverine 
colloids and nanoparticles do not readily coagulate and 
aggregate to form larger particles upon mixing with seawater. 
The flux of particle-reactive trace elements via organic 
colloids/nano-particles-rich rivers into the ocean may, 
therefore, be significantly more important than previously 
thought. 
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The evolution of shallow and deep groundwater from the 

Thuringian basin (central Germany) was investigated with 
special emphasis on rare earth elements (REE) and stable 
isotopes (34SSO4, 18OSO4). The Thuringian basin covers about 
2700 km2 and consists of sandstones, limestones, clays, 
gypsum and salts, that were deposited from the Late Permian 
until the Early Jurassic (approximately 250 to 180 million 
years ago).  

At the periphery of the basin, sediments of Zechstein 
(Permian) and Bunter Sandstone (Early Triassic) are cropping 
out over a wide area, being the catchment areas for ground 
water recharge of the main aquifers.  

Water originating from Zechstein aquifers is of Na-Cl-
(HCO3) type and can be clearly distinguished from water 
originating from Bunter Sandstone (Ca-Mg-SO4 or Ca-Mg-
HCO3-type) and from limestone aquifers (Ca-(Na)-HCO3-
type). 

Positive and negative Ce anomalies in Post Archean 
Australian shale normalized REE fractionation patterns of 
groundwater give hints on different redox conditions during 
groundwater evolution.  

The isotopic data (34SSO4 and 18OSO4) of dissolved sulfates 
indicate a terrestrial origin of sulfates in Early Bunter 
Sandstone and limestone aquifers as well as marine origin of 
sulfate in Late Bunter Sandstone and Late Zechstein. Isotopic 
data thus allows estimation of mixing of water of different 
aquifers/lithologies. An interaction of Zechstein and Bunter 
Sandstone aquifers bound on fault systems becomes evident 
for the northern part of the basin. 
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Arsenic (As) is a ubiquitous pollutant and its 
biogeochemical cycle is only partly known, especially with 
regards to biomethylation and biovolatilisation pathways. 
These two intertwined biological processes allow 
microorganisms to transform dissolved inorganic As to an 
array of organic and/or volatile forms.  

We propose here a procedure encompassing several 
analytical methods designed to specifically uncover As 
biomethylation and biovolatilisation pathways in 
microorganisms using labelled compounds. Firstly, we will 
describe the procedure used to synthesize 
monomethylarsonous acid (MMAs(III)) and dimethylarsenic 
acid (DMAs(V)) labelled with 13C or 2H. Then, we will show 
how these compounds, together with all the relevant As 
compounds, can be separated using chemotrapping and/or 
HPLC and simultaneously quantified by ICP-MS and collected 
for IRMS analysis. Finally, we will apply this method to 
microorganisms’ cultures in order to trace the labelled 
compounds in volatile and dissolved forms to retrace their 
formation pathway(s). These results will allow us to 
understand how these As compounds are formed and hopefully 
help us to harness this process for bioremediation. 

 
Acknowledgement: Intra European Fellowship from the 

People Programme (Marie Curie Actions) of the European 
Union's Seventh Framework Programme FP7/2007-2013/ 
under REA grant agreement n° [326736] 
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The 900 m thick Sibley Group consists of playa to deltaic 

to aeolian deposits outcropping north of Lake Superior, 
Ontario, Canada. The sediments in the lowermost 100 m thick 
succession of highly oxidized siliciclastic rocks and dolostone 
can be divided into 15 lithofacies associations representing 
distinct depositional environments. The lower siliciclastic unit 
contains: boulder conglomerate-sandstone-dolocrete (proximal 
ephemeral braided stream), pebble to cobble conglomerate 
(ephemeral braided stream), trough cross-stratified sandstone 
(braided stream), green sandstone-siltstone (delta), massive 
cobble conglomerate (transgressive shoreline lag), planar 
cross-stratified sandstones (nearshore lacustrine sandwaves), 
and thinning-upward sandstones (lacustrine storm sand sheets). 
The overlying mixed siliciclastic-carbonate unit contains: red 
siltstone (non-saline lake), red siltstone-dolostone or dolomitic 
sandstone (saline lake), and halite-mudstone (ephemeral salt 
pans). Next is the upper siliciclastic unit with: sheet sandstones 
(lake infilling) and stromatolitic dolostone-chert (shoreline). 
After final desiccation of the lake terra rosa soils, collapse 
breccias and intraformational conglomerates developed. Sr 
isotopes reflect shallow groundwater circulation and lacustrine 
dolostone containing significant radiogenic Sr. Carbon and O 
isotopes are heavier upward in the saline lake deposits, 
probably due to evaporation and residence time effects. Most 
interestingly, REE patterns for dolomite in the dolocrete, 
stromatolitic shoreline deposits and overlying intraformational 
conglomerates are similar to modern oxygenated groundwater, 
whereas the saline lake dolomites have middle REE enriched 
patterns resembling modern groundwater draining 
waterlogged, organic-rich areas. 
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Brillantes is the largest mudflat of the Loire estuary. 

Sedimentary regime and primary production are mainly driven 
by the hydrology of the Loire River. Nutrients runoff and 
sedimentation/re-suspension processes are variable at different 
spatial and temporal scales. In this study we choose to 
investigate processes associated to organic carbon 
mineralization at contrasted hydrological situations (late 
summer low flow, winter flow and spring descending flow) 
between September 2012 and February 2014, for two sites 
along a cross-shore transect. Analysing both pore water (DET-
probe sampling, microprofiling) and solid chemistry at a 
millimetre scale resolution over the first ten centimeters, we 
documented the impact of a rapid deposition of sediment on 
iron recycling and its slow evolution towards solid/dissolved 
equilibrium. Sediment at Brillantes is an iron-oxydes-rich fine 
silt containing a relatively high amount of organic carbon (3% 
dry weight on the top core during the peak flood of winter). 
Therefore, organic carbon mineralization processes are intense 
and dissimilatory iron reduction plays a major role. The impact 
of flood on deposition was stronger close to the shore. The 
more distal station was probably more subjected to repetitive 
re-suspension due to tides that smoothed a more seasonal 
signal on deposition and recycling of metals. 
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Eastern oysters, Crassostrea virginicas, form extensive 

reefs that are vital for maintaining coastal habitats along the 
Atlantic coast in the United States. These reefs are formed by 
oysters attaching to one another through the secretion of a 
complex composite adhesive that solidifies under water and 
holds the oyster in one location for life. While recent studies 
[1] found the adhesive to be a mixture of organic and inorganic 
components, the structure and distribution of these components 
are unknown. Here we present a combination of x-ray 
photoemission electron microscope (X-PEEM), scanning 
electron microscope (SEM), and micro-hardness data, which 
provide an unprecedented view of the Crassostrea virginica 
adhesive’s composition, structure, and materials properties. 
The data show that the adhesive is non-uniform in both 
composition and structure, containing not only organics and 
calcium carbonate polymorphs, as previously observed [1], but 
also inclusions from the external environment. The variation in 
composition leads to the materials properties necessary for the 
adhesive to fulfil its function. 

 
 [1] Burkett, Hight, Kenny, and Wilker (2010), JACS 132, 
12531-12533. 
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The Late Cretaceous (ca. 73 to 66 Ma) represents an 
important analogue for global climate with elevated 
atmospheric pCO2

  (~400 to 800 ppm) [1], and anomalously 
low sea surface temperatures (SSTs) [2] [3]. However, the 
absolute magnitude of SSTs reconstructed from some climate 
proxies remains uncertain [3]. Carbonate clumped isotope 
paleothermometry has recently been used to reconstruct SSTs 
during the Cretaceous, and may ultimately help resolve some 
of these uncertainties [4]. We aim to expand the record of Late 
Cretaceous SSTs using a variety of marine invertebrate taxa at 
differing latitudes. 

We present results from bivalve and gastropod fossils 
corresponding to two localities at approximate paleolatitudes 
of 10 °N (Kharga, Egypt) and 30 °N (southeast US). At 30 °N, 
we determined average SSTs from multiple taxa of 13.2 ±  
1.8 °C in the Late Campanian,  17.0 ± 0.7 °C in the Middle 
Maastrichtian, and 25.1 ± 0.4 °C for the Late Maastrichtian. 
The six taxa from this region all exhibited strong agreement in 
their measured Δ47 values, and show an apparent ~12 °C shift 
in SSTs from the Campanian through the Maastrichtian. A 
single taxa from the site at 10 °N yielded a SST of 30 ± 2.5 °C 
for the Late Maastrichtian. Comparison of SSTs from the two 
sites implies a thermal gradient of roughly 5 °C between 
latitudes 10 °N and 30 °N, as compared to ~6 °C between the 
same modern latitudes (with a lower range at approximately  
22 °C to 28 °C, respectively) [5].  

The observed warming trend through the Late Cretaceous 
has been documented using other proxies, but precise 
magnitude was previously unconstrained [2] [3]. The SSTs we 
present are significantly cooler than those given by the TEX86 

proxy and may present an opportunity for new calibrations [3]. 
We address each of these results in the context of multi-proxy 
comparisons, informing general circulation models, and 
paleoclimate implications.   
 
 [1] Royer et al. (2012) Geobiology. 10, 298-310. [2] Bowman 
et al. (2013) Geology. 41, 1227-1230. [3] Linnert et al. (2014) 
Nature Communications. 5, 4194. [4] Dennis et al. (2013) 
Earth and Planetary Science Letters 362, 51-65. [5] NOAA 
Climate Prediction Center, http://www.cpc.noaa.gov 
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Recently, a novel “electrogenic” type of sulfur oxidation 

has been documented in marine sediments, whereby long 
filamentous cable bacteria are generating electrical currents 
over centimeter-scale distances, which is a 1000 times further 
than previously known. This long-distance microbial 
electricity turns the seafloor electro-active and has a strong 
impact on the geochemical cycling within marine sediments. 
The actual mechanism of long-distance transport however 
remains elusive. Here we propose a new model that is capable 
of quantitatively simulating the solute depth profiles and 
biogeochemical transformations in electro-active marine 
sediments. The model is based on a conventional reactive 
transport description of marine sediments, which is extended 
with a new model formulation for the long-distance electron 
transport induced by the metabolism of cable bacteria. The 
mechanism of electron hopping is implemented to describe the 
electron transport along the longitudinal axis of the microbial 
filaments. We demonstrate that this model is capable of 
reproducing the observed porewater profiles and geochemical 
tarnsformations in electro-active sediments. Our simulation 
results also suggest that the cable bacteria must have a high 
affinity for both oxygen and sulfide, and that intensive cryptic 
sulfur cycling takes place. A sensitivity analysis shows how 
long-distance microbial electricity strongly impacts the 
biogeochemical cycling of sulfur, iron, carbon and calcium in 
marine sediments. 
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The near “one-plate” planet evolution of Mars has led to 

the edification of long-lasting giant shied volcanoes. Unlike 
the Earth, Mars would have been a transient convecting planet, 
where plate tectonic would have possibly acted only during the 
first hundreds of million years of its history. On Earth, where 
plate tectonic is active, most plates are regenerated and 
recycled through convection. However, the Nubian and 
Antarctic plates could be considered as poorly mobile surfaces 
of various thicknesses that are acting as conductive lids on top 
of Earth’s deeper convective system. In these environments, 
volcanoes do not show any linear age progression at least for 
the last 30 Ma, but constitute the sites of persistent, spatially 
focused long-lived magmatic activity. Here, the near stationary 
absolute plate motion probably exerts a primary control on 
volcanic processes, and more specifically, on the melting ones. 
Depleted mantle residues left behind by the melting processes 
are difficultly dragged away from the melting locus. The 
thickening of the near-stationary depleted layer progressively 
forces the termination of melting to higher depths, reducing 
melt production rate, extraction and increasing mantle 
lithospheric-melt interactions. With time, it might cause long-
term fluctuations of the volcanic activity, in generating long 
periods of quiescence. The pronounced topographic 
swells/bulges observed in these environments are thus 
probably both supported by large scale mantle upwelling and 
residual mantle roots. Most of these processes are likely 
similar to those observed on Martian giant shield volcanoes. 
The goal of this presentation will be to describe the essential 
characteristics of intra-oceanic magmatic processes on slow 
moving plates on the Earth and to point out their similarities 
with those of the large shield volcanoes from the Tharsis 
region [1]. 
 
[1] Meyzen et al. (2015) Geol. Soc. London Spec. Publ. 401, 
107-126. 
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Introduction 
In some previous studies on the elastic wave velocities of 

serpentine (e.g., [1]), it has been reported that the ratio of 
compressional wave velocity to shear wave velocity (Vp/Vs) 
for serpentine is anomalously high compared to other major 
minerals in the Earth’s upper mantle. As the results, 
seismological studies often discuss that the anomalous Vp/Vs 
near the plate boundary would be the evidence for the presence 
of serpentine around subduction zones (e.g., [2]). However, the 
elastic properties of serpentine have not been fully understood 
yet because P-T conditions in the previous experimental 
studies were limited to relatively low P-T (e.g., [3]) or high-P 
but room T [4]. It is, therefore, important to determine the 
elastic wave velocities of serpentine in wide range of P-T 
conditions for better understanding of H2O transportation to 
the Earth’s interior around subduction zones. 

Experimental method 
High P-T experiments were conducted using a Paris-

Edinburgh cell at Beamline 16 BM-B, HPCAT of the 
Advanced Photon Source. An Al2O3 buffer rod was used for 
transmitting elastic waves between WC anvil and sample. A 
LiNbO3 transducer, which generates and receives both Vp and 
Vs, was attached to the top WC anvil. 30 MHz and 20 MHz 
electrical sine waves were used to determine Vp and Vs, 
respectively. The details on ultrasonic measurement setup are 
described in Kono et al. [5]. Powdered gem-quality antigorite 
was used as a starting material in order to obtain isotropic 
elastic data. The measurements were done up to about 5 GPa 
and 500ºC. 

Results and discussion 
The obtained Vp for antigorite increases monotonically 

with increasing P, whereas Vs is almost constant with P. Both 
Vp and Vs decrease slightly with increasing T. The detailed 
data and geophysical implication will be presented. 

 
[1] Christensen (1996) JGR 101, 3139-3156. [2] Kamiya & 
Kobayashi (2000) GRL 27, 819– 822. [3] Watanabe et al. 
(2007) Earth Planets Space 59, 233-244. [4] Bezacier et al. 
(2013) JGR 118, 527–535. [5] Kono et al. (2012) Rev. Sci. 
Instrum. 83, 033905–033908. 
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Zinc oxide (ZnO) is a functional oxide of widespread use. It is 
used as a nanomaterial and, thus, has a high potential to enter 
the environment. ZnO plays a harmful role because the 
dissolution leads to the release of cytotoxic Zn2+ ions [1]. 
Therefore, we must understand and quantify the fate of ZnO 
nanomaterial in the environment. 
Here, we study the dissolution mechanisms of ZnO single 
crystal surfaces using a complementary approach of vertical 
scanning interferometry (VSI) and atomic force microscopy 
(AFM). This approach offers a large range of observational 
length scale. Our approach allows for the quantification of 
specific rate contributions from etch pits, their density 
variations and distribution, as well as shape and overall 
topography (Fig. 1). The surface data are used to calculate 
material flux maps and are analysed using the rate spectra 
concept [2]. We focus the change of rate contributors on polar 
zinc terminated crystal surfaces. 
Previous investigations indicate a strong influence of 
biomolecules on ZnO dissolution kinetics [1]. Furthermore, the 
interaction of binding peptides is well known to be a surface-
specific process. We discuss results about the impact of ZnO 
binding peptides on reaction rates and their ability to modify 
the rate spectrum. The presented results improve our 
understanding about ZnO nanoparticles in the environment. 
 

 
 
 
 

 

 
Fig. 1: Dissolution of 
ZnO results in the 
formation of hexagonal 
etch pits. Shape, density 
and size of pits vary as a 
function of crystal 
orientation. 
 
 
 

 
[1] Xia et al (2008), ACS Nano 10, 2121-2134 [2] 
Fischer et al (2014), Appl Geoch 43, 132-157 
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Nitrification is the main natural way of producing nitrate, a 
key nutrient in biogeochemistry.  In a world where the N cycle 
has be perturbed by human activity through the addition of N 
from fertilizers and atmospheric deposition, it is important to 
be able to distinguish between natural and anthroprogenic N in 
a system.  Stable isotopes offer the opportunity to delineate  
between natural and anthroprogenic sources of nitrate.  One 
limitation is the uncertainty in the δ18O and δ15N  of nitrate 
produced by nitrification.  To reduce this uncertainty we have 
conducted a series of soil incubation experiments to assess the 
δ15N and δ18O values that arise during the nitrification process.  
Nitrification incubations using waters with unique δ18O values 
were carried out.  Also, nitrification potentials were carried out 
using sealed incubation chambers that had O2 with uniue δ18O 
values.  The shift in δ15N  fom the starting NH4

+ reagent was 
also measured.  The results help constrain the δ15N  and δ18O 
values that should arise during soil nitrification.  
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Dissolved aluminium (Al) is a GEOTRACES key element 

and is an important tracer of atmospheric dust to the oceans. A 
wealth of new data has been generated in recent GEOTRACES 
expeditions to the Altantic Ocean and Mediterranean Sea. As a 
particle reactive element, the distribution of Al is inherently 
linked to the biological cycle via scavenging onto biogenic 
particles. The link between Al and the biological cycle is 
sometimes observed in a correlation between Al and silicate 
(Si), however, this is by no means a global observation. Often 
there is no correlation or an inverse rather than a positive 
correlation. Based on the recent data we can now demonstrate 
there is a coupling between Al and the biological cycle of an 
elusive nature. In the West-Altantic this coupling is observed 
from correlations with Si and a remineralisation signal in the 
oxygen minimum zone near the equator. The long known 
correlation between Al and Si has been re-examined based on 
the new data. Based on this it is now evident this correlation is 
mainly related to water mass mixing, rather than being direct 
evidence for a coupled cycling. Interestingly though, in the 
confined Mediterranean basin, the mixing water masses are 
pre-cursors to, or originate from each other. This implies there 
must be an overarching process that transports Al and Si from 
the surface to the deep where any addition of one element is 
accompanied by an addition of the other in a constant ratio. 
Besides the biological coupling, the new data combined with 
modelling studies also demonstrates the importance of 
sediment resuspension for the Al concentrations in the deep 
ocean. Furthermore, surface concentrations in the 
Mediterranean are strongly correlated to salinity, implying 
rapid dispersion of any Al from deposited dust. 
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The Central Lapland Greenstone Belt (CLGB) hosts 

orogenic gold deposits along the Sirkka and Kiistala Shear 
Zones, including the world class Suurikuusikko deposit 
(>2Moz at >5g/t; [1]). Despite numerous studies, the timing of 
Svecofennian orogenic deformation events (1.90–1.77 Ga) and 
associated mineralisation remains speculative with evidence 
resting on cross-cutting relations and single-grain analyses [2]. 
Xenotime is an ideal candidate for U–Pb dating by LA–ICP–
MS due to its high U but minimal common Pb content. By 
undertaking in-situ U–Pb of hydrothermal xenotime, with strict 
control on its textural settings, this study provides better 
temporal constraints on mineralisation of orogenic gold in the 
CLGB. 

The Iso-Kuotko deposit is located on a bifurcating fault 
intersection along the Kiistala Shear Zone, 20 km north of the 
Suurikuusiko deposit. It is characterised by two phases of gold 
mineralisation including arsenopyrite+pyrrhotite-rich quartz-
carbonate breccia zones (A1) and high-grade carbonate-quartz 
veins with minor dissemniated sulphides and native bismuth 
(A2). Xenotime hosted by A1 gives an age range from 1740–
1884 Ma. Assuming two periods of mineralisation, gaussian 
deconvolution of this range produces error-weighted 
207Pb/206Pb age populations of 1772 ± 4 Ma and 1840 ± 5 Ma. 
However, xenotime grains from A2 give a 207Pb/206Pb age, 
consistent with xenotime from A1, of 1759 ± 10 Ma (2σ; n = 
23) reflecting the second period of fluid flow and high-grade 
Au mineralisation.  

In-situ U–Pb dating of hydrothermal xenotime by LA–
ICP–MS produced distinct ages attributed to repeated fluid 
flow along the same shear zone during Svecofennian 
tectonism. An age of 1840 ± 5 Ma is coincident with collision 
of Fennoscandia and Laurentia, while an age of 1759 ± 10 Ma 
is consistent with voluminous post-orogenic granitoid 
magmatism across Fennoscandia [3]. This work was supported 
by the Academy of Finland, project No. 281670.  
 
[1] Patison (2007) Geol Surv Finl Spec Pap 44, 107–125. [2] 
Mänttäri (1995) Geol S Finl Bull 391, 70. [3] Korja et al. 
(2006) Geo Soc Mem 32, 561–578. 
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Pressure fluctuations associated with sea level change 
across glacial-interglacial cycles may drive variation in both 
volcanic and hydrothermal activity at mid-ocean ridges [1-4]. 
Thus, the total hydrothermal input of Fe and other metal 
species to the deep ocean may not be constant between glacial 
and interglacial periods. To test the hypothesis that 
hydrothermal activity is sensitive to sea level change, we 
constructed records of hydrothermal sediment flux in two 
gravity cores from Broken Spur (29oN) and TAG (26oN) vent 
fields on the Mid-Atlantic Ridge. We calculated hydrothermal 
sediment fluxes from major and trace element concentration 
data using extraterrestrial 3He-derived sediment rain rates.  

Elemental fluxes from the Broken Spur core are not 
indicative of any hydrothermal input and suggest that dust 
deposition has dominated the Fe budget at this site for the past 
70 kyr. Local bathymetry at Broken Spur likely inhibits 
transport of the Broken Spur plume to the sediments at the core 
site. In contrast, metal fluxes (e.g. Fe, Cu, V) from the TAG 
core indicate a marked peak in hydrothermal sediment 
accumulation starting just before Last Glacial Maximum and 
ending during the deglaciation. For example, the Fe flux to the 
sediments is ~4x higher than the background Fe flux during the 
hydrothermal peak. The LGM variation in hydrothermal 
sediment accumulation is significantly larger than the variation 
in dust deposition in the TAG core over the past 50 kyr, as 
inferred from the flux patterns of Th and terrigenous 4He. The 
timing of the hydrothermal sediment peak in the TAG core is 
consistent with the hypothesis that decreased sea level during 
continental glaciation allows for increased activity at mid-
ocean ridges. Our results encourage further investigation into 
the potential link between glacial cycles and hydrothermal 
output from mid-ocean ridges. 

 
[1] Huybers and Langmuir (2009) EPSL 286, 479-491. [2] 
Lund and Asimow (2011) GGG 12, Q12009. [3] Lund et al. 
(2014) Goldschmidt Abstracts, 1536. [4] Crowley et al. (2015) 
Science 347, 1237-1240. 
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Molybdenum (Mo) shares analogous geochemical 

properties with uranium. Mo is present as a minor or a trace 
element in uranium ores under two main oxidation states: +IV 
and +VI. In natural systems, Mo isotopes were shown to 
fractionate mainly during redox reactions. As Mo represents an 
impurity difficult to separate in the nuclear fuel cycle, it has 
the potential to be used as an indicator for the origins of 
uranium concentrates, in the framework of nuclear forensics. 

This study focuses on analyzing the Mo isotope 
compositions in uranium ores and in uranium materials 
produced during the nuclear fuel cycle, until the formation of 
uranium ore concentrates. The main steps are: i) lixiviation of 
uranium ores, ii) ion-exchange chromatography or solvent 
extraction for uranium purification processes and iii) 
precipitation of uranium ore concentrates. A specific chemical 
separation was designed for the purification of Mo, from the 
U-rich matrices, using a three-step separation on ion-exchange 
resins. Mo isotopic compositions were measured using a 
double spike on a Neptune Plus MC-ICP-MS equipped with 
Jet cones, for a concentration of 30 ng/ml, The sensitivity was 
typically ~1200-1800 V/ppm, and the external reproducibility 
of 0.02 ‰ (2 SE, n=14) on the δ98Mo values. 

Results on lixiviation tests on a U-rich granitic ore have 
shown a significant enrichment in heavy isotopes in the 
solution relative to the δ98Mo of uranium ores, which is 
analogous to what is observed during weathering processes on 
the Earth’s surface. Thus, the Mo isotopic compositions of 
uranium ore concentrates can be used as a tracer of uranium 
purification processes. 
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Understanding the chemical evolution of Earth’s 
atmosphere and hydrosphere is important, especially with 
regard to the history of the buzzword-elements (e.g. COHNS). 
A major process in forming planetary atmospheres is mantle 
degassing via volcanism and the primary control on what 
elements are degassed by this process is their compatibility in 
mantle minerals relative to melts and fluids. However, because 
subduction happens on Earth, it is also necessary to trace the 
partitioning of volatiles through subduction systems over 
geological time to understand the long-term evolution of the 
Earth’s atmosphere. We present theoretical predictions 
constraining the aqueous speciation of nitrogen, a governing 
factor for partitioning, to explain how subduction zones have 
pumped nitrogen out of Earth's mantle through the oxidation of 
ammonium1. Overall, these results suggest that the 
development of the unique nature of Earth’s habitable outer 
layer has been strongly influenced by subduction-zone plate 
tectonics. In contrast, the atmospheres, and potentially the 
habitabilities, of Venus and Mars have evolved along different 
paths through geologic time because they lack plate tectonics. 
 

[1] Mikhail & Sverjensky (2014) Nature Geoscience, v7, 816-
819 
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Geological structure of the Svyatoy Noss Peninsula 
includes two terraines (fig.). Northern part of the peninsula is 
Chernorud granulitic complex (495 ±5 Ma) [1-3]. Ol’khon 
amphibolitic complex composes the southern part. The 
metamorphic complexes are exposed to heat from the Angara-
Vitim batholith. 

Figure: U-Pb isotopic data of igneous (yellow points) and 
metamorphic zircons (green points)  

 
Age of zircons from gneisses of amphibolite facies (464,3 

± 1,6 Ma) is close to age of xenogenic zircon from the 
intrusive granites (472,3 ± 1,9 Ma). Ages of zircons from 
intrusive granitoids of Chivyrkuisky complex [4] are 299 -  
288 Ma. These data confirm the correlation of metamorphic 
complexes of the Western and Eastern Cisbaikalia.  

 
Financial support: Federal Grant Programme of Russia 

(project № 14-05-00747) and the Earth Sciences Department 
of SB RAS (Integration project № ONZ-10.3).  

 
[1] Travin et al. (2009), Geochemistry Int. 47, 1107. [2] 
Mikeev et al. (2014), Doklady Earth Sci. 455, 317. [3] 
Makrygina et al. (2008), Geochemistry Int. 46, 140. [4] 
Tsygankov (2014), Rus. Geology and Geophysics 55, 153. 
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NWA 8707 is a newly found L melt rock showing an 
obvious igneous texture with evidence of strong shock. It is 
faintly brecciated (cm-to-mm scale) and thin shock melt veins 
cut through the sample. It is mainly composed of olivine, 
pyroxene and feldspathic glass with variable grain sizes (0.05-
1 mm). Most pyroxenes are larger than 0.5 mm and 
poikilitically enclose small olivine. Olivine is rounded in shape 
and ranges 0.05-0.5 mm. Feldspathic glass is interstitial to 
olivine and pyroxene and forms network. There are some areas 
where feldspar is birefringent under petrographic microscope. 
Both olivine and pyroxene exhibit undulatory extinction and 
some olivine grains in shock melt are transformed to 
ringwoodite. Although shock metamorphism is extensive, 
original igneous texture is well preserved. 

All phases are fairly homogeneous in compositions close 
to equilibrated L chondrites. Olivine is Fa23.6±0.9 
(FeO/MnO=35-60). CaO and Cr2O3 are both <0.05 wt%. 
Orthopyroxene is Fs19.7±0.9Wo3.3±1.0 with 0.3-0.6 wt% Cr2O3. 
High-Ca pyroxene is Fs9.0±1.0Wo42.0±1.9 with 0.5-1.0 wt% Al2O3, 
0.3-0.4 wt% TiO2, 0.7-1.0 wt% Na2O and 1.1-1.7 wt% Cr2O3. 
Equilibration temperatures of both olivine-spinel and two-
pyroxene pairs are similar (ca. 950 oC). Feldspathic glass is Si-
rich (71±2.2 wt% SiO2, 23.2±1.1 wt% Al2O3) and does not 
show a stoichiometric composition of feldspar.  

Low abundance of trapped noble gas components (e.g., 
132Xe~3x10-12 cc/g) suggests degassing at high temperature, 
which is consistent with the above mineralogy. Young K-Ar 
age (~1600 Ma) is obtained (bulk K abundance of 860 ppm) 
and may correspond to an observed shock event in the sample.  

NWA 8707 is a unique L melt rock showing later strong 
shock metamorphism. Its original igneous texture was likely 
formed by crystallization from melt and slowly cooled (or later 
metamorphosed). The heat source to form the original igneous 
texture is unclear, but NWA 8707 is different from other L 
melt rocks that were likely impact melts containing vesicles 
(e.g., PAT 91501). Such vesicles are absent in NWA 8707. 
These results suggest that an L chondrite parent body 
experienced a melting event and subsequently highly shocked. 
Such a series of events was probably common among parent 
bodies of ordinary chondrites. 
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The Antarctic Peninsula region as the the fastest warming 

site in the Southern Hemisphere experience not only 
accelerating retreat of glaciers but also the rate of rock 
weathering. In order to understand processes of chemical 
weathering we are using strontium isotopes (87Sr/86Sr). 

Sampling on the James Ross Island was performed during 
the 2011 and 2012 field campaigns with respect to bedrock 
lithology, consisting of two main geological domains 
(palagonitized basalts and Mesozoic sediments).  

Data for water samples from Torrent Valley and Brandy 
Bay (Phormidium Lake and Monolith Lake basins) fall within 
two isotopically distinct groups. Samples from Torrent Valley 
have less radiogenic 87Sr/86Sr ratios than samples from Brandy 
Bay. In Torrent Valley the 87Sr/86Sr ratios of the stream profile 
from the glacier to the sea shore become less radiogenic with 
increasing distance from the glacier. Torrent Valley is 
dominated by volcanic rocks and the isotopic composition of 
waters is close to their previously published isotopic data 
(0.7033 ± 0.0002), thus implying major contribution of 
volcanic source of the Sr in the water. 

Water samples collected within Phormidium Lake basin 
have 87Sr/86Sr ratios close to marine sediments (0.7085 ± 
0.0006) which are in good agreement with the geological 
situation on site. There are significant isotopic variations in the 
stream data. Some of the small streams entering Phormidium 
Lake are more radiogenic and some are less radiogenic than 
the waters of the lake itself. The 87Sr/86Sr ratio of the 
Phormidium Lake lies on the mixing line between the stream 
waters. Data for Monolith Lake basin show 87Sr/86Sr ratios as a 
mixture between marine sediments and volcanic rocks as 
volcaniclastic breccias are quite abundant at this site. Our 
results imply that key factor affecting chemical composition of 
water and nutrient availability is lithology of bedrock and the 
sea spray contribution is not significant, even in the close 
proximity to the sea shore. Use of Sr isotopes can discern the 
proportions of geological materials undergoing chemical 
weathering at James Ross Island. 

 
This study was supported by the Czech Ministry of 

Environment (project No. SPII1A9/23/07), by the Czech 
Geological Survey, and by scientific infrastructure of the 
Czech Antarctic Station ‘‘J.G. Mendel’’. 
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The age of the world-class Cu-Ag stratabound 
mineralization from the southern margin of the Upper 
Zechstein basin in Poland has been addressed using different 
geochronological methods. In general the ages of the 
Kupferschiefer’s mineralized samples span from Lower 
Triassic to Lower Cretaceous [1] [3-5] [7-8]. Economic Cu 
mineralization transgresses sedimentary sequences and is 
hosted by Kupferschiefer black shale, underlying sandstone 
(Rotliegendes) and overlapping limestone of the Upper 
Permian marine sequence (lower Zechstein). Cu-Ag ores are 
represented mainly by Cu sulphides such as chalcocite, bornite, 
chalcopyrite and covellite which are commonly associated 
with silver admixtures and/or minerals.  Four samples from the 
Lubin (-610 m b.s.l.) and Polkowice (-740 m b.s.l.) operating 
mines were acquired for Re-Os analyses. Analyzed samples 
consist of economic Cu ores characterized by 1-10 mm bornite 
± chalcopyrite veinlets in calcareous shale (5-10 cm thick) rich 
in organic matter. In any single veinlet, bornite and 
chalcopyrite may occur in variable proportion, and penetrate 
along shale laminations as fine-grained (1-30 μm in diameter) 
disseminations and small aggregates (<50 µm). Within 
macroscopic veinlets where chalcopyrite is present, it forms 
symmetrical margins to a bornite interior. Bornite, bornite-
chalcopyrite and/or chalcopyrite veinlets may cross-cut 
bedding or be nearly parallel to lamination in black shales. We 
report a Re-Os isochron age for bornite ± chalcopyrite veinlets 
that exhibit shallow cross-cutting features to bedding in black 
shale. A Model 1 regression yields 212 ± 7 Ma, with an initial 
187Os/188Os ratio of 2.13 ± 0.31 (MSWD = 1.3). The analyzed 
bornite ± chalcopyrite veinlets have a Re concentration ranging 
from 5.7 to 12.1 ppb, and a total Os concentration ranging 
from 27-52 ppt. Significant common Os is present in all of the 
analyzed samples. The current Model 1 age suggests a higher 
initial 187Os/188Os than our previous result [4]. The origin of the 
Kupferschiefer mineralization is commonly attributed to 
multiple flow events of low-temperature oxidizing 
metalliferous fluids triggered by tectonic activation of basinal 
sediments (e.g. [2] [6]). Our results strongly suggest that the 
main Cu-mineralization event took place in the Late Triassic 
(Norian), ca. 212 ± 7 Ma. The work was supported by grant 
No. N525 393739 from the Ministry of Science and Higher 
Education to SM. 
[1] Bechtel et al. (1999) Econ. Geol. 94, 261 [2] Blundell et al. 
(2003) Econ. Geol. 98, 1487. [3] Jowett et al. (1987) J. 
Geophys. Res. 92, 581. [4] Mikulski and Stein (2010) GCA, 
A708. [5] Nawrocki (2000) Econ. Geol. 95, 241. [6] 
Oszczepalski (1999) Min. Deposita 34, 599. [7] Pasava et al. 
(2007a) GCA, A763. [8] Pasava et al. (2010) Min. Deposita 
45, 189.  
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In the northern hemisphere peat bogs have received 
considerable atmospheric inputs of arsenic and sulfur since the 
start of the Industrial Revolution. However, the effect of sulfur 
deposition on the fate of arsenic is largely unknown. It may 
involve the formation of arsenic sulfides, organosulfur-bound 
arsenic, or the indirect stimulation of arsenic biomethylation. 
The latter process is presently not considered as an important 
pathway of arsenic immobilization in wetland environments. 
This study explored the solid-phase speciation of arsenic, iron, 
and sulfur in English peat bogs by X-ray absorption 
spectroscopy, in tandem with an assessment of the speciation 
of arsenic in pore- and stream-waters using HPLC-ICP-MS. 
Our results reveal that the majority of solid-phase arsenic  
(<92 mg/kg) was present as methylated As(V). Surface waters 
also contained appreciable concentrations of methyl-arsenic 
species. The results provide evidence for extensive 
biomethylation of arsenic and the enrichment of methyl-
arsenic in the peat. Our findings suggest that the significance 
of organometal(loid)s in wetlands has been previously 
underestimated. 
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Although inclusion-bearing diamonds are rare, they are 
geologically important, because they are the only direct and 
unaltered samples that we have from the Earth’s mantle. 
Therefore, the determination of their pressure of formation is 
fundamental to better constrain the chemico-physical 
environment in which they formed. 

The pressure of formation is typically estimated by 
classical geobarometry methods, based on cation partitioning 
between mantle minerals. However, these methods can only be 
applied to rare cases. Recently, an alternative method has been 
developed, the ‘elastic geobarometer’ (e.g. [1]). This method is 
based on the residual pressure (Pinc) of the inclusion still 
trapped in the diamond while at room conditions. This Pinc 
arises from the contrast in elastic properties between the 
diamond host and the trapped inclusion. In principle this 
method can be applied to any diamond-mineral inclusion pair, 
but requires accurate knowledge of the thermoelastic 
parameters of the diamond host and inclusion.  

In order to test if the compositional dependence of garnet 
elasticity can be reliably modeled assuming ideal mixing the 
measured elastic coefficients for a complex solid solution 
(Py51Al22Gr27) have been compared to the results of ideal 
mixing calculations. Two sets of entrapment pressures at 
temperatures typical for subcratonic-lithospheric regions for 
the eclogitic-like garnet were therefore calculated by means of 
‘elastic geobarometry’, using both the observed and the 
extrapolated elastic parameters. 

The results show that the differences between the 
calculated and measured values produced discrepancies in the 
entrapment pressures of about 0.03 GPa. For the purpose of 
elastic geobarometry, these results suggest that ideal mixing 
can be safely assumed for the calculation of elastic parameters 
of garnets still trapped in diamonds. 
 
 [1] Angel et al. (2015) J Met Geol (submitted) 
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Carbonaceous materials were identified in serpentinites 
bodies from the subseafloor and attributed either to an abiotic 

[1] or a biologic origin [2]. We carried out experimental 
dissolution of siderite to investigate the reduction of CO2 in 
hydrothermal fluids [3]. The produced magnetite was found to 
be coated by carbonaceous material precipitated from the fluid. 
Additional experiments with carbon-labeled siderite showed 
the production of carboxylic acid and methanol at isotopic 
equilibrium with the siderite.  

Compositional paths of serpentinization fluids were 
calculated and compared to natural and experimental fluid 
compositions. Considering kinetic limitations in the formation 
of alkanes, calculations showed fluid compositions 
equilibrating with a carbonaceous material, which buffers the 
H2 and CO2 activities. Fluids from serpentinization 
experiments [4] and from the Lost City [5] and the Rainbow 
[6] hydrothermal fields are shown to be consistent with this 
model. Missing amounts of carbon in mass balance extracted 
from experimental studies are in agreement with the predicted 
amounts of carbonaceous material, showing that it is the 
dominant carbon product of CO2 reduction in these 
hydrothermal settings.  

Formation of carbonaceous material in serpentinization 
fluids would have large implications for the deep Earth carbon 
cycle by creating an important pool of reduced carbon, and for 
H2 production in ultrabasic environments through the intrinsic 
consumption of H2. 
 

[1] Shilobreva et al., 2011; [2] Menez et al., 2012; [3] Milesi et 
al., 2015; [4] e.g., McCollom and Seewald, 2001, McCollom et 
al. (in prep.); [5] Proskurowski et al., 2008; [6] Charlou et al., 
2002 
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The temporal variations of Pb concentrations and stable Pb 

isotopic ratios were reconstructed from a five meters long 
vibrocore VBC2 collected at 96 mwd offshore of the southern 
Portuguese shelf. The VBC2 was dated using a combination of 
210Pb and 14C determinations. Lead is significantly correlated 
with Al (r=0.79, p<0.01) between bottom core (7500BC) and 
1850AD suggesting that particle nature rule the Pb distribution 
in sediments. After this age, Pb concentrations shows a major 
increase towards the surface while Al content are nearly 
constant. Isotopic Pb (206Pb/207Pb) ratios are relatively constant 
between 7500BC and 960BC. The evolution of 206Pb/207Pb 
ratios towards a less radiogenic values occurred since the 
beginning of the Iron Age (c.a. 700 BC), which is in agreement 
with growth of mining activities at the sulfide deposits of the 
Iberian Pyrite Belt (e.g., São Domingos). The Pb enrichment 
level relative to Pb pre-industrial values is defined as the Pb 
enrichment factor (EFPb), taken the pre-industrial as the 
average Pb and Al concentrations older than 960BC. The 
significant coefficient of determination (r2=0.88) between 
206Pb/207Pb ratios and EFPb indicates that the highest EF found 
in recent sediments are associated with less radiogenic Pb (fig. 
1). The EFPb temporal trend reflect the on-set of Pb inputs 
mainly associated with intense mining activity that started 
during the 1850s. Despite the exploitation of the São 
Domingos mine stopped during the 1960s, the legacy of Pb 
contamination (mainly resulting from leaching of slags and 
tailings) is still recorded in marine sediments. 
 

Figure 1: 206Pb/207Pb ratios versus Pb enrichment factors. 
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Subsurface hyperalkaline fluids (pH >10), rich in Ca2+, H2 

and CH4, accessed from 300m deep wells situated in the Samail 
ophiolite in Oman were studied to investigate their 
geochemistry, gas concentrations, isotopic signatures and 
microbial community composition. This data was integrated 
with analyses of recovered rock chips from several depths in 
the wells to elucidate alteration processes affecting ultramafic 
rocks in the subsurface of Oman as they undergo modern 
water/rock reactions. Analyzing the geochemistry of 
subsurface fluids and the rocks they are in contact with 
provides much greater insight into the operative reactions in 
serpentinizing aquifers than solely studying surface seeps.   

The subsurface fluids hosted in partially-serpentinized 
Oman peridotite contain 0.17-0.67mM H2 , with a δD H2 of -
680 to -685.7‰. The isotopic fractionation between the 
dissolved H2 and water gives rise to a predicted formation 
temperature of ~50°C. CH4 is also variably present in the fluids 
(0.04-1.44 mM). The methane exhibits notably heavy δ13C 
CH4 ‰ values (2.4-3‰) coupled with δD CH4 ‰ from -205 to 
-232‰ that together would be interpreted as abiotic.  However, 
high-throughput sequencing of DNA recovered from filtered 
fluids reveals an abundance of Meiothermus, Clostridia, and 
candidate phyla OP1, as well as detected sequences of known 
methanogens and methane oxidizers such as 
Methanobacterium and Methylococcus.   

We will discuss how these gas-rich fluids have evolved 
through low temperature oxidation and hydration of reduced 
Fe-species present in the peridotite. The extensive magnetite 
formation and Fe(III)-rich serpentine both may contribute to 
H2 generation at low temperatures and thereby sustain an 
active subsurface biosphere. 
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During crustal convergence associated with supercontinent 
assembly, magma generation in the thickened continental crust 
gives rise to voluminous granites and related rock suites. These 
suites are important in resolving the tectonic evolution of these 
terranes as they give a detailed timeline for formation and 
collapse of the orogeny as well as the nature of the lower crust 
and mantle in the region. Recent field mapping, geochemistry 
and geochronology has clarified the nature and significance of 
the Eendoorn (granodiorites to alkali feldspar granites) and 
Kum Kum (norites to gabbronorites) suites in the Namaqua 
Metamorphic Belt of southern Namibia and northern South 
Africa. The Eendoorn rocks have intrusive ages of between 
1230 and 1190 Ma,  while the gabbroic rocks have intrusive 
ages of ~1212 Ma, synchronous with early granitic 
magmatism. The two suites appear to have very similar 
contaminated εNd values of around -4 to -8, while the initial Sr 
isotope ratios for the Kum Kum Suite rocks (0.7055 – 0.7087) 
fall within the range of those calculated for the Eendoorn Suite 
rocks (0.6993 – 0.7214). Comparison with Nd initial values 
suggests that while all the Kum Kum Suite rocks are sourced 
from the same parent, the Eendoorn Suite rocks have at least 
two parental sources: Type 1 with low initial Sr and high initial 
Nd and Type 2 with higher initial Sr and lower initial Nd. The 
Kum Kum Suite rocks are likely to have been sourced from the 
same parent material as Type 2 Eendoorn rocks. Zircon 
geochronology and model age calculations suggests that Type 
1 Eendoorn is derived from partial cannibalisation of the 
Palaeoproterozoic Richtersveld magmatic arc and occurs in the 
Kakamas domain. Type 2 Eendoorn and Kum Kum Suite rocks 
are derived from an older arc terrane with an age of ~2.2Ga or 
older, that was completely cannibalised during 
Mesoproterozoic crustal recycling linked to thrust imbrication 
of the Kakamas domain over the Richtersveld magmatic arc at 
1210Ma.  
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It is known that copper isotopic fractionations can occur in 

biological systems due to cellular assimilation, electron 
transfer processes, and protein formation.	   	  Recently, Buchl et 
al [1] reported that differences in the isotopic composition of 
brain tissues of transgenic mice were based on the expression 
of the cellular prion protein (PrPc), a naturally occurring 
copper binding protein of importance in neurodegenerative 
disorders (eg. Alzheimer’s disease).  

In this study, we targeted specific organs where isotopic 
fractionation of copper could be affected by variations in PrPc 
expression.  The strains of mice include wild type (WT, n=4), 
PrPc overexpressors (Tga20, n=4), prion knockout (Prnp-/-, 
n=3), and mice that had a mutation in the five copper binding 
sites (His->Ala) in the N-terminus of PrPc (Cu-del, n=5). 
Copper isotopic composition (δ65Cu) of the intestinal tract, 
kidneys, liver, red blood cells, serum, and different functional 
regions of the brain were measured. Our results show that the 
isotopic shift between the food and the colon is significantly 
larger (ANOVA 0.023, p<0.05) in Prnp-/- and Cu-del mice 
compared to WT.  In the brain, less of an isotopic shift is 
observed between the serum and the hippocampus  
(ave. 0.55 ‰), cerebral cortex (ave. 0.37 ‰), and brainstem 
(ave. 0.48 ‰) in Prnp-/- mice compared to Cu-del mice.  Our 
results demonstrate that altered gene expression, in this case 
Prnp-/- and Cu-del, can affect the distribution of copper 
isotopes in the organs and bodily fluids of mice.  
 
 [1] Büchl, Hawkesworth, Ragnarsdottir, and Brown (2008), 
Geochemical Transactions 9, 11-17. 
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Titanium is a significant constituent of the silicate portion 
of planetary bodies and is a refractory, fluid immobile and 
incompatible element that has been widely used to trace partial 
melting and magma differentiation processes. However, to 
date, its stable isotope composition has received very little 
attention. Titanium is dominantly in 5-fold coordination in 
silicate melts and in 6-fold coordination in Ti-oxides, the main 
mineral phase incorporating Ti. As stable isotope partitioning 
theory suggests predicts that fractionation will be driven by 
changes in elemental coordination and bonding environment, it 
is likely that partial melting and magmatic differentiation 
processes will be accompanied by significant Ti stable isotope 
fractionation. Here we explore the potential of Ti stable 
isotopes as a tracer using a recently developed analytical 
method[1] to obtain ultra-high precision Ti stable isotope data 
(ca. 0.015‰ on δ49Ti) on a range of terrestrial and lunar 
samples.  

All primitive terrestrial basalts display values within 
analytical uncertainty regardless of geographical origin or 
geological context (δ49Ti=+0.006±0.022, 95% c.i.). Mantle 
samples display similar values (δ49Ti=+0.011±0.028, 95% c.i.) 
to basalts, indicating that partial melting does not cause 
fractionation of Ti isotopes. However, primitive lunar basalts 
extend to heavy δ49Ti values (up to 0.087±0.015) that display 
positive and negative correlations with Mg and Fe isotopes, 
respectively. This is explained by the crystallisation of ilmenite 
in the late stages of the lunar magma ocean.  

Differentiated terrestrial magmas also display extremely 
heavy δ49Ti values (δ49Ti up to 0.54±0.018‰) that are 
positively correlated with silica content. This is consistent with 
the progressive fractionation of isotopically light δ49Ti into Ti-
oxides during fractional crystallisation. Interestingly, adakitic 
magmas plot on this correlation, which suggests that 
fractionation of Ti-bearing oxides play a significant role in 
generating their distinct geochemical signatures. 

 
[1] Millet and Dauphas (2014) JAAS 29, 1444-1458. 
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Ecosystems require oxic conditions to support a high 
number of metazoan trophic levels [1], including a diversity of 
predatory bilaterian taxa [2]. Hypoxic conditions, however, are 
still known to support various free-living facultative anaerobic 
bilaterians [3], thin aerobic bilaterians [4], and at least one 
species of sponge [5]. Sponges, in particular, are non-bilaterian 
filter feeders that largely consume picoplankton and dissolved 
organic matter, and, by virtue of their collared feeding cells, 
are arguably analogous to the earliest animals with respect to 
their trophic ecology and cell biology [6] [7]. By quantifying 
the response of modern sponge taxa to low oxygen conditions, 
we can constrain the feedbacks thought to have existed 
between the first animal ecosystems and the redox evolution of 
the Neoproterozoic environment, 1,000-541 million years ago 
[8].  

Tethya wilhelma is a tropical demosponge capable of 
motility, contraction, and asexual reproduction (via budding) 
under laboratory conditions. Preliminary survey of the T. 
wilhelma transcriptome suggests the presence of at least 50% 
of the described enzymes involved in anaerobic energy 
metabolism in eukaryotes, in accordance with at least seven 
other sampled sponge taxa [9]. We experimentally investigated 
the control of dissolved oxygen concentrations – down to 
levels below 1% of modern atmospheric saturation – on the 
respiration, contraction, gene expression, and metabolism of T. 
wilhelma.  To our knowledge, our efforts represent the first 
attempt to detect transcriptomic changes in sponges kept under 
low oxygen. Our results reiterate the need to more carefully 
consider the biology of non-bilaterian animals when 
attempting to reconstruct the biogeochemical dynamics of the 
Neoproterozoic earth system.  
 
[1] Fenchel & Finlay (1995) Ecology and Evolution in Anoxic 
Worlds, Oxford Univ. Press. [2] Sperling et al. (2013) PNAS 
110, 13446-13451. [3] Müller et al. (2012) Microbiol. Mol. 
Biol. Rev. 76, 444-495. [4] Sperling et al. (2013) EPSL 371-
372, 143-155. [5] Mills et al. (2014) PNAS 111, 4168-4172. 
[6] Richter & King (2013) Annu. Rev. Genet. 47, 509-537. [7] 
Wörheide et al. (2012) Adv. Mar. Biol. 61, 1-78. [8] Mills & 
Canfield (2014) BioEssays 36, 1145-1155. [9] Mentel et al. 
(2014) BioEssays 36, 924-932.  
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Several concepts for a geological disposal facility (GDF) 
of low- and intermediate-level radioactive waste will employ 
cementitious materials both in repository construction and 
within the engineered barrier system. Groundwater re-
saturation of the GDF following closure will result in leaching 
of the cement, producing a hyperalkaline plume that will 
interact with the surrounding host rock to produce an alkali 
disturbed zone (ADZ). The mineralogical evolution of the 
ADZ has been investigated experimentally within the NERC 
Biogeochemical Gradients and Radionuclide Transport 
(BIGRAD) Project. A series of replicate PEEK columns 
packed with gently disaggregated “model” host rock 
containing quartz, feldspars, mica, chlorite, kaolinite and 
minor hematite were sequentially-reacted with: (1) K-Na-Ca-
OH fluid (~pH13.1) representing a young cement leachate 
(YCL); followed by; (2) a Ca(OH)2-saturated fluid (pH12.3) 
representing intermediate cement leachate (ICL), and finally; 
(3) Ca-HCO3-type fluid, representing eventual resaturation of 
the ADZ by groundwater. The columns were reacted at 50 °C, 
for ~300 days at each stage, and fluid chemistry and flow rate 
were monitored throughout the experiment. After each stage, a 
number of columns were examined by scanning electron 
microscopy, optical microscopy and energy-dispersive X-ray 
microanalysis, to characterise the mineralogical alteration and 
its impact of the pore structure and flow paths. 

Quartz, feldspar, muscovite, illite and kaolinite dissolved 
to varying degrees in the YCL. This correlated with a large 
initial rise in Si and Al in solution, after which Ca, Si and Al 
were removed (accompanied by a decrease in K) by the 
precipitation of a K-Al-bearing calcium silicate hydrate (CSH) 
gel. This early-formed CSH gel is replaced by CSH gel with a 
higher Ca:Si ratio during subsequent reaction with ICL. Well-
crystallised CSH was also formed during the ICL stage. 
Following reaction with dilute Ca-HCO3 groundwater, the 
HCO3 is rapidly removed from the fluid by reaction with CSH 
to form calcite close to the inlet of the column. Further along 
the flow path, the CSH dissociates Ca to solution, to form a 
lower Ca:Si ratio CSH gel. The permeability of the columns 
was progressively reduced, as a result of pore blocking by 
secondary phases, as the experimental system evolved. 
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Speleothem is a cave calcite deposit precipitated from drip 
water. Drip water consists mainly of carbon derived from soil 
CO2, which has atmospheric 14C values in isotopic equilibrium 
with atmosphere, and carbonate-dissolved CO2, which has 14C-
free (dead) carbon through interaction with cave host bedrock. 
As a result, drip water and ultimately speleothem contain dead 
carbon fraction (DCF). Some recent studies show that 14C in 
speleothem can be used as a proxy for hydrology changes by 
comparison with 14C calibration curve (e.g. Noronha et al., 
2014 [1]). In this study, therefore, we measured 14C in drip 
waters in the Ryugashi Cave in Shizuoka, central Japan, 
coupled with soil CO2, atmospheric CO2, and host limestone, 
and investigated the relationship between DCF in drip water 
and rainfall amount in order to interpret speleothem calcite 14C 
variations.  

The 14C of drip water showed seasonal variations: lower in 
fall and winter, while higher in spring and summer. The annual 
mean of 14C in drip water was 87.8±2.1 pMC, which was 
matched with the 14C of 88.5±0.3 pMC on the surface part of a 
speleothem sampled at the dripping site of the drip water, 
indicating that the 14C fractionation between the drip water and 
the speleothem could be almost negligible. The 14C of drip 
waters was roughly correlated with the drip rate, that is, the 14C 
(or DCF) of drip water with lower drip rate tended to be higher 
(or lower), and also correlated with rainfall amount around the 
Ryugashi Cave. The increase in rainfall amount could bring the 
increase in drip rate of drip water, and then the increase in soil-
derived carbon fraction in drip water, resulting in 14C increase 
(or DCF decrease) in drip water. Based on the scenario, the 
reconstruction of precipitation could be performed by DCF 
variations in a stalagmite in the Ryugashi Cave. In the 
presentation, we will also show the result of reconstruction of 
precipitation in central Japan using two speleothems from the 
Ryugashi Cave.  
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The availability of phosphate plays a critical role in 
limiting primary production in large regions of the oceans, 
including major ocean gyres.  To meet their metabolic needs, 
microbes use a variety of strategies to overcome 
orthophosphate limitation.  Up-regulation of enzymes such as 
alkaline phosphatase (APase) allows hydrolysis of ambient 
dissolved organic phosphorus (DOP) compounds 
extracellularly or in the periplasmic space enabling transport of 
orthophosphate into the cell.  Cell lysis releases cell 
components, including enzymes, into the environment.  
Enzymatic activity following lysis is an important, 
unquantified mechanism in nutrient regneration and the 
microbial loop.  Constraining and quantifying the flux of 
inorganic nutrients produced by lysed cells is essential to our 
understanding of the microbial loop and controls on ocean 
biogeochemistry. Using pure cultures of E.coli MG1655, 
Synechococcus WH7803, and Prochlorococcus MED4, we 
quantify patterns of nutrient release following cell lysis in 
relation to continued enzymatic activity.  In addition, lysis 
experiments were carried out with surface ocean microbial 
communities in the North Atlantic to monitor nutrient release 
and regneration for a period of days following lysis. Our 
experiments show that APase activity is sustained for many 
days after lysis. We observed a significant intial release of 
orthophosphate that accompanies lysis.  This is followed by 
increasing phosphate concnentrations in lysis solutions over a 
period of days.  Our observations suggest this is due to a 
combination of direct hydrolysis of DOP released during lysis, 
solubilization and hydrolysis of particulate organic 
phosphorus, and possibly polyphosphate decomposition.  
Incubations with a range of individual DOP compounds spiked 
into the lysate show rapid release of orthophosphate from 
phosphomonoesters and pyrophosphate, modest release rates 
from phosphonates, and slow release from phosphodiesters.  
This work highlights the importance of extracellular nutrient 
regeneration pathways involving cellular debris for 
biogeochemical dynamics in marine ecosystems and ultimately 
the amount of carbon exported to the deep ocean. 
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The Aderba granite gneiss as part of metamorphic complex 

in the Sanandaj-Sirjan Zone, composed mainly of quartz, K-
feldspar, plagioclase and biotite as the dominant 
ferromagnesian mineral. Zircons concordant U-Pb age 
indicating a Neoproterozoic protolith [1]. The Golpayegan 
metamorphic complex, high grade metamorphic rocks, is 
generally bounded by normal faults [3]. New incremental 
heating 40Ar/39Ar age determinations on biotite separates are 
presented here. Biotite from the Aderba Granite gneiss yielded 
concordant age plateaux at 60.9±0.4 Ma. The 40Ar/39Ar ages in 
accord with K–Ar ages of 60±0.9 Ma [4]. The shapes of the 
release spectra and the similarities between plateau and 
integrated ages are not compatible with loss of Ar by partial 
resetting.  Therefore, the flat spectra either reflect rapid 
cooling through the closure temperature of biotite or complete 
rapid resetting [2]. The similarity between the K–Ar and 
40Ar/39Ar ages would suggest that the dates indicate complete 
resetting. These data constrain the subsequent cooling path, 
~300 °C, in Paleocene times for this Neoproterozoic granite 
gneiss and described the effects of an important post-
Cretaceous extensional event proposed by [3] [5]. 

 
[1] Hassanzadeh et al. (2008) Tect. 71–96. [2] Johnson et al. 
(1997) J. Pet 38(11) 1585–1611. [3] Nadimi & Nadimi (2008) 
Geol. Sci. Am. 444 105-122. [4] Rachidnejad-Omran et al. 
(2002) Com. Ren. Geo. 334 1185-1191. [5] Tillman et al. 
(1981) Am. Ass. Pet. Geo. Bul. 65 674–687. 
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The quality of geochemical calculations relies on the 
robustness of thermodynamic models and on the accuracy and 
internal consistency of the thermodynamic dataset. The 
available aqueous thermodynamic datasets were obtained from 
sequential evaluation of mineral solubilities, with the values 
from an earlier step subsequently fixed. Erroneous or 
inaccurate data from the earlier step may result in error 
accumulation during the process; uncertainties and correlations 
of the adjusted parameters are difficult to obtain. 

In the current study, we explore and develop strategies for 
generating an internally consistent thermodynamic dataset for 
hydrothermal fluid-rock equilibria. The following tasks were 
performed: 1. Results of mineral solubility experiments were 
collected and critically evaluated (quartz, corundum, gibbsite, 
alumosilicates, feldspars, micas). Experimental datasets were 
assessed for the quality of data. 2. The GEMSFITS [1] fitting 
tool was developed for regressing consistent thermodynamic 
parameters against various types of experimental data. 3. 
Results from new high-precision conductance experiments on 
electrolyte association were used to derive more reliable and 
accurate equilibrium constants for weak complexation. 4. 
Conductance and potentiometric data on the association 
constants of several complexes were collected to constrain the 
properties of such complexes when they are insensitive to the 
solubility data. 5. A computational method was developed that 
allows to freely optimise the properties of some aqueous 
species while constraining others trough reactions using the 
data from speciation equilibria. 

Application of our consistency strategies and tools in the 
Na-K-Al-Si-O-H-Cl system results in equal distribution of 
errors over the pressure, temperature and compositional space; 
yields confidence intervals for the optimized parameters; and 
permits straightforward repetition of fitting procedures when 
the new or improved experimental data become available. 
 
[1] Miron et al. (2015) Appl. Geochem. 55, 28-45. 
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Accurate quantification of bulk CO2 in melt inclusions 
(MIs) requires their complete homogenization, which is 
notoriously difficult especially for primitive island-arc MIs. 
We applied a novel experimental approach for homogenization 
of MIs in olivine by their hydration during re-equilibration of 
olivine grains within a hydrous matrix melt at high-pressure. 
The experiments were performed with partly crystallized and 
almost completely dehydrated (H2O = 0-1 wt.%) MIs in high-
Fo (85-91 mol.%) olivine from a Klyuchevskoy volcano lava 
sample, Kamchatka. MIs were treated for 24 hours at 
temperature of 1150oC, pressures of 300 and 500 MPa and 
oxygen fugacity ranging from NNO to QFM+3.3. 

The H2O and CO2 contents in the MIs glasses after 
hydration experiments were found to correlate positively with 
each other and negatively with the volume of fluid bubble, 
reflecting increasing internal pressure and CO2 solubility in 
MIs with increasing melt hydration. Complete dissolution of 
fluid bubbles (homogenization) in the Klyuchevskoy MIs was 
achieved when the H2O content in MIs reached 4-5 wt.%. The 
CO2 content in the homogenized inclusions is 3800±140 ppm, 
and CO2/Nb = 3000±420, which are the highest values 
reported so far for typical middle-K primitive island arc melts. 
The estimated CO2 content in the mantle source beneath 
Klyuchevskoy is ~450 ppm with 78-89 % of this amount being 
likely derived from the subducting slab. This experimental 
approach can be used to reconstruct initial CO2 content along 
with H2O, S and the entire elemental composition of MIs in 
olivine from any type of volcanic rock, if temperature, redox 
conditions and pressure, which need to be simulated 
experimentally, are independently estimated. 
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Periclase is an important geo-material; it is of NaCl-type 
structure, and is characterised by a remarkable P-T stability. 
We studied the ultrasonic (us) behaviour of MgO in 
dependence of temperature and pressure in the range of -200° 
to +100° C at 20 and 200 MPa. The us-results were compared 
with Raman data obtained from microcrystalline material over 
the same temperature range (0,1 MPa). The us-data reveal 
marked changes at -170°, -110°, -30°(?), and 15° C at either 
pressures. The same temperatures hold true for the Raman 
data. The selected band at 1100 cm-1 which is caused by 
polarisability of surface modes [1] shows discontinuous wave 
shift and significant change in the full width at half maximum 
(FWHM) at the same temperature of -170°, -110°, -30° (?) and 
15° C.  

Taking into account that no structural change occurs, we 
interpret the ultra-sonic phenomena as PVT-anomalies 
originating from MgO lattice vibrations. This interpretation is 
supported by our Raman data and by detailed analysis of Cp 
and thermal expansion data reported in the literature (e.g. [1] 
[2]) as well, furthermore, by a previous us-study at ambient 
pressure [3]. Generally, our observations indicate that 
homogenous crystal phases may show anomalous changes in 
their lattice vibrations in dependence of temperature and 
pressure. 

 
[1] Schlecht & Böckelmann (1973) Phys. Rev. Lett., 21, 930-
932. [2] Barron et al. (1959) Proc. Roy. Soc. London, Ser. A, 
250, 70-83. [3] White & Anderson (1966) J. Appl. Phys., 37, 
430-432.   
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Sulfur mass independent fractionation (S-MIF) in the 

Archean sedimentary rocks could be a useful new tracer for 
Archean sulfur cycles. Farquhar et al. (2000) first discovered 
that Archean sedimentary rocks before 2.4 Ga have Δ33S 
anomaly, whereas no such anomaly was found in the younger 
samples. This contrast implies the rise of atmospheric oxygen 
content that fundamentaly changed atmospheric sulfur cycle. 
Recently, detailed Δ36S/Δ33S slope analysis provide an insight 
into the atmospheric changes in the abundances of gas species, 
such as SO2, CO2, CO, CH4. High-resolution stratigraphic 
studies provide a detailed view into the late Archean marine 
sulfur cycle, which can help our understanding of both 
atmospheric and biological processes. To compare early and 
late Archean, it is necessary to investigate stratigraphical and 
petrological aspects with variations of the multiple sulfur 
isotopes before 3.0 Ga. We have studied Palaeoarchean 
sedimentary sulfides that are well preserved in the Barberton 
Greenstone Belt, South Africa. Sulfur isotope analysis of 
extracted sulfides show a clear MIF (Δ33S > 1‰) and δ34S-
Δ33S-Δ36S correlation. The Noisy Complex, which consists of 
fluvial sediments and diamictities, show negative Δ33S/δ34S 
correlation with a Δ36S/Δ33S slope of -0.9. On the other hand, 
the Kromberg Complex, which comprises deep marine 
sediments, have positive Δ33S/δ34S with a scattered Δ36S/Δ33S 
slope. The Δ36S/Δ33S slope changes from -0.6 to -0.9 within a 
single stratigraphic sequence. Stratigraphic change in δ34S-Δ33S 
trend possibly reflects variation in local environments and/or 
microbial sulfate reduction activity. The Δ36S/Δ33S  change 
may suggest perturbation of atmospheric gas species from 
early to late Archean. 
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Among the reactive functional groups within bacterial cell 
envelopes, carboxyl and phosphoryl groups are well 
established as important sites of metal binding under 
conditions resulting in high metal loadings. Complementary to 
previous studies, our studies have also shown the importance 
of thiol ligands (R-SH) as the primary bacterial cell envelope 
binding sites for Cd2+ and Hg2+ under conditions of low metal 
loading. Many metals are present in sub-micromolar 
concentrations in natural and contaminated systems, so 
bacterial cell envelope R-SH sites are likely to control the 
speciation, distribution, mobility, and bioavailability of 
chalcophile metals (e.g., Hg, Cd, Pb, and Zn) in aquatic 
systems by 1) providing high-affinity binding sites, 2) 
mediating redox transformations, and 3) controlling 
precipitation and mineralization of metals.  

To test the redox immobilization of mercuric ions bound to 
bacterial cells, we determined the ability of magnetite, a mixed 
FeII/III mineral phase, to reduce mercuric ions complexed with 
Bacillus subtilis cells. Our studies demonstrated that 
complexation of mercury by sulfhydryl groups on bacterial 
cells, typical at low Hg:biomass ratios, does not allow 
reduction of mercuric ions to elemental mercury by magnetite. 
While complexation of Hg2+ with sulfhydryl groups poses 
strong control on reduction of Hg2+ by magnetite, 
complexation of Hg2+ with carboxyl groups, commonly 
observed at high Hg:biomass ratios, have minimal (if any) 
effect on the rate and extent of the reduction of mercuric ions 
by magnetite. 

In addition, we have examined the role of Shewanella 
oneidensis MR-1 cell envelopes in the nucleation and 
precipitation of colloidal phase mercuric-sulfide under 
sulfidogenic conditions. Similar to the role of thiols in natural 
organic matter, binding of Hg to the thiol groups on the cell 
envelope appears to act as a precursor to partitioning of 
mercuric ions between dissolved and particulate phase 
mercury, putting additional constrains on the size of the pool 
of bioavailable mercury.    

Experimental details, specific results, as well as the 
environmental implications of the molecular scale processses 
described above will be discussed.  
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Deccan volcanic province (DVP) is one of the largest flood 
basalt province [1] in western and central India. It is exposed 
mainly in the states of Maharashtra, Madhya Padesh, 
Karnataka, Gujarat and Andhra Pradesh. These have flows 
consisting of zeolite and secondary minerals. Zeolites are 
mostly found as weathered material filling in the pyroclastic 
vesicles [2]. 

In the present work the zeolites were collected from the 
western ghat and central India. The compositional and 
structural characterization studies on these zeolites were 
carried out at room temperature to find out their applicability 
in different areas. For this purpose the Fourier Transform Infra 
Red Spectroscopy (FTIR), X-ray diffraction(XRD), scanning 
electron microscopy coupled with energy dispersive X-ray 
(SEM-EDX)and Atomic Absorption Spectroscopy(AAS) were 
used. The thermal behavior of the samples were studied using 
Thermogravimetric Analysis(TGA) and Differential Scanning 
Calorimetry(DSC). The results show that all the zeolites are 
thermally stable up to very high temperature with no change in 
the structure. 

 
[1] Richard J Brown et al (2010) Bulletin of Volcanology, 
73(6), 737-752.[2] R A Dwairi et al (2014) Jordan Journal of 
Civil Engineering, 8(2),187-198. 
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The glass stability (GS) of natural silicate glasses, i.e. non-
crystalline solids with compositions of igneous rocks, is poorly 
constrained. GS measures the resistance of a glass to 
crystallize when heated above its glass transition region. Using 
a differential scanning calorimeter (DSC), we have 
investigated six glassy starting materials with compositions 
variable from basalt (B100) to rhyolite (R100). In this range of 
compositions the DSC peaks related to Tg (glass transition), Tx 
(crystallization) and Tm (melting) temperatures become 
progressively less resolvable or even unidentifiable for the case 
of B20R80 and R100. Tx markedly increases, whereas Tm 
decreases from B100 to B40R60 accounting for the crystallization 
of pyroxene, plagioclase and spinel. In contrast, B20R80 and 
R100 did not form any crystalline phase. The glass stability 
resulting from Tg, Tx and Tm linearly increases from B100 to 

B40R60. These parameters linearly scale with the glass-forming 
ability (GFA) of the compounds measured as the Rc (critical 
cooling rate) parameter. 
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Concentration and isotope proxy records derived from the 
marine sedimentary archive (viz. B/Ca, Mg/Ca, δ18O, 87/86Sr, 
δ7Li) are utilised to reconstruct climate of the past [1-4]. The 
robustness of such climate reconstruction depends on our 
understanding of the mass and isotope balance of the elements 
of interest in seawater.  

Lithium isotopic composition of seawater is intricately 
linked to the silicate weathering and reverse weathering cycles, 
a key controler of climate [4]. Secular variations in δ7Li of 
seawater reflects an imbalance between its supply by rivers 
and axial hydrothermal circulation, and its removal through 
formation of authigenic clay minerals and by low-temperature 
alteration of oceanic crust. This removal flux of Li from 
seawater is poorly constrained and is estimated from steady 
state approximation. Hence, a refined knowledge of fluxes and 
the isotopic composition of the source and sink is necessary to 
improve the potential application of Li isotopes. 

Part of the authigenic clay bound Li is subsequntly 
released to porewaters, especially at subduction zones at 
depths >900m and high T >60ºC, during transformation of clay 
minerals [5]. To better constrain the Li budget of seawater a 
knowledge of the mass flux and the isotopic composition of 
this refluxed Li from clay mineral dewatering is necessary. 
Expedition 339 porewaters carry a prominent clay dewatering 
signature, indicated by negative corelation between δD and 
δ18O, at depths below 550m [6]. A depth profile study of δ7Li 
and [Li] for Exp. 339 porewaters will be completed to better 
constrain the Li flux and composition associated with clay 
mineral dehydration that can potentially revise the oceanic Li 
budget. 

Figure: Chlorinity (blue 
symbols) and δDVSMOW (red 
symbols) profiles of Site 
1389 porewaters  (Exp. 339 
Scientists, 2013). 

 
 
 
 
 
 

 
[1] Yu & Elderfield, EPSL, 2007; [2] Lear et al., Science, 
2000; [3] Hess et al., Science, 1986; [4] Misra & Froelich, 
Science, 2012; [5] Kastner et al., EPSL 1991; [6] Epedition 
339 Scientists, Proc. IODP, Exp. 339, 2013. 
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Evaporation condition for icy grains 
Recent ALMA observation showed an enhanced SO line 

emission that distributes compactly around a protostar [1]. It is 
suggested that the gas infall induces accretion shocks, in which 
icy grains suffer from evaporation. Some authors examined the 
evaporation of icy grains using numerical simulations [2-4]. In 
this study, we investigate the shock conditions for the icy grain 
evaporation comprehensively in order to confirm whether the 
icy grains can evaporate significantly by typical accretion 
shocks or not. 

Figure 1: Shock conditions for complete evaporation of H2S-
mantled grains with various initial radii (shock diagram). 

 
Results and Discussion 
We numerically simulated the shock heating induced by 

accretion shocks for various icy grain materials such as N2, 
CO, CH4, H2S, CO2, NH3, and H2O. Numerical result indicates 
that the shock condition for the icy grain evaporation depends 
on the grain size. Namely, smaller grains evaproate more 
easily mainly due to their small emissivities. For example, a 
H2S-mantled grain hardly evaporates by a typical accretion 
shock if the grain size is greater than about 0.1 µm, which is an 
typical size of interstellar grains. The origin of the enhanced 
molecular line emission may be revisited based on the shock 
diagram. 

 
[1] Sakai et al. (2014) Nature 507, 78. [2] Lunine et al. (1991) 
Icarus 94, 333. [3] Neufeld & Hollenbach (1994) ApJ 428, 
170. [4] Aota et al. (2015) ApJ 799, 141.  
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Structural transformation from AlO6 to AlO4 in Al(OH)3 

was found to be induced by Zn2+ adsorption onto Al(OH)3 [1].  
The mechanism was explained by inner-sphere complexation 
followed by dissolution of Al(OH)3 and coprecipitation of Zn2+ 
and Al3+[2].  In this study, local structure of Cd in Al-Cd 
hydroxide coprecipitates was studied as a model substance of 
Cd2+ adsorbed onto Al(OH)3.  Chemical structures of Al-Cd 
and Al-Zn hydroxide precipitates were compared. 

Chemical State of Al 
Al-Cd hydroxide coprecipitates having Cd/Al ratios of 

100, 10, 3, and 1 were prepared. 27Al MAS NMR spectra 
showed the existance of AlO4 structure in coprecipitates with 
low Cd/Al ratio, Cd/Al = 1.  This was the same tendency to Al-
Zn hydroxide coprecipitates and seemed to suggest the 
formation of CdAl2O4-like structure by Cd2+ adsorption onto 
Al(OH)3. 

Chemical State of Cd  
In order to see the chemical states of Cd in Al-Cd 

hydroxide coprecipitates, 113Cd MAS NMR, XRD, and EXAFS 
were applied.  EXAFS result suggested that Cd is 6 
coordinated in all the coprecipitates.  However, XRD pattern 
of the coprecipitates did not agreed with CdAl2O4 or Cd(OH)2 
but  Cd(OH)NO3·H2O. Moreover, 113Cd MAS NMR peaks of 
these samples had different values of chemical shift from each 
other and also from Cd(OH)2. 

The above results suggested that adsorption product of 
Cd2+ on the surface of Al(OH)3 was not CdAl2O4, which was 
expected by analogy to Zn2+.  On the other hand, they showed 
that Cd(OH)NO3·H2O and Cd5(OH)8(NO3)2·2H2O are the 
possible hydrolysis products of Cd2+ in natural water systems. 
 
[1] Miyazaki et al. (2013) Colloid and Surface A 420, 115-121. 
[2] Miyazaki et al, (2003) Geochem. Cosmochim. Acta 67, 
3833-3844. 
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Shallow marine environments have hosted photosynthetic 

microbial ecosystems since at least 3.5 Ga [1]. However, high 
incident UV radiation levels penetrating the ozoneless Archean 
atmosphere [2] and toxic iron concentrations in early seawater 

[3] should have made them inhospitable to life. We examine 
this issue in experiments with the marine planktonic 
cyanobacterium Synechococcus sp. 7002. Cultures were grown 
in simulated Archean seawater containing iron and silica 
concentrations predicted for Archean seawater [4] [5], and 
subsequently irradiated with UV-C fluxes set conservatively an 
order of magnitude higher than those predicted for the Archean 
(ref. 2). We show experimentally that high silica 
concentrations enabled early phototrophic prokaryotes to 
overcome these stresses. Silica facilitated the adaptation of 
early cyanobacteria to ferruginous conditions by reducing toxic 
levels of bioavailable iron through complexation of Fe(II) in 
the anoxic water column, and with organically chelated Fe(III) 
in locally oxygenated littoral zones. We show that the resulting 
Fe(III)-Si complexes and nanoparticles would have also acted 
as a ‘sunscreen’, effectively attenuating high levels of 
incoming UV-C radiation in the uppermost water column, 
while allowing the penetration of photosynthetically active 
radiation. The Fe-buffering capacity and UV protection 
afforded by these iron-silica complexes suspended in the 
ancient water column would have facilitated the survival and 
earliest microbial colonization of littoral and open marine 
photic zones. 

 
[1] Hoffman et al (1999), GSA Bulletin 111, 1256-1262. [2] 
Segura et al (2003), Astrobiology 3, 689-708. [3] Swanner et al 
(2015), Nature Geosciences 8, 126-130. [4] Maliva et al 
(2005), GSA Bulletin 117, 835-845. [5] Czaja et al (2012) 
Geochimica et cosmochimica Acta 86, 118-137.  
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The Danube Delta – Black Sea shelf region has overall 
received dynamic nutrient loads from the River Danube that 
rose to critical levels in the 1970s and 1980s but decreased 
sharply in the 1990s due to the collapse of eastern European 
economies. However, nutrient release from organic rich 
sediments retarded the recovery of the ecosystem for another 
decade. During two cruises in 2012/2013 in the Danube 
estuarine transition zone, we analyzed nutrients, dual isotope 
signatures of nitrate, and δ15N of suspended particulate matter 
across the salinity gradient. Water column data were 
complemented by a series of short sediment cores. Nutrient 
concentrations in surface waters indicate intense drawdown 
and complete uptake of river-borne nitrate, phosphate, and 
dissolved silica in the river plume. Isotopic patterns of nitrate 
and suspended N illustrate clearly the dominance of nitrate 
assimilation over the entire salinity gradient until turnover is 
completed, highlighting the River Danube as a point source to 
a now nutrient starving system. However, spatial and temporal 
patterns in sedimentary δ15N witness the shift from past severe 
eutrophic conditions to the currently recovered ecosystem. A 
temporary significant role of nitrogen fixation, as a 
consequence of excess phosphate, is evidenced by a depth 
decrease of sedimentary δ15N values in the outer plume. 
Isochronous time-slices imply a two endmember mixing of this 
isotopically depleted nitrate with isotopically enriched riverine 
nitrate. Overall, data quality is remarkably good and all N 
species exceptionally clearly illustrate the isotopic coherences 
that characterize the present and the past nitrogen turnover. 
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Previous geochemical studies indicated that methane 

deposited in dissolved-in-water type natural gas fields in Japan 
is mostly biogenic due to biological degradation of organic 
matter in sediment.  The present study is aimed to better 
understand the diversity of methanogens and the formation 
process of methane in those biogenic gas fields.  We 
investigated the phylogenetic diversity of methanogenic 
archaea and characterized a novel methanogen isolated thereof.   

A sediment sample was obtained from one of the sand 
separators for commercial gas-water-producing wells.  
Phylogenetic analysis of the archaeal community in the 
sediment was conducted based on 16S rRNA gene clone 
libraries constructed using archaeal specific primers. The 
sample was also incubated with H2-CO2, acetate, or methanol 
to determine the methanogenic activity.  

Based on the gene cloning analysis, the archaeal library 
was dominated by the clones closely related to 
Methanobacterium aarhusense, Methanocalculus pumilus and 
Methanolobus zinderi.  Using a culture-based method, we 
observed that H2-CO2 or methanol was converted to methane.  
In particular, a Methanolobus-like methanogen was observed 
in the enrichment culture with methanol, indicating the 
presence of viable methylotrophic methanogens in the 
moderately high temperature gas field (45°C).  To date, three 
new species have been validated within the genus 
Methanolobus, all of which have been taken from deep 
subsurface environments.  We isolated and characterized the 
methylotrophic methanogen from the enrichment to find that 
the optimum growth temperature was 40-45°C and methanol 
was the only substrate for the isolate to produce methane.  
These results suggest that active methanol-degrading 
methanogens are present as well as hydrogenotrophic 
methanogens, and that methanol is one of the primary 
substrates for methanogenesis in this natural gas field. 
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Iran is a country that was the center of hot research and 
study on environmental distribution and impacts of arsenic in 
previous decade. Anthropogenic arsenic and its sources and 
distribution has not been studied in detail and its probable 
occurrence may be attributed to some As-bearing pesticide in 
agricultural areas and its application as a rodenticide especially 
in cities and also rural areas against mice.  

However, there is some information about natural 
distribution of arsenic in soil and water resources in Iran. 
Arsenic which may derived its name from a Persian term 
(Zarnik) for its minerals orpiment and realgar has been mined 
in Zarshuran Au-As mine in NW Iran for more than 2000 
years. There are also some arsenic mines in other parts of Iran 
especially in NW and NE Iran. Zarshuran, Kouh Sorkh and 
Sari Gunay (Dashkasan) are among the main arsenic mines is 
which As is accompanied by gold. Local people in these areas 
are aware on health impacts of arsenic and they even prevent 
their cattle to drink waters draining from mining areas. Beside 
the mines, thermal springs were found to be an important and 
influential source of arsenic in Iran. They are mostly related to 
Neogene and Quaternary young volcanism and they show the 
last expressions of volcanic activities. Concentrations higher 
than 5000 μg/L was detected by the first author in NW Iran. In 
west and northwest Iran, groundwater resources are also 
contaminated by arsenic to concentrations of about 400 to 
1180 μg/L in rural areas and concentrations lower than 60 μg/L 
in urban areas. People in these areas with chronic exposure to 
arsenic show diabetes mellitus, hypertension, and 
hyperkeratosis and skin pigmentations frequently and some 
cases of chromosomal abnormalities and kidney cancers have 
been reported.  

Therefore, the source of arsenic in water resources and 
thermal springs and also in soil resources in these areas is 
attributed to recent volcanism and its subsequent hydrothermal 
activities. 
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Marginal marine sediments from the Sorbas basin (Spain) 
show a strong lithological response to precessionally forced 
climatic changes. Pb and Sr isotope signatures extracted from 
authigenic FeMn oxyhydroxides and planktic foraminifera, 
respectively, from these sediments have been analysed across 
four precessional cycles in the Late Miocene. The results 
indicate that Pb isotopic compositions varied in phase with 
precession. Comparison with data obtained from 
ferromanganese crusts (outside the Gulf of Cádiz) and ODP 
Site 978 (Alboran Sea) implies that western Mediterranean 
water masses dominated the seawater Pb isotope compositon 
of the Sorbas basin during humid periods. 

In contrast, during drier periods increased weathering 
inputs from the Spanish hinterland were enhanced. Incongruent 
weathering of Pb isotopes [cf. 1] prevailing during these arid 
periods preferentially released the radiogenic Pb isotopes 208Pb, 
207Pb, and 206Pb over primordial 204Pb from accessory U/Th-
rich mineral phases to the weathering solutions and ultimately 
to the seawater of the basin. 87Sr/86Sr signatures of planktic 
forams obtained from the same samples indicate that the basin 
was not isolated from the Mediterranean for the majority of the 
record, except for short intervals immediately following dryer 
periods at insolation minima, during which a more continental 
87Sr/86Sr signal is observed. Given the striking recurring Pb 
isotopic excursions, the authigenic Pb isotope compositions of 
marginal Mediterranean marine settings seem to be capable of 
tracing changes between periods of enhanced aridity and 
humidity on the adjacent land areas.  

 
[1] Erel et al (1994) GCA 58, 5299-5306. 
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Single particle analysis allows for an extremely detailed 
characterization of atmospheric aerosols. Historically, single 
particle analysis was limited to electron beam techniques or 
laser desorption-ionization techniques that provided 
information about inorganic components and limited 
information about organic components. Presently, it is possible 
to probe individual particles with a higher degree of spatial 
chemical resolution. Both laboratory and in situ methods can 
be used together to gain a more complete view of the state of 
aerosol in the atmosphere. In the future, advances in 
instrumentation will bring about ever increasing levels of detail 
for aerosols and atmospheric processes. This talk will focus 
mainly on the use of imaging techniques used to understand 
how aerosols affect climate change. As more complicated 
models of atmospheric aerosol are developed to include single 
particle effects, more stringent demands will be placed on the 
measurement community. 
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Until recently, aerosol mixing state has been a qualitative 
term. The development of a new mixing state parameterization 
based on entropy metrics has recently been introduced that 
provides a quantitative definition of aerosol mixing state. This 
new parameterization has been applied to particles sampled in 
Sacramento, CA during the carbonaceous aerosols and 
radiative effects study (CARES). Mass estimates of inorganic 
species were derived from computer controlled scanning 
electron microscopy coupled with energy dispersive X-ray 
spectroscopy (CCSEM/EDX) and the carbonaceous mixing 
state was derived using scanning transmission X-ray 
microscopy coupled with near edge absorption fine structure 
spectroscopy (STXM/NEXAFS). The mixing state indices 
provided by these techniques yield insights in to the chemical 
and physical processes that drive mixing state. Additionally, 
these measurements provide constraints for models of 
individual particle composition. 
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Carbon and nitrogen arriving to freshwater systems 
undergo a series of transformations which could ultimately 
lead to the formation of greenhouse gases (e.g. carbon dioxide, 
methane, and nitrous oxide). Carbon and nitrogen loads into 
freshwater systems have exacerbated since the industrial age 
due to intensifying manufacturing and agriculture, wetland 
encroachment, and the steep growth in (urban) population. In 
this study we use results from a gridded, “leaky bucket” 
hydrological model coupled to results from an integrated 
assessment model to force a  process-based numerical model 
which incorporates various sets of biogeochemical 
interactions. The model is used to evaluate the changes in river 
chemistry that have taken place along drainage basins over the 
course of the 20th century. We parametrize various reactions to 
test the pathways for greenhouse gas formation and discuss the 
feasibility for these reactions with respect to measured 
datasets. Model results suggests that, although freshwaters 
reach the river mouth on rather short timescales (< 100 yr), 
carbon and nitrogen losses to the atmosphere may be 
significant along the drainage pathway, especially in locations 
where the residence time of the water substantially increases, 
such as lakes and reservoirs. This model serves as a basis for 
future studies concerning the global output of greenhouse 
gasses from freshwater systems, where it can aid in 
constraining the carbon and nitrogen budgets over the 
Anthropocene.  
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The Mount Douglas leucogranite (MD), located in 

southwestern New Brunswick, forms the eastern part of the 
Saint George Batholith, and is interpreted to represent the 
subvolcanic portion of the Mount Pleasant W-Mo-Bi and Sn-
Zn-Cu-In deposits (MP). Previous studies subdivided the MD 
and MP plutons into different mappable units. For this study, 
the youngest phases of the MD (Dmd2 and Dmd3) and the 
oldest phases of the MP (Granite I and II) have been compared 
to demonstrate potential co-magmatic genesis and  source of 
mineralization. Fine to medium-grained Dmd2 and Dmd3 
granites with porphyritic and equigranular texture comprises 
the majority of  the MD, and are mainly associated with Sn-W-
Mo mineralization. Fine-grained equigranular MP Granite I 
(GI) is mostly associated with the W-Mo-Bi mineralization, 
whereas aplitic to porphyritic MP Granite II (GII) is mainly 
associated with Sn-Cu-Zn-In mineralization. The Dmd2 and 
Dmd3 show a flat "birdwing-shape" REE pattern characterized 
by large negative Eu anomalies (Eu/Eu*=0.021–0.43) and the 
low (La/Yb)N ratios (1.7-9.3). Low K/Rb (average 102.7) and 
Nb/Ta (≤ 6.8), but normal Zr/Hf (≤ 37.5) ratios possibly reflect 
significant involvement of low-T crystal fractionation. 
However, the GI and GII show flat "birdwing-shape" REE 
patterns with larger negative Eu anomalies (Eu/Eu*=0.014–
0.005), and lower (La/Yb)N (1.1-1.7), Nb/Ta (≤ 6.6), and Zr/Hf 
(≤ 21.7) ratios reflecting an origin consistent with extreme low 
T fractionation; these HFSE ratio data are consistent with the 
major- and trace-element data. Besides similarities of the 
Dmd2 and Dmd3 with GI and GII in terms of texture and 
mineralization, new geochronology shows that they have 
approximately the same age (new U-Pb monazite date of 366 ± 
2 Ma of Dmd2 and 370.1 ± 3.4 Ma of Dmd3, and new Re-Os 
molybdenite date of 369.7±1.6 Ma and 370.1±1.7 Ma of 
Granite I); on the other hand, progressive differentiation from 
Dmd2 → Dmd3 → GI → GII during magmatic evolution may 
suggest a single genetic group for the MD and MP granites.  
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Coal mines as the second fossil fuel, after oil reservoirs, 

have a significant potential to impact on the environment by 
releasing different pollutants such as heavy metals and non-
metallic elements. Aghdarband coal mine (ACM), located in 
145 km NE of Mashhad – Iran, with annual coal and waste 
production capacity of about 20,000,000 and 6,000 tons, 
respectively, has a strong potential to pollute the environment. 
In this paper, to investigate the ACM impact on the 
environment, samples were taken from water, sediments and 
coal wastes during washing and coke processing. All water 
samples filtered, acidified with nitric acid and kept at fridge 
until analysing. Soil samples were collected from depths of  
30 cm and all samples were kept in dry and clean plastic 
containers. Water samples were analysed using atomic 
absorption spectrometry (AAS) and soil samples were 
analysed using graphite furnace and AAS, after preparation 
and dissolving in nitric acid.  

         Calculated pollution indices of the Metal Index 
(MI>1) indicated that river water was polluted seriously. This 
can be confirmed by calculated Contamination Degree Index 
(Cd), which shows 60% of water samples significantly 
contaminated. According to calculated Enrichment Factor (EF) 
and Geoaccumulation Index (Igeo), more than 75% (EF < 2) 
and 56% (Igeo < 0) of soil samples have minimum 
contaminations or not polluted. In general, the ACM 
surrounded soils have been affected less by ACM wastes than 
river water. The correlation between water and soil heavy 
metals clearly indicate that river polluted water had a very low 
influence on sediments, which could be due to low 
permeability of sediments.  
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Configurational Boltzmann averaging in the Gibbs 
ensemble with DFT (at GGA, GGA+U and HSE06 levels of 
theory) for compositions in the MgSiO3-FeSiO3 (MS-FS) and 
MgSiO3-FeAlO3 (MS-FA) systems, indicate that FS and FA 
partition in opposite directions, toward post-bridgmanite (pbm) 
and bridgmanite (bm), repectively. Our computational data are 
broadly consistent with the majority of experimental results.  

Fe2+ and Fe3+ occupy the larger A-site in both minerals, 
whereas Al occupies the B-site. Our derived cation-oxygen 
distances and chemical bond analysis  provide a plausible 
explanation for the partitioning and spin-state. Fe3+ (in FA) 
remains high spin at all relevant mantle conditions, since low 
spin configurations of Fe3+ are thermally inaccessible. 

An isochemical bm-pbm transition within the investigated 
solid solution range (up to 25 mol% FS and FA) would  imply 
decreasing bulk and increasing shear modulus. At a reference 
pressure of 100 GPa, the bulk modulus for bm and pbm 
increases by 1.4% and 1.0%, respectively, from MS to MS-
FS12.5 and decreases by 0.4% and 0.2%, respectively, from MS 
to MS-FA12.5 (subscripts indicate mol%). The shear modulus 
decreases for both phases along both of the solid solution 
series from the pure MS composition, with the largest decrease 
along the FA-join.  For bm and pbm the shear moduli decrease 
with 2.4% and 1.3%, respectively from  MS to MS-FS12.5 and 
with 4.4% and 3.0%, respectively, from  MS to MS-FA12.5.  

We determined a Clapeyron slope for the bm-pbm 
transition of 9.6 MPa/K for MS, decreasing to 8.4 and  
8.1 MPa/K at 6.3 and 12.5 mol% FS and to 8.2 and  
7.3 MPa/K at 6.3 and 12.5 mol% FA. A reaction from FA-rich 
bm and Fe-metal to FS-rich pbm produces additional Al2O3 
and MgO: 

2FeAlO3 + 3MgSiO3 + Fe = 3FeSiO3 + Al2O3 + 3MgO 
In peridotite, the excess MgO and Al2O3 may dissolve in 

ferropericlase and pbm, respectively. If pbm becomes Al-
saturated, Ca-ferrite- (CF-) or Ca-titanite- (CT-) structured 
phases with the MgAl2O4-component may form.  In basaltic 
rocks, MgAl2O4 will enter the CF-CT-phases, with excess 
MgO reacting with SiO2 from silica-dominated phases to 
increase the MS-component of ppv. 
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Zircons in asteroidal, lunar, and martian rocks are rare, but a 
modest number have been documented from eucrites (from 4 
Vesta), Apollo samples and lunar meteorites, and recently from 
the NWA7034/7533 martian meteorite “clan”. Sub-micrometer 
distributions of trace elements (Ti, U, Th, REEs) and 235,238U-
207,206Pb ages were investigated in zircons identified in 
brecciated eucrites [1], Apollo 14 impact rocks [2], and NWA 
7034 [3]. Data reveal different age domains correlative to 
mineral chemistry in cores vs. mantles within individual 
zircons, as well as in different zircon age populations. These 
compositional differences (e.g. [Th/U]zrc, Ti-in-zircon 
thermometry, REE partitioning, and Pb* isotope discordance) 
can be related to ancient thermal events to the 4 Vesta, Moon 
and Mars. Results confirm that Vesta’s crust solidified within a 
few million years after the formation of CAIs (4561±13 Ma), 
in good agreement with previous work. Subsequent zircon age 
re-setting occurred less than 40 Myr later (ca. 4530 Ma). At 
least three distinct age populations for the Moon (4334 ± 10, 
4245 ± 10 and 3953 ± 10 Ma) were identified. For Mars, a 
4428 ± 20 Ma age with ca. 1700 Ma lower intercepts confirms 
previous work (Humayun et al., 2013). Analytical modeling to 
account for the thermal field required to re-crystallize zircon in 
the younger domains from these objects shows that impact 
velocities to the asteroid belt, Mars and the Moon must have 
been substantially different from today. Differences in 
recorded ages for these different planetary objects is 
attributable to differences in mineral closure temperatures  
(Tc zircon >> apatite) and changes to the velocity distributions 
of impactors in the asteroid belt during the long tail of 
accretion. I will review how these results lend support to the 
idea that instead of a simple unimodal “Late Heavy 
Bombardment” scenario, or a monotonic decline in impacts, 
the inner solar system was battered by multiple cataclysms 
since ca. 4240 Ma, and perhaps earlier. Such Early and Late 
Heavy Bombardments – or “Picket fence”-like bombardment – 
best describes the mode and tempo of impacts that 
accompanied the late stages of solar system formation and 
giant planet migration.  
 
[1] Hopkins et al. (2015) Icarus 245:367–378; [2] Hopkins and 
Mojzsis (2015) CTMP 169; 30; [3] Humayun et al. (2013) 
Nature 503, 513-517. 
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Introduction 
222Rn and Ra isotope measurements have been undertaken 

in a Mediterranean karstic aquifer for a better characterization 
of  groundwater origin and recharge. Ra isotope activities in 
water involve various processes depending on their different 
half-lives and allow to investigate hydrodynamical behaviour 
over short or long time periods [1] .  

Sampling and analytical methods 
  A radon and radium isotope survey is in progress for four 

springs of the Lez karstic system (South of France).  
222Rn has been determined using an Alphaguard© Quantum 

2 equipped with the AquaKit© system. Ra isotopes in water 
have been measured by γ spectrometry after extraction with 
MnO2 fibers and treatment. 

Results and discussion 
 (228Ra/226Ra) activity ratio of the Lez spring (≥ 0.6) is 

constant over the hydrological year but significantly higher 
than the ratio of the other springs (≈ 0.45), suggesting distinct 
lithology of their reservoirs. 

Radon behaviour of the four springs shows the dominant 
influence of precipitations, marked by a significant increase of 
the concentration in the less mineralised waters. 

The similar variations of 222Rn and (224Ra/228Ra) ratios, 
inversely correlated with electrical conductivity, suggest a 
shallow origin for the short period nuclides, as shown for 222Rn 
[2].  

A new deep well (335 m), equipped with isolated sampling 
levels, should help to decipher each compartment 
hydrodynamics. 

This study suggests that analyses of all four radium 
isotopes and 222Rn can provide a valuable tool to characterize 
recharge processes in complex inland karstic systems. 

 
[1]	  Condomines et al. (2012). Geochem. Cosmochim. Acta, 98, 
160-176. [2] Savoy et al. (2011).  J. Hydrol., 406(3), 148-157. 
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The detrimental impact of heavy metal contamination on 

the environment poses a threat to humans and wildlife. Several 
strategies promote ex-situ remediation, which aims at 
removing the mobile ions. However, it is more promising and 
convenient to perform in-situ immobilization of the mobile 
heavy metal fraction by increasing the stability of adsorbed 
species onto minerals surfaces. In those situations where in-
situ remediation can be achieved, options include adding 
natural and synthetic additives. Phyllosilicates display an 
exemplary sorption capability and can be used to stabilize 
heavy metals. However, the structures and mechanism behind 
the processes occurring at the mineral surfaces are unclear and 
require atom level insights. Atomistic simulations have not 
been fully exploited to investigate these processes because of 
the complexity of the systems involved. On the other hand they 
can provide information on local interactions that could help 
develop cost effective and green technologies for remediation 
of heavy metal ions. 

We present our recent research to gain atom-level insights 
into the factors controlling the interaction and reactivity of 
heavy metal ions at clay mineral – water interfaces. We use a 
combination of quantum and potential based methods to 
explore different size and time scales, which enables us to 
efficiently evaluate structural and dynamical properties of this 
class of geosorbents. We explore the sorption behaviour of 
clay minerals not only at the basal plane but also at edge 
surfaces. Edge surfaces have a greater range of compositions 
and charges and can provide a more efficient route to heavy 
metal immobilization. 
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The fate of reactive solutes in the subsurface is the result of 
the coupling between physical processes and complex reaction 
networks. Capabilities available in geochemical codes reflect 
this complexity, typically including a wide range of 
homogeneous and heterogeneous reactions, under kinetic and 
equilibrium assumptions. For convenience, implementation of 
new geochemical capabilities into flow and transport codes is 
often circumvented by coupling them to existing reaction 
codes. While these couplings have been successfully 
accomplished on a case by case basis, a systematic way to 
carry them out may improve efficiency and facilitate code 
maintenance. Further, interoperability can make it possible to 
access a range of capabilities not available in legacy codes. 

 Adaptive mesh refinenment (AMR) is a numerical 
technique for locally adjusting the resolution of computational 
grids. AMR makes it possible to superimpose levels of finer 
grids on the global computational grid in an adaptive manner 
allowing for more accurate calculations locally. In reactive 
transport problems, AMR may be particularly useful in 
accurately capturing concentration gradients (hence, reaction 
rates) that develop in localized areas of the simulation domain, 
while using a coarser grid elsewhere, thus without need of 
trading off resolution for simulation domain size.  

Here, we have used Alquimia, a biogeochemistry API and 
wrapper library that provides a unified interface to the 
biogeochemistry routines from geochemical codes, to couple 
the existing codes CrunchFlow and PFlotran to Amanzi, a flow 
and transport simulator built with AMR capabilities. Both 
Alquimia and Amanzi have been developed as part of 
Advanced Simulation Capability for Environmental 
Management (ASCEM), a software project that aims at 
developing next-generation, science-based reactive flow and 
transport simulation capabilities to address DOE-EM’s waste 
storage and environmental cleanup challenges. 

In this presentation, we will describe the challenges 
associated with the development of such interfaces. Further, 
we will present applications of the resulting coupled simulation 
with an emphasis on highlighting the use of adaptive mesh 
refinement in reactive transport modeling. 
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During the last glacial permafrost-affected areas extended 

further south and were much larger than at present. During the 
transition to the Holocene, some of this permafrost must have 
thawed releasing much of the carbon stored within the soils. 
This may have contributed to atmospheric pCO2 rise and ∆14C 
decline, assuming that pre-aged or ancient carbon was 
released. Thawing permafrost likely has resulted in large 
amounts of terrigenous organic matter exported to the ocean, 
and records of this release may be found in sediments 
accumulated near the mouth of rivers draining permafrost-
affected areas. 

We investigated two sediment cores (LV28-4 and SO178-
13-6) recovered from the Okhotsk Sea near the mouth of the 
Amur River. Biomarker records document increased discharge 
of terrigenous organic matter during the last deglaciation 
between 17 and 8 ka. Compound-specific radiocarbon dating 
of long-chain n-alkanoic acids reveals that the terrigenous 
organic matter was substantially older at deposition during this 
period than during the late Holocene. During the deglaciation, 
∆14C of these leax-wax lipids was similar to values observed 
off Siberian rivers draining discontinuous permafrost areas 
today (i.e., Ob and Yenisei), while modern values compare 
favourably with leaf-wax ∆14C observed in sediments off the 
Danube, a large river at a similar latitude as the Amur River. 
Our records thus provide evidence for deglacial release of 
substantial amounts of pre-aged organic matter from thawing 
permafrost.  
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The volcano of Oldoinyo Lengai is located in the Gregory 
rift, in the Eastern branch of the East African Rift. It is the only 
active carbonatitic volcano on Earth and therefore represents a 
natural laboratory to study carbonatite genesis. The most 
recent explosive eruption, in 2007-2008, began with 
natrocarbonatite and nephelinite material, and rapidly turned to 
combeite-wollastonite nephelinite compositions [1]. Cumulate 
nodules from this last episode of eruption were sampled for 
this study; the rocks are melt-bearing cumulative ijolites which 
crystallized at the margins of the magma chamber which 
produced the 2007-2008 eruption. The petrographic 
observations allow us to determine the crystallographic 
sequence; the first mineral to appear is clinopyroxene (cpx), 
followed by garnet, apatite and finally nepheline. Melt 
inclusions are present in all the minerals and these, along with 
the late interstitial melt (glass), permit us to define the liquid 
line of descent (LLD) of the 2007-2008 magma. Based on 
major element compositions, the liquid evolved from 
phonolitic to nephelinitic. Peralkalinity increases and Si 
content decreases during the liquid evolution. The REE 
concentration evolution along the LLD has been determined by 
LA-ICP-MS, and the partitioning of REE between the different 
phases (minerals and melts) will be detailed at the meeting. 
Composite melt inclusions are also present, especially in 
nepheline, with three major phases: silicate melt, carbonate 
melt and a gas bubble. Pressure and temperature estimates 
based on equilibrium cpx-melt pairs document the plumbing 
system, with the magma chamber located around 1.7 kbar with 
magma 950°C magma. The noble gases (He, Ne, Ar) have 
been measured in cpx in order to document the mantle source, 
and to possibly bring new constraints on late stage 
contamination of the magma. Low 20Ne/22Ne ratios (below the 
air composition) suggest that kinetic fractionation may have 
occurred during interaction between magma and 
hydrothermally altered magma chamber margins. 

 
[1] Mattsson, H. B., and Reusser, E., 2010. Journal of African 
Earth Sciences 58(5):752–63 
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The Peräpohja Schist Belt comprises a greenschist to 

amphibolite facies, multiply-folded supracrustal sequence of 
quartzites, mafic volcanics and volcaniclastics, carbonate 
rocks, black shales, mica schists and greywackes which were 
deposited from ca. 2.44 Ga to 1.92 Ga, during the protracted 
rifting of the Archaean basement. Emplacement of layered 
intrusions, as well as gabbroic sills and dikes took place at 2.44 
and 2.20-2.13 Ga, respectively, and geochemistry of volcanic 
formations also indicate A-type magmatism at around 1.98 Ga. 
Metamorphism and multiple folding of the basin fill took place 
during the Svecofennian orogeny (1.9-1.8 Ga) followed by 
intrusions of post-orogenic granitoids (1.81-1.77 Ga) [1] [2]. 
The Rompas Au-U mineralisation is hosted within deformed 
and metamorphosed dolomite-quartz veins enclosed within 
mafic volcanics and contains uranium bearing zones without 
gold and very high grade (>10 000 g/t Au) gold pockets with 
uraninite. Textural evidence suggests that deposition, and 
multiple re-mobilization of uraninite was followed by a 
localized hydrocarbon-bearing fluid flow which produced 
pyrobitumen crusts around grains of uraninite. Gold 
precipitated during the latest hydrothermal event either in 
fractures cutting uraninite or in cracks and on surfaces of 
pyrobitumen.  

Re-Os dating of molybdenite, which is ubiquitously 
associated with uraninite, uraninite-pyrobitumen and gold-
bearing mineral assemblages, together with chemical age 
dating of uraninite, as well as model calculations based on the 
Pb isotope contents of lead-rich minerals (e.g. galena, altaite 
with extreme enrichments in radiogenic lead) associated with 
native gold suggest ~300 Ma difference in age between the 
early stage deposition and recrystallization of uraninite and the 
late stage, post-orogenic deposition of gold (1.78 Ga). These 
multiple hydrothermal events appear to be temporally 
coincident with the major phases of igneous activity in the 
vicinity of the mineralization. 
 
[1] Perttunen and Vaasjoki (2001) Geol. Surv. Finland Spec. 
Pap. 33, 45-84. [2] Hanski et al. (2005) Bull. Geol. Soc. 
Finland, 82, 31-62. 
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The Ciomadul volcano in the Eastern Carpathians 
represents the youngest volcanic activity in the Carpathian-
Pannonian Region. The volcanism was characterized primarily 
by lava dome extrusions and related PDC deposits although 
medium to large explosive eruptions also occurred. The 
volcanic products are high K-dacites with variable crystal 
content. Here, we present combined 238U/230Th 
disequilibrium and (U-Th)/He zircon ages (ZrHe) for 
pyroclastic deposits and lava domes. According to the 
disequilibrium corrected ZrHe eruption ages the volcanic 
activity occurred from 150 ka to 32 ka. Two main active 
phases were identified with a ~40 ka hiatus between them. The 
first phase was characterized by lava dome activity which was 
followed by a more explosive eruption phase with minor 
effusive activity at 56-32 ka when subplinian to plinian 
eruptions produced volcanic ash clouds that blanketed 
extended areas. The erupted dacitic magma was formed due to 
the remobilizitation of an upper crustal silicic crystal mush 
body by hot mafic magma [1]. The silicic crystal mush is 
represented by low-An plagioclase, low-Al amphibole, biotite 
and accessory minerals, such as zircon, titanite, apatite and 
allanite as crystal clots and solitary minerals in the dacites. 
Amphibole-plagioclase [1] [2] and Zr-in-titanite thermometry 
[3] yields 700-740 °C crystallization temperature indicating 
that the crystal mush was close to the solidus temperature well 
before the remobilization. 
 
[1] Kiss et al. (2014) Contrib. Mineral. Petrol. 167:986. [2] 
Harangi et al. (2015) J. Volc. Geoth. Res. 290, 82-96. [3] 
Hayden et al. (2008) Contrib. Mineral. Petrol., 155:529-540. 
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The carbonate-dominated Mesozoic sequence of the 

Transdanubian Central Range contains layered phosphorite in 
the Triassic (near Pécsely) and nudular phosphorite in 
Cretaceous (near Tata) strata. Both phophorite occurrences 
may be important because of their trace element content. 
Uranium enrichment was proven in the Triassic phophorite 
layers, in contrast, the chemical composition of the Cretaceous 
formation has not been studied yet.  

The depositional age of the Triassic phosphorite is well 
constrained by marine biostratigraphy. The LA-ICP-MS U-Pb 
age 237±11 Ma coincides with the stratigraphic age – 
indicating negligible ion exchange during burial history. The 
main mineral is carbonate-fluorapatite, but calcite and rarely 
hematite also occur. According to EPMA analyses, the U 
enrichment in the phosphorite layer is most likely related to the 
carbonate-fluorapatite, as it contains 0.023-0.3 mass% U, 
while no other U-bearing minerals were observed. A total REE 
content of 0.031-0.889 mass% (La, Ce, Nb, Dy, Sm, Nd, Tb, 
Pr, Ta, Y, Gd, Eu) was also detected. Based on the elemental 
distribution mapping, both the U and REE occur 
homogenously distributed in the crystals. The analyses 
revealed that the UO2–SO3 and P2O5-CaO content correlate 
positively, while the UO2-P2O5, P2O5-SO3 and SO3-CaO 
content correlate negatively. The results suggest that the 
phosphorite formed partly during sedimentary processes, 
syngenetical with the host limestone, though traces of a later 
fluid mobilization are also found. 

In contrast, the Cretaceous nodular phosphorite occurs at 
the basis of the Aptian grey, Crinoidea-bearing limestone. The 
structure and texture of the Cretaceous phosphorite strogly 
differ from the Triassic phosphorite, idicating principal 
differences in genesis. We aim to describe the formation 
mechanism by geochemical composition of this occurrence, 
the aims of this reaserach are to investigate this formation with 
modern tools and to compare it to the already well described 
Triassic phosphorite.  

2172



 Goldschmidt2015 Abstracts  

 2173 

Duration of epithermal precious 
metal deposition based on ore grade, 
tonnage, fluid flow rate, and metal 
concentration of ore-forming fluids 
D. MONCADA12*, J. D. RIMSTIDT1 AND R. J. BODNAR1 

1Department of Geosciences, Virginia Tech, Blacksburg, VA 
24061 USA (jdr02@vt.edu, rjb@vt.edu) 

2Departamento de Geología, Chile and Andean Geothermal 
Center of Excellence (CEGA), Universidad de Chile, 
Santiago, Chile(*dmoncada@ing.uchile.cl) 
 
The duration of the mineralizing event is one of the least 

understood aspects of ore genesis. We have used ore tonnage 
(production + reserves) and grade information along with 
observed fluid flow rates in active geothermal systems to 
estimate the amount of time required to form an epithermal 
Au-Ag deposit. Total gold tonnage for 279 epithermal veins 
and deposits ranges from 0.0002 T (6 troy oz; Wharekirau- 
ponga, NZ) to 1,089 T (35 million troy oz; Pueblo Viejo, 
Dominican Republic), with an average of 7.10 T Au. Total 
silver tonnage for 252 epithermal deposits ranges from  
0.0004 T (12 troy oz; Wharekirau- ponga, NZ) to 62,207 T 
(2.0 billion troy oz; Cerro Rico de Potosi, Bolivia), with an 
average of 60.3 T (1.94 million troy oz) Ag. The average gold 
grade, based on 241 deposits, is 4.7 g/T, and the average silver 
grade for 213 deposits is 89 g/T. The reported metal content 
and grade data suggest that about 1012 kg of fluid is required to 
form an average size deposit, but that 1016 kg of fluid is needed 
for the largest deposits. The average reported flow rate for 695 
modern geothermal systems is about 10 kg/sec with the highest 
reported value near 3,000 kg/sec. Based on this average flow 
rate, the time required to form an average epithermal precious 
metal deposit is ~10,000 year. However, the very largest 
known deposit could have formed in 10,000 years at a fluid 
flow rate of 3000 kg/sec. 

Results of this assessment indicate that the duration of 
active mineralization in epithermal systems need not be longer 
than ~104 yr, assuming continuous deposition. Field and 
laboratory data suggest, however, that mineralization is not 
continuous but, rather, is episodic and associated with discrete 
hydrothermal eruption events that lead to boiling and the 
quantitative precipitation of all metal in solution. As such, gold 
and/or silver deposition is likely occurring over only a small 
fraction of the total lifetime of the hydrothermal system. 
Results of this study also suggest that formation of giant 
deposits in a geologically reasonable amount of time requires 
hydrothermal systems that were active for longer periods of 
time and were characterized by higher fluid flow rates. 
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The Singhbhum granitic batholithic complex (SGB,  

3.3-3.1 Ga) occupies the major part of the Singhbhum Craton 
in eastern India, which is surrounded by Archean greenstone 
belts. The SGB is intruded by the N-S, NNE-SSW, NNW-SSE 
and E-W trending mafic dykes known as the Newer Dolerite 
Dyke Swarm with reported ages ranging from 2500-950 Ma. 
This study focuses on three differently trending mafic dykes 
sampled from Kaptipada (NNE-SSW), Satkoshia (NW-SE) 
and Keonjhar (N-S) areas in the Orissa state. The dykes show 
variation in grain size and modal mineralogy across the trend; 
plagioclase, orthopyroxenes, and clinopyroxenes are the major 
minerals and phlogopite, magneitite and illmenite are the 
minor minerals. Major elements show that the Satkoshia dyke 
is basaltic whereas, the Keonjhar and Kaptipada dykes are 
boninitic or low-Ti high-Mg siliceous basaltic in composition. 
The Kaptipada dyke shows ‘U’ shaped chondrite normalized 
REE similar to Phanerozoic arc-derived boninitic magmas, 
whereas, Sathkosia dyke has more evolved REE. In primitive 
mantle (PM) normalized plots all dykes show similar PGE 
fractionated patterns that are enriched in Pd, Pt and Rh relative 
to Os, Ir and Ru. The Keonjhar dyke shows more fractionated 
PGE (Pd/Ir ≈ 72-132) than the Kaptipada (Pd/Ir ≈ 25-42) and 
the Sathkosia dykes (Pd/Ir ≈ 21-37). The Pd/Ru ratios range 
from 4.0-26 (Kaptipada Pd/Ru ≈ 4.0-6.0; Sathkosia Pd/Ru ≈ 
6.0-15; Keonjhar Pd/Ru ≈ 13-26) which is higher than 
primitive mantle (Pd/Ru ≈ 0.79). The Pd/Pt ratios range 
between 1.4–4.0 (Kaptipada Pd/Pt ≈ 1.4-3.6; Sathkosia Pd/Pt ≈ 
2.0-4.0; Keonjhar Pd/Pt ≈ 1.4-3.6) which is also higher than 
primitive mantle (Pd/Pt ≈ 0.5). In the PM normalized plots all 
dykes have depleted Ni and Cu than the PGEs suggesting 
parental magmas had not undergone prior sulfide liquation. 
This study suggest that the dykes are not co-genetic and the 
parental magmas were generated in supra-subduction zone to 
MORB like settings through different stages during 
stabilization of the Singhbhum Craton. 
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We have investigated the geochemistry of bulk rock lavas 
as well as naturally quenched and experimentally homogenized 
melt inclusions (M.I.) hosted in olivine, plagioclase and 
pyroxene of the Calbuco stratovolcano situated in the central 
Southern Volcanic Zone (CSVZ) of the Andes. Lavas (basalts 
to dacites with a predominance of basaltic andesites) and M.I. 
range in composition from 45 to 76 wt. % SiO2 with a 
restricted compositional gap between 61.5 and 63.5 wt. % 
SiO2. From 45 to 61.5 wt. % SiO2, both bulk rock and M.I. 
analyses define two differentiation trends that differ by their 
MgO content. In the AFM diagram, the high- and low-MgO 
trends respectively plot in the calc-alkaline and tholeiite fields. 
Moreover, in Harker diagrams with wt. % MgO as the 
differentiation index, the high-MgO trend is higher in SiO2, 
K2O, Rb, Ba, Y, Ce, Th, U, Zr, Nb and lower in TiO2, Al2O3, 
FeO, CaO, V, Ni, Cu than the low-MgO trend. Melt inclusions 
analyzed in highly magnesian olivine (Fo>80) correspond to 
the least differentiated compositions and are silica-saturated 
(hypersthene normative) and silica-undersaturated (nepheline 
normative) in respectively the high- and low-MgO trends. The 
two parent magmas could have been produced by 
differentiation either from a common primary magma or from 
two distinct primary magmas that result from varying extent of 
partial melting or source heterogeneity. Modelling of the high-
MgO differentiation trend indicates that mixing and fractional 
crystallization are both possible differentiation processes. 
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Geochemical numerical models require a comprehensive 
and coherent thermodynamic database. Although today’s 
geochemical database are quite complete, including the most 
common reaction and reaction constants, some reactions 
typical of specific environments are not included yet.  

As part of the EU FP7-funded Integrated Methods for 
Advanced Geothermal Exploration (IMAGE) project, a 
building up of a thermodynamic database focused on thermal 
aureole minerals, with Pitzer formalism was carried out. 

Therefore, the thermodynamic properties of several 
minerals have been added to the Thoughreact Pitzer default 
database (data0.ypf). Input data, in a modified format were 
also added to the provided Toughreact (Thermok.dat) and 
Phreeqc (llnl.dat) databases, to be used both in Debye-Hückel 
[1] and in the Pitzer [2] aqueous model.  

The data were taken from available literature on 
thermodinamical properties of minerals, and in particular from 
the thermodynamic data collection of Holland and Powell [3] 
and Holland et al. [4] among many others. 

The new data collection allow to carry out two simple 
models of interest in fossil high-temperature geothermal 
systems in Elba Island (Italy) and Geitafell (Iceland). These 
models were computed with Phreeqc. The first involves the 
formation of tourmaline from biotite which could be also 
related to tourmaline formation in the Larderello geothermal 
field. The second model is an hydrothermal alteration of an 
Icelandic basalts with meteoric water at high temperature, 
showing the possible alteration minerals. 
 
 [1] P. Debye and E. Hückel (1923), Physikalische Zeitschrift 
24: 185–206 [2] Pitzer, K.S.; Mayorga, G. (1973), J. Phys. 
Chem. 77(19): 2300–2308 [3] T.J.B.Holland & R. Powell 
(2011), Journal of Metamorphic Geology 29(3) 333–383 [4] 
T.J.B. Holland, N.F.C.Hudson, R.Powell, B. Harte (2013), J.of 
Petrology, 1-20 
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Oceanic anoxic events (OAEs) reflect the most dramatic 

changes in ocean state of the last 250 Ma. It is generally 
accepted that the marine nitrogen (N)-cycle operated 
fundamentally different during OAEs. However, the precise 
response of the marine N-cycle to periods of widespread 
anoxia and high pCO2 is subject to debate and poorly 
constrained. Using an (organic geochemical) data – model 
comparison here we provide detailed insights into the response 
of the marine N-cycle to one of the largest OAEs of the 
Mesozoic, Aptian OAE 1a (~120 Ma).  

Our results demonstrate that given an increase in oceanic 
phosphorous inventory and pCO2 associated with OAE 1a, the 
spread of anoxia would have led to intense denitrification and 
limited nitrification, causing large parts of the ocean to become 
nitrate depleted. Large oxygen minimum zones (OMZs) that 
are rich in ammonium (NH4

+) would have developed, with 
upwelling of these NH4

+-rich waters at the equator and high 
latitudes allowing NH4

+-assimilation to become an important 
pathway to supply fixed-N to the photic zone. At the same time 
rates of N2-fixation are also higher due to upwelling of waters 
with a low N:P ratio. The precise balance between N2-fixation 
and NH4

+-assimilation depends on the extent of oceanic 
anoxia, but both processes are crucial to sustain the high levels 
of primary productivity during OAEs. Our results highlight the 
impact of widespread anoxia in a high pCO2 world on the 
marine N-cycle. These N-cycle changes had a profound impact 
on the OAE's marine ecosystems and emission of N2O to the 
atmosphere (potentially reinforcing the initial 
weathering/phosphate feedback). 
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The suite of B-vitamins are essential across all domains of 
life for both central and secondary metabolism including such 
critical processes as external electron transfer, carbon fixation, 
DNA repair, and methyl transfers. Despite this, their 
distribution in the marine environment remains relatively 
unconstrained. While some organisms can synthesize their B-
vitamin requirements other must scavenge them from the 
environment, and in some regions of the surface ocean they 
have been shown to be limiting [1]. Additionally large portions 
of the surface ocean are below dissolved detection limits [2]. 
In constrast some of these vitamins have been found in fairly 
high concentrations in marine sediment [3] and thus 
understanding their distribution and production in marine 
sediments is essential to understanding biogeochemical cycles. 
Here we present data from sediment cores collected from San 
Pedro Basin (SPB), in the California Borderlands in September 
2014 and show dissolved pore water concentrations of B-
vitamins measured via high performance liquid 
chromatography paired with a triple quadrupole mass 
spectrometer (LCMS). We compare the B-vitamin profiles to a 
set of geochemical parameters including dissolved organic 
carbon (DOC) measured via TOC-V which match well with 
previously measured concentrations (0.5-1.0 mM) as well as a 
set of dissolved trace metals measured on ICP-MS which fell 
within expected ranges for Fe (65-160 µM) and were 
exceedingly low for Mn (30-300 nM). Our results demonstrate 
the dynamic nature of B-vitamins and their putative 
connections to important sediment microbial processes.   

 
[1] Bertrand and Allen (2012) Fron Microbiol 3, 1664-302X. 
[2] Sañudo-Wilhelmy et al (2012) PNAS 109, 14041-14045. 
[3] Monteverde et al (2014) Fron Microbiol in review. 
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We examine high-pressure elasticity of hydrous phases 
relevant to the Al2O3-SiO2-H2O ternary system relevant for the 
subducted sedimentary layer. In particular, we have used first 
principles simulation based on density functional theory to 
calculate the equation of state and elasticity of hydrous 
aluminosilicate mineral, topaz, Al2SiO4(OH)2. The pressure-
volume results for topaz is well represented by a third order 
Birch-Murnaghan formulation, with K0 = 166.4 (±0.6) GPa and 
K’0 = 4.03 (±0.04). The calculated full elastic tensor at 0 GPa is 
in good agreement with experimental results on fluorine end 
member of topaz. There are nine independent components to 
the full elastic constant tensor with the compressional elastic 
constants: c11 = 285.6 GPa, c22  = 357.3 GPa, c33 = 289.2 GPa, 
the shear elastic constants- c44 = 105.4 GPa, c55 = 114.6 GPa, 
and c66 = 122.5 Ga; the off-diagonal elastic constants c12 = 
121.9 GPa, c13 = 76.9 GPa, and c23 = 87.9 GPa. Topaz exhibits 
moderate single-crystal elastic anisotropy with AVP ~ 11.3 % 
and AVS ~ 8.4 % at 0 GPa. The compressional wave 
anisotropy, AVP decreases with pressure, whereas the shear 
wave anisotropy increases upon compression.  

 
Acknowledgements: MM acknowledges US NSF grant, 

EAR-1250477). JT thanks grants in aid for scientific research, 
JSPS No 26400516. 
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Greigite (Fe3S4) is a ferrimagnetic iron sulfide mineral, 

containing both Fe(II) and Fe(III) centres. It is typically found 
in lacustrine sediments, acid sulfate soils and hydrothermal 
veins. There is ongoing debate over the role of greigite in 
sedimentary settings: the partially oxidised nature of greigite 
has traditionally been seen as indicative of a metastable 
intermediate in low temperature sulfide mineralisation (e.g. 
[1]) however others have found greigite to be a distinct end-
member that forms under partially oxic (or oscillating redox) 
conditions [2]. From a thermodynamic perspective it should 
have limited stability with respect to pH and dissolved sulfur 
activity, yet it has been identified in natural sediments of up to 
a few million years old ([3] and references within). 

The iron sulfides are an important sink and potential source 
for metals in contaminated environments. Understanding the 
oxidative transformation of greigite in terms of particle size, 
nanostructure and growth mechanism of metastable and long-
lived phases is vital for understanding contaminant release and 
sequestration.  

We present a study into the oxidation of greigite under 
aqueous conditions. The effects of temperature, pH, chloride 
and sulfate concentration are examined with respect to 
tranformation kinetics, mineralogy of the oxidation products, 
and the relationship between Fe and S oxidation (using X-ray 
absorption spectroscopy), as well as particle size, shape and 
nanostructure (using small angle X-ray scattering).	  The results 
of this study provide new insights into the role and longevity 
of greigite in natural sediments and will underpin new 
remediation strategies for acid sulfate soils, while also adding 
to our understanding of the geochemical cycling of Fe and S.	  
 
[1] Hunger and Benning (2007)	   Geochem. Trans. 8, 1. [2] 
Burton et al. (2011) Geochim. Cosmochim. Acta 75, 3434-
3451. [3] Dekkers et al. (2000) Geophys J. Int. 141, 809-19 
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The mobility and toxicity of arsenic (As) are strongly 

influenced by the chemical speciation of the element. We 
studied biogeochemical redox transformations of As using 
columns packed with As(V)-contaminated sediment designed 
to simulate As-contaminated aquifers under varying redox 
condition. We inoculated Geobacter sulfurreducens to the 
columns along with 3 mM acetate as a carbon source in a 
deoxygenated artificial groundwater solution to induce 
microbial arsenic reduction. After 3 months operation under 
iron-reducing conditions, we switched the column condition to 
oxidizing conditions by injecting dissolved oxygen or nitrate as 
oxidants. We monitored the resulting arsenic release in effluent 
solutions, microbial community changes, and sediment 
characteristics in response to redox potential changes, using 
pyrosequencing and solid phase characterization techniques. 

Fe(II) concentrations in the effluent rapidly increased up to 
7 days and then decreased due to precipitation as ferrous 
sulfide with the reduction of sulfate in the artificial 
groundwater. Under the microbially achieved reducing 
condition, most of As(V) were reduced to As(III) and the 
inoculated genus Geobacter occupied 10~20% of the total 
microbial population in the columns. When columns were 
injected with dissolved oxygen or nitrate during the oxidizing 
phase of the column operation, the re-oxidation of sulfide was 
immediately and significantly observed in the effluent. 
Dissolved As concentration suggested that dissolved oxygen 
was more efficient oxidizer than nitrate. After injection of 
dissolved oxygen with acetate, the population of genus 
Geobacter significantly decreased, whereas the portion of 
Desulfosporosinus increased and Anaerolinaceae was newly 
observed. On the other hand, relatively more Geobacter sp. 
was still observed in the two columns without acetate injection. 
The genus Thiobacillus was identified in the columns, 
suggesting its role in sulfide oxidation. Electron microscopy 
and X-ray absorption spectroscopy results showed a strong 
correlation between As, and Fe and S minerals, indicating As 
association with iron sulfide phases during the reducing phase 
of the column operation.  

The results of this study contribute to the understanding of 
microbially-mediated As speciation and As biogeochemistry 
influenced by redox conditions in the aquifers.  
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The Yishui BIFs (Banded Iron Formation) are located in 

Taishan Group, Yishui county of Western Shandong Province 
of North China Craton (NCC). Iron ores of Yishui BIFs were 
characterized by REY (REE+Y) and trace element analyses 
and were compared to other BIFs in NCC. Then Yishui BIFs 
were examined in their geochemical characteristics combined 
with geological tectonic model. The iron ore samples were 
collected from the mine pits. Major elements were analyzed by 
X-ray Fluoresence Spectromemter (XRF) and trace elements 
and REE were analyzed by Inductively Coupled Plasma Mass 
Spectrometer (ICP-MS).The iron ores of Yishui BIFs are 
mainly composed of SiO2 and Fe2O3

T (85.8 to 98.8 wt%) and 
have low Al2O3, CaO and TiO2 contents. Yishui iron ores are 
plotted within the field of Precambrian BIFs of Govett’s 
triangular diagram. The trend of major element of iron ores of 
Yishui BIFs is similar to that of typical Archean BIFs in China. 
The REY patterns of BIF at Yishui show positive La, Gd 
anomalies and slightly negative Ce anomalies, showing 
enriched HREE and depleted LREE patterns. Yishui iron ores 
have distinct positive Y anomalies except one sample which 
shows slightly negative value. These REY Characteristics 
suggest that BIFs were formed in both anoxic and suboxic 
conditions, and were influenced by mixing of seawater and 
hydrothermal fluids. Yishui BIF are emplaced in the Eastern 
part of the NCC. Mantle plume model can explain the tectonic 
setting of Eastern blocks and the source of iron and silica in 
Yishui BIFs. 
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CTD/MAPR profiles collected on 118 vertical casts on the 

slow-spreading Central Indian Ridge (8°S–17°S) reveal that 
hydrothermal plumes were most commonly associated with the 
asymmetric ridge sections where ultramafic massifs formed 
along one ridge flank near ridge-transform intersections or 
nontransform offsets (NTOs). The combined plume incidence 
for axial and valley wall casts, ph=0.30, is consistent with the 
existing global trend. This agreement confirms that the long-
term magmatic budget of the CIR is the primary control on the 
spatial frequency of hydrothermal venting at this slow 
spreading ridge. Because plume frequency was higher along 
asymmetrical than symmetrical ridge sections, permeability 
likely controls where venting is expressed. The occurrence of 
hydrothermal plumes at six locations on the axial flanks 
indicates that such cooling can also produce vent sites far off 
axis, perhaps fed by fluids channeled along detachment faults.  

Both the concentration and stable carbon isotope 
composition of dissolved methane at two vent sites indicate 
that methane in the hydrothermal plumes was most likely 
derived from magmatic outgassing or the chemical synthesis of 
inorganic matter. The behavior of methane in the two high-
methane plumes is regulated by different processes, physical 
mixing and microbial oxidation of methane, mainly depending 
on the bathymetry of the sites. Bathymetry has a measurable 
effect on methane behavior even in this deep-water, mid-ocean 
ridge environment. 
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Sulfate-reducing, methanogenic, and sulfate/methane 
transition zones of marine coastal sediments are important 
locations of anoxic organic matter degradation. Recently, it has 
been found that the metabolic flexibility of microbial 
communities in these sediment zones is far greater than 
previously thought [1] [2]. Short chain fatty acids, such as 
propionate and butyrate, have been identified to be important 
intermediates in the anaerobic food chain [3]. However, little is 
known about the physiological cell membrane adaptations of in 
situ microbial populations. In order to observe how the 
microbial cell membranes respond to different nutrient 
substrates and metabolic strategies, sediment enrichment 
cultures were made from the sulfate, sulfate/methane 
transition, and methanogenic zones with different sulfate 
concentrations and either butyrate or propionate amendments 
as carbon substrates. The distribution of intact polar membrane 
lipids (IPLs) changed among the different sediment zones and 
available nutrient substrates, indicating shifts in membrane 
lipid responses to changing metabolic strategies. Hexose-lipids 
and phospholipids were more abundant in the butyrate 
amended sediments than propionate amended sediments of the 
sulfate/methane transition zone. Of particular interest was the 
presence of trimethylornithine (TMO) IPLs in multiple 
butyrate amended methanogenic zone enrichment cultures, due 
to the fact that TMOs have only previously been identified in 
low nutrient ombrotrophic methanogenic northern wetland 
subsurface planctomycete isolates and peats [4]. These results 
support growing evidence that microbial communities are 
flexible in their physiological response to different subsurface 
sediment zone metabolic regimes. 

 
[1] Finke et al. (2007), Env Microbiol 9, 1060-1071. [2] 
McInerney et al. (2008), Ann N Y Acad Sci 1125, 58-72. [3] 
Müller et al. (2010), Env Microbiol Rep 2, 489-499. [4] Moore 
et al. (2013), Appl Env Microbiol 79, 6874-6884. 
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Despite its importance to many of Earth’s biogeochemical 

systems, very little is known about weathering along 
subsurface rock fractures below the water table. To date, most 
field studies have extrapolated weathering mechanisms and 
rates from the soil profile or watershed-integrated scale, to the 
deep critical zone. This inference from the surface to the deep 
assumes the same processes act at both. Within the tropics, 
where some of the highest weathering rates in the world are 
reported, the regolith profile can be 10’s to 100’s of meters 
deep such that the weathering mechanisms at the bedrock-
regolith interface may be decoupled from those at surface.  

Here we present chemical weathering data from meta-
volcaniclastic rock, 37m deep within a tropical watershed 
(Luquillo Critical Zone Observatory, Puerto Rico). The thick 
regolith is comprised of ca. 1m of soil overlying highly 
leached saprolite embedded with intact and fractured bedrock 
corestones. The fracture surfaces and corestone-saprolite 
interfaces represent weathering hotspots, where the majority of 
mineralogical transformations and solute production occurs. 

Utilising micrometer scale elemental and mineralogical 
transects across thin sections, U-Th disequilibria data and 
reactive transport modelling we elucidate the weathering 
processes that occur at depth and calculate mineral specific 
dissolution rates. By then conducting sensitivity analysis we 
gain a mechanistic understanding of the profile-limiting 
processes that initiate regolith formation. These mechanisms 
and their rates differ significantly from those interpreted from 
stream solute fluxes or whole regolith-integrated profiles. 

We have identified the oxidative weathering of sulfide 
minerals as the first weathering reaction; occuring >30mm 
inboard of fractures. The release of sulfate during this reaction 
creates low pH microenvironments, initiating aggressive 
dissolution of other minerals and creating weathering fronts 
distinct from those measured in the overlying saprolite 
profiles. 
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Mineral carbonation in geological formations is the 

fixation of CO2 as stable carbonate minerals, such as calcite 
(CaCO3), dolomite (CaMg(CO3)2), magnesite (MgCO3), 
siderite (FeCO3) and Mg-Fe carbonate solid solutions [1]. This 
is one of the promising methods proposed to mitigate 
increasing atmospheric CO2.  

The objective of this research is to study if goethite 
(FeO(OH)),  a common mineral in soils, could be replaced by 
siderite or other iron carbonates in the presence of carbonate 
solutions. To test this hypothesis we have performed a series of 
experiments with goethite as the starting mineral using in situ 
Atomic Force Microscopy (AFM) experiments at room 
temperature, CO2-water solution at pH 3.5, NaHCO3 aqueous 
solutions at different concentrations and pH (3.5-8). As well, 
we have performed similar ex-situ hydrothermal experiments, 
under a range of temperatures (50-150◦C) for 7 days. After 
reaction, product phases were characterized using Raman 
spectroscopy and Scanning Electron Microscopy (SEM).  

 
Acknowledgement: This work is funded within a Marie 

Curie EU initial training network – CO2 React. 
 
[1] Gislason S.R. et al. Mineral sequestration of carbon dioxide 
in basalt: A pre-injection overview of the Carb-Fix project. 
International Journal of Greenhouse Gas Control. 4, 537-545 
(2010). 

 

2186



 Goldschmidt2015 Abstracts  

 2187 

Melting criterion in laser heated 
diamond anvil cell experiments: 

Combined in situ and ex situ methods 
G. MORARD1, D. ANDRAULT2, D. ANTONANGELI1,  

J. SIEBERT1, F. GUYOT1, A. L. AUZENDE1, O. LORD3,  
J. BOUCHET4, M. HARMAND1, B. COCHAIN5,  

G. GARBARINO6, I. KANTOR6, R. TORCHIO6, E. BOULARD6 
AND M. MEZOUAR6 

1Institut de Minéralogie et de Physique des Milieux Condensés, 
Université Pierre et Marie Curie, Paris, France 

2Laboratoire Magmas et Volcans, Clermont-Ferrand, France 
3School of Earth Sciences, University of Bristol, Wills 

Memorial Building, Queen’s Road, Bristol, BS8 1RJ, UK 
4CEA, DAM, 91297 Arpajon, France 
5Scottish Universities Physics Alliance (SUPA), School of 

Physics and Astronomy, Centre for Science at Extreme 
Conditions (CSEC), University of Edinburgh, Edinburgh, 
EH9 3JZ, UK 

6European Synchrotron Radiation Facility, Grenoble, France 
 
The major portion of the Earth’s core is in the liquid state, 
accounting for 18% of the total planetary volume. Although 
mostly composed of iron, it contains impurities that lower its 
density and melting point with respect to pure Fe. It is 
therefore important to determine melting relations and melting 
temperature of iron alloys under extreme conditions to 
constrain thermal structure and dynamic of the Earth’s core. 

We will present results of XRD and XANES 
measurements on liquid iron alloys in Laser-Heated Diamond 
Anvil Cell (LH-DAC) up to megabar conditions, obtained 
respectively on ESRF beamlines ID27 and ID24. We will also 
present complementary laboratory experiments perfomed on 
iron alloys, combining in situ temperature versus power 
measurements and microscopic study of recovered samples.  

 
 

2187



 Goldschmidt2015 Abstracts  

 2188 

The role of sea ice in the carbon cycle 
of polar seas: 1D to 3D modeling 

SÉBASTIEN MOREAU1, MARTIN VANCOPPENOLLE2 AND 
HUGUES GOOSSE1 

1Earth and Life Institute, Université catholiqu de Louvain, 
Louvain-la-Neuve, Belgium, s.moreau@uclouvain.be 

2Sorbonne Universités (UPMC Paris 06), LOCEAN-IPSL, 
CNRS/IRD/MNHN, Paris, France, mvlod@locean-
ipsl.upmc.fr 

3Earth and Life Institute, Université catholiqu de Louvain, 
Louvain-la-Neuve, Belgium, hugues.goosse@uclouvain.be 

 
Sea ice participates actively in the biogeochemical cycle of 

carbon of polar Oceans, yet to which extent is not clear. We 
investigated the role of sea ice in polar Seas carbon dynamics 
through 1D to 3D modelling developments. First, we 
constrained all major physical and biogeochemical processes 
with respect to sea ice CO2 dynamics (carbonate chemistry, 
biological activity, ikaite precipitation and ocean-ice-air CO2 
fluxes) in a one-dimensional sea ice model. The CO2 budget in 
sea ice is driven by the CO2 uptake during ice growth and 
release by brine drainage, whereas other processes such as 
brine-air CO2 fluxes, despite significant, are secondary. 
Subsequently, based on these preliminary conclusions, we 
evaluated the role of sea ice in the carbon dynamics of polar 
Oceans by using the ocean-ice coupled Global Earth System 
Model NEMO. Physical processes, i.e. the drainage of DIC 
(total dissolved inorganic carbon) by sea ice, participates in the 
export of DIC to the deep waters of the Arctic and Southern 
Oceans (by, respectively, ~1.8 and 2 Pg C after 500 years) but 
this contribution is low. Sea ice biogeochemical processes 
have a large impact on the surface ocean pCO2 and, thus, on 
CO2 fluxes. The sea ice transport determines how sea ice 
biogeochemistry influences carbon cycling in both polar 
Oceans. Overall, sea ice biogeochemistry enhances the uptake 
of CO2 by the Global Ocean, i.e. by ~1.9 Pg C after 500 years.  
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The Frasnian-Famennian boundary has been recorded in 
the Catalonian Coastal Ranges (CCR) within a sequence of 
black shales, quartzarenites and radiolarian-rich chert 
deposited in a coastal sedimentary environment. This sequence 
has been dated as latest Frasnian (uppermost rhenana-
linguiformis conodont zones) based on palynomorphs. 
Geochemical data of black shales record a rising 
environmental stress manifested in three succeeding pulses. 
High P2O5 and moderate TOC values, along with other 
inorganic proxies suggest for the lowermost pulse disoxic 
environmental conditions linked to high organic productivity. 
The second pulse has recorded low intensity hydrothermal 
activity in the black shales as suggested by the anomalous 
values of chalcophile elements (i.e. As, Hg, Sb, Co, Ni, Pb and 
Cu) with no evidence of anoxia. The uppermost pulse is 
characterized by strong anoxic, but not euxinic, conditions, 
some hydrothermal input and changes in the weathering 
regime. Anoxia is suggested by TOC values up to 13 wt% and 
positive anomalies of the main inorganic proxies for anoxia 
including: UEF, MoEF and Re. Hydrothermal input  is recorded 
as high Pb, As and Hg values. Variations in the weathering 
regime are also indicated by changes in Al-normalized major 
elements (i.e., Ca, Na, K and Mg) and some traces (i.e., Zr, Hf, 
Nb) at Ti/Al constant. Considering all the geochemical data, a 
strong case exists that this last pulse represents the Upper 
Kellwasser event, and that the co-occurrence of different 
environmental agents is the final cause promoting this event in 
the CCR. 
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Pronounced and unexplained iron enrichments are 
frequently localized in Holocene, marine sediments of the 
coastal provinces of The Netherlands. A supratidal/intertidal 
zone in the province of Zeeland, The Netherlands is considered 
a current analogue for diagenetic processes of Holocene buried 
sediments.  We hypothesize that the combination of dynamic 
redox gradients with oscillating hydrodynamics are triggering 
local enrichments of reactive Fe.  Lateral and vertical 
variabilities in this zone are approached through sampling 
along several transects perpendicular to the gullies and 
following the intertidal to supratidal transition. The sediment 
samples were geochemically characterized and pore water was 
extracted and analysed.  Groundwater dynamics in the area are 
simulated with a 3-D geohydrological model which is tuned 
with piezometer data. Reactive Fe ranges between 14-46% of 
the total Fe, and it shows a strong lateral and vertical 
variability along the supratidal/intertidal transects.  The upper 
clay-rich unit is generally enriched in reactive iron.  Pyrite is 
ubiquitous in the supratidal/intertidal area but also Fe oxides 
are considerably present.  Fe oxides are the main Fe-bearing 
phase in the upper-distal part of the supratidal area, reaching 
up to 88% of the reactive Fe..  This is reflecting a varied redox 
zonation within the area of study.  Pore water signatures 
indicate ongoing pyrite oxidation even in the saturated zone in 
the deeper sediments. Despite the dynamic Fe redox 
transformations, the predominant result of diagenetic processes 
seems to be changes in Fe speciation that do not lead directly 
to a spatial resistribution of solid Fe.  Considerable spatial 
variability is thus observed in Fe contents but the formation of 
outliers with pronounced Fe enrichments remain enigmatic. 
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World-class iron oxide-copper-gold (IOCG) deposits (e.g., 

Sossego, Salobo, Igarapé Bahia) comprise the most important 
Cu resources in the Carajás Province, Brazil. The deposits are 
hosted by: i) Mesoarchean granites, gneisses and greenstone 
belts; and ii) Neoarchean metavolcanic-sedimentary units, 
bimodal intrusive rocks and gneisses. 

Isotope data combined with field evidence suggest a 
multistage evolution of IOCG mineralization in the Carajás 
Province, with recurrence of ore-forming systems during the 
Neoarchean and the Paleoproterozoic. These included: 

i) Syngenetic to diagenetic chalcopyrite associated with 
rhythmites at the Igarapé Bahia deposit, and fluid circulation at 
the Bacuri deposit at 2.76 Ga; 

ii) A major episode of IOCG formation at 2.72-2.68 Ga 
related to basin inversion coupled with Neoarchean 
magmatism (e.g., Sequeirinho-Pista ore bodies at the Sossego 
deposit; Bacaba, Castanha, Bacuri, Visconde and Cristalino 
deposits); 

iii) A ca. 2.5-2.4 Ga hydrothermal and/or remobilization 
events synchronous with shear zone reactivation and 
responsible for the Sabolo and Igarapé Bahia deposits; 

iv) Paleoproterozoic (1.90-1.87 Ga) IOCG mineralization 
related to the emplacment of A-type granites and represented 
by the Sossego-Curral ore bodies (Sossego deposit) and the 
Alvo 118 deposit. 

The deep-seated Neoarchean IOCG systems are 
characterized by breccia and replacement bodies associated 
with albite–scapolite, biotite–scapolite–tourmaline or 
almandine–grunerite, and magnetite– (apatite–actinolite) 
formation. Shallow-emplaced Paleoproterozoic IOCG 
systems, formed under brittle-dominated regime, have 
characteristic potassic and chlorite alteration zones. The 
reccurence of hydrothermal systems in time and space 
contributed to the complex hydrothermal overprint observed in 
the Neoarchean deposits, as well as Cu enrichment in the 
Paleoproterozoic. 
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It is crucial to stabilize atmospheric levels of CO2 to 
mitigate global warming. One solution is the permanent 
injection of captured atmospheric carbon into geologic storage 
sites. To quantify the long-term success of any carbon storage 
project, it is essential to understand the nature and rate at 
which artificially injected CO2 will react with subsurface fluids 
and the minerals in the surrounding reservoir. Many of these 
fundamental fluid-fluid and fluid-mineral processes are still 
poorly understood. In this study, we have analysed temporal 
and spatial changes of fluid samples collected from a ~ 104 yr 
old natural CO2 storage analogue (Green River, [1]) and a CO2 
injection experiment (EOR in the Salt Creek Field, Wyoming 
[2]) to help model subsurface CO2 flow and better constrain 
the reaction rates. Focus is placed on the concentration and 
isotopic composition data of two stable isotope systems: 
Lithium and Magnesium. The tendency of these isotopic 
systems to mass-dependently fractionate during low 
temperature weathering and reverse weathering (alumino-
silicate clay formation) reactions allows them to serve as 
unique tracers of silicate weathering, and to better track the 
fate of injected CO2 at the storage sites. 

 
[1] Kampman et al. (2014) Chemical Geology 369, 51-82. [2] 
Bickle et al., (2013). Abstract, AGU Fall meeting, V34A. 
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This contribution presents a pair of processing tools for the 

modelling of diffusion profiles in crystals.  FINDIF is a finite-
difference model coded in C++ that allows for diffusion 
anisotropy (within the limitations of a square grid), 
composition dependence tied to diffusing species, varying 
mineral phases, dynamic temperature-dependent partitioning 
and variable conditions of temperature.  In this regard it 
provides an open-ended tool for the modelling of complex 
diffusion geometries in natural samples.   AutoDiff uses a 
database of profiles generated in FINDIF to enable rapid 
matching of profiles measured in natural samples with those in 
the database.  This provides a quick method to determine 
timescales from natural crystals that does not involve lengthy 
iteration of finite difference methods.  This also provides a 
constraint on whether the profile is likely to be diffusion-
generated or could represent crystal growth processes, as 
deviations from ideal profiles indicate a difference in process 
from that assumed; i.e., a simple square-wave initial geometry. 

Finally, a method for propagating uncertainties in 
diffusional geochronometers is presented, that incorporates 
several key parameters in measured data that can influence the 
accuracy of the end result.  This can be presented as a full 
statistical treatment (via Monte Carlo methods) or as a near-
equivalent method that can estimate uncertainties with good 
precision with less computational overhead, suitable for rapid 
investigation.   
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Magma mixing, is a petro-volcanological process that 

often operates in concert with fractional crystallisation and 
assimilation to produce chemical and temperature gradients in 
magmas. Understanding the mechanistic chain leading to such 
process is one of the main goals in Petro-volcanology. Here we 
take a deep look into the mixing process occurred in the 
Grizzly lake eruption in the Yellowstone National Park (USA). 
The mixing/mingling between rhyolitic and basaltic magmas is 
observed at different scales, including variable structural and 
textural patterns, as well as morphologies such as filament-
like, enclaves, and mineral phases showing chemical and 
physical disequilibrium. The type and complex geometry of 
these structures strongly depends on the mixing dynamics of 
the system (e.g. Perugini et al., 2012; Morgavi et al., 2013). 
Quantify the physical and compositional variability of these 
structures together with the onset of crystallization during 
dynamic mixing is essential for understanding the development 
of large heterogeneities in magmatic systems. To address such 
intricate study we need detailed analytical and experimental 
studies. We present the first set of dynamic mixing 
experiments coupled with the onset of crystallization in 
cooling, performed using natural basaltic and rhyolitic melts 
from the Yellowstone volcanic system. The mixing process is 
triggered by a recently developed apparatus that generates 
chaotic streamlines in the melts, mimicking the intricate 
structures found in natural outcrops. The onset of 
crystallization is then performed with several cooling rate. The 
variation of major and trace elements in melt and crystals is 
studied in detail by electron microprobe (EMPA) and Laser 
Ablation ICP-MS. 
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For the last decades, great attention has been focused on 

the fate of arsenic released by sulfidic mine wastes weathering, 
since it may locally result in massive arsenic inputs to the 
environment due to acid mine drainage (AMD). In arsenic 
impacted water, sediments and soils, nanometer-sized iron-
oxyhydroxysulfate and oxyhydroxide minerals have been 
recognized to scavenge arsenic via sorption reactions, As(III) 
being more mobile than As(V) in acidic conditions. Important 
questions however remain about the mechanisms of As 
oxidation and reduction reactions, and about the relative 
sorption affinities of As(III) and As(V)-oxyanions for complex 
heterogeneous nanominerals. 

In the present communication, we will adress major 
pathways for arsenic redox transformations that can be driven 
by either abiotic [1] [2] or microbial processes [3-6], some of 
which having been demonstrated to result in natural 
attenuation processes of arsenic polluted AMDs [1-5]. 
Examples will be chosen from studies using synchrotron-based 
X-ray absorption spectrosocopy to monitor redox 
transformations that can be catalyzed by chemical [4], physical 
and biological factors [5-6]. Particular attention will be paid to 
the interplay between Fe(II)/Fe(III) and As(III)/As(V) redox 
couples in the presence or absence of oxygen, including 
Fenton-like processes [2]. In addition, examples of biotic redox 
transformations able to contribute to As sequestration by 
oxidized or reduced iron-containing minerals will be discussed 
in relation to the differing affinities of As(III) and As(V) 
species for specific mineral surfaces. 
 
[1] Adra et al. (2013) ES&T 47, 12784-12792. [2] Ona-
Nguema et al. (2010) ES&T 44 (14), 5416–5422. [3] Egal et al. 
(2010) Appl. Geochem. 25(12), 1949-1957. [4] Maillot et al. 
(2013) GCA 104, 310-329. [5] Egal et al. (2009) Chem. Geol. 
265, 432-441. [6] Miot et al. (2009) ES&T 43, 3315-3321. 
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The coupled 146,147Sm-142,143Nd system is a powerful tool for 
constraining the timing of earliest mantle differentiation. 
However, due to the scarcity of Eoarchean mantle-derived 
rocks with undisturbed 147Sm-143Nd systematics, its application 
has remained limited to a few evolved lithologies (Akilia 
TTGs, Isua metasediments). This study attempts to provide a 
coherent 142,143Nd dataset for the Eoarchean mantle using well-
preserved ultramafic rocks from the Nulliak assemblage. 
Samples include meta-dunites, -pyroxenites and -lherzolites 
exhibiting only minor serpentinization and limited element 
mobility. From a geochemical perspective, Nulliak ultramafics 
include "Barberton type" komatiitic compositions (low Al/Ti, 
HREE depletion), suggestive of a deep mantle source. 147Sm-
143Nd analyses yield a crystallization age of 3.756±0.068 Ga 
with ε143Ndi=1.4±0.1	  and	  μ142Nd=8.6±2.5 ppm. This 142,143Nd 
signature corresponds to a model age of mantle differentiation 
of 4.42-4.49 Ga (assuming a BSE with chondritic Sm/Nd and 
μ142Nd=0). Superchondritic compositions for the BSE would 
translate into older model ages. Irrespective of the choice of 
primitive mantle composition, Nulliak ultramafics provide 
differentiation ages 50-100 Ma older than those estimated from 
Isua metasediments and Akilia tonalites. This may indicate that 
these crustal rocks and the Nulliak ultramafics sample distinct 
mantle reservoirs. If the latter originated from deep melting of 
a hot plume, their model age could reflect the early onset of 
magma ocean crystallization in the lowermost mantle. 
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Microbeam techniques have been increasingly applied to 
investigate the presence of gold in sulfides associated with 
lode gold deposits (e.g., [1]). Shimada et al. [2] and Morishita 
et al. [3] have confirmed the presence of “invisible gold” in 
pyrite from the Hishikari deposit, and we further investigate 
the correlation between gold and arsenic in this study.  

High-grade Au Deposit and Analytical Method  
The Hishikari epithermal gold deposit (ca. 1 Ma), which is 

world-famous for its high-grade ore (40 g/t), is the largest gold 
deposit in Japan. The deposit consists mainly of quartz, 
adularia and smectite with widely distributed pyrite. 

Quantitative microanalyses (3 µm by 3 µm field) of the 
fine-grained arsenian pyrite by secondary ion mass 
spectrometry (SIMS) and electron probe microanalysis 
(EPMA) were conducted. Calibration of gold concentration 
was using external standard samples of pyrite implanted with 
Au ions, and the relative sensitivity factor was determined. The 
detection limit for Au analysis is very low (50 ppb), which 
enables to elucidate detailed relationship with As. 

Results and Discussion 
SIMS measurements revealed that the Au concentration in 

pyrite varied from sub-ppm to several thousand ppm. EPMA 
analyses revealed that the pyrite grains were heterogeneous in 
As (0 to 6%). Positive correlations between Au and As are 
universally found in the Hishikari deposit, nevertheless the 
Au/As ratio varies among ore zones. The Au/As ratio is high in 
the high Au-grade Sanjin ore zone, while that in the slightly 
high grade Honko ore zone is medium and that in the average 
grade Yamada ore zone is low. Moreover the Au/As ratio 
might depend on the depth of the veins even in the same ore 
zone. Pyrite grains exist also in the host sedimentary rocks, but 
they do not contain any Au, regardless of wide variation in As. 
The variations of the Au/As ratio in the Hishikari deposit will 
give a convincing restraint for the genesis of the very high-
grade gold deposit. 

 
[1] Cabri & McMahon (1995) Canadian Mineralogist 33, 349-
359. [2] Shimada, Nakamura, Morinaga & Shikama (2005) 
Resource Geology 55, 91-100. [3] Morishita, Shimada & 
Shimada (2008) Applied Surface Science 255, 1451-1454. 
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Geochemically-depleted shergottites are basaltic rocks 
derived from a martian mantle source reservoir. Geochemical 
evolution of the martian mantle has been investigated mainly 
based on the Rb-Sr, Sm-Nd, and Lu-Hf isotope systematics of 
the shergottites [1]. Although potentially informative, U-Th-Pb 
isotope systematics have been limited because of difficulties in 
interpreting the analyses of depleted meteorite samples that are 
more susceptible to the effects of near-surface processes and 
terrestrial contamination. This study conducts a 5-step 
sequential acid leaching experiment of the first witnessed fall 
of a geochemically-depleted, olivine-phyric shergottite, Tissint, 
to minimize the effect of low temperature distrubance. 

Trace element analyses of the Tissint acid residue (mostly 
pyroxene) indicate that Pb isotope compositions of the residue 
do not contain either a martian surface or terrestrial component, 
but represent the Tissint magma source [2]. The residue has 
relatively unradiogenic initial Pb isotopic compositions (e.g., 
206Pb/204Pb = 10.814) that fall within the Pb isotope space of 
other geochemically-depleted shergottites. An initial µ-value 
(238U/204Pb = 1.5) of Tissint residue at the time of 
crystallization (472 Ma [3]) is similar to a time-integrated µ-
value (1.7 at 472 Ma) of the Tissint source mantle calculated 
based on a two-stage mantle evolution model [1]. On the other 
hand, the other geochemically-depleted shergottites have initial 
µ-values of their parental magmas (e.g., 0.97 for NWA 1195 
[4]) distinctly lower than those of their modeled source mantle 
(e.g., 3.0 for NWA 1195). These results suggest that only 
Tissint potentially reflects the geochemical signature of the 
shergottite mantle source that originated from cumulates of the 
martian magma ocean. 
 

[1] Debaille, V. et al. (2008) EPSL, 269, 186-199 [2] 
Moriwaki, R. et al. (2015) 46th LPSC, Abs#1921. [3] Shih, C. 
Y. et al. (2014) 45th LPSC, Abs#1184. [4] Bouvier, A. et al. 
(2009) EPSL, 280, 285-295. 

2198



 Goldschmidt2015 Abstracts  

 2199 

The true effect of CO2 on silicate melt 
structure: Insights from NMR 

spectroscopy and molecular dynamic 
simulations 

YANN MORIZET1, MICHAEL PARIS2 AND  
RODOLPHE VUILLEUMIER3 

1Laboratoire de Planétologie et Géodynamique de Nantes, 
UMR CNRS 6112, 2 rue de la Houssinière, 44300 Nantes 
(France). yann.morizet@univ-nantes.fr  

2Institut des Matériaux Jean Rouxel (IMN), UMR CNRS 6502, 
2 rue de la Houssinière, BP32229, 44322 NANTES Cedex 
3 (France). Michael.Paris@cnrs-imn.fr  

3Laboratoire PASTEUR, Département de Chimie, Ecole 
Normale Supérieure et Université Pierre et Marie Curie, 
(Paris 6) UMR CNRS 8640, 24 rue Lhomond, 75005 Paris 
(France). rodolphe.vuilleumier@ens.fr  

 
Carbon dioxide (CO2) is the second most abundant volatile 

implied in magmatic systems. The effect CO2 induces on 
silicate melts structure is not clear. 

We investigated the molecular structure of CO2-bearing 
synthetic glasses with various compositions: basalt and 
nephelinite (~50 and 40 wt.% SiO2, respectively). Glasses were 
synthesised at various pressure (50 MPa to 3.0 GPa) and 
temperature (1200-1500°C). We used Raman and Solid-State 
NMR spectroscopies to characterize the recovered glasses. 
First-Principle Molecular Dynamics (FPMD) simulations were 
conducted on the CO2-bearing basaltic composition at high 
pressure (5.0 and 8.0 GPa). 

The 29Si NMR results on nephelinite glasses indicate an 
apparent increase in the degree of polymerization with 
increasing CO2 content: NBO/Si decreases from 1.2 to 0.5 with 
the addition of 4.5 wt.% CO2. This strong increase in glass 
polymerization is inconsistent with mass balance 
consideration. FPMD simulations point towards an absence of 
effect of CO2 on melt polymerization: NBO/Si changes from 
0.9 to 0.8 with the addition of 20 wt.% CO2 at 8.0 GPa. 

We propose that CO2 dissolution scavenging available 
NBOs in the melt provokes a 29Si NMR shift which mimics an 
apparent increase in glass polymerization. 
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Interpretation of high spatial resolution geochemical maps 

of biominerals can be hampered by high frequency 
geochemical fluctuations, or when strong variations (real or 
analytical) obscure more subtle heterogeneities. We have 
developed a program with a graphic user interface called 
AERYN (Aspect Enhancement by Removing Yielded Noise). 
The purpose of this new program is to graphically remove 
outliers and smooth high-frequency fluctuations in order to 
improve the quality of final image data. 

AERYN, which is designed to be user-friendly and 
requires no programming knowledge, is able to read text files 
from a variety of software packages from different acquisition 
techniques (LA-ICP-MS, electron microprobe, SEM-EDS) and 
displays in real time any changes defined by the user in the 
form of a map and a 3-dimensional rotatable view. 

Definition and removal of outliers, as well as setting limits 
for the colour palette, are facilitated by the use of the 3-
dimensional view. Moreover, AERYN allows linear detrending 
to correct for analyical drift and reveal subtle naturally 
occurring variations. Examples of applications are presented 
with maps acquired by LA-ICP-MS and EPMA from cold-
water coral skeletons of Lophelia pertusa. 

LA-ICP-MS strontium maps (50 parallel rasters 
corresponding to 1000x400 µm) of L. pertusa. Top: baseline 
corrected and standard normalised map. Bottom: Post-
processing image with AERYN. Light colours indicate high 
concentrations. 
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The capacity of sulphur degassing to oxidise or reduce a 

magma has long been recognise. Sulphate (S6+) or sulphide (S2-

) in the melt exsolves to sulphur dioxide (SO2; S4+) and 
hydrogen sulphide (H2S; S2-) in the gas phase resulting in a 
reduction (e.g., six electrons are liberated with S2- → S4+) or 
oxidation (two electrons are captured with S6+ → S4+) of 
dissolved iron, which is the only other major multiple valence 
state element in the melt. Empirical evidences of this process 
however have remained scarce. This presentation will review 
results from a series of recent studies were the oxidation state 
of a magma has been tracked during degassing using Fe X-ray 
absorption near-edge structure spectroscopy (XANES) or S-
Kα peak shifts measurements by electron microprobe (EPMA) 
on suites of melt inclusions, embayment and glasses. At 
Erebus, Laki and Surtsey, we found that a strong reduction of 
both Fe and S is associated with magma ascent. At Erebus this 
reduction is greatest, corresponding to a fall in magmatic fO2 
of more than two log units. We propose that sulphur degassing 
can explain the observed evolution of the redox state with 
ascent and show that forward modelling using initial melt 
composition can successfully reproduce the observations. We 
suggest that redox changes induced by sulphur degassing is a 
common phenomenon taking place at many magmatic systems 
on Earth and other planets. While the oxidation state of a 
volcanic rock does not reflect that of its source, in-depth melt 
inclusion studies can help track back original redox conditions.     
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The use of precious metals and Rare Earth Elements (REE) 
in the production of electronic products continues to increase. 
To meet this demand, the recovery of REE from industrial 
waste has become a focul point of recent research. However, it 
remains unclear whether abiotic extraction procedures can be 
stimulated and optimized by using microorganisms capable of 
dissolving minerals and other solid phases in the waste. The 
goal of this project, therefore, is to evaluate combined abiotic 
and biotic extraction procedures for an increase in metal 
extraction efficiency from household waste incineration slag.  

Our research has demonstrated that the application of 
extracting solutions with pH values <4 leads to an 
economically feasible recovery of industrially precious metals 
(e.g., Co, Cr, Ag, Pt) and REE (e.g., La, Nd, Tm). We show 
that microbial cultures capable of oxidizing and reducing Fe 
minerals and S compounds optimize the geochemical leaching 
of these elements. More specifically, a variety of known 
microorganisms are evaluated for efficient metal extraction.  

Additionally, microbial communities are enriched from 
various acidic and metal-rich environments and are tested for 
increasing the efficiency of precious metal extraction from 
incineration slag. These enrichments were cultivated in the 
presence of the slag to increase the likelihood of enriching 
microbial consortia optimally adapted to each specific slag. A 
combination of known laboratory microbial cultures and newly 
enriched microbial consortia will ultimately be applied in 
precious metal extraction from household waste incineration 
slag. 
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The toxic heavy metal cadmium (Cd) contaminates 
agricultural soils worldwide and enters the human body via 
food crops and smoking. The plant Arabidopsis halleri is 
considered for the use in phytoremediation of Cd-contaminated 
soil, as it hyperaccumulates Cd. However, little is known about 
the biotic and abiotic soil parameters that influence the uptake 
and accumulation of Cd by A. halleri. Soil microorganisms 
could impact A. halleri’s uptake of Cd, as microbes are known 
to be closely associated with plants. So far, it is not known 
whether soil microbes could increase bioavailability of Cd to 
the plant, increasing the yield of Cd accumulation, and hence, 
phytoremediation.  

Here we show that the presence of soil microorganisms 
increases the uptake of Cd in A. halleri. In green house studies, 
A. halleri was grown on soil, which varied in the abundance 
and community diversity of microorganisms. The natural 
microbial community of the soil increased Cd accumulation in 
A. halleri by a factor of two compared to gamma-sterilized soil 
conditions. The plant uptake of Cd was confirmed by 
decreasing Cd contents in the soil. Using 454 pyrosequencing, 
changes in soil microbial community structure were traced and 
compared between microcosms using untreated and gamma-
irradiated soil. This approach provided first indications, which 
microbial groups are potentially involved in a higher uptake of 
Cd by A. halleri.  

The data presented here gives insights into the importance 
of a functioning microbial community for the uptake of Cd into 
A. halleri. The identification of microbial key players that 
increase the Cd accumulation by A. halleri could lead to the 
development and application of a microbially-assisted 
phytoremediation of Cd-contaminated soils. 
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Differences between Earth’s Hadean-Archean and modern 

exogenic systems have not been well integrated into models of 
crustal genesis. Although dry subduction may have occurred, 
the oldest records of felsic crust suggest hydrous melting of 
peridotite (e.g., relative depletion of HFSE and enrichment of 
LILs in mafic to intermediate melts). This hydrous melting 
signature (HMS) does not, however, require subduction.  
Rocks with an HMS can also form via sagduction, extension, 
or any process that brings water into the melt zone.  Regardless 
of how the peridotite is hydrated, it is important to recognize 
that an Archean-Hadean HMS would differ from a modern 
HMS in the relative abundances of redox-sensitive elements.  
For example, in the modern Earth surficial redox is sufficient 
to convert U from the insoluble +4 state to the soluble +6 state 
during weathering and sustain that state in the ocean to yield a 
µ−value >10,000.  Reduction to +4 during hydrothermal 
alteration of oceanic lithosphere leads to very high µ-values in 
subducting lithosphere (>10x the crustal average).  This would 
not be the case in the Hadean-Archean and low µ-values with 
retarded evolution of Pb isotopic compositions should be 
expected for Hadean-Archean, subduction-related, crust.  
Examples exist in numerous Archean cratons (e.g., Wyoming, 
Dhawar, Kaapvaal, etc.). In Wyoming, a large volume  
(>106 km3) of Mesoarchean crust is characterized by µ = 5 (< 
modern MORB of ~7). 
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Moissanite (SiC), a high-pressure mineral of mantle origin, 
is a window into the oxygen deficiency processes in the deep 
Earth. There are also inexplicable reports of SiC in mineral 
separates from granites and other shallow rocks, and it should 
be revisited with obtaining SiC in situ. One of the newest and 
poor understood occurrences of abundant SiC is Carmel Mount 
and Qishon River Valley, Israel [1]. We present here Raman 
spectroscopy and electron microscopy studies of SiC occurred 
in situ in tuff, Fig.1. The sample was collected from the debris 
slope at 30~50 m distance from basalt outcrop (N32o40’19.9” 
E35o17’22.4”) at the Yizre’el Valley,of Qishon River. The tuff 
is a part of the Miocene basaltic volcanism [2] linked to 
tectono-thermal activation of this area [3]. The Raman 
spectrum (514.5 nm laser light) exhibits first-order peaks  
(cm-1) at 797.6 (TO) and 967.2 (LO), and secondary peaks at 
610.5 (A1), 266.3 (E1), and 195.4 (E2) confirming a hexagonal 
structure, and presence of 4H SiC polytype. The FIB foils 
prepared from the same sample were studied with TEM, and 
revealed hexagonal (P63mc) symmetry with unit cells: 
a=3.073Å and c=10.053Å confirming the 4H SiC polytype. 
The 6H SiC was earlier detected in Haifa Technion Lab in 
samples from the same area. The 4H polytype is very rare 
within the terrestrial SiC; it was described as extremely small 
domains within epitaxically intergrown 6H and 15R polytypes 

of SiC inclusions in Fuxin 
diamonds [4]. Mantle origin 
of 4H SiC and redox 
conditions in significantly 
larger volume of lithosphere 
than it was thought before are 
also in the focus of this 
contribution.  

 
 
 

[1] Levin & Kolmanovich (2006), GSI, 75. [2] (Sheh et al. 
(1998), Geol. Map of Israel. [3] Chang & van der Lee (2011), 
EPSL, 302, 448-454. [4] Leung (1990), Am.Min.,75, 1110-
1119. 
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Noble gases in mantle-derived basalts provide a rich 

portrait of mantle structure, evolution and surface-interior 
volatile exchange. However, the ubiquitous presence of 
shallow-level air contamination frequently obscures the mantle 
Ne, Ar and Xe signal. In a majority of the samples, shallow air 
contamination dominates Ar and Xe budget. For example, in 
the unusually gas-rich popping rock 2ΠD43, an E-MORB that 
has been a cornerstone of noble gas geochemsitry (e.g., [1]), 
40Ar/36Ar and  129Xe/130Xe ratios reach 24,500±1500 and 
7.7±0.23, respectively, in individual step-crushes [1]. 
However, the bulk composition of the sample is close to air 
(40Ar/36Ar of ~2000 and 129Xe/130Xe of 6.7). In some samples, 
air-mantle mixing can be modeled to estimate the composition 
of the mantle source; however, most samples do not present 
favorable mixing systematics. Thus, the extent of variability in 
mantle source Ar and Xe composition is not well-constrained. 
Here we present results from a set of experiments designed to 
understand when and how shallow-level air contamination is 
added to MORBs. 

The KN207-2 sampling expedition between the Kane and 
Atlantis Fracture Zones in May 2012 recovered a depleted 
popping glass sample from the Mid-Atlantic Ridge. After 
cataloguing the sample on board the ship, chunks of fresh glass 
were sealed in ultrapure N2 at 5 psi over an interval from  
15 minutes to 2 hours after dredge retrieval. We analyzed 
carbon and noble gases in an aliquot of glass that was sealed 2 
hours after dredge retrieval. Ten step-crushes were obtained 
with 9 yielding 129Xe/130Xe of 7.50-7.67 and one yielding  
7.3. The bulk 129Xe/130Xe of the sample is 7.6, nearly identical 
to the estimated mantle source value of 7.7 for the sample. We 
are not aware of measurements on other samples where the 
bulk Xe isotopic composition of the sample is virtually 
identical to the mantle source value. Our simple experiment 
therefore suggests a path forward for dramatically reducing 
shallow-level air contamination in MORBs. Additional 
implications of the noble gas data will be presented. 
 
[1] Moreira et al., Science 279, 1998. 
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The 134 Ma Koegel Fontein igneous complex on the west 

coast of South Africa intruded during the initial phase of 
break-up of Africa and South America. Quartz porphyry dykes 
that intruded gneisses that form the roof of the main 25 km 
diameter Rietpoort granite, contain quartz phenocrysts that 
have extremely low δ18O values (as low as -2.5 ‰). These 
values reflect those of the original magma, which were as low 
as -3.1, some of the lowest ever recorded. In order to 
understand better the mechanism of formation of such low 
δ18O magmas, samples were analysed from various points 
along two ~6 km long NW-SE striking 10-15 m wide quartz-
porphyry dykes that cross the roof zone of the granite. These 
dykes are cut by the Rietpoort granite at either end and 
therefore predate the granite. Quartz phenocrysts in the dykes 
have δ18O values that range from +1.1 to +4.6 ‰, and -2.3 to 
+5.6 ‰, respectively. There is no systematic variation in δ18O 
value along the length of the dykes. Individual quartz 
phenocrysts from two dyke samples have average δ18O value 
of -1.76 ± 0.51 ‰ (n=6), and +4.68 ± 0.62 ‰ (n=5), 
respectively. These data show that the variation in δ18O value 
within the quartz crystal population of individual dykes is 
small, and much less than the lateral variation. 

We suggest that the dykes are being fed by magma 
produced by partial melting of a mafic to intermediate source, 
variably altered at high-temperature by 18O-depleted meteoric 
water. Magma so formed was dominantly vertically emplaced, 
at variable rates of ascent along the dyke. The δ18O value of 
the magma changing with time as the low-δ18O alteration 
zones were progressively consumed. Thus the lateral variation 
in quartz, and hence magma δ18O value depends on the ‘age’ 
of the magma at a particular location along the dyke. Major 
element compositions of dyke samples show limited variation 
suggesting a source that has variable δ18O value, but was 
otherwise homogeneous or constrained by melting at a 
eutectic. The Rietpoort granite shows little variation in δ18O 
value (average quartz δ18O = 8.2 ‰). This indicates that 
magmas became homogenised after the initial generation of 
low- δ18O magma.  
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Suitable decontamination agents are required to remediate 

radionuclides from complex environmental sites. For example, 
radioative contaminated seawater at the habour of the 
Fukushima Daiichi Nuclear Power Plant is a concern. This site 
poses remediation problems because of the high level activity 
and high concentration of competing ions (such as Na+, Ca2+, 
Mg2+) that block potential adsorption sites on cleanup 
materials. 

This study investigates a microbially produced calcium 
phosphate biomineral for the remediation of radioactive waters 
containing high levels of competing ions. Serratia sp. 
bacterium produces amorphous calcium phosphate (BHAP), 
with a larger specific surface area and a more reactive surface 
compared to synthetically produced hydroxyapatite [1]. 
Previous research has shown that BHAP can remediate up to 
10 times more Sr2+ and Co2+ from groundwaters than 
commercially available hydroxyapatite [2]. 

In this study, the efficiency of BHAP sorbents for the 
removal of radionuclides from saline waters was tested against 
a commercial hydroxyapatite and a clinoptilolite. Initial results 
showed that BHAP was more efficient for Sr2+ and Co2+ 
uptake. For example, Co2+ sorption by clinoptilolite decreased 
from 6.95 mg g-1 in deionised water to 1.32 mg g-1 in 90% 
seawater. Whereas, BHAP Co2+ sorption only decreased from 
8.07 mg g-1 in deionised water to 5.81 mg g-1  in 90% seawater. 

 
 
[1] Oelkers and Montel, (2008) Elements, 4, 113-116. [2] 
Handley-Sidhu et al., (2011) Environ. Sci. Technol. 45, 6985-
6990.  
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The	   geological	   record	   of	   Archean	   sulfate	   consists	   of	  

several	  barite	  deposits	   located	   in	  Western	  Australia,	   India	  
and	   South	   Africa.	   These	   sulfate	   deposits	   formed	  
episodically	  between	  3.5	  and	  3.2	  Ga	  ago	  and	  are	  associated	  
with	  felsic	  volcanoclastic	  sediments.	  In	  a	  δ34S-∆33S diagram, 
the sulfate and associated sulfides define	   a negative trend 
interpreted to reflect the conjoint effect of a mass dependent 
fractionation process (MDF; δ34S) overprinting a mass 
independent fractionation process (MIF; ∆33S) of photolytic 
origin. The MIF-S correlation has been attributed to episodes 
of intense volcanism with important releases of SO2 into the 
atmosphere [1]. In order to better understand the sulfur cycle 
associated with the formation of the barite deposits we 
performed a 4-S-isotope study of the samples from Australia 
and South Africa previously investigated for their 3 sulfur 
isotopes as well as new samples from India.	  

Bulk and in situ S-isotope analyses have been performed 
on barite and pyrite from various sedimentary rocks. Pyrite in 
ultramafic rocks and deep-water carbonaceous cherts show a 
negative ∆36S-∆33S trend of slope -0.9, which overlaps the 
generally observed trend in Archean sediments attributed to a 
specific UV-photolysis in an anoxic atmosphere. In contrast, 
pyrite in barite and associated terrigenous and volcanoclastic 
sediments follow different ∆36S-∆33S trends consistent with 
different UV-photolysis processes possibly overprinted by 
MDF processes. Moreover, in situ 4-S-isotope analysis of 
barite shows that several populations of sulfate have been 
preserved. This suggests that previous bulk analyses of the 
barite deposits correspond to a mixing of different sources of 
sulfate of different origins. These results allow discussing the 
specific role of bacterial sulfate reduction on the formation of 
the Archean sulfate reservoirs and associated sulfides. 

 
[1] Philippot et al. (2012) Nature Geoscience 5(9), 668-674. 
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The application of the clumped isotope signature (Δ47) of 
carbonate minerals as proxy for temperature is increasingly 
used in studies ranging from paleoclimatology to low 
temperature diagenetic processes. Yet inter-laboratory 
comparison of Δ47 analyses suffers from small uncertainties, 
such as the isotopic fractionation during phosphoric acid 
digestion of the carbonate mineral (13C18O16O2) to gaseous CO2 
(13C18O16O). Pioneer studies [1] [2] observed a positive isotope 
fractionation in Δ47 and determined its dependence on the acid 
digestion temperature. 

We drove various carbonate minerals to a stochastic 
isotope distribution by heating them to 1000°C in a “Paterson 
apparatus” at ETH and a piston cylinder at IPGP. Samples 
were digested in phosphoric acid at 70°C in a Kiel IV 
carbonate device and the Δ47 analyzed with a MAT 253 isotope 
ratio mass spectrometer (Thermo Scientific, Bremen, 
Germany). The Δ47 values were pressure baseline corrected, 
transferred to the absolute reference frame and projected to an 
acid digestion temperature of 25°C [3]. 

Preliminary results for the acid digestion fractionation of 
calcite at 70°C in a Kiel IV system are consistent with the 
temperature dependent acid fractionation factor derived from 
interpolating data of [4] [5] and confirm the acid fractionation 
at 25°C determined by [2] [4]. 
 
[1] Ghosh et al. (2006), GCA 70, 1439-1456. [2] Guo et al. 
(2009), GCA 73, 7203-7225. [3] Meckler et al. (2014), RCMS 
28, 1705-1715. [4] Henkes et al. (2013), GCA 106, 307-325. 
[5] Defliese et al. (2015) Chemical Geology 396, 51-60.  
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Neptunium (Np) is one of the most important components 

of nuclear waste to consider for the long-term safety 
assessment of nuclear waste repositories, due to the increasing 
enrichment through decay of Am-241, the long half-life and 
the high toxicity of Np-237. Hence, great attention is attracted 
to its geochemistry [1]. The molecular processes occurring at 
the solid-water interfaces present in the biogeosphere, strongly 
affect its migration [2]. Components of geological materials, 
such as metal oxides and hydroxides with a widespread 
environmental presence, high sorption capacity and tendency 
to form coatings on mineral surfaces, play an important role in 
regulating the Np mobility [3].  

For a better understanding of the molecular events 
occurring at the mineral surfaces, x-ray absorption and 
vibrational spectroscopies are useful tools for the in-situ 
identification of actinyl surface species. In addition, time-
resolved measurements provide kinetic information on the 
surface reactions [4]. 

In this work, Np(V) sorption on the oxyhydroxides of Fe, 
Mn, and Al is investigated by a combination of in-situ 
ATR FT-IR and EXAFS spectroscopies under a variety of 
environmentally relevant sorption conditions. By comparing 
Np(V) surface complexation reactions on hematite, magnetite, 
birnessite, and corundum a very similar sorption behavior, 
namely the formation of one single inner-sphere complex can 
be elucidated. The spectroscopic results improve the 
geochemical transport modeling of Np(V) macroscopic data 
[4].  
 
[1]Kaszuba, J.P. et al. (1999) Environ. Sci. Technol. 33, 4427-
4433. [2]O'Day, P.A. (1999) Rev. Geophys. 37, 249-274. 
[3]Tochiyama, O. et al. (1996) Radiochim. Acta 73, 191-198. 
[4] Müller, K. et al. (2015) Environ. Sci. Technol. 49, 2560-
2567. 
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The Nagssugtoqidian Orogen (NO) is a deeply eroded, 

Palaeoproterozoic collision orogen in South-East Greenland 
[1]. It consists of a variety of Archaean and Palaeoproterozoic 
rocks, most notably TTG gneisses, sheets of mafic and felsic 
supracrustal rocks and Palaeoproterozoic mafic dykes that 
contain relict eclogite facies mineral assemblages [1]. This 
study aims at providing new insight into the geodynamic 
processes and subduction depth of this Palaeoproterozoic 
orogen by investigating the metamorphic evolution of the high-
pressure rocks during deformation. Relics of and 
pseudomorphs after high-pressure mineral assemblages are 
frequently found within garnet pyroxenite and retrogressed 
eclogite. Garnet and rutile in retrogressed eclogite can either be 
pristine or variably pseudomorphed by coronas of quartz + 
hornblende + plagioclase (for garnet) and titanite + ilmenite 
(for rutile). Omphacite instead is complety replaced by worm-
like plagioclase + hornblende + diopside symplectites. 
Although the degree of replacement and resulting mineral 
assemblage after retrogression are highly variable depending 
on bulk rock composition, the replacement textures are typical 
of exhumed eclogites, in which the high-pressure mineral 
assemblages became unstable during decompression. 
Conventional geothermobarometry combined with 
pseudosection modelling reveal eclogite facies PT-conditions 
of 740-830°C and 24-27 kbar (garnet-pyroxenite) around 1867 
± 28 Ma [1], followed by near-isothermal decompression to 
high-pressure amphibolite facies conditions of 700-800°C and 
9-12 kbar (retrogressed eclogite) at 1817 ± 22 Ma [1]. The 
peak PT-conditions are consistent with the presence of UHP-
rocks in the NO of West Greenland [2] and correspond to 
subduction depths of about 80-90 km. 

 
[1] Nutman et al. (2008) American Journal of Science 308, 
529-572. [2] Glassley et al. (2014) American Mineralogist 99, 
1315-1334. 
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Spatially-resolved compositional analysis of inorganic and 
biogenic carbonates represents a mainstay of LA-ICPMS or 
SIMS investigations with a myriad of applications. However, 
natural or artificial carbonate minerals that are 
compositionally, rather than isotopically, homogenous at both 
few percent level and <10s of micrometer-scale, as well as 
available in sufficient quantities, have remained elusive. Thus 
alternative materials such as pressed-powder pellets 
(conventional [1] or from nanometer-sized particles [2] [3]) are 
used as primary or secondary standards.  

High(est)-temperature metamorphic processes (e.g. 
granulite facies) represent an alternative mechanism by which 
homogenous materials may be produced [4]. Such minerals are 
used as isotopic standards in e.g. SIMS analysis [5].  

Using LA-ICPMS [6], we present initial results of an 
assessment of the intra- and inter-grain elemental-
compositional variability of several tens of randomly chosen, 
mm-sized grains of UWC-3 (95AK24), a SIMS δ18O & δ13C 
standard [5]. Initial track and depth profile data of ~40 
elements (alkali, alkaline earth, transition metals, HFSE, REE, 
actinides etc.) reveal not only suitable concentrations similar to 
many low-T carbonates, but more importantly remarkable intra 
and inter-grain homogeneities, in many cases on-par with 
NIST61x glasses (e.g. Mn, Mg, Fe, Sr Y, Ce: 1-4% (1 RSD)). 
Calcites from another, broadly similar granulite-facies marble 
specimen, however, are compositionally heterogeneous with 
indications of later recrystallization, indicating that only 
exceptional sample preservation may yield suitable calcites. 
Since such samples principally occur in sizable quantities, it is 
hoped that following further extensive characterization, such 
calcite may become a much-needed carbonate (trace) element 
microanalytical standard.  
 
[1] Wilson SA et al (2008) GCA 72: A1025. [2] Tabersky D et 
al (2014): JAAS 29: 955-962. [3] Garbe-Schönberg D & 
Müller S (2014) JAAS 29: 990-1000. [4] Edwards KJ & Valley 
JW (1998) GCA 62: 2265-2277. [5] Kozdon R et al (2009) 
Chem Geol 258 327-337. [6] Müller W et al (2009) JAAS 24: 
209-214. 
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While it has been the gold standard of microbiology for 
decades, the pure culturing of bacteria inevitably segregates 
organisms from their environments, isolates them from 
potential cooperators competitors and predators, subjects 
them to selective pressures, and excludes “unculturable” 
organisms altogether. Pure culturing approaches can change 
the organism or its behavior; distorting our perception of what 
is happening in the wild and ignoring the ecological and 
environmental aspects of the organism's existence. 

In order to better understand how culturing can be 
disruptive to bacteria, we examine a consortium of 
magnetotactic bacteria (MTB) from the Wilma H. Schiermeier 
Olentangy River Wetland Research Park in Columbus, Ohio.  
MTB are an excellent organism with which to examine the 
repercussions of attempting to create pure cultures. Their 
magnetism makes them innately easy to separate from 
environmental samples and the metabolic demand of the 
magnetosome makes them susceptible to perturbation by even 
minor changes in their environment. 

For these experiments we began with an environmental 
sample containing no fewer than four distinct species of MTB. 
We track the changes both in terms of diversity of the 
community and phenotypic response of the surviving 
organisms as attempts were made to establish a pure culture 
(Figure 1). We also tracked the chemical and minerological 
changes as pure culture were established. The overall goal is 
to better understand just how biased a pure culture is toward 
one specific phenotype of single species when compared to an 
environmental sample of MTB. 
 

Figure 1: The wetland samples contain at least four 
distinct species of MTB and are dominated by the “wobbling” 
coccoid cells seen in Figure 1.A.  When the pore water and 
sediment from the wetland is autoclaved and inoculated with 
enriched sample of the wetland MTB, the distribution of 
species changes dramatically.  Small spirochete cells (Figure 
1.B) dominate the autoclaved sample. 

2214



 Goldschmidt2015 Abstracts  

 2215 

Rare earth elements in the paleo- and 
present granitic groundwater in the 

Tono area, Japan 
T. MUNEMOTO*, K. OHMORI AND T. IWATSUKI 

Mizunami Underground Research Laboratory, Japan Atomic 
Energy Agency, 1-64 Yamanouchi, Akiyo, Mizunami 509-
6132, Gifu, Japan 

(*correspondence: munemoto.takashi@jaea.go.jp) 
 

The chemical properties of rare earth elements and yttrium 
(YREE) have been widely studied as geochemical tracer in 
aqueous environments. The YREE abundances in groundwater 
are mainly regulated by mineral-water interaction. We 
investigated YREE evolution in the paleo- to the present 
groundwater in order to understand YREE behavior in natural 
deep groundwater systems.  

The groundwater was sampled from boreholes in the 
bedrock granite (providing groundwater 200, 300, 400, 650 
and 1150 meters with depth). Additionally, we collected the 
fracture filling calcite from the drill cores. The groundwaters 
were grouped into HREE-rich “shallow” groundwater (-200 – 
400m) and MREE-rich “deep” groundwater (-650 and -1150m). 
For the shallow groundwater, aqueous REE(CO)3

+ complex 
was predominant in LREE. The HREE-enrichment in the 
“shallow” groundwater can be accounted for by preferential 
sorption of the positively charged aqueous complex to 
negatively charged minerals on fracture flow path in the weak 
alkaline groundwater [1]. Y/Ho ratio in the “deep” 
groundwater was lower than that of chondrite. The 
concentration of Fe in the “deep” groundwater was 
significantly higher than that in the “shallow” groundwater and 
Eh showed strongly reducing. The MREE-enrichment and low 
Y/Ho are well-characterized by distribution of YREE on Fe-
oxide [2], and the dissolution of Fe-oxide produce MREE-
enrichment in water [3]. Our results suggest the “deep” 
groundwater was possibly affected by the redistribution of 
MREE-rich minerals such as Fe-oxide. YREE in the 
paleogroundwater was estimated from that in the fracture 
calcite and distribution coefficient of YREE [4]. The YREE 
pattern of paleogroundwater was enriched in HREE 
overlapping with the present “shallow” groundwater. Our 
results suggest YREE in the present “shallow” groundwater 
was originated from dissolution of the fracture calcite. 
 
[1] Munemoto et al. (2014) PEPS, 1:28, [2] Bau (1999) GCA, 
63, 67-77, [3] Haley et al. (2004) GCA, 68, 1265-1279, [4] 
Zhong and Mucci (1995), GCA, 59, 443-453 
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Emissions of sulphur and transition metals from felsic 

magmas in the shallow crust have global impacts on human 
society by affecting climate after volcanic eruptions and by 
forming giant Cu and Au ore deposits.  These emissions vastly 
exceed the amounts that could have been derived from the 
felsic magmas themselves.  Magmatic underplating by vapour-
and sulphide-saturated mafic magma is the most probable 
source of the excess sulphur and metals in felsic eruptive or 
hydrothermal systems.  However, the mechanism for the 
selective upward tranfer of sulphur and metals remains poorly 
understood.  We have conducted experiments in which 
sulphide melt was equilibrated with vapour and silicate melt 
under a variety of conditions and find that, to minimize surface 
energy, the sulphide melt hangs at the silicate melt-vapour 
interface, despite being denser than silicate melt.  Sulphide 
droplets will adhere to vapour bubbles during vesiculation of 
sulphide-saturated basalt, providing a simple physical 
mechanism for the upward transfer of sulphide melt from 
basalt into overlying felsic magma bodies in the shallow crust, 
providing S and metals to erupting or ore-forming felsic 
magmatic systems.  Models of speciation in vapour combined 
with mass balance between vapour, silicate melt, and sulphide 
melt show that as compound drops comprising vapour and 
sulphide melt re-equilibrate during magma ascent and 
decompression the sulphide melt is consumed by hydration 
reactions like: 

H2O(silicate melt) + FeS(sulphide melt) = FeO(silicate melt) + H2S(vapour) 
During this process the metals and sulphur are transferred 

to the growing vapour bubble, producing a S- and metal-rich 
volatile phase that has composition closely resembling that of 
ore-forming fluids in pophyry Cu-Au deposits.  The rise of 
compound vapour-sulphide drops into shallow crust or 
eruptive products is a highly effective vector for the transfer of 
sulphur and metals to either ore-forming systems or to 
eruptions.  
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The Rustenburg layered suite (RLS) of the Bushveld 

igneous complex is a lopolithic sill complex about 450 km in 
diameter and up to 9 km thick.  Field observations of the 
stratigraphic sequence of cyclic units support the long-held 
interpretation that the RLS was deposited as a continuously 
upward-aggrading sequence of igneous cumulate layers at the 
floor of a sill-shaped magma chamber.   

U-Pb ID-TIMS zircon and baddeleyite data have been 
obtained from cyclic units intersected through 823 m of drill 
core from the Western Bushveld RLS, near Rustenburg.  
Zircon grains were pretreated by chemical abrasion [1] and 
multiple zircon analyses in each of five samples overlapped 
with individual analytical uncertainties of ~ 0.01% in their 
207Pb/206Pb ages.  The five samples represent the Main Zone 
(MZ), Merensky Reef (MR), Upper Group 1 (UG1), Middle 
Group 4 (MG4), and Middle Group 2 (MG2) units.  With the 
exception of the UG1 unit, all dated samples fall within  
0.275 Myr of 2056.59 Ma, in agreement with a preliminary 
2056.4 Ma age for the UG2 obtained by similar methods  on 
two zircons in our lab [2].  However, our zircon and 
baddeleyite data indicate that the UG1 pyroxenite has an age 
that is ~0.57 Myr older with a minimum age gap of 0.2 Myr at 
the 2σ confidence level.  All of our dated samples from the 
Critical Zone crystallized in < 1 Myr. This conflicts with a 
previous report of a 4 Myr hiatus between the UG2 and MR 
units [3]. 

If the UG1 unit is at least 0.2 Myr older than the 
underlying layers, then our new ages present the possibility 
that the RLS was emplaced, at least in part, as a stack of 
separate sills rather than deposited as sequential layers, as is 
generally supposed.  Complex cross-cutting relations in the 
UG1 may support this possibility. 
 
[1] Mattinson (2005). Chem. Geol. 220, 47-66. [2] Liu (2013), 
unpublished BSc thesis, University of Toronto, 41 pp. [3]  
Scoates, Wall, Friedman, VanTongeren, Mathez (2012), Min. 
Mag. v. 76, p. 2348.  
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Crystallization experiments from glasses are the classical 

approach to determine phase relations in rhyolitic systems. 
However, at temperatures close to the solidus (e.g. 700°C), the 
products are usually composed of very small crystals, which 
hampers accurate mineral identification and mineral analysis.  

Following results obtained in a basaltic system [1], we 
tested the potential of temperature cycling to increase the 
crystal size in a highly polymerized rhyolitic system. Using 
cold-sealed pressure vessels, we performed series of 
experiments on a single composition at different temperatures 
(815-800-775-750-725-700°C), at 1 and 2 kbar, at water-
saturated conditions. Temperature was either constant 
(duration: 3weeks) or cycled to ± 15°C (duration: 2 weeks 
cycling, 1 week constant). We also compared the influence of 
starting material, using a pre-hydrated glass powder (7 wt.% 
H2O) as well as  a dry glass rhyolitic glass powder to which we 
added 7 wt.% H2O. The analysis of the experimental products 
(glass Plag, Amph, Py,  Biot, oxide) shows that the proportion 
and composition of the phases were identical within error in 
the four approaches. The size of the crystals obtained with 
temperature cycling is systematically larger. At 750 °C, the 
crystals are larger by a factor of ~10 after cycling. The effect 
of temperature cycling on the crystal size is stronger as we 
approach the solidus temperature. Finally, we observe that the 
mean grain size is slightly larger when using pre-hydrated 
glass rather than adding water to the dry glass in the 
experimental capsule. 

 
[1] Mills and Glazner (2013) Contrib Mineral Petrol 166:97–
111 
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Based on Hf-W chronometry, recent studies suggest rapid 
accretion and an old age for core formation for Mars, making it 
a starved planetary embryo that did never reach full planetary 
size [1] [2]. Beyond the 182W composition of Martian samples, 
the Hf/W ratio of the Martian mantle is a key parameter for 
this Hf-W approach. As Mars is more oxidised than Earth or 
many smaller asteroids, its Hf/W ratio is closer to the 
chondritic value, and the Martian Hf/W needs to be known to 
greatest accuracy. Previous attempts to determine this ratio 
relied on literature compilations using ratios of W to lithophile 
Th and U, both considered to behave similar to W. 

In a comprehensive study on representative Martian 
meteorites, we measured the concentrations of W and similarly 
incompatible elements (e.g., Th, U, Nb, Ta) on the same 
meteorite specimen, mostly employing isotope dilution. Our 
results indicate that Th-U behaved more incompatible than W 
during Martian silicate differentiation, making these elements 
less suited to reliably estimate the W content of the Martian 
mantle. Rather, Nb and Ta behave most similar to W, in 
marked contrast to the Earth, where Nb-Ta behave more 
compatibly. This feature is explained by recent experimental 
findings [3], showing a more compatible behaviour of W at 
higher proportions of W4+/W6+. Initial Martian differentiation 
may thus have occurred at more reducing conditions. 

When W is compared to Ta, nakhlites yield a Ta/W that is 
resolvably higher than that of shergottites, in line with the 
more radiogenic 182W compositions of nakhlites. Using the 
chondritic Ta/Hf from [4], we obtain a Hf/W of 3.87±0.24 for 
the nakhlite source and of 3.05±0.22 for the shergottite source. 
Using the measured 180Hf/184W for carbonaceous chondrites of 
1.31±0.15 ([5], corrected), a single stage Hf-W model age of 
up to 4.5 Ma after solar system formation is obtained for the 
shergottite source. For the nakhlite source, a model age older 
than the solar system age is obtained. This finding is in line 
with 142Nd evidence [6] and a more complex history of the 
nakhlite source, involving metal segregation and early silicate 
melting during the lifetime of 182Hf. 
 
[1] Dauphas & Pournand (2012) Nature 473. [2] Mezger et al. 
(2013) Sp. Sci. Rev. 174. [3] Fonseca et al. (2009) EPSL 404. 
[4] Palme & O'Neill 2014 ToG 3 [5] Kleine et al. 2004 GCA 
68. [6] Debaille et al. (2009) Nature Geoscience 2. 
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The current structure of Earth’s interior is believed to have 

developed through dynamic differentiation from a global 
magma ocean in the early Earth. Elucidation of the heat-
transport properties of silicate melts in the deep Earth is 
fundamental to understanding the evolution and structure of 
Earth’s interior. The possible presence of dense, gravitationally 
stable, silicate melts at the bottom of the current mantle, as a 
remnant of a deep magma ocean, has been proposed to explain 
observations of anomalously low seismic velocities above the 
core-mantle boundary (CMB). Thus, heat flux through the 
core-mantle boundary region would strongly depend on the 
thermal conductivity of such dense silicate melts as well as that 
of constituent minerals of the lower mantle. However, the 
thermal properties of such silicate melts under relevant high-
pressure conditions are poorly understood, while there have 
been several experimental studies on the thermal conductivity 
of lower mantle minerals such as magnesium-rich silicate 
perovskite  and ferropericlase. Direct measurements of thermal 
conductivity on silicate melts under ultrahigh-pressure 
conditions remain a great challenge and are currently beyond 
experimental capabilities. Alternatively, silicate glasses have 
been studied as analogues for quenched silicate melts, to 
simulate high-pressure melt behavior. Here we report in-situ 
high-pressure optical absorption and synchrotron Mössbauer 
spectroscopic measurements of iron-enriched dense silicate 
glasses, as analogues for dense magmas, up to pressures of  
85 GPa. Our results reveal a significant increase in absorption 
coefficients, by almost one order of magnitude with increasing 
pressure to about 50 GPa, most likely due to gradual changes 
in electronic structure. We find that dense silicate melts with 
basaltic composition are about 5 to 25 times less radiatively 
conductive than the silicate perovskite phase with 
representative lower-mantle iron contents under conditions at 
the base of the mantle. This remarkable contrast at high 
pressures indicates the formation of deep magmas with higher 
heat absorption than the surrounding solid mantle phases. A 
heterogeneous distribution of such dense and “dark” magmas 
with low radiative thermal conductivity would result in lateral 
heterogeneity of heat flux through the CMB, thus potentially 
constraining the locations of stable hot mantle plumes rooted 
in CMB. 
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The Pilbara Craton represents the archetypal Archean 
granite-greenstone terrain in which mafic volcanic dominated 
supercrustals are intruded by granitic domes. This crustal 
morphology reflects distinct tectonic settings that formed in a 
hotter early Earth.  

The ambient temperature in the Paleoarchean mantle is 
estimated to be 1600oC [1] and corresponds with the liquidus 
temperature of Barberton komatiites [2]. In the Paleoarchean 
mantle a pyrolite composition at depths of less than 100 km is 
expected to melt and generate ultramafic magmas.  

Here we present volcanology, petrology and geochemistry 
data of well-preserved basaltic lavas ascribed to the Mount 
Ada Basalt, Warrawoona Group from the Doolena Gap 
Greenstone Belt. The Mount Ada Basalt was coeval with the 
Callina plutonic event that marks the initiation of dome 
formation in the Pilbara Craton [3]. The Doolena Gap 
sequence is exclusively pillow basalts with MgO < 10%. 
Isotopically the basalts are indistinguishable from 
contemporary non-chondritic Bulk Earth (εNd, 1.0 ± 0.2 and 
εHf, 2.3 ± 0.2).  

Here we address the implications of Paleoarchean basalts 
with MgO% < 10 derived from melting of a source 
indistinguishable from non-chondritic Bulk Silicate Earth to 
the initiation and subsequent evolution of the Pilbara Craton. 

 
[1] Korenaga, J. (2008) Reviews of Geophysics 46 (2008). [2] 
Puchtel, I. et al. (2013) Geochimica et Cosmochimica Acta 
108, 63-90. [3] Hickman, A. H. (2012) Island Arc 21, 1-31. 
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Cadmium shows a nutrient-like concentration profile in the 
oceans that is similar to those of nitrate and phosphate. 
Analysis of the isotopic composition of Cd can reveal key 
information about the biogeochemical cycles that control its 
distribution. Typically, nutrient-depleted surface waters with 
very low Cd concentrations exhibit heavy isotope 
compositions (ε114/110Cd values up to +40 reported relative to 
NIST 3108 Cd), whilst deep waters with higher Cd 
concentrations exhibit fairly uniform ε114/110Cd values of about 
+3. These observations are attributed to phytoplankton at the 
surface preferentially taking up isotopically light Cd, leaving 
surface water enriched in heavier isotopes. Subsequent sinking 
and remineralisation of organic matter releases lighter Cd at 
depth. 

The use of Cd isotopes as a proxy for nutrient utilisation is 
of particular interest in paleoceanography, and here we use 
ferromanganese (Fe-Mn) crusts as archives of past deep water 
isotope composition. Surface scrapings of these crusts were 
previously shown to have Cd isotope compositions that are 
identical, within uncertainty, to that of the deep water from 
which they formed.  

Sixty samples from Fe-Mn crusts Alvin 539 2-1A (North 
Atlantic, 2665 m), VA16 13KD-1 (Indian Ocean, 2100 m) and 
CD29 (Pacific Ocean, ~2200 m) were analysed by MC-ICP-
MS for their Cd isotope composition using the double spike 
technique to correct for instrumental mass bias. Excluding a 
few outliers, the data show that the Cd isotope composition of 
the deep ocean has remained relatively constant during the 
Cenozoic, with an ε114/110Cd that is similar to the current deep 
water value of about +3. If we can exclude diffusion as a 
process to homogenise the Cd signal in Fe-Mn crusts, our data 
provide evidence that Cd cycling has not undergone major 
long-term changes during the last 60 Ma. 
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We present chemical and U-series isotope analyses of an 
oriented weathering clast collected from the B horizon of 
weathered Quaternary volcanoclastic debris flow on Basse 
Terre Island, Guadeloupe. The sample consists of an 
unweathered andesitic core overlain by a weathering rind, an 
indurated crust that separates the rind from the overlying soil 
matrix. U/Th disequilibria dating indicate that rind age 
increases away from the core-rind boundary to a maximum of 
66 ka.  This translates to a rind-advance rate of 0.2 mm yr-1, 
broadly consistent with rind advance rates calculated 
elsewhere on Basse Terre Island.  The overlying indurated 
crust is 72 ka and the enveloping ~ 270 ka matrix material.   

Elemental variations are constrained by a bulk ICP-AES 
vertical transect spanning from the core to the overlying soil 
matrix and parallel electron microprobe transections. The 
hierarchy of elemental loss across the core-rind boundary 
varies in the order Sr ≈ Ca > Mg ≈ Na ≈ Mn > Al > K ≈ Ba ≈ 
Si > P > Ti. The <1000 μm wide reaction front at the rind-soil 
interface is marked by an indurated horizon with Fe and Mn 
enrichment, followed by the enrichment of Mn, Ba, Al, Mg 
and K in the soil.   

Unlike previously studied clasts, the preservation of the 
rind-soil interface permits characterization of weathering 
reactions between the weathering core, the rind, and the 
surrounding soil matrix, shedding insights into communication 
between the enveloping weathering rind and host regolith. 
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The fractionation of lithium isotopes (δ7Li) during weathering 
processes results in large variations in the δ7Li of riverine input 
into the oceans, and have widely been used to understand 
silicate weathering processes. However, few studies have 
investigated large rivers draining permafrost-dominated 
regions, that are significant in the global riverine budget. 

Here we have analysed [Li] and δ7Li of river waters from 
the Lena River, Siberia, one of the largest global rivers 
draining into the Arctic Ocean. The Lena River and tributaries 
drain a range in lithologies, and the large watersheds are 
located in a region of continuous permafrost. This area is of 
particular interest due to potential changes in the geochemical 
behaviour of trace elements during permafrost thawing and 
organic carbon mobilisation, associated both with climate 
changes on Plio-Pleistocene glacial-interglacial timescales, as 
well as predicted future climate warming. 

The riverine δ7Li values range from +11.4 ‰ to +29.8 ‰, 
within the range of published global riverine values. Rivers 
draining the Central Siberian Plateu typically exhibit the 
highest [Li], but lowest δ7Li values. The highest δ7Li values 
are found in rivers draining the Verkhoyansk Mountain Range. 
This is in contrast to recent studies where areas of rapid uplift 
displayed low δ7Li values, whereas floodplain areas had high 
δ7Li due to increased secondary mineral formation.  
 We interpret the observed variations by distinguishing 
several counter-acting factors that are critical in understanding 
how lithium isotopes reflect weathering, including (i) 
lithological controls on secondary mineral formation, and (ii) 
changes in water-rock interaction time. Overall, the study 
shows how Li isotopes respond to weathering in a climatic 
system that is distinctly different from that of most weathering 
studies.  
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A time series of data for temperature, salinity, nitrate, 
chlorophyll and carbonate chemistry was collected from 
September 2011 to July 2013 at the University of 
Washington’s Friday Harbor Laboratories (FHL). Seawater 
conditions were high nitrate-low chlorophyll (HNLC), with 
average nitrate and pCO2 concentrations of ~25 ± 5 mmol l-1 
and ~700 ± 103 matm (pH 7.80 ± 0.06). The high nitrate and 
pCO2 originate from the high values for these parameters in the 
source waters to the Salish Sea from the California 
Undercurrent (CU). These properties are due to natural aerobic 
respiration in the region where the CU originates, which is 
Pacific Equatorial Water (PEW) and the oxygen minimum 
zone in the eastern tropical North Pacific. Alkalinity varies 
little so the increase in pCO2 is due to inputs of dissolved 
inorganic carbon (DIC). This increase in DIC comes from both 
natural aerobic respiration within the ocean and input of 
anthropogenic CO2 from the atmosphere when the water was 
last at the sea surface. The main surface source of this water is 
approximately 50°S; 150°W in the west-central South Pacific. 
As the CU flows poleward along North America, it mixes 
laterally with colder, fresher Pacific Subarctic Upper Water 
(PSUW) which outcrops in the NW North Pacific (near 50°N, 
170°E). The contribution of the low O2 PEW southern end-
member decreases poleward and off the Washington coast the 
CU has nominal contributions of 40% PEW and 60% PSUW. 
The anthropogenic “ocean acidification” contribution to DIC 
in the source waters of the California Undercurrent is 36 mmol 
l-1. This contribution ranges from 13% to 22% of the total 
increase in DIC. The remaining increase in DIC is due to 
natural aerobic respiration. Because these conditions have 
probably existed for a long time, the biological community in 
the San Juan Islands should be an excellent location to study 
adaptation to high values of pCO2 (and thus low pH). 
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The Singhbhum Craton of eastern India preserves records 

of several episodes of volcanism, plutonism, sedimentation and 
mineralization spanning from Paleoarchean to 
Mesoproterozoic in a dynamic tectonic milieu. Major, trace 
and PGE geochemical data from the ~3.4 Ga Iron Ore Group 
(IOG) lavas of the Jamda area and ~2.25Ga metavolcanics of 
Malangtoli are studied. Both the volcanics are porphyritic 
basalts and exhibit similar mineralogical compositions 
overprinted by greenschist to lower amphibolite grade of 
metamorphism. The calc-alkaline basalts of IOG show 26.23-
68.35 ppb of ƩPGE, whereas the tholeiitic to calc-alkaline 
Malangtoli basalts, having both low and high MgO varieties, 
display relatively higher ΣPGE of 43.01-190.43 ppb. The 
studied samples have relatively enriched ΣPPGE ranging from 
24.1-63.3 ppb (IOG) and 34-227.3 ppb (Malangtoli) against 
2.2-4.1 ppb and 1.9-8.9 ppb ΣIPGE contents respectively. 
HFSE and REE signatures suggest derivation of IOG lavas 
through <1 to 1% partial melting of garnet lherzolitic mantle, 
while the Malangtoli basalts were generated by 3-<10% 
melting in spinel to garnet lherzolite mantle domain. PGE 
(Pd/Ir, Pd/Pt, Cu/Pd, Ni/Pd, Cu/Ir) ratios corroborate a 
sulphide saturated, PGE depleted character of IOG and low 
MgO Malangtoli basalts indicating crustal assimilation of these 
lavas. However, the high MgO Malangtoli basalts exhibit 
sulphide undersaturated, PGE undepleted nature with no 
evidence of crustal contamination. The IOG lavas correspond 
to intraoceanic arc setting with polygenetic crustal signatures. 
The Malangtoli basalts are affiliated to transitional arc to rift-
controlled back arc in a basinal environment that developed 
proximal to an active convergent margin. 
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The Mesozoic magmatism in Uruguay is a result of the 
tectomagmatic events related to the South Atlantic Ocean 
opening and it is part of the Paraná Large Igneous Province. 
Besides the continental lava flows of tholeiitic affinity it 
comprises several mafic intrusions (dikes and sills). A 
selection of 12 samples from the sills have been analyzed for 
the Sr-Nd system.   They are all of tholeiitic nature and 
correspondent to basalt/gabbro compositions of continental 
intraplate environment. The Sr-Nd isotopic compositions 
display a range of values for 143Nd/144Nd (0,512246 to 
0,512465); for 87Sr/86Sr (0.70921 to 0.71067), with -3,9< 
ԐNd(0)< -6,6. Trace element geochemistry (5.4 <Ti/Zr <7.6, 
26.5<Ti/Y<32.0; 172<Sr<313 and 0.46<Nb/La<0.57) and Sr – 
Nd isotopic values (87Sr/86Sr y ԐNdi) allow their 
discrimination as Gramado magma-type [1]. They are little 
enriched in LILEs and LREEs, and depleted in HFSEs and 
HREEs. (La/Yb)N varies from 3.02– 5.38, (La/Lu)N =1.52 s – 
2.22; Nb/La = 0,39914163 - 0,617977528 and #Mg ranges 
from 21 to 40. Taken into account the geochemical information 
we can postulate that these mafic intrusions result from an 
enriched mantle source like EMII. Trace element behavior as 
well as trace element ratios also indicate AFC processes. This 
research was financially supported by research grants from 
ANII-FCE 038 program and PEDECIBA (Uruguay). 

 
[1] Peate, D.W., Hawkesworth, C.J. & Mantovani, .S.M., 
1992, Bulletin of Volcanology 55: 119–139. 
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The disordered layered hydrate phases formed in the lime-

soda-alumina-silica-water (C-N-A-S-H) systems are of both 
technological and environmental importance, and can be 
formed in cementitious binders, by glass alteration, and in 
various other contexts. The structural resemblance between 
these disordered materials and the tobermorite group of 
minerals has long been used as a basis for their structural and 
thermodynamic description. However, with the incorporation 
of aluminium and alkalis into these phases, their composition 
and structure may start to differ from the standard tobermorite-
derived models for C-S-H structures, particularly in terms of 
the cross-linking between chains which is observed at lower 
Ca content and in the presence of Al. 

Here, we present both structural and thermodynamic 
models for the C-N-A-S-H phase, with a particular focus on 
compositions of interest in the development and analysis of 
alkali-activated cementitious binders. The representation of the 
C-N-A-S-H gel as a combination of crosslinked and non-
crosslinked tobermorite structures provides significant 
advances in the ability to describe the chemical structures 
observed by 29Si MAS NMR spectroscopic analysis of these 
materials [1]. An 8-endmember ideal solid solution model [2] 
provides for the first time an accurate description of 
solubilities in the region of this quaternary system 
corresponding to the chemistry of alkali-activated cements and 
Portland cement blended with aluminous pozzolans. This 
model, when coupled with an improved description of the Mg-
Al layered double hydroxide solid solution [3], is demonstrated 
to enable the prediction of phase assemblages and volumetric 
properties within alkali-activated blast furnace slag binders.  

 
[1] Myers, Bernal, San Nicolas, Provis (2013), Langmuir 29, 
5294-5306. [2] Myers, Bernal, Provis (2014), Cement and 
Concrete Research 66, 27-47. [3] Myers, Lothenbach, Bernal, 
Provis (2015), Applied Geochemistry, under review 
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Amorphous phases of Fe, Al and Si are common, and 
influence contaminant and nutrient cycling in the Earth surface 
environments. Using different molecular probes, we examined 
the stability and surface chemistry of ferrihydrite made in the 
presence of Cl-, NO3

-, SO4
2- and Al3+ at 25 oC. 

The FTIR spectroscopy studies suggest that ferrihydrite is 
stable for a longer time, and convert to goethite as a function 
of associated ligand and pH (rapid appearance in the presence 
of SO4

2- at pH 5.5, and in the presence of NO3
- and Cl- at pH 

8.0). However, the rate of goethite formation from ferrihydrite 
was the slowest in the presence of SO4

2- irrespective of pH. In 
addition, ferrihydrite synthesized in the presence of different 
levels of Al did not exhibit any goethite in 4 years. Enthalpies 
of dissolution for ferrihydrite also varied significantly with the 
associated ligand, suggesting that ferrihydrite samples made in 
the presence of different ligands are not the same. The Fe-XAS 
of ferrihydrite, together with the FTIR spectroscopy of ligands 
associated with ferrihydrite suggest that the loss of ligand and 
the coordination environment of ligands in ferrihydrite 
influenced ferrihydrite transition to goethite. The Fe-XAS 
studies also indicate that progressive formation of corner-
sharing Fe-neghbors promoted the formation of goethite. 
Whereas the associated ligands and cations inhibited this 
process.  

The O 1s binding energies of surface hydroxyls, examined 
using XPS and ambient pressure-XPS, differ significantly with 
the particle size of goethite. In addition, the O 1s binding 
energies of surface hydroxyls of ferrihydrite differ from those 
of goethite, but are in the proximity of coarse goethite. We also 
found that these surface hydroxyls interact differently with 
CO, a probe molecule used to evaluate the reactivity of surface 
hydroxyls. A majority of CO adsorbed on nano-goethite 
converted to formate, while this conversion was partial on 
coarse goethite and on ferrihydrite. A detailed discussion of 
these results will be presented. 
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Calcium and aluminum rich inclusions (CAIs) are thought 

to be the first condensates in the early solar system. Most CAIs 
show a variety of nucleosynthetic isotope anomalies for heavy 
elements. Brennecka et al. [1] reported that Sr, Mo, Ba, Nd and 
Sm isotope composition in CAIs were uniform, yet distinct 
from the solar system average compositions. However, most of 
previous studies analyzed "bulk" CAIs without detailed 
petrological description. Mineral assemblages of the CAIs are 
variable depending on the environment and/or the process of 
individual CAI formation. The difference of mineral 
assemblages can be observed even within a single CAI. 
Therefore, it is important to determine the isotope 
compositions of heavy elements not only for different types of 
CAIs, but also of multiple spots within a single CAI. 

In this study, we performed in-situ measurements of 
84Sr/86Sr ratios in two Allende CAIs using TIMS combined 
with a micro milling system, together with detailed 
petrological descriptions using SEM-EDS. Two specimens of 
the Allende meteorite were sliced into two respective slabs of 
which one sides were used for mineralogical analysis and the 
other sides were used for Sr isotope analysis. We selected two 
relatively large CAI grains; a cm-sized fluffy type A (FTA) 
inclusion and a fine-grained spinel-rich (FS) inclusion. Using 
the micro-milling system, we sampled 8 spots from the FTA 
inclusion and 3 spots from the FS inclusion for the analysis of 
84Sr/86Sr ratios.  

The mean µ84Sr values (106 relative deviations from NIST 
987) were 165 ppm and 60 ppm for samples from the FTA 
inclusion and from the FS inclusion, respectively. Notably, one 
spot from the FTA inclusion showed the greatest µ84Sr value 
(273 ± 21 ppm) compared to those of CAIs ever reported. 
Assuming that the FTA inclusion predates the FS inclusion, 
our results would imply that the extent of Sr isotope anomaly 
in the CAI-forming region was large and heterogeneous at the 
earlier stage, which subsequently shifted towards low and 
relatively homogeneous µ84Sr values when FS inclusions 
formed. The isotopic shift was most likely caused by the 
effective mixing of nebular dusts including p- and/or r-process-
enriched carriers (i.e., high µ84Sr) and isotopically normal 
grains.  
 
[1] Brennecka et al. (2013) PNAS, 110, 17241. 
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The majority of our knowledge of past climate comes from 
marine sediment records. While being a crucial component of 
the global climate system, our understanding of continental 
climate in the geological past remains limited. Potentially 
powerful continental climatic insights could come from the 
distributions of branched glycerol dialklyl glycerol tetraethers 
(brGDGTs). They can be used to generate high resolution 
continental temperature records but their application in peat – 
and by extension lignite (fossilized peat) – is poorly 
constrained and considered problematic. Thus, these archives 
have not been exploited, despite the fact that they contain 
abundant brGDGTs, are widespread, and span the last ~ 140 
million years. 

We explored the controlling mechanisms of the brGDGT 
distribution in peats using a newly generated global peat 
database (spanning a mean annual temperature range from 1 to 
26 °C). Similar to what has been previously observed in soils 
and lakes, temperature appears to exert a dominant control on 
the degree of methylation of brGDGTs in peats. However, 
downcore peat records can show abrupt and significant 
changes in brGDGT distribution (e.g. across acrotelm/catotelm 
boundary), arguing for caution. These changes in brGDGT 
distributions likely reflect changes in microbial communities 
with depth. However, changes in peat vegetation or water table 
depth do not appear to significantly influence the brGDGT 
distributions. Guided by these results we tentively generate a 
novel global peat-specific temperature proxy (MAATpeat) based 
on the degree of brGDGT methylation. Importantly, this proxy 
(and calibration) are significantly different to the available 
brGDGT lake and soil-calibrations. The development of a 
peat-specific temperature proxy opens up a completely novel 
set of palaeo-archives: peats and lignites, and will aid in our 
understanding of continental climate in the geological past, 
especially during greenhouse episodes such as the Paleogene, 
from which many lignites are preserved.  
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Porphyry systems are closely related to volcanoes. 
Although it is commonly believed that porphyry and 
epithermal stages predate volcanic stages [1], it has been 
shown that ore deposition may be synchronous with volcanic 
activity [2]. In order to study variations in metal content and 
redox state during volcanic activity, volcanic vapors were 
sampled at Merapi volcano, Indonesia, during quiescent 
degassing and after an explosive eruption. The results show 
that during quiescent degassing, the magmas and their volatile 
phases are enriched in high field strength (HFSE), rare earth 
(REE) and large ion lithophile (LILE) elements, as well as Mo, 
Au and U, and are relatively oxidized. By contrast, 
immediately after explosive eruptions, the magmas and their 
volatile phases are enriched in Cu-Zn-Pb and S-Cl, and are 
relatively reduced. A model is proposed whereby cyclic 
injections of reduced mafic magmas trigger explosive 
eruptions that depressurize the porphyry environments, leading 
to deposition of reduced Cu-Zn-Pb sulfide minerals. Periods of 
eruptive activity alternate with periods of quiescence, during 
which magmas become enriched in HFSE, REE, LILE, Mo, 
Au and U and are oxidized. These results provide evidence for 
variations in metal concentrations and redox state during 
magmatic evolution, linking them with eruptive activity and 
ore deposition.  
 
[1] Williams-Jones, A. E. & Heinrich, C. A. (2005). Economic 
Geology 100, 1287-1312. [2] Mueller, D., Kaminski, K., 
Uhlig, S., Graupner, T., Herzig, P. M., Hunt, S. (2002). 
Mineralium Deposita 37, 61-74. 
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We studied the abundance, community structure and 
activity of anammox bacteria in wetland sediments and 
irregularly flooded soils of a riparian zone in the Seine 
Estuary, France [1]. The combination of i) molecular analyses 
of anammox bacterial 16S rRNA and hydrazine 
oxidoreductase (hzo) genes, ii) quantification of specific 
ladderane lipids and, iii) 15N-isotope label incubation 
experiments revealed that anammox bacteria were ubiquitous 
in the studied ecosystem. While anammox bacteria were more 
abundant in the wetland sediment than in the ogygenated soil, 
their diversity was low and dominated by Candidatus 
‘Brocadia’ at both sites. 

The C20-ladderane fatty acid with five cyclobutane 
moieties was found in sediments and soils, while others were 
only detected in the wetland sediments. This is the first 
detection of ladderanes in soils without prior enrichment. The 
differential ladderane distribution is probably due to intra-
genus differences rather than abiotic factors (e.g. temperature). 

The low, but consistent, contribution of anammox to the 
total N2 production (< 8%) highlights its dependence on NO2

- 
supply from denitrification. As a consequence, the dependence 
of denitrification on the quality and stoichiometry of organic 
matter seems to be passed on to the anammox bacterial 
community. 

Our study suggests that anammox in riparian zones barely 
contributes to mitigating N eutrophication in riverine systems, 
leaving denitrification as the most important N eliminating 
process in these environments. 

 
[1] Naeher et al. (2015) Biogeochemistry, doi:10.1007/ 
s10533-014-0066-z. 
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Protoplanetary disk evolves physically and chemically, 
however, chemical evolution being consisiten with physical 
evolultion has not been studied. We have developed a model to 
describe chemical evolution of a protoplanetary disk that 
enables temporal and spatial change of chemical composition 
of the disk. The results were compared with the chemical 
composition of chondrites, and we discuss the plausible 
conditions for planetesimal formaiton.  

Evolution of a protoplanetary disk is described by using 
the model by Ciesla (2010), which is a one-dimensional 
standard alpha viscosity disk and the surface density and 
temperature profiles are shown as a function of the distance 
from the proto-Sun.  The particle tracking model by Ciesla 
(2011) was combined with the disk model, which enables us to 
track the trajectory of all the particles. We have made chemical 
equilibirum calculation for individual particles, which is again 
the function of the distance from the Sun.  By summing up the 
number of particles and their chemical compositions, chemical 
composition of the disk was obtained. Because of the mostly 
inward transport and rundom walk by turbulence, various 
degrees of mixing of particles with different thermal histories 
were distributed over the disk, which varies non-linearly with 
time and space. 

The results show that the disk tends to become 
homogenous with time due to the inward transport of particles 
that have not suffered thermal porcessing in the innser reigion, 
and that their chemcal composition is unfractionated, that is, 
CI composition.  Chemically fractionated compositions were 
realized in the inner region of the disk and at the relatively 
early stage of the disk evooooolution.  Bulk chemical 
composition of chondrites characeterized by the enrichment of 
refractory elements for carbonaceous chonrites and the 
depletion of volatiles for all the chondrites. These 
characteristics are explained by the determination of chemical 
composition of the disk at the disk evolution stage earlier than 
10^5 years and in the region inner than several A.U., though it 
can be later if the disk was heavy and high temperature region 
extended to the outer region of the disk. 
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Mo isotope systematics has been extensively used in 
geosciences such as paleoceanography and cosmochemistry [1] 
[2]. Recently Mo isotopes have been commonly measured by 
MC-ICP-MS with typical analytical uncertainty of 20–30 ppm 
for 95,97Mo/96Mo ratios. By contrast, thermal ionization mass 
spectrometry (TIMS) plays an important role for obtaining 
highly precise isotope compositions for various elements with 
analytical precision of <10 ppm (e.g., Nd, W). In this study, we 
developed a new Mo isotope analysis aimed at achieving 
analytical precision of <10 ppm, specifically for the study of 
nucleosynthetic isotope anomalies in meteorites.  

Mo isotopes (MoO3
–) were measured by negative-TIMS 

using TRITON plus (Thermo-Fisher Scientific) installed at 
Tokyo Tech. The instrument was equipped with 9 Faraday 
cups with 1011 Ω amplifiers. Approximately 3 μg of Mo was 
loaded on a zone-refined Re filament together with La(NO3)3 
as an activator (La/Mo ~5). A Mo standard solution for atomic 
absorption spectrometry (Kanto Chem.) was used as an in-
house standard. The results were obtained by averaging 360 
ratios collected in the static multicollection mode. 

First, we confirmed that interferences from Zr and Ru were 
negligible. A notable finding was that the O isotopic 
composition of MoO3

– ion varied significantly throughout all 
isotopic measurements, resulting in poor analytical 
reproducibility of Mo isotope ratios when a fixed O isotope 
composition was applied for the oxide correction. By contrast, 
the reproducibility was improved by 1.0-1.7 times when the O 
isotopic composition of individual isotopic run was utilized. 
The reproducibility of the standard was 45 ppm, 13 ppm, 9.7 
ppm, 13 ppm, and 32 ppm for 92,94,95,97,100Mo/96Mo ratios, 
respectively (n = 21). The accuracy of our method was 
confirmed by analyzing multiple synthetic solutions 
conditioned by mixing an isotopically normal solution and 
enriched isotopes (92,97,100Mo) in varying proportions. In 
addition, we analyzed one IIIAB iron meteorite, Tambo 
Quemada. The extent of Mo isotope anomaly for this meteorite 
was identical to the literature data within analytical 
uncertainties, suggesting that our method is applicable for the 
study of nucleosynthetic isotope anomalies in meteorites. 
 
[1] Kendall et al. (2011), EPSL, 307, 450. [2] Burkhardt et al. 
(2011), EPSL, 312, 390. 
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An examination of stable isotopic fractionation of cerium 
(Ce) during adsorption and precipitation showed that Ce can be 
used as a (paleo-)redox proxy (Nakada et al., 2013). The 
experiment was, however, performed under low pH condition 
which is different from natural seawater. Taking into account 
the fact that stable chromium isotope showed different 
fractionation mechanisms between acidic and neutral pH 
condition (Zink et al., 2010), an examination between Ce 
stable isotopic fractionation and dissolved Ce species is of 
great importance for the better understanding of the factors 
controlling isotopic fractionation of heavy elements. 

Cerium chloride solution with various concentrations were 
added to both synthesized ferrihydrite and δ-MnO2 
suspensions. In addition, the same solution was bubbled by O2 
gas to obtain the spontaneous precipitation of Ce as Ce(OH)4. 
In all the systems, pH was adjusted to 6.80, 8.20, and 11.00 (± 
0.05) with 2.25 mM dissolved carbonate concentration. CeCl3 
solution used in the experiments was employed as a standard 
of stable Ce isotope ratios, which is shown in the equation as 
follows: δ142Ce = (Rsample/RSTD – 1)×103, where R was defined 
as 142Ce/140Ce. For the solid phase, K-edge EXAFS of filtered 
samples was measured at BL01B1 in SPring-8 to obtain the 
information of the coordination environment. DFT calculation 
was also performed to investigate the cause of isotopic 
fractionation. 

The mean isotopic fractionation of Ce/ferrihydrite system 
was almost constant irrespective of dissolved Ce species, while 
that of Ce/δ-MnO2 system gradually became smaller with 
increasing pH. Heavier isotope was enriched in the liquid 
phases for these two systems. However, lighter Ce was 
enriched in the liquid phase for Ce/precipitation system at 
pH=8.20 and 11.00, where Ce(CO3)2

– species dominates. The 
EXAFS spectra of Ce precipitates showed Ce(OH)4 for all the 
pH condition, meaning that dissolved species controll the 
isotopic fractionation. Indeed, DFT calculation confirmed the 
lighter isotope enrichment in the liquid phase with increasing 
carbonate ions. 
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Water distribution in the lower mantle is still debated from 

high pressure experiments and its theory. Recently a new 
hydrous phase that can be stable in the lower mantle pressure 
has been found (‘Phase-H’) [1], while the intrinsic water 
solubility of bridgimanite is likely to be less than 0.01 wt. % 
[2]. Such a large contrast in the maximum water content 
(MWC) in the lower mantle minerals, ranging from 0.001 to 
0.2 wt. % from high pressure experiments [3][4], causes a 
large uncertainty in the debate solely based on MWC. Recent 
progress of numerical mantle convection simulations allow us 
to include the dehydration-hydration processes with the 
hydrous minerals and dehydration melting in global-scale 
water circulation within the context of mantle dynamics [5]. 
Here we perform the parameter survey to check sensitivity of 
thermo-chemical evolution of the Earth’s mantle on MWC in 
the lower mantle. Preliminary results suggest that disgnostic 
features on core evolution and thermo-chemical structures in 
the mantle are not sensitive to MWC in the lower mantle. This 
result suggests that the hydrous condition in the lower mantle 
would not be well constrained also from the numerical 
modeling approach, allowing high or low MWC in the lower 
mantle minerals. However, we have found that more efficient 
heat transfer occurs with larger MWC compared to dry mantle 
cases. This is because enhancement of surface plate activity 
caused by hydrous oceanic crust can transport more heat from 
the Earth’s deep interior than the dry condition. [5] 

 
[1] Nishi et al. (2014), Nat. Geo. 7, 224-227. [2] Panero et al. 
(2015), J. Geophys. Res. 120, doi:10.1002/2014JB011397. [3] 
Bolfan-Casanova (2005), Mineral Mag. 69, 229-257.[4] 
Murakami et al. (2002), Science 295, 1885-1887. [5] 
Nakagawa et al. (2015), G-cubed, revised. 
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Redox state in fault zones is key to understanding the 
behavior of fluids related to seismic activity [1]. However, the 
origin, timing, quantity and composition of fluids released 
during seismogenic faults and its experimental analogues are 
very limited. 

In this study, we focused on the occurrence of graphite and 
sulfide minerals in pseudotachylyte matrix to understand the 
redox state and fluid speciation. The pseudotachylytes 
belonging to Hidaka metamorphic belt were sampled from the 
occurences as reported by Nakamura et al. (2015) [2]. They 
can be mainly grouped into two types (Pst I and Pst II) based 
on the occurrences, microtextures and mineral assemblages of 
lithic fragments (φ) and secondary minerals. Pst I has higher 
fraction of lithic fragments (φ: 20–52 vol. %) and Kfs and 
pyrrhotite (N[FeS] = 0.92–0.94), suggesting relatively oxidized 
pseudotachylyte melt based on the P-T-fO2-fS2 phase diagram. 
On the other hand, Pst II represents low volume fraction of 
lithic fragments (φ: 2–15 vol. %), biotite microlite, plagioclase 
spherulites, and a lot of vesicles. In particular, the fluid 
deposited graphite with hydrous minerals are observed in Pst II 
matrix (delta13C = -21.86 +/- 2.2 ‰, n = 16), shifting the 
carbon isotope values of +2 to 3‰ from host metamorphic 
graphite (delta13C = -24.86 +/- 0.6‰, n = 13). This imply that 
the Pst II melt was at relatively low fO2 conditions due to the 
dissolution of metamorphic graphite (�FMQ -2 and -2.4).  

Our data suggest that degassing or precipitation processes 
of graphite and pyrrohtite in pseudotachylyte melt are driven 
by the redox state. In particular, selective melting as a fuction 
of melting temperature results in the formation of oxidized 
mafic melt and reduced felsic melt in micrometer sclale 
pseudotachylyte veins. These two compositionally different 
melts mingle each other to form "plagioclase-mantled K-
feldspar ovoid" textures. In addition, our data suggest the 
release of large amount of carbon from “biogenic carbon” 
included in the sediments by fricitional melting in fault zones.  

 
[1] O’hara and Huggins, 2005. CMP, 148, 602-614. [2] 
Nakamura et al. 2015. JSG. 72, 142-161.  
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Vertical distributions of metal sulfide and free sulfide 

(H2Sgas + HS- + S2-) as a ligand to stabilize and to preserve 
trace metals in oxic seawater over the submarine hydrothermal 
field were obtained for the first time at the Kikai Caldera south 
of Kyushu Island, Japan. free sulfide was found to be gradually 
increasing with depth (max. 31.1 pmol/kg in the surface layer 
and max. 59.5 pmol/kg below ~330 m within the Caldera rim), 
whereas total metal sulfide was virtually constant throughout 
the water column (~345 pmol/kg). Interestingly, total and 
dissolved metal sulfide exhibited uniform and quite similar 
concentrations within the water column, showing that metal 
sulfide exists in the dissolved phase (“truly” dissolved and/or 
particulate form with dia. <  0.2 µm), and is quite stable even in 
an oxic environment. A mass balance calculation suggested 
that 70% of the total sulfide originating from hydrothermal 
vents reached the upper layer without oxidation. The present 
results clearly show that dissolved metal sulfide originating 
from hydrothermal vents contributes to a large portion of the 
observed high dissolved total sulfide concentration even in the 
surface water, indicating that metal-sulfide complex is quite 
stable in preventing its rapid removal from the water column 
by metal precipitation and/or oxidation in an oxic environment. 
The present study suggests that metal-sulfide 
complexation/nanoparticle play an important role in 
transporting trace metals far from their sources in oxic 
environments and biogeochemical cycles of trace metals in the 
ocean. 
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Mn oxides, widely distributed in soils, are one of the most 
reactive minerals in the environment by controlling the fate 
and transport of various nutrients, contaminants, and other 
elements through sorption and redox reactions. Over 30 
different types of natural Mn oxides exist near the Earth’s 
surface environment with different atomic arrangement, 
crystallinity, and structural Mn valence, which are accounting 
for unique physico-chemical properties of each Mn oxide. 
Previoius studies focused on the reactivity of the sorption and 
redox reactions of specific Mn oxides with various 
contaminants. However, the geochemical processes controlling 
the formation of diverse Mn oxides have not been clearly 
understood yet. This study examined the formation and phase 
transformation of Mn oxides through various redox reactions 
between Mn and common redox sensitive contaminants.  

Formation and phase transformation of various Mn oxides 
were examined through homogeneous or heterogeneous Mn(II) 
oxidation, and during the redox reactions between birnessite 
and Cr(OH)3(s). The results showed that homogeneous Mn(II) 
oxidation ([Mn(II)]0 = 50 – 994 μM) conducted at pH 9.0 open 
to the atmosphere produced hausmannite (Mn3O4), whereas 
heterogeneous Mn(II) oxidation in the presence of 1.0 g/L 
Cr(OH)3(s) otherwise under the same conditions produced 
mixed valence Mn oxides analogous to birnessite. During the 
redox reactions between birnessite and Cr(OH)3(s) under 
common groundwater pH conditions (pH 7.0 – 9.0) open to the 
atmosphere, feitknechtite (β-MnOOH) was produced as a 
secondary Mn oxide phase. These results suggested that 
various Mn oxides can be formed through various redox 
reactions, and the factors controlling the formation and the 
phase transformation of various Mn oxides should be further 
investigated.  
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Barium is a fluid-mobile and incompatible trace element in 
terrestrial rocks. Previous studies on Mg, Ca and Sr isotopes 
found that there were significant alkaline earth element isotope 
fractionation in natural samples. We expect Ba isotopes may 
also be fractionated during weathering, hydrothermal, 
biogeochemical processes. However, Ba isotope data of natural 
samples are rare in literature. 

In this study, we established a method for high precision 
Ba isotopes analysis  by a Neptune plus MC-ICP-MS in the 
University of Science and Technology of China. Bio-Rad 
AG50W-X12 resin was used to separate Ba from matrix 
elements (Na, K, Ca, Mg, Al, Sr, Fe, Rb, etc.). Instrumental 
mass bias was calibrated by a sample-standard bracketing 
method using the pure Ba solution NIST3104a as the  
bracketing standard. Ba isotope data are reported as δ137Ba 
(δ137Ba= [(137Ba/134Ba)sample/(137Ba/134Ba)NIST3104a-1)]×1000). 
To ensure the precision and accurancy of this method, we keep 
tracking the Ba isotope data of one synthetic standard. This 
standard is a mixture of NIST3104a and rock matrix and was 
purified through the whole chemical procedure. The δ137Ba of 
the synthetic standard is -0.006±0.045‰ (2σ, n=30), 
representing the long-term precision and accurancy of our 
method. 

We also measured δ137Ba for eight reference materials, 
including BHVO-2 (0.044 ± 0.035‰, 2σ), BCR-2 (0.050 ± 
0.039‰, 2σ), W2 (0.035 ± 0.022‰, 2σ), AGV-1 (0.047 ± 
0.040‰, 2σ), GSP-2 (0.013 ± 0.046‰, 2σ), RGM-1 (0.142 ± 
0.030‰, 2σ), JA-2 (0.038 ± 0.048‰, 2σ) and JB-2 (0.085 ± 
0.035‰, 2σ), respectively. The offset of δ137Ba values 
between BHVO-2, JB-2 and JA-2 are consistent with the 
published data  within analytical errors [1]. With our current 
precision, the slight Ba isotope fractionation in igneous rock 
standards (such as RGM-1 vs. GSP-2)  can be well resolved. 
Therefore, it is possible to use Ba isotope as a novel tracer for 
geochemical studies. 

 
 [1] Miyazaki, T. et al.(2014) J. Anal. At. Spectrom, 29, 483-
490. 
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Osmium (Os) displays a number of characteristics that are 

of geochemical interest; it is highly siderophile and redox 
sensitive, and displays compatible behaviour during mantle 
melting. These properties have made Os a key tool in studies 
of planetary differentiation and mantle recycling, mainly 
through the use of the 187Re-187Os and 190Pt-186Os radioactive 
decay systems. Recent studies of high-mass stable isotope 
systems (such as thallium and uranium, e.g. [1], [2]) indicate 
the presence of significant and systematic stable isotope 
variations in both meteorites and Earth’s mantle-derived rocks. 
The potential, therefore, also exists for significant Os stable 
isotope fractionation, which could in principle be used to 
constrain redox processes that take place on meteorite parent 
bodies or during Earth’s early accretion and differentiation. 
We have developed a method for high-precision measurement 
of stable Os isotope compositions in geological samples, by 
both plasma source (MC-ICP-MS) and thermal ionisation mass 
spectrometry (TIMS), using an Os double-spike. Precision on 
single measurements is ca. 0.020‰ on δ190Os (95% c.i.), where 
δ190Os is the per mil deviation in the measured 190Os/188Os ratio 
relative to the DROsS Os standard [3]. 

Preliminary results on ordinary and enstatite chondrites, 
including all sub-groups and covering a range of petrological 
types, show no detectable variation with δ190Os of 0.115 ± 
0.007 (95% c.i., n=28). This implies Os stable isotope 
homogeneity of the solar nebula, but further analyses are 
required to confirm this hypothesis. Terrestrial mantle samples 
display stable Os isotope compositions (δ190Os of 0.134 ± 
0.016, 95% c.i., n=5) similar to that obtained for ordinary and 
enstatite chondrites. This suggests that, if any stable isotope 
fractionation occurred as a result of metal-silicate segregation 
during core formation, it was completely overprinted by a 
subsequent late veneer (assuming the latter had an Os stable 
isotope composition similar to our current chondrite record). 
Future work will focus on exploring stable Os isotope 
variations in other meteorite groups and terrestrial mantle 
samples. 

 
[1] Nielsen et al (2006) Geochim. et Cosmochim. Acta 70(10), 
2643-2657. [2] Brennecka et al (2010) EPSL 291, 228–233. 
[3] Nowell et al (2008) Chemical Geol. 248, 363- 
393. 
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Bromine (Br), iodine (I) and uranium (U) in Lake Baikal 
sediment core (VER99G12) which spans over the last  
30,000 years were analyzed with polarrizing energy dispersive 
X-ray fluorescence spectrometery (EDXRF, Epsillon 5, 
PANalytical, The Netherland). EDXRF with pressed powder 
pellet has been recognized as the simple and reliable 
measurements for determination of Br and I concentrations in 
soil samples [1].  

The concentrations of Br, I and U ranged from 0.88 to  
20 mg/kg, from 4.3 to 50 mg/kg, and from 3.3 to 20 mg/kg, 
respectively. The depth profiles of Br and I showed the gradual 
increases toward the top of the core from the last glacial to the 
Holocene, corresponding with the increase in TOC of 
VER99G12 sediment core. The significant correlations 
between Br and total organic carbon (TOC, r = 0.892), and I 
and TOC (r = 0.720) were observed. These results mean that 
the Br and I in the lake sediment core are basically associated 
with organic matter. As well as Br and I, high correlation 
coefficiency were also found between U and TOC through the 
core (r = 0.789). Additionally, the temporal decerases in the 
concentrations of these elements were also found at the 
Younger Dyras period (11,500 cal BP). Our results suggest 
that Br, I and U in the lacustrine sediment core can be used as 
the proxy for the past biological activity in the lake water 
column.  

 
[1] Takeda A., et al., Soil Sci. Plant Nutr., 57, 19−28. 2011. 
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Iron (Fe) is an essential micronutrient and a limiting factor in 
regulating primary production in parts of the world’s oceans, 
thereby influencing the global carbon cycle and hence climate. 
Fe stable isotopes hold great potential as a tool to investigate 
the biogeochemical redox cycle of Fe, but may also be used to 
constrain the individual contributions that each of the multiple 
Fe sources adds to the marine dissolved Fe budget. Several 
studies have attempted to define characteristic Fe isotope 
‘fingerprints’ for these sources, including hydrothermal 
discharge [1]. However, high priority should also be given to 
understanding any fractionation processes that may occur 
when Fe enters the ocean as they may alter the Fe isotopic 
signature.  
For hydrothermal input, two previous studies, based on Fe 
isotope analyses of plume particles, have resulted in 
controversial findings. One has suggested preservation of the 
end-member fluid’s Fe isotope signature in the plume [2] while 
the other suggests a significant shift towards a heavier isotopic 
composition [3]. The opposing results are mainly attributed to 
different Fe/S ratios in the end-member fluids of the respective 
hydrothermal plumes. 
In this study, hydrothermal plumes above the newly discovered 
Nifonea vent field in the New Hebrides arc in Vanuatu, were 
sampled and analyzed for their Fe isotope compositions. 
Utilizing new protocols for trace metal preconcentration and 
separation from seawater, in combination with double spiking 
procedures and multiple-collector ICP-MS, we have 
determined the isotopic composition of dissolved Fe in a 
hydrothermal plume for the first time. Preliminary results 
indicate preservation of the end-member isotopic signature and 
only minor formation of Fe-sulfides despite low Fe/S ratios in 
the vent fluids. 
 
[1] Radic et al. (2011), EPSL 306, 1-10. [2] Bennet et al. 
(2009), GCA 73, 5619-5634. [3] Severmann et al. (2004), 
EPSL 225, 63-76 
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We present a method for manufacturing polycrystalline 

olivine capsules suitable for use as containers in near-liquidus 
experiments on olivine-saturated melt compositions. The 
capsule manufacture involves a 2-stage process: the subsolidus 
reaction of a pressed pellet of oxides (including Fe2O3) under 
reducing conditions to form olivine; followed by pressing of 
the ground product into the desired capsule form, and then 
subjection of this capsule to cycles of heating (to near-solidus 
conditions) and cooling in order to stimulate grain growth. 

We developed this method in order to avoid common 
problems of iron loss from the melt to its wire-loop, and 
reactions between wire loops and reactive sulphide liquids. In 
addition, using olivine as a capsule material allows the Fe/Mg 
ratio of silicate melts to be buffered. Olivine-melt partitioning 
of trace elements can also readily be measured.  

The method of heat treatment is critical because of residual 
porosity in the capsule. Due to the high wetting-angle of 
olivine by basaltic melts, porous capsules readily absorb the 
silicate melt, which can then escape the outer walls altogether. 
We have tried various methods of avoiding this problem, 
including using pressed capsules of olivine-melt mixtures, but 
the cycles of heating and cooling is the only approach which 
has so far been reliably successful (i.e. the melt is contained 
for long periods, even at 1 atmosphere pressure). 

The range of capsule compositions that can be 
manufactured spans the entire range of known solar system 
olivines. The capsules can host relatively large volumes of 
melt, which are easily analyzed by techniques that suffer from 
poor spatial resolution. We hope that this method will make 
possible a range of hitherto unfeasible experiments. 
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The Neoproterozoic Franklin igneous event is preserved as 

lavas, dikes, and laterally extensive sills on Victoria Island, 
NWT, Canada.  Cores from four drill holes through a single 43 
to 46m thick sill were split lengthwise, and ~0.5 m sections 
were homogenized for bulk rock analysis.  The sill has a 
classic S-shaped profile when Mg# is plotted relative to height, 
and shows little change in thickness or internal stratigraphy 
along strike.  The lower ~8m of the sill is a picritic gabbro and 
the upper ~37m of the sill, is a dolerite. Bulk rock Mg# reaches 
a maximum of 80 at the top of the picrite zone and a minimum 
of 35 at a “sandwich zone” 9 m below the upper contact. The 
% olivine in the picrite zone increases upward from a few % at 
the lower contact to ~55% at the top of the zone.   The sill was 
emplaced as a series of at least three magma injections based 
on small Mg# “recharge” spikes observed at approximately the 
same horizon in all four sections.  The average initial magma 
was a tholeiite with ~8.3% MgO and 6.5% olivine phenocrysts.  
MELTS (Ghiorso) calculates liquidus olivine (Fo83) followed 
by augite (Wo42:En48:Fs10), and plag (An78).  Least-squares-
fit models based on average microprobe analyses of olivine 
(Fo85), augite (Wo40:En51:Fs9), and plag (An71) suggest 
differentiation in the sill resulted from the initial settling of 
olivine phenocrysts followed by in-situ crystallization of 
augite, plagioclase, and olivine.  Pigeonite, an interstital phase 
in the dolerite,  is a late phase in MELTS and does not  fit in 
the fractionation models.  Upward migrating interstital melt 
was concentrated in the sandwich horizon where excluded 
element abundances are ~2X sill averages.  Olivine at the top 
of the picrite zone, with the highest olivine/”trapped liquid” 
shows the most reequilibration because it had the lowest 
olivine/”migrating interstital melt”. Calculated sill profiles 
match the observed element distribution for Si, Ti, Al, Fe, Mg, 
Ca, Na, P, Sc, V, Cr, Co, Ni, Cu, Sr, Y, Zr, Nb, La, Ce, Pr, Nd, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Th, and U.  The 
distributions of Mn, K, Ba, and Rb do not fit the model and 
suggest redistribution by a late fluid phase that deposited these 
components 3-5 m below the upper contact, where the sill is 
observed to be vesicular. 
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The Oligocene Northern Ethiopian-Yemeni LIP, 
represented by a CFB plateau extending ca. 700 km in 
diameter, is characterized by a well-defined zonal arrangement 
with increasing plume-related physico-chemical features of 
erupted magmas, such as thermal regime, incompatible 
element enrichment and specific Sr-Nd-Pb-He isotopic 
fingerprint, from the periphery to the central plateau area [1]. 
Two CFB volcanic piles in the Lalibela district (Northern 
Ethiopia, ca. 2 km thick) and in the Manakhah section 
(Northern Yemeni plateau, ca. 1 km thick) which erupted close 
to the Oligocene Afar plume axis, are similarly characterized 
by very high-Ti transitional basalts and picrites (HT2, [1] [2]) 
that account for ca. 13% (40,000 km3) of the total Ethiopian-
Yemeni CFB lavas. These magmas are characterized, in 
addition to the extremely high TiO2 content (3-6 wt%) by a 
high MgO content (mostly between 8 and 18 wt%), and show 
striking compositional analogies with those from the Karoo 
province and the Siberian meimechites [3] [4]. Petrological 
modelling based on whole rock FeO-MgO and Ol composition 
[5] indicates that some of picrites (MgO 16-17 wt%) are near-
primary magmas with olivine phenoscrysts up to Fo 90.4. 
Calculation shows that the primary melts have picrite 
composition MgO 19.8-20.7 wt% and were generated by 
polybaric melting in the pressure range 3-4 GPa at a potential 
temperature of 1570°C.  Together with high-MgO lavas from 
Hawaii and Gorgona, these are the highest temperatures of any 
OIB and LIP lavas. The available data suggest that HT2 
magma sources necessarily require the involvement of specific 
high-Ti (and Fe) deep-seated sublithospheric components 
which were entrained and remobilized by the rising plume.  

 
[1] Beccaluva et al. (2009), J. Petrol. 50, 1377-1403. [2] 
Beccaluva et al. (2011), GSA Sp. Paper 478, 77-104. [3] Ellam 
& Cox  (1991), Earth Planet. Sci. Lett. 105, 330-342. [4] 
Heinonen et al.  (2014), Earth Planet. Sci. Lett. 394, 229-241. 
[5] Herzberg et al. (2007), Geochem. Geophys. Geosyst. 8, 
doi:10.1029GC001390. 
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The Archaean basement in the Skjoldungen region in SE 
Greenland can be divided into a northern part dominated by 
mafic belts and ortho-gneisses (2850-3050 Ma) and a southern 
part with abundant younger (2760-2710 Ma) granitoid bodies. 
Granulite facies metamorphic overprinting is widespread 
within the mafic belts and in most cases pre-dates the granitic 
intrusions. Mafic and ultramafic alkaline intrusions of the 
Skjoldungen Alkaline Province (SAP) [2] define a roughly 30 
km wide belt that separates the northern and southern region. 
The region was previously divided into two orogenic events: 
one at 2800-2780 Ma and one 2750-2700 Ma [1], however 
here we argue that these periods reflect the pro- and retrograde 
path during one single orogeny.  

This study presents new zircon U/Pb, Hf and O isotope 
data from granitic and gneissic rocks and whole rock Lu-Hf 
isotopes from mafic alkaline intrusions. Zircon data from 
granites from the southern region show igneous inner rim 
domains with ages of 2800-2780 Ma and outer igneous rim 
domains of 2750-2710 Ma. Oxygen isotope data from core-, 
inner- and outer rim domains are similar and within mantle 
values for the most samples. Whole rock Lu-Hf data from two 
mafic intrusions of the SAP have isochron ages in the range of 
2740-2790 Ma and εHf(t) around +1 to -1. For the region in 
general, combined zircon U/Pb/Hf isotope data display εHf(t) 
values that range between -2 and -8 and the Alkaline intrusions 
thus reflect a relatively juvenile endmember. 

The new data suggest a geodynamic model where granitic 
magmatism (2800-2780 Ma) predate regional peak 
metamorphism (ca. 2750 Ma) [3], followed by syn- to post-
tectonic granites (2760-2700 Ma) intruding during the 
retrograde path. In contrary to earlier interpretations [1], this 
model places the Skjoldungen area into a context of a single 
100 Ma long orogenic development. 

 
[1] Kolb et al. (2013) Gondwana Res. 23, 471-492. [2] Bichert-
Toft et al. (1995) J. Petrology. 36, 515-561. [3]	  Berger et al. 
(2014) Precambr. Res. 255, 774-790. 
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Extracellular electron transport, or EET, is the process 
whereby bacteria either donate electrons to an electron 
acceptor (usually insoluble), or take up electrons from an 
electron donor (usually insoluble) that is located outside the 
cell.  We came upon this process with the isolation of 
Shewanella oneidensis MR-1, a Gram-negative bacterium 
capable of dissimilatory reduction of solid iron and manganese 
oxides.  It was soon found that these bacteria possessed 
unusual molecular machinery (multi-heme c-type 
cytochromes) dedicated to the transport of electrons to the cell   
exterior. MR-1 has been intensively studied with regard to the 
mechanism(s) of EET, and shown to use several approaches to 
EET, including soluble electron shuttles, and conductive 
appendages called nanowires.  Not long after the isolation of 
MR-1, it was apparent that one could use a properly charged 
(poised) electrode as an electron acceptor, and in the right 
configuration, transfer of electrons to the electrode surface 
resulted in microbial fuel cells (MFCs) – the anode being the 
only electron acceptor available, and EET to the electrode 
providing the mechanism production.  Not surprisingly, 
electrode-dependent growth was easily demonstrated, and the 
study of electromicrobiology (in the modern era) was under 
way.   The cathode of an MFCs is the site of oxygen reduction 
to water, commonly catalyzed by a metallic catalyst like 
platinum: it was thus not particularly surprising when aerobic 
bacteria were shown to be capable of catalyzing this reaction 
using cytochrome oxidase – MR-1 was able to act as a cathode 
catalyst, using oxygen, fumarate or other electron acceptors.   
The demonstration of this ability in several bacteria has led to 
the exciting prospect of electrosynthesis and a burst of activity 
showing both electrosynthetic activities, and the ability to use 
poised cathodic electrodes as energy sources for the isolation 
and growth of bacteria (electrotrophs?!).  This, coupled with 
the recent findings that changes in electrode potential are 
sensed by bacteria, resulting in gene regulation, make it clear 
that electromicrobiology is far more intricate, and perhaps 
widespread, than any of us recognized with the isolation of the 
first metal reducing bacteria. 
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The so-called Penrose ophiolite sequence defines the 
distinct layers of the oceanic crust, comprising a sedimentary 
cover on top of basaltic extrusives underlain by sheeted dikes 
rooted in mafic to ultramafic cumulates, and the underlying, 
mostly melt-depleted, variably serpentinised harzburgite. Upon 
subduction, these layers are returned to, and recycled in the 
convecting, depleted mantle. Time-integrated radiogenic 
isotope signatures in oceanic island basalts (OIB) require 
parent-daughter ratios in their various sources that resemble 
some of these layers. The enriched mantle-1 (EM1) trajectory 
in multiple isotope space is best explained by a combination of 
compositionally diverse pelagic sediments, whereas OIB with 
a high-µ signature (i.e., high 238U/204Pb or HIMU) are often 
related to basaltic oceanic crust. Recycling of crustal 
components is required in stationary, hot mantle plumes, where 
low-degree melting of volumetrically small portions of 
enriched components in a primitive mantle matrix (termed 
FOZO) feed oceanic island volcanism. What remains unclear 
are the mechanisms of this recycling process. Models range 
from (i) whole slab component recycling to (ii) slab-derived 
(frozen) fluids in metasomatic pyroxenite dikes that are 
enriched in incompatible trace elements, to (iii) deep mantle 
metasomatism by cryptic carbonatitic melts. Here we present 
Fe isotope compositions (expressed as δ57Fe relative to IRMM-
014) for OIB from the EM1 and HIMU type-localities of the 
Pacific islands of Pitcairn and Mangaia respectively, all 
corrected to primary magmas (Mg# =73) in equilibrium with a 
mantle source of Mg# =90. EM1-type melts (δ57Fe~0.1) are 
isotopically distinct from FOZO-type melts (δ57Fe~0.2) and 
appear systematically lighter compared to HIMU lavas 
(δ57Fe~0.2-0.3). Isotope diversity outside of analytical 
uncertainty indicates source heterogeneity in δ57Fe within the 
respective mantle components. Because Fe is a major element 
in the mantle and isotope variations require physical transfer of 
Fe, we conclude that entrainment of crustal sections, i.e., 
scenario (i), best explains δ57Fe in the OIB sources. HIMU 
basalts are consistent with δ57Fe of upper oceanic crust, 
whereas the EM-1 source at Pitcairn may reflect deeper, and 
isotopically lighter serpentinised crust (but not sediments), 
consistent with at least two sections of the Penrose sequence.  
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Molybdenum (Mo) isotopes are highly sensitive to 

oxidation state and can be used to provide a measure of redox 
conditions in the oceans. Geothermal systems play an 
important role in the Mo flux to the oceans, as well as in the 
formation of Cu-Mo ore deposits. Vapour-phase transport of 
Mo within such systems appears to be important [1], but there 
is little information regarding the extent of isotope 
fractionation during vapour transport and condensation. 

This study presents Mo isotope and elemental data for 
geothermal liquids and their associated condensed vapour 
phases from four geothermal systems in Iceland. 
Reykjanesvirkjun represents a sea-water endmember (Cl = 
18800 ppm), whereas Krafla and Bjarnaflag represent meteoric 
reservoirs (Cl < 100 ppm), and Svartsengi a mixed system (Cl 
< 12500 ppm). Mo concentrations in the liquid phases range 
from 0.3 to 14.3 ppb and were found to be correlated with 
salinity. The corresponding δ98/95Mo values range between 0.18 
and 2.10‰ (seawater = 2.07 ± 0.08‰). All of the condensed 
vapour phases contain a significant concentration of Mo (up to 
3.3 ppb), and are isotopically lighter than their corresponding 
liquid phases. Isotopic values in these condensed vapour 
samples are always lighter than the corresponding liquid phase, 
and are generally negative (δ98Mo -0.37 to 0.07‰). The 
Reykjanes vapour samples show the largest isotopic variation 
which encompasses the entire measured condensed vapour 
range, suggesting that the extent of liquid-vapour fractionation 
is independent of the initial δ98/95Mo composition.  

Our results indicate that significant δ98/95Mo fractionation 
occurs between liquid and vapour phases in geothermal 
systems, and results in an isotopically light vapour phase. 
Understanding the processes that result in this fractionation is 
key to quantifying geothermal Mo transport, and will help 
characterise what mechanisms control the formation of Mo 
porphry ore deposits. 
 
[1] Rempel et al., 2006, GCA, 70 687–696.  
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Increasing As intrusion in previously safe aquifers 
In many Asian groundwater systems, previously As free 

aquifers are subject to intrusion of As-contaminated 
groundwater caused by extensive groundwater pumping 
[1,2,3]. This is for example observed in the vicinity of Hanoi, 
Vietnam, where As-enriched and highly reducing groundwater 
is laterally intruding into an As-free Pleistocene aquifer, 
thereby forming a migrating redox front [4]. The Pleistocene 
sediments are rich in Fe(III)-minerals that may determine the 
As mobility by microbially mediated processes [5], and/or 
competitive sorption processes [6]. 

In-situ experiments along redox gradient 
We studied in-situ As adsorption processes by exposing 

defined synthetic Fe minerals as well as original sediment 
material to high As groundwater of various redox 
characteristics. Using a tailor-made device, the samples were 
exposed directly to the aquifer in nine monitoring boreholes of 
the study site in Van Phuc (Hanoi) for seven days, four weeks, 
and for six months.  

SEM imaging showed clear alterations of the exposed Fe-
minerals with time (Fig. 1), which were accompanied by 
pronounced changes in the As adsorption capacity of the Fe-
minerals. Results will be presented, corroborating that 
alteration of Fe-phases could be a decisive factor in controlling 
the migration of As. 

Figure 1: SEM images of hematite coated sand. Left: 
unaltered hematite crystals on quartz. Right: alterations after 6 
months indicating microbial colonization and Fe-mineral 
transformation.  

 
[1] Neidhardt et al. (2013) J. Hazard. Mater. 262, 941-950. [2] 
Berg et al. (2008) Chem. Geol. 249, 91-112. [3] Winkel et al. 
(2011) PNAS 108,  1246-1251. [4] van Geen et al. (2013) 
Nature 501, 204–207. [5] Radloff et al. (2007) Nat. Geosci. 4, 
793-798. [6] Postma et al. (2007) Geochim. Cosmochim. Acta 
71, 5054-5071.  
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A quartz vein containing autunite and torbernite was 
exploited at the Pinhal do Souto mine and produced 93,091 kg 
U3O8 between 1978 and 1989. It was then closed down and 
two dumps, partially covered by natural vegetation, were left 
in the area. Soils tend to have higher Cu, Mn, Pb, Sb, U and W 
concentrations and a lower Fe concentration than stream 
sediments, because soils contain vermiculite that adsorb metals 
and the metalloid Sb. The Fe-oxides precipitate has higher As, 
Cd, Co, Fe, Sr, W, Th and U concentrations than soils, because 
it also has higher concentrations of iron-oxides and organic 
matter than soils, which adsorb metals and the metalloid As. 
Uranium is up to 485.20 mg/kg in Fe-oxides precipitate, 
336.79 mg/kg in soils and 35.68 mg/kg in stream sediments. 
Metals and metalloids are released from the mine dumps, 
leaching through the mine area and are retained in soils, Fe-
oxides precipitate and stream sediments. An evidence is the 
uranium concentration in water that increases up to  
104.42 µg/L in the wet season, because secondary minerals are 
dissolved and uranium is released into water. But metals and 
As concentrations in water increase during the dry season due 
to the evaporation. Under neutral to alkaline pH, UO2

2+ is 
abundant and complexed with CO3

2- in water. Surface water 
and groundwater have a slightly acid-to-alkaline pH. Soils, 
stream sediments and waters are contaminated and must not be 
used. The median concentrations of Fe, As, Cd, Pb, Sb, Th, U, 
W and Zn in soils are higher than in European soils of the 
FOREGS data. 
This mine area caused a lower environmental impact than the 
Portuguese abandoned uranium mine area of Vale de Abrutiga, 
attributed to it having lower sulphide concentration and 
mineral alteration than the Vale de Abrutiga area. 
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Hydrogen isotope values of sedimentary waxes from 
vascular plants are valuable hydroclimate proxies. However, 
considerable uncertainty still surrounds the paleoclimate 
interpretation of these data due to factors such as differences in 
species-specific biosynthetic fractionation and variability in 
leaf water isotopic enrichment over space and time. Although 
leaf wax hydrogen isotope values generally reflect those of 
local precipitation, leaf water is the direct hydrogen source for 
plant lipids. Due to transpiration, leaf water isotopes are 
typically enriched relative to source water taken up at the 
roots. The magnitude of transpirative enrichment is also 
controlled by hydroclimate conditions, so improved 
understanding of this component of hydrogen transfer from 
precipitation water to vascular plant lipid will facilitate better 
understanding of the climatic significance of the sedimentary 
leaf wax signal.  

Here we present monthly time series records of hydrogen 
isotope values from the 2014-growing season of precipitation, 
leaf water, xylem water, and leaf waxes in a collaborative 
network of 20 sites throughout Europe. For each site we used 
precipitation and xylem water measurements, along with 
contemporaneous weather station data, to calculate expected 
leaf water isotope values with a generalized model. Measured 
leaf water isotope values were then used to validate the model 
predicted values. This well-constrained plant water isotope 
data set was also used to evaluate the extent to which vascular 
plant lipids differ in how they reflect the hydrogen isotope 
value of biosynthetic source water among species and over 
large spatial scales. Improved understanding of the 
hydroclimate signal imparted to waters up to the point directly 
preceding photosynthetic uptake, and isolated assessment of 
the net biosynthetic isotope effects that follow, advances the 
robust application of sedimentary leaf wax hydrogen isotope 
values as proxies for leaf water or precipitation isotope values.  
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Glendonites are calcite pseudomorphs after the metastable 
mineral ikaite (CaCO3 x 6H2O). Marine ikaite precipitation 
within sediments has primarily been described in near-
freezing, high alkalinity environments with increased 
orthophosphate and magnesium concentrations. However, 
recent studies indicate that ikaite might also form at higher 
temperatures [1]. 

This study investigates glendonites in diatomaceous 
background sediments of the Early Eocene Fur Formation of 
Northwestern Denmark, well known for its more than 180 
volcanic ash layers deposited during the opening of the North 
Atlantic Ocean. The glendonites of the Fur Formation provide 
an unique opportunity to get insight into the controlling factors 
of ikaite formation. δ13Ccarb values of the glendonites are 
around -24‰ and suggest ikaite formation due to 
organotrophic sulfate reduction. However, a contribution of 
carbon derived from anaerobic oxidation of methane cannot be 
excluded. Calcium and strontium isotopes are applied to 
characterize the calcium source of ikaites in the otherwise 
calcium carbonate free background sediment. 

While glendonites occur in distinct horizons, authigenic 
carbonate concretions occur throughout the Fur Formation. 
High δ13Ccarb values, as well as abundant lipid biomarkers of 
archaea reveal that methanogenesis may have lead to the 
formation of the concretions in the lower part of the formation, 
which was deposited at the end of the PETM. Carbon isotopes 
of the sedimentary organic matter as well as C/N ratios show 
changes in the source of organic matter with periods of 
increased terrestrial input, most likely due to climate and/or 
precipitation changes. 
 
[1] Teichert & Luppold (2013), Paleo3, 390, 81-93. 
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Petroleum coke is produced during upgrading of oil sands 

bitumen to synthetic crude oil. This carbonaceous byproduct is 
generally stored in large, sub-aerial deposits along the margins 
of tailings ponds. The water table within these deposits is 
commonly positioned near surface creating a shallow 
unsaturated zone; the geochemistry pore-water within the 
underlying saturated zone is initially derived from oil sands 
process water (OSPW). This pore water contains elevated 
concentrations of major ions (Na, Cl > SO4 > Ca > Mg, K) and 
various organic carbon compounds. Consequently, the water 
table represents a distinct transition from oxic to anoxic 
conditions. A detailed geochemical investigation of three 
petroleum coke deposits was conducted to examine solid-phase 
and pore-water geochemistry. Continuous core samples were 
obtained at twelve locations within these deposits and multi-
level monitoring wells were installed at eight of these 
locations. 

Solid-phase geochemistry was examined to constrain both 
the abundance and speciation of major and trace elements. The 
elemental composition (w/w) of petroleum coke solids (n = 32) 
was dominated by C (84 ± 2.4 %) and S (7.0 ± 0.3 %), with 
lesser amounts of Si (0.93 ± 0.31 %), Fe (0.48 ± 0.12 %) and 
Ti (0.14 ± 0.04 %). The most abundant trace elements were V 
(1300 ± 120 mg kg−1) and Ni (230 ± 79 mg kg−1).  

Depth profiles of stable isotopes of water (δ2H, δ18O) 
revealed distinct zone of mixing between meteoric waters and 
OSPW over a 1 to 2 m depth interval immediately below the 
water table. This mixing zone corresponded to elevated pore-
water V (up to 3 mg L−1) and Ni (up to 0.12 mg L−1) 
concentrations. However, V and Ni concentrations decreased 
substantially with increasing depth below this mixing zone. 

Bulk X-ray absorption spectroscopy (XAS) performed at 
the S, V, Fe and Ni K-edges revealed subtle variations in 
oxidation states and bonding. However, results of the V K-
edge XAS measurements suggest V oxidation from V(IV) to 
V(V) may contribute to V release. Mechanisms of V 
attenuation remain an active topic of investigation. Results of 
this study suggest that oxidative weathering of oil sands 
petroleum coke can release V and Ni to pore water. Therefore, 
storage of petroleum coke in anoxic environments may reduce 
potential for their release. 

2256



 Goldschmidt2015 Abstracts  

 2257 

Methanogenesis with dunite as the 
only source of H2 and Ni 

NEUBECK, ANNA1 AND SCHNÜRER, ANNA2 
1Dept. of Geol. Sci., Stockholm University, 10691 Stockholm, 

Sweden (anna.neubeck@geo.su.se) 
2Dept. of Microbiol. Swedish University of Agricultural 

Sciences (SLU) Uppsala, Sweden (anna.schnurer@slu.se) 
 

The deep, sub-surface oceanic crust has the potential to 
sustain a methanogenic deep biosphere through aqueous 
weathering of ultramafic minerals (serpentinization) and the 
concomitant production of H2 and release of essential trace 
metals [1-4]. Until now, however, no studies have been able to 
experimentally show that methanogens could actually grow on 
altering ultramafic minerals. Here we show that the archaeal 
strain MAB1 (strain isolated at SLU, M. bourgensis strain 
MAB1): 

 
1) grows for 427 days with dunite as sole source of H2  
2) grows for 427 days with dunite as sole source of Ni 
3) grows faster with dunite as only source of Ni 
4) survival of MAB1 for 427 days with no added Ni or H2 
 
A set of experiments was prepared in which dunite powder 

was added to a Ni-depleted growth medium together with 
MAB1. The selection of MAB1 was made because of its 
ability to grow at extremely low H2 pressures as well as its 
flexibility to grow in both nutrient rich and nutrient poor 
environments. A slow but clear growth could be observed 
already after 50 days. After 305 days a distinct difference 
could be observed between the olivine and non-olivine 
experiments. In some of the experiments, MAB1 survived over 
1 year even without any added H2 or Ni. Our results indicate 
that methanogenesis in the deep oceanic crust is possible and 
may be much more robust than previously thought. Our results 
have implications on a  serpentinization-driven deep biosphere 
on Earth and possibly on other planets. 

 
[1]Hellevang H. (2008) Int. J. of Astrobiology 7,157–167 
[2]Klein F. et al.(2009) Geochim Cosmochim Acta 73, 6868–
6893 [3]McCollom, T.M., 2007, Astrobiology 7, 933-950 
[4]Nealson et al. (2005) Trends in Microbiology 13, 405–410. 
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Structural Fe in clay minerals is an important source of 

renewable redox equivalents in subsurface environments. We 
recently demonstrated that structural Fe(III) can be reduced by 
interfacial electron transfer from Fe(II) sorbed to clay mineral 
surfaces [1]. In the redox reaction, sorbed Fe(II) is oxidized 
and a solid Fe(III) phase forms [2]. It is unknown whether the 
observed interfacial electron transfer and secondary Fe(III) 
oxide formation are reversible and how the presence of an in 
situ-formed solid Fe(III) oxidation product might affect the 
reactivity of Fe(II)-containing clay minerals. 

To test for the (ir)reversibilty of interfacial electron 
transfer, we combined sequential extractions and pH titration 
with 57Fe-Mössbauer spectroscopy to monitor changes in the 
speciation of structural and sorbed/oxidized Fe. Our results 
suggest that changes in aqueous solution chemistry, 
particularly the presence of phosphate anions and low pH, lead 
to oxidation of structural Fe(II) and concomittant reduction of 
the Fe(III) precipitate, suggesting that electron transfer is 
reversible. 

To determine whether the observed solid Fe(III) oxidation 
product affects the overall redox reactivity of Fe(II)-reduced 
clay minerals, we used nitroaromatic compounds as reactive 
probes. We compared the reduction kinetics in reactors 
containing Fe(II)-reduced clay mineral to reactors with 
dithionite-reduced clay mineral with the same Fe(II)/Fe(III) 
ratio and found differences in reaction order and rate constant. 
We are currently investigating the (trans)formation of iron 
oxidation products and the clay mineral Fe(II)/Fe(III) ratio 
during probe molecule reduction to explain the observed 
differences in reactivity.  

 
[1] Neumann, Olson & Scherer (2013), Environ Sci Technol, 
47, 6969-6977. [2] Schaefer, Gorski & Scherer (2011), 
Environ Sci Technol, 45, 540-545. 
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The early Solar system produced a vast variety of objects 

with different sizes, compositions, structures, and locations. 
Among those, the small bodies (asteroids, comets, dwarf 
planets) are of particular interest due to their importance as 
building blocks of the planets and as parent bodies of the 
meteorites. The properties and structures of small planetary 
bodies are greatly diverse, as are the compositions of 
meteorites. Meteorites provide strong evidence that partial 
melting and differentiation were ubiquitous in the 
planetesimals of the early Solar System. With respect to the 
degree of differentiation, two classes can be defined: 
chondrites, that originate from primitive, undifferentiated 
parent bodies and achondrites (iron, stony, and stony-iron 
meteorites), originating from bodies apparently fractionated 
into (at least) a silicate mantle and a metallic core. A large 
variety in the degree of differentiation has been identified: 
metal separated partially or completely from silicates and 
silicates fractionated from each other, causing the composition 
of rock to deviate moderately to strongly from a primitive 
chondritic composition. 

To understand planetary evolution, in particular planetary 
differentiation, it is essential to know, by which mechanism, 
how, and when this diversity emerged. Numerical modelling of 
the structure, composition, and thermal history of meteorite 
parent bodies provides an effective theoretical tool that allows 
putting the information recovered into a more general context. 
The insights gained from the models of specific asteroids and 
of planetesimals in general bring planetary science closer to 
the understanding of the early evolution of the Solar System as 
a whole and of the planets in particular. 

Here, we present a review of our numerical investigations 
on the modelling of rocky planetesimals. We use a spherically 
symmetric model of a planetesimal consisting of iron and 
silicates, which considers accretion as radial growth. Our 
model includes compaction, melting (along with the associated 
changes of the material properties and the partitioning of 26Al), 
latent heat, differentiation by porous flow, advective heat 
transport, and convection along with the associated effective 
cooling in a potential magma ocean. We present implications 
for planetesimals in general as well as for some prominent 
asteroids. 
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Mineral surfaces provide sites for carbon stabilization in 
soils, protecting soil organic matter (SOM) from microbial 
degradation for up to thousands of years. Our research 
investigates the intersection of microbiology and 
geochemistry, and aims to build a mechanistic understanding 
of plant-derived C association with mineral surfaces and the 
factors that determine SOM fate in soil. We grew Avena 
barbata, an oat grass, in 99 atom% 13CO2, following 13C-
labeled photosynthates in soil microcosms incubated with three 
mineral types representing a spectrum of reactivity: quartz, 
kaolinite, and ferrihydrite. These minerals, isolated in mesh 
bags to exclude roots but not microorganisms, were extracted 
and measured for total C and 13C at multiple plant growth 
stages. At plant senescence, the quartz had the least mineral-
bound C (0.40 mg-g-1) and ferrihydrite the most (0.78 mg-g-1).  
Ferrihydrite and kaolinite also accumulated more plant-derived 
C (3.0 and 3.1% 13C, respectively). Through 13C-NMR and 
FTIR analyses of SOM composition, along with quantification 
microbial DNA extracted from mineral surfaces, we examine 
the transformation plant-derived C undergoes prior to mineral 
association. In a new experiment, we are studying the stability 
of this mineral-associated C, incubating the same 13C-labeled 
minerals in the presence and absence of plant metabolites to 
trace the fate of mineral-associated C over time.  
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The X-ray absorption spectroscopy is a specific and 
interesting way to determine the structure of melts at high 
temperature, and to use it to follow structural changes. The 
changes observed at HT with X-ray absorption spectroscopy 
can be directly connected to changes in macroscopic 
properties, such as viscosity, specific heats, Redox state, 
diffusion coefficient and of course the structural organization 
of the melts at high temperature.  

By combining  new XANES investigations at the L and K-
edge on heavy and light elements give the possibility to follow 
redox variation for different couples like Eu/Fe, Ce/Cr, U/Am 
and get informations on the mechanisms and redox kinetics. 

2261



 Goldschmidt2015 Abstracts  

 2262 

Cyanobacterial fossilization through 
the formation and trapping of clays  

S. A. NEWMAN1*, G. MARIOTTI2 AND T. BOSAK1 
1Massachusetts Institute of Technology, 77 Massachusetts 

Avenue, Cambridge, Massachusetts 02139, USA 
(*correspondence: sharon.newman@mit.edu) 

2Louisiana State University, 1002-Q Energy, Coast & 
Environment Building, Baton Rouge, LA 70803, USA 

 
Processes which may have led to the exceptional 

preservation of microbial mats and soft bodied fossils in 
siliciclastics during the Ediacaran are not well understood.  To 
address this question, the current study experimentally 
fossilizes living cyanobacteria. 

A mixed community of filamentous cyanobacteria was 
continuously submerged in artificial seawater with varying 
concentrations of Si (0 mM and 0.4 mM). Cyanobacteria were 
grown in the presence of: 1) Si sand with mica, 2) pure SiO2 
sand, or 3) glass beads to determine the effect of different 
substrates on the composition of minerals around microbial 
filaments. Furthermore, some cultures were physically 
separated from the sand by dialysis bags to distinguish 
cyanobacterial trapping of suspended minerals from mineral 
precipitation. The cultures were agitated to allow for the 
suspension of finer silt and clay particles (~0.1% of the bulk 
sand) without disturbing the sand grains or beads.  

Fe, Mg, K, Ca and Na-rich aluminosilicate phases as well 
as calcium carbonate coated cyanobacterial sheaths after 6 
days. The extent and uniformity of coating increased over the 
first 15 days. Most cyanobacterial filaments wider than 1 
micron were coated, but the thinner (less than 1 micron-wide) 
and bead-like (possibly heterocystous) cyanobacteria were not. 
Smoother and more extensive coating was present in solutions 
that initially contained 0.4 mM Si. Dialysis experiments 
revealed that most Al-Si coating was derived from the 
cyanobacterial trapping of clays. However, when filaments 
grew in the presence of glass beads, which did not contain Fe, 
they became coated by phases rich in Fe(III) and SiO2, 
suggesting the precipitation of Fe-rich amorphous silicates 
from the solution. 

Our experiments show that the precipitation and trapping 
of silt and clay may co-occur and fossilize cyanobacterial 
sheaths within weeks. Past environments conducive to this 
mode of fossilization were likely rich in clay, silt, Fe(III) and 
dissolved Si. 
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Uranium-contaminated groundwater may be remediated by 
the addition of electron donors to stimulate the microbial 
reduction of aqueous U(VI) to insoluble U(IV) in situ.  
However, the susceptibility of microbially-precipitated U(IV) 
to oxidative remobilisation has raised concerns about the long-
term viability of this technique. An alternative mechanism that 
has been assessed previously is to stimulate the microbial 
precipitation of U(VI) phosphates via the addition of glycerol 
phosphate under aerobic conditions, leading to phosphate 
release following microbial metabolism of the substrate. Here 
we selected a sediment sample from a UK nuclear site and 
stimulated the microbial community with 10 mM glycerol 
phosphate or glycerol under anaerobic conditions, to assess 
whether uranium phosphate precipitation could be a viable 
bioremediation strategy.   

Results showed that U(VI) was rapidly removed from 
solution before and during the onset of Fe(III)-reducing 
conditions. Glycerol phosphate was broken down to release 
inorganic phosphate to solution, and millimolar quantities of 
the volatile fatty acids propionate and acetate were generated. 
U(VI) removal was markedly slower in the systems stimulated 
by glycerol addition, in which formate was the dominant 
volatile fatty acid. X-ray absorption spectroscopy revealed that 
glycerol phosphate stimulation promoted the formation of a 
U(IV)-phosphate mineral similar to ningyoite. This mineral 
was considerably more recalcitrant to oxidative remobilisation 
than the products of microbial U(VI) reduction in the absence 
of phosphate. Investigation of changes in the microbial 
ecology during glycerol phosphate biostimulation showed that 
Pseudomonas species were dominant during the early stages. 
A large increase in the abundance of bacteria closely related to 
Pelosinus species occurred between days 4 and 14, suggesting 
that they may have played a key role in uranium removal in 
these experiments.  

This is this first time that U(IV) phosphate minerals have 
been generated via the biostimulation of sediments. This work 
therefore has significant implications for the long-term 
stewardship of uranium-contaminated groundwater.     
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Precise and accurate determination of the timing and 
duration of ore-forming processes is crucial for understanding 
the origin of deposits and placing them in a regional geologic 
context. The Pea Ridge iron oxide - apatite deposit in the 
~1.47-1.44 Ga St. Francois Mountains terrane, southeast 
Missouri, USA is an endmember type in the global spectrum of 
iron oxide – copper - gold deposits. Abundant monazite and 
xenotime occur in REE-rich breccia pipes that cut the host 
rhyolite, magnetite ore, and alteration zones associated with 
the iron ore system. As revealed by CL and BSE imagery, 
most dateable minerals from this deposit are intergrown in a 
fine-grained matrix, or have numerous inclusions and/or 
overgrowths, thereby requiring high spatial resolution 
geochronology to obtain accurate age constraints on ore 
formation. 

SHRIMP U-Pb zircon ages of 1473.6 ± 8.0 (2σ) and 
1472.7 ± 5.6 Ma were obtained for the host rhyolite. Two 
dissolved bulk apatite samples from magnetite ore yielded 
TIMS upper intercept ages of 1461.3±8.3 and 1466.2±4.0 Ma 
and showed normal age discordance due to minor Pb loss. 
Micron-sized equant monazite inclusions in the apatite yielded 
a LA-ICPMS age of 1442±12 Ma. LA-ICPMS analysis of 
inclusion-free portions of pyrite (with U/Pb~0) from magnetite 
ore yield high radiogenic Pb isotopic values (206Pb/204Pb up to 
60), indicating redistribution of Pb during a process that was 
likely much younger than 1.4 Ga. Monazite and xenotime in 
the REE-rich breccia pipes have variable morphologies, but 
yielded nearly identical SHRIMP ages of 1462.5 ± 1.5 and 
1462.7 ± 9.3 Ma, respectively. 

Although textural evidence suggests the possibility of 
multiple hydrothermal events, better analytical precision than 
is currently achieved by LA-ICPMS and SHRIMP is required 
to resolve potential age variability at a finer time scale.  
However, our high spatial resolution dating results indicate 
that the hydrothermal activity responsible for mineralization at 
the Pea Ridge deposit post-dated volcanism by up to 10 Ma 
and lasted for tens of millions of years. 
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Sedimentary 231Pa/230Th has been widely used as a proxy of 

circulation rate in the Atlantic Ocean, though it can be 
influenced by opal and particulate scavenging. This study 
examines the proxy’s controls by analysing Pa/Th and 
sedimentary composition in 20 core tops organised in 5 depth 
transects across the 5oN-15oN latitudinal range of the Atlantic 
Ocean both east and west of the Mid-Atlantic Ridge. Analyses 
were also made in 3 sediment cores back to 25ka. 

A correlation between core top Pa/Th and 230Th-normalised 
bulk vertical mass flux of R2 = 0.4 is observed below 1400m 
water depth. The correlation between Pa/Th and opal and bulk 
vertical mass fluxes measured in the 3 sediment cores is lower 
than in the core tops (R2 < 0.1). Findings above indicate that 
particulate and opal scavenging are not the main controls of the 
observed Pa/Th variations, pointing towards circulation rate as 
the key player of Atlantic Pa/Th changes. 

Below 1400m, core top Pa/Th are less than the production 
ratio (0.093) and decrease linearly with water depth. Above 
1400m, the values are markedly higher, reaching well above 
the production ratio at the shallowest sites. These observations 
are consistent with export of Pa from the site by North Atlantic 
Deep Water and import of Pa by intermediate water masses in 
the Equatorial Atlantic.  

Our new western basin records (2714m and 3288m) show 
Pa/Th changes similar to published records, with the highest 
values observed during Heinrich Stadial 1. However, Pa/Th 
measurements from the eastern basin (3426m) suggest a 
different circulation structure between the East and West 
Atlantic throughout the last deglaciation.  

Findings from this study improve our understanding of the 
driving mechanisms behind the Atlantic Pa/Th observations 
and provide a synoptic basin scale view of the rate proxy 
dynamics both at present and the past. 
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To date, there is very little information available on the 
oxidation and reduction of antimony by bacteria. Recently, a 
pure culture of respiratory antimonate reducing bacterium was 
isolated and characterized, which belongs to the order 
Bacillales [1]. An antimonate-respiring bacterium was isolated 
from sediment samples collected in the vicinity of an antimony 
oxide-producing factory in Korea. Temporarily named strain 
JUK-1, it was found to be a rod-shape bacterium and occurred 
individually or in pairs. Antimonate was reduced to antimonite 
in the presence of JUK-1 in an anoxic minimal medium 
containing 5 mM antimonate and 10 mM acetate. The 
organism grew optimally at an initial pH of 7.7 and a 
temperature of 30 oC. A part of the antimonite which was 
produced in medium precipitated as a bio-mineral containing 
approximately 50.0 % antimony, 33.5 % oxygen, 12.7 % 
carbon, 2.0 % sodium and 1.9 % magnesium by weight. A bio-
mineral that appeared during growth may be a precipitate of a 
trivalent antimony compound, Sb(OH)3, that was formed under 
reducing conditions in the medium. Based on the 
phylogenetics of 16S rRNA gene sequence and DNA G+C 
content, JUK-1 appears to be a new strain of the Sinorhizobium 
genus. Classification of JUK-1 was proposed as follows: 
Bacteria, Proteobacteria, a-Proteobacteria, Rhizobiales, 
Rhizobiaceae, Sinorhizobium sp. JUK-1. The results suggest 
that bacteria may play a significant role in changing the redox 
state of antimony in the environment. 

 
[1] Abin & Hollibaugh (2014) Environ. Sci. Technol. 48, 681–
688. 
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Introduction and Context 
Models like the Free Ion Actvity Model or the Biotic 

Ligand Model for predicting the toxicity of trace metals are 
based on an understanding of factors that control 
bioavailability, of which speciation is key [1]. One application 
of such models is in assessing metal toxicity to plants growing 
on metal contaminated soils. Inoculation of soil/seeds with 
some bacteria can improve plant growth but the mechanisms 
behind this phenomenon are contentious [2]. Hence, we 
monitored growth of Brassica juncea in the presence of 
Pseudomonas brassicacearum, Rhizobium leguminosarum or 
both strains under zinc stress, and combined synchrotron-based 
micro-XRF imaging with XANES analysis to shed light on 
mechanisms behind the apparent metal tolerance. 

Results and Discussion 
Improved plant growth occurred when seeds were 

inoculated with either bacteria relative to controls, despite 
higher zinc concentration in the plant tissues of bacteria-
inoculated plants, as revealed by bulk analysis and by 
synchrotron-based micro-XRF imaging of roots.  

Linear combination fitting of XANES data showed 
significant differences in zinc speciation between controls and 
bacteria treatments, while the speciation also depended on the 
organic matter content of the growth medium. Furthermore, the 
locus of the zinc depends on whether the bacterium is 
endophytic or rhizospheric. Our results caution against using 
bioavailability alone as an indicator of adverse outcomes. 

 
[1] Buffle, J. et al (2007). Environ. Sci. Technol., 41, 7609–
7620. [2] Adediran G.A. et al (2015). J. Hazard. Mater. 283, 
490-499. 
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Electrical conductivity of silicate melts, as a function of 

temperature, pressure, melt composition, and volatile contents, 
is a critical parameter for interpreting the nature of conductive 
zones in magnetotelluric survey.  Rhyolitic melt is particularly 
important for its association with many devastating explosive 
volcanic eruptions.  Previous experimental investigations of 
electrical conductivity of rhyolitic melt are restricted to low 
pressure  (up to 0.4 GPa) and low water concentration (up to 3 
wt%).  With sweeping-frequency impedance analyses, we have 
carried out electrical conductivity measurements of rhyolitic 
melts at 700-1600 K, 0.5-1.0 GPa, and 0-8 wt% H2O using a 
coaxial setup in piston cylinder apparatuses.  We find that the 
water effect is much stronger than predicted from extrapolation 
of previous electrical conductivity models.  As water 
concentration increases from 0.1 wt% to 8 wt%, the activation 
enthalpy decreases from ~85 kJ/mol to less than 40 kJ/mol, and 
electrical conductivity increases by 0.9-1.5 log units.  The wide 
pressure range allows more precise assessments of the 
activation volume, which ranges between 8 to 21 cm3/mol.  
Comparison between experimental data of electrical 
conductivity and Na diffusivity and the Nernst-Einstein 
relationship reveals that sodium ion is the major charge carrier, 
consistent wit previous studies.  Water enhances electrical 
conduction by lowering melt viscosity and promoting Na 
transport, not by the transport of hydrous species themselves.  
We provide a general model for electrical conductivity of 
rhyolitic melts applicable to a wide range of temperature, 
pressure and water concentration, which is useful for 
understanding the physicochemical conditions of felsic magma 
reservoirs. 
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Porphyry-type ore deposits account for about 60% of 

world’s copper [1]. In order to understand the formation of 
porphyry ore deposit systems, much work has been done on 
melt inclusions and partitioning, but almost no Cu diffusion 
data are available (except one study in dry sodium silicate melt 
[2]) to understand the transport of Cu during sulfide 
segregation and vapor phase exsolution. In this study, we 
investigate chalcocite “dissolution” in rhyolitic melts to obtain 
Cu diffusivities as a function of temperature and water content. 

Piston cylinders experiments were carried out by placing a 
chalcocite (Cu2S) wafer in contact with a rhyolitic glass 
cylinder. This experimental design was aimed at obtaining 
both Cu and S diffusivities by dissolving chalcocite into the 
silicate melt. The experiments however show that S was 
retained inside the sulfide phase while Cu diffused into the 
silicate melt and Fe diffused into the sulfide. Hence, the 
process is better described as “metal exchange” instead of 
“crystal dissolution”. Experiments were carried out at 750 to 
1400 ºC and 0.5 to 1 GPa. Six different rhyolites with H2O 
concentrations from 0.1 to ~6 wt% were used to study the 
effect of water content on diffusivities. Cu concentration 
profiles were measured by both EMPA and LA-ICP-MS.  

Cu diffusivities are very high, between those of Na and K, 
and about 2 orders of magnitude higher than those of Fe in the 
same experiments. Water content of the rhyolitic glass has a 
significant effect on Fe diffusivity and smaller effect on Cu 
diffusivity. Activation energy for Cu diffusion varies from  
99 kJ/mol for dry rhyolites to 59 kJ/mol at 6 wt% H2O. Our Cu 
diffusion data in hydrous rhyolitic melts are about 2 orders of 
magnitude higher than Cu diffusivity used in a previous model 
on metal extraction and transport [3]. The high Cu diffusivity 
implies that Cu partitioning may be roughly considered to be in 
equilibrium during sulfide melt segregation and volatile phase 
exsolution.  
 
[1] Singer (1995) Econ. Geol., 90, 88-104.  [2] von der Gönna 
& Rüssel (2000). J. Non-Cryst. Solids, 261, 204-210. [3] 
Huber et al. (2012) G3, 13. 
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The Sichuan Basin is one of the most important gas 

producing areas in China with 125 gas fields and the largest 
annual gas production from conventional oil and gas wells. In 
addition, the basin also contains six sets of organic-enriched 
shale formations, which are expected to be extracted through 
hydraulic fracturing techniques. In particular, the Lower 
Cambrian and Lower Silurian shale formations are currently 
the two most promising tragets for shale gas exploration. 

Previous research in Sichuan Basin has shown a wide 
spatial and vertical distribution in the salinity of produced 
waters from oil and gas wells [1]. It has been shown that 
formation waters from the Upper Triassic formations are 
characterized by relatively high salinity (200 to 300 g/L), while 
produced waters from the Permian and underlying formations 
have much lower salinity (50 to 80 g/L) [1]. A new 
investigation of produced waters from different gas fields in 
Sichuan Basin aims to evaluate the origin of the brines and 
reconstruct their geochemical evolution. The new data shows 
the different in salinity between produced waters from the 
Triassic Xujiahe Formation (TDS up to 230 g/L) and Cambrian 
Longwangmiao Formation (68 g/L). We show that the brines 
in the region are characterized by  Ca-chloride composition, 
high Br/Cl (up to 7.7x10-3), and stable isotopes (δ18O, δ2H) 
variations that reflect different degree of meteoric water 
dilution of remanants of evaporated seawater. The variations in 
Br/Cl and Na/Cl in the brines indicate different evoilution 
paths of seawater evaporation. The Ca-chloride composition, 
elevated B/Cl  and Li/Cl ratios coupled with Sr/Ca, Ba/Sr, and 
87Sr/86Sr variations are used to evaluate the source rocks and 
the  role of the water-rock interactions that have modified the 
chemical composition of the Sichuan oil and gas brines.  

 
[1] Wei et al. (2009) Petrol. Expl. Develp. 36, 428-435. 
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Western Minnesota, USA, is a regional locus of drinking-
water wells with high arsenic concentrations (As>10µgL-1).  
Arsenic (As) concentrations vary widely among neighboring 
wells with otherwise similar water chemistry [1] [2].  The As is 
sourced from glacial deposits partially derived from 
Cretaceous sedimentary bedrock (shale).  Our hypothesis is 
that As speciation in the solid phase controls As liberation to 
groundwater. 

Sediment samples for analysis were frozen under argon at 
the time of collection to preserve their redox state.  XAS work 
on the samples followed a quantitative track of speciation 
mapping [3]  to meaure the relative abundance of different As 
species,  and a descriptive track, in which point XANES were 
collected on co-located As and Fe particles within the maps. 
Open-air aliquots of the same samples were analyzed to 
identify preservation effects.  Bootstrap resampling was used 
to calculate confidence intervals for the speciation maps. 

The speciation maps show a greater relative abundance of  
oxidized As near the aquifer-till contact than in the bulk 

till, indicating oxidation of the aquifer sediments. This arsenic 
is vulnerable to mobilization by even small redox changes in 
groundwater from oxic or suboxic to anoxic (Fe-reducing). 

Point XANES data show three main As populations:  AsV,  
As sulfide, and mixed valence As. The Fe population was more 
diverse than As, but can be broadly grouped as Fe sulfides and 
Fe oxyhydroxides. In both As and Fe populations,  sampled 
points resemble each other more closely than they do our 
reference materials. 

 
Work was supported by LBNL-ALS, ANL-APS, USGS-

MNWSC, MGS, and CURA.  
 
[1]Berndt & Soule (1999) [2] Erickson & Barnes (2005) [3] 
Toner et al. (2014). 
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Oxygen fugacity (fO2) is an important intensive variable in 
magmatic systems that controls such fundamental processes of 
terrestrial evolution as core segregation, mantle differentiation, 
and oxygenation of the atmosphere. Previous studies argued 
that, at the current level of resolution (0.5 to 1.0 ΔNNO log 
units), the mantle has been at a near-constant oxidation state 
since the completion of core segregation [1,2].  Here, we 
revisit this hypothesis using the V partitioning between olivine 
and komatiite liquid as an oxybarometer [1] by obtaining high-
precision V abundance data for six well preserved Archaen 
differentiated komatiite lava flows ranging in age from 3.55 to 
2.41 Ga.  

Whole-rock samples collected across each lava flow were 
analyzed for transition metal abundances using the standard 
addition solution ICP-MS technique; liquidus olivines in 
equilibrium with the komatiite lavas were analyzed using laser 
ablation ICP-MS. Our level of external reproducibility for V 
concentrations is 5% (2σSD) for solution ICP-MS, based on 
analysis of standard reference materials and replicate sample 
aliquots. For all six systems, the V data, when plotted against 
indices of magmatic differentiation, define regression lines 
consistent with olivine control for V over the entire range of 
magma compositions. Linear regression analysis was used to 
determine V abundances of the komatiite lavas for each 
system, using known MgO contents. Calculated partition 
coefficients for V between olivine and the respective komatiite 
magma compositions were used to determine the oxygen 
fugacity of each komatiite system [1] with a precision of 
between 0.12 and 0.05 ΔNNO log units (2σSE). 

The calculated oxygen fugacities of the komatiite systems  
show a resolvable increase (>0.5 ΔNNO log units) over time, 
approaching that of modern mantle. One exception is the  
3.55 Ga Schapenburg komatiite, which plots 0.5 log units 
above the trend, likely reflecting primordial mantle 
heterogeneity. Our new high-resolution data indicate that the 
mantle source regions of Archean komatiites were becoming 
increasingly more oxidized leading up to the Great Oxidation 
Event (GOE). This is likely the result of a decrease in deep 
Earth buffering capacity, as the oxygen produced by 
photosynthetic cyanobacteria accumulated in the ocean and 
was recycled into the mantle for >200 Ma prior to the GOE.  
 
[1] Canil (1997) Nature 389. [2] Li et al. (2004) EPSL 228.  
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The mafic-ultramafic rocks in the Nan area, northern 

Thailand, are mainly composed of serpentinized peridotite, 
olivine pyroxenite and hornblende gabbro. LA ICPMS U-Pb 
analyses on zircons from the hornblende gabbros yield 
crystallization ages of 256-228 Ma with a weighted mean age 
of 238±4 Ma (n=15, MSWD=0.9), indicating Middle Triassic 
emplacement. These rocks have 38.14-51.96 wt.% SiO2, 7.36-
41.38 wt.% MgO, 6.52-10.75 wt.% FeOt with low TiO2 (0.01-
0.74 wt.%), P2O5 (0.01-0.02 wt.%), K2O (0.03-0.42 wt.%) 
contents and high mg-numbers (0.66-0.89). They are sub-
alkaline rocks (tholeiitic), showing decreasing Al2O3, SiO2, 
CaO and TiO2 contents but increasing FeOt, Cr and Ni with 
increasing MgO. The suite displays N-MORB type REE 
patterns with (143Nd/144Nd)t being 0.512827~0.512948 and εNd 
(t) +4.0~+9.4, and are characterized by consistent depletions in 
LREEs, significant enrichments in LILE (K, Sr, Rb, Ba) and 
noticeable HFSE (Nb, Ta, Th, Zr and Hf) negative anomalies. 
These characteristics are indicative of Late Permian-Middle 
Triassic sea-floor spreading, suggesting a supra-subduction 
affinity (SSZ-type ophiolite) and a back-arc basin setting. 
Geochemically, the suite is similar to the Carboniferous-
Permian ophiolitic mélange in the Nan-Uttaradit belt. 
Associated with widespread Jurassic-Cretaceous continental 
sediments, our data suggests that the Paleo-Tethys Nan-
Uttaradit back-arc basin didn’t close until Late Triassic when 
the Sukhothai Arc-Indochina Block collision occurred. 
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Elemental and isotopic composition of calcite and 
aragonite are widely used as proxies of palaeo-environment 
and palaeo-climate. In contrast, a quantitative understanding of 
geochemistry of the metastable hydrous carbonates, like 
monohydrocalcite is yet lacking. This is remarkable, as 
monohydrocalcite is often found in saline lakes, cold springs, 
speleothems, marine cold-water settings and deep sediments, 
[1]. Consequently, occurrence of monohydrocalcite indicates 
very specific formation conditions like high alkalinity, elevated 
salinity and low temperature [1] [2].  
Here we investigate the precipitation and transformation of 
metastable calcium carbonate phases. First, we applied an 
experimental approach at 10°C in solutions with a defined 
Mg/Ca ratio of 3 and different saturation indices of 0.8, 1.1 and 
1.4 with respect to monohydrocalcite. The formation of 
monohydrocalcite depends strongly on the saturation state and 
precipitation time. Higher degrees of supersaturation resulted 
in longer stability of the mineral. Next, we investigated the 
geochemical signatures of obtained precipitants. We find that 
for oxygen isotopic fractionation the factor between 
monohydrocalcite and water (αMhc-H2O = 1.029) is similar to that 
of aragonite, but larger than that of amorphous calcium 
carbonate (αACC-H2O = 1.026) and calcite (αCc-H2O = 1.025). 
Monohydrocalcite formed in our experiments incorporates 
only little Mg and Sr. The distribution coefficient of Mg 
between monohydrocalcite and water is 0.001 and therefore 
smaller than that for aragonite (0.007), calcite (0.015) and 
amorphous calcium carbonate (0.03) at 10°C and rapid mixing. 
Also the distribution coefficient of Sr between 
monohydrocalcite and water is 0.1 and therefore smaller than 
that for calcite (0.49), amorphous calcium carbonate (0.7) and 
aragonite (1).  
Knowing formation conditions of monohydrocalcite as well as 
the elemental and isotopic composition will provide important 
paleoenvironmental information. Occurrence of 
monohydrocalcite indicates unaltered sediments due to its high 
potential of transformation.  
 
[1] Solotchina et al., 2009, Quaternary International 205, 38-
52. [2] Li et al., 2008, Quaternary International 187, 105-116. 
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By conducting electrons through the sediment cable 

bacteria enable direct coupling between oxidation of sulfide at 
depth and reduction of oxygen at the sediment surface. Known 
cable bacteria are multicellular, filamentous Desulfobulbaceae 
and they appear to be widespread and often abundant in marine 
and freshwater habitats where they can influence element 
cycling strongly. Not only by their overall metabolism, but 
also by generation of large pH and electrical potential 
differences due to coupled oxidation and reduction processes 
being centimeters apart. The anaerobic anodic sulfide 
oxidation depletes porewater sulfide and may drive dissolution 
of iron sulfides with implications for transport and speciation 
of iron and possibly many trace elements. Observed deviations 
from conventional textbook expectations of sediment-water 
fluxes of oxygen and inorganic species of carbon, nitrogen and 
phosphorous have also been ascribed to cable bacteria activity 
in a variety of environments. For freshwater environments it 
has been proposed that cable bacteria may drive cryptic but 
intense sulfur cycles by rapid regeneration of sulfate within the 
sulfate reduction zone. The electric fields induced in the 
sediment influences the transport of all ions, resulting in 
skewed distribution of chemically inactive ions and enhanced 
or impeded turnover of reactive ions.  

New tools and models have been developed to study and 
understand element cycling in sediments where cable bacteria 
might be active. It remains difficult, however, to forecast 
where and when they abound. 
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Controlling calcite nucleation and growth is of interest for 
understanding natural processes and for industry applications 
(e.g., scale prevention, pharmaceuticals etc). Mg2+ and SO4

2- 
each affect calcite growth rate but little is known about their 
combined effect. We used the constant composition method to 
grow calcite and then quantified the effect of inhibition, the 
change in surface composition and the rates of growth in 
solutions containing Mg2+, SO4

2- and MgSO4 at ambient 
conditions. Mg2+ was a more effective inhibitor when SO4

2- 
was also present (Fig. 1). Solid surfaces were characterised 
with atomic force microscopy (AFM), scanning electron 
microscopy (SEM) and X-ray photoelectron spectroscopy 
(XPS). Mg2+ was incorporated into the calcite structure and 
affected crystal form to various degrees, depending on the 
ion(s) (Fig. 1, inset). We ascribe the enhanced effect of MgSO4 

to the process of Mg2+ forming ion pairs with SO4
2-, which 

promotes Mg dehydration prior to its incorporation into calcite. 
The results suggest an environmentally friendly method to 
inhibit calcite scale formation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The inhibition index of calcite growth as a function of Mg2+, 
SO4

2- and MgSO4 concentration. Inset: AFM images of calcite after 
growth in the presence of Mg2+ (a), SO4

2- (b) and MgSO4 (c). 
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Our goal in developing traceDs is to provide an accessible 

resource of experimental partitioning data. Historically, 
experimental trace element partitioning studies have focused 
on the development of model constraints for understanding of 
trace element evolution. We have now reached the point where 
new studies require a significant effort to compile and evaluate 
the existing data.  This situation is complicated by the fact that 
the range of approaches to data collection, reduction and 
reporting differ dramatically from one system to another and 
one investigator to another, providing serious challenges to the 
creation of a coherent database – and suggesting the need for a 
standard format for data presentation and reporting.  In 
addition, the field is moving towards an approach that involves 
development of numerical expressions that describe the 
behavior of trace elements over a wide range of composition.  
Such an approach requires that everyone have ready access to 
all of the existing experimental data. 

Our new effort includes all the published analytical results 
from experimental determinations. The threshold criteria 
include experimental conditions, major element and trace 
element analyses of the phases.  Data sources that did not 
report these minimum components were not included.  

The data are stored using a schema derived from that of the 
Library of Experimental Phase Relations (LEPR), modified to 
account for additional metadata, and restructured to permit 
multiple analytical entries for various 
element/technique/standard combinations.  

Our ultimate goal is to produce a database and flexible user 
interface useful for experimentalists to set up their work and to 
build calibration datasets, find appropriate partition 
coefficients, and to help reviewers evaluate models submitted 
for publication. As an additional benefit, we hope that this 
investigation will help to set new publication standards for 
experimental data. An example of where standards need to be 
improved is the publication of each analysis – not just the 
averages.  Otherwise it is essentially impossible for users to 
evaluate the degree to which the analysis includes more than 
one phase.  

The database will be assessable at the portal lepr.ofm-
research.org. 
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Biomineralization often occurs in gelatinous environments 
with characteristics similar to those of hydrogels [1]. We use 
gelatin hydrogels with two solid contents (2.5 and 10 wt %) 
and Mg in the aqueous solution filling their pores to study the 
crystallization of CaCO3. Both parameters strongly influence 
the characteristics of the CaCO3 precipitate, which in all 
experiments mainly consist of calcite aggregates with different 
Mg contents. Mg incorporation into calcite is promoted in 
heavier hydrogels where calcite aggregates can reach MgCO3 
contents up to 26 mol %. A positive correlation between Mg 
incorporation and the development of small boundary angles is 
observed. These small boundary angles most likely form to 
release Mg incorporation-related misfit strain.  and explain the 
evolution from calcite aggregates consisting of subunits with 
the c-axes arranged in a fan-like orientational spread to 
spherulites as the amount of Mg incorporated increases [2].  

Calcite aggregates incorporate the polymeric hydrogel 
network during growth. This network appears as both, thin 
fibrilar matrices ocluded within crystalline subunits and thick 
membranes separating subunits. The amount of incorporated 
polymeric network as well as the characteristics of the 
membranes depend on both, the density of the hydrogel and 
the presence/absence of Mg in the growth medium and reflect 
a complex balance between the mechanical properties of the 
hydrogel and crystal growth rates.  

 
[1] Nindiyasari, Fernández-Díaz, Griesshaber, Astilleros, 
Sánchez-Pastor & Schmahl (2014) Cryst. Growth Des., 14, 
1531-1542. [2] Nindiyasari, Griesshaber, Fernández-Díaz, 
Astilleros, Sánchez-Pastor, Ziegler & Schmahl (2014) Cryst. 
Growth Des., 14, 4790-4802. 
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Submarine mud volcanoes (MVs), which are common 
geological features at plate convergent boundaries, have been 
recognized as windows onto great depths that are otherwise 
inaccessible to sampling. Thus, by studying MV fluids, we 
may be able to infer their origins and sediment–water 
interactions at considerable depths in forearc region. 

Admixture with seawater makes it difficult to draw precise 
conclusions regarding the origins of MV fluids. Lithium (Li), 
however, is relatively unaffected by seawater contamination 
because the Li contents of fluids from MVs in sedimenrary 
basin are much greater than the seawater content. 

It was reported that the low 7Li/6Li ratios were observed in 
the Kumano MV fluids in the Nankai forearc basin [1]. Based 
on the Li isotopic geothermometer results, Nishio et al. [1] 
argued the Li reservoir temperatures (310 °C at maximum) 
were significantly higher than the smectite-to-illite conversion 
temperature (60−150 °C). Nishio et al. [1] further inferred that 
the discontinuous mud diapirism in the Kumano forearc basin 
results from the periodic injection of deep-seated fluid 
accumulated in the corner of the serpentinized forearc mantle 
wedge that travels upward via a thrust fault. 

It is expected that the serpentinite MV samples in non-
accretionary forearcs provide us information about the 
serpentinized forearc mantle. Thus, to identify the Li isotpic 
signatures of mantle wedge, we analyzed chemical 
compositions (including Li isotpe ratios) of fluids from the 
South Chamoro Seamount, the Mariana forearc serpentite MV. 
The results show that the 7Li/6Li ratios of the Mariana forearc 
serpentinite MV was extremely higher than those of the 
Nankai forearc MVs. It can be explained that the high 7Li/6Li 
ratios were increased by the progressive removal of Li from 
the upwelling fluids into serpentine near the surface [2]. 
Accordingly, the δ7Li value of the hydrated mantle wedge can 
be approximated as +5‰ to +6‰, which is significantly higher 
than the upper mantle value +3‰ [1]. 
 
[1] Nishio et al. (2015) EPSL 414, 144-155. [2] Benton et al. 
(2001) EPSL 187, 273-283. 
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Nitrate depletion in the surface layer in summer in the 
Arctic ocean indicating biological utilization and sufficient 
supply of bioavailable iron into surface water. To reveal iron 
supply processes in the Arctic ocean in the early stage of 
biological increase, we investigated a roles of sea ice melt 
water on iron supply to surface phytoplankton community. We 
conducted surface towed fish clean sampling from the Bering 
sea shelf area, thorugh the Bering strait, and around sea ice 
edge in the Chukchi Sea. Alkalinity was measured as tracer 
which can be used for classify the sources of fresh water, river 
discharge or sea ice melting.  Judging from the potential 
alkalinity, sea ice melt water was clearly distributed around 
edge of the sea ice. Dissolved iron and total dissolvable iron 
concentration well correlated with a fraction of sea ice melt 
water, and iron concentration increased with increasing of the 
fraction. On the other hand, area of Alaskan coastal current 
(ACC), west coast of Alaska, both of river water and sea ice 
melt water existed and iron concentrations correlated with 
fraction of sum of river water and sea ice melt waters. Our 
estimate from the slope of the correlation indicate that the sea 
ice melt water have comparable impact on iron supply as river 
discarge. Additionally, our study indicate that iron supply from 
sea ice melt water influence to more wide area than river 
discarge in the Arctic ocean surface. 
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Knowledge of reactive surface area of a rock is essential 
for quantitatively modeling water-rock interactions including 
chemical weathering and the fate of solutes. Because the rock 
pores in the subsurface are usually filled with both water and 
air, the extent to which mineral surfaces can react under such 
water-unsaturated condition needs to be evaluated. Here, we 
investigated the relationship between reactive surface area and 
water saturation by flow-through dissolution experiments using 
saturated and unsaturated rocks. 

The experiments were conducted using the cores of 
Fontainebleau sandstone (porosity: 6%, quartz ~100%) and 
Kozushima rhyolite (porosity: 18%, glass 87%, plagioclase 9%, 
quartz 4%). The obtained bulk dissolution rate of the sandstone 
under unsaturated condition (= r × Aunsat, where r is the 
dissolution rate constant and Aunsat is the reactive surface area 
under unsaturated condition) was almost equal to that under 
saturated condition (= r × Asat, where Asat is the reactive surface 
area under saturated condition) (Fig. 1), demonstrating that the 
presence of air does not affect the reactive surface area [1]. 
This result shows that the surfaces of the pores filled with air 
are wholly wetted with water film and the water film induces 
dissolution and the transport of dissolved elements. Similar 
phenomenon was also observed for the rhyolite [2]. Our 
findings show that water film plays an important role on water-
rock interaction under unsaturated condition (Fig. 2).  

 
 
 
 
 
 
 
 
 
 
 
 

[1] Nishiyama & Yokoyama (2013), Geochim. Cosmochim. 
Acta 122, 153–169. [2] Yokoyama & Nishiyama (2013), Proc. 
Earth Planet. Sci. 7, 916–919.  

Figure 1. Dissolution rates of 
the sandstone under saturated 
and unsaturated conditions. 

Figure 2. Schematic of how 
water-rock interaction proceeds 
under an unsaturated condition. 
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Since the first manned landing on the Moon with returned 
lunar samples 46 years ago, a vast database has been 
accumulated with many ideas published on lunar petrogenesis, 
yet important problems recognized in early days remain under-
addressed. We discuss that contrary to the prevalent view, the 
available data do not show the presence of a strong positive Eu 
anomaly (Eu/Eu* >1) in the lunar highland crust, but a weak 
negative one (Eu/Eu* <1) if any. This observation weakens the 
plagioclase flotation hypothesis, hence also weakens the 
prevailing lunar magma ocean (LMO) hypothesis. Recent 
success in the determination of abundant water in lunar glasses 
and minerals confirms the early prediction that the Moon may 
have been a water-rich planet and may still be so in its interior, 
which disfavours the dry Moon hypothesis, further weakens 
the LMO hypothesis. Volatilization (into the vacuum-like lunar 
“atmosphere”) of lunar magmatism during its early histories 
could have facilitated plagioclase crystallization and 
feldspathic crustal formation. The role and effect of 
plagioclase crystallization is best manifested by the correlation 
(R2 = 0.983 for N = 21) of Eu/Eu* (0.24 – 1.10) with Sr/Sr* 
(0.10 – 1.12) defined by lunar samples. Although the 
anorthositic lunar highlands are expected to have large positive 
Eu (Eu/Eu* > 1; ~ 1.99) and Sr (Sr/Sr* > 1; ~ 2.56) anomalies, 
yet their absence inferred from the global remote sensing data 
is best explained by the widespread KREEP-like materials 
(volumetrically insignificant but highly enriched in 
incompatible elements) with very strong negative Eu and Sr 
anomalies. The KREEP-like materials may be produced 
through enrichment equivalent to processes in advancing, 
periodically replenished, periodically tapped, and continuously 
fractionated magma chambers. Compared with Earth’s 
magmatic rocks, lunar rocks are depleted in moderately 
volatile elements like P, Na, K, Rb, Cs etc., probably 
associated with volatilization during the early histories of the 
lunar magmatism. Further work is needed towards an 
improved understanding of the origin and evolution of the 
Moon and its magmatism [1] [2]. 
 
Supported by Chinese NSF Grant 41130314. 
 
[1] O’Hara, M.J., Niu, Y.L., 2015. GSA Special Paper 514 (in 
press) 
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We present the first results from a noble gas study carried 

out in glacial meltwater from the Greenland Ice Sheet (GrIS). 
Thirteen samples were collected and analyzed for noble gas 
concentrations and isotopic ratios at five different locations in 
southern Greenland, ranging between sea level and 1221 m. 
These include three supraglacial meltwater, eight subglacial 
discharge, and two proglacial stream water. 

Our study shows that most GrIS meltwater samples are in 
disequilibrium with surface collection conditions. Two patterns 
are observed. The first one presents a Ne depletion and/or 
relative Ar enrichment with respect to Ne, Kr, and Xe, a 
pattern first observed in high-altitude springs in the Galápagos 
Islands [1]. The second one displays a mass-dependent 
depletion pattern, a pattern previouly observed in Michigan 
rainwater samples [2]. 

A preliminary Ne and Xe analysis suggests that about half 
of the samples equilibrated at a temperature of ~0°C and 
altitudes between 1000 m and 2000 m, with a few samples 
pointing to lower equilibration altitudes and temperatures 
between 2°C and 5°C. Two samples suggest an origin as 
melted ice and complete lack of equilibration with surface 
conditions.  

A helium component analysis suggests that this glacial 
meltwater was isolated from the atmosphere prior to the 
1950’s, with most samples yielding residence times ≤ 424 yrs 
while two terminus samples yield residence times of 1877 yrs 
and 3586 yrs. Most samples represent a mixture between a 
dominant atmospheric component originating as precipitation 
and basal meltwater or groundwater which has accumulated 
crustal 4He over time. 
 
[1] Warrier et al. (2012) Water Resour. Res. 48, W03508, doi: 
10.1029/2011WR010954. [2] Warrier et al. (2013) Geophys. 
Res. Lett. 40, doi: 10.1002/grl/50610. 
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The long-term persistence of uranium (U) plumes in 

groundwater at legacy DOE former processing sites is a 
problem throughout the upper Colorado River Basin (CRB) 
[1]. Fine-grained, organic-rich, naturally-reduced sediment 
zones (NRZs) are relatively common in the uranium-
contaminated floodplain at the Rifle, Colorado, DOE field 
research site. Many are sulfidic and substantially enriched in 
uranium [2]. NRZs are believed to be common sedimentary 
features of floodplains in the upper CRB, leading to the 
expectation that they are regionally important features of 
uranium-contaminated aquifers within this region. We 
hypothesize that NRZs are important to uranium mobility 
throughout the upper CRB.  

We are addressing this central hypothesis by systematically 
characterizing NRZ and uranium occurrence in contaminated 
floodplains across and peripheral to the upper CRB. We are 
accomplishing this project by combining bulk U, S, and C 
chemical analyses of the sediments (XRF and TOC 
measurements) with U, Fe, and S edge X-ray absorption 
spectroscopy (XAS) to characterize speciation, and chemical 
analyses of the pore-waters. In the past year, we have 
investigated NRZs at Grand Junction, Naturita, and Rifle, CO, 
Riverton, WY, and Shiprock, NM. New sediments cores 
extracted from contaminated floodplains show the presence of 
U in NRZs, corroborating our initial hypothesis. Knowledge 
from this work will help to establish the role of organic-rich 
reduced sediments in controlling uranium mobility and plume 
persistence regionally within the upper CRB and will provide 
insights critical to understanding uranium-contaminated sites. 
 
[1] Hazen T et al. (2011) Complexity of groundwater 
contaminants at DOE sites. (Lawrence Berkeley National 
Laboratory), p 58; [2] Qafoku NP et al. (2014) Applied 
Geochemistry, 42, 77-85.  
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Vegetation cycling is thought to either enhance chemical 
weathering for example through the release of organic acids or 
decrease chemical weathering through the recycling of 
elements. Boron isotopes (expressed as δ11B) are fractionated 
at the surface of the earth during chemical weathering, which 
make δ11B a potential tracer of chemical weathering intensity. 
Boron is also an essential micronutrient necessary for 
vegetation growth, but little is known on the boron cycle at the 
catchment scale and its isotope fractionation in plants.  
This study was undertaken at the Mule Hole Critical Zone 
Observatory, South India. We investigated δ11B of rainfall, 
throughfall, streamlet, soil porewater, groundwater, litter and 
soils to decipher the relative influences of weathering, 
biological cycling and atmospheric input using a boron solute 
budget at soil-plant scale and then the catchment scale. Results 
show that all dissolved compartments are enriched in 11B by 
more than 30‰ compared to the gneissic bedrock, which is 
compatible with both boron incorporation in secondary 
minerals (or adsportion) and biological uptake. Throughfalls 
display the highest δ11B of the catchment (reaching 66‰) 
indicating addition of heavy isotopes by canopy leaching 
and/or dry deposition. Boron annual budget at the catchment 
scale however show that boron input to the stream from 
mineral weathering is minor (<10%) compared to the cycled 
fraction through vegetation (>80%). Unexpected boron 
enrichment in the solid phase of the two investigated soil 
profiles derive from boron long term accumulation in the clay 
fraction. The absence of upper horizons depleted in boron is 
consistent with the truncation of soils profiles during ancien 
erosion events. It thus appears that from the boron isotopes 
point of view, present-day biological cycling is decoupled 
from soil processes. 
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The dissolution and precipitation kinetics of minerals, 
combined with the effect of transport of species to and from 
the fluid-mineral interface, exerts an important control on the 
processes of mass transfer between fluids and minerals along a 
flow path. X-ray microtomography (XMT) allows for 3D 
characterization of the fluid-mineral interface, and offers the 
possibility to follow its displacement with time during dynamic 
experiments. The velocity of the moving interface is generally 
non-uniform over space and time as a result of the difference 
in reaction rates between minerals and the modification of 
transport processes at the pore scale. XMT, after segmentation 
and registration of 3D data sets, can offer an alternative 
method for calculating rates at the pore scale in such dynamic 
systems. Application of the technique to the determination of 
rates during dissolution and precipitation experiments will be 
presented. 
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National Institute for Environmental Studies (NIES) is 

operating volunteer ship observation in the North (Japan-US 
West/East coast route) and Western Pacific (Japan-Australia-
New Zealand route) for ocean surface pCO2 survey. Other 
ocean surface parameters, such as salinity, phosphate, nitrate, 
silica and chlorophyl-a concentration are also analyzed at on 
shore laboratory. Samples are taken by on board personnel and 
frozen on board, typically 3 samples per day. The data set have 
been combined with similar sampling and analysis by IOS 
(Institute of Ocean Sciences, Canada) and a hydrographic 
database (PACIFICA, Pacific Ocean Interior Carbon dataset) 
to estimate monthly nutrient maps in the North Pacific using a 
self organizing map type neural network [1]. In this study, we 
have extended the mapping to global ocean using a feed 
forward type neural network. The scheme of the neural 
network has already been described as application to global 
ocean surface fCO2 mapping [2]. 

Relationship between sea surface temperature, sea surface 
salinity, mixed layer depth and satellite observed chlorophyl-a 
were analyzed and trained by the nutrient data set. The global 
archive of nutrient data set (World Ocean Database 2013 by 
NODC/NOAA) was combined with the NIES and IOS data set 
from VOS surveys. Monthly maps with 1x1 degree latitude 
and longitude resolution for phosphate, nitrate and silica were 
obtained and error of estimation was examined by comparison 
with training data set. Results for nitrate and phosphate were 
generally reasonable, however, problem in estimated silica 
concentrations in North Pacific high latitude and Southern 
Ocean was recognized with negative and positive biases. It is 
caused by the large difference of silica concentrations even 
other ocean parameters are similar. Precise global mapping of 
macro nutrients are useful for global biogeochemical model 
and improvement of the accuracy is in progress. 

 
[1] Yasunaka et al (2014) GRL, 119, 7756-7771. [2] Zeng et al 
(2014) JAOT, 31, 1838-1849. 
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Groundwater contamination with naturally occurring 
Uranium (U) has been identified across the US. Groundwater 
carrying oxidants, such as O2 and NO3

-, can lead to the 
oxidative dissolution of reduced U(IV) yielding mobile 
aqueous U(VI). Groundwater U and NO3

- has been 
demonstrated to co-occur throughout the High Plains. In one 
particular alluvial aquifer serving as the sole municipal 
drinking water source for 25,000 people U and NO3

- 
concentrations ranged from 1.0 - 345.0 ug L-1 and 2.0 -  
50.8 mg L-1, respectively. In an effort to geochemically 
characterize sedimentary U and assess U mobilization 
potential, groundwater and sediment cores were collected from 
two boreholes (0 - 55 m). Vadose zone soils maintained 
oxidized and reduced U (40 - 94% U(IV)). However the 
majority of the U in sediments below the water table (33.5m), 
was identified as U(IV) (79 - 95% U(IV)). Groundwater was 
suboxic (Eh, -100 to +200 mV, O2 2.1 to 6.8 mg L-1) with 
U(VI) concentrations determined by KPA ranging from 5.0 - 
20.4 ug L-1.  Alkalinity in groundwater ranged from 260 to  
406 mg L-1 (as HCO3

-). Geochemical simulations using major 
ion chemistry, mineral equilibrium, and surface complexation 
PHREEQC models identified calcium-uranyl-carbonate 
complexes (CaxUO2(CO3)3

x) as dominant U species in 
groundwater.  Simulations also indicated insignificant U 
adsorption (< 5%) to mineral surfaces.  Thus, desorption is 
likely not a mechanism mobilizing U rather, the co-occurrence 
of oxidants, O2 and NO3

-, likely drives U mobilization via 
oxidative dissolution. Organic carbon buried in the sediments 
(0.01 - 0.3%) and dissolved in groundwater (0.8 - 5.4 mg L-1) 
could serve as a redox buffer promoting U(VI) reduction and 
immobilization. However, changes in O2 or NO3

- 
concentrations could alter kinetics promoting oxidation.  These 
results indicate that alkalinity alone is not the primary factor 
controlling U mobility and suggests oxidative dissolution as a 
mechanism contributing to geogenic U mobilization of 
groundwater. 
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Sea ice has rarely been considered in estimates of global 
biogeochemical cycles, especially gas exchanges, because of 
the assumption that, in ice-covered seas, sea-ice acts as a 
barrier for atmosphere–ocean exchange. However, recent work 
has shown that sea ice and its snow cover play an active role in 
the exchange of gases between the ocean and atmosphere [1] 
[2]. Our results provide a useful reference for future 
studies as the ongoing drastic changes in polar climate and sea 
ice extent are likely to alter the biogeochemical cycles in 
polar ocean–sea ice–atmosphere system. 
However,, the lack of information for the winter-time sea ice 
biogeochemistry was pointed out, due to the difficulty to 
acquire data under harsh weather conditions. In this 
presentation, we will present our recent winter-time sea ice 
surveys of sea ice biogeochemistry on the R/V Aurora 
Australis off East Antarctica (SIPEX-II) in 2012 and the mid-
winter sea ice cruise on the R/V Polarstern in the Weddell Sea, 
Antarctica (AWECS) in 2013. In addition, we will also show 
the ongoing project of Norwegian Young sea ICE cruise (N-
ICE2015) on the R/V Lance drifting for half a year in Arctic 
sea ice north of Svalbard in 2015.  
  
[1] Nomura et al. (2013) J. Geophys. Res. Oceans 118, 6511-
6524. [2] Delille et al. (2014) J. Geophys. Res. Oceans 119, 
6340-6355. 
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Most microbes described as nitrate-reducing Fe(II)-
oxidizers require an organic co-substrate, although cell growth 
in these cultures was also shown to increase in the presence of 
Fe(II) and even Fe(III). Encrustation of cells in Fe(III) 
minerals can occur in these mixotrophic nitrate-reducing 
Fe(II)-oxidizing cultures, whilst this has not been observed 
among phototrophic and microaerophilic Fe(II)-oxidizers. It 
has been suggested that nitrite formed during heterotrophic 
nitrate reduction (denitrification) abiotically oxidizes Fe(II) 
and that Fe(II) oxidation in these mixotrophic cultures might 
be, at least to some extent, a by-product of microbial 
denitrification [1]. 

The anaerobic enrichment culture KS is one of the few 
lithoautotrophic, nitrate-reducing Fe(II)-oxidizing cultures 
described so far [2]. It can be cultured autotrophically with 
Fe(II) and nitrate continuously without any organic substrate 
added. The culture is dominated by an organism related to the 
microaerophilic iron-oxidizer Sideroxydans lithotrophicus, but 
also contains phylotypes related to heterotrophic nitrate-
reducers (Bradyrhizobium, Nocardioides and Rhodanobacter) 
whose role during autotrophic growth with Fe(II) is not yet 
fully understood.  

Our goal is to determine whether the autotrophic Fe(II)-
oxidizing bacteria or the heterotrophic nitrate-reducers in the 
KS culture encrust in Fe(III) minerals and to gain further 
insights into the interactions of the different culture members.  

To this end, we used confocal laser scanning microscopy, 
scanning electron microscopy and nanoSIMS, to analyze the 
association of cells, minerals and EPS in the KS culture under 
both autotrophic and mixotrophic growth conditions.  

Furthermore, we also use a chemostat for continuous 
culturing with lower Fe(II) concentrations compared to the 
typically used substrate-rich batch systems, to determine 
whether the encrustation of nitrate-reducing Fe(II)-oxidizers 
and heterotrophic nitrate-reducers in Fe(III) minerals occurs at 
environmentally relevant Fe(II) concentrations. 
 
[1] Klueglein et al. (2014) AEM 80(3), 1051-1061. [2] Straub 
et al. (1996) AEM 62(4), 1458-1460. 
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Lead has been released through a variety of industrial 

activities and supplied to the ocean for more than a century. 
Anthropogenic sources include metal refining, smelting, leaded 
gasoline consumption and coal burning. Due to the historical 
variation in the supply rate from the individual sources, the 
distribution of Pb in the North Atlantic has been changing. 
This indicates the importance of continuous investigation of Pb 
as a tracer in the modern and future oceans [1]. Although the 
source of bismuth is less constrained, literautre data suggest 
the importance of anthropogenic sources for Bi. In this work, 
we investigate Pb and Bi in the Japan Trench in the western 
North Pacific.  

Because a large number of samples needs to be processed 
for GEOTRACES section studies, an effort was made for 
development of a high-throughput method for Pb in open 
ocean waters. The method utilizes commercially available 
chelating resin column as used for other studies but solutions 
were added to the column diectly by using a micropipette, 
enabling rapid handling of samples. Our first trial of this 
method gave a detection limit of ~3 pmol/kg, which is 
comparable to or slightly higher than other published values. 
Measurements of Pb in SAFe reference samples were 51 ± 1 
and 28 ± 2 pmol/kg (n = 2) for S and D2, respectively, found 
comparable to consensus values.  

The method was applied to samples collected at a station 
(34˚N 142˚E) at the Japan Trench during the KS-13-T3 cruise 
of R/V Shinsei-Maru (Oct-Nov. 2013). Pb is generallty high in 
upper waters with a subsurface maximum at 300 m, decreases 
with depth and shows slight elevation near the bottom inside 
the trench. This study presents the first Pb data from the Japan 
Trench. We will also report Bi data at the same location.  

 
[1] Boyle et al. (2014) Oceanography 27, 69-75. 
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Within Earth’s history, urbanization is a new phenomenon 
without any former historical analogy. Extended human 
settlements developed about more than 10,000 years ago. 
Today, more than half of the global human population is living 
in urban areas. During the same period the average material 
consumption per person is estimated to have increased from  
6 t/a to 100 t/a [1]. Human beings learned to produce new 
chemical compounds and to manufacture them in vast 
amounts. Today, geogenic and anthropogenic material flows 
already occur in comparable scales [2]. The lion’s share of 
human material consumption and accumulation is caused to 
maintain urban systems. Material flow is nothing else than 
chemical element flow, which is a substantial subject of 
geochemistry. In geochemistry, the concept of spheres was in-
vented by Goldschmidt and Vernatzky to describe the 
distribution of chemical elements in the Earth system. Later, 
the term anthroposphere was introduced [3] to define the 
system of anthropogenic influence on element fluxes. Within 
the antrophosphere two main element flow determining human 
activities and living modes can be distinguished, agriculture 
and urban space. The balancing zone for chemical element 
flows in agriculture is called Agrosphere [4] and in urban 
space Astysphere [5]. In the Astyphere, chemical elements are 
enriched and occur in ratios never possible without human 
activity. Various, partly very different processes and element 
flows accumulate here, such as construction and traffic 
activities, chemical reactions in the urban atmosphere, waste 
disposal and decomposition or production of alloys and 
organic chemical compounds creating chemical element 
distributions worth to be explored in detail by geochemistry to 
comprehensively understand the global element fluxes, 
discover resources and to analyse environmental pollution. 
More detailed examples are part of the presentation elucidating 
the unique element distribution within the Astysphere and its 
fundamental meaning for geochemistry. 

 
[1] Decker EH, Elliott S, Smith FA, Blake DR, Rowland FS 
2000, Ann. Rev. of Energy and the Environment 25, 685-740. 
[2] Heinloth K 2003, Die Energiefrage. Vieweg. Wiesbaden. 
[3] Baccini P, Brunner PH 1991, Metabolism of the 
Anthroposphere. Springer. Berlin. [4] Krishna KR 2003, 
Agrosphere. Science Publ., Enfield. [5] Norra S 2009, 
Environmental Science and Pollution Research 16, 539-545. 
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Knowledge of the activities of trace components in silicate 

melts is extremely important for addressing such problems as 
(a) degassing in volcanic systems (b) volatilities in 
protoplanetary systems and (c) the effect of melt composition 
on trace element partitioning. Nevertheless these activities are 
very difficult to measure by conventional phase equilibrium 
techniques except under circumstances where the metallic 
element is stable in a readily 
accessible fO2 range [1]. 

We have modified the “metal-
saturation” approach by measuring 
the partitioning of a large number of 
elements (V, Cr, Cu, Zn, Ga, Ge, Mo, 
Ag, Cd, In, Sn, Sb, W, Tl, Pb, and Bi) 
between liquid Fe alloys and liquid 
silicate at 1.5 GPa and 1650°C. The 
data provide activity coefficients for 
oxide components relative to the 
activity of FeO, whose partitioning 
between metal and silicate is also 
measured. These activities enable 
prediction of the relative volatilities 
of these elements [2]. 

To validate the volatility 
estimates a one-atmosphere gas-
mixing stirring furnace has been 
constructed. Volatile-loss experiments 
have been conducted at a range of 
temperatures, fO2, and melt 
compositions. The stirring mechanism 
ensures that diffusion rates and 
surface kinetic effects are minimised. 
Results show that some elements (Ag, 
Cd) are lost within two hours from 
albitic melts at 1400°C in air, while 
others (Zn, Pb) are only reduced by 
50% after 18 days at the same 
conditions. 
 
[1] O'Neill, H. S. C. & Eggins, S. M. 
(2002) Chem Geol 186, 151-181 
[2] Wood, B. and J. Wade (2013). 
Contrib Mineral Petrol 166(3): 911-
921. 
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Biofortification of Se-deficient crops is still little 
understood in detail regarding biomolecular and geochemical 
interactions. 

In a biogeochemical model, we incorporated three 
compartments of the Critical Zone (soil minerals, nutrient 
solution and plants) to determine species-dependent Se 
transfer. Adsorption-desorption processes of selenate and 
selenite onto kaolinite and goethite in the presence of nutrients 
was coupled with plant Se uptake and partitioning depending 
on the available Se species. Closed plant-box systems with 
Oryza sativa caryopses were prepared with Se-spiked nutrient 
solution of 0 - 10000 µg/L Se as selenite or selenate and a 
sorbing mineral phase of either kaolinite or goethite. Plant-less 
sorption controls were prepared in glass bottles parallel to the 
plant-box experiments. 

ICP-MS measurements of remaining Se solution 
concentrations showed that selenite affinity for kaolinite and 
goethite was 61 and 99 %, respectively, and selenate’s affinity 
for kaolinite and goethite was 72 and 42 %, respectively. 
Desorption yielded 71 - 96 % of previously adsorbed Se 
exchangeable by ion exchange with phosphate even when 
adsorbed to goethite as selenite. However, subsequent plant 
Se-uptake was not higher through contact with the mineral 
than as it was in just the nutrient solution. 

Se taken up as selenate was distributed mainly to the 
shoots (62 - 78 %), Se taken up as selenite was distributed 
mainly to the roots (66 - 80 %), as revealed by HG-FIAS 
analysis of total Se in digested plant roots and shoots. 

XANES spectra of Se speciation within air-dried plant 
tissue revealed selenate uptake to be unchanged in shoots but 
transformed into organic compounds in the root while  selenite 
uptake was found to be completely present as organic Se 
through shoots and roots of the plant.  

Combining the results is crucial for mass balancing of Se 
speciation in a biogeochemical model of the Critical Zone." 
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Muteh minig, the major gold plant in Iran, is located in the 

central part of Sanandaj- Sirjan Zone. It consists of two active 
mine, including the Chah Khatoon and Senjedeh open pits, and 
several smaller occurrences. Rock units exposing in the area 
underwent greenschist to lower amphibolite metamorphism. 
They consist of NW-SE trending deformed and 
metamorphosed volcano-sedimentary and acidic volcanic 
rocks. Gold mineralization is hosted in green schist facies 
metamorphic rocks. Pyrite is the most important Au-hosting 
mineral in the Muteh minig district; therefore Pyrite from the 
Senjedeh gold deposit was investigated using a combination of 
ore microscopy, including back-scattered imaging (BSE), and 
electron probe microanalysis (EPMA). Based on microscopic 
and field Based on microscopic and field observations, there 
are two generations of pyrite, termed as first generation (G1), 
and second generation (G2). The medium-grained, unhedral 
and deformed G1 pyrite, coarse grained, euhedral G2 pyrite, 
contains low- medium level of gold. According to BSE and 
EPMA mapping, visible gold is widespread and present as 
irregular grains of native gold mostly along grain boundaries 
or filling microfractures of pyrite G1 likely resulting from 
remobilization of invisible gold once locked in the pyrite.  

Element mapping indicates that Co is incorporated in 
pyrite crystal lattice and shows compositional zoning in pyrite 
grains. Ultramafic, and to a lesser extent mafic rocks, are 
typically strongly enriched in Co; in contrast, felsic rocks 
usually contain low Co concentrations. Therefore, high Co 
concentrations should be a good indicator of a high proportion 
of mafic to ultramafic over felsic rocks in the fluid source area. 
Co concentrations of pyrite possibly linked to mafic/ultramafic 
metamorphic rocks provide further evidence on the orogenic 
gold deposit affinity. 
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A nitrogen isotope inventory was taken in two polluted 

ombrotrophic bogs in the Czech Republic, Central Europe. For 
the first time, δ15N time-series of atmospheric deposition was 
compared with N isotope composition of living Sphagnum and 
of non-living moss throughout vertical peat profiles. We 
expected isotopically lighter N (lower δ15N values) in fresh 
Sphagnum and the uppermost peat layers, relative to NH4

+ and 
NO3

- of the atmospheric input, in an analogy to isotopically 
light N in the biomass of trees, compared to the atmospheric 
input. Under high N pollution levels, part of the deposited Nr is 
not metabolized by Sphagnum. Rather, it penetrates to greater 
peat depths. We expected the following δ15N systematics: 
Sphagnum < atmospheric Nr < deeper peat. In actual fact, 
atmospheric Nr species contained the isotopically lightest N. At 
both study sites, the observed δ15N systematics was: 
atmospheric Nr < Sphagnum < deeper peat. It follows that in 
our inventory we have missed a sink of isotopically even 
lighter N, the residue following partial incorporation of 
atmogenic Nr into Sphagnum. This sink probably was not 
hydrologic at our sites, since runoff was non-existent or 
negligible. Alternatively, we could have missed an additional 
source of isotopically heavy N that was incorporated into the 
living Sphagnum. Future research should explore the 
possibility that this missing source of relatively heavy N is 
atmospheric N2. However, high energy is required to break the 
triple bond of the N2 molecule, and microorganisms tend to fix 
N only at low Nr inputs. 
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H2O is present in the deep mantle as H atoms bonded to 
the structure of nominally anhydrous minerals (NAMs) 
balanced by the formation of cation vacancies. Considerable 
amounts of H (hundreds of ppm wt H2O) have in fact been 
measured in xenocrysts found in kimberlites and minerals in 
xenoliths that are brought to surface by magmatic events. As 
even low amounts of H affect mantle mineral properties, and 
as a consequence whole mantle dynamics, addressing the H2O 
content of NAMs is very important. 

In this study we synthesized high-quality single crystals of 
NAMs wadsleyite and ringwoodite with different amounts of 
H, by means of a multianvil apparatus. These minerals are of 
particular interest because they are the most abundant phases 
in the mantle transition zone and they can contain large 
amounts of H2O (wt%) as shown by experimental and natural 
samples. The H2O content of the synthesized minerals were 
investigated by elastic recoil detection analyses (ERDA), 
which is a nuclear and absolute technique, as weel as Fourier 
transform infra-red (FTIR) and Raman spectroscopy. 

The results provide a calibration to determine the H2O 
content of wadsleyite and ringwoodite, in the chemical systems 
MgO-SiO2-H2O and MgO-SiO2-FeO-H2O, by Raman 
spectroscopy. The advantages of this technique are its high 
accessibility and the straightforward preparation of the 
samples, which is not at all the case for ERDA and FTIR 
measurements. The calibration of the Raman technique is 
therefore a valid alternative to determine H content of 
wadsleyite and ringwoodite crystals with very small size (< 50 
µm across) that are typical of natural and experimental 
samples. Further, our results are used to provide constrains on 
the absorption coefficients of wadsleyite and ringwoodite that 
are employed in FTIR quantitative analyses. 
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The present work deals with the synthesis of KAlSiO4 
polimorphs by using a natural kaolinite. KAlSiO4 polimorphs 
are very versatile minerals finding their applications in 
restorative dentistry [1], in the contest of high-temperature 
technologies [2] and in the production of biodiesel [3]. A solid-
state protocol of synthesis is here presented, requiring the 
mixing of the preventively calcinated kaolinite (metakaolinite) 
with K2CO3 in stoichiometric proportions at temperature of  
600°, 700°, 800° and 950° C at room pression. Crystallization 
of Kalsilite is attested at 600° and 700°C. Appearance of 
KAlSiO4 -O1 is attested at 800° and 950°C. The products of 
synthesis were characterised by Powder X-ray diffraction, 
Scanning Electron Microscopy, Inductively Coupled Plasma 
Optical Emission Spectrometry, Infrared Spectroscopy, 29Si 
Magic Angle Spinning Nuclear Magnetic Resonance. 
Calculation of density and specific surface of kalsilite were 
also achieved. The amorphous phase in the synthesis powders 
was estimated with quantitative phase analysis using the 
combined Rietveld and reference intensity ratio methods. This 
work is a CGL2011-28022 project contribution. 
 
[1] Zhang et al (2007) Leucite cristallization kinetics with 
kalsilite as a transition phase. Materials Letters, 61, 2978-
2981.  [2] Gregorkievitz et al (2008) the structure of 
“orthorhombic” KAlSiO4-O1: evidence for Al-Si order from 
MAS NMR data combined with Rietveld refinement and 
electron microscopy. The Canadian Mineralogist, 46, 1511-
1526. [3] Wen et al (2010) Kalsilite based heterogeneous 
catalyst for biodiesel production. Fuel, 89, 2163-2165. 
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Configurational properties of melts and glasses provide 
fundamental information needed to characterize industrial and 
geological processes. The main difficulty is to link 
macroscopic parameters (e.g., configurational entropy) with 
the atomic structure of melts. 

This structural information, related to the aluminosilicate 
network is affected by the presence and nature of non-network 
former cations. Indeed, strontium can play a different structural 
role: either as a modifier that participates in the network 
depolymerization or as a charge compensator proximal to 
AlO4

- tetrahedra. 
Information on the configurational entropy (Sconf) can be 

obtained from the viscosity measurements which can then be 
coupled with various techniques such as Raman spectroscopy, 
X-ray absorption and neutron or X-ray diffraction. These 
techniques yield structural information about the short and 
middle range order. 

By combination of all the techniques mentioned above we 
investigated substitution of Si by Al in strontium 
aluminosilicate glasses at the constant SrO content. 
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Variations in chemical weathering of the continents over 

glacial-interglacial timescales have been proposed to account 
for the long-term rise in 87Sr/86Sr over the Quaternary, and the 
apparent imbalance of Sr in the oceans at the present-day [1]. 
Recent high-precision data for planktic foraminifera from ODP 
Site 758 in the north-east Indidan ocean show no resolvable 
variation in 87Sr/86Sr through the last glacial maximum at the 
uncertainty of ±4.9 ppm (2SD) or less [2]. These data cannot 
accommodate a short-term weathering pulse during 
deglaciation, although a diffuse pulse accompanying protracted 
ice sheet retreat is permissible. However, variations through 
other glacial cycles (particularly those associated with 
significant climate change) and the long-term evolution of 
87Sr/86Sr during the past 2.5 Myr, remain poorly constrained.  

This study presents very high precision 87Sr/86Sr data for 
modern seawater and foraminifera from ODP sites 758 and 
647 (in the Labrador Sea) through a number of glacial cycles 
over the past 2.5 Myr. The Sr isotope compositions of modern 
seawater from the Atlantic, Pacific and Indian Oceans are 
indistinguishable from one another at the ±4.1 ppm (2SD) 
precision of this study. The 87Sr/86Sr seawater record preserved 
by planktic foraminifera through the last four glacial 
terminations also shows no resolvable variation, limiting the 
response of seawater to variations in the chemical weathering 
flux and/or composition to ±4.1 ppm or less. Calculations 
suggest that a variation of ±12% around the steady-state 
weathering flux can be accommodated by these uncertainties, 
consistent with independent estimates for variations in 
weathering over glacial timescales (e.g. [3]), but still sufficient 
to account for the longer-term rise in 87Sr/86Sr of ~60 ppm Ma-

1, determined here, over the quaternary [1]. 
 

[1] Vance et al., 2009 Nature 458, 493-496 [2] Mokadem et 
al., 2015 EPSL 415, 111-120 [3] Munhoven, 2002, Glob. 
Planet. Change 33, 155–176. 
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Basement rock of the Japanese Island is mainly composed 

of accretionary complexes since Paleozoic periods.  There are 
several types of ore deposits such as Besshi-type sulfide 
deposit, Mn carbonate deposit in the bedded chert succession 
and Mn oxide deposit on seamount basalt, which were derived 
from seafloor mineralization and are now observed on land. 
Constituent minerals of Besshi-type sulfide and Mn carbonate 
deposits are stable under the reducing condition, whereas Mn 
oxides precipitated contrastingly under the oxic condition. 
Since the distribution of these three types of deposits is 
curiously uneven in the Japanese accretionary complexes [1], 
the redox history of the Panthalassa Ocean might be unraveled 
based on their depositional ages. 

The historically productive copper-bearing Besshi-type 
sulfide deposits in the Japanese accretionary complex were 
formed as volcanogenic massive sulfide deposits on the deep-
sea floor of the Panthalassa Ocean. Here we report that eleven 
typical Besshi-type deposits yielded Re-Os isochron ages 
around 150 Ma (148.4 ± 1.4 Ma from the composite isochron) 
in Late Jurassic time [2] [3]. This date coincides with the 
lowest marine 87Sr/86Sr ratio and highest atmospheric CO2 
concentration of the past 300 million years. We infer that 
intense mid-ocean ridge hydrothermal and volcanic activity in 
the Late Jurassic produced huge sulfide deposits and large 
emissions of CO2 gas, leading to global warming and a 
stratified Panthalassa Ocean with anoxic deep seas that favored 
preservation of sulfides in the pelagic environment. The 
emergence of ocean anoxia triggered by seafloor volcanism is 
also consistent with a positive δ13C excursion and widespread 
deposition of petroleum source rocks and black shales. 
 
[1] Sato, K. and Kase, K. (1996) Island Arc, 5, 216-228. [2] 
Nozaki, T. et al. (2010) Geochim. Cosmochim. Acta, 74, 4322-
4331. [3] Nozaki, T. et al. (2013) Sci. Rep., 3, 1889, doi: 
10.1038/srep01889. 
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 Nantucket Island, MA, is home to the last wild bay scallop 

(Argopecten irradians, Lamarck 1819) fishery in the world. 
Declining trends in commercial catch over the last thirty years 
have had severe socioeconomic impacts on the fishermen and 
permanent residents of Nantucket. A direct correlation between 
declining scallop recruitment and loss of eelgrass (Zostera 
marina) habitat has resulted in concern for the sustainability of 
the fishery. The short life span of the bay scallop makes 
successful recruitment and survival during every spawning 
event necessary to maintain the wild population.  

Environmental life history reconstruction through the 
analysis of the geochemical composition of the scallop shells 
provides important insight to aid propagation, seeding and 
management of the existing Nantucket bay scallop population. 
Bay scallop and seawater samples were collected from thirty-
two sites in the waters around Nantucket Island. Retrospective 
identification of essential habitat is constructed through 
analytical analysis of the correlation between shell trace 
element compositions (Sr, Ba, Mg, Cu, Zn, Pb, La, Co and 
Mn) via laser ablation inductively coupled mass spectrometry 
(LA-ICP-MS)) and harbor water chemistry. Determination of 
optimal spawning habitat is essential to quantifying conditions 
necessary for larval recruitment, juvenile survival and long-
term sustainability of the bay scallop population. 
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The composition of submarine groundwater discharge 
(SGD) is determined by biogeochemical reactions that take 
place in the subterranean estuary (STE). Subterranean estuaries 
are typically characterized by steep redox gradients, which can 
affect the mobility of redox-sensitive elements (RSEs) such as 
Mo, U, V, and Cr. While the SGD volume flux is affected by 
factors on wave and tidal time scales, the impact of seasonality 
on redox chemistry in the STE is less well-understood. 
Seasonal variation may include meteoric groundwater 
recharge, reactant fluxes, and temperature-dependent reaction 
rates. We investigated the association and variability in redox 
conditions and RSE distributions in a shallow STE on the 
Virginia (USA) coast over two years. Advection of water 
through the STE and the apparent respiration of organic matter 
drives the formation of a “classic” redox sequence typically 
observed in diffusion-dominated fine-grained sediments. 
Porewater profiles are consistent with oxic respiration, coupled 
nitrification/denitrification, Fe and Mn reduction, and sulfate 
reduction. High concentrations of DOC lead to extensive 
sulfide production within 3 m of the sediment-water interface. 
Both Mo and U are quantitatively removed as oxic surface 
waters mix into ferruginous and sulfidic zones, while V and Cr 
show non-conservative addition across the salinity mixing 
gradient. Monthly trends showed that redox conditions and 
RSE behavior in the STE related to seasonally varying organic 
matter supply and oxygen consumption, both of which are 
higher in the summer. Seasonal differences in redox chemistry 
affect the role of the STE as a source or sink.  
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The Isua supracrustal belt (ISB) and the Nuvvuagittuq 
greenstone belt (NGB) are among the oldest suites of mafic 
volcanic rocks preserved on Earth and are the best candidates 
for representing its early crust. Despite the possible 500 Ma 
age difference between the belts, their mantle derived rocks 
show stricking compositional similarities, with features 
ressembling rocks formed in modern suprasubduction 
environments. Numerous high precision 142Nd data have now 
been produced for many lithologies from both belts in order to 
constrain their early crust-mantle history. Igneous fractionation 
events occuring in the Hadean, such as crust formation or 
mantle differentiation, will lead to deviation in 142Nd from the 
modern Nd standard. Mantle-derived rocks from both the ISB 
and NGB belts exhibit anomalous 142Nd isotopic compositions, 
but the datasets for the two belts are significantly different, 
suggesting a different origin for their 142Nd anomalies. All ISB 
samples have positive µ142Nd values, including the newly 
analyzed Garbenschiefer boninitic amphibolites (mean of 
+12.7 ppm). µ142Nd values for the ISB range mostly between 
+8 and +15 ppm, with a near Gaussian distribution around the 
mean µ142Nd value of +11.6.  Given typical precisions of  
±5 ppm on 142Nd/144Nd measurements, this distribution could 
simply reflect analytical error about a single µ142Nd. In 
contrast, the NGB have µ142Nd values ranging from +8 to  
-18 ppm  with a mean of -5.8. The ISB mantle-derived samples 
show little to no correlation between their 142Nd/144Nd and 
Sm/Nd ratios consistent with their formation in the Eoarchean 
via melting of a Hadean depleted mantle. In contrast, all 
mantle-derived NGB samples display a strong 142Nd/144Nd vs. 
Sm/Nd correlation, consistent with their crystallization in the 
Hadean. Both the ISB and NGB mantle-derived rocks have 
similar 142Nd at the age of formation of the NGB (~4.3 Ga) 
suggesting the derivation of ISB and NGB rocks from a 
common early formed mantle source which appears to have 
been an important source component involved in the formation 
of the primitive crust during most of the Hadean and 
Eoarchean eons, from ~4.3 to 3.7 Ga. 
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Within the first several hundred years of Earth's history, 

Earth had progressed from an initial global magma ocean, into 
a habitable planet. The dynamics of the planet during this 
period are poorly known, largely due to the lack of a 
geological record for the first 500 million years of Earth's 
history. Yet many of the first order characteristics of the Earth, 
such as silicic crust, and liquid water on the surface, arose 
under a planetary regime that may have been profoundly 
different from that today. Recent investigations into 
geochemical and geodynamic constraints on the Hadean 
suggest the planet was largely stagnant - more akin to Io, or 
Venus, than the Earth today. Investigations into the dynamics 
of this period are strongly contingent on both the initial 
conditions – which are poorly understood for the post-magma 
ocean Earth, and the drastic evolution of the planet’s thermal 
state over the Hadean, which depends not just on the evolution 
of heat production, but the loss of initial heat, and the coupled 
evolution of the core and atmosphere. Concurrent to these 
processes, enormous impact events affected atmospheric 
evolution, plate strength, and the mantle state. Giant impacts 
can both aid plate tectonics by weakening plates, or hinder it 
by further raising mantle temperatures, and it is not clear a 
priori how they affect tectonic systems. Here I present 
numerical simulations of mantle convection within an evolving 
planet, which incorporate a coupled, evolving core, evolving 
heat sources, and giant impacts. I assess the importance of 
large-scale planetary processes, such as impacting, 
atmospheric loss, and tectonic regime, on the early Earth, using 
a combination of numerical approaches, and summarise recent 
advances in implementing this important process in models of 
the evolution of the Earth. 
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The antiquity of diamond source regions within cratonic 
lithosphere suggests opportunities for sampling this material 
may have varied significantly over Earth’s history. Varied 
plume flux, evolving internal heating rates, and transitions in 
tectonic regime, all potentially impact both the formation and 
survival of cratonic roots and their host diamonds, and also 
their sampling due to low-volume intraplate magmatism. The 
geodynamic controls on these magmatic events ultimately 
depend on the convective state of the mantle – which is a 
function of Earth’s history, viscosity structure, and tectonic 
state.  Here we present high-resolution mantle convection 
simulations of an evolving Earth, which incorporate varying 
heat production, a coupled core model, and evolving tectonic 
regimes, to understand how the mechanisms of intraplate 
volcanism have altered throughout Earth’s history.  We 
demonstrate that plume numbers are strongly contingent on the 
coupled evolution of the core, and tectonic activity, and that on 
the early Earth plumes may have been both more numerous, 
but comparatively weaker.  We also show how small-scale 
convective instabilities in the upper mantle, which form 
preferentially in the absence of large lateral tectonic motions, 
eg. central to a long-lived supercontinent, or in a stagnant-lid 
regime, can give rise to widespread, low-volume magmatism, 
as seen in the metasomatism of many mantle roots, which may 
ultimately result in the destabilization of cratonic lithosphere. 
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Causes of the compositional 
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University, Walton Hall, Milton Keynes, Bucks MK7 6AA 
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The chemistry of Ocean Floor Basalts (OFBs) have been 

much studied for the insights that the compositions of their 
parental magmas are expected to give into the thermal 
structure of the mantle, and its compositional heterogeneity. 
One of Mike O’Hara’s seminal contributions was to show that 
OFBs were not primary magmas but have undergone extensive 
low-pressure differentiation [1]. He also emphasised that 
individual magmatic eruptions are products of complex 
magmatic systems [2] [3]. Volcanoes are not formed by 
isolated events, but are sites of long-term activity, in which 
repeated cycles of replenishing magma mixes with earlier 
magma, causing eruption. In the intervals between 
replenishment cycles, fractional crystallization proceeds.  The 
inevitable result is that erupted OFBs, like other basalts, are 
products of a complex mixing plus differentiation process [4]. 

If the compositions of OFBs are to be used to infer 
differences in the conditions of melting due to mantle thermal 
structure, etc., first it is necessary to disentangle the effects of 
this low-pressure evolution.  

Here we look at the deviations from the global average 
trend of > 30 minor and trace element concentrations in the 
global array of OFBs. The global trends are taken as the 
logarithms of the concentrations of the elements as a function 
of MgO concentration. Correlations among the deviations 
feature a strong correlation of Na with Sr and Eu, indicating 
that the anti-correlation of Na with Fe in OFBs at a local scale 
is likely due to variations in the fractions of plagioclase to 
olivine to augite crystallized during their low-pressure 
evolution, rather than reflecting differences in depth or extent 
of partial melting. Thus the variability of OFB compositions 
probably reveals little about mantle thermal structure. A 
Principal Component Analysis of the variabilities reveals two 
more-or-less equally important principal components, 
suggesting two fundamentally distinct processes have affected 
incompatible trace-element concentrations during OFB 
petrogenesis. 
 
[1] O’Hara, M. J. (1965). Scottish J. Geology, 1, 19-40.  
[2] O'Hara, M. J. (1977). Nature, 266, 503-507. [3] O’Hara, M. 
J., & Herzberg, C. (2002). Geochim. Cosmochim. Acta, 66, 
2167-2191. [4] O’Neill, H. St.C., & Jenner, F. E. (2012). 
Nature, 491, 698-704. 
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The single largest influence on the formation of Earth’s ore 

deposits was the generation of the Archean subcontinental 
lithospheric mantle (SCLM). Convergent geochronology 
datasets including Hf-isotope model ages for zircons and Re-
Os model ages for mantle sulfides indicate that over 75% of 
the SCLM and its then overlying crust (now mostly lower 
crust) formed at 3.5-3.0 Ga, probably in a global overturn 
event/events that marked a change in Earth’s fundamental 
geodynamic behaviour. 

The primitive SCLM has subsequently played a major role 
in crustal metallogeny for many ore types [1].  #1: the high 
degree of buoyancy of this ancient SCLM relative to the 
asthenosphere, results in the persistence today of low-density, 
rheologically coherent Archean domains and commonly, the 
preservation of old crustal domains. #2:  the enduring (and 
volumetrically dominating) Archean lithospheric mantle 
domains are a reservoir for metasomatic enrichment over their 
3.5 billion year history, creating a potentially metallogenically-
fertile mantle impregnated with critical elements (ie.g., Au, 
Cu, Ni and PGEs [2]). #3: the formation of Archean cratons 
provided an architectural mantle-scape of regions with 
contrasting rheology, composition and thickness.  These 
cohesive Archean domains control magma and fluid pathways 
around their margins and along old sutures between blocks, 
and may act as both sinks and sources for ore-forming 
elements depending on the geodynamic evolutionary stage. #4: 
if the first stabilisation of lithospheric mantle at 3.5 Ga 
signalled the end of a mantle overturn regime (either uniquely, 
or intermittent with subduction), then this is when long-lived 
tectonic regimes conducive to mineralising systems (e.g. back-
arc basins, passive margins, cratonic boundaries) became 
available [3]. 

 
[1] Griffin et al. (2013) Nature Geoscience 6, 905-910. [2] 
Begg et al. (2010) Econ. Geol. 105, 1057-1070. [3] Griffin et 
al. (2014) Lithos 189, 2-15. 
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Giant submarine impact basins: 
Proliferation of life after a deadly 

impact 
E. M. O’SULLIVAN1*, R. GOODHUE1 AND B. S. KAMBER1 

1Trinity College Dublin (*Correspondence: osullied@tcd.ie) 
 

The 1.85 Ga Sudbury basin is the oldest, best preserved 
and most accessible giant impact crater on Earth. The 
exceptional exposure of the basin fill sequence provides a 
unique opportunity to study the environment that developed 
within this submarine crater after the impact, and may indicate 
whether the conditions were suitable for the re-establishment 
of life. Here we report on field, petrographic, chemical and 
stable isotope data.  

Grid survey transects through the basin fill strata revealed 
that lithic clasts decreased in abundance up section while the 
ash proportion increased, concomitant with a decrease in glass 
shard sizes. A total of 394 samples were taken and inspected 
petrographically for extent of alteration. Based on this 
screening, 71 ash matrix separates were obtained by diligent 
hand-picking to avoid mixed signals from lithic clasts and 
alteration products, for analysis of major elements, high-
precision trace elements using ICP-MS, and C- isotopes. 

Our data reveal that the lithophile elements are most 
variable in the lower fill, where the largest clast heterogeneity 
was also identified, reflecting the fall-back of impact-melted 
target rocks, whereas the upper fill varies on a finer scale. The 
lithophile elements suggest that the ash source progressed from 
average continental crust to more mafic up stratigraphy. In 
contrast, the metals with high volatility are conspicuously 
depleted in the lower fill, which may be interpreted as volatile 
loss related to extreme temperatures upon impact.  

The Y/Ho ratio is consistently higher than chondrite, 
requiring submarine eruption of ash, and suggesting the crater 
was filled with saline water. There is a trend of increasing 
biogenic C content up section as well as an increase in pyrite, 
indicating an anoxic water column that supported life. Redox- 
sensitive elements such as Mo show interesting chemo-
stratigraphies, with episodes of euxinia and possible reservoir 
effects in the basin. The crater wall collapse is clearly revealed 
by the chemistry across the overlying black shale. 

These observations are consistent with a model in which 
the crater rim enclosed a basin of seawater, in which explosive 
volcanism persisted during sedimentation. The basin fill was 
dominated by lithic clasts and impact melt in the lower portion, 
grading into reworked impact melt and mafic melt, and a C-
rich sediment. Life proliferated in the basin and the 
accumulation of reduced C led to anoxia and euxinia, 
providing a variety of ecologic niches. 
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We present U-Pb detrital apatite and rutile age data from 
the French Broad River, which rises in the Inner Piedmont of 
North Carolina and traverses progressively older-accreted 
Appalachian terranes to the NW.  The U-Pb apatite and rutile 
systems both yield substantially younger ages than U-Pb zircon 
age data obtained from previous studies1; these two 
thermochronometers primarily record the Acadian  
(c. 410-370 Ma) and Alleghanian (c330-290 Ma) orogenies. 
This is in stark contrast with the U-Pb zircon dataset which is 
dominated by Grenvillian detritus and fails entirely to record 
the Pangaea-forming collision of Laurentia and Gondwana, the 
Alleghanian orogeny. The absence of Alleghanian zircon can 
be explained by the absence of significant Alleghanian 
magmatism and anatexis. There is likely Alleghanian and 
Acadian growth of apatite, with some age resetting from the 
older belts 

There is a younging trend in the apatite and rutile data 
from NW to SE that may be due to the SE retreat of the 
metamorphic front with the addition of new terranes 
sequentially to the SE. However divergent behaviour is 
observed between the detrital rutile and apatite U-Pb age 
datasets, despite their similar closure temperatures. While both 
systems record both orogenic events, rutile is heavily biased 
towards the younger Alleghanian event in all samples 
compared to apatite. This could either be due to the greater 
mechanical and chemical stability of rutile in detrital systems 
compared to apatite, or due to rutile fertility differences 
between the different terranes. 
 
[1] Hietpas, J., Samson, S., Moecher, D., & Schmitt, A. K. 
(2010). Geology, 38(2), 167–170. doi:10.1130/G30265.1 
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Zircon petrochronology constrains 
retrograde metamorphism and dike 
emplacement in the Gruf Complex 
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Kiel, Germany, bousquet@min.uni-kiel.de 
 

In ultra-high temperature (UHT) metamorphic rocks, 
zircon is typically resorbed at peak temperatures [1], and 
zircon ages and Ti-in-zircon temperatures record retrograde 
metamorphic conditons and/or melt crystallization. The Gruf 
Complex in the Central Alps contains scarce, sapphirine-
bearing granulites that preserve UHT mineral assemblages. 
Complexely-zoned zircons were analyzed for U-Pb isotopes 
and trace elements by LA-ICP-MS directly in thin sections. 
Zircons separated from leucosomes, deformed felsic dikes, and 
crosscutting pegmatitic dikes were also dated. 

Zircons from the UHT granulites contain Permian (ca. 
230–350 Ma), oscillatory-zoned cores. The cores and scarce 
Jurassic mantles commonly have lobate boundaries and are 
overgrown by Oligocene rims (weighted mean 206Pb/238U age: 
32.9±0.5 Ma). Both the cores and overgrowths record Ti-in-
zircon temperatures ranging from ca. 650–850°C. Chondrite 
normalized REE plots from garnet-rich samples exhibit 
slightly positive to slightly negative HREE slopes for all zircon 
domains, consistent with zircon growth in the presence of 
garnet. In the garnet-poor granulites, which contain UHT 
garnet breakdown textures, the HREE patterns are more 
steeply positively sloping for the Oligocene rims than for the 
Permian cores. Rims of zircons separated from the leucosome 
of a magmatic breccia crystallized at 32.2±0.2 Ma. Deformed 
biotite-bearing dikes and crosscutting garnet ± beryl ± 
tourmaline dikes contain zircons with ca. 29–30 Ma rims. 

The lobate boundaries of Permian and Jurassic domains 
and <900°C Ti-in-zircon temperatures indicate zircon was 
resorbed at UHT conditions. Thus, the UHT event occurred 
during Alpine orogenesis prior to ca. 33 Ma. The deformed 
dikes were emplaced coevally with formation of mylonite 
zones, which separate the UHT rocks from lower granulite 
facies gneisses, providing a 29–30 Ma age constraint for the 
juxtaposition of these units. The crosscutting dikes were 
probably emplaced after ca. 29 Ma, but did not crystallize new 
zircon. A likely heat source for UHT metamorphism was 
mantle upwelling after slab breakoff. Intruding Bergell 
magmas helped exhume the UHT rocks to the middle crust. 
 
[1] Harley et al., 2007, Elements 
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Formation of deuterated “chiral” 
glycine by low-temperature surface 

reactions via quantum tunneling 
YASUHIRO OBA1, NAOKI WATANABE AND  

AKIRA KOUCHI 
Institute of Low Temperature Science, Hokkaido University, 

E-mail: oba@lowtem.hokudai.ac.jp 
 

Glycine is not positively identified in interstallr molecular 
clouds [1], although laboratory experiments predict that it can 
be formed on interstellar grains [2]. If this is the case, the 
formed glycine could become enriched in deuterium (D) by 
surface reactions on grains, as is the case for well-known D-
enriched interstellar molecules such as methanol and 
formadehyde [3]. In the present study, we experimentally 
investigated hydrogen (H)-D substitution of solid glycine 
through the reaction with D atoms at low temperatures. 

Solid glycine (NH2CH2COOH, d0-Gly) was codeposited 
with D atoms, which were produced in a microwave-induced 
D2 plasma, onto a cold substrate at 12 K in a vacuum chamber. 
After the codeposition, the sample was warmed to room 
temperature and dissolved in distilled and deionized H2O, and 
the extracted aqueous sample was analyzed by high-resolution 
mass spectromtry with mass resolution 70,000 at m/z = 200. 

The formation of mono- (d1-Gly) and di-deuterated 
glycines (d2-Gly) were confirmed in the mass spectra of the 
codeposition sample. The abundance of d1- and d2-Gly relative 
to d0-Gly reached to 2.4 × 10-1 and 6.3 × 10-2, respectively, in 
the present study. Since glycine should exchange its labile 
hydrogens (carboxyl and amino groups) with H2O when 
extracted from the reaction substrate, their D/H ratio should be 
terrestrial value, ~10-4. We therefore conclude that one- or two 
carbon-bound hydrogen in glycine was replaced with D after 
codeposition with D atoms at 12 K and the reaction proceeds 
through quantum-tunneling. 

It should be noted that the formed d1-Gly, NH2CHDCOOH, 
is a chiral molecule. Since any chiral molecules have never 
been observed in molecular clouds, d1-Gly could be a possible 
candidate for the origin of whole chiral molecules during the 
evolution from molecular clouds to planetary systems. 
 
 [1] Snyder et al. (2005) Astrophys. J., 619, 914–930. [2] 
Bernstein et al. (2002) Nature, 416, 401–403. [3] Watanabe 
and Kouchi (2008) Prog. Surf. Sci., 83, 439–489. 
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Iodine is a biophilic element in the ocean and accumulated 

in marine planktons and macroalgaes. However, its 
biogeochemical cycles have not been fully clarified in the 
ocean because of its complicated speciation. Iodine mainly 
exists as iodate, iodide and organic iodine in seawater.  It is 
important to study the speciation of iodine in seawater because 
each chemical form of iodine has very different reactivity.  In 
this study, we have investigated the chemical speciation of 
iodine in seawater of the Chukchi Sea and Bering Sea. 
Moreover, we revealed the distributions of iodine-129 in 
seawater, which is a good tracer for anthropogenically released 
iodine to the marine environments. 

Seawater samples were collected with Niskin-X samplers 
deployed onto CTD-CMS at the continental shelves of the 
Chukchi Sea and Bering Sea during Oshoro Maru C255 cruise 
(14 June – 6 August, 2013). Samples for speciation analyses 
were frozen, stored and brought back to AORI, Tokyo. Iodine 
speciation were analyzed by cathodic stripping voltammetry 
[1]. Iodine-129 in seawater was determined with an accelerator 
mass spectrometry after solvent extraction [2]. 

Iodide concentrations in seawater often increased toward 
the seafloor bottom, which indicates the iodide is released from 
the sediments of the continental shelf. The highest organic 
iodine concentration (176 nM) was found in the bottom water 
at the shelf. Concentrations of iodine-129 ranged from 0.79 to 
2.89 (107 atom/L) in the Bering Sea, which is lower than those 
reported in 1993 [3]. 
 
[1] Campos (1997). Marine Chemistry 57, 107–117. [2] 
Suzuki and Muramatsu (2005), Radioisotopes, 54, 51-53. [3] 
Cooper et al. (2001), Marine Pollution Bulletin, 42, 1347-
1356. 
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The Solar System emerged out of the Solar Nebula. The 

compositions of the Solar Nebula therefore set the bulk and 
organic composition of the young Solar System bodies, 
including the nascent Earth. In the present day Solar System, 
comets preserve a partial record of this chemistry. 
Observations of Solar Nebula analogs where planet formation 
is currently ongoing provides a different kind of information 
on this early Solar System chemistry. We have used the 
Atacama Large Millimeter Array (ALMA) to observe the 
organic chemistry in such protoplanetary disks with 
unprecedented sensitivity and spatial resolution. What we find 
is an active, rich organic chemistry that includes a number of 
different cyanides, formaldehyde and other organic molecules. 
The cyanide composition is remarkably similar to what is 
observed in comets, indicative of that at least some of these 
disks are chemical analogs to the young Solar System. We 
further use the spatial information from these observations to 
map out how how the organic composition depends on the 
distance from the central star. The results are discussed in 
relation to Solar System studies of volatile organics, as well as 
our understanding of interstellar and protoplanetary disk 
chemistry. 
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Open-system behaviour in fossil reef corals is a major 
problem for accurate absolute dating. The commonly used 
230Th/U-system can be disturbed by post-depositional 
diagenetic alteration, which results in wrong apparent 230Th/U 
ages. Since fossil reef corals are important palaeoclimate 
archives, precise absolute dating is essential for sea-level 
reconstruction and high-resolution climate reconstruction. 

In order to identify diagenetically altered corals, we 
combine the traditional 230Th/U-method with the 231Pa/U-
method. Discrepancies between fossil coral ages determined by 
the two methods show post-depositional disturbance of the 
isotope systems [1]. Furthermore, comparison of the two 
systems on concordia diagrams reveals additional information, 
such as the timing of the diagenetic processes [2]. In addition, 
we apply the 226Ra/230Th-system, which has a significantly 
shorter half-life and enables to study open-system processes 
occurring on shorter time scales. 

Here we present the first combined application of all three 
isotope systems to fossil last interglacial corals from the Gulf 
of Aqaba, northern Red Sea. Previous studies have shown that 
these corals were subject to substantial open-system behaviour 
[3] [4]. In addition, we simulate the temporal evolution of the 
three isotope systems and model the effects of different open-
system processes. 

 
[1] Edwards, Cheng, Murrell and Goldstein (1997) Science, 
27: 782–786 [2] Cheng, Edwards, Murrell and Benjamin 
(1998) Geochim. Cosmochim. Acta, 62: 3437–3452 [3] Scholz, 
Mangini and Felis (2004) Earth Planet. Sci. Lett., 218: 163–
178 [4] Felis, Lohmann, Kuhnert, Lorenz, Scholz, Pätzold, Al-
Rousan and Al-Moghrabi (2004) Nature, 429: 164-168 
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Previous investigations suggested that lighter Zn isotopes 
enter the vapor phase during smelting and combustion, leaving 
the residual material enriched in the heavier isotopes [1] [2]. 
Zn ores and dust produced in a refinery show a strong isotope 
fractionation (from -0.66 to +0.22‰) while dust from the 
chimney displays a δ66Zn value of -0.67‰ [2]. Borrok et al. 
observed a slight enrichment of the heavier Zn isotopes in the 
fly ash relative to the coals and tire-derived fuels but the 
isotopic changes of the bottom ashes are unconsistent [2]. 
More research is necessary to better constrain Zn isotope 
fractionation in combustion processes and develop a model 
that predicts the isotopic composition of the stack emissions 
and the fractionation through the air pollution control devices. 

The aim of this work was to develop an accurate model 
accounting for Zn isotopic fractionation in coal and co-
combustion systems. To achieve this, Zn isotopic variations in 
the feed materials and combustion residues from three different 
Spanish coal fired power plants were determined. 

We find that the fractionation between the feed blends, 
bottom ashes and fly ashes show the same magnitude and 
direction, suggesting a similar controlling process in all the 
coal fired power plants. The bottom ashes are enriched in the 
lighter isotopes relative to the feed blend while heavier 
isotopes are observed in the fly ashes. We performed isotopic 
mass balances to constrain the isotopic signature of the flue gas 
and these calculations predict an isotopically light Zn emitted 
through the stack. We find that the observed fractionation can 
successfully be predicted using a Rayleigh distillation model. 

The main implication of our work is that, although the 
operation of each coal-fired power plant differs on a great 
variety of parameters, the Zn isotope signature of the feed 
blend and evaporation and condensation within these plants 
control the isotopic fingerprint of the combustion by-products 
and the exhaust gas.  
 
 [1] Mattielli, N., et al., (2009) Atmos. Environ. 43 1265-1272. 
[2] Borrok, D.M., et al., (2010) Environ. Sci. Technol., 44 
9219-24. 
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Geochemical assessment of soil at urban wastewater in 

Agbara Industrial Estate, south-western Nigeria was 
determined. 30 samples were analysed with the Inductively 
Couple Plasma-Mass Spectroscopy to determine 36 major and 
trace elements.  

All the contamination indices showed that soil samples 
were deficient in major elements except Fe and S which fell 
within background to extremely high contamination. 

Enrichment Factor showed that soil samples were within 
background to minimal enrichment with Cu, Mn, Cd, Cr, Sb, 
background to moderate enrichment with Pb, Ag, Mo, As, 
background to significant enrichment with Zn,  Bi and 
background to very high enrichment with Se and Sc. 

Results of the contamination factor showed that soil were 
within low to moderate contamination with Cu, Mn, Cr, Mo, 
Ag, As, Cd and Bi, low to considerable contamination with Pb, 
Th and low to very high contamination with Zn, Sc, Se and Sb. 
Contamination Degree  ranged between 2.18 to 243.28 which 
indicate low to very high degree of contamination. 

Geo-accumulation index showed that soil samples were 
practically uncontaminated with Mo, Cu, Mn, As, Cd, Cr, Sc 
and Ag, practically uncontaminated to moderately 
contaminated with Pb, Th,  Bi, practically uncontaminated to 
highly contaminated with Zn, Sb and practically 
uncontaminated to very strongly contaminated with Se. 

Potential ecological risk factor (RI) ranged between 22.62 
and 119.4 which indicated low to very high risk. The total 
chronic hazard quotient index of oral exposure to soil 
contamination in the study area (THI) ranged between 1.77 and 
26.65 for child and 0.32 and 4.76 for adult. Most samples were 
above 1, depicted great hazard for both young and old. The 
critical factor for THI in both adult and children of the study 
area were the exposure to Cr, Zn and Mn. 
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We have performed a suite of batch reactor experiments 
reacting single mineral powders with initial aqueous fluids of a 
variety of pH conditions, temperatures from 25 to 200°C, and 
highly undersaturated to supersaturated with respect to the 
present mineral phase. In all experients mineral precipitation or 
dissolution drove the fluid towards bulk chemical equilibium 
conditions with respect to the mineral phase; in many 
experiments the fluid remained in bulk chemical equilibrium 
with the mineral phase over the excess of several months.  

Studied minerals include calcite, dolomite, magnesite, 
hydromagnesite, quartz, amorphous Si, and chert. In nearly all 
cases, the isotopic composition, including the isotopes of C, O, 
Mg, Ca, and Si, of the fluid and the coexisiting mineral phases 
evolved rapidly and substantially during stoichiometric 
dissolution and at equilibrium. For example, the δ44Ca of 
calcite decreased by 17‰ during its congruent dissolution and 
at equilibrium over 9 days. The evolution of isotopic 
composions is observed to continue for at least a year at near to 
equilibrium conditions. Precipitation from initally highly 
undersaturated fluids yielded Rayleigh isotope fractionation 
effects. However, isotopic exchange is observed to continue 
after the system equilibrated, eradicating this Rayleigh signal. 

The observation that the isotopic compositions of minerals 
and coexisting fluid evolve rapidly and significantly during 
their ambient temperature interaction 1) supports the 
theoretical hypothesis that mineral-fluid equilibrium is 
dynamic, 2) complicates the application of isotopic tracers to 
deduce fluid flow paths, and 3) suggests that the preservation 
of paleo-environmental isotopic signatures in minerals requires 
some sort of combination of the isolation of fluid-mineral 
system from external chemical input and/or the existence of a 
yet to be defined calcite dissolution/precipitation inhibitor. 
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gradient in weathering regimes 
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To explore how tectonics set Si stable isotopes in 

weathering we explore their systematics in secondary 
precipitates of soils and saprolite derived from a gradient in 
weathering regimes. The end members of our study sites are 
the highly weathered tropical soils in the tectonically inactive 
Highlands of Sri Lanka, representing supply–limited 
conditions [1], and the rapidly uplifting Swiss Alps, 
representing the kinetically limited counterpart in which 
physical erosion dominates [2]. The intermediate weathering 
regime is located in the southern Sierra Nevada, California, 
where chemical weathering and physical erosion are about 
equal [3]. The secondary inorganic Si reservoirs in the 
weathering zone were sequentially extracted. These are 
secondary amorphous Si precipitates and secondary clays, 
separated by performing a hot sodium hydroxide leach for the 
amorphous Si fraction and a gravitational settling procedure 
for the clay fraction. Their composition was compared to that 
of the local primary rocks. We find a clear dependence of Si 
isotope ratios, measured in secondary precipitates (amorphous 
and clay fraction), on regolith residence time. Residence times 
are calculated from in situ-10Be derived denudation rates and 
regolith thickness. The longer the regolith residence time (e.g. 
several 100 ka in Sri Lanka), the lower are δ(30/28Si)NBS28 values 
(around -2‰) for the amorphous and clay phases. Settings with 
shorter regolith residence times (Swiss Alps, Sierra Nevada) 
show higher δ(30/28Si)NBS28 values (around -0.5‰  for Swiss 
Alps and -1.5‰ for Sierra Nevada) for the analyzed secondary 
phases. The modeling approach developed by Bouchez et al. 
[4] reveals that Si isotopes signatures measured in secondary 
precipitates of soils and saprolite reflect the ratio of particulate 
Si export flux by erosion relative to the dissolved import Si 
flux by rock dissolution (Sisolid-exp/Sidiss-imp). Larger Sisolid-

exp/Sidiss-imp ratios result in relative higher δ(30/28Si)NBS28 values 
of the formed secondary silicates. The Sisolid-exp/Sidiss-imp ratio 
decreases with regolith residence time in the studied settings 
and is therefore directly a function of the weathering regime.  
 

[1] von Blanckenburg et al. 2004, JGR-ES 109(F3); [2] Norton 
& von Blanckenburg 2010,  GCA, 74(18), 5243–5258; [2] 
Dixon et al. 2009, ESPL, 34(11), 1507–1521.; [4]  Bouchez et 
al. 2013, AJS, 313(4), 267–308 
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Recent studies have demonstrated that an investigation of 

Fe-Mg isotopic variations in olivine provides a powerful 
means to reliably trace Fe-Mg inter-diffusion occurring on the 
mineral scale during magma evolution [1] [2], because 
diffusion results in large kinetic isotope fractionations even at 
magmatic temperatures [3]. Modeling of distinctly diffusion-
generated zoning in olivine yields constraints on the time 
scales of magma differentiation processes. However, in natural 
samples a combination of e.g. crystal growth and diffusion 
processes may significantly affect intra-mineral chemical and 
isotope variations. In order to theoretically examine this, we 
modeled the effects of Fe-Mg inter-diffusion, crystal growth 
and crystal dissolution on chemical and isotopic zoning of 
olivines in general. The model results were applied to natural 
olivines from MORBs and intra-plate basalts in order to 
simulate observed Fe-Mg isotopic (and chemical) variations 
which were determined by in situ Fe-Mg isotope analyses 
using fs-LA-MC-ICP-MS [2]. 

The results of the theoretical approach and of our in situ 
analyses demonstrate that combining the information of 
chemical and isotopic zoning in olivine allows to distinguish 
between diverse proccesses occurring during magma 
evolution. Fe-Mg inter-diffusion, in general, leads to inversely 
correlated Fe-Mg isotopic profiles [4] and appears to be the 
dominant process that drives isotope fractionation in magmatic 
olivine. Still, the specific shapes of such profiles differ 
considerably from each other depending on whether (and 
when) episodes of crystal growth or dissolution played a major 
role in modifying the chemical and isotopic zoning of olivine, 
as recorded by some of our investigated crystals. 

Further investigations will address potential Fe-Mg 
isotopic zoning in chemically zoned cpx in order to elucidate 
diffusion-driven processes in magmatic systems that operate 
on different times scales than Fe-Mg diffusion in olivine. 

 
[1] Sio et al. (2013) GCA 123, 302-321. [2] Oeser et al. (2014), 
GGR 38, 311-328. [3] Richter et al. (2003) GCA 67, 3905-
3923. [4] Dauphas et al. (2010) GCA 74, 3274-3291.    
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In the southern area of the Lau basin, Eastern Lau 

Spreading Center (ELSC) and Valu Fa Ridge (VFR) form the 
longest back-arc spreading axis. Recent studies (e.g. [1] [2]) 
have suggested a model of mantle wedge having the transition 
at 20.6°S (~70 km from the arc) from hydrous domain in the 
southern part to less hydrous one in the northern area, which 
controls the ridge morphology and segmentation in these 
spreading centers. 

Here we present, new major, trace element data and 
isotopic compositions of lavas dredged from the spreading 
ridges, ELSC and VFR, and the adjacent submarine arc 
volcanos of Tofua Arc (20-23°S) to examine the suggested 
mantle wedge structure in geochemically. We attempt to 
characterize geochemical affinities within the arc and back-arc 
system by comparisons of the along-axial variations of ELSC 
and VFR with the adjacent arc lavas located along slab flow 
lines. The major element data show that the volcanic rocks are 
dominantly basaltic, while some of more felsic rocks are found 
in the arc volcanos. In spidergram, the arc lavas are more 
depleted in incompatible elements at the north (TA10 and 11) 
of the transition zone than at the southern arcs. All analyzed 
volcanic lavas show no significant variation in elemental proxy 
for mantle fertility (e.g. La/Sm and Nb/Yb). Whereas, they 
show latitudinal variations in selected trace element ratios, 
representing subduction component (e.g. Ba/Nb and Ba/Th) for 
both back-arc axis and volcanic arcs. The increase of LILEs 
accompanied by more radiogenic 206Pb/204Pb for the southern 
ridge lavas and their systematic along-axis variations indicate 
increasing arc signature with decreasing distance from the arc. 
Decreasing of subduction component in the arcs from north to 
south appears to be related to formation of the hydrous arc-
proximal mantle domain in adjacent back-arc spreading ridge.  

 
[1] Dunn and Martinez (2011) Nature, 469(7329), 198-202  
[2] Sleeper and Martinez (2014) J. Geophy. Res. Solid Earth, 
119, 1678-1700 
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Water-mineral interactions affecting radionuclide 

migration behaviours were investigated using microfluidic 
tests on groundwater and thin sections of core rocks from the 
Underground Research Tunnel (KURT) located in the Korea 
Atomic Energy Research Institute (KAERI), Daejeon, South 
Korea. Results of groundwater analysis showed that the 
groundwater of the KURT has high uranium concentration of 
749.11 µg/L. Chemistry and mineralogy of core rocks were 
analysed through whole-rock analysis, X-ray diffraction 
(XRD) analysis, and thin section analysis. The results revealed 
that the fresh rock was mainly granite consisting of quartz, 
plagioclase, muscovite, biotite, and chlorite. Core rocks from 
the fracture zone had chlorite and laumontite as fracture filling 
minerals. For the microfluidic tests, retention properties of 
uranium in groundwater obtained from the KURT site onto 
primary and secondary minerals of core rocks were compared. 
Element distributions on thin sections before and after flowing 
groundwater onto the thin sections were determined using µ-
XRF imaging methods. Results showed that uranium 
concentration in groundwater decreased and uranium appeared 
on thin sections after microfluidic tests. From the µ-XRF 
imaging, altered secondary minerals, especially chlorite, was 
revealed to have a high uranium sorption capacity. Muscovite, 
quartz, and plagioclase had a low affinity for uranium ions. 
Results of this study suggest that the microfluidic test can be 
useful for evaluating water-mineral interaction because the 
microfluidic test can more closely mimic water-mineral 
interactions and the mineral surface after interaction with water 
can be analysed without disturbance of the sample.  
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Geochemical behaviors of rare earth elements (REEs of La, 

Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) are 
important to understand the migration of trivalent actinides and 
fission genic REEs from nuclear power plants and high level 
radioactive waste. When REEs migrates in environemnts, their 
chemical states may change by the interaction with inorganic 
and organic materials. Many researchers have studied the 
interaction of REEs with organic materials. However, the 
biotransformation of REEs have not fully understood. We have 
conducted the research on the interaction of REEs with 
microorganisms.  

The adsorbed REEs on the cell surface changed the 
chemical states to the REEs-phosphate precipitates by the 
reaction with phosphate ions released from inside the yeast 
cells. Using the single gene deletion mutant yeast strains, 
genes concerned with phosphate transport contribute to 
uranium tolerance, suggesting that REE- and U(VI)-phosphate 
precipitations are resulted from the expression of yeast by the 
adsorption of REE and U(VI). Recently, we found that the 
nanoparticles formation of Ce(III)-phosphate on the cell 
surface delays the oxidation of Ce(III) to Ce(IV) by Mn oxides 
in the mixtures of microorganisms and Mn oxides.  

Microorganisms may response to REE. We found distinct 
organic molecules released from Mn oxidizing fungus, which 
complexed selectively with tetra valent elements including Ce 
and Th. This complexiation results in the transformation of 
immobile tetra valent element to mobile one. When 
microorganisms expose to the solution containing nano 
particles of Ce oxides, the exudates released by 
microorganisms were adsorbed onto the nanoparticles, 
resulting in the enhance of the mobility of nanoparticles of Ce 
oxides.   

These findings indicate that microorganisms affect 
geochemical behavior of REEs.  
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T. OHSUMI1 
1Gakushuin University, 1-5-1, Mejiro, Toshima-ku, Tokyo, 
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Designing the surface monitoring network of CO2 leakage 
is a strategically difficult task in establishing on-land CCS 
sites.  Since we cannot exclude the possibility of the localized 
leakage event with high CO2 fluxes to cause fatal accidents, 
any proposal of surface monitoring network might be qualified 
as inadequate to the local residents.  

However, if there exist active users of underground 
resources such as oil, gas, ore minerals, thermal waters, and 
drinking waters in a supposed CCS site, these stakeholders can 
take an important role not only in the early warning and 
remediation strategy after site closure, but also in the CO2 
migration monitoring during the injection phase.   

In Japan, the typical sedimentary basins with high 
population density recently have a large number of hot springs 
for recreational purposes.  The spring water continually 
pumped up from underground of 1000 m to 1500 m in depth 
can be served as a reliable leakage monitor, when the CO2 
injection layers are identified below these hot spring aquifers. 
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In 2013, piston core samples of pelagic sediments were 
collected from the seafloor in the western North Pacific Ocean 
during the cruise KR13-02 of R/V Kairei. Some portions of 
two cores of them were found to have extraordinary high 
concentration of total rare-earth elements and yttrium (REY) 
reaching up to ~7,000 ppm [1] [2]. Microscopic observations 
of the cores showed that these extremely REY-enriched layers 
contained significant amounts of large biogenic apatite grains, 
which is known to concentrate REY [3], and large phillipsite 
crystals [1]. We conducted grain size distribution (GSD) 
analyses of bulk sediments, apatite and phillipsite from these 
cores to elucidate the mechanism of the anomalous REY 
enrichment. 

The GSDs of bulk sediments from the extremely REY-
enriched layers were bimodal with fine (~4 μm) and coarse 
(~40–80 μm) peaks. The fine-grained portions of the sediments 
mainly consisted of clay-sized particles. Apatite and phillipsite 
were the major components of the coarse-grained portions of 
the sediments. A positive correlation between the median 
diameter of the apatite grains and the REY contents indicated 
that an increased accumulation of coarse-grained biogenic 
apatite was responsible for the REY enrichment. The median 
and maximum diameters of the phillipsite grains also 
correlated positively with REY and phosphorus contents. An 
increased phillipsite grain size might suggest a low 
sedimentation rate. Thus, the anomalous REY enrichment 
could be attributed to a slow sedimentation which allowed 
biogenic apatite (especially coarse-grained apatite) to 
accumulate without dilution by low-REY-content components. 
 
[1] Iijima et al. (2015) Geochem. J. submitted. [2] Fujinaga et 
al. (2015) Geochem. J. submitted. [3] Toyoda et al. (1990) 
Geochim. Cosmochim. Acta 54, 1093-1103. 
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Earth generates and preserves a strong dipole magnetic 

field by self-sustained dynamo action in its liquid outer core 
for geologic timescale. Secular cooling of the core induces 
growth of the solid inner core that contributes additional 
buoyant source for the core convection. The electrical and 
thermal conductivities of core are two key parameters needed 
to determine the fundamental timescale for heat diffusion and 
magnetic field in the Earth’s core. However, in spite of a 
recent large body of research, the conductivity of iron and iron 
alloys under Earth’s core conditions is still highly 
controversial. For instance, recent theoretical calculations 
proposed conflicting values of electrical and thermal 
conductivity of iron [1-3].  

We performed the electrical resistivity (the reciprocal of 
electrical conductivity) measurements on iron, iron-sulfur and 
iron-hydrogen alloys at high pressures (P) and high 
temperatures (T) in a laser-heated diamond anvil cell. Our 
electrical resistivity measurements on iron at Mbar pressure 
and at temperature up to 4500 K clearly show resistivity 
saturation phenomena in iron under high P-T conditions, which 
support recent notion of high conductivity of iron under 
Earth’s core conditions [1] [2] [4]. Possible light elements in 
the core such as silicon, sulfur and hydrogen play as additional 
electron scatters in iron, and could result reduction of 
conductivity of iron. Based on our results for the resistivity 
measurements on iron-sulfur and iron-hydrogen alloys, we 
obtained impurity resistivities of sulfur and hydrogen on iron 
resistivity, and estimated the electrical and thermal 
conductivity of iron-light element alloys under core conditions. 
We found the impurity effects of sulfur and hydrogen were too 
small to reduce the conductivity of the iron alloys to the 
convetional value of core conductivity. 

 
[1] de Koker et al. (2012) Proc. Natl. Acad. Sci. 109, 4070-
4073, [2] Pozzo et al. (2012) Nature 485, 355-358, [3] Zhang 
et al. (2015) Nature 517, 605-607, [4] Gomi et al. (2013) Phys. 
Earth Planet. Inter. 224, 88-103. 
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The Earth’s core is considered to be composed of iron-
nickel alloy with minor light elements [1]. The light elements 
in the core constrain the formation conditions of accretion, 
magma ocean and core formation stages of the early Earth.  
There are several studies on sound velocity measurements of 
the iron-light elements alloys to identify their abundance in the 
core [2]. However, the measurements are not enough to 
constrain the light element abundance in the core tightly due to 
the experimental difficulty to make measurements under the 
Earth’s core conditions.  We measured the compressional 
velocity of the core forming materials by using the inelastic X-
ray scattering at high pressure at the beamline BL35XU, 
Spring-8 [3]. We measured the compressional velocity of Fe3S 
[4], FeH [5], Fe3C, and FeSi alloy at high pressure and room 
temperature. Whereas, we measured the compressional 
velocity of hcp-Fe up to 163 GPa and 3000 K, and derived the 
temperature dependence of the Birch’s law for hcp-Fe. 
Combining our new data and previous data on the 
compressional velocity of hcp-Fe and iron-light element 
compounds, we estimated the light element abundance of the 
earth’s inner core.  The present analysis implies that S, Si, and 
H can be the candidates for the major light elements in the 
inner core, whereas O and C may not be important light 
elements in the inner core.  We also estimated the outer core 
composition based on the partition behavior of light elements 
between hcp-Fe and the metallic liquid determined at high 
pressure and temperature. 
 
[1] Birch (1952) JGR 57, 227–286. [2] e.g., Badro et al. (2007) 
EPSL 254, 233-238. [3] Ohtani et al. (2013) GRL 40, 5089-
5094. [4] Kamada et al. (2014) Am Min, 99, 98-101. [5] 
Shibazaki et al. (2012) EPSL, 313-314, 79-85. . 
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Extensive carbonations in ca. 3.8 Ga volcanic and 

sedimentary rocks in Isua Supracrustal Belt (ISB), West 
Greenland, has been considered as a signature of CO2 
metasomatism in the ancient crust, which disturb primary 
occurrence of these rocks. Geological distribution, chemical 
reactions and associated fluid of the secondary carbonates still 
remain unknown, in particular for the northwestern part of the 
ISB, although evidences of the oldest ecosystem might be 
preserved in the area. Here, we investigated geological and 
mineralogical characteristics of the carbonated banded iron 
formations (BIFs) and metabasalts in the northwestern part of 
ISB to constrain fluid-rock interactions in the ancient crust. 

Field observation indicates that carbonated rocks 
developed along folding axis parallel to the strike of BIFs, 
which formed vein and crosscut a BIF unit in the studied area. 
The result suggests that distribution of secondary carbonate 
vein was dominated by tectonic deformation of BIFs. Bulk 
rock compositions, mineral assemblages and chemical 
compositions of the minerals are systematically changing in 
terms of Fe, Mg, Ca, Al and trace elements from the central 
part towards the edge in the vein. Carbon isotope compositions 
of carbonate are also systematically distributed with the 
petrological variety in the vein, ranging from –8.4 to –2.0 ‰. 
Our results suggest that CO2-rich metasomatic fluid migrated 
with secondary mineral precipitations, accompanied by 
compositional changes of fluid itself, through the channels 
formed by tectonic deformation of BIFs in the early Archaean 
crust. 
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In seawater, iodine concentration is relatively constant (0.3 

to 0.5 µ M). There are several, chemical forms of iodine, 
iodide (I-), iodate (IO3

-) and organic iodine and their 
concentrations in seawater are variable. Due to the oxic 
condition in seawater, IO3

- is thermodynamically stable and 
thus a dominant species. In surface seawater, a reduced form of 
iodine, I- also exists probably, due to microbial activity. 
Although certain nitrate-reducing bacteria were reported to 
reduce IO3

- to I- (Tsunogai and Sase, 1969; Amachi et al., 
2007), detailed mechanism of this reaction is still unclear.  

In this study, we incubated natural seawater in 50 mL glass 
vials under various conditioins summarized in Table 1. They 
were incubated under light (LED or sunlight) or dark 
conditions at 25ºC in.  The chemical forms of iodine were 
determined over time using HPLC-ICP-MS. 

 IO3
- decreased under light condition by LED. However, no 

clear increase in I- was observed under this condition. On the 
other hand, IO3

- was reduced to I- only in the unfiltered sample 
incubated under the sunlight condition. These results suggested 
that reduction of iodine species is a two-stage reaction. 

 
Table 1. conditions of seawater and results of reduced iodine 

*�: decreased of IO3
-, however not increased of I-  

Treatments Effects Reduced iodine 
LED sunlight 

Filtered 
(0.2µm) 

Remove microbes and 
particle × × 

Autoclaved Both bacteria and algae 
are inactive × × 

Antibiotic 
substance 

Bacteria are inactive, 
but algae are active � � 

Photosynthetic 
inhibitor 

Bacteria are active,  
but algae are inactive × × 

Unfiltered Both bacteria and algae 
are active � ○ 
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New Method for studying adsorption behavior 
Clay minerals in the atmosphere are considered to adsorb 

atmospheric pollutants such as SOx, NOx and volatile organic 
carbons. Their adsorption behavior is reported to be affected 
by relative humidity (RH). In this study, adsorption behavior 
of water on a Na-montmorillonite has been studied by infrared 
(IR) micro-spectroscopy combined with quartz crystal 
microbalance (QCM) and a RH control system (Fig 1). 
 

Fig 1: An in-situ observation cell for IR micro-spectroscopy  
with QCM and a RH  control system. 
 

Results: water adsorption to montomorillonite 
With increasing relative humidity (RH) at room 

temperature (24.5±0.2Co), while band area of X-OH 
(X=Si,Al,Na) stretching (around 3600cm-1) remains unchanged, 
OH band areas of longer (around 3400cm-1) and shoter (around 
3250cm-1) H bonded water  increase. They were converted to 
weights by using QCM data and molar absorption coefficients 
(Fig.2). 

 
 
 
 
 
 
 
 
 
 

 
 Fig 2: The amount (µg) of longer and shoter H bonded water 
in Na- montmallironite as a funtion of relative humidity (RH). 
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Nitrogen containing heterocyclic compounds (NHCs) are 

pollutants in wastewater and in groundwaters from coal, oil 
shale, bitumen and asphalt production areas. The most 
representative example of NHCs is quinoline (Q), C9H7N (pKa 
4.9), which is highly soluble in water and potentially 
carcinogenic. Decontamination of quinoline is a challenging 
task because pollution extends across large areas and NHCs 
are highly mobile compounds. Natural materials such as 
quartz, clays and carbonate minerals, that naturally play a role 
in water treatment, can serve as adsorbents for quinoline. Also, 
mineral wettability is modified by adsorbed NHC compounds, 
making prediction of quinoline adsorption properties important 
for oil recovery. In particular, the presence of NHCs is often 
associated with the low salinity effect, which is known to 
increase oil production. 

 We studied the adsorption of quinoline on Berea 
sandstone at pH ranging from 3 to 9, with a range of  
concentrations of NaCl as background electrolyte. We 
observed maximum adsorption close to pH 6 and that the 
adsorbed amount of quinoline decreased from 2 equivalent 
monolayers at low salinity (0.05 M) to a single monolayer at 
high salinity (0.7 M). Based on our quantitative X-ray 
diffraction (XRD) analysis of the Berea sandstone (85% quartz 
and 5% kaolinite), we modelled the experimental data using a 
triple layer surface complexation model with the silanol 
surface sites from quartz and kaolinite and aluminol sites from 
kaolinite. Although the kaolinite content was low, its surface 
area was similar to that of quartz, so the amount of surface 
sites for quartz and kaolinite were nearly equal. 

The best fit for the experimental data was obtained when 
both quartz and kaolinite were available for adsorption. Our 
results revealed that three types of quinoline complexes formed 
on the surface: 1) inner sphere >SiOHQ; 2) outer sphere >SiO-

QH+ and 3) inner sphere >AlOHQ2. We concluded that 
multilayer adsorption of quinoline (hemi-salt’s analog) takes 
place in the Berea sandstone at kaolinite sites, whereas only 
monolayer formation is possible on quartz surface sites. Our 
results demonstrate the high efficiency and potential of clays 
for removing NHCs from waste and ground waters. They also 
show that quinoline adsorption is promoted at low ionic 
strengh, opposite to the low salinity effect. 
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The Caucasus orogen was formed during the closure of  to-

, Paleo- and Meso- Tethys oceans and in the result of tectonic-
thermal events caused by the above processes. Currently it 
represents the complex collisional orogenic segment 
connecting the Mediterranean and Iran-Himalayan Tethyan 
orogenic belts, and is located between the Arabian plate and 
East Europe platform, and has still been experiencing 
convergence. In our opinion, its northern border runs along 
ophiolite zone of the Greater Caucasus foothills, which is an 
eastern continuation of the Trans-European suture zone [1], 
and the northern border-along the Zagros suture zone.Modern 
research shows that a large part of the Caucasus orogen 
continental crust is constructed by terranes formed after the 
destruction of the Gondvana southern edge, which moving 
towards north accreted to the Baltic continent and today are 
separated from each other by ophiolitic suture zones or 
powerful tectonic faults [2]. According to our opinion, 
Gondvanian relicts in the Caucasus orogen (from north to 
south) are represented by the pre-Variscan formations of: the 
Caucasus foundation and Dzirula, Khrami, Loki, Akhumi and 
Aspikchay massifs. Despite the multiple tectonic, metamorphic 
and thermal processing of the terranes (Variscan, Cimmerian 
and Alpine), which are coded by their polymetamorphism and 
recycling granitoid magmatism, they have still preserved 
Gondvanian relicts, which are considered as pre-Variscan 
"crystalline basement" [3]. The complex geological, 
paleontological, petrological, paleomagnetic and isotope (ENd 
and ISr parameters; rocks dating by Sm-Nd, Rb-Sr, Ar40-Ar39 
and U-Pb methods) data of these relicts, carried out by us, 
allowed to restore the history of Gondvana relicts. According 
to all data they are organically involved in the processes of 
formation of the Caucasus orogen. They have created 
vertically and horizontally accretion skeleton, which partial 
conversion (metamorphism, ultrametamorphism, recycling), 
cornerstone of the Caucasus orogen continental crust was 
formed, at the southern edge of the East European platform. 
 
[1] Raumer et al. (2003) Tectonophyis 365, 7-25. [2] 
Okrostsvaridze & Thormay (2014) Episodes 36, #.1.  [3] 
Gamkrelidze & Shengelia (2005) Scien. World, 458 p.  
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Chondrules and matrices compose more than 80 vol.% of 

all types of chondrites. The identification of the formation 
mecanism for chondrules and matrices would be crucial for 
understanding how nm- to mm-sized dust grains have formed 
and evolved into the building blocks of rocky planets. 

We performed major elements, trace elements, and Sr 
isotope analyses for individual chondrules (dia. = 0.9–3.6 mm, 
n = 8) embedded in polished slab specimens of the Allende 
meteorite (CV3). In addition, we analyzed Allende chondrule 
grains separated by the freeze-thaw method (n = 10). Sr 
isotopic measurements were performed by TIMS (TRITON 
plus). The 84Sr/86Sr ratios are reported in the µ84Sr unit, 106 
relative deviation from the average of standard (NIST 987). 
The µ84Sr values in Allende chondrules ranged from +23 to 
+147 ppm. The µ84Sr values showed a clear negative 
correlation with the size of individual chondrules. In contrast, 
the µ84Sr values do not present any correlation with the mineral 
chemistry (e.g., Mg#) of chondrules analyzed.  

One convincing hypothesis to explain the observed µ84Sr 
variation is that two precursor materials with different µ84Sr 
values were involved in the chondrule formation; CAI 
fragments with higher µ84Sr values (110–210 ppm [1]) and 
fine-grained matrix-like grains with lower µ84Sr values  
(–50 ppm [2]). Prior to the chondrule formation, CAI 
fragments coexisted with matrix-like dust grains in a same 
region, forming composites which had CAI fragments in the 
core with matrix-like dusts coagulated as mantle in varying 
proportions. A subsequent heating event caused partial to 
complete melting of the composites, generating chondrules 
with various µ84Sr values depending on the matrix/CAI ratio of 
the composites. Assuming that the size of chondrules is 
controlled dominantly by the volume of matrix-like dust grains 
accumulated on CAI fragments, the resulting chondrules gain 
lower µ84Sr values as the chondrule sizes increase. This 
scenario is in concordance with recent finding of chondrule-
matrix complementarity within single chondrites [3], 
suggesting the formation and co-evolution of chondrules and 
matrices in a closed system before planetesimal accretion.  

 
[1] Moynier et al. (2012) ApJ 758, 45. [2] Yokoyama et al. 
(2015) EPSL 416, 46. [3] Palme et al. (2015) EPSL 411, 11. 
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Radioactive nuclides were provided into an environment 
by the Fukushima Nuclear Power Plant accident. Among them, 
radiocesium is mainly retained by surface soil. In the surface 
soil, micaceous clay minerals adsorb radiocesium strongly. 
Particularly, it is known that the edge parts of them show 
selective adsorption of cesium. Furthermore, a special sorption 
site called “frayed edge site” (FES) is considered as the origin 
of the selective adsorption. FES is a site located between 
closed interlayer with potassium and opened one with 
hydorated calcium or magnesium ions created by weathering. 
But there were no experimental and theoretical evidences that 
FES adsorbs cesium selectively. In order to reveal the 
mechanism of the selective adsorption, we made a simple FES 
model using density functional theory [1]. We showed that the 
interlayer distance of FES is critical for the selective 
adsorption: the cesium ion is adsorbed when the interlayer 
distance is enough large but is not when it is small. This is the 
first evidence that FES actually adsorbs cesium ions. We 
revealed the mechanism of this cesium adsorption by FES: a 
match between the interlayer distance and the ion radius.  

It was expected that the density of the provided cesium in 
Fukushima is very low. But recent observation reported that 
cesium ions are accumulated by specific clay minerals, and the 
density is much higher than expected. In this situation, serial 
adsorption can reasonably occur. Then we evaluated Gibb’s 
free energy of serial ion exchange reaction between cesium 
and potassium preoccupied in micaceous clay minerals. We 
showed that the serial adsorption increases the affinity of clay 
minerals for further cesium adsorption. This result consistent 
with recent experimental results about high density cesium 
adsorption by phlogopite.  

These results give fundamental information about 
microscopic adsorption reaction of cesium adsorption by 
micaceous clay minerals.  

 
[1] M. Okumura, H. Nakamura, and M. Machida, (2013). J. 
Phys. Soc. Jpn 82, 033802  
[2] M. Okumura, H. Nakamura, and M. Machida, (2014). Clay 
Science 18, 53-61  
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Nigerian cities have grown into urban settlements without 

requisite planning leading to deteriorating quality of 
environmental media. This work outlines the development of 
geochemical maps for potentially harmful elements (Cu, Pb, 
Zn, Cr, etc.) in selected cities in Nigeria. These maps were 
developed from geochemical analyses of samples from 
environmental media that are usually the most impacted (soils, 
sediments and road dusts). The maps were prepared by plotting 
the concentrations of the analysed elements on base maps 
derived from a combination of city maps and satellite 
imageries in a GIS format.  

The maps generated showed vivid  relationship among 
spatial distributions of these PHEs, the type of underlying 
geologic materials as well as the effects of the various 
anthropogenic activities within the urban environments. 
Hotspots were identified to be areas with huge population, 
routes with huge traffic concentrations and snags, isolated 
waste dumps sites as well as industrial layouts. These maps 
thus become veritable information tool for planning, 
monitoring and policy formulation as well as basis for 
evaluating potential impacts on human health. 
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Over the last five decades, Petroleum Geochemists have 
developed a great selection of tools and molecular markers, or 
proxies, to better understand the processes involved in the 
generation, migration and alteration of petroleum. 
Unfortunately, several of these proxies are altered during in 
situ biodegradation in oil reservoirs and are thus, not available 
for petroleum system studies in many biodegraded oil 
provinces. Historically, most of the petroleum system proxies 
used by geochemists are predominantly hydrocarbon in nature, 
but recent advances in analytical technology, FTICR-MS, now 
permit routine analysis of tens of thousands of molecules 
containing polar functional groups as they occur in oil which 
are commonly not accessible using standard GC-MS 
technology. These non-hydrocarbon species, in addition to 
providing new and more robust petroleum system proxies, are 
also the most critical components, to assess in terms of 
understanding fluid rock interactions and key phenomena such 
as solid phase wettability, emulsion formation, water washing 
effects, and petroleum migration to name but a few topical 
areas. These fluid-solid and fluid-fluid interactions mediated 
by petroleum non-hydrocarbons can be termed interfacial 
phenomena and are a badly neglected area for petroleum 
geochemists. FTICR-MS is still in its early days and needs 
further developments especially to improve its rudimentary 
quantitation capabilities but it is already starting to produce 
interesting and usable results with practical implications for 
organic and petroleum geochemists.   

In this presentation, we would like to give an overview of 
recent advances in improving the quantitation capabilities of 
FTICR-MS and how to convert the tremendous amount of 
produced data now available into useful information for 
applications in the areas of petroleum geochemistry. Recent 
software developments, a better understanding of the 
competition of oil constituents for ionization resulting in 
different response factors and the use of statistical methods 
such as chemometrics allows us to develop reaction systems 
models for several new petroleum system proxies. 
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The 134 Ma Koegel Fontein Complex is situated 350 km 

north of Cape Town and is the only large igneous complex 
south of Namibia related to the break-up of southern Africa 
and South America. Rocks from the complex are notable for 
having low-δ18O values. The rocks with the lowest δ18O values 
are highly brecciated with a fine-grained black matrix. This 
breccia rock is compositionally variable (SiO2 43-61wt.%) and 
has δ18O values that range from 1.6‰ to -5,2‰ (mean = -
2.6‰; n=16). The variation in major element composition of 
these rocks is consistent with the existence of at least three 
distinct components, two of which are suggested to be igneous 
in origin (trachyte and basalt), and one metamorphic (xenoliths 
of gneissic country rock). The presence of epidote in these 
rocks indicates that any interaction with fluid was between 
300-400°C. However, the overall water content in the breccia 
rocks is low (<1.1 wt.% H2O+), which is consistent with final 
equilibration with fluid at relatively high-temperature. 

Field mapping indicates that the breccia started off as a 
plug-like intrusion, which extended along plane(s) of weakness 
for up to 2 km on either side of the plug, and eventually 
formed a dyke-like intrusion with a bulge in its centre. The 
estimated δ18O value of the alteration fluid (-10 ‰) seems too 
low for the latitude and climate expected at 134 Ma. It is, 
therefore, proposed that the breccia rock is of hydrothermal 
origin and formed during initial dehydration melting of low-
δ18O metamorphic basement rocks (lowest xenolith δ18O value 
of  

-5.6 ‰; mean = -2.1‰, n=7). The original lowering of 
δ18O values in the country rock most likely pre-dates the 
formation of the complex and may have occurred during the 
Pan-African orogeny, a time of global glaciation. The low δ18O 
values in the breccia could result from a combination of the 
incorporation of country rock and the interaction with low-
δ18O metamorphic fluids derived from the gneiss. These fluids 
presumably collected within the crust before rapid, possibly 
explosive release along pre-existing crustal weaknesses 
occupied by basalt and trachyte dykes. We suggest that the 
hydrothermal breccia marks the initial stage of crustal melting, 
which culminated in the intrusion of the 25 km in diameter 
Rietpoort Granite. 

2337



 Goldschmidt2015 Abstracts  

 2338 

Late Mesoarchaean high-pressure 
granulites in the Uauá Block, São 

Francisco Craton, Brazil  
ELSON OLIVEIRA1, WAGNER AMARAL2,  

CRISTINA TALAVERA3 AND JULIA SEMPRICH4 
124Department of Geology and Natural Resources, Institute of 

Gesciences, University of Campinas, Brazil 
(1elson@ige.unicamp.br; 2wamaral@ige.unicamp.br; 
4juliajennifer@ige.unicamp.br) 

3John de Laeter Centre, Curtin University, Bentley 6102, 
Australia (cristina.talavera@curtin.edu.au) 

 
High-pressure (HP) granulites of regional scale formed as 

a result of short-lived tectonic events that led to crustal 
thickening or subduction of the crust into the mantle (1). Most 
HP granulites are Phanerozoic and a few are Proterozoic. 
Archaean HP granulites are even rarer, probably owing to a 
higher thermal regime and thinner continental crust in the 
Archaean. Here we present ca. 2.8 Ga HP mafic granulites in 
the Uauá block, Brazil, as field evidence of a change in Earth's 
thermal regime probably associated with plate tectonics in the 
Mesoarchaean. 

The HP mafic granulites occur as lensoid bodies over 5 km 
long and 1 km wide within shallow-dipping diorite to 
leucodiorite gneisses. The igneous protoliths of the HP mafic 
granulites have flat REE patterns  (10x chondrite) with minor 
negative Eu anomaly, suggestive of plagioclase fractionation at 
low pressure. Other geochemical characteristics suggest 
similarities of the protoliths with MORB or oceanic plateau 
basalts. Garnet-clinopyroxene pairs with quartz, zircon, 
ilmenite, plagioclase, and clinopyroxene inclusions in garnet 
define the HP assemblage. Garnet porphyroblasts also show 
opx-cpx-plag symplectite coronas, which coupled with 
hornblende and plagioclase define retrogression to lower grade 
granulite and amphibolite facies.  Thermocalc calculation and 
microprobe data indicate 13.5-14 Kbar and 850 °C for the HP 
assemblage.  

Dated zircon grains contain cores with relict euhedral 
zoning, typical of igneous crystallisation, and resorbed outer 
margin and more massive, mostly structureless rim zones. The 
cores have variably, concordant (+/-5%) SHRIMP ages at  
~3.1 Ga and several analyses up to ~3.2 Ga. The rims yield a 
population at ~2.83 Ga, with several older ages, which may 
represent mixtures of core and rim zircon. We consider  
~2.83 Ga to date the high grade event. The HP mafic granulites 
were buried to deep crustal levels in a convergence zone with 
unknown colliding blocks. 

 
(1) O'Brien & Rötzler (2003) J. Metamor. Geology 21, 3–20. 
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During the last decade, LA-ICPMS has been increasingly 

used to investigate U-Pb ages of U-bearing minerals, due to its 
high/moderate spatial resolution, minimal sample preparation, 
low cost and rapid analysis time [1] [2]. 

Chronus is a data reduction program for U-Pb data which 
has been developed based on the experience of researches of 
the Geochronology Laboratory of the University of Brasília 
(UnB). It was designed to handle data obtained using the 
method and equipment described by Bühn et al [3]. Chronus is 
an open source program that may be updated on demand to 
serve other research groups from the scientific community who 
employ different methods and equipment. The program 
development was carried out using Visual Basic for 
Application (VBA) programming language in an Excel 
environment. 

All the steps of data reduction are covered by Chronus: 
data entering and checking, blank removal and standard 
correction. Data processing is based on the analysis time: the 
program automatically selects which blank (or blanks and 
standards) should be used to correct the analytical data, 
although the user is also allowed to select different blank and 
standard values for data reduction.  

A large amount of data can be rapidly reduced, but this 
depends on the quality of the raw data, otherwise, the user 
should plot each analysis, seeking and eliminating outliers. 
Chronus offers an option of automatically plotting the main 
ratios and mass intensities, as well as a standard deviation test. 

Although the program is still being tested, in special its 
compatibility with different versions of Excel (2007 or earlier), 
a copy can be sent upon request and any comment or 
suggestion is welcome. 
 
[1] Košler, J. et al. (2002). Chemical Geology, 182:605–618. 
[2] Schoene, B. (2013). Treatise on Geochemistry, 2.Ed. 
Elsevier, 4:341-378. [3] Bühn, B. et al. (2009). Anais da 
Academia Brasileira de Ciências, 81:1–16. 
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Recent challenges to the Archean biomarker record greatly 
elevate the significance of continuing to develop inorganic 
tools for probing the ancient marine biosphere. Previous 
Archean sterane records (now discredited) were unique in their 
specificity for identifying the accumulation of biogenic O2 in 
surface waters. In constrast, classic inorganic proxies for 
quantifying environmental O2 typically reflect the abundance 
of atmospheric O2 and/or oxidative weathering on the 
continents and, to date, have yielded limited but tantilizing 
glimpses into the history of dissolved, bioavailable O2. 
Inorganic proxies, however, unlike biomarkers, have the 
distinct advantage of being relatively insensitive to the thermal 
history of their host rocks, which makes them ideal for 
exploring the redox structure of the Archean ocean.  

We have used Fe speciation and trace metal records to 
reconstruct both local and global redox during deposition of 
the ~2.7 Ga Roy Hill Shale in the AIDP2 (onshore) and AIDP3 
(offshore) cores. Our data suggest a redox-stratified system 
with juxtaposed ferruginous (iron-rich) and euxinic (sulfide-
containing) conditions, and do not preclude oxic environments 
in the shallow ocean.  

Although we have examined anoxic shales, our trace metal 
records imply ongoing oxidative processes. Enrichments of Mo 
and other redox-sensitive metals in both cores is consistent 
with at least transient oxidative weathering on the continents. 
Futhermore, systematic metal covariation—combined with 
evidence for enhanced delivery of reactive Fe—suggest the 
mutual delivery of trace metals to the sediments on the surface 
of Fe (and likely Mn) oxyhydroxides during ferruginous 
deposition in AIDP2. Conversely, the lack of metal  
covariation in AIDP3 among metals with a particular affinity 
for Mn vs. Fe oxides is inconsistent with the operation of an 
Mn oxide shuttle. On the modern Earth, Mn oxidation does not 
occur in the absence of O2; therefore, the possible 
spatiotemporal variability in Mn oxidiation documented 
between the two cores  may indicate geographically restricted 
or temporally limited O2 accumulation in surface O2 oases 
within an anoxic ocean.  
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All geological materials that are exposed to air or aqueous 
solutions have adsorbed organic compounds, whether the 
surface is in nature or in the laboratory, and this contamination 
influences surface behaviour. The organic material is 
inhomogeneous in extent, degree of coverage and composition, 
which makes surface behaviour complex and difficult to 
understand at the nanometre to atomic scale. Therefore, we 
usually make simplified model systems so we can study the 
effect of various parameters on the physical and chemical 
properties.  

Surfaces with a random and homogeneous distribution of ionizable 
sites behave differently, even for identical surface charge densities. 

To be computationally viable, modelling has dimension 
limits but by using a periodic cell with a single ionizable group 
and periodic boundaries one can extend the dimension to 
infinity. This, however, forces the surface charge to be 
homogeneously distributed and imposes constraints on the 
surface charge density, which must be comensurate with the 
single cluster dimension. These constraints violate the natural 
system and introduce an artefact in the model. We used a 
recently developed technique on a 15×15 nm2 surface to see 
how homogenization of ionisable groups affects its properties, 
i.e. 1) how clustering vs. homogeneously dispersed functional 
groups affect surface charge density at various pH and ionic 
strength values and 2) how the in plane interactions between 
surface ionizable groups interact compared to standard, 
simplified Coulomb interactions. 

The homogenization works well when the surface charge 
density is low and the ionizable sites are randomly distributed, 
whereas the homogenized surface charge density deviates 
significantly when surface sites are clustered or when the 
surface charge density is large.  This suggests that models 
using a homogeneous surface charge density give an idealized 
and sometimes over simplified view on surfaces. 
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Sedimentary phosphorite (> 6 % P) formation within 

aqueous environments is curious, as environmental inorganic 
phosphate (Pi) concentrations are often too low (~1 mM Pi [1]) 
to exceed the supersaturation for nucleation. However, Pi 
concentrations exceeding 300 mM Pi have been measured 
within anoxic, benthic, bacterial mats [2], suggesting a 
biological mechanism for concentrating environmental Pi.  

A 1937 review of geological phosphorite formation 
mechanisms identified inorganic precipitation, residual 
skeletons, benthic bacteria, and plankton activity [3]. An 
inorganic mechanism of Pi generation in anoxic environments 
was attributed to Fe(III) reduction and subsequent dissolution 
of ferric hydroxide and its adsorbed Pi species [4]. Skeletal 
biological apatite represents Pi concentration by biological 
action. Benthic bacteria accumulate Pi in oxic conditions and 
generate apatite in anoxic conditions [5]. Concentrated P stores 
in diatoms are a Pi source for benthic apatite [6] that may 
explain phosphorite colocated with siliceous deposits [7]. 
Diatoms and benthic bacteria that generate phosphorite 
minerals both store accumulated Pi  as phosphate polymers.   

Biological generation of inorganic, polymeric phosphates 
(polyPs) is a pathway for the storage of high concentrations of 
bioavailable P without the threat of exceeding the 
supersaturation that triggers mineral nucleation within the 
organism. PolyP stores are an energy source for some benthic 
bacteria to metabolize in anoxic conditions.  Pi cleaved from 
polyP during this process is transported out of the organism, 
resulting in apatite precipitation. PolyP stores transported to 
the benthos within dead diatoms are a P-source for apatite 
mineral formation, as the Gibbs energy for polyP hydrolysis is 
negative, although the kinetics are slow. Skeletal apatite 
biomineralization may also involve a polyP intermediate, 
suggesting a common biochemical pathway for concentrating 
P, and either controlling or inducing phosphorite mineral 
formation in an otherwise low supersaturation environment.   
 
[1] Conkright et al. (2000) Deep Sea Res Part 1 Oceanogr Res 
Pap 47, 159-75 [2] Schulz et al. (2005) Science 307, 416-418 
[3] Kazakov (1937) USSR Trans Sci Inst Fert Insectofung 142, 
93-113 [4] Mortimer (1942) J Ecol 30, 147-201 [5] 
Goldhammer et al. (2010) Nat Geosci 3,557-561 [6] Diaz et al. 
(2008) Science 320, 652-655 [7] Cayeux C R Hebd Seances 
Acad Sci 203, 1198-1200 
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Stable isotopes in tooth enamel are an important tool in the 

investigation of the paleoecology of extinct organisms and are 
applied as proxies for different environmental parameters (e.g, 
diet, temperature, trophic level) that assist in reconstitutions of 
past environments. δ13C in bioapatite of mammals is related to 
diet and is widely used to reconstruct  food preferences and 
food resources availability based on the fact that plants that 
served as their food performed photosynthesis by different 
metabolic pathways that produce different δ13C values. So 
animals who feed on C3 type of vegetation present δ13C values 
less than -10 ‰, whereas values of δ13C higher than -1 ‰ 
represent the diet based on C4 grasses. Values of δ13C between 
-10 ‰ and ‰ -1 indicate a mixed diet of C3 and C4 plants. 

Ten teeth enamel samples of Pleistocenic mega-mammals 
from the semiarid of Alagoas State in Brazil, on latitude 9o S, 
had δ13C analyzed to infer their paleodiet and ecological 
parameters that allow a reconstruction of past environment. 
Five samples of Toxodon sp., three samples of Eremotherium 
laurillardi and two of Notiomastodon platensis were analyzed. 

Our data indicate that N. platensis was a grazer (-1.04‰ to 
-0.24‰), fed on C4 plants, while E. laurillardi and Toxodon (-
9.69‰ to -5.11‰ and -5.55‰ to -0.23‰ respectively) had a 
mixed diet of C3 and C4 plants in this region. These results 
indicate an environment with predominance of C4 plants, 
which are typical of arid environments with low water 
availability in the soil, suggesting that the area at the time was 
similar to the current in more arid and open areas of the scrub 
savannah. 
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At three different times during the last deglaciation, there 

were negative excursions in benthic δ13C at mid-depth in the 
North Atlantic coinciding with rapid increases in atmospheric 
pCO2 (about 12 ppmv in ~150 years [1]). Using a hierarchy of 
ocean models, we have investigated two broad hypotheses to 
explain these observations: (i) Successive weakenings of the 
organic carbon pump, possibly through changes in the ocean 
circulation; (ii) Methane release events, possibly due to 
destabilization of marine clathrates or thawing permafrost. 

Based on mass balance, using idealized models, we 
concluded that methane releases appear the most consistent 
with the observed increases in atmospheric pCO2 and the 
amplitudes of the three δ13C excursions. However, methane 
release cannot be responsible for the entire deglacial CO2 
increase, as it would make the ocean-atmosphere system 
isotopically lighter than observed. Hence, the background CO2 
increase throughout the deglaciation must be driven by other 
processes, and the methane releases are superimposed.  

Using three-dimension ocean simulations, we asked what 
would be likely signatures of methane release events in the 
δ13C and 14C records throughout the oceans, and what 
frequency of sampling would be needed to resolve them. In our 
model experiments, we first released tracers at the ocean 
surface in 150-year pulses. Then, we examined pseudo-time 
series of these tracers at various locations at the surface and 
ocean floor, as might be inferred from sediment cores. In the 
Atlantic, where deep waters are formed, the individual pulses 
are clearly discernible above ~2500 m. A somewhat lower time 
sampling resolution is needed at mid-depth sites  
(200-300 years) than close to the surface (100-200 years), 
because the pulses become broader in time, as the tracers are 
advected into the ocean interior. At lower resolution, the pulses 
merge into one broad excursion which has been observed in 
many records. Thus, the results underline the potential for 
overprinting of ocean circulation proxies by carbon input from 
external sources. 

 
[1] Marcott et al. (2014), Nature 514, 616-619    
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Iron reduction in subseafloor sulfate-depleted and 

methane-rich marine sediments is currently a subject of interest 
in subsurface geomicrobiology. However, little is known about 
the microbes (if any) potentially driving iron reduction in such 
environments. A shallow sulfate-methane transition at 50 cm 
sediment depth and elevated dissolved iron concentrations (up 
to 350 µM) measured in the methanic zone of the Helgoland 
mud area provided an avenue to investigate the relationships 
between depth-wise profiles of dissolved iron, QPCR-derived 
copies of, and the distribution of pyrosequencing-based  
16S rRNA genes of microbial populations  in a 5m-long 
sediment core. We found that gene copy numbers of bacteria 
and archaea were specifically higher around the peak of 
dissolved iron in the methanic zone (250-350 cm sediment 
depth). The higher copy numbers at these depths were also 
reflected by the relative sequence abundances of members of 
the candidate division JS1 bacteria (SB45 lineage), 
methanogens and Methanohalobium/ANME-3 related archaea. 
Our data suggest that yet-unknown metabolic interactions 
among JS1 bacteria, methanogenic archaea and 
Methanohalobium/ANME-3-related archaea may be important 
for iron reduction and methane cycling in deep methanic 
sediments of the Helgoland mud area and perhaps in other 
methane-rich depositional environments. 
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It is known from experiments that the pressure-induced 
transition of Fe from body-centered cubic (bcc) to hexagonal 
close-packed (hcp) is accompanied by a simultaneous 
magnetic transition from the ferromagnetic to nonmagnetic 
states, because Mössbauer effect experiments have never 
detected the presence of a hyperfine magnetic field in the hcp 
structure. However, some experimental observations of the 
structural variation, x-ray emission spectroscopy, or Raman 
mode splitting indicated that hcp-Fe could have remnant 
magnetism. It is known that the magnetic transition 
accompanied by the spin transition induces changes in the 
physical properties of Fe or its alloys. In this study, we 
investigated the pressure-induced spin transition by the 
theoretical calculations and the high-P experiments. 

In our theoretical calculations, the VASP code was used to 
calculate total energy, atomic forces, and stresses in the 
samples, by solving electronic quantum-mechanical equations 
using the density functional approach with the generalized 
gradient approximations of Perdew-Burke-Ernzerhof (PBE). In 
our hig-P experiments, a small sample of polycrystalline Fe 
was sandwiched between pellets of NaCl powder, and this was 
loaded into a 50-100 μm diameter hole in a rhenium gasket of 
the diamond anvil cell. The sample was heated using an 
infrared laser. The sample was probed using angle-dispersive 
X-ray diffraction, employing the AR-NE1A synchrotron beam 
line at the KEK and the BL10XU beam line at the SPring-8.  

The high-pressure and high-temperature behavior of the 
spin state in hcp-Fe has been examined up to 180 GPa pressure 
and 2000 K temperature. The spin transition of hcp-Fe from 
high to low state was confirmed. A significant change in the 
c/a ratio of the cell parameters of hcp-Fe was observed at the 
transition boundary. This change was in good agreement with 
that predicted by the theoretical calculations [1]. The spin 
transition pressure, P, increased as the temperature increased. 
The transition boundary was estimated to be  
P (GPa) = 51 + 0.045 x T (K) [2]. A significant influence of 
this spin transition on the elastic properties was confirmed. 

 
[1] Ono et al (2010) Am. Mineral. 95, 880-883. [2] Ono (2015) 
Solid State Commun. 203, 1-4. 
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Signatures of sulfur isotope mass-independent 

fractionations (S-MIF) in Archean sulfate and sulfide minerals 
have been considered as the most convincing evidenence for 
early anoxic atmosphere, and constrain the atmospheric 
oxygen level to less than a few ppm until before 2.3 Ga [1] [2]. 
Despite the critical importance in understanding early 
evolutionary history of atmospheric oxygen and biosphere, the 
source reaction(s) and physical mechanism of S-MIF are 
poorly constrained.  We will review the research on the origin 
of S-MIF for 15 years since its discovery, and disucss future 
directions and promisses in our understanding in the chemistry 
of an early atmosphere.  

Since the pioneering study by Farquhar et al., [3] SO2 
photolysis with <220 nm UV radiation has been the main 
candidate for the source of S-MIF. Later laboratory 
photochemistry experiments, however, yield much smaller 
magnitude S-MIF [4] [5]. Theoretical ab initio calculations 
suggest only weak perturbations in the C state SO2 [6]. 
Futhermore, the latest spectroscopy measurements showed 
small isotopologue dependent cross section amplitude 
difference [7]. What is the S-MIF source reaction if it is not 
SO2 photolysis? SO2 photoexcitation at 240 to 340 nm 
produces large MIF [8]. The long life time of the low lying 3B 
excited state allows expression of isotopologue specific 
perturbation in the photochemical products (organic-S or 
sulfate). In addition, we are investigating the photochemistry 
of SO and S2 as the source of S-MIF. Photochemical model 
sugegsts the preservation of S-MIF signal from SO (and S2) 
would be more favored than that from SO2 photolysis [9]. We 
will discuss implications for Archean suflur cycle and pO2 
constraints if SO2 photolysis is not the S-MIF source reaction.  
 
[1] Farquhar et al. (2000) Science 289, 756-758 [2] Pavlov& 
Kasting, (2002) Astrobiology 2, 27-41 [3] Farquhar et al., 
(2001) J Geophys Res 106, 32829-32839 [4] Masterson et al., 
(2011) Earth Planet Sci Lett 306, 253-260 [5] Ono et al., 
(2013) J Geophys Res 118, 2444-2454 [6] Tokue & Nanbu, 
(2010) J Chem Phys 132, 024301 [7] Endo et al., (2015) J 
Geophys Res [8] Whitehill et al., (2013) PNAS 110, 17697-
17702 [9] Ono et al., (2003) Earth Planet Sci lett 213, 15-30 
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In Oku-Aizu geothermal area, Northeast Japan, high CO2-

rich fluids (1 vol%) with  high salt concentration 
(Cl=6,000～14,000 mg/L) are used for producing the 
geothermal electricity (65MW). The source of the CO2 is not 
clear so far. A final goal of our study is to advance zero 
emission geothermal power generation by mineralization of 
most of  CO2 into carobonates (Georeactor) during fluid 
injection. The purpose of this study is to analyze the carbon  
and oxygen isotopic compositions of calcites in borehole cores 
and to examine the source of the CO2 rich fluid and mechanism 
of CO2 mineralization.  

Rock samples were collected from borehole cores obtained 
at the depth of 1,235~1,835m in the approximate center of the 
geothermal well (84N-3t) of the Oku-Aizu geothermal plant. 
The rock consisits of mainly homogeneous rhyolite tuff-lapilli. 
Anhydrite (CaSO4) is commonly observed as an alteration 
mineral but calcite was rare. Rock sample was grounded 
(~1mm). Calcite for the isotopic analyses were pick up by 
soaking the rock fragments in 1N-HCl solution and check the 
CO2 bubble. The calcite was then  washed immediately with 
distilled water and dried in the oven at 110°C. The carbon and 
oxygen isotopic compositions were analyzed using a mass 
spectrometer (PRISM).  

The δ13C(PDB) values of calcite of depth 1257m ~ 1819m 
were -1.99 ‰ ~ -4.91 ‰ and δ18O(SMOW) values  were  
+ 5.84 ‰ ~ + 11.2‰. Based on the measured well temperature 
and relationship between carbon isotope fractionation of CO2 
and HCO3 in the geothermal fluid (O'Neil et al., 1961), carbon 
isotopic composition of HCO3 is calculated to be  
-5.94‰~ -4.8‰. In addition, oxygen isotopic composition of 
the coexisting geothermal fluid is estimated to be  
-2.25 ‰ ~ + 3.84 ‰. These values suggest that high CO2 fluid 
in the study area are of volcanic origin.  
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The rhythmically mesobanded Kuruman banded iron 
formation (BIF) and the overlying granular Griquatown BIF, 
form a major part of the lower Transvaal Supergroup in South 
Africa. As these BIFs were deposited just prior to the Great 
Oxidation Event (GOE) at ~2.4 Ga, continuous drill-cores 
thereof potentially provide new insights into the evolution of 
atmosphere and ocean chemistry during this period. 

An apparent stratigraphic relationship between bulk Fe-
isotopes and mineralogy is evident in the studied BIFs. 
Specifically, low δ57Fe values (-2.7 to -1.4) correlate with 
samples rich in bulk modal carbonate, whereas higher δ57Fe 
values (-0.6 to 0.9) correspond to magnetite-rich samples. In 
order to interrogate this relationship further, a sequential 
extraction scheme was developed based on the speciation work 
by Poulton and Canfield [1]. The latter protocol was adapted to 
the specific mineralogy of BIF which is dominated, in terms of 
Fe, by three key mineral fractions: Fe-carbonate, magnetite and 
Fe-silicate assemblages. Since ferric oxides are quantitatively 
insignificant in the studied rocks, the hydroxylamine and 
dithionite leaches can be safely omitted. The acetate leach was 
tested at variable temperatures and reaction times, in order to 
ensure that all micro-crystalline Fe-carbonates are effectively 
dissolved. Finally, a HF-HClO4-HNO3 leach is added to 
dissolve the residual silicate fraction which has previously not 
been considered in any detail.  

The tests established a 3-step sequential extraction 
procedure to quantitatively separate the Fe-mineral fractions. 
These fractions were then processed further in order to break 
down the organic solvents and thus avoid interference with the 
Fe purification process [2]. Iron isotope analyses on the 
individual fractions can provide important constraints with 
respect to the Fe isotope composition of Fe(aq) in the pre-GOE 
ocean, and specifically whether or not apparent secular trends 
relate entirely to secular isotopic evolution in δ57Fe(aq) during 
BIF deposition [3] or are largely a mineralogical artefact. 

 
[1] Poulton & Canfield (2005) Chem. Geo., 214, 209-221. [2] 
Staubwasser et al. (2013) Min. Mag., 77(5), 2253. [3] Rouxel 
et al. (2005) Science, 307, 1088-1091 
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The flux of dissolved organic carbon (DOC) derived from 

soils is a significant term in terrestrial carbon budgets, and as a 
result, a dominant link between terrestrial and aquatic 
ecosystems. Concentrations of DOC in streams and rivers have 
been increasing over the last decades in particularly North 
America and Europe. Providers of drinking water from surface 
water reservoirs are increasingly facing problems as elevated 
DOC concentrations cause higher costs for removal and 
potentially to toxic byproducts. Mitigating these problems 
requires a mechanistic understanding of the controls and 
dynamics of DOC export from catchments. 

The rapid dynamics in the DOC concentration-discharge 
relationship during hydrological events, benefits from high 
frequency UV-vis observations to develop understanding of 
processes controlling the DOC export mechanisms. In 
addition, changes in absorption spectral slope can be used to 
identify modifications in DOC quality. As such, the adsorption 
spectral slope can be used to provide information on changes 
in DOC quality under different hydrological conditions. These 
relationships may provide new insights into the mechanisms 
that control DOC export dynamics. 

We aimed to evaluate the response and interaction of DOC 
concentrations and quality between riparian zone soil and 
stream water under different hydrological conditions. UV-vis 
sensors were installed in both the riparian soil and stream of 
two headwater catchments, the Hassel and Rappbode, in the 
Harz Mountains in Germany. The two headwater catchments 
are approximately equal in size, however, differ in their land-
use. The Hassel catchment is dominated by agricultural land-
use, whereas the Rappbode catchment is mainly forested. In-
situ UV-vis and discharge measurements at 15min intervals 
during a full hydrological year allowed for capturing roughly 
50 events and obtaining spectral information. The DOC 
concentration-discharge relationships show intricate hysteretic 
behavior, which differs between the two sites and shifts in 
time. The rich data-set will allow for a characterization of 
space and time patterns of DOC export as well as changes in 
its quality, providing valuable insights into the hydrologic 
mechanisms that govern the delivery of DOC to streams. 
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New generation multi-collector mass spectrometers such as 
the ARGUSVI at Curtin University set a new benchmark for 
ultra-precise 40Ar/39Ar geochronology. Published data from the 
University of Melbourne shows a tenfold increase in analytical 
precision for dating very young (ka) basalts [1]. Our study 
reports new age data on very young (<600 ka) basalts from the 
intraplate Newer Volcanic Province (NVP) in Victoria, 
Australia. Eruption in the NVP has occurred intermittently 
from ~5 Ma to Recent, and the Province is still considered 
active. 

Based on new ultra-precise ages obtained from more than 
20 of the youngest volcanic centres and associated flows in the 
NVP, we 1) confirm the significant improvement in precision 
using the ARGUSVI (e.g. 527.9 ± 2.7 ka vs. 535 ± 27 ka [2] 
on a VG3600); and 2) show that previous K-Ar ages, reported 
for young NVP volcanic rocks are unreliable, as these typically 
suffer from excess 40Ar*. For example, we obtained an age of 
43.6 ± 1.8 ka for the Tower Hill complex previously dated at 
ca. 793 ka by the K-Ar technique. Our ages have important 
implications for the volcanology and archaeological history of 
the region. Furthermore, our data provides important age 
constraints for the cosmogenic 21Ne, 36Cl and 3He data 
generated for lava flow surfaces in the region. 
 Finally, we have successfully resolved cosmogenic 38Ar 
from atmospheric background on unirradiated pyroxene, which 
was not possible to achieve with older generation mass 
spectrometers. Small analytical errors (~0.5%) generated by 
step-heating are extremely promising for the development of 
this technique as a routine tool to date the exposure age of Ca-
rich minerals. We will present 38Arc “cosmochron” analyses on 
irradiated pyroxene which have the potential to easily bring 
this technique on par with other cosmogenic techniques.  
 
[1] Matchan & Phillips (2014) Quat Geochronol 22, 57-64 [2] 
Matchan & Phillips (2011) Quat Geochronol 6, 356-368 
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The United Nations Food and Agriculture Organization has 

designated 2015 the international year of soils, with good 
reasons. Soil is a geomembrane on the earth’s surface across 
which water and solutes, as well as energy, gases, solids, and 
living organisms are actively exchanged among the 
lithosphere, hydrosphere, atmosphere, and biosphere. Soils 
play a crucial role in mineral nutrient production and export to 
terrestrial and aquatic ecosystems. In the face of human-
induced rapid environmental change, it is essential to improve 
our knowledge of the sources and processes which govern 
these vital functions.  

The advent of MC-ICP-MS some fifteen years ago paved 
the way for investigating complex biogeochemical interactions 
in soils which were hitherto inaccessible to the observation. 
For example, the use of Si stable isotopes has shed new light 
on Si recycling by plants, thereby allowing better 
quantification of the net abiotic continental rock weathering 
fluxes to the ocean and, relatedly, improved estimates of the 
long-term atmospheric CO2-budget. Combined with other 
stable isotope systems such as Mg, Ca, Li, B, Fe and Mo, Si 
isotopic measurements can provide new insights into important 
soil reactions, such as silicate weathering, ion exchanges, 
redox reactions and organic matter-mineral interactions.  

The next challenge ahead is to apply and relate stable 
isotope studies to the various soil-related disciplines. By doing 
so, there is great scope for developing a thorough 
understanding of how soil mineral nutrient production and 
export will be affected by environmental changes at the 
century timescale. 
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The results of investigations of the changes in chemical 
weathering between the Last Glacial Maximum (LGM, 21 kyr 
BP) and the Holocene (10kyr BP) which are based on marine 
inventory or alluvial deposits indicate either increased 
chemical weathering since the LGM due to exposure of finely 
ground material at glacial terminations [1], or decreased 
chemical weathering since the LGM under high runoff and 
physical erosion, accompanied by a reduction in soil residence 
time [2].  

Changes in chemical weathering conditions may also be 
assessed by studying pedogenesis. Here, we combine physical, 
chemical and mineralogical analyses to investigate the 
pedogenesis of a late Pleistocene sequence of volcanic ash 
deposits and paleosols from Ecuador. Two volcanic ash layers 
are stratigraphic markers at 22kyr BP and 10kyr BP, with 
paleosols underneath. At 22 kyr BP, the paleosol contains 
beetle fossil nests and traces of earthworm’s activity. At 10 kyr 
BP, the paleosol shows horizon differentiation and has a higher 
organic C and clay content than at 22kyr BP. These results i) 
provide evidence for pedogenesis at both 22 kyr BP and 10 kyr 
BP, and ii) suggest that pedogenesis was more advanced at  
10 kyr BP than at 22 kyr BP. Global climate model outputs and 
local paleoenvironmental data point to wetter and warmer 
climatic conditions in Ecuador at 10 kyr than at 22 kyr; such 
conditions may have favoured chemical weathering and 
pedogenesis at 10kyr. Paleosols are complementary archives to 
investigate weathering conditions between the LGM and the 
Holocene. 
 
[1] Vance et al (2009), Nature 458, 493-496 [2] Dosseto et al 
(2015), Geochem. Persp. Let. 1, 10-19. 
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Salts are abundant on Mars, and therefore the 

understanding of halophilic microorganisms is relevant for the 
search for life on Mars [1]. Halophilic life on Earth is very 
diverse: halophiles are found in all three domains of life: 
Archaea, Bacteria, and Eukarya. Many halophiles contain 
specific molecules such as pigments, organic osmotic solutes, 
and special lipds that can be used as biomarkers, and many of 
these can be detected by Raman spectroscopy. Carotenoid 
pigments of halophilic microorganisms (e.g. bacterioruberins 
of Archaea, β-carotene of the alga Dunaliella, salinixanthin of 
Salinibacter) can detected with high sensitivity in hypersaline 
brines and entrapped within salt crystals [2-4], also using 
miniaturized Raman instruments [5] [6]. Most halophilic 
microorganisms accumulate high concentrations of organic 
solutes to protect the cells against extreme osmotic pressures, 
and these can also serve as biomarkers. Examples are glycerol, 
glycine betaine, and ectoine, and these all have characteristic 
Raman signals [7]. This enabled their detection in cultures of 
halophilic bacteria [8] and within the microbial biomass within 
an evaporite gypsum crust in a saltern evaporation pond, where 
glycine betaine was found as the main osmotic solute [9]. Such 
studies are highly relevant as a miniaturized Raman 
spectrometer is scheduled to fly as part of the analytical 
instrumentation on an ESA remote robotic lander in the ESA / 
Roscosmos ExoMars mission. 
 
[1] Jehlička & Oren (2013) Frontiers Microbiol. 4, 380. [2] 
Fendrihan et al. (2009) J. Raman Spectrosc. 40, 1996-2003. [3] 
Winters et al. (2013) Astrobiology 13, 1065-1080. [4] Jehlička 
et al. (2013) Spectrochim. Acta A 106, 99-103. [5] Jehlička & 
Oren (2013) J. Raman Spectrosc. 44, 1285-1291. [6] Culka et 
al. (2014) Phil. Trans. R. Soc. A 372, 20140203. [7] Jehlička et 
al. (2012) J. Raman Spectrosc. 43, 1134-1140. [8] Jehlička et 
al. (2012) Extremophiles 16, 507-514. [9] Oren et al. (2013) 
Extremophiles 17, 445-451. 
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Mid-Miocene granitic plutons, related to subduction of young 
Shikoku Basin (SB) of the Philippene Sea plate after 
immediate clockwise rotation of SW Japan [1], are 
spoladically but widely exposed along the Shimanto belt in the 
Outer Zone of SW Japan. Kyushu Island studied here is 
located in the western part of the Outer Zone. Combined with 
our previous study [2], we newly determined precise U-Pb 
ages for fourteen felsic dikes and granitic plutons exposed in 
Tanegashima, Yakushima, MinamiOsumi, Takakumayama, 
Kimposan, Shibisan, Nomamisaki, Hioki, Akanita, 
Kumagadake, Osuzuyama, Murasho, Okueyama  and 
Koshikijima localities using LA-ICPMS technique. The 
obtained U-Pb ages for twentiy-two samples ranged from 15.6 
to 9.9 Ma and divided two periods: 15.6 – 13.5 Ma (main 
period) and 10.3 – 9.9 Ma in Koshikijima. The main period 
was subdivided into three pulses: 15.6 Ma (first pulse), 14.8 – 
14.1 Ma (second pulses) and 13.5 Ma (third pulse) and the 
maximum peak was seen at 14.6 – 14.1 Ma of second pluses. 
Compared to Rb-Sr isochron and K-Ar ages of 20 – 12 Ma for 
the above fourteen plutons, mainly detemrined until 1980’s, 
our U-Pb data was narrowly clustered. Some scattered ages 
obtained in the previous lituretures could be due to problems in 
sample quality, technical procedure, etc. Based on our U-Pb 
age data, the Mid-Miocene granitc magmatism of the Outer 
Zone SW Japan in Kyushu Island was started at 15.6 Ma and 
continued during ca. 2 m.y. The U-Pb ages of Koshikihima 
pluton yielding ca. 10 Ma were much younger than those of the 
other plutons. We suggest that the granitic magmatism in 
Kyushu Island during 15.6 – 13.5 Ma was related to the slab 
melting of young SB, while the granitic magmatism in 
Koshikijima started at ca. 10 Ma was NOT linked to the slab 
melting but latteral flow of asthenospheric upwelling of the 
Kyushu Trough [3] after the slab melting was ceased at  
13.5 Ma. 
 
[1] Otofuji et al. (1991) Geophys. J. Int. , 105, 397-405. [2] 
Orihashi et al. (2013) abstr. Goldschmit 2013, 1986. [3] Seno 
(1999) Island Arc, 8, 66-79. 
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Microbially-mediated anaerobic oxidation of methane 
(AOM) coupled to sulfate reduction is the dominant methane 
sink in the oceans. At deep sea sites associated with methane 
hydrates and methane seepage, this process has been shown to 
be catalyzed through symbiotic interactions between multiple 
lineages of methanotrophic ANME archaea and 
deltaproteobacteria (SRB). These energy-limited organisms, 
like most environmental microbes, have been challenging to 
culture and many of the fundamental details of their 
metabolism and interactions between the syntrophic partners 
remain poorly constrained. Targeted metagenomic sequencing 
of diverse ANME-SRB consortia combined with FISH 
microscopy and single cell stable isotope probing experiments 
has led to new hypotheses regarding the interactions between 
these organisms and their metabolic potential. Sequencing of 
individual ANME-SRB consortia from methane seep 
sediments was accomplished through the application of a click-
chemistry based technique called BONCAT (BioOrthognal 
Noncanonical Amino acid Tagging; Hatzenpichler et al., 2014 
[1]), which enabled  the separation of individual, 
translationally-active AOM consortia by fluorescence-
activated cell sorting. Data collected from individual ANME-
SRB consortia provided information about the specificity of 
archaeal-bacterial partnerships and when used in combination 
with complementary stable isotope probing and FISH-
nanoSIMS experiments, offers insight into the potential 
physiology of distinct consortia types that co-exist within 
methane seep sediments.  

 
[1] Hatzenpichler, R., Scheller, S., Tavormina, P. L., Babin, B. 
M., Tirrell, D. A., & Orphan, V. J. (2014). In situ visualization 
of newly synthesized proteins in environmental microbes using 
amino acid tagging and click chemistry. Environmental 
Microbiology, 16(8), 2568-2590. 
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Bentonites primarily composed of montmorillonite sorb 
cationic contaminants effectively; however they do not 
adequately sorb organic and anionic contaminants due to their 
hydrophilic surface properties and negative layer charge [1]. 
These clays can be modified with organic and/or inorganic 
cation intercalates, which improves sorption ability of 
contaminants [2]. In this study, organo-bentonite (OBent) is 
synthesized by intercalation of organic surfactant, 
hexadecylpyridinium cation (HDPy) into purified bentonite 
(PBent) and characterized by X-ray powder diffraction (XRD). 
The amount of HDPy used for intercalation is 200% CEC of 
PBent. HDPy is added into PBent suspension and mixed with a 
mechanical stirrer for about 4.5 h. After this treatment, the 
solution was filtered and excess anions and organic cations are 
removed until the conductivity of solution stay constant  
(35 µS). XRD patterns of both PBent and OBent are obtained 
using Kα radiation under various conditions. Solvation with 
water and ethylene glycol (EG) and heat treatments (100, 350 
and 550 ºC) are applied to both samples.  Mixed-layer illite-
smectite formation is observed in the PBent sample 
(investigated with NEWMOD software) suggesting 
heterogeneity of layer charge of the starting material. Results 
of XRD analysis supports the notion that HDPy+ intercalated 
within interlayer and basal spacing increases from 12.19 to 
18.84 Å.  
 
[1] Kaufhold, S., Pohlmann-Lortz, M., Dohrmann, R., Nüesch, 
R. (2007), Appl Clay Sci, 35, 39–46 [2] Atia, A.A. (2008), 
Appl Clay Sci, 41, 73–84. 
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The identification and accurate characterisation of 

platinum-group minerals (PGMs) is usually a very 
cumbersome procedure due to their small grain size (typically 
below 10 µm) and inconspicuous appearance under reflected 
light. A novel strategy for finding and quantifying PGMs by 
combining mineral liberation analysis (MLA), a point logging 
system and electron probe microanalysis (EPMA) was thus 
developed.   

As a first step, the PGMs are identified using the MLA. 
Grains identified as PGMs are then marked and coordinates 
recorded with the point logger are then transferred to the 
EPMA. Case studies e.g. from the platiniferous reefs 
(Merensky Reef and UG2) of the Bushveld Complex (South 
Africa) illustrate that the combination of MLA, point logger 
and EPMA results in the identification of a significantly (up to 
20 times) higher number of PGM grains than by careful 
reflected light microscopy.  

The analysis of PGEs as major elements in PGMs or as 
trace elements in e.g. base metal sulfides by EPMA requires 
considerable effort. Due to the often significant overlaps 
between the X-ray spectra of almost all platinum-group and 
associated elements, X-ray lines suitable for quantitative 
analysis need to be carefully selected. As peak overlaps cannot 
be avoided completely, an offline overlap correction based on 
weight proportions has been developed. A reliable overlap 
correction is of particular importance e.g. in Ru-sulfides as 
laurite if the overlapped element is a trace element (Rh) and 
the overlapping element is a major constituent (Ru). Results 
obtained with the procedure attain acceptable totals and atomic 
proportions, indicating that the applied corrections are 
appropriate. 
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Core-top and culture studies of foraminiferal B/Ca indicate 

that the incorporation of borate ion into the foraminiferal 
calcite lattice is related to ambient seawater carbonate 
chemistry [1-3]. Few sediment trap studies have been carried 
out to corroborate these results [4]. Rapidly declining 
carbonate saturation due to a rise in anthropogenic CO2 
coupled with extensive upwelling in the California Current 
System highlight the necessity to better understand ocean 
acificiation in this region. Our sediment trap analysis in the 
Santa Barbara Basin will resolve changing geochemistry of the 
marine carbonate flux on a bi-weekly basis in response to wide 
range of naturally varying ambient hydrographic conditions. 
We present B/Ca results for a full annual cycle (Oct ‘13-Oct 
‘14) for a surface mixed layer species (Globigerina bulloides) 
and a thermocline dwelling species (Neogloboquadrina 
dutertrei) both of which are symbiont-barren. These results 
indicate no significant influence of size fraction on B/Ca for 
either species. Higher concentrations and a larger seasonal 
range of B/Ca are observed for G. bulloides (60-98 µmol/mol) 
than N. dutertrei (38-53 µmol/mol). Seasonal trends are similar 
for both species, with the lowest B/Ca values associated with 
spring upwelling. Generally, seasonal B/Ca fluctuations of G. 
bulloides precede the B/Ca response seen for N. dutertrei, 
which can be offset by up to a month. Water column TA and 
DIC collected in the basin for 25 months (’07-’10) were used 
to estimate average monthly carbonate system parameters and 
compared to our sediment trap B/Ca results. This comparison 
will be used to establish calibration relationships and to 
evaluate the influence of carbonate ion concentration and other 
hydrographic parameters such as temperature, salinity and 
phosphate on boron incorporation.  
 
[1] Yu et al. (2007) Paleoceanography 22. [2] Foster et al. 
(2008) Earth Planet.Sci.Lett. 271, 254-266. [3] Allen et al. 
(2012) Earth Planet.Sci.Lett. 351-352, 270-280. [4] Babila et 
al. (2014) Earth Planet.Sci.Lett. 404, 67-76. 
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Arsenic is a metalloid that in its soluble oxidised forms, 

arsenite (AsIII) and arsenate (AsV), is extremely toxic. Arsenic 
contamination can be a result of both anthropogenic and 
natural sources. Natural pollution of groundwater by arsenic 
adversely affects the health of tens of millions of people 
worldwide, with the aquifers of South Asia particularly 
polluted. The pollution is caused primarily by, or as a side 
reaction of, the microbial reduction of sedimentary  
FeIII-oxyhydroxides, but the organism(s) responsible for As 
release have not been isolated. Although AsV respirers have 
been implicated in the reduction of AsV to AsIII no AsV respirer 
has been isolated from the Bengal delta. Evidence will be 
presented of the first isolation of an arsenate-respiring 
bacterium, designated WB3, from sediments of the Bengal 
Basin in West Bengal. WB3 was isolated from brown sands 
collected at a depth of 35.2 metres below ground level (mbgl). 
This level was about 3 cm below the boundary between the 
brown sands and overlying reduced, grey, aquifer sands. This 
colour boundary is interpreted to be a reduction front that 
releases As for re-sorption downflow, yielding a high load of 
labile As sorbed to the sediment at a depth of 35.8 mbgl and 
concentrations of As in groundwater that reach >1000 µg/L. 
The bacterium WB3 is a new member of the genus 
Desulfuromonas and respires with soluble arsenate as the 
electron acceptor, coupling its reduction to the oxidation of 
acetate. With acetate as the electron donor it can also use 
dissolved FeIII citrate, solid FeIII-oxyhydroxide and elemental 
sulphur as electron acceptors. Newly designed degenerate 
oligonucleotides for the catalytic subunit of the respiratory 
arsenate reductase were used to detect a homologue of this 
gene in WB3. The role of organisms like WB3 in As release in 
the Bengal delta will be discussed.  
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Despite its essential role in maintaining the marine 

nitrogen inventory, the environmental controls and the rates of 
marine nitrogen fixation are not yet well understood. 
Geochemical estimates and global-scale numerical models 
usually assume that a deficit in ambient nitrate with respect to 
phosphate generates environmental niches for the success of 
diazotrophs. However, such assumptions cannot well explain 
observed patterns of marine N2 fixation and, moreover may 
lead to runaway-nitrogen loss once oxygen minimum zones 
and denitrification come into play. Here, we show first results 
of a novel concept of marine N2 fixation being controlled by 
low phosphate concentrations that promote the utilization of 
dissolved organic phosphorus.  Diazotrophs may have a key 
advantage in producing nitrogen-rich exoenzymes, such as 
alkaline phosphatase, that mediate this process in oligotrophic 
regions where non-diazotrophic phytoplankton is limited by 
nitrogen availability. We present results of novel modeling 
concepts, both zero- and three-dimensional, and find a much 
better simulation of spatial patterns of marine N2 fixation than 
has been possible with current models. 

2361

mailto:aoschlies@geomar.de
mailto:wkoeve@geomar.de


 Goldschmidt2015 Abstracts  

 2362 

Rb-Sr dating of sphalerite from poly-
metallic sulfide veins of the Freiberg 
ore district, Erzgebirge (Germany) 
JÖRG OSTENDORF1*, FRIEDHELM HENJES-KUNST2, 

THOMAS SEIFERT1 AND JENS GUTZMER13 
1Department of Mineralogy, TU Bergakademie Freiberg, DE 
2Federal Institute for Geosciences and Natural Resources 

Hannover, DE 
3Helmholtz Zentrum Dresden-Rossendorf, Helmholtz Institute 

for Resource Technology Freiberg, DE 
(*correspondence: joerg.ostendorf@tu-freiberg.de) 
 

Two styles of late- to post-Variscan polymetallic vein-type 
mineralization have been recognized in the Freiberg ore 
district: (1) the quartz-bearing kb-type, and (2) the carbonate-
bearing eb-type. So far, no precise ages are available for these 
mineralization stages, but from field relationships it has been 
established that the eb-type is younger than the kb-type  
(e.g. [1]). We investigated the Rb-Sr isotopic composition of 
sphalerite and pyrite (one sample) from both stages using the 
crush-leach method [e.g. 2]. 87Rb/86Sr and 87Sr/86Sr of all 
samples (sulfide residues, fluid leachates) are linearly well 
correlated and robust regression yields an age of c. 280 Ma 
(Fig. 1). Hence, we conclude that both ore types formed from 
the same fluid system within a geologically short time interval 
during the waning stages of the Variscan orogeny  and the 
onset of Permian rifting. The close genetic relation between kb 
and eb ore-type is well supported by virtually identical Pb 
isotopic ratios of sulfides (galena, sphalerite) of both 
mineralization styles. 

 
[1]Seifert (2008), Metallogeny and Petrogenesis of 
Lamprophyres in the Mid-European Variscides, 303 pp. 
[2]Nakai, Halliday,  Kesler, Jones, Kyle & Lane (1993), 
Geochim Cosmochim Ac 75, 417-427 
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Freshwater lakes represent large methane sources, which 

contribute significantly to methane emissions to the 
atmosphere. However, microbial methane oxidation, an 
important methane sink, remains poorly constrained in 
stratified water columns. Despite numerous reports of 
microbially-mediated methane oxidation occuring in anoxic 
hypolimnia, involved bacteria and electron acceptors remain 
largely unidentified. 

Here we investigated biological methane oxidation in the 
water column of the seasonally stratified Lake Rotsee, Central 
Switzerland. A zone of methane oxidation extending from the 
oxic/anoxic interface into anoxic waters was identified by 
chemical profiling of oxygen, methane and δ13C of methane. 
Incubation experiments with 13C-methane yielded highest 
oxidation rates within the oxycline, and comparable rates were 
measured in anoxic waters. Despite predominantly anoxic 
conditions within the zone of methane oxidation, known 
groups of anaerobic methanotrophic archaea were 
conspicuously absent. Instead, aerobic gammaproteobacterial 
methanotrophs were identified as the active methane oxidizers. 
In addition, continuous oxidation and maximum rates always 
occurred under light conditions. These findings, along with the 
detection of chlorophyll α and measured primary production 
rates, suggest that aerobic methane oxidation is tightly coupled 
to light-dependent photosynthetic oxygen production both at 
the oxycline and in the anoxic bottom layer. It is likely that this 
interaction between oxygenic phototrophs and aerobic 
methanotrophs represents a widespread mechanism by which 
methane is oxidized in lake water, thus diminishing its release 
into the atmosphere. 
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The Hokuroku district in Northeast Japan hosts many large 

volcanogenic massive sulfide (VMS) deposits called Kuroko 
deposits, which were formed around 15 Ma by ancient 
submarine hydrothermal activity. Because they are composed 
of sulfide minerals that are stable in a reducing environment, 
redox environment on the seafloor during and after the 
formation of Kuroko deposit may play an important role in the 
preservation of the sulfide ores. Therefore, the objective of this 
study is to investigate the variation of Fe isotope compositions 
in the Fe-Mn-rich sedimentary rocks that are associated or are 
not associated with Kuroko deposits to understand the 
depositional environments and ancient sea-floor hydrothermal 
systems in the Hokuroku basin. 

The samples show a large variation (-1.75–+2.02‰) in the 
δ56Fe values. The samples that have large negative values also 
bear negative Ce anomalies. There is no correlation observed 
between the Fe isotope variation and the elemental Mn/Fe 
ratio, indicating Fe and Mn were decoupled during 
sedimentation processes. These signatures suggest that partial 
oxidation of dissolved ferrous iron occurred by mixing ferrous 
iron-bearing anoxic water with oxygen-bearing seawater, and 
therefore that the sea-floor of the Hokuroku basin was likely 
anoxic during and after the formation of Kuroko deposits. The 
samples that are not associated with Kuroko deposits show 
more negative δ56Fe values (-1.75–+0.69‰) than the samples 
associated with Kuroko deposits (-0.80–+2.02‰). This may be 
due to a high influx of hydrothermal fluids and/or precipitation 
of isotopically lighter iron sulfide minerals during the 
formation of Kuroko deposits. The signatures in the Fe-Mn 
sedimentary rocks may be used as an exploration tool for VMS 
deposits.  
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Sorption and desorption reactions have an important 

influence on the fate of pollutants, which can be retained by 
the organic or mineral fractions present in the soil. These 
reactions depend on the nature, relative amounts and properties 
of these soil fractions.  Copper and arsenate are relevant 
inorganic contaminants involved in processes related to soil 
and water contamination. Both are very toxic and can lead to 
important health and environmental problems. 

Natural organic matter and iron (hydr)oxides are nanosize 
colloidal particles present in soils, sediments, and aquatic 
systems. Natural organic matter, such as humic acids, interact 
strongly with soil minerals, including iron (hydr)oxides. 
Mineral-bound humic substances affect the sorption of organic 
compounds and inorganic ions. Consequently, the mobilization 
of copper and arsenate in the environment is significantly 
influenced by these surfaces. The study of the reactions 
between these pollutants and mineral-bound humic surfaces is 
important to understand the bioavailability of arsenate and 
copper in natural systems. A better comprehension of these 
processes would be helpful to solve environmental and health 
issues [1] [2]. 

Arsenate and copper sorption experiments were conducted 
using a synthetic mineral extensively present in soils, goethite, 
and three different humic coated goethites. These experiments 
reflect how the amount of organic matter could affect the 
sorption of both contamintants. Different attempts have been 
made to get model predictions for goethite and humic acid 
coated goethites, allowing to infere how an increase of the 
amount of organic matter on the mineral surface could enhance 
or hinder the sorption of arsenate and copper.  

 
[1] Martin, Celi, Barberis, Violante, Kozak & Huang (2009), 
Can. J. Soil. Sci. 89, 424-434. [2] Murphy & Zachara (1995), 
Geoderma 67, 103-124. 
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Microorganisms can oxidize Fe(II) with oxygen 

(microaerophilic Fe(II)-oxidizers (FeOx)), with nitrate (nitrate-
reducing FeOx) or with light (anoxygenic phototrophic FeOx). 
So far it has not be shown that these three physiological types 
of neutrophilic FeOx occur in the same habitat. Therefore the 
major objective of this research project funded by the 
European Research Council is to isolate and study 
representatives of the three different metabolic types from the 
same marine (coastal region in Aarhus Bay, Denmark) and 
freshwater (Lake Constanze, Germany) sediment. This 
interdisciplinary study uses expertise ranging from 
geomicrobiology, molecular microbial ecology, geochemistry, 
microscopy and mineralogy.  

The first goal is to localize, quantify, cultivate, isolate and 
identify representatives of all three metabolic types of FeOx by 
using enrichments, microcosms and stratified sediment 
columns. Geochemical analyses of O2, Fe(II), Fe(III), nitrate, 
DOC, TOC, TIC, pH, Eh and major ions are done by 
microelectrodes, spectrophotometric quantifications, ion 
chromatography and flow injection analysis (FIA). Molecular 
biological methods like qPCR, ITS assays, SIP and FISH are 
used for quantification of FeOx activity and for analysis of 
distribution of FeOx with high spatial resolution. To quantify 
the FeOx in the sediment, the most probable number count 
method and qPCR are used. In chemostat experiments we 
study the interaction and competition among these microbes. 

The second goal is to determine the consequences of 
Fe(III) mineral formation by FeOx for the fate of metals (Ni2+, 
Co2+), nutrients (nitrate, phosphate) and the formation of 
greenhouse gases (N2O). The third goal is to identify the 
biominerals produced by the FeOx by using XRD and 
Mössbauer spectroscopy. SEM and CLSM are used to 
characterize cell-mineral aggregates formed during Fe(II) 
oxidation. First results show that in both studied environments 
(marine and freshwater sediments) all three different metabolic 
types of FeOx indeed coexist in the upper sediment layers. 
Ultimately we intend to better understand iron oxidation on 
early Earth and the role of FeOx in deposition of precambrian 
BIFs. 

2366



 Goldschmidt2015 Abstracts  

 2367 

Desert varnish and dust:  
Nano- and femtosecond LA-ICP-MS 
studies of major and trace elements 
L. M. OTTER13*, D. S. MACHOLDT1, K. P. JOCHUM1,  

B. STOLL1, U. WEIS1, B. WEBER2, D. SCHOLZ3,  
A. AL-AMRI4 AND M. O. ANDREAE14 

1Biogeochemistry Department, Max Planck Institute for 
Chemistry, P.O.Box 3060, 55128 Mainz, Germany 
(*correspondence: laura.otter@mpic.de) 

2Multiphase Chemistry Department, Max Planck Institute for 
Chemistry, P.O.Box 3060, 55128 Mainz, Germany 

3Institute for Geosciences, Johannes Gutenberg-University 
Mainz, Johann-Joachim-Becher-Weg 25, D-55099 Mainz, 
Germany 

4Geology and Geophysics Department, King Saud University, 
Riyadh, Saudi Arabia 

 
Desert varnish describes thin, lustrous, brown to black 

coatings on rock surfaces of physically stable lithologies. Bulk 
material consists of clay minerals, cemented together by 
manganese and iron oxyhydroxides. Aeolian dust is considered 
a potential source of Mn, due to leaching processes after 
wetting by dew or soft rain [1]. In addition, bioenhancement 
might be responsible for further enrichment. 

We investigated major and trace element compositions of 
varnish from one semi-arid (Knersvlakte, South Africa) and 
three arid environments (Mojave Desert, CA, USA, Negev 
Desert, Israel, and An Nafud Desert, Saudi Arabia). Some of 
these samples were described previously by Macholdt et al. 
[2]. Corresponding samples of dust were collected adjacent to 
varnish sites. Varnish and dust samples were studied using 
single collector sector field LA-ICP-MS with nanosecond and 
femtosecond lasers, respectively. Varnish coatings were 
ablated as thin layers of about 1 µm each, using a fast scan 
speed of 80 µm/s. This provides a high spatial resolution and 
allows stepwise insight into elemental distributions from the 
uppermost coating to the underlying rock. 

The varnish samples are enriched in Mn, Pb, Co, and Ba, 
independent of their origin. Dust samples are not significantly 
enriched in these elements, but have high concentrations of Al, 
Ca, and Mg, which are typical for clay minerals. Yet, the 
possibility of Mn enrichment in varnishes resulting from 
leaching of dust over periods of several ka must still be 
considered, despite the long-term formation process of varnish 
and will be discussed among other hypotheses. 
 
[1] Goldsmith, Stein & Enzel (2014) Geochim. et Cosmochim. 
Acta 126,  97-111, [2] Macholdt et al. 2015 Chem. Geol. 
(subm.), 

2367

mailto:laura.otter@mpic.de


 Goldschmidt2015 Abstracts  

 2368 

Microbially-mediated barite 
dissolution in anoxic brines 
BINGJIE OUYANG1*, DENISE M. AKOB2,  

DARREN S. DUNLAP2, MUKUL SHARMA1 AND  
DEVON RENOCK1 

1Department of Earth Sciences, Dartmouth College, Hanover, 
NH 03755, USA (*correspondence: 
Bingjie.Ouyang.GR@dartmouth.edu) 

2US Geological Survey, Reston, VA 20192, USA 
 

Hydraulic fracturing for shale gas production yields large 
quantities of produced water (PW), which is a mixture of 
injected fracturing fluids and natural brines from the 
formation. PWs are often highly saline and contain elevated 
concentrations of Ba [1] [2]. Natural barite (BaSO4) present in 
the Marcellus Shale is a possible source of Ba. However,  
abiotic dissolution of barite is shown to be a minor contributor 
of Ba compared to Ba release from clay minerals [3]. This 
study aims to evaluate the role of microbial processes on barite 
dissolution.   

Batch laboratory experiments were conducted to compare 
the rates of abiotic and microbially-mediated dissolution of 
barite in anoxic brines. Bacterial enrichment cultures were 
obtained from PW containing elevated Ba from three different 
gas wells in Tioga Co., PA. All three anaerobic enrichment 
cultures were dominated by Halanaerobium species. Barite 
crystals, cleaved to expose the (001) surface, were incubated in 
cultures and controls for over 100 days. Barium release was 
analyzed by ICP-OES and barite surface dissolution features 
were evaluated by SEM and AFM.  

Barite solubility in the presence of bacteria was shown to 
be ~5x higher compared to brine controls after 30 days of 
incubation. Dissolution occurred via formation of etch pits; 
etch pit morphologies that developed in the presence of 
bacteria were qualitatively different from the controls, 
exhibiting morphologies similar to that shown for barite 
dissolution in the presence of organic chelators [4].  
Additionally, our results showed that microbes do not require 
direct contact with barite surfaces to promote dissolution.   

We suggest that organic molecules produced by microbes 
are promoting dissolution of barite under highly-saline and 
anaerobic conditions. Identifying these molecules and the 
mechanism(s) promoting barite dissolution is our current 
focus.  The results of this study have implications for scale 
treatment, potential environmental pollution, and Ba/Ra 
geochemistry in shale gas systems. 

 
[1] Rowan et al. (2014) AAPG Bulletin. [2] Warner et al. 
(2013) Environ. Sci. Technol. 47 (20), 11849-11857. [3] 
Renock et al. (2015) in preparation. [4] Putnis et al. (2008) 
Appl. Geochem. 23, 2778-2788. 
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Cave carbonates are widely used continental palaeoclimate 
archives, providing some of the highest resolution and best 
dated records available for the past 500,000 years. Numerous 
speleothem-based proxies have been developed and applied to 
palaeoclimate problems; in particular δ18O and trace-metal 
analyses have shown promise in reconstructing changes in 
regional and local rainfall. 

Little attention has been paid to the isotopic composition of 
calcium (δ44Ca) incorporated into speleothems. In theory cave 
δ44Ca shares many controls with Mg/Ca, Sr/Ca and other trace 
metal ratios, making speleothem δ44Ca a potential proxy for 
local hydrological conditions. As a major element, calcium 
potentially avoids some of the pitfalls of trace-metal based 
proxies, namely uncertainty in source composition and 
potential bias towards non-carbonate phases [1]. However, no 
systematic study of δ44Ca in natural cave systems has been 
published, although a lab-based study has indicated the level of 
Ca isotope fractionation expected in this environment [2]. 

We have conducted the first field study  of calcium 
isotopes, in Heshang Cave (Central China). Dripwater and 
glass plate calcite were analysed at ca. monthly resolution to 
understand the modern cycling of calcium isotopes from 
source rock, through the cave system and into the speleothem 
record.  

In addition, we have measured δ44Ca in a section of 
stalagmite from the same drip site (HS-4) covering the 8.2 kyr 
climate event [3]. The event is characterised by a positive 
excursion in calcium isotopes, which can be explained by 
increased prior-calcite precipitation and aridity during the 
event. This time-series, combined with data from our 
monitoring study, allows us to quantitatively reconstruct 
changes in calcium cycling at Heshang Cave across the 8.2 kyr 
event and demonstrates the potential for calcium isotopes to 
elucidate past changes in cave calcium cycling.  
 
[1] Fairchild et al. (2000) Chem. Geo 166, 255-269. [2] 
Reynard et al. (2011) Geochim. Cosmochim. Acta 75, 3726-
3741. [3] Liu et al. (2013) Nature Geosci 7, 117-120. 
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The paleoredox history of the Earth’s atmosphere and 
oceans has attracted much attention because of its crucial role 
in biological evolution and extinction, and multiple redox 
proxies have led to significant progress in this field. Among 
these, the evidence for a drop in the oxidation state of the 
Earth’s surface after the Lomagundi-Jatuli event and following 
long-standing stability are notable because sulfur and 
chromium isotope data imply a substantially low level of 
oxidation state (atmospheric oxygen levels (pO2) < 0.1% of 
present atmospheric levels (PAL) and SO4 < ca. 0.1−1 mM) 
over the mid-Proterozoic. However, it remains unclear exactly 
what biogeochemical conditions are necessary to explain such 
conditions, and the stability of pO2 are not fully understood. 

In this study, we improved upon an oceanic 
biogeochemical model (named CANOPS) in which several 
biogeochemical processes in oxic-anoxic-sulfidic oceans are 
adequately taken into account. The model treats two sulfur 
species, SO4 and ∑H2S, in an open system; the ocean sulfur 
balance is explicitly evaluated. As a first step towards a 
quantitative understanding of the conditions for mid-
Proterozoic oceans we conducted systematic sensitivity 
experiments with respect to pO2, weathering rate on land, 
pyrite burial efficiency (epy) (defined as the fraction of sulfur 
buried in sediments as pyrite to the sulfide production rate at 
the sediment-water interface), and apparent half saturation 
constant (Km) for bacterial sulfate reduction. We found that 
oceanic redox states are influenced significantly by epy; higher 
epy tends to drive oceans towards low SO4, non-sulfidic 
conditions. Our model also demonstrates that the mid-
Proterozoic conditions (pO2 < 0.1%PAL, 0.1 < SO4 < 1 mM, 
and non-sulfidic oceans) are achieved when we assumed low 
weathering rate (< ca. 80% of present rate). Under such 
conditions, oceanic biological productivity (and subsequent 
burial of organic carbon in marine sediments) are also 
suppressed because of a scarcity of land-derived nutrient in the 
ocean, which may provide a reasonable rationale for very low 
pO2 over the mid-Proterozoic. 
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No impact structures are known for more than the first half 
of the Earth's history. Currently the only known possible traces 
of impact are several Early Archean (ca. 3.20-3.47 Ga) 
spherule layers which are located in the Barberton Greenstone 
Belt (BGB), South Africa, and the Pilbara Craton, Western 
Australia. Based on geochemical and textural studies, these 
spherule layers have been interpreted as impact ejecta and may 
have formed as condensation products in the impact vapor 
plume and/or ballistically ejected liquid droplets.  

Our study is focused on the CT3 drill from BGB, South 
Africa, where 17 spherule layer intercalations have been 
identified at various depths in the core. Detailed minerological 
analyses (optical microscopy, SEM and EPMA) show that 
undeformed and deformed spherules are mostly composed of 
secondary mineralization, such as quartz, K-feldspar, 
phyllosilicates, carbonates, oxides, and sulfides. They vary in 
shape, size and matrix/groundmass composition, resulting from 
physical and chemical alterations. Major and trace element 
determination, as well as Os isotope ratios, have been obtained 
by using XRF, INAA, N-TIMS, and ICPMS, with the goal to 
identify/quantify a possible meteoritic component. The results 
show high siderophile element contents, with up to 1.60 wt% 
Ni, 0.69 wt% Cr, 0.05 wt% Co, 2.06 ppm Ir, 0.02 ppm Au, and 
high Os concentrations of up to 4.3 ppm. These elements are 
considered to represent an extraterrestrial component, which is 
further supported by subchondritic to slightly superchondritic 
187Os/188Os ratios (ranging from 0.11 to 0.19).  

With the data thus obtained, we aim to identify alteration 
process, to study the depositional environment, to constrain 
any possible duplications of layers within the drill core, to 
classify the spherule layers and to correlate CT3 spherule 
layers with the other BGB spherule layers which have been 
determined by previous studies.   
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Lower archaean gneisses were investigated with 10 

boreholes up to a depth of 700 m. The field testing was 
performed with systematically scaled intervals of 50 meters 
isolated by packers. Ground water was sampled during 
pumping (bailing) before recovery. All 102 water samples 
were analyzed by chemical methods for main ions and  ICP 
MS and radiometry on trace elements and radioactivity. 

Archaean gneisses are almost impermeable since they have 
very small effective porosity (average value 0.33% in vitro) 
and hydraulic conductivity (median value 8×10-9 m/s in situ). 
Rare thin fissures are main filtrating pathways in gneisses. All 
types of bedrocks are characterized by very low solubility due 
to prevailing stable alumosilicate minerals (feldspars, biotite, 
amphiboles, cordierite, sillimanite). 

The main results are: 
1) up to depth of 700 m all crystalline rocks contain only 

fresh ground waters that belong to the HCO3 type. The TDS 
never exceeded 650 mg/L; 

2) ground waters are mainly alkaline (average pH=8.0), 
their average redox potential is equal to –29 mV; 

3) predominant gases found in ground waters are N2 
(average 78%), CO2 (16%), and O2 (6%), while hydrocarbons 
content is not above 0.1%; 

4) ground waters in crystalline rocks are characterized by 
vertical zoning that depends on base levels of draining river 
systems (table).  

 
Vertical Zones (base 
level elevation above 
sea level, m) 

 

Hydraulic 
conducti-
vity, m/s 

Rock 
solu-
bility, 
ppm 

TDS, 
mg/L 

Main 
cations 

Local  (>300) 2.9·10-8 637 370 Ca 
Regional  (300-120) 2.1·10-8 615 380 Ca >Na 
Global (120-0) 8.1·10-9 595 390 Ca >Na 
Deep  (0- –350) 9.3·10-9 462 340 Ca >Na 

 
Rock’s permeability and solubility decrease down with 

depth up to global base level (sea level). At the same time TDS 
slightly increases that is caused by salts concentration with the 
depth. Rock solubility is the least below global base level 
therefore TDS is decreasing down to minimum values. 
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Metals and rare Earth elements (REEs) are fundamental to 

economy and growth as well as often are essential for 
maintaining and improving technological processes. Securing 
reliable, sustainable and undistorted access of certain raw 
materials is of growing concern within the EU and across the 
globe. In the case of critical raw materials, supply from the EU 
sources is even more limited [1]. Landfills and dumpsites can 
be specifically significant sources of pollution due to the 
presence of hazardous waste including heavy metals, but also 
can be counted as potential storages of valuables and scarce 
resources buried in past. Landfill mining (LFM) can be 
described as “a process for extracting minerals or other solid 
natural resources from waste materials that have been 
previously disposed of by burying into the ground” [2]. The 
process involves the excavation, screening, and separation of 
material from older landfills [3] [4]. The aim of this study was 
to determine elemental content of colloidal, clayey and silty 
aggregates from excavated waste during landfill mining (LFM) 
projects in order to provide science-based information for 
recovery potential of metals and REEs. The comparison of 
pilot results from two LFM sites in Estonia and Sweden is 
given. Analytical research was performed by using acid 
digestion and sequential extraction procedures followed by 
ICP-MS measurements. Research provides results on fine 
fraction of landfill waste containing potentially recoverable 
scarce metal resources. Studies on speciation of metals and 
metalloids comprehensively indicate that part of them are 
bound to residual fraction and much less to water-soluble or 
acid-soluble fraction. Residual part of metals is hardly 
extractable and potential recovery of metals and REEs from 
landfills can be studied further with hydrometallurgical 
methods. This pilot study is extending the knowledge on 
sustainable and justified planning for future recovery of metals 
and REEs from landfills. 
 
Research was supported by Swedish Institute and “Res Prod”. 

 
[1] Report on critical raw materials for the EU, May 2014. [2] 
Krook et al. (2012) Waste Manage. 32, 513-520. [3] Hogland 
(2002) Environ. Sci. Pollut. Res. 1, 49-54 [4] Burlakovs et al. 
(2015) Int. J. Environ. Anal. Chem. Accepted for publishing. 
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The Great Salt Lake (Utah, USA), is a partly rainfed 
endorheic hypersaline (average salinity: 140g/L) lake. Extant 
microbial mats and microbialites are found on shore of the 
western margin of Antelope Island. SEM, Cryo-SEM, EDX 
and Confocal Raman have been used to study the micro- to 
nanoscale properties of these lithifying mats. Our results show 
different steps of mineralization that are associated with 
different mineralogies. Clay, aragonite and dolomite are the 
successive mineralogical phases that were observed. We 
present a conceptual model in which this progression of 
mineralogies is explained in the context of multiple intrinsic 
and extrinsic controlling factors. In addition to microbial 
activity, these factors include variations of the water level, 
water geochemistry, pH, and temperature as well as the 
properties of the organic matrix. 

Figure 1: Carbonate mineralization in organic matrix 
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Zeolites are a family of about 200 synthetics and natural 
minerals, whose structure is basically made of a three-
dimensional network of Al-Si tetrahedra arranged to form 
channels containing water and exchangeable alkaline or 
alkaline earth cations. Research into zeolites is of great 
industrial interest and their use is extended to several new 
technological applications such as radioactive, industrial and 
agricultural waste-water treatments [1] [2]. A natural diatomite 
was used to hydrothermally synthesise zeolitic minerals Na-X 
and Hydroxysodalite.  Albacete diatomite from southern Spain 
(mainly constituted by opaline silica) was chemically treated 
with HCl and NaOH in order to obtain sodium silicate, a 
reagent necessary for zeolitic synthesis. The experimental 
synthesis protocol was performed at 75ºC by mixing the 
obtained silicatic solution with soda and alumina.Synthesised 
phases were subjected to chemical-crystallographical and 
mineralogical- textural characterisation which showed that the 
Na-X zeolite begins to appear after only 1,5h and reaches its 
crystallisation climax at 11h. HS appears at 40h. The thermal 
behaviour and infrared response have values comparable to 
those found for commercial zeolites.  

 
This work is a CGL2011-28022 project contribution. 

 
[1] Akcay et al 2002. Modification of clinoptilolite and its 
application to uranium removal. Pp. 14 in: Zeolites ’02: 6th 
International Conference on the Occurrence, Properties, 
Utilization of natural zeolites (P. Misaelides, editor) [2] 
Andrews et al 2002. Removal of toxic metals from acid mine 
waters using combined chemical neutralization and zeolite ion 
exchange: Results of laboratory and field piloting. Pp. 27-28 
in: Zeolites ’02: 6th International Conference on the 
Occurrence, Properties, Utilization of natural zeolites (P. 
Misaelides, editor).  
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Nitrogen is essential for life, with the availability of fixed 
nitrogen limiting primary productivity in many ecosystems. 
The return of nitrogen species to the atmospheric N2 pool is 
predominantly catalyzed by microbial denitrification (NO3

- -> 
NO2

- -> NO -> N2O -> N2). Incomplete denitrification can 
produce N2O as a terminal product, leading to an increase in 
atmospheric N2O, a potent greenhouse and ozone depleting 
gas. The biological production of N2O is primarily catalyzed 
by nitric oxide reductase (NOR) enzymes, which are members 
of the heme-copper oxidoreductase (HCO) superfamily.  

From emerging genomic and metagenomic datasets we 
identified a number of previously uncharacterized HCO 
families that perform nitric oxide reduction chemistry. These 
new NOR families have novel active-site structures 
demonstrating the mechanistic diversity of nitric oxide 
reduction chemistry. As an example, we will present 
experimental results that confirm the biochemical function of 
one of these new families, currently termed eNOR. Some of 
these new families, including eNOR, have conserved proton 
channels from the cytoplasmic surface of the enzyme, allowing 
them to couple nitric oxide reduction chemistry to energy 
conservation, a property not found in previously characterized 
NORs.  

These newly described NORs also exhibit broad 
phylogenetic diversity and environmental distributions, greatly 
expanding the known biological diversity and environmental 
extent of denitrification in nature. Furthermore, phylogenetic 
analyses demonstrate that within the HCO superfamily, 
enzymes that perform nitric oxide reduction chemistry evolved 
multiple times, independently, from enzymes that perform 
oxygen reduction chemistry, strongly suggesting that aerobic 
respiration predated the emergence of classical denitrification.  
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Blueschists from the Tavsanli zone in NW Turkey 

represent the northern margin of the Anatolide-Tauride Block 
subducted to 80 km depth during the late Cretaceous [1]. They 
contain Na-amphibole and lawsonite, with minor phengite, 
omphacitic pyroxene, and quartz. Lawsonite laths (<5 mm) are 
surrounded by fibrous aggregates of blue Na-amphibole, some 
of which is retrogressed to chlorite. Bulk rocks contain high 
MgO (4.7-13 wt%), FeOtotal (8.2-11 wt%) and TiO2  
(0.46-3.1 wt%), confirming a basaltic protolith. All samples 
are enriched in fluid-mobile elements (Pb, Sb, Sr, Li), and 
most are enriched in Cs, Rb and Ba. High Na2O (<3.1 wt%) is 
consistent with sea-floor alteration prior to subduction, yet 
bulk pyrohydrolysis data shows low Cl (8-56 ppm) and Br 
(0.11-0.47 ppm) relative to seawater. They contain higher I 
(0.12-1.37 ppm) and F (120-955 ppm) than MORB. 

Sodic amphiboles are of the crossite variety with high 
Fe2O3 (<17 wt%). Phengite (3.4-3.9 Si p.f.u.) also has 
relatively high Fe2O3 (<5.3 wt%). Lawsonite contains  
<2.3 wt% FeOtotal (mostly Fe2+), high Sr (avg. 1512 ppm), Y 
(avg. 70 ppm) and Ce (avg. 1090 ppm) compared to phengite 
and amphibole, but low Li (<0.19 ppm) and B (<5.4 ppm). 
Lithium preferentially partitions into Na-amphibole with KD 
(Li) = 2.6-12, and B into phengite (KD (B) = 7.2-44). Fluorine 
partitioning follows phengite>lawsonite>Na-amphibole, with 
average contents of 482, 413 and 257 ppm, respectively. On 
average, lawsonite contains low Cl (27 ppm) relative to 
phengite (56 ppm) and Na-amphibole (59 ppm). SIMS analysis 
of F and Cl for phengite and amphibole used amphibole 
calibration standards. 

This study shows that hydrous minerals lose Cl, but retain 
F during subduction. Since Na-amphibole, lawsonite and 
phengite are stable to depths of ~90 km, ~280 km and  
>300 km, respectively [2],  relatively high contents of F in 
lawsonite, and F and B in phengite suggest their transport by 
these minerals to the deep upper mantle. 
 
[1] Sherlock et al. (1999) Contrib. Mineral Petr. 137, 46-58. 
[2] Schmidt & Poli (1998) Earth Planet Sci. Lett. 163, 361-
379. 
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Models of the Moon-forming giant impact generate silicate 
circumplanetary disks with initial thermal states ranging from 
mostly liquid [1] to mostly vapor [2] [3]. These hot disks are 
presumed to provide the initial conditions for lunar accretion 
over a timescale of ~102-103 years [4] [5].  While the fluid disk 
epoch is not well understood, it is during this stage of the 
evolution that the cosmochemical signatures of the processes 
of lunar origin are likely imprinted. 

Two recent developments permit potential new insights on 
the evolution of the proto-lunar disk.  First, it has been 
recognized that stable isotope liquid-vapor fractionation can be 
significant, even at the high temperatures encountered after the 
giant impact [6].  Second, stable isotopes in terrestrial and 
lunar samples have been measured to high (~0.1‰) precision, 
potentially permitting high-precision reconstructions of the 
composition of bulk reservoirs from which they are sourced 
and providing new stable isotope constraints on the processes 
accompanying lunar origin. 

Here, we couple a thermodynamic model of liquid-vapor 
silicates [6] to a recently proposed model of the evolution of 
the proto-lunar disk [7] with the goal of forging a connection 
between the initial conditions and/or evolutionary processes in 
the disk and the resulting stable isotope composition of the 
lunar material now being measured with increasing precision. 
We will present calculations of the evolution of Earth-Moon 
isotopic differences subject to such evolutionary models with 
the dual goals of providing a test/constraint on the models as 
well as to highlight the behavior of distinct major element 
stable isotopic systems to silicate liquid-vapor fractionation. 
 
[1] Canup, R.M., Asphaug, E. (2001), Nature 412 708-712. [2] 
Canup, R.M. (2012), Science 338 1052-1055. [3] Cuk, M., 
Stewart, S. (2012), Science 338 1047-1052. [4] Salmon, J., 
Canup, R.M. (2012), ApJ. 760 83. [5] Thompson, C., 
Stevenson, D.J. (1988), ApJ.  333 452-481. [6] Pahlevan, K., 
Stevenson, D.J., Eiler, J. (2011), Earth and Planet. Sci. Letters 
301 433-443. [7] Ward, W.R. (2012), Ap.J. 744 140. 
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Lavas from Heard Island display extreme isotopic 
variations (e.g. 87Sr/86Sr .0.7047-0.7079) and whole rock-
clinopyroxene isotopic disequibrium [1]. The presence of large 
(5-15mm), euhedral clinopyroxene megacrysts in some lavas 
provides an opportunity to investigate magma chamber 
processes via microspatial analysis. Megacrysts, megacryst 
inclusions and matrix glass were analysed from one such flow. 
Major and trace element concentrations were determined using 
SEM and LA-ICP-MS and 87Sr/86Sr was determined by 
microdrilling and subsequent MC-ICP-MS analysis of core and 
rim samples from two megacrysts. Megacrysts in this flow are 
characterised by large, glass inclusion-rich cores and narrow 
normally-zoned Ti-rich rims. Detailed SEM and LA-ICP-MS 
traverses across one megacyst reveal that across the core-rim 
interface there is an increase in Mg# (81.6 to 84.7) and 
compatible trace element concentrations (e.g. Cr) coupled with 
a decrease in incompatible trace elements (e.g. Sr, Nb and Al). 
These features provide evidence of a mafic recharge event. 
Pre-eruptive magma temperatures were estimated from glass 
geothermometry at ~1112 °C [2]. This temperature was 
combined with a lattice strain model evaluation of the 
systematic variations in the apparent partition coefficients 
calculated between the megacryst rim and matrix glass which 
enabled us to estimate a pre-eruptive magma storage depth of 
~9km (250MPa) [3, 4]. 87Sr/86Sr data for the two megacryst 
cores (0.705437-0.705480) and matrix glass (0.705447) are 
identical, the rims however are less radiogenic (0.705303-
0.705318). The isotopic disequilibrium between the megacryst 
rims and matrix glass is in constrast to the chemical 
equilibrium implied by the systematic behaviour of the 
calculated partition coefficients. The isotopic data, together 
with petrographic and geochemical data, provide evidence of a 
multi-stage, open-system polybaric plumbing system with a 
final magma chamber at ~9km. Here isotopically distinct 
magmas supplied from at least two, presumably deeper, 
chambers mix prior to eruption. 

 
[1] Barling et al (1994) J. Pet. 35, 1017-1053. [2] Putirka 
(2008) Rev. Min. & Gechem. 69, 61-120. [3] Wood & Blundy 
(1997) CMP 129, 166-181. [4] Wood & Blundy (2003) 
Treatise on Geochem. 2, 395-424. 
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Since 1911 when Potter described bacteria that could 

produce electrical currents, interest in this ability and 
associated technologies like microbial fuel cells (MFCs) has 
grown specially in the last 20 years. Many MFCs have an 
anaerobic chamber filled with the feeding solution where an 
anode and a cathode are immerged although the cathode can be 
in contact with air for the supply of oxygen. Biofilms develop 
on the anode and cathode after inoculation with bacteria (pure 
bacterial culture or from environmental sources such as 
wastewater). Some bacterial strains (e.g., Geobacter species) 
are able to use the anode as their terminal electron acceptor. In 
the anodic biofilm, the stepwise and complex electron pathway 
from bacteria to the anode results in charge transfer resistance 
that can induce potential energy losses. The electrons travel via 
an external electric circuit to the cathode where the oxygen 
reduction occurs with or without bacterial participation.  

The application of MFCs for the production of energy from 
wastewater requires the scale-up that does not yet produce an 
electrical yield comparable to lab-scale MFCs. Our work was 
based on the hypothesis that typical scale-up efforts modify 
specific MFC parameters (substrate diffusion, geometry, 
hydraulic forces, etc.) that in turn affect the anodic biofilm and 
the efficiency of electron transfer to the anode. We 
investigated the microbial ecology and electricity production 
of three MFCs of different volumes: 10 mL, 500 mL, 4 L 
operated under similar conditions and identical MFC 
parameters. 

Electrical production, electrochemical characterization and 
microbial community structure (16S rRNA gene sequencing to 
evaluate the enrichment of electroactive bacteria species like 
Geobacter sulfurreducens and Shewanella oneidensis MR-1) 
and function (to examine electron exchange functions) were 
monitored during the MFC start-up and operation. In parallel, 
the physical structure of the biofilms (such as density, 
thickness, bacterial distribution and nanowire (conductive pili) 
presence) was studied by microscopy techniques and 
proteomics analysis.  

In addition, we electrochemically characterized several 
MFCs with different architectures and electrode material by 
electrochemical impedance spectroscopy and voltammetry 
techniques. The aim was to model electrical behaviour and 
equivalent circuit of MFCs as batteries in relation with the 
identification of redox proteins involved in electron transfer in 
order to understand the limiting step of extracellular electron 
transfer to electrodes in anodic biofilms. 
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Space missions to the outer Solar system have revealed a 

diverse world of icy planets and satellites. This diversity attests 
to the different internal processes active since accretion which 
have led to varying degrees of differentiation of the interior of 
the icy bodies [1]. A key parameter controlling early 
differentiation is the rate of heat dissipation from the interior 
through convection. These early dynamic processes depend on 
the thermodynamic and mechanical properties of icy materials 
at the temperature, pressure and composition conditions 
encompassed by the icy satellites. Models of the internal 
structure of large and only partially differentiated bodies like 
Callisto are poorly constrained due to the lack of accurate 
elastic parameters for the high pressure forms of ices VI and 
VII at temperatures between 200 and 350 K. Moreover, given 
the relatively softer structure of ice, non-hydrostatic stresses 
may extremely influence the elastic and non-elastic responses 
of these materials. The aim of this study is to determine 
simultaneously density and elastic constants of single crystals 
of ice VI at high pressures by means of high-pressure single-
crystal X-ray diffraction (SCXRD) and Brillouin spectroscopy 
and to carefully analyze the effect of non-hydrostatic stresses 
on the compressibility of this material.  

Single crystals of ice VI have been grown in situ inside 
diamond anvil cells. The unit-cell lattice parameters of ice VI 
collected up to 2.1 GPa are in a good agreement with 
previously reported compressibility data [2], however major 
broadening due to microscopic strains inside the ice crystal has 
been observed. Such behaviour suggests that the uniaxial stress 
is not uniformly distributed along the load axis. Brillouin data 
are measured at the moment to obtain insight into the effect of 
these stresses on the elastic behavior of ice VI.  
 
[1] A.P. Showman, R. Malhotra, (1999) Science, 286, 77 [2] 
A.D. Fortes, I.G. Wood, M.G. Tucker, W.G. Marshall. (2014) 
J. Appl. Cryst. 45, 523-534  
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The bottom redox conditions depend on a combined effect 

of eutrophication (increase in nutrient load) and climate 
(intensity of mixing and water renewal). Benthic fluxes of 
elements can change magnitude and even direction in case of 
changes of redox conditions from oxic to suboxic and anoxic. 

Experimental data show that Mn benthic flux doen’t 
depend on redox conditions and is driven only by the 
concentration gradient, while the Fe flux is stricktly depend on 
the bottom water redox conditions (Pakhomova et al., 2007). 

The observed changes of concentrations of dissolved Mn 
and Fe in the bottom water can be connected with (i) 
transport/diffusion from the sediment and overlying water and 
(ii) chemical reactions in the bottom water (i.e. reductions of 
oxides and dissolution/oxidation of sulfides). 

An application of a model gives a unique possibility to 
numerically analize the role of different processes in the 
observing changes. In this study we use a 1-dimensional C-N-
P-Si-O-S-Mn-Fe vertical Bottom RedOx Model (BROM) 
describing transport in the sediments, bottom boundary layers 
(BBL) and the water column coupled with biogeochemical 
block simulating changeable redox conditions, and the 
carbonate system processes block (Yakushev et al., 2014). The 
model is capable to reproduce seasonal anoxia and it is 
possible to analyze the components of Mn and Fe budget in 
different redox conditions.  

 
This research is funded by VISTA – a basic research 

program and collaborative partnership between the 
Norwegian Academy of Science and Letters and Statoil. 
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This study examines the bacterial communities of Lake 

Superior sediments to prove the biogenic origin of Mn-
enriched layers. The potential for anaerobic Mn(II) oxidation 
occurring in the Mn layer is investigated using enrichment 
cultures, 16S rDNA pyrosequencing, and high resolution 
electron microscopy and spectroscopic  mapping. 
Pyrosequencing analysis reveals that the Mn-enriched layer, 
compared with the Fe-enriched layer below, exhibits higher 
bacterial diversity and a higher proportion of classes with 
known Mn(II)-oxidizing members. These classes include the 
Alphaproteobacteria and Betaproteobacteria, containing 
members of the genera Pedomicrobium and Hyphomicrobium.  

Microscopy and spectroscopy analyses of the Mn-enriched 
layer provide additional evidence of the formation of biogenic 
Mn oxides occurring in situ. Energy filtered transmission 
electron microscopy (EFTEM) images show bacterial cells 
encrusted with Mn oxides, suggesting that the accumulation of 
Mn-enriched layers is linked to bacterial cells. Pyrosequencing 
of enrichment cultures suggest that these bacteria may be 
Bacillus species, consequently proposing that anaerobic 
microbially-mediated Mn(II) oxidation contributes to the Mn-
enriched layer formation. We also observe several virus-like 
particles that were encrusted with precipitates in close 
proximity to bacterial cells. The abundance of virus-like 
particles suggest an unrecognized role of viruses in 
biomineralization. Notably, biogenic Fe-phosphate formation 
has been observed, findings which support an emerging 
interest with little existing evidence (Figure 1). 

A         B       C  

Figure 1. EFTEM images of an enrichment culture A) Image 
acquired using an electron backscatter detector. B) Fe map (Fe 
L2,3-edge. C) P map (P L2,3-edge), scale bar is 200 nm 
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Laser Ablation Inductively Coupled Plasma Mass 

Spectrometry (LA-ICP-MS) was adopted by many gem labs in 
the early 2000’s to detect Be-diffused gem corundum (Al2O3). 
Such stones have been heat-treated in the presence of Be which 
diffuses into the lattice and acts as a strong chromophore, often 
producing an attractive pink-orange color. Nonetheless, LA-
ICP-MS analyses of corundum that was known to be unheated 
showed the presence of so-called “natural Be” which is usually 
found in “milky”or “cloudy” areas and is almost always 
correlated with Ti concentrations in addition to other high field 
strength elements (HFSE) such as Zr, Nb, Ta, W, and Th. 
Focussed Ion Beam Transmission Electron Microprobe 
analyses by Shen and Wirth (2012) [1] demonstrated that these 
clouds were composed of exsolved nanoscale TiO2 particles 
taking the α-PbO2 structure. 

We present here the results of LA-ICP-MS analyses 
characterizing the trace element contents of natural-Be 
containing metamorphic blue sapphires from well-known gem 
producing regions in Myanmar, Sri Lanka, Indian Kashmir, 
Tanzania, and Madagascar as well as lesser-known specimen 
localities such as Afghanistan. In some stones these “cloudy” 
areas contain micron-sized TiO2 needles allowing quantitative 
concentrations of the HFSE to be measured by Electron Probe 
MicroAnalysis (EPMA). These HFSE are always found to be 
contained within TiO2. In some cases, Ti is replaced by up to 9 
at.% Ta. Beryllium is too light to be measured by EPMA, so 
nanoSIMS (Secondary Ion Mass Spectrometry) is required to 
positively identify its host phase. In some cases the Be was 
seen to be highly concentrated in the TiO2 phase while in 
others Be could not be detected, likely indicating that it is 
spread throughout the corundum host at low concentrations. 
Initial results suggest that when concentrations of HFSE such 
as Ta are high, Be is hosted in TiO2. It is likely that in these 
cases Be2+ is incorporated into this phase during TiO2 
exsolution in order to help charge compensate the substitution 
of HFSE such as Ta5+ or W6+ for Ti4+. 
 
[1] Shen, A.H. and Wirth, R. (2012) Gems & Gemology, 48, 
150-151. 
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Wetlands cover less than 10% of Earth’s land surface area, 
but contain about one third of the planet’s soil carbon (C). The 
residence times of water through wetlands influence their 
redox conditions and thus biogeochemical reaction rates and 
the supply and removal of C and nutrients. In these 
environments, transformation and movement of C and iron 
(Fe) are closely linked due to the sequestration of organic C by 
solid Fe(III) phases. We investigated how temperature 
influences microbial Fe(III) reduction kinetics and the 
consequences on the mobilization and retention of dissolved 
organic carbon (DOC) in subalpine wetland soils.  

We studied a slope wetland and a depressional wetland 
(USDA Fraser Experimental Forest, CO, USA) that each 
provides a redox gradient from constantly reducing soils to 
soils undergoing redox fluctuations. We investigated the 
effects of temperature on potential Fe(III) reduction rates and 
DOC release rates, as well as on the kinetics of Fe(III) 
reduction (maximum rate, Rmax, and affinity constant, Km) in 
soils from different depths using flow-through reactor 
experiments run with synthetic porewater and at three 
temperatures (6, 12, and 18°C) mimicking field conditions. 

We showed that the potential for Fe(III) reduction and 
Fe(III) reduction kinetics in subalpine wetland soils varied 
with wetland type, soil depth and with location along the redox 
gradient. Rmax values ranged from 23.7 to 449.4 nmol cm3 h-1, 
with the highest values observed for the highest temperatures 
(Q10 of 1.1-2.6), the constantly reducing soils, and the more C-
rich, shallower soil depths. Km values ranged from 0.3 to  
3.7 mM and indicated a higher affinity for Fe(III) at ~12°C, 
which corresponds to the mean annual soil temperature. In 
addition, our results showed a positive correlation between 
Fe(III) reduction rates and DOC release rates, both for Fe 
supplied to the soil as Fe-NTA, and for autochthonous Fe-
oxides. Such findings suggest there is a local adaptation of 
microbial kinetics to temperature and that soil warming could 
lead to decreasing water quality in subalpine wetlands, as a 
result of increased Fe(III) reduction-mediated DOC release. 
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Ion size and charge are the main criteria for trace element 
partitioning in planetary environments. In chondritic 
meteorites volatility plays the dominant role. Calculated 
condensation temperatures are a measure of volatility. 
Refractory elements with condensation temperatures above 
Mg-silicates and metal display unusual fractionations. Large 
abundance variations of neighbouring REE (e.g. Lu-Yb) can be 
understood by differences in volatilities [1]. Such 
fractionations are not only found in Ca,Al-rich inclusions, but 
also, less pronounced, in chondrules. The first few per cent of 
condensable matter represent the super-refractory component, 
highly enriched in Zr, Hf, Lu, Os, Re, etc. Super-refractory 
inclusions have been identified in CO-chondrites [2]. Many 
chondrules and even bulk meteorites have refractory element 
patterns requiring previous loss of a super-refractory 
component [3], an unequi-vocal indication of high 
temperatures at the location of formation of chondritic 
meteorites in the early solar  nebula. 

Although igneous processes did not play a role in 
establishing the bulk trace element patterns of individual 
chondrules, closed system crystalli-zation of single chondrule 
melts produce geo-chemical fractionations, expected from 
experimentally determined mineral-melt partition coefficients, 
e.g. [4].  
 
[1] Boynton W.V. (1975) GCA 39, 569; [2] Palme H. et al. 
(1982) EPSL 61, 1; [3] Misawa K. and Nakamura N. (1988) 
GCA 52, 1699; [4] Jones R.H. and Layne G.D. (1997) AmMin 
82, 534. 
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This study aims to determine whether the marine 

diagenesis of volcanogenic products (tephra) can play a 
significant role in the carbon cycle.  To achieve this aim, the 
extent and mechanism by which Corg preservation in volcanic 
sediments is dependent on the composition of tephra layers and 
surrounding sediments from IODP Sites in the Caribbean 
(U1396) and Bering Sea (U1339) was investigated.  
Preliminary results (wt% total organic carbon data) suggest 
that there is preferential preservation of organic carbon close to 
and within tephra layers.  To investigate this further, lipid 
extraction was conducted using modified Bligh and Dyer 
extraction for selected U1396 sediment (55) and tephra (10) 
samples. In nearly all cases the total organic extract (TOE) of 
tephra is markedly different to the sediments surrounding it, 
with different classes of compound identified in each 
respectively. Preliminary data suggest that amides and other 
nitrogen-based compounds appear to be preferentially 
preserved in the tephra.  This enhanced organic nitrogen 
preservation is most likely the result of comlexation with 
reactive iron species generated during diagenesis of the tephra.  
These amides may either have been mixed into the tephra from 
the surrounding sediments, or be biomarkers of preferential 
bacterial growth in the tephra layers.  Importantly, we see this 
enhanced amide preservation in our oldest tephra layers at 
IODP340, extending back 4.5 Myr. 

These findings suggest that volcanic-rich sediments, which 
are generally avoided by organic geochemists searching for 
biomarkers, may actually represent an important site for 
enhanced preservation of otherwise labile organic compounds. 
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Antarctica is a key piece in every reconstruction of the past 
continents as the Mawson continent (c. 1.7 Ga), Rodinia 
(1300-900 Ma) and Gondwana (600-500 Ma). HP/UHP 
metamorphic rocks are useful in reconstructing the evolution 
of such continents, because their alignment in an orogenic belt 
marks a palaeo-subduction zone and/or a suture during 
continental collision (s.l.). In Antarctica, such relics of 
HP/UHP metamorphism are scarcely documented, being 
cancelled by late HT metamorphism or hidden by the ice cap. 

The Dronning Maud Land (DML) and Shackleton Range 
(SR) are two key areas for the study of the Grenvillian  
(1.3-0.9 Ga) and/or Panafrican (600-500 Ma) orogenies. 
Preliminary petrological studies on mafic-ultramafic rocks 
from the Conrad Range (DML) and the ophiolite complex 
from Bernhardi Heights (SR) suggest that HP metamorphism 
likely developed before a granulite/amphibolite facies stage. In 
particular, the presence at the SR of a garnet-bearing 
amphibolite showing spinel+anorthite+staurolite symplectite 
after kyanite suggests a complete retrogression from a pristine 
kyanite-bearing eclogite. The rock is the first evidence for HP 
metamorphism in the Panafrican ophiolite sequence that 
developed during the closure of the Mozambican ocean 
between Africa and Antarctica. At DML, the HP conditions are 
documented by a garnet-olivine-bearing amphibolite, in which 
garnet and olivine are separated by a symplectite consisting of 
orthopyroxene + spinel + plagioclase ± amphibole, and whose 
matrix mainly consists of amphibole + plagioclase. Three 
metamorphic stages are suggested by the microtextures: a HP 
event (Grenvillian or Panafrican) represented by eclogite-
facies relics followed by decompression under granulite-facies 
conditions (symplectite around garnet) and finally by 
amphibolite-facies retrograde metamorphism. 
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Understanding mantle-crust interactions are critical to 
constraining the carbon and nitrogen composition of the 
mantle. Little is known about Earth’s deep mantle (>250 km) 
but rare super deep diamonds provide a unique probe into the 
these regions, as they originated within the asthenosphere and 
transition zone (250-670  km) plus the lower mantle  
(>670 km). We present a coupled cathodoluminescence and C- 
and N-isotope micro-analytical study by SIMS of super deep 
diamonds from the Monastery and Jagersfontein mines, South 
Africa. 

δ13C- δ15N-[N] covariations along detailed traverses across 
individual diamonds illustrate (1) that surficial volatiles such 
as carbon and nitrogen are efficiently recycled in subduction 
zones down to the asthenosphere/transition zone and the lower 
mantle. (2) that super deep diamonds formed by metasomatic 
processes involving C-H-O-N fluids both oxidised (carbonate 
or carbonatite-bearing) and reduced (CH4-bearing) and (3) that 
the diamond-forming fluids are comparable to other super-
deep diamonds from others localities (Brazil, Guinea), but also 
similar to fluids percolating at shallower depths within the 
lithosphere, suggesting a common mechanism of diamond 
genesis, with fluid speciation being similar throughout the 
region sampled. 

These results have fundamental implications for the 
genesis of diamonds, the geodynamic and the compositionnal 
evolution of the Earth mantle.  
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Atmospheric CO2 is a critical component of the Earth’s 
exogenic carbon system, and is seen by many as the major 
“knob” controlling Earth’s climate past, present and future. 
Accurate and precise reconstructions of its concentration 
through geological time are therefore seen as one of the holy 
grails of the Earth Sciences. This has never been more 
important than now, as Earth System modellers, policy makers 
and the wider public increasingly rely on palaeo-CO2 
reconstructions to ground-truth and inform climate models 
capable of predicting future conditions.  

Two long established methods of reconstructing 
atmospheric CO2, one based on the boron isotopic composition 
of planktic foraminifera, the second from the carbon isotopic 
fractionation between DIC and the alkenones produced by 
some haptophytes, have received increasing attention in recent 
years. Both may be generated from ocean sediments, allowing, 
in theory, high temporal resolution datasets to be generated at a 
global scale from the repositories of the (I)ODP. However as 
more records become available discrepancies between the two 
are beginning to appear, with often reduced amplitudes of 
variability in alkenones vs. boron based reconstructions 

Here we present new and existing records from ODP Site 
999 from identical samples from the Plio-Pleistocene. These 
data may help to unravel the emerging differences, and go 
some way to improving our understanding of how to correctly 
reconstruct this critical greenhouse gas. 
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The Carboniferous alkaline intrusions such as the Tajno 

alkaline-carbonatite complex, the Ełk syenite massif, or the 
Pisz gabbro-syenite complex cut the Precambrian basement of 
East European Platform. The massifs are covered by Mesozoic 
and Cenozoic sediments (600-800 m) and their borders were 
defined by extensive geophysical investigations as well as core 
drillings.  

The alkaline rocks from the Ełk IG4 borehole (the Ełk 
syenite massif) were investigated as a potential sources for rare 
earth elements. The main aims of our study are to precisely 
identify the perspective drill-core intervals within the Ełk IG4 
borehole materials as well as REE-bearing mineral 
paragenesis.  

Detailed and precise “in situ” chemical analyses of 
borehole materials were performed with use of handheld XRF 
DELTA 50 Premium spectrometer (4W Ta anode X-ray tube, 
50 kV). The parameters of spectrometers were optimized for 
rare earth elements such as Y, La, Ce. Handheld XRF non-
destructive analyses allowed the identification of mineralized 
trends and anomalies within the drill-core material at the ppm 
level. The analyses were performed for each meter of drill 
core. The graph of these elements content vs. depth of the 
samples from Ełk IG4 borehole exhibited high differentiation, 
the content of La was in the range between 17 and 3241ppm, 
and Ce was between 24 and 5025ppm.  

The samples with higher content of REE elements were 
chosen for further detailed micro-analyses. The mineral 
chemistry was performed using the CAMECA SX 100 electron 
microprobe. The main REE-bearing minerals are monazite, 
xenotime, allanite, Nb-titanite, REE-apatites, REE-carbonates 
(bastnasite, parisite), minerals from fergusonite, aeschynite and 
perierite-chevkinite groups and also zircon and minerals from 
catapleiite group. The presence of lorenzenite, Mn-ilmenite, 
pyrochlore, pyroxene (aegirine), mica, feldspards, plagioclase 
and quartz were also detected.  

Acknowledgments: This research is supported by the 
Ministry of the Environment of Poland from the sources of the 
National Fund for Environmental Protection and Water 
Management. 
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Compelling evidence suggests that exposure to particulate 

matter and airborne toxicants profoundly affects human health 
globally. Particulate air pollution not only induces lung 
inflammation but is also associated with systemic 
inflammation. Potentially, the local and systemic inflammation 
may increase healthcare utilization for cardiovascular and 
pulmonary disease. Although traffic-related particulate matter 
and ozone are associated with an increase in hospitalization 
rates, it is unclear whether the inflammation alone mediates 
these effects or whether the inflammation may serve as a 
negative homeostatic signal to mitigate further injury. We and 
others have demonstrated that ozone, formaldehyde and 
particulate matter exposure enhances airway 
hyperresponsiveness, a physiological surrogate for asthma or 
chronic osbstructive lung disease. Curiously, the inflammation 
which is predominantly neutrophilic in nature is uncoupled 
from the induction of airway hyperresponsiveness. Evidence 
also suggests that the airway epithelium and other structural 
cells play a pivotal role in mediating the oxidative stress-
induced signals from the lung to the periphery. Our data also 
suggests that current approaches in the management of airways 
disease, specifically inhaled corticosteroids, are ineffective in 
mitigating the neutrophil-driven inflammation. Collectively, 
this session will review current evidence supporting a central 
hypothesis that air pollution-induced local and systemic 
inflammation may, in part, increase morbidity and mortality. In 
some inhaled toxicants, however, there exists an uncoupling of 
lung inflammation from the systemic and organ-specific 
physiologic consequences of air pollution (supported by P30-
ES013508).  
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The Quaternary Sabalan volcano, NW Iran was built on a 
unique site at the Arabia-Eurasia collision zone where two 
Tertiary magmatic belts (i.e. Urumieh-Dokhtar and Alborz) 
converge. Zircon U-Pb age and geochemical data were 
obtained from samples representative of the Quaternary and 
Tertiary magmatic suites to examine their geneses and 
potential relations to the Arabia-Eurasia collision. The Tertiary 
magmatism was active from ca. 22 to 29 Ma and the 
Quaternary magmatism consists of a pulse at 1.8 ± 0.1 Ma and 
another at ~0.33 Ma. Both suites are characterized by 
intermediate-felsic compositions, metaluminous character, 
orogenic geochemical signature and similar Sr-Nd isotopic 
compositions. The majority of samples exhibit enrichments in 
Sr and LREE, and depletions in Y and HREE, features typical 
of adakitic magmas. Some Oligocene rocks are not adakitic 
and their coexistence with coeval adakitic rocks is consistent 
with a thickened crust overlying the zone of melting, 
assimilation, storage and homogenization (MASH) where 
high-pressure fractionation of mantle wedge-derived magmas 
might take place. The Quaternary adakitic magmas erupted at 
the Sabalan volcano are likely generated by melting of 
thickened lower crust associated with small-scale removal of 
the crust and the underlying lithospheric mantle. We propose 
that the ~20 m.y. gap between the two groups of adakitic 
magmas denotes a period of tectonic reconfiguration from a 
syn-collisional to a post-collisional setting. 
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Weathering indices can be used to quantify weathering of 

sediments at various stages of weathering and provide a better 
understanding of element mobility during weathering. For 
these reasons, various weathering indices are proposed in 
literature. 37 samples from Kavala and 30 from Sithonia beach 
sands, all of them being the weathering products of the local 
granitic plutons are studied for their secular disequilibrium in 
238U-series (226Ra/238U ratios) and the results are compared to 
those of the weathering indices already in use worldwide. The 
parental rocks of the beach sand sediments were in radioactive 
secular equilibrium concerning 226Ra/238U [1]. 

Results of 226Ra/238U radioactive disequilibrium are quite 
similar to those given by Weathering Index of Parker (WIP) 
and Product of Weathering Index (PWI), especially for the 
well/very well sorted sands and the heavy minerals-enriched 
sands of Kavala. Therefore it could be used as a relatively 
sensitive weathering index in sediments, considering however 
the mineralogical composition and sediment sorting. 

 
[1] Papadopoulos et al. 2013. Radioactive secular equilibrium 
in 238Uand 232Th series in granitoids from Greece. Appl Radiat 
Isotopes 75, 95–104 
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Banded Iron Formation (BIF) is protolith to most of the 
world’s largest iron ore deposits. Although the dominant 
mechanisms of ore enrichment are not yet fully understood, 
several studies have considered hydrothermal activity as a key 
factor for iron upgrading [1]. The Manganore Iron Formation 
of the Transvaal Supergroup of S.A. is host to some of the 
largest and richest high-grade iron ore deposits, widely 
accepted to have formed through mainly ancient supergene 
processes [2]. New material from exploration drilling reveals 
profiles of ferruginous shale overlying ferruginized BIF, 
wherein irregular portions are found of rock reaching ore 
quality in terms of iron content (>60wt%). The footwall to the 
ore-bearing stratigraphy comprises the Manganore BIF, which 
consists predominantly of quartz and hematite, hence it is 
dominated by Fe2O3 and SiO2 with all other common major 
element oxides barely exceeding 1wt%. The rocks variously 
exhibit pervasive silicification concentrated in horizons up to 
tens of meters in thickness, which may be related to silica 
leaching during the ore-forming process, and subsequent re-
precipitation. Despite intense alteration, primary BIF textures 
such as quartz micro-lenses/pods apparently replacing earlier 
carbonate material, as well as pseudomorphs of hematite and 
quartz after magnetite and carbonates, are still recognizable. 
Secondary silica enrichment is also implied by coarser quartz 
aggregates and common collomorphic textures. Calcite, 
gypsum and chlorite are common vein-hosted minerals, while 
the first is also a matrix constituent of brecciated BIF. 
Crosscutting hematite veining suggests late-stage iron 
mobility, which proximal to the ore appears to enrich the rock 
through the development of hematite-rich micro-breccias.   

We are currently focusing our work on vein-hosted silicate 
minerals, and on oxygen isotope analyses of various 
petrographic generations of quartz and hematite. Combination 
of our results and observations point to a complex, multi-stage 
event of ferruginization and silicification, probably as a result 
of brine fluid-flow that would have exploited the 
unconformable contact between shale and BIF as most suitable 
fluid conduit for the iron enrichment process. 

 
[1] Taylor et al. (2001) Econ. Geol. 96, 837-878. [2] Beukes et 
al. (2003) Trans. Inst. Min. Metall. 112, B18-B25.  
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Biomineralizing organisms use organic templates during 
shell formation, and this shell-bound organic matter (SBOM) 
records the isotopic composition of an animal’s diet [1]. We 
have obtained SBOM with a novel method using ion-exchange 
resin, and aim to investigate the fossil occurrence of 
chemosymbiosis. This is an unusual nutritional strategy 
whereby invertebrate animals obtain their nutrition from 
symbiotic bacteria, that oxidize sulphur (thiotrophy), methane 
(methanotrophy) or both (dual symbiosis). Chemosymbiosis 
allows bivalves to thrive at inhospitable ecosystems of the 
deep sea (cold seeps and hydrothermal vents), but whether or 
not ancient seep dwellers were chemosymbiotic is unknown. 

In modern bivalve and brachiopod taxa nutritional 
strategies can be distinguished using δ15N, δ34S and δ13C 
SBOM values. δ34S values of thiotrophic bivalves (-12.3 to -
2.5‰, n=7) are distinct from heterotrophic species (-3.0 to 
11.9‰, n=28), due to their use of depleted sulfide. SBOM δ13C 
values distinguish methanotrophic/dual symbiosis (-64.4 to -
33.3‰, n=16), because 13C depleted methane is used as a 
carbon source (other strategies: -37.0 to -16.6‰, n=88). 
SBOM δ15N is lighter for all chemosymbiotic taxa (0.9 to 
4.3‰, n=12), than for other strategies (5.6 to 14.6‰, n=36). 

SBOM has successfully been isolated from fossil cold seep 
specimens (Cretaceous to Pleistocene), and preliminary results 
allow positive identification of thiotrophy in fossil seep clams 
(δ15N and δ34S values) and seep mussels (δ13C). These results 
hold the promise of unravelling the previously unknown 
evolutionary history of chemosymbiosis.  
 
[1] Dreier et al., (2012) FEMS Microbiol Ecol, 81: p. 480-493. 
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Microbial activity can significantly impact the quality of 
water resources. In turn, water chemistry is an important 
control on microbial activity. Understanding these two-way 
interactions is essential to our ability to predict impacts of 
environmental change and develop biological strategies to 
enhance water quality.  

In this study, we consider how variation in electron donor 
concentration influences microbial activity in iron-bearing 
anoxic environments. We constructed two sets of semi-
continuous bioreactors, each inoculated with a microbial 
community from a freshwater aquifer. One set contained  
0.5 mM sulfate whereas the other set was sulfate deficient. 
Acetate, which served as the electron donor in both sets of 
bioreactors, ranged in concentration from 0 mM to 0.25 mM. 

We sample the reactors and replace with fresh medium 
weekly, giving a fluid residence time of 35 days. To evaluate 
rates of microbial reactions, we analyze reactor effluent for 
ferrous iron, sulfide, alkalinity, and major ion concentrations. 
We also periodically analyze the methane content of reactor 
headspace. In addition to chemical analyses, microbial 
communities will be directly analyzed by using sequencing by 
synthesis. 

Our experiments are ongoing but we expect that variation 
in electron donor flux will not only affect the overall rate of 
microbial activity but also the balance between individual 
groups. Unlike sulfate reduction and methanogenesis, the 
upper limit of the rate of iron reduction is limited by oxide 
surface area. Even where iron reducers hold a significant 
competitive advantage over sulfate reducers and methanogens, 
therefore, electron donor will be available to those groups if 
electron donor is supplied more rapidly than iron reducers can 
consume it. Improving our understanding of these relationships 
will help us better understand controls on microbial activity in 
natural settings and improve our ability to design 
environmentally-relevant laboratory experiments. 
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Precambrian phosphorites preserve evidence for past 

microbial activity and as such, they constitute a proxy 
repository for the kinds of microbial communities that evolve 
in changing paleoenvironments. A hypothesis is that diverse 
environments continued to host high levels of primary 
production, but preserve different evidence depending on water 
depth. Phosphorite deposits from the Paleoproterozoic started 
forming at around 2.0 Ga, such as in the Zaonega Formation 
where concretionary phosphatic organic-rich shales preserve 
evidence for methanotrophic and sulphur-oxidizing 
microorganisms (Lepland et al., 2014).  

For comparison, the Michigamme formation from the 
Baraga Group preserves phosphate-rich layers in finely 
laminated organic-rich shaly banded iron formation, from deep 
marine setting (Papineau et al., 2010). The organic matter 
(TOC = 2-3%wt) has δ13C values between -21.3 and -22.9‰. 
Nitrogen and other trace elements can be detected in situ in 
this graphite with Raman ID/IG = 0.1 to 0.3 and d-spacing of 
3.40-3.53Å. A micro-fabricated lamellae from this graphite has 
C-XANES spectra characteristic of graphite, with intense 
peaks for the 1s-π* and 1s-σ* transitions at 285.2 and 
291.5eV. Acid-insoluble organic matter has similar 
characteristics, but also a resolvable peak at 287.5 eV, which 
suggests small levels of aliphatic carbon.  Micron size curved 
and filamentous graphitic ribbons ressemble microbial mats. 

In the shallow marine occurrences of phosphatic granules 
in the Michigamme formation, including in stromatolitic 
cherts, there are organic microbial fabrics, euhedral grains 
sometimes rimed with nanoscopic pyrite, microscopic 
filamentous organic structures composed of apatite, and 
millimetric elongated organic structures. Bulk organic matter 
(TOC = 0.3 %wt) has δ13C values between -35.3 and -26.7‰. 
The C-XANES spectrum of acid-insoluble organic matter has 
peaks at 285.3, 287.6, 288.5 and 291.7 eV, which indicates 
organic matter with aliphatic carbon, but also carboxilic acid. 

Comparisons on the composition of organic matter 
between deep ferruginous and shallow marine apatite-rich 
rocks from the Bijiki member of the Michigamme formation in 
the Baraga Group will be discussed, and placed in the 
petrographic context of associations between apatite and 
graphitic carbon, occurrences of early diagenetic phases, and 
the taphonomy of microfossils. 
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The early Toarcian Oceanic Anoxic Event related 
manganese mineralization has resulted significant deposits in 
Hungary, with a still operating mine at Úrkút, and an already 
closed one at Eplény. Nowadays in the area of Eplény sample 
collecting is restricted, but there are few still available drill 
cores from which we could select 14 samples for mineralogical 
and geochemical measurements. 

We can devide the Eplény deposit to Western and Eastern 
part in virtue of different geochemical and geological 
conditions. In the Eastern part reworked secondary manganese 
ore was found but in the Western part the ore was 
‘Csárdahegy-type’ (Úrkút) primary manganese ore. 

In the reworked zone we have found high, positive Eu 
anomaly (Fig. 1.) and enrichment in As, Co, Cu, Mo, Ni, Se 
and V, which corresponds with the reworked manganese ores 
of the Hungarian Bükk Mts. [1]. The samples from the 
Western part show enrichment in Ce, Pb, and Rb which are 
similar to the primary manganese ores of the Úrkút deposit. 

Figure 1: PAAS normalized REE content of the samples [2]. 
 
In the reworked zone there are at least three types of 

texture shown by Mn minerals (diagenetic Mn precipitation 
from porewater; vein filling texture with alongated masses of 
fibrous todorokite and angular pyrolusite crystals, or vein 
filling with alongated todorokite and detrital pyrolusite-
todorokite aggregates) within one sample which was formed 
by the fragments of the eroded ore. On the other hand each 
sample from the Western part has its own, well-defined, but 
very different texture (botryoidal texture crossed with paralell 
cryptomelane veins, infiltration texture with pseudomorphic 
replacement of carbonate fossils by cryptomelane).  
 
[1] Németh et al. (2014) Földtani Közlöny 144/2, 155–164. [2] 
Taylor & McLennan (1995) Rev. Geophys. 33, 241–265.  
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Melt-lithosphere interactions modify the mineralogy and 

chemistry of the axial lithospheric mantle at intermediate to 
slow and ultraslow spreading ridges. These interactions also 
probably modify the chemistry of MOR basalts adding 
complexities to the geochemical signature inherited from the 
mantle source.  

The melt distribution in the easternmost part of the 
Southwest Indian Ridge (between 61 and 67°E) is very 
heterogeneous, with corridors of ultramafic seafloor where 
plate separation is accommodated by large offset normal faults 
[Sauter, Cannat et al., 2013]. These ultramafic corridors also 
expose rare gabbros, impregnated peridotites and basalts. This 
is a good laboratory to study the effect of melt/lithosphere 
interactions on MORB chemistry because the melt supply is 
very low  and therefore the volume ratio of through going melt 
to axial lithospheric mantle is also low.  

Basalts from the easternmost SWIR represent a global end-
member for MORB major element compositions [Meyzen et 
al., 2003], with higher Na2O and Al2O3 wt%, and lower CaO 
and FeO wt% at a given MgO. We propose that these major 
element compositions could result from extensive melt-rock 
interactions in the thick axial mantle lithosphere. 

The mineralogy and chemistry of samples of impregnated 
peridotites collected in the ultramafic corridors provide the 
basis for this hypothesis. The impregnating melt reacted with 
residual olivine and orthopyroxene to form plagioclase and 
clinopyroxene. The REE composition of calculated melts in 
equilibrium with clinopyroxenes for these samples is similar to 
that of the associated basalts. The inferred primary melt 
composition has a very low MgO content consistent with very 
low degrees of mantle melting.  

Based on this SWIR end-member example, we examine 
the possible effects of similar processes operating in more 
magmatic regions of the global MOR system. 
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The calcium-aluminum-rich inclusions (CAIs) found in 

chondritic meteorites are probably the oldest solar system 
solids, dating back to 4567.30 ± 0.16 million years ago. They 
are thought to have been formed in the proto solar nebula 
within a few AU of the sun, and at a temperature of around 
1300 K [1]. The Stardust mission found evidence of CAI-like 
material in samples recovered from comet Wild 2 [2] 

The appearance of CAIs in comets, which are thought to be 
formed low temperatures and at large distances from the sun  
[3] is only explicable if some mechanism allows the efficiently 
transfer of such objects from the inner solar nebula to the outer 
solar nebula. Such mechanisms have been proposed such as an 
x-wind [4] or turbulence [5] [6]. 

In this work, grains collected from the vicinity of Comet 
67P/Churyumov–Gerasimenko by the COSIMA experiment 
aboard the Rosetta spacecraft will be examined for 
compositional evidence of CAIs. COSIMA (the COmetary 
Seconday Ion Mass Analyzer) [7] uses secondary ion mass 
spectrometry to analyze the composition of cometary dust 
captured on metal targets. 

While CAIs can have a radius of centimeters, they are 
more typically a few hundred microns in size, and can range 
down to as small as 30 microns [8], so it is conceivable that 
grains visible on COSIMA targets (ranging in size from about 
10 microns to hundreds of microns) could contain CAIs. Using 
a fitting technique, a set of grains will be studied, looking for 
material rich in both calcium and aluminum.  
 
[1] Connelly et al. (2012) Science, 338, 651-655. [2] Simon et 
al. (2008) MAPS 43, 1861-1877. [3] Levison and Morbidelli 
(2003) Nature 426, 419-421. [4] Shu et al. (1997) Science 277, 
1475-1479. [5] Bockelée-Morvan et al. (2002) A&A 384, 
1107-118. [6] Ciesla (2007) Science 318, 613-615. [7] Kissel 
et al. (2007) Sp. Sci. Rev. 128, 823-867. 
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In alkaline and silica undersaturated volcanic rocks, the 
presence of minerals of the sodalite group attest of the 
presence of volatile in magmas and possible deep magmatic 
fluids. To constrain the crystallization of alkaline and volatile-
rich lavas, we studied the petrological features and the 
geochemical composition of major, trace and volatile elements 
of mineral and bulk-rock of sodalite-bearing phonolites. We 
identified two groups depending on the presence of haüyne or 
nosean: (i) haüyne-plagioclase-bearing Si-K-rich phonolite (i.e 
Laacher See, Germany) and (ii) nosean-nepheline Si-poor 
phonolite (i.e. Saghro, Morocco). 

Haüyne-bearing phonolites from Laacher See are Si-rich 
and slightly peralkaline (55-59 wt% SiO2, K>Na, Na+K/Al 
=0.96-1.08). They crystallized at relatively low pressure and 
temperature (P=200 MPa and T=850°C) and oxidized 
conditions (ΔNNO-NNO+1). The sequence of crystallization 
is: S-rich haüyne (13.7-13.9 wt% SO3, 0.4 wt% Cl), S-rich 
apatite followed by cpx, plagioclase and sanidine. The 
crystallization of haüyne occurred at fluid-undersaturated 
conditions from a silicate melt with 6 wt% H2O,  
0.17-0.55 wt% Cl, 0.11-0.4 wt% S and 0.07-0.14 wt% F. 

Nosean-bearing phonolites from Saghro are Si-poor and 
peralkaline (52-54 wt% SiO2, Na>K, Na+K/Al =1.2) and 
crystallized at higher P and T (300 MPa and 950°C) and more 
reduced conditions (close to NNO buffer) compared to haüyne-
bearing phonolites. The mineral assemblage suggests an early 
crystallization of nepheline followed by nosean (7.8-8.8 wt% 
SO3; 1-1.1 wt% Cl). This magma was fluid-undersaturated 
with relatively low volatile content (4 wt% H2O, 0.25 wt% Cl, 
0.056 wt% S, 0.08-0.1 wt% F).  

Haüyne- and nosean-bearing phonolites are last 
equilibrated at low pressure. The low silica and sodium activity 
and the high volatile content in phonolites promoted early 
crystallisation of haüyne, whereas high silica activity and 
lower volatile content resulted in the crystallization of 
nepheline followed by nosean. Incongruent reactions suggest 
that phonolitic magmas became more oxidized during magma 
differentiation. The initial volatile concentrations in 
nephelinite magmas, from partial melting of volatile-bearing 
K2O-rich mantle rock, should have been one important factor 
influencing the crystallization of haüyne-bearing Si-K-rich 
phonolite and nosean-bearing Si-poor phonolite in 
intracontinental setting. 
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Proteins or peptides are very versatile metal ligands. We 
chose a protein engineering approach to analyze structural 
factors governing uranyl or cerium binding and thermo-
dynamic stabilization in proteins and to develop affine and 
specific ligands for selective actinide uptake, that could be 
used for bioremediation. 

We selected the recombinant N-terminal domain of 
calmodulin as a structured template that contains two EF-hand 
Ca2+ binding motifs to engineer peptide variants with increased 
uranyl affinity and specificity, as well as peptides with strong 
Ce(III)/Ce(IV) affinity. By combining site directed 
mutagenesis and/or the introduction of phosphoryl groups, we 
could modulate metal binding properties, as well as the U/Ca 
selectivity. 

The protein variants are characterized by fluorescence 
spectroscopy or microcalorimetry to obtain thermodynamic 
parameters of the metal-protein complexation. A modeling 
approach based on molecular dynamics is used together with 
FTIR and EXAFS spectroscopies to identify structural 
characteristics of the protein-metal complexes. 

We showed that the introduction of a phosphoryl group in 
the metal binding loop increased the affinity of the protein for 
uranyl by almost two orders of magnitude at pH 7.[1] We also 
obtained a uranyl binding motif with (K ≈ 5 109) at pH 6 and 
pH 7 and a uranyl/calcium specificity of 107 without 
phosphorylation.[2] We also analyzed binding properties of 
Ce(III/IV) to the EF-hand motif as model for An(III/IV), by 
combining fluorescence and electrochemistry. 

 
[1] Pardoux, Sauge-Merle, Lemaire, Delangle, Guilloreau, 
Adriano, Berthomieu (2012) PLoS One 7, e41922 ; [2] 
Pardoux, Sauge-Merle, Lemaire, Berthomieu, Guilbaud, 
Delangle, Bremond, Beccia Patent WO2014155356 A8 
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Zircons with extremely high U and Th contents of 

12,000~24,000 and 11,000~40,000 mg/kg, respectively, from a 
leucocratic quartz porphyry in the Weondong area, South 
Korea, show all possible secondary internal re-equilibrated 
textures, supporting the concepts of fluid-controlled re-
equilibration. Type-I domain, characterized by the steep 
depletion of Zr and Si, the enrichment of light to middle REEs, 
Y, Ca, Fe, and Nb contents, and the discordant and much 
younger U-Pb zircon ages (26 to 48 Mas), should be a typical 
texture due to the structural and chemical re-equilibration of 
self-irradiated zircon by a solid-state diffusion-reaction process 
(SDP). Type-II domain, characterized by the similar 
stoichiometric Zr, Si values and U and Th contents to those of 
primary domain, mineral inclusions (mainly thorite) and 
micro-pores, and continuously scattered U-Pb ages between 
56~70 Mas, shows a typical texture due to the chemical re-
equilibration by a coupled dissolution-reprecipitation process 
(CDRP) during interaction with aqueous fluids or melts. Type-
III and -IV domains are the typical overgrowth textures formed 
by a direct crystallization process (DCP) from a zircon-
saturated aqueous fluid. Type-V domain is almost same to 
type-I, due to the later self-irradiation and re-equilibration of 
type-IV domain by SDP. Each texture domain represents a re-
equilibrated zircon, and the re-equilibrated zircon crystals with 
the composite internal textures would be formed sequentially, 
or intermittently through multi-genetic processes by post-
magmatic fluids between 70~56 Mas. Unusual zircon crystals 
provide key information to constrain chemically and 
chronologically the post-magmatic activities in the study area. 
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One of the ocean areas vulnerable to ocean acidification 

(OA) is coastal region which is frequently exposed to wind-
driven upwelling. Thus we investigated temporal changes in 
the seawater carbonate system and the effect of upwelling on 
OA in Hupo, a central part of the east coast of South Korea. 
The estimated mean net sea-air carbon dioxide (CO2) flux was 
-1.99 ± 1.18 mol C yr-1, indicating that this region was a sink 
for atmospheric CO2. Our monthly data revealed that temporal 
changes in surface CO2 concentrations and calcium carbonate 
saturation states (Ω) were mainly governed by physical and 
biological processes. In particular, the wind-driven upwelling 
observed in July 2013 brought waters with high nutrients/CO2 
and low pH/Ω to the surface and thus enhanced biological 
production in surface waters. OA in this coastal ecosystem is 
expected to be exacerbated by anthropogenic CO2 uptake and 
upwelling. 
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Microbiological stabilization of heavy metal is an 

advantageous technique including low process cost, low 
energy input, and less hazardous byproducts compared to 
physical or chemical treatment methods. In this study, 
stabilization of cadmium, lead and arsenic was investigated 
through bacterial reduction of sulfate and subsequent 
formation of insoluble sulfide precipitates. Behavior of heavy 
metals and arsenic in polluted arable soil was examined after 
activation of anaerobic indigenous sulfate-reducing bacteria 
through supply with carbon source (electron donor) and sulfate 
(electron acceptor) in batch-type experiments. Indigenous 
sulfate-reducing bacteria were isolated from the contaminated 
soil at depth of 60 cm and the optimum growth conditions of 
the bacteria were determined including sulfate concentration 
and available carbon sources such as glucose, lactate, and 
methyl alcohol. 

According to the results of batch experiments, the carbon 
source and sulfate were periodically applied to the field site 
and long-term monitoring over 23 weeks was conducted. After 
23 weeks incubation of the indigenous sulfate-reducing 
bacteria, the total concentrations of heavy metals and arsenic in 
the soil, which were determined after aqua-regia digestion, 
appeared to be similar between before and after amendment 
process. However, partial extraction of arsenic from the soil 
using 1 N HCl revealed that the fraction of readily extractable 
arsenic decreased to 75% in the soil after stimulation of the 
indigenous sulfate-reducing bacteria. Conceivably, stimulation 
of indigenous bacteria in the contaminated soil with supply of 
appropriate carbon source and sulfate might lead to effective 
stabilization and long-term stability of heavy metals and 
arsenic.  
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Bacteria participate in the cylcing of Fe in environments 
and produce biogenic Fe minerals. Biogenic Fe minerals are 
different from abiogenic Fe minerals because biological Fe 
mineral formation is relatively slow in comparison to the 
abiotic oxidation of Fe(II). Therefore, biogenic Fe minerals 
were characterized and compared with abiogenic Fe minerals. 
Biogenic and abiogenic Fe minerals were collected from 
stream sediments near coal mine and metal mine, respectively, 
and total elemental concentrations of collected samples were 
analyzed using ICP-OES. Most of collected samples were 
comprised of higher than 30% of Fe. Abiogenic Fe minerals 
contained 0.4-0.7% of As, which might be a limiting factor in 
the growth of Fe oxidizing bacteria. SEM-EDS results 
confirmed that they also contained sulfur, which is an 
indicative of the formation of schwertmannite. Biogenic Fe 
minerals have higer C content compared to abiogenic Fe 
minerals because of extracellular organic substances mainly 
composed of polysaccharides. Morphological analysis using 
SEM showed twisted stalks associated with Fe minerals, which 
is an evidence of the growth of Gallionella sp., although 
bacterial cells were not found. Mineralogical analysis using 
XRD did not show the presence of Fe minerals possibly due to 
the amorphous nature of Fe minerals formed. X-ray absorption 
fine structure spectrometry (XAFS) analysis indicated that Fe 
minerals formed were schwertmannite or ferrihydrite.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. SEM image of biogenic Fe minerals (twisted stalks 
associated with schwertmannite) 
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All terrestrial magmas contain relatively abundant PPGE 
(Pd-group platinum group elements: Pd, Pt, Rh) compared to 
IPGE (Ir-group platinum group elements: Ir, Ru, Os). As a 
consequence they show fractionated mantle normalized PGE 
patterns with PdN/IrN > 1, although the magnitude of 
fractionation varies with magma types. Various mineral phases 
are suggested to account for the fractionation during partial 
melting and fractional crystallization. The phases include 
monosulfide solid solution, platinum group minerals and 
olivine. The role of Cr-spinel has been given little attention, 
although recent in situ LA-ICP-MS studies revealed that Cr-
spinels can contain tens of ppb IPGE and Rh.  

In order to contrain the role of Cr-spinel crystallization on 
PGE fractionation, we measured PGE concentrations of Cr-
spinels from diverse magma types by in situ LA-ICP-MS. The 
results show that IPGE and Rh concentrations are higher in Cr-
spinels from arc-related magmas, oceanic island basalts, 
continental flood basalts and komatiites compared to mantle 
PGE values with total IPGE and Rh contents of 60 to 300 ppb. 
Furthermore, there is a systemmatic difference in primitive 
mantle normalized PGE patterns between Cr-spinels from arc 
and plume-related magmas with the former characterized by  
high RhN/OsN values (6 to 55) and the latter by low values (0.7 
to 2.2). In contrast, these elements are below the LA-ICP-MS 
detection limits in the mid ocean ridge samples. This study 
suggests that crystalization of Cr-spinel can play an important 
role in fractionating the PGE when Cr-spinels is a cumulus 
phase in a cyrstallizing magma or a residual phase during 
partial melting.  
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Nd isotopic compositions reported from the Phanerozoic 

granitoids of Korea reveal significant variations in Nd isotopic 
compositions and can be explained either by temporal trend or 
by regional differences. Among the three magmatic periods, 
first two periods during the Permian-Triassic and Jurassic seem 
to show variations from rather high ε Nd(t) values at the 
beginning to lower ε Nd(t) values during the later stages. Such 
trends probably reflect melting of the subducting oceanic crust 
and producing magma with higher proportion of depleted 
mantle derived materials during the early stage of subduction 
process, and subsequent magmas with greater proportion of old 
continental crust with progress of subduction. However, the 
Cretaceous-Paleogene period of active magmatism displays 
higher ε Nd(t) values during the advanced stage of the igneous 
activities, which is opposite to the previous active periods. The 
other explanation is that such differences in ε Nd(t) reflect 
regional differences, based on the observations that such high-
ε Nd(t) granitoids distribute in the northeastern Gyeongbuk 
Province and Gyeongsang Basin. If this is the case, the regions 
with highr ε Nd(t) values may have distinct crustal evolution 
histories, e.g. younger average age. The choice between the 
two hypothesis could be made through further studies. 
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We present our recent work modelling hydroxyl terminated 

mineral surfaces and nanoparticles in contact with water.  Our 
approach is to combine electronic structure methods based on 
DFT with potential-based simulation techniques. Where 
possible simulations are supported with experimental data, 
such as Raman spectroscopy and atomic force microscopy 
(AFM).  We will briefly describe our procedure for generating 
the surfaces, which begins with a potential based approach to 
screen many surface terminations thereby identifying the most 
stable. These are then modelled using DFT including van der 
Waals corrections to provide a check on the relative stability 
and to allow us to explore the surface composition. Finally, the 
surfaces of either bulk crystals or nanoparticles are immersed 
in water to explore the effect of the solution on structure and 
transport at the mineral-water interface, which is achieved 
using primarily potential-based molecular dynamics 
simulations. 

We will describe how the surface composition affects both 
the surface structure and transport properties in solution by 
comparing the results from different mineral sytems. These 
will include a comparison of the alkaline earth hydroxides of 
portlandite and brucite with the alumina and alumino-silicate 
mineral surfaces.   In each case on forming a layered structure 
the basal plane is calculated to be more stable and hence less 
reactive. The reactivity is investigated by studying the 
interaction of the surfaces with both water and carbonate 
species.  We find that interaction with carbonate is far stronger 
at the edge surfaces, but as yet have been studied much less.  
Indeed, we find that in some cases there are large 
reconstructions. Finally, in addition to describing the structure 
and transport at these interfaces, we show how simulation 
approaches can give useful insight into the atom-level 
mechanisms involved, not least as the hydrogen content of the 
surfaces are modified.   
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To constrain the timing of the growth of the continental 

crust, a large database of detrital zircon U-Pb ages is examined 
[1].  The data are subdivided by continent and by the age of the 
sediment in which the zircons were found.  For each area-age 
subdivision, the peaks in the U-Pb age distribution were 
identified and compared.   

As Figure 1 shows, there are few/no age peaks between 2.2 
and 2.4 Ga or between 1.2 and 1.5 Ga in any sediment of any 
age on any continent (note - size of circle is proportional to the 
size of the peak and number of zircons in the subdivision).  
The key point is that even sediments formed during these 
times, or soon after, did not preserve peaks with these ages 
(vertical bands with no circles).  Certainly there are detrital 
zircons and continental volumes with these ages, but they are 
low in abundance.   

In contrast, age peaks between ~2.5 and 2.7 are abundant 
and immediately recorded in sediments. Those age peaks 
persist in subsequent sedimentary records from all continents.  
The same is true for the age ranges 1.6 to 2.1 Ga and 0.9 to  
1.2 Ga.  In detail, the size of the peaks decreases (size of 
circle) with time, suggesting that crustal erosion and reworking 
decreased the volume of older continental crust.   

Overall, the time-lapse analysis of the detrital zircon U-Pb 
database indicates that the continental crust formed in a 
fundamentally episodic manner.  Whether the episodicity was 
due to varying crustal production or preservation is less clear.  
However, comparison with the Re-Os age distribution of 
depleted mantle suggests that production is the primary control 
[2]. 

 
[1] Voice et al. (2011) J Geology 119, 109-126. [2] Pearson et 
al. (2007) Nature 449,  202-205. 
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The ubiquity of zircon in sedimentary rocks due to high 

resistance to weathering makes detrital zircol (DZ) U-Pb an 
ideal provenance tracer and stratigraphic correlation tool in 
humid tropical areas, where chemical weathering precludes the 
preservation of alternative markers like instable lithic 
fragments over long distances.  We employ DZ U-Pb 
geochronometry in 25 river-bar sand samples collected over 
~900 km in five rivers of the Orinoco watershed, in the modern 
foredeep area of North Andes in Colombia in order to evaluate 
(1) sediment production and erosion in source areas and (2) 
resolution for stratigraphic correlations.  We use Q-Q  plots 
and the Kolmogorov-Smirnov statistic and multidimensional 
scaling (MDS) to quantitatively evaluate the similarity among 
samples, and with synthetic U-Pb signatures constructed using 
bedrock distributions in the source areas.  MDS successfully 
characterize dissimilarity among samples, which result from 
lithologic variability in the catchment area and distance of 
sediment transport. A fair correlation exists between the 
signatures of the synthetic source area and the river samples 
for three different catchments, indicating homogeneous 
sediment production and mixing.  Our data show that the U-Pb 
distributions are preserved over distances of up to ~800 km in 
longitudinal rivers with gigantic drainage areas, where 
sediment mixing has occurred, as well as in transversal 
drainages with large areas (>3000 km2).  Conversely, 
transversal drainages with smaller drainage areas and little 
lithological variation exhibit indistinguishable age distributions 
only until its confluence with a major longitudinal river. 
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New zircon Hf-isotope data obtained from across the 

Baoulé-Mossi domain of the West African Craton show that 
the region can be divided into two sub-provinces. The Hf-
isotope data indicate that both sub-provinces are of mostly 
juvenile origin and that they are separated by a less radiogenic 
Hf-isotope region across the Banfora Belt in southern Burkina 
Faso. This more evolved Banfora Belt region might represent a 
sliver of older crust. Although both sub-provinces present 
relatively juvenile Hf-isotope signature, the westernmost 
portion is slightly less radiogenic than the easternmost portion. 

The more isotopically evolved signature of the 
westernmost portion indicates a potentially greater interaction 
between the Paleoproterozoic Baoulé-Mossi and Archean 
Kenema-Man domains. Hf-isotope evidence opens a 
possibility for magma mixing, where felsic intrusions could 
have incorporated a crustal component as old as 2800 Ma. 

Complementary O-isotope data (δ18O between 6 and  
11 ‰) obtained from across southern Mali also suggest that the 
magmas that originated the studied felsic intrusions interacted 
with supracrustal materials. Because of the limited amount of 
inherited zircons identified in the region it is possible that the 
supracrustal materials are the result of altered mafic volcanics. 
These mafic volcanics could be incorporated into the magma 
source during docking of the Archean Kenema-Man and 
Baoulé-Mossi domains at ca. 2100 Ma. 

The combination of the Hf- and O-isotope information 
indicates that the magmas that originated the felsic intrusions 
interacted with supracrustal material. These data strengthen the 
case for recycling and crustal contamination at a greater scale 
than previously recognized for this region. 
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The Darreh-Zar porphyry Cu-deposit, a part of the large 

Alpine – Himalayan belt, is located in the central Iranian 
sedimentary-volcanic belt. The resources of the ore are 
estimated of 500 Mt grading 0.35% Cu. The rocks exposed in 
this region consist predominantly of granodiorite porphyry 
successively intruded into the basaltic volcanic rocks. As a 
consequence of the granodioritic intrusion, five different 
alteration facies including potassic, propylitic, chlorite-sericite, 
sericitic and argillic with remarkable variations in REE’s and 
other trace elements behaviour, were developed. Potassic 
alteration discriminated from other facies by enrichment of 
Mg, K, Li, P, Sc, Ni, Cr and remarkable depletion of W, whilst 
propylitic alteration differentiated by notable increasing of Mn, 
V and Ca. Sericite alteration is associated with marked 
improvement in (Gd/Yb)cn, (La/Yb)cn, (La/Sm)cn and sharp 
drop of Eu/Eu* made discrete sericitic zone from the other 
alterations. In this zone, Nd, Pr, La and Ce are about two times 
much more as compared with the host rocks. Obvious 
depletion of Na2O, Ce, Eu/Er and REE’s separates argillic 
alteration from the others. Despite fluctuations observed 
among elements behaviour, some paradigm recognized 
between mineralized and barren alteration zones. The 
mineralized area distinguished by depletion of Co, V, Ti, P, as 
well as MREE’s and HREE’s (e.g. Gd, Tb, Er, and Dy), and 
marked enrichment of Se, S and LREE’s. HFSE’s completely 
mobilize during hydrothermal alteration except for propylitic 
zone which indicates fluctuate behaviour. Ce/Ce* ratio does 
not show remarkable feature between mineralized and 
unmineralized alterations. Enrichment of Cu whilst the other 
transition elements completely depleted in chlorite-sericite and 
sericite alterations may shows exploration key which implies 
mineralization occurred in the area. Supra haloes in 
mineralized altered rocks are generally described by positive 
correlation between Cu, Mo, Se, Sn, Sb and LREE’s, and 
negative correlation with MREE’s and HREE’s. 
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A geochemical study was undertaken to examine the extent 
and health impact of fatal trace metals intrusion to surface and 
sub-surface water resources in and around uncontrolled landfill 
site of a metropolitan city in India. Water samples (n=26) were 
collected from the vicinity of landfill with different metal 
exposure scenario in Kolkata wetland environment. The 
intensity (µgL¯1) of toxic metals/metalloids (Cr 27.5±15.4, Mn 
257.2±330.9, Co 0.5±0.5, Ni 4.0±2.3, As 18.4±12.6, Cu 
5.3±5.0, Zn 292.7±466.7, Cd 0.2±0.5, Pb 1.0±0.4, V 
36.8±16.8) were observed on instrumental analysis of samples 
in DRC ICP-MS. A human health risk model derived from 
USEPA (1989) [1] was applied to compute potential non-
carcinogenic hazard and carcinogenic risk for the population 
residing in the study area considering all possible exposure 
routes. Hazard Quotient (HQ ingestion and dermal) for non-
carcinogenic risks in child and adult was calculated from the 
ratio of average daily dose to reference dose (ADD/RfD). The 
child HQing, HQdermal was estimated as 4.13E+00 and 1.37E-01 
respectively, while adult HQing, HQdermal was determined as 
2.48E+00 and 1.11E-01 respectively. The measured 
Cumulative Hazard Index for child (Σ HI = 4.26E+00) and 
adult (2.59E+00) reveals that toxic risk is beyond tolerable 
limit (HQ > 1.00). The assessment of carcinogenic effects of 
As and Pb was calculated from CDI×SF [2]. The estimated risk 
level for As exposure (3.56E-04) is exceeding the safe standard 
for cancer (CR=1.0E-6). Therefore, the present case 
investigation unveil that residents confront higher risks, with 
carcinogenic effects that average 4 in 10,000. However, the 
cancer risk due to Pb exposure (1.11E-07) is within the target 
cancer risk level. On the basis of these experimental survey, 
risk assessment would serve as an interim input for steps to be 
undertaken for remedial measures to reduce the exposure of  
inhabitants to carcinogenic risks. Also, the exercise may be 
fruitful as a decision making tool for the areas where such 
uncontrolled waste dumping site exist. 
 
[1] USEPA Risk Assessment Guidance for Superfund (1989), 
Human Health Evaluation Manual, vol.1, Part A, EPA/540/1-
89/002. [2] USEPA IRIS (2011), US Environmental Protection 
Agency’s Integrated Risk Information System. 
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On the example of four different types of associations from 

the Bohemian Massif (greisien-, gold-, base metal-, and 
„barren granite“-related) and the Kalmakyr porphyry-Cu-
Mo(Au) deposit from Uzbekistan, we show that molybdenite 
from specific type of mineralization possess a distinct trace 
element chemical composition which is often overprinted by 
the presence of relevant mineral phases occurring in the form 
of nano- to micro-scale impurities [1]. Distribution of Re 
indicates crustal sources for group of greisen-, base-metal-, and 
part of granite-related molybdenite, and mixed mantle/crustal 
sources for Au-related and majority of granite-related 
molybdenite. Greisen-related molybdenite shows the highest 
average values of As (40 ppm), Cu (58 ppm) and Zn (45 ppm) 
but the lowest average Re value (0.5 ppm). They often contain 
inclusions of wolframite, scheelite, native Bi, bismuthinite, 
Bi(Se), Bi(Pb), Pb(Bi), Pb-Bi(Cu), and other phases. Gold-
related molybdenite is characteristic by its highest average 
values of Bi (1150 ppm), Te (112 ppm), Sb (38 ppm), Au  
(24 ppm) and Ag (434 ppm). These concentrations are 
reflected by the presence of numerous micro-inclusions of 
native Bi, Au-Ag alloy and different tellurides and selenides. 
Base metal-related molybdenite is characterized by the highest 
average Pb (3223 ppm) and the highest median Ag (15 ppm), 
documented by the occurrence of abundant galena and/or 
anglesite micro-phases. Native Bi was also identified. „Barren 
granite“-related molybdenites (dispersed in the rock matrix, 
small quarz veinlets, pegmatite veins and/or located in 
fissures) show the highest median Ni value (16 ppm). These 
molybdenites are either inclusion free or contain micro-
inclusions of native Bi, galena and/or anglesite. Molybdenite 
from the Kalmakyr porphyry-Cu-Mo(Au) deposit is 
characteristic by the highest average Re value (236 ppm) with 
identified micro-inclusions of base metal sulfides. 
 
[1] Pašava et al. (in prep.), Ore Geology Reviews. 
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The 17O anomaly of atmospheric O2, Δ17O[O2] = –0.4 ±  

0.1 ‰ [1, 2], reflects a balance between production of anomaly 
by photochemical reactions in the stratosphere and 
sequestration of anomaly to the hydrosphere driven by 
photosynthesis and respiration [2-4].  Thus Δ17O[O2] is a tracer 
of the global carbon cycle, and has been used as a basis for 
reconstructing atmospheric carbon dioxide levels in deep time 
[4, 5].  Here we further explore the use of vertebrate 
biominerals as recorders of Δ17O[O2], following the idea [5] 
that O in animal tissues in part derives from atmospheric O2 
consumed during respiration.    

We present an extensive dataset of Δ17Obiomineral from 
modern bird eggshells and mammal teeth that describes 
isotopic variability that is independent of the atmospheric 
Δ17O[O2] signal.  Isotopic mass balance models of body water 
suggest that this variability is largely controlled by variable 
consumption of evaporated waters, including leaf waters, with 
relative humidity as the dominant control of their Δ17O values. 
The mass balance model is a key aspect of a concordance 
approach for reconstructing atmospheric Δ17O[O2] from 
spectra of Δ17Obiomineral values for contemporaneous 
assemblages of animals. 

Fossil dinosaur eggshells indicate highly anomalous 
Δ17O[O2] values of ca. –2 ± 1 ‰ during the late Jurassic, and 
less extreme values  during the mid- and late Cretaceous 
(-0.8 ± 0.5‰). The Jurassic values point to a unique mode of 
the carbon cycle unknown in more recent times. Assuming 
similar-to-present gross primary productivity and atmospheric 
O2 levels, the late Jurassic Δ17O[O2] values indicate CO2 levels 
in excess of ~1800 ppm.  Alternatively, the late Jurassic 
Δ17O[O2] values are consistent with a lower CO2 levels of 
~1000 ppm if atmospheric O2 was low (ca. 15%) or if primary 
productivity was low (ca. 50% present).  Independent estimates 
of of primary productivity and pO2 will help to refine 
Δ17O[O2]-based estimates of pCO2. 
 
[1] Barkan E. & Luz B. (2011) RCMS 25, 2367–2369. [2] 
Young et al., GCA 135, 102–125. [3] Luz et al., (1999) Nature 
400, 547–550. [4] Bao et al., (2008) Nature 453, 504–506. [5] 
Pack et al., (2013) GCA 102, 306–317. 
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Material microstructure defines its physical and 

mechanical properties. With this idea, different models have 
been developed to effectively determine the physical and 
mechanical properties of a given microstructure. When the 
microstructure alters as a consequence of chemical processes, 
coupling of transport with geochemical models is essential for 
further extension of predictive capabilities.  

In order to simulate alteration of the  microstructure of 
cement paste during chemical degradation, a new three-
dimensional pore scale reactive transport code has been 
developed. The model has the capability to account for reactive 
transport processes in two types of pore space representations: 
(1) an explicit representation of pores and solid phases for 
capillary pores and (2) a continuum representation for 
unresolved pores (pores with sizes below the spatial 
discretization) embedded in the solid phases. Multicomponent 
transport is modelled using a lattice Boltzmann (LB) method. 
The transport model is coupled with an established 
geochemical solver (iPHREEQC). Due to dissolution and 
precipitation reactions, both the explicit pore and the 
continuum domains are updated using, respectively, static 
update rules and constitutive relations.  

The model is applied to a virtual cement microstructure 
under the process of calcium leachinig. For calcium leaching in 
cementitious systems we further show  the results where the 
chemistry is represented by a abstracted chemical model. This 
model abstraction allows for numerically more efficient 
simulations which allows for parametric studies. Finally, 
comparison between the simulated results and an experiment 
carried out under accelerated conditions is presented. 
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The Nógrád-Gömör Volcanic Field (NGVF) is situated in 
the northern part of the Pannonian Basin, and is one of the five 
known xenolith bearing alkaline basalt occurences in the 
region. 

After thorough sampling, a number of metasomatized 
wehrlite xenoliths with unique textural features have been 
recognized in addition to the dominant lherzolites.  The major 
and trace element geochemistry of their rock-forming minerals 
show basaltic (e.g. Ti, Al, Fe, Mn) and LRE element (e.g. La, 
Ce, Pr) enrichment compared to compositions of lherzolite 
xenoliths. 

The newly formed clinopyroxene and olivine grains of 
wehrlites contain numerous silicate melt inclusions.  In order 
to constrain the composition of the metasomatic agent, five 
representative wehrlite xenoliths, from different localities, 
have been selected for detailed silicate melt inclusion study 
using LA-ICP-MS.  Enrichment in incompatible elements, 
especially LIL (e.g. Ba, Sr, Pb) and HFS elements (e.g. Nb, Ta, 
Zr) compared to the host mineral was detected. 

Computational modelling was carried out in order to 
constrain the metasomatic agent and to test our hypothesis on 
the melt evolution model.  As a conclusion we suggest that an 
extensive metasomatism caused by mafic melts has 
transformed much of the beneath the NGVF lherzolite into 
wehrlite. 
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It has been established that resolvable nucleosynthetic 

anomalies exist for a number of elements, and that many of 
these variations are correlated [1] [2]. Although evidence 
suggests that heterogeneities were generated by unmixing of a 
previously homogenised disk (c.f. incomplete mixing or late 
injection), the specific processes are not yet understood. 
Thermal processing could generate differences by preferential 
destruction of more fragile grains such as nm-sized presolar 
silicates, while size sorting might also have an unmixing 
effect.  

We present here a study that is targeted at resolving 
separate presolar carriers in order to better understand the 
processes that generated isotopic variability. Our data from 
leachates of the Ivuna CI chondrite exhibit resolvable excesses 
in both the lighter (130,132Ba) and heavier (135,137,138Ba) isotopes 
in early leach steps, consistent with a deficit in an s-process 
carrier, while the late leach step shows the reverse; these 
results are in accord with the predicted effects of presolar SiC. 
In contrast, data collected from two separate FUN CAIs have 
well-resolved anomalies that cannot be reconciled with only 
SiC, but instead require an additional presolar component with 
a distinctly different nucleosynthetic source. 

In order to better understand these components and their 
behaviour during unmixing of disk material we have targeted 
canonical CAIs with the specific goal of resolving 130,132Ba-
isotope anomalies. By measuring these isotopes to better than 
±50 ppm it will be possible to determine which presolar carrier 
is responsible for Ba-isotope anomalies in bulk solar system 
materials – and by inference for the correlated anomalies 
observed in other elements. 

In addition, we include new acid leachates of the Tagish 
Lake chondrite, as these exhibit well-pronounced anomalies in 
other nuclides [3], and thus provide an additional avenue for 
resolving the distinct signatures of multiple presolar 
components. 
 
[1] Burkhardt et al. (202) Earth and Planetary Science Letters 
312, 390-400. [2] Schiller et al. (2015) Geochimica et 
Cosmochimica Acta 149, 88-102. [3] Yokoyama et al. (2015) 
Earth and Planetary Science Letters 416, 46-55. 
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Carbon and water dynamics in soil organic matter are of 
major importance when trying to predict the behaviour of 14C 
and 3H in terrestrial environments at local or global scales. 
Carbon has been widely studied to assess the organic matter 
dynamics in soil. When looking at 3H behaviour, organic 
hydrogen dynamics is of major importance but has received 
poor attention until now. Hydrogen bound to N, O or S atoms 
is exchanged very quickly with ambient water and water 
vapour. Hydrogen bound to a carbon atom, so called "Non-
Exchangeable Hydrogen" (NEH), is considered more stable. 
To study the fate of hydrogen in various soils, 2H coupled to 
13C isotope are used. We hypothesized that the acquisition of 
the NEH isotope signature is determined by the dynamics of 
carbon in soils. Two main processes are involved: the partial 
preservation of the isotopic composition of initial vegetation 
matter, and the microbial biosynthesis incorporating hydrogen 
with water isotopic composition. 

To decipher and quantify both processes, we designed 
incubation experiments of 13C-labelled organic substrates, with 
two scenarios: either 13C2H double labelled molecules in 
presence of 1H2O or 13C molecules in presence of 2H2O. Over 
time, 13C content of bulk samples were analysed by Elemental 
Analyser-Isotope Ratio Mass Spectrometry and the 
simultaneous 13C and 2H content with a Combustion Module-
Cavity Ring-Down Spectroscopy Isotope Analyser. 

Our first results showed that in one month, 70% of the 
carbon of the substrate added to the soil has been mineralised 
and almost 90% of the organic hydrogen has been mineralised 
and/or isotopically exchanged; 10% of NEH is conserved from 
the molecule and about 20% of the hydrogen isotopic 
composition is derived from the water. The short-term 
dynamics of hydrogen is driven mainly by the incorporation of 
organic hydrogen from water by isotopic exchange and by 
microbial biosynthesis. From these experiments, the long-term 
behaviour of hydrogen derived from plant material will be 
predicted by modelling. 
 

2421



 Goldschmidt2015 Abstracts  

 2422 

High temperature thermochronology 
and the relationship between lead 

diffusion, composition and structural 
defects in apatite 

A. PAUL1, R. SPIKINGS1, M. OVTCHAROVA1 AND  
A. ULIANOV2 

1Department of Earth Sciences and the Environment, 
University of Geneva, Switzerland, Andre.Paul@unige.ch 

2Institute of Earth Sciences, University of Lausanne, 
Switzerland 

 
High temperature (>350oC) thermochronological 

measurement can be made by exploiting the loss of Pb from 
accessory minerals such as apatite, titanite and rutile, assuming 
that lead is lost by thermally activated volume diffusion. 
Studies within man-made and natural laboratories support this 
assumption. Some studies have proposed that interaction with 
aqueous fluids dominates daughter isotope loss from crystal 
lattices, although Cochrane et al. (2014) unambiguously 
showed that Pb loss from some apatites is a function of 
temperature, and aqueous interaction is not required. Cochrane 
et al. (2014) also showed that meaningful t-T paths can be 
obtained by modeling volume diffusion of Pb through apatite 
by combining the diffusion parameters of Cherniak (1991, 
2010), U-Pb dates, grain sizes and the distribution of U within 
the apatite. The aims of this study are i) to generate t-T paths 
from apatites of various lithologies and composition using 
HeFTy V1.8.0, ii) to investigate the relationship between Pb 
diffusion in apatite, titanite and rutile, and composition, iii) to 
examine the nature of Pb loss by comparing in-situ (MC-LA-
ICPMS) and bulk (ID-TIMS) dates and iv) investigate the 
effect of metamictization in low-U bearing accessory minerals 
by Raman mapping. The Sr isotopic composition of single 
apatite grains dated by ID-TIMS will be used to differentiate 
between metamorphic and magmatic apatites. 
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Compositional imaging by laser ablation-inductively 

coupled plasma-mass spectrometry (LA-ICP-MS) has largely 
focussed on high-resolution two dimensional images. In the 
past few years however, there has been increasing interest in 
3D applications for LA-ICP-MS imaging from a range of 
disciplines. There are a variety of approaches available for 3D 
imaging, each with certain advantages and disadvantages. Here 
we present a comparison of three approaches applied to a 
single sample in order to highlight the most appropriate use of 
each. We then examine the 3D volume reconstruction 
approach, which is possibly the most complex, in more detail. 

The 3D volume reconstruction approach builds an ‘image 
stack’ which requires some form of alignment post-processing. 
We recommend the pyramidal voxel registration technique as 
it is less likely to be affected by user bias, and has no 
requirement for common landmarks between images. This 
technique allows for alignment based on a single channel, or a 
composite channel, which may produce more accurate 
alignments overall for some samples. 

Once the image is aligned and the data reduced to 
concentration values, there is the issue of how best to represent 
multiple channels for 3D datasets. We present one solution to 
this problem via a multi-criteria voxel-gram. We also address 
the problem of how best to examine both the spatial and 
compositional distribution of 3D datasets with a murine brain 
example dataset from the field of neuroscience. We have 
developed an n-dimensional 3D fuzzy clustering approach to 
identify natural compositional clustering within our example 
dataset, the spatial distribution of which can then be visually 
inspected via the voxel-gram. 

This process paves the way for combined image sources to 
provide additional information to our datasets and to help 
improve the accuracy of our LA-ICP-MS results.  
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The Bambuí Group displays extensive carbonate-

siliciclastic sediments in east-central Brazil. The unit is a 
geological record of an epeiric sea that flooded the São 
Francisco Craton in the inner part of Western Gondwana 
during the late Ediacaran. Two carbonate sections from the 
upper part of the basal unit of the group, the Sete Lagoas 
Formation, in the southeastern sector of the craton were 
sampled in high resolution for an isotope chemostratigraphy 
study. The goal was to evaluate the C, O and Sr isotope record 
of proximal and distal environments of the carbonate platform. 

The proximal HV section (~48 m thick) located on the 
eastern margin of the craton exhibits dark gray, little impure 
carbonates. The δ13C values range between 8.82 and 12.77‰, 
the δ18O values vary between -10.05 and -6.95‰, with 87Sr/86Sr 
varying between 0.7074 and 0.7085, showing large 
fluctuations through the section. In contrast, the distal SL 
section (~46 m thick) is composed of pure dark gray 
carbonates showing very homogeneous δ13C values ranging 
between 8.34 and 10.40‰,  δ18O values between -8.81 and -
5.94‰, and 87Sr/86Sr ratios varying between 0.7074 and 
0.7076. Carbonates from both sections are extremely enriched 
in Sr (> 1500 ppm).  

The large fluctuations observed on the proximal areas 
suggest strong local controls on the isotope composition of the 
seawater, which can be accounted for riverine or submarine 
groundwater discharge. The distal sectors of the basin were not 
subject to such controls resulting in carbonates with 
homogeneous isotope profiles. However, the 87Sr/86Sr ratios of 
the SL section are less radiogenic than those expected for late 
Ediacaran period (~0.7085). This discrepancy can be explained 
by the lack of permanent connection of the Bambuí basin 
isotope pool with the global ocean due to restriction and/or 
inefficient circulation of the epeiric sea. This case challenges 
global correlations of carbonates deposited on ancient 
epicontinental basins based on isotope chemostratigraphy. 
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The extracellular polymeric substances (EPS) on the 

Synechococcus cell envelope are recognized key players in the 
nucleation of carbonates minerals in marine and freshwater 
environments. However, little is known about how 
environmental conditions (e.g., nutrient contents) control the 
molecular composition of Synechococcus cell envelope, and 
consequentely, biomineralization.  

Here we show how a variation of the phophorus (P) 
concentration on the cyanobacterial growth media (45, 90 and 
180 µM) can led to changes in the surface reactivity of marine 
and freshwater Synechoccocus cells and affect their ability to 
form carbonates.  

An increase in the ratio of polysaccharides to proteins on 
the surface of cells exposed to higher P concentrations was 
detected by Fourier transform infrared spectroscopy (FTIR), 
tip-enhancement Raman spectroscopy (TERS) and X-ray 
photoelectron spectroscopy (XPS). TERS revealed that 
glycosidic ring and carboxylate molecules from polyanionic 
polysaccharides were more prominent in these cells. Moreover, 
the concentration of P-contained functional groups on the cell 
envelope varied significantely, as reveled by potentiometric 
titrations. Biomineralization experiments with cells showed 
that the morphology, size and the precipitation rate of 
carbonate minerals were strictly dependent on the surface 
properties of the cells. Faster calcium adsorption rates were 
obtained with the cells cultured in higher P concentrations and 
on their surface we found small minerals clusters (<2µm) 
representing branches of nanometer irregular filaments linked 
with the cell surface.  

Our experimental results provide a direct evidence that 
phosphorus plays a significant role in the control of the EPS 
dynamics and synthesis by Synechococcus and, hence, 
phosphorus concentration should be taken into account when 
interpreting the role of microbes in mineral formation. 
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In this study we present the Cr-isotope composition of 
surface seawater from several locations worldwide. In addition 
to the samples from the oceans (Atlantic Ocean, Pacific Ocean, 
Southern Ocean and Artic Ocean) we analysed water samples 
from areas with a more limited water exchange (Mediterranean 
Sea, Baltic Sea, Øresund and Kattegat). The long residence 
time of Cr (7,000 to 40,000 years) [1-3] relative to the ocean 
mixing time (1,000 to 2,000 years) [4] could lead to the 
expectation that the Cr concentration and Cr-isotope 
distribution are homogeneous in the oceans. However, our 
seawater samples range from d53Cr =  +0.33±0.06‰ in the 
Øresund to 1.24±0.2 in the Arctic Ocean. Together with 
recently published data from the Argentinian Basin (+0.41 to 
+0.66‰) and Southampton (+1.5‰) [5] our data show a rather 
heterogeneous distribution of Cr isotopes in the world’s water 
masses. We have observed a negative correlation between the 
Cr-isotope composition and the Cr concentration. Exceptions 
are samples from the Baltic Sea/Øresund, which are 
isotopically light despite low Cr concentrations (~0.1-0.2 ppb). 

In addition to the seawater data, we measured Cr isotopes 
in modern biologically produced carbonate shells (bivalves, 
gastropods) and corals. Our preliminary data set ranges 
approximately from d53Cr = -0.2 to +0.7‰. They are 
isotopically lighter than local seawater. This is in good 
agreement with [6], who measured a negative offset from 
seawater in corals. These offsets indicate some kind of 
biological fractionation of Cr most probalby dominated by 
reductive processes prior to incorporation of Cr into the 
carbonate lattices. Our aim is to identify species that either 
incorporate the Cr-isotope composition of ambient seawater or 
show a species-specific offset with a view to using Cr as a 
paleo-redox proxy in ancient fossils. 
 
[1] Campell and Yeat (1984) Science 19, 513-522. [2] 
Reinhard et al (2014) EPSL 407, 9-18. [3] Van der Weijden 
and Reith (1982) Mar. Chem. 11, 565-572. [4] Broecker 
(1963) [5] Bonnand et al (2013) EPSL 282, 10-20. [6] Pereira 
et al (subm.) Geobiology. 
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 The partitioning of hydrogen (often addressed to as H2O) 
between periclase (pe) and perovskite (pvk) at lower mantle 
conditions (24-80 GPa) has been investigated, using quantum 
mechanics, equilibrium reaction thermodynamics and 
following two H-incorporation models. One is based on the 
replacements (MSWV) given by Mg2+↔2H+ and Si4+↔4H+; 
the other relies upon substitutions (MSWA) in terms of 
2Mg2+↔Al3++H+ and Si4+↔Al3++H+. H2O partitioning between 
the two mentioned phases is considered in the light of Bulk 
Silicate Earth (BSE) and Layered Mantle (LM) mantle 
geochemical models, which are set up to bear lower and upper 
bulk H2O contents (BWC) of 800 and 1500 ppm. 
BWCK(P,T)D,H2O

pe/pvk, exhibits negligible dependence on P, 
whereas it is remarkably sensitive to T,  BWC and hydrogen 
incorporation scheme. Both MSWV and MSWA lead to 
BWCK(P,T)D,H2O

pe/pvk ≤1. In general, the larger BWC, the smaller 
is BWCK(P,T)D,H2O

pe/pvk. Over the BWC range of 800-1500 ppm, 
MSWV leads to a <BWCKD,H2O

pe/pvk> (average of 
BWCK(P,T)D,H2O

pe/pvk calculated along the  P-T-paths predicted by 
geochemical models) that may be ultimately considered as a 
constant value (0.875). For  MSWA, <BWCKD,H2O

pe/pvk> is more 
sensitive to BWC (and LM over BSE),  but its values lie in the 
rather narrow range 0.610- 0.780. The concentration ratios 
“partition coefficient”: CH2O

pe/CH2O
pvk,) inferred from 

<BWCKD,H2O
pe/pvk>  r is estimated to be 0.56. MSWA, in turn, 

yields a CH2O
pe/CH2O

pvk-trend having a slightly steeper negative 
slope (CH2O

pe/CH2O
pvk ratio: 0.6-0.3; BWC 500-3000 ppm), but 

over the interval 800-1500 ppm it may also be considered 
nearly invariant and as large as 0.47). Combining the results 
from MSWV and MSWA we propose that, in the P-T-BWC 
range of geochemical interest, the H2O pe/pvk “partition 
coefficient” lies in the short interval 0.47-0.56. This implies 
that water always prefers pvk than pe.  
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approaches, new insights 

ADINA PAYTAN 
University of California Santa Cruz, USA 
 

Phosphorus is an essential element for life, being a 
structural and functional component of all organisms.  
Phosphorus availability can impact primary production as well 
as species distribution and ecosystem structure. In some 
systems phosphorus availability is considered the proximal 
macronutrient that limits primary production.  On the other 
hand phosphorus use as a fertilizer can result in contamination 
of waterways and eutrophication.  Unlike nitrogen, phosphorus 
cannot be fixed from the atmosphere.  Thus, over geologic 
time scales, it is often considered to be the ultimate limiting 
macronutrient in marine ecosystems.  Because phosphorus has 
only one stable isotope and is present predominately in one 
oxidation state, it is not trivial to study phosphorus 
transformations and cycling in nature.  

In recent years a wide array of innovative techniques and 
approaches have been developed and used to shed light on 
phosphorus cycling, utilization, biochemistry and geochemical 
transformations.  This has resulted in considerable new insight 
and new appreciation of the dynamic phosphorus cycle in 
nature and its relation to life, climate, and human’s wellbeing.  
A brief report on the recent advances in phosphorus research 
and directions for the future will be discussed.   
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Despite their relatively low abundance in marine sediments, 
iron (Fe) and manganese (Mn) minerals, through coupled 
sorption and redox, exert a primary control on the reactivity 
and cycling of trace-metals in the marine environment.  
Directly, these often transient minerals impart a first order 
effect on the concentration and stable isotope composition of 
metals in seawater, including nickel (Ni) and copper (Cu). 
Indirectly, as a result of mineral-promoted preservation of 
organic carbon (OC), these phases present an important but 
little understood link between the Earth's major and trace 
element cycles. 

In order to quantify the role of Fe and Mn minerals in 
global element cycles, it is necessary to understand their 
sorption and redox processes at the molecular level, because 
the precise mechanism by which trace-metals are sequestered 
can determine sediment-seawater exchange, and can induce 
significant trace-metal stable isotope fractionation, thought to 
control modern seawater composition for a number of 
micronutrients. This presentation will discuss several current 
research projects, where understanding the complex interplay 
between ferromanganese minerals and trace-metals at the 
molecular level has shed light on global element cycles.  For 
example, in the modern oceans, Mn oxides provide the primary 
sedimentary sink for Ni, where Ni concentration in seawater is 
coupled to an equilibrium sorption reaction between dissolved 
Ni and the phyllomanganate birnessite. During diagenesis, 
birnessite transforms into the tectomanganate todorokite and, 
across significant areas of the seafloor, the primary authigenic 
Mn oxide in marine sediments therefore exists as a transient 
mineral phase.  The transformation of birnessite results in 
significant release of Ni into marine sedimentary porewaters 
and the diagenesis of Mn oxides might therefore provide a 
benthic source of micronutrients to seawater.  Similarly, 
equilibrium sorption reactions between dissolved Cu and both 
Fe and Mn (hydr)oxides exert a significant control on modern 
oceanic Cu. Coupled with these processes, the formation, 
transformation and sorption behaviour of Fe (hydr)oxides in 
particular is fundamentally modified by the intimate 
association of Fe minerals with OC.  Coupling of the Fe and C 
cycles in marine sediments changes the mechanism of Cu 
sequestration at the molecular level and results in significantly 
altered Cu mobility. 
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Manganese (Mn) oxides are ubiquitous in oxic marine 

sediments and play a fundamental role in the biogeochemical 
cycling of micronutrient trace-metals in the ocean [1].  In the 
modern oceans, for example, Mn oxides provide the dominant 
sedimentary sink for the micronutrient nickel (Ni) [2], where 
Ni concentration in seawater is coupled to an equilibrium 
reaction between dissolved Ni and the Mn oxide birnessite [3]. 
In addition to this phyllomanganate phase, the other main Mn 
bearing phases in marine sediments are the phyllomanganate 
buserite and the tectomanganate todorokite [4]. In the 
environment, these Mn(III/IV) oxides are thought to form via 
the microbial oxidation of Mn(II) [5], however, although 
todorokite is often found intimately associated with 
phyllomanganates in ferromanganese precipitates, it is widely 
regarded as a neo-formed phase, formed during the 
transformation of an authigenic phyllomanganate under 
diagenetic and mild hydrothermal conditions [6]. In this 
regard, across significant areas of the seafloor, birnessite and 
buserite are transient mineral phases.  This is important 
because the long-term fate and mobility of dissolved 
micronutrients scavenged by authigenic Mn oxides will depend 
on how these phases transform, and whether scavenged 
micronutrients are retained by neo-formed todorokite or 
released to sediment porewaters. 

The presence of trace-metal impurities in authigenic 
phyllomanganates is traditionally believed to aid their 
recrystallization to todorokite, with the impurities eventually 
retained in the neo-formed mineral structure [6]. Here, with 
combined experimental and natural sample work, we show 
that, in fact, Ni significantly retards the transformation of 
birnessite to todorokite under diagenetic and mild 
hydrothermal conditions, and is ultimately released to 
porewaters from todorokite during a late stage dissolution 
recrystallization process [7]. The diagenesis of marine Mn 
oxides might therefore provide a significant benthic source of 
micronutrients to seawater [7]. 
 
[1] Goldberg, 1954, J. Geol. 62, p249 [2] Gall et al., 2013, 
EPSL 375, p148 [3] Peacock & Sherman, 2007, Chem. Geol. 
234, p94 [4] Burns & Burns, 1977, Marine Manganese 
Deposits [5] Bargar et al., 2000, GCA 64, p2775 [6] Burns & 
Burns 1978, EPSL 39, p341 [7] Atkins et al., 2014, GCA 144, 
p109. 
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There is an urgent need to implement engineered 
geological disposal for the safe isolation and containment of 
heat generating radioactive wastes. Clay is an integral 
component of all geological disposal facilities (GDFs) 
proposed worldwide, both in the engineered barrier and in 
potential host rocks. Due to its low hydraulic conductivity, 
high swelling properties, high ion exchange and sorption 
capacity for radionuclides, bentonite, consisting primarily of 
the dioctahedral smectite, montmorillonite, has been proposed 
as the engineered clay barrier (ECB). Montmorillonites have 
variations in chemical composition and structural site 
occupancy, affecting layer charge characteristics, which impact 
on the permeability and sorption properties of the ECB. Even 
after decades of interim storage, disposal of heat generating 
waste will lead to temperatures of 80-90°C in the ECB. The 
ECB will also be exposed to ionizing γ-radiation. Over time, 
the primary containment will corrode releasing corrosion 
products (Fe3O4, Fe(OH)2, Fe(II), Cu(I)) which will interact 
with the ECB, and the ECB will additionally be exposed to α-
irradiation from the longer lived radionuclides (actinides and 
fission products) in the waste. Given the complexity of this 
multi-component system and the potential for strongly coupled 
effects, the  aim of this work is to provide definitive 
information on crucial knowledge gaps in the GDF safety case. 
Specifically, microfocus X-ray diffraction (μ-XRD), X-ray 
absorption spectroscopy (XAS), infra-red (IR) spectroscopy 
and electron paramagnetic resonance (EPR) is being used to 
determine how damage caused by temperature, γ- and α-
radiation affects the ECB, including changes to the crystal 
structure resulting in defect formation and amorphisation; and 
subsequent impacts of these changes on sorption properties, as 
a function of clay composition. This research will ultimately 
yield a predictive understanding of the ECB safety functions of 
radionuclide containment and isolation within the GDF near 
field.  
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Silicate weathering feedback is one of the principal 

mechanisms thought to regulate atmospheric CO2 and climate 
throughout Earth’s history [1]. Central to this hypothesis is the 
concept that continental weathering is enhanced during 
episodes of global warming and remains elevated until 
atmospheric CO2 levels, and hence global temperatures, have 
returned to their pre-perturbation states. Ground-truthing this 
theory requires proxies that are sensitive to changes in global 
weathering regimes over timescales equivalent to the climatic 
perturbations. The radiogenic strontium (87Sr/86Sr) isotope 
system has frequently been used to characterise such changes 
in continental weathering through time, although limits on 
analytical precision coupled with the long residence time of Sr 
in seawater (>2 Myr) have traditionally meant that significant 
shifts in the flux and/or composition of Sr reaching the oceans 
were needed to detectably perturb the 87Sr/86Sr composition of 
seawater over short timescales. However, recent increases in Sr 
analytical precision now mean that variations in 87Sr/86Sr can 
be used to constrain the extent of continental weathering over 
short (<100 kyr) intervals [2], raising the possibility of using 
this system to investigate transient increases in continental 
weathering and potentially provide the ‘smoking gun’ for 
silicate weathering feedback. 

This study presents new high-precision 87Sr/86Sr data 
across the PETM and MECO hyperthermal events. 
Foraminifera from multiple core sites are used to verify the 
global nature of these high-precision Sr records and their 
ability to assess changes in global weathering during these 
extreme climatic intervals. Our results are compared to other 
weathering sensitive proxy data and to the weathering 
perturbations predicted across these periods, and are used to 
assess the extent to which silicate weathering feedback may 
have contributed to climatic recovery during these events. 
 
[1] Berner et al. (1983) Am. J. Sci., v.283, p.641-683. [2] 
Mokadem et al. (2015) EPSL, v.415, p.111-120. 
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There is wide support for the Stern-Bloomer hypothesis 

that sea-floor spreading following subduction initiation is the 
mechanism for the formation of most Supra-Subduction Zone 
ophiolites. However, testing and developing this hypothesis is 
constrained by the fact that even the best-studied in situ 
example of subduction initiation, the Izu-Bonin-Mariana 
(IBM) forearc, is Eocene, largely submarine, sediment-
covered, and lacks good stratigraphic control. Thus, in late 
2014, IODP Exp. 352 targeted the Bonin forearc in an attempt 
to drill a complete reference section through subduction 
initiation oceanic crust. Two sets of sites were drilled with a 
total penetration of 1200m: Sites U1440 and U1441 were 
drilled in deep water and recovered basalts, while Sites U1439 
and U1442 were drilled in shallower water further from the 
trench and recovered boninites. Holes U1439C and U1440B 
both rooted in sheeted dolerites, inferred to be dikes on the 
basis of textures, geochemical variations and comparison with 
lava-dyke transitions drilled elsewhere. The drilled basalts are 
similar in composition to ‘fore-arc basalts’ (FAB) already 
sampled from the IBM forearc which give ages of c. 51-52 Ma, 
just following subduction initiation. In terms of enrichment in 
subduction-mobile elements, they exhibit little-to-no 
subduction input, though they are depleted in incompatible 
elements relative to average N-MORB and have lower Ti/V 
ratios. Their downhole variability and degree of differentiation 
are indicative of eruption from a stable melt lens. The 
boninites reflect a more depleted mantle source modified by a 
significant subduction component; they are likely slightly 
younger and could represent the final stages of spreading. 
Overall, compositions support a model of spreading above an 
embyonic subduction zone in which mantle depletion and 
subduction input increase with time. The structure and 
composition of subduction initiation oceanic crust here, and in 
general, is likely a function mainly of roll-back rate which is 
influenced in turn by a number of variables, including the age 
of the subducted lithosphere and the absolute rates of motion 
of the larger plates.  
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The reactivity of the impurity gases SO2 and O2 which may 
be present in industrial CO2 capture streams from coal post 
combustion capture, oxyfuel firing, gas processing, cement or 
steel production etc.  have been investigated through the 
CO2CRC and ANLEC R&D.   

Six reservoir and seal cores from the West Wandoan-1 
well, drilled at the CTSCo Surat Basin CCS project site in 
Queensland, Australia, were selected for visualisation  and 
quantification of porosity and mineralogy by micro-CT and 
QEMSCAN.  SEM, XRD, and selected porosity-permeability 
measurements were also undertaken before and after high PT 
batch experiments with a supercritical CO2-SO2-O2 gas mixture 
and low salinity brine at reservoir temperature and pressure.   

The reservoir rock, Precipice Sandstone, showed minimal 
change, except minor movement of kaolin.  Potential initial 
changes to water quality (low pH and high sulphate from SO2) 
were identified through geochemical analysis of reaction 
fluids.  The overlying Evergreen Formation cores showed a 
variable response controlled mainly by mineralogy.  Reshaping 
of pore networks by dissolution of calcite cements was 
characterised by micro-CT in core from the reservoir-seal 
interface.  In carbonate-poor low permeability seal core, 
corrosion of Fe-rich chlorite, plagioclase, and minor 
carbonates contributed to initial increases in dissolved cations.  
In an overlying section of Hutton Sandstone core, calcite 
cement convertion to higher volume Ca-sulphate indicated 
potential self-sealing capacity over longer time-scales.  
Reductions in dissolved trace metals were most apparent where 
mineral precipitation occurred.  Enhanced dissolution of 
silicates with impurity gases present indicated potential for 
accelerated mineral trapping which is currently being 
investigated.  Data from these and previous studies are 
contributing to geochemical model validation and 
improvement [1][2][3].   

The findings of this study are applicable to understanding 
potential impacts of impurities in other carbon storage sites 
expecting to inject impure CO2. 

 
[1] Pearce et al. (2014) ChemGeo, 
10.1016/j.chemgeo.2014.10.028. [2] Farquhar et al. (2014) 
ChemGeo, 10.1016/j.chemgeo.2014.10.006. [3] Kirste et al. 
(2013) MinMag, 77, 1470. 
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Informed predictions of future climate and the Earth’s 

resulting ecology increasingly rely on our ability to assess 
paleoclimatic conditions tens or hundreds of millions of years 
in the past, including episodes in which preservation of 
biominerals is sub-optimal. Organic geochemical proxies, 
including those for sea surface temperature (SST) and 
atmospheric pCO2, provide important paleoclimate 
reconstructions for these episodes as well as for more recent 
times. Among the most widely employed are the TEX86 SST 
proxy, the Uk’

37 SST proxy, and the alkenone-pCO2 proxy. The 
first is based on lipids of Archaea; while the second and third 
are based, respectively, on lipid distributions and carbon 
isotope (δ13C) ratios of haptophyte algae.   

Measuring all three of these proxies in a given sample suite 
greatly enhances the ability to interpet not just paleoclimate, 
but also ocean biogeochemistry – for example, assessing the 
depth of the nutricline and the resulting carbon export flux, 
illuminating variations in upwelling regimes.  Largely missing 
from these multi-proxy records, however, is a complementary 
set of δ13C measurements for the lipids used in the TEX86 
proxy.  Such data could be compared to δ13C data for 
alkenones (and when available, foraminifera) taken from the 
same cores.  Because Archaea are predicted to have no 
sensitivity to pCO2, their lipids should allow better constraint 
of the local DIC system and should improve the resulting 
alkenone-pCO2 reconstructions. 

However, as for all biological proxies, understanding the 
physiology and biochemistry of the responsible organisms is 
essential to understanding how the proxies work.  Here I will 
discuss what is known about the production and export of the 
lipids used in the TEX86 proxy and propose isotope-motivated 
(δ13C and  Δ14C) approaches to gain further information. From 
this perspective, the TEX86 proxy is uniquely perplexing: The 
Archaea believed to be the major source of the TEX86 lipids 
are the ocean’s dominant nitrifiers, with maximum activity 
near and below the base of the photic zone. Analysis of lipid 
structural distributions and carbon isotopes also establish that 
the dominant flux to sediments is not from the sea surface, yet 
multiple approaches to calibration show good correlation 
between TEX86 and SSTs. Reconciling these observations will 
be critical for future interpretation of the DIC-pCO2 system 
and for confident assessment of paleotemperatures. 
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While diminuitive in size, solid and fluid inclusions within 
diamonds trap pristine chemical information about the time-
integrated effects of subduction cycling throughout ~700 km of 
Earth’s mantle. Sub-micron fluid inclusions within lithospheric 
diamonds reveal a spectrum of trace element and Sr-Nd-Pb 
isotope diversity that probably reflects the subduction cycling 
of lithophile elements from ancient crustal materials [1]. A 
vivid illustration of the link between oceanic crust and 
diamond-forming fluids is seen in fluid-rich diamonds from the 
Slave craton. Saline diamond fluids - high in Cl and K - from 
the Ekati mine are characterised by positive Eu and Sr 
anomalies that provide a powerful link to their origin from a 
recycled oceanic slab protolith.  87Sr/86Sr ratios of the saline 
fluids indicate derivation from Mesozoic seawater. The fluid 
evolution trends in the Ekati diamonds are consistent with 
saline fluids being primary agents for metasomatic change in 
the lithosphere via expulsion from a closely underlying 
subducted slab. Such fluids, if un-buffered by peridotitic 
mantle, may contribute to the striking oxygen isotope 
variability recently seen in eclogitic diamond inclusions from 
southern Africa [2] which confirm a link between eclogitic 
diamond formation and altered oceanic crust. Deeper-derived, 
sub-lithospheric diamonds containing majorite garnet also have 
been shown to have clear subducted slab protolith signatures, 
evident from their elevated δ18O characteristics [3]. This link 
with the oceanic crust is further evident in the mineralogical, 
trace element and C isotopic complexity of super-deep 
diamonds, originating from the mantle transition zone to lower 
mantle [4, 5, 6]. Finally, the water content of parts of the 
peridotitic transition zone as shown by ringwoodite in diamond 
[7] may reflect the subduction of water and its subsequent 
thermally controlled solubility during slab maturation and 
dehydration.   

 
[1] Klein-BenDavid et al. (2014) GCA 125, 146-169. [2] Ickert 
et al. (2013) EPSL 364, 85-97. [3] Ickert et al., (submitted) [4] 
Walter et al. (2011) Science 334, 54-57. Thomson et al. (2014) 
CMP 168, 1081. [5] Palot et al. – this conference. [6] Stachel 
et al. (2005) Elements 1, 73-78. [7] Pearson et al. (2014) 
Nature 507, 221-224. 
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Laser-induced down-hole fractionation of U and Pb is 
observed in ablation of zircon using nanosecond pulse width 
lasers (e.g. 213 nm Nd:YAG and 193 nm Excimer). The 
change in 206Pb/238U is greatest in the first 150-200 laser pulses 
(20 to 30 seconds of ablation at 5 Hz) and is controlled by laser 
fluence and laser spot size.  Both parameters affect ablation 
rate and as the aspect ratio (depth:diameter) of the pit increases 
with the number of laser pulses, the signal intensity decreases 
as less material is removed from the ablation front. The 
combined effects of the strong fractionation at the start of 
ablation with the decay in signal intensity limit the accuracy 
and precision of the dating of small (<20 µm) zircons. 

In this study the fundamental ablation behaviour of zircon 
has been investigated using a Photon Machines Analyte 198.fs 
femtosecond laser system (198 nm wavelength) and 
implications for U-Pb geochronology will be presented.  
Unlike with the nanosecond pulse laser systems there is no 
change in 206Pb/238U for the first 300 laser pulses (60 seconds 
of ablation at 5 Hz) at spot sizes in the range 20 to 60 µm. 
Although the beam energy distribution is Gaussian, the pits 
have relatively flat bottoms and near-cylindrical shapes at the 
larger diameters and become more conical with decreasing 
diameter. The ablation rate is slower than for nanosecond 
systems at similar spot sizes and fluences, and there is less 
condensation of ablated material and redeposition on the 
surface of the sample. These features result in a near steady-
state signal intensity for a 60 second ablation at 5 Hz for a  
40 µm spot size (shorter for smaller spots). The absence of 
down-hole fractionation and the efficient removal of material 
from the ablation site therefore enables higher spatial 
resolution.  

The stoichiometric sampling of zircon using the 
femtosecond laser significantly improves data quality. Internal 
(single analysis) precision is typically better than 0.8% rsd for 
206Pb/238U (compared to 1.2% rsd for the Excimer) and relative 
uncertainties on ages for zircon reference materials are ~0.9 to 
1.3%: Plesovice: 336.1±3.5 Ma (2sd, n=25); Temora: 
417.9±3.8 Ma (n=20); Seiland: 531.6±6.7 Ma (n=22); 91500: 
1062.5±11.1 Ma (n=46). 
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The Turee Creek Group was deposited during the 

oxygenation of Earth’s surface resulting from the ‘Great 
Oxidation Event’ (GOE). The age of the group is constrained 
by the underling Wongarra rhyolite, dated at 2,449±3 Ma [1], 
and intruding mafic sills with an age of 2,208±10 Ma [2]. 
Three strategically-placed diamond drill cores were obtained 
through the ‘Turee Creek Drilling Project’ in an effort to 
investigate the stratigraphic changes in mineral and rock 
geochemistry spanning the irreversible rise of oxygen and 
Earth’s oldest widespread glacial event. Drilling was 
performed through (1) the Bolgeeda Iron Formation of the 
uppermost Hamerseley Group, which marks the Archean-
Proterozoic transition; (2) diamictites of the Meteorite Bore 
Member, an equivalent of the Huronian Glaciation; and (3) 
mudstones and stromatolitic carbonates of the Kazput 
Formation. High-resolution major and trace element 
chemostratigraphy will be presented for the three cores. Of 
particular importance is the occurrence of intervals showing 
authigenic enrichments in various trace elements (e.g., Ni, Cr) 
and more importantly in redox-sensitive metals, specifically 
Mo and U, particularly in hydrogenous sediments of the 
Bolgeeda Iron Formation. These elements were likely supplied 
to the ocean by oxidative weathering of crustal minerals. 
Significantly, these episodic enrichments of redox-sensitive 
metals are associated with strongly 34S-depleted sedimentary 
pyrite displaying no mass-independent sulfur isotope 
fractionation [3]. The data presented here supports the idea that 
the GOE is best seen as a protracted process rather than a 
discrete event and that the presence of small amounts of O2 
were present in the environment before the start of the GOE.  
 
[1] Barley et al. (1997) Nature 385: 55-58. [2] Müller et al. 
(2005) Geology 33: 577-580. [3] Philippot et al. (2015) This 
volume. 
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The 2H/1H composition of organic compounds from 
terrestrial plants has been steadily gaining popularity as a 
proxy for palaeohydrology. Even though there is a general 
understanding of the link between the  δ2H values of 
precipitation and n-alkyl lipids, there remain several major 
challenges that need to be addressed when using this proxy in 
the geological record. The purpose of this contribution is to 
clarify some of these challenges and to provide an improved 
understanding of how and in what context leaf wax hydrogen 
isotope data can be used as a proxy for palaeohydrology. 

First, it is not always clear to what extent shifts in the 
contribution of isotopically different plant material through 
time could influence the sedimentary δ2H record. Second, 
certain depositional settings are particularly conducive to 
diagenetic reworking of leaf and root derived biomass and a 
significant contribution from soil derived compounds. Third, in 
certain depositional settings, plant waxes can be transported 
large distances via river and air. Fourth, a sedimentry deposit 
could accumulate organic compounds derived from aged soils 
and sedimentary rocks of different ages. 

Several proxy validation studies have used either leaf 
waxes from extant land plants or sedimentary biomarkers in 
lacustrine and soil deposits to show a link between the δ2H 
values of environmental water and leaf waxes across broad, 
climatically different regions. Even though such studies clearly 
demonstrate correlation between the two variables across 
space, caution has to be applied when a temporal component is 
involved, i.e. when dealing with the sedimentary record. The 
issue might be particulary acute when the investigation focuses 
on a single locality where a combination of the factors 
discussed above might be at play. 

This review will evaluate the challenges associated with 
the application of terrestrial plant-derived δ2H record in 
wetlands, mountainous and lacustrine settings, as well as 
coastal and open marine environments. Particular 
consideration will be given to the potential role of – and thus 
the extent of uncertainty due to – each of the above four factors 
that might complicate interpretation of the sedimentary δ2H 
record in these settings. 
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Enhanced oil recovery (EOR) by low salinity flooding is 
effective for sandstone reservoirs but in carbonate rocks, the 
evidence for its effectiveness varies. We studied the influence 
of residual organic material on the adhesion forces between a 
model oil droplet and reservoir limestone pore surfaces using 
atomic force microscopy (AFM) in chemical force mapping 
(CFM) mode (Figure 1). On samples, one taken from an 
original core plug and one that had been extensively treated 
with solvent, there was no convincing correlation between 
adhesion, i.e. wetting properties, and the salinity of the 
solution. However, a detailed analysis of the force maps from 
the original sample showed that adhesion forces in some quite 
local areas did respond to salinity changes. In some areas, 
adhesion increased in low salinity solutions whereas in others, 
it decreased. X-ray photoelectron spectroscopy (XPS) and 
energy dispersive X-ray spectroscopy (EDXS), provided 
supporting evidence. We conclude that the varied response to 
low salinity solutions that is reported in the literature for 
carbonate rocks results from local differences in the 
composition of the organic material on pore surfaces.  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: An AFM image from a sample of limestone 

showing adhesion between a pore surface and a tip 
functionalised with -CH3 to represent a tiny oil droplet. Some 
areas are quite water wet (blue) whereas others are oil wet, 
with high adhesion (pink).  
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Introduction 
Carbon dioxide diffuse degassing structures and fumarolic 

fields at Furnas volcano (São Miguel Island, Azores) are the 
surface expression of rising hydrothermal steam. Soil CO2 
surveys, started in the early nineties, initially demonstrated the 
existence of a significant CO2 degassing area in Furnas 
caldera.  Here, we report the results of a study (performed in 
August 2014) in which soil CO2 degassing surveys (via 
accumulation chamber) were combined, for the first time, with 
measurement of the fumarolic CO2 flux, using a GasFinder 2.0 
tunable diode laser.  

Results and Discussion 
At each site, we used an ad-hoc designed measurement 

geometry, using a TDL (a GasFinder unit) and several 
differently positioned retroreflectors (mirrors), to scan the 
fumaroles’ plume from different angles and distances. From 
post-processing of the data, we derived contour maps of CO2 
mixing ratios in the plume and, by integration and combination 
with plume transport speed, we inferred the CO2 flux directly. 
Simultaneously, the accumulation chamber equipped with a 
LICOR LI-800 infrared CO2 detector that measures CO2 
concentrations in the range 0 – 2 vol.% was used. The soil CO2 
flux contribution from both fields (9.2 t/d) represented a minor 
(10-15%) contribution to the total CO2 output (60.5 t/d), which 
was therefore dominated by fumaroles. The CO2 emitted by the 
fumaroles is far lower than the total hydrothermal diffuse 
degassing flux of ~ 968 t/d. This observation supports the 
conclusions that, although fumaroles are the most visible 
surface manifestations of thermalism, they may contribute 
relatively little to the total CO2 output from a quiescent, 
hydrothermal volcano, although exceptions may do exist.  
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The Dionisio-Sierra de los Ríos block consists of various 

plutonic rocks of Neoproterozoic age, all related to the 
collision between Río de la Plata and Kalahari cratons [1 and 
references therein]. This block belongs to the Aiguá-Pelotas 
Batholith of the Dom Feliciano Belt, also known as the granitic 
belt [2]. Their composition range from granites, granodiorites 
and sienogranites, showing variable degree of deformation 
from isotropic to milonitic textures. Geochemically they are 
high K calc-alkaline rocks, showing magmatic arc to post 
collisional signature. 

A total of five samples presenting igneous zircons with 
overprinted late-post-magmatic features were analyzed. The 
obtained U-Pb zircon ages (LA-ICP-MS) yielded a range from 
625 to 600 Ma for each sample, implying 25 Ma time interval 
for their emplacement. The isotopic data obtained in the same 
samples indicate εNd values range from -4.2 to -6.4, while 
87Sr/86Sr range varies from 0.70817 to 0.71759. 

The ages obtained for these rocks are coherent with the 
ones indicated for other granitic bodies belonging to the Aigua 
and Pelotas batholiths [3][4], developed to southwest and 
northeast respectively. The ages obtained here are interpreted 
as indicative of the initial magma generation (~625 Ma) and 
emplacement (~600 Ma).The isotopic and petrologic data 
suggest crustal participation in their genesis. 

 
[1] Sánchez-Bettucci et al. (2010) INT GEOL REV, 52: 1, 51-
78. [2] Basei et al. (2000) Tectonic evolution of South America, 
31st IGC, pp. 311-334. [3] Oyhantçabal et al. (2010) INT J 
EARTH SCI, 100(2-3): 379-390. [4] Philip & Machado (2005) 
J S AM EARTH SCI, 19: 461–478. 
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In biomineralisation the morphology of the crystals is 

influenced by the nature of a polymeric additive. Modifications 
of the polymer structure and morphology allow specific 
variations and to gain insights into the fundamentals of 
biomineralisation.   

 A new class of colloidal particles, Multiple Suspension 
Particles (MSP), based on a poly(N-isopropylacrylamide) 
precursor scaffold synthesized via redox-initiated hetereophase 
polymerization was recently reported [1].  Subsequently these 
MSP were used as additives in the biomineralisation of 
calcium carbonate via the classic ammonium carbonate 
method.  
Figure 1: Left, TEM micrograph of a single MSP showing PS 
particles distributed on a PNIPAM scaffold (scale bar: 1μm) ; 
Right, SEM micrograph of the calcite crystals obtained (scale 
bar: 100μm) 

  
 Preliminary results suggested that the presence of MSP 
induced a “Stalagmite” morphology grown continously in 
conjunction with the typical trigonal calcite crystals. Confocal 
Raman spectroscopy, X-ray diffraction analyses and additional 
relevant studies will follow to complete the discussion.    

 
[1] Ran Yu et al . (2013), Macromol. Rapid Commun 34,  
1629-1634 
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Long-term massive underground coal mining activities 

destruct the stability of the overlying rocks and result in 
surface distortion and land subsidence, which are prone to 
form a large scale of seasonal or perennial waterlogged areas, 
especially in the area of shallow underground water. Multi-
temporal Landsat and Pleiades images from 1989 to 2013 were 
used to analyze waterlogged area change using OBIA(Object-
Based Image Analysis) in the Panxie coal mining area, where 
underground coal mine exploitation has been ongoing since 
1980s. The waterlogged area increased to about 2900 ha in 
2013, approximately 80 times as large as the area of 
waterlogged areas in 1989. Like other inland waters, the main 
problem of water quality in waterlogged area is anthropogenic 
eutrophication from agriculture fields, untreated residential and 
industry waste. Surface spectral and constituent concentration 
data for water in waterlogged area at two different sampling 
periods were obtained. Inherent optical properties (IOPs) were 
measured to analyze the variation of colored dissolved organic 
matter, phytoplankton, and non-pigment suspended matter. As 
a key water quality parameter for the evaluation of trophic 
state of inland waters, the concentration of Chlorophyll-a (Chl-
a) was accurately estimated using a three-band algorithm. 
Therefore, it was proved that remote sensing could provide 
important support for anthropogenic environmental changes in 
coal mining area. 
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The reaction between dissolved H2S and ferric 

(hydr)oxides leads to the formation of significant amounts of 
MEtastable Sulphur species at the Surface of Iron (hydr)oxides 
(MESSIs) , such as FeS, surface polysulphides presumably 
bound to Fe(II), or S8-sulphur [1-3]. 

Such species appear to be intermediates for the formation 
of pyrite. Their formation rate and formation pathways depend 
on the reactivity of the ferric (hydr)oxide and the Fe/S ratio. 
Once this ratio is > 1 (e. g. ground waters, non-marine aquatic 
systems with a limited formation rate of dissolved H2S) the 
formation rate of MESSIs can be very high in the range of 
hours and their half life of the order of weeks. 

Such time scales are characteristic to aquatic systems 
exposed to frequent fluctuations of redox conditions, which 
makes MESSIs potential participants in the biogeochemical 
cycles occurring during such fluctuations. Surprisingly, inspite 
of their quantitative importance, there occurrence has been 
overlooked to date let alone that their ecological role in 
biogeochemistry has been considered. 

MESSIs are energy-rich sulphur compounds that may exert 
a variety of biogeochemical functions: i) involvement in the 
sulphur cycle i) through disproportionation of elemental 
sulphur (either from polysulphides or S8 sulphur) and ii) as 
electron donors for chemolithotrophic metabolic acitivities (e. 
g. denitrification), ii) working as an electron shuttle taking up 
electrons as well as releasing electrons and mediating electron 
transfer e. g. for microbial iron reduction  

 
[1] Wan, Shchukarev, Lohmayer, Planer-Friedrich & Peiffer 
(2014) Environ. Sci. Technol., 48, 5076–5084. [2] Peiffer, 
Berends, Hellige, Larese-Casanova, Wan, & Pollok (2015), 
Chemical Geology, 400, 44-55. [3] Wan & Peiffer, 
Goldschmidt Conference, Session 25k 
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Sediment partial melting is commonly required for key 

trace elements (such as Th) to be efficiently transferred into the 
mantle wedge in modern subduction zones. Recent high 
pressure experiments have already constrained phase 
relationships of crustal lithologies for pressure-temperature 
conditions relevant to sub-arc depths [1]. However, the effect 
of volatile elements – especially sulfur – on phase relationships 
and compositions in sedimentary systems remains poorly 
constrained [2]. Neverthless, experimental and geochemical 
evidence suggest that the sub-arc mantle is significantly 
enriched in sulfur, relative to MORB mantle, following 
percolation by a metasomatic agent expelled from subducted 
lithologies [3]. 

 Using piston-cylinder apparatus, we performed melting 
and crystallization experiments (3 GPa; 800-1000°C; ƒO2 ~ 
NNO+1) on a natural Ca-poor pelitic lithology undoped in 
trace elements with variable water (5 and 8 wt%) and sulfur  
(0 - 1 and 2 wt%) contents.  

In most run products, peraluminous granitic melt coexists 
with garnet, kyanite, coesite and rutile. Sulphide and 
orthopyroxene appear in S-doped experiments. Sulfur 
solubility in hydrous melts ranges from about 200 and  
1000 ppm. Increasing sulfur contents (at constant T and H2Oin)  
in pelitic lithologies affects phase relations by increasing 
significantly the degree of partial melting and by destabilizing 
garnet in favour of orthopyroxene. The consumption of garnet 
for S-doped experiments leads to an increase of Mg# and a 
decrease of LREE-HREE fractionation in silicate melts.  

These results show that S must be taken into account in 
geochemical models aimed at quantifying the role of sediments 
in arc magma petrogenesis. Though preliminary, these results 
suggest that the peraluminous metasomatic agent issued from 
the hydrous melting of a sediment moderately enriched in S  
(< 2 wt%) does not transport significant quantities of sulfur 
into the mantle wedge. 

 
[1] Hermann & Spandler (2008) J. Petrol. 49, 717-740. [2] 
Prouteau & Scaillet (2013) J. Petrol. 54, 183-213. [3] Brandon 
et al. (2014) Goldschmidt Abstracts 2014 267. 
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The Utu’Uli Mn(-Ni) deposit, discovered in 2010, is a 

unique deposit showing large nickel enrichment surpassing 
those reported for hydrogenetic Fe-Mn crusts and polymetallic 
nodules. The Mn-Fe-Si mineralization covers a surface area of 
approximately 1.5 km2 and is composed of (from surface to 
depth): (i) dense and layered hydrothermal Mn crusts, (ii) Mn 
oxhydroxides impregnations with variable amount of Fe 
oxhydroxides and yellow nontronite, (iii) Fe oxyhydroxides 
with yellow nontronite and (iv) green nontronite. Even though 
nickel is anomalous in nontronite (up to 382 ppm), the most 
enriched samples (up to 5.3 wt.% Ni) are those with the 
highest manganese concentrations. Investigation of rare earth 
elements (REE) composition of hydrothermal precipitates 
points to (i) a seawater REE source between 0-45cm below 
seafloor (bsf) and (ii) a pore water REE source i.e. modified 
seawater below 45 cm bsf.  

We performed coupled nickel, copper and zinc isotopic 
analyses at Ifremer on a Neptune MC-ICP-MS using 
previously reported methods. Samples analyzed encompass a 
wide range of mineralogical and geochemical types from pure 
Mn oxide to nearly pure Fe-Si precipitates. Results show that 
(1) Ni isotopes, and to a lesser extent Zn and Cu isotopes are 
fractionated during their incorporation into Mn minerals 
(essentially birnessite) and (2) seawater provides a significant 
source of Zn, Ni and Cu to the Mn-rich deposits exposed at the 
seafloor, consistent with REE composition. We therefore 
propose that the exceptional enrichment of nickel in 
hydrothermal Mn-Fe-Si deposits results from the continuous 
scavenging of nickel onto crystalline hydrothermal Mn-oxides 
and is derived from both low-temperature hydrothermal fluid 
(i.e. lacking H2S) leaching the substrate rocks and from 
seawater circulating through the porous structure of the 
deposit. 
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A petrological study of two mantle xenolith suites from 
Northern Victoria Land (NVL) have been carried out in order 
to characterize a large  portion of the lithospheric mantle 
beneath the West Antartict Rift System from Mt. Melbourne 
(74°21’S 164°42’E) to Handler Ridge (HR)  
(72°31’ 167°18’E). Samples are anhydrous lherzolites, 
although few harzburgites and wehrlites are also found. GP 
peridotites vary from protogranular to porphyroclastic in 
texture, while in HR medium to coarse or fine-grained 
equigranular texture prevails. Based on mineral major and 
trace element petrological modeling, this mantle domain may 
represent a residuum after ~10 to 20% of partial melting. 
Overprintend on this event at GP there are evidence for the 
percolation of a tholeiitic and an alkaline melts, most probably 
affecting the mantle domain in different times. The first event 
increases the Al2O3 content in opx and cpx and modifies the 
REE content in cpx, leaving a garnet signature. The good 
matching with trace element content in cpx phenocryst from 
Ferrar and Karoo tholeiites allow to ascribe this refertilization 
event to Jurassic time. The second event is associated with the 
alkaline Cenozoic magmatism related to the WARS opening 
and is responsible for the presence of rare LREE-enriched, 
secondary cpx and high alkalies glassy patches. The mg# 
values (mg# ol = 87.5-91.0) and the high variable cpx HREE 
contents (YN =1.76-11.45) of the HR reflect a fertile to 
moderate residual mantle segment. The presence of  SiO2-rich 
glass and rare, trace element-enriched secondary cpx suggest 
that HR population was also affected by melt interaction, most 
probably of alkaline affinity. Both HR and GP peridotites are 
thermal constrained at 950-980 °C, with redox conditions close 
to the QFM buffer, and the tendency for GP population 
towards more reduction conditions (~ -1.04 log units below 
QFM). Compared with hydrated mantle xenoliths from nearby 
localities, GP and HR xenolith suites present higher T and 
comparable oxidized conditions. 
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The ability to cycle between the +4, +3 and +2 oxidation 

states and form species with high oxidizing potentials renders 
manganese (Mn) a key oxidant in environmental systems. 
Manganese oxide phases can oxidize a wide range of chemical 
species, including water, metals and organic matter. In sunlit 
environments, direct and indirect photochemical processes can 
enhance the reduction and dissolution of Mn oxide minerals. 
That MnO2 photoreduction can occur under visible light 
irradiation has been suggested in studies using theoretical 
approaches and field- and laboratory-based measurements. 
However, direct Mn(IV) photoreduction in the absence of 
organic electron donors has not been investigated previously. 

Recently we established macroscopic and spectroscopic 
approaches to investigate the photoreduction of δ-MnO2 [1], a 
synthetic analog of biogenic Mn oxides that consists of 
randomly stacked MnO2 nanosheets. We found that 400 nm 
irradiation of aqueous suspensions of δ-MnO2 at pH 6.5 led to 
the irreversible accumulation of Mn(III) in the mineral over 
72-h. Our measured rates of Mn(III) accumulation in the 
mineral and calculated quantum yields indicate that 
photoreduction of MnO2 by water is an important 
environmental process with an efficiency comparable to that 
observed for Mn oxides in the presence of dissolved organic 
matter and greater than that reported for iron oxides in the 
presence of water. In addition, optical and X-ray transient 
absorption spectroscopy allowed us to follow the Mn 
chemistry following photoexcitation. We found that photon 
absorption creates a Mn(III) ion within 0.6 ps in the MnO2 
nanosheet; this species is unstable and migrates to the 
interlayer within 600 ps. This process, and subsequent 
irreversible changes in crystal chemistry, may represent a 
limiting step in multi-electron chemistry including water 
oxidation and environmental carbon cycling.  
 
[1] Marafatto, F. F.; Strader, M. L.; Gonzalez-Holguera, J.; 
Schwartzberg, A.; Gilbert, B.; Pena, J., Rate and mechanism of 
the photoreduction of birnessite (MnO2) nanosheets. Proc Natl 
Acad Sci U S A 2015. 
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Polycyclic aromatic hydrocarbons (PAH) are products of 

incomplete combustion of fossil fuels (e.g. coal fired power 
plants, burning of biomass) and are present in the gaseous and 
particulate phase of diesel exhaust, and cigarette smoke. The 
International Agency for Research on Cancer (IARC) has 
listed air pollution as a Group 1 “known human carcinogen” 
[1]. The US Environmental Protection Agency monitors 16 
priority PAH that determine ambient air quality. Among these  
benzo[a]pyrene (B[a]P)  is also listed as Group 1 carcinogen 
[2]. The World Health Organization estimates that 30% of lung 
cancer observed in never-smokers is related to the inhalation of 
polluted air. PAH are absorbed onto fine particulate matter 
(PM2.5) which can deposit in the deep lung but are inert and 
require bioactivation to cause their tumorigenic effects. Not 
everyone exposed to PAH will develop lung cancer suggesting 
that a significant gene-environment interaction exists. Human 
susceptibility to these carcinogens is likely to result from 
intrinsic or acquired phenotypes. Intrinsic phenotypes are 
related to inherited mutations (single nucleotide 
polymorphisms) in genes involved in the bioactivation and 
detoxication of PAH. However, the odds ratios in favor of 
these mutations are generally modest. By contrast acquired 
phenotypes related to changes in the transcriptome or “gene 
batteries” that are induced as a result of an exposure response 
may be more significant. Using B[a]P as a representative PAH, 
pathways of bioactivation in humans involve the formation of 
genotoxic species e.g. radical cations, diol-epoxides and o-
quinones. Gene batteries involved these pathways have been 
identified and phenotypic underpinning of these genomic 
changes using intermediate cancer biomarkers is now possible. 
Identification of this acquired susceptibility to PAH is 
actionable since individuals with these phenotypes could 
undergo risk reduction through epigenetic therapy, use of 
chemopreventive strategies, exposure reduction and/or enter 
lung cancer surveillance programs. [Supported by National 
Institutes of Health grant P30-ES013508 to TMP]. 
 
[1] Lancet Oncol, (2013) 1262- 1263. [2] IARC (2010)  
Monogr. Eval. Carcinog. Risk Hum 92 
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The maximum-pressure P-T conditions (Pmax-T) of 

exhumed subduction-related metamorphic rocks are compared 
to predictions of P-T conditions from computational thermal 
models of subduction systems. While the range of proposed 
models encompasses most estimated Pmax-T conditions, models 
are on average too cold. In general, discrepancies are greatest 
for Pmax < 2 GPa where only a few of the highest-T modeled 
paths overlap typical petrologic observations and model 
averages are 100-300 °C colder than average conditions 
recorded by rocks. Both petrologic estimates and models have 
inherent biases that are critically evaluated. Petrologic analysis 
may overestimate temperatures at Pmax in circumstances where 
overprinting occurs during exhumation. Model simplifications 
may underestimate temperatures at depth by neglecting shear 
heating, hydration reactions and fluid and rock advection. Our 
compilation and comparison suggests that exhumation 
processes in subduction zones require closer petrologic 
scrutiny, whereas models should more comprehensively 
incorporate all sources of heat. Understanding the thermal 
structure of subduction zones is crucial to understanding global 
geochemical cycles, and we briefly explore the implications 
for geochemical cycling of volatile elements. 
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The post-orogenic Itu Batholith (580-560 Ma) in SE Brazil 

comprises four main plutons that result from the successive 
emplacement and interaction between several magmatic pulses 
of dominantly granitic composition at shallow crustal levels. 
The plutons share several key features (e.g., A-type 
geochemical signature), but each has its own structural pattern 
and distinctive geochemical and isotopic identity, in spite of 
wide faciological variation. 

The ~560 Ma Cabreúva Pluton, the most voluminous unit, 
has a simple zoning pattern with predominant coarse-grained 
hololeucocratic syenogranite varying to a medium-grained 
facies towards the border. This is perturbed at the center of the 
pluton by an association of porphyritic granite and melagranite 
that is interpreted as a product of replenishment by a pulse of 
more mafic magma. The Salto Pluton, of similar age, is mainly 
composed of coarse-grained hornblende-biotite rapakivi 
granite, with a cupula unit of leucogranite showing miarolitic 
cavities, both strongly affected by hydrothermal alteration. 
Replenishment by new pulses of felsic magma intruding 
granite mushes resulted in a body of porphyry granite and 
abundant felsic microgranular enclaves. The ~580 Ma 
Indaiatuba Granite corresponds to remnants of an early 
intrusion of coarse-grained rapakivi granite with both felsic 
and mafic microgranular enclaves. It is locally intruded by 
hololeucocratic varieties of the as yet undated Itupeva Pluton. 
The latter is the most complex of the four units, comprising 
several textural varieties from equigranular granodiorite to 
porphyritic to inequigranular biotite monzo and syenogranite, 
and hosts small bodies of hybrid mafic rocks and mafic 
microgranular enclaves, attesting to recurrent replenishment by 
basic magmas.  

Important geochemical contrasts are observed between the 
dominant granitic rocks from the different plutons, mostly in 
trace-elements as Sr, Ba, Zr and the ETR, and in the mg#. 
While the variations in whole-rock mg# can be attributed to 
differences in redox conditions (e.g., low mg# is typical of 
ferromagnesian minerals and whole-rock of Cabreúva, as 
contrasted with Salto and Itupeva), the trace-element and 
isotope (Nd, Sr and Pb) contrasts reflect differences in sources 
(interpreted to be dominantly of meta-igneous character) and 
degree of contribution from basic magmas derived from the 
enriched mantle. 
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Cr-isotope compositions of recent and ancient skeletal and 
non-skeletal carbonates are currently explored as a (paleo-) 
redox-proxy for shallow seawater. The idea behind this 
approach is that biogenic and non-biogenic carbonates could 
potentially be used as archives recording the Cr-isotope 
composition of seawater in which they formed, boosting the 
redox-sensitive Cr-isotope tracer system as an important tool to 
reconstruct past paleo-environmental changes on Earth. 
However, there is a paucity of investigations addressing the 
behavior and incorporation of Cr and the potential isotope 
fractions of Cr that accompany the uptake and sequestration of 
chromium from the seawater into biogenic carbonates. Here, 
we present a study of Cr- isotope variations in three species of 
corals and contemporaneous seawater from the Rocas Atoll, 
NE Brazil. Cr-isotope values of the studied coral species 
(Siderastrea stellata, Porites sp., and Montastrea cavernosa), 
vary from ˗0.5 to +0.33‰ (average δ53Cr = 0.03 ± 0.18‰) and 
imply significant disequilibrium with coexisting seawater 
characterized by a Cr-isotope value of +0.9 ± 0.09‰, requiring 
reduction of hexavalent Cr(VI) in the sequestration process of 
all coral species. Cr-isotope values in a profile across a S. 
stellata colony returned homogeneous, slightly positively 
fractioned values of ~+0.08 ± 0.04 ‰ (n=8, 2σ), an indication 
for a constant reductive uptake during the 20-year growth 
period recorded in this coral. In contrast, samples across a  
12-year growth profile from Porites sp. display rather 
heterogeneous Cr-isotope values from ˗0.50 to +0.10‰, 
indicating Cr incorporation under constantly changing redox 
processes during growth intervals. Our study suggests that 
initial reductive sequestration of chromium from seawater into 
the mesogleia of corals must be followed by effective re-
oxidation of reduced Cr species to chromate (CrO4

2-) before the 
final substitution into the coral skeleton, and we propose that 
this transformation is premeditated by oxygen produced via 
photosynthetic processes in the mesogleia. 
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The Nemrut volcano being active in the Quaternary period 

(< 1 Ma) sits close to the collisional boundary of the Anatolian 
and Arabian plates [1,2]. The mineralogical, geochemical and 
phase features of quartz-devoid comendites and pantellerites of 
the volcano have been studied. The LA-ICP-MS method 
defined the compositions of matrix glasses and phenocrysts 
(anorthoclase, gedengerbite and fayalite). Besides, the 
coefficients distribution of P, B, Li, Rb, Cs, Ba, Sr, Zr, Hf, Ta, 
Nb, Sc, V, Cr, Ni, Cu, Pb, Th, U, Y and REE between phases 
were calculated. Using the mass-balance models and data on 
melt inclusions it was feasible to analyze alternative models of 
formation and conditions of alkaline melt generation, as well 
as relations between trachyte-comenditе, comenditе and 
pantellerite magmas. 

The data on the sequence of Nemrut volcano eruptions and 
mass-balalnce calculations the composition of quartz-devoid 
comendites and pantellerites reject the R.Macdonald and 
B.Scaillet model [3] formation of residual high-Fe comendite 
and pantellerite magmas by fractional crystallization of low-Fe 
comendite melts. The formation of residual comendite and 
pantellerite melts is explained by variations of pressure and 
H2O content in the source trachyte-comendite magma at 
crystallization of anorthoclase (predominant phase), 
gedenbergite, fayalite, Fe and Ti oxides. The accessory phases 
(REE-, Sr-bearing F-apatite, chevkinite and zircon) also 
participated in melt fractionation. 

Minimum parameters of crystallization in melts (without 
quartz) of gedenbergite, fayalite and ilmenite are calculated 
using the QUILF-95 program: high-Fe comendite (3 kb, 
763°С, ΔlgfO2 FMQ -1.27), pantellerite (3.3-3.8 kb, 715°С, 
ΔFMQ -1.08), low-Fe comendite (2.3 kb, 748°С, ΔFMQ -
1.16). Crystallization of anorthoclase phenocrysts in comendite 
melts proceeded at T~750°С. Analysis of data on formation 
conditions for the Nemrut alkaline magmas and literature 
sources shows that chambers with comendite and pantellerite 
H2O-unsaturated melts may exist at depth from 5 to 10-15 km, 
pressure 1-4 kb, T<750°С and oxygen volatility fO2 below 
FMQ buffer. Such melts contained 1-4 wt.% H2O. 

 
[1] Çubukçu et al. (2012) J. Volcanol. Geotherm. Res. 209-
210, 33-60. [2] Peretyazhko et al. (2015) Petrology 3. [3] 
Macdonald & Scaillet (2006) Lithos 91, 59-73. 
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Microorganisms play a role in the alteration processes of 
basaltic glasses, but the significance of the bacterial-mediated 
mechanisms involved, especially the siderophore-promoted 
dissolution, still needs to be evaluated. In this study,  
3 synthetic glasses - containing reduced (MORB2) or oxidized 
Fe (MORB3) or no Fe (HAPLO) - were prepared according to 
a simplified basalt composition. The samples, contained or not 
in dialysis bags, were submitted to short-term and pH buffered 
(pH 6.5) alteration experiments in a sterile or Pseudomonas 
aeruginosa-inoculated Fe-depleted medium. Element release 
from the glass was measured by ICP-OES. Initial dissolution 
rates were evaluated for each element in each experimental 
condition. Bacterial growth and siderophore production were 
also monitored. The results showed that bacteria had an impact 
on the dissolution kinetics of all glasses as most of the 
calculated rates were increased. Reciprocally, the composition 
of the glass had an impact on the bacterial growth and 
behaviour in solution. The presence of Fe in the MORB 
glasses was a determinant growth factor and minimized 
siderophore production. Meanwhile, the HAPLO dissolution 
was driven by a siderophore-promoted process. Finally, the use 
of dialysis bags revealed the existence of a direct interaction 
between bacteria and glass surfaces, as siderophores were 
massively produced when the samples were isolated from the 
cells. The complexity of the bacterial-mediated mechanisms 
contrasted with abiotic results, all similar whatever the glass 
composition considered. This work highlighted the key-role of 
Fe (a key microbial nutrient) in the bioalteration processes of 
basaltic glass. It also provided experimental evidences 
regarding the understanding of biological contribution to this 
fundamental geochemical process. 
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The identification of the catfish fossil genera 

Brachyplatystoma and Zungaroin in 3.5-2.8 Ma (Pliocene) 
fluvio-deltaic strata in the Alta Guajira Peninsula (AGP), the 
northernmost tip of South America, suggests the presence of a 
large fluvial system in what today is an arid region. The fauna 
are related to the Orinoco-Amazon system and thus poses the 
question whether a Pliocene proto-Orinoco drainage into the 
AGP existed. However, surrounding mountain ranges like the 
Eastern Colombian Cordillera, the Perija Range and the 
Merida Andes were already uplifted by at least the late 
Miocene to Pliocene, which would have impeded the outflow 
of the proto-Orinoco river into the AGP.  We address the 
reconstruction of paleodrainage distributions in the AGP by 
conducting detailed sedimentary provenance analyses of the 
Ware Formation using sandstone and conglomerate 
petrography, heavy mineral analysis, detrital zircon U/Pb 
geochronology, and detrital apatite and zircon fission-track 
analysis. Our initial results suggest rapid sediment transport 
from a nearby source, allowing for the preservation of angular 
feldespar and volcanic lithic fragments. In addition, 
multidimensional analysis (MDS) of available Neogene detrital 
zircon U-Pb ages in NW South America reveal a dissimilar 
distribution for (1) the Llanos-Orinoco basins, and (2) the 
Guajira-Middle Magdalena basins. Initial results from the 
Pliocene Ware Formation suggest that the drainage system was 
unlikely connected with the Orinoco.  Altogether, the results 
suggest a local provenance that would require endemic 
development of the catfish fauna found. 
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The carbon isotope composition in carbonate minerals has 
been used in the past in order to distinguish processes such as 
biological activity and respiration. 

Recently however, it has been experimentally shown that C 
isotope signatures in hydrous Mg-carbonates undergo re-
equilibration with the ambient solution [1] similar to the 
behavior of Mg isotopes in Mg-bearing carbonates [2] [3]. In 
order to test the validity of such findings in CaCO3 minerals, 
we conducted a series of experiments where calcite 
equilibrated with a C rich fluid at 25°C. 

Experiment comprised of multiple replicates of glass 
reactors containing 0.5g of natural calcite (<50μ) powder and 
~20 ml of NaHCO3 or Na2CO3 solution. The vials were filled 
to the top and sealed air tight with Teflon coated caps. During 
the sampling, complete recovery of the fluid and solid from 
each reactor at different time steps along 7 months occurred 
and C isotopes were measured in solid and liquid samples.  

Temporal evolution of Ca concentration indicates that 
initial calcite dissolved and re-precipitated attaining  steady-
state equilibrium value consistent with calcite solubility at the 
given T and pH. δC13DIC increased systematically over time 
from an initial value of -4.5‰ to +2.25‰. The corresponding 
δC13

solid exhibited a decrease of -0.18+0.03. Δ13CaCalcite-DIC 
ranged between 6.6 and 4.2. With only a 0.002% of the calcite 
dissolved, solid exhibits a net change in δC13 of 0.18‰ 
indicating that isotopic signature might not exactly reflect the 
original formation conditions of the crystal. 

 
[1] Mavromatis et al (2015) Chem. Geol., doi:10.1016 
[2]Pearce et al (2012) Geochim. Cosmochim. Acta, 92, 170-
183. [3] Mavromatis et al (2012) Geochim. Cosmochim. Acta, 
76, 161–174. 
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The emergence of appreciable amounts of free molecular 

oxygen (O2) in the Earth’s atmosphere at c. 2.45 billion years 
ago (Ga) is perhaps one of the major events that changed 
Earth’s redox history. This so called “Great Oxidation Event” 
(GOE) had strong implications not only on the evolution of 
life, but also on the development of geochemical processes that 
still continue to shape the surface of modern Earth.  

Cu and Fe are considered here as robust indicators of 
oxygen levels since they are redox-sensitive elements and the 
coupling of sedimentary dynamics of Cu and Fe to organic C 
systematics may provide patterns of biological behaviour, 
since both are key to microbial metabolism. We hypothesize 
that prior to the GOE, 65Cu was scavenged and buried along 
with Fe(III)(oxyhydr)oxides. The dissolved 63Cu became 
enriched in biomass and was preserved as Corg-rich shales. 
After the GOE, increased continental weathering of pyrite, 
delivered heavy dissolved 65Cu to the oceans, which we 
hypothesized changed the Cu isotope signatures of Corg-rich 
shales to heavy 65Cu. To test this hypothesis, well constrained 
black shale samples before the GOE transition (2.6 Ga), the 
Lomagundi event (2.3-2.1Ga) and the Shunga-Francevillian 
Event (2.1–2.084 Ga) were analysed for their Cu, Fe, Corg and 
S isotope signatures. As predicted light 63Cu shales show a 
trend towards enrichment of heavy 65Cu at 2.3 Ga, coinciding 
with the GOE. Fe isotope signatures also show the effects of 
oxidative weathering after the GOE, which can be directly 
correlated to Cu. We observe a marked correlation between Cu 
and C isotopes, establishing the idea of either metal sorption 
into buried organic matter or the use of Cu as an important 
metabolic element. The data suggests that Cu isotopes may 
serve as a redox proxy for tracking Earth’s redox history. 
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Acid mine drainage (AMD) from sulphide-rich waste-

dumps exposed to weathering processes is an important focus 
of environmental impact, generally due to their low pH, high 
salinity and high potentially toxic element (PTE) content. The 
present study represents a contribution to the knowledge of the 
mineralogy and geochemistry of the solid phases and surface 
waters formed in the AMD setting of the Sierra Minera (SE, 
Spain) and their environmental significance. In addition, the 
exposure of the population to arsenic and the associated risk 
were assessed. 

A total of ten topsoils and surface waters and  
11 efflorescences affected to varying degrees by mining 
activities were studied. The total PTE content (As, Cd, Cu, Fe, 
Pb and Zn) was determined. In addition, the mineralogical 
composition of solid samples was determined by X-ray 
diffraction and some efflorescences were also analysed using a 
scanning electron microscopy-energy dispersive X-ray 
spectrometer. Finally, an arsenic-intake risk assessment was 
carried out, both as regards carcinogenic and non-carcinogenic 
effects and considering the total and the bioaccesible As 
content. 

The study area is heavily polluted as a result of historical 
mining and processing activities, during which time great 
amounts of wastes were produced, characterised by a high PTE 
content, acidic pH and minerals resulting from supergene 
alteration, including soluble metal-salts, mainly sulphates, 
iron-hydroxysulphates and iron-oxyhydroxides, all of which 
form ochreous precipitates. Topsoil samples showed risk 
values and hazard quotients higher than the reference levels, 
particularly for children. In the efflorescences these values 
were lower but still unacceptable. 
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Geochemical data from (1) recent eruptive events sampled 
in high spatial density on the northern East Pacific Rise (EPR), 
Galapagos Spreading Center (GSC) and southern Juan de Fuca 
ridge (JdFR), (2) gabbroic xenoliths, and (3) olivine-hosted 
melt inclusions (MI) provide important insights into MOR 
mantle and crustal magmatic processes. Variations in MORB 
and/or melt inclusion geochemistry (e.g. volatile content) can 
be related to the location of the axial melt lens (AML) in the 
crust, which have recently been shown by seismic methods to 
occur throughout the crust at distances up to 10 Km off axis, 
and whose depth and chemistry are related to magmatic 
budgets.  For example, AML segments along the 9-10°N EPR 
and Cleft segment of the JdFR, exhibit across-axis variability 
from the most primitive above the AML to more evolved and 
contaminated (by AFC) over off-axis melt lenses (OAML). 
The spatial distribution of more evolved lavas (and sometimes 
the volume of EMORB erupted) with distance off axis is in 
part controlled by the thermal distribution in the underlying 
crystal mush zone. CO2+H2O in olivine MI from mafic near-
axis seamounts suggest crystallization depths up to 9 km below 
the seafloor and a range of parental melt types whereas MORB 
erupted on the ridge axis are more homogeneous and 
crystallize at shallower depths. Compositional variations 
suggest plumbing system differences between near-axis 
seamounts, seamount chains (e.g. Lamont and Vance), and 
ridges in degree of magma mixing and parent melt 
homogenization. 
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Udachnaya (360 Ma) and Obnazhennaya (160 Ma) 
kimberlite pipes, Siberia, predate and postdate the 
emplacement of the Siberian Flood Basalt (SFB, 250 Ma), 
respectively. Mantle xenoliths from these two pipes have 
experienced extensive recycled crustal and basaltic 
metasomatism, which is apparent in distinct He and Re–Os 
isotope compositions [1] [2]. Li contents and isotope 
compositions were measured for spinel and garnet lherzolites 
as well as eclogites and a pyroxenite. Udachnaya xenoliths 
show more variable Li contents in bulk samples than 
Obnazhennaya xenoliths (1.7–15.2 ppm vs. 0.7–2.9 ppm, 
respectively). Conversely, ~30‰ variation in δ7Li was 
determined for Obnazhennaya vs. ~10‰ for Udachnaya, 
implying distinct metasomatic imprints for the two suites. 
Compared with classical partitioning and isotope fractionation 
schemes in normal mantle peridotites and eclogites [3], these 
samples suggest garnet plays an important role  due to elevated 
Li (up to 19 ppm) and predominantly high δ7Li (up to 19.2‰). 
Olivine is most resistant to such metasomatic events, whereas 
clinopyroxene incorporates large amounts of Li with normal to 
high δ7Li values. These findings contrast with metasomatic 
effects by basaltic melts in mantle xenoliths from other sub-
continental lithospheric settings (e.g., [4]), but recycled crustal 
fluids [cf. 1] would require specific compositions (i.e., high 
δ7Li signatures). Eclogites are particularly enriched in Li (up to 
445 ppm; garnet has up to 115 ppm), and their δ7Li suggests 
near equilibrium between pyroxene and garnet. The high δ7Li 
values of eclogites from Udachnaya and Obnazhennaya stand 
in stark contrast to worldwide eclogite localities [5]. Whether 
kimberlitic melts may play a prominent role in generating the 
observed high-[Li]-δ7Li signature remains to be investigated. 
 
We acknowledge support by the Czech Science Foundation 
grant P210/12/1990 to TM, and NSF Grants EAR (1144559) to 
PHB and (1144337) to LAT. 
 
[1] Barry et al. (2015) Lithos 216-217. [2] Pernet-Fisher et al. 
(2015) Lithos 218-219; [3] Seitz & Woodland (2000) ChG 
166. [4] Ackerman et al. (2013) J Petrol 54. [5] Marschall et 
al. (2007) EPSL 262. 
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Viscosity of kimberlite and basaltic magmas is a key 

physical property which significantly governs the dynamics of 
their origin in the Earth’s mantle, ascent and volcanic eruptions 
(kimberlite and basaltic volcanism). Unfortunately, the 
viscosity of kimberlite magmas at the T, P – parameters of the 
Earth's mantle and crust as well the viscosity of basaltic 
magmas at the mantle T, P – conditions are unknown. Here we 
use both a new experimental data on viscosity of model 
kimberlite and basaltic melts at pressures up to 7.5 GPa and in 
the temperature range (1300 – 1850) oC, and our structural 
chemical model for calculate and predict the viscosity of 
magmatic melts [1] to determine the fundamental features of 
viscosity of kimberlite and basaltic magmas during their 
origin, ascent and eruption.  The results obtained indicate: 1) 
diamond carrier kimberlite magmas will ascend from mantle to 
the crust with the appreciable acceleration because their 
viscosity decreases by more than 3 times during ascent in spite 
of considerable decreasing the magmas temperature  
(~ 150 oC), magmas partly degassing and crystallization; 2) on 
the contrary, the viscosity of basaltic magmas will increase by 
greater than 2.0 orders of magnitude during their origin, 
evolution and the ascent from the mantle to the Earth crust; 3) 
water which may dissolved in kimberlite and basaltic magmas 
(~ 8 wt. %) are not principally affect on the dynamics of their 
viscosity during ascent; 4) the mechanism of this new and 
unexpected phenomenon is conditioned by the much stronger 
influence of the pressure and volume content of crystals and 
bubbles on viscosity of kimberlite and basaltic magmas 
compared to water content effect  when compound action of 
many parameters is taken into account. 
 
The Russian Foundation for Basic Research, project 15-05-
01318  and the Russian Science Foundation, project 14-27-
00054 are acknowledged for the financial support. 

 
[1] Persikov, E.S. & Bukhtiyarov, P.G. (2009) Russian 
Geology &  Geophysics, 50, No 12, 1079–1090. 
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We present mineralogical evidences of the high-
temperature hydrothermal processes affected MAR lower-crust 
gabbro at two sites: 10°43’N, 41°35’W (I), and 12°59’N, 
44°52’W (II). Hydrothermal processes in the gabbros and 
associated mantle peridotites occurred within the MAR axial 
zone (I, [1]) or at the detachment fault (II, [2]). The gabbros 
contain hydrothermal hornblende (Hbl) enriched in Cl (up to 
1.4-1.7 wt.%). The Cl-enrichment correlates with Fe2+/Mg 
increase in Hbl due to reducing reactions involving magnetite. 
Fluid inclusions in locally re-crystallized plagioclase and 
apatite show high-salinity hydrochloride fluid composition. 
The conditions are summarized in Fig. 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Hydrothermal conditions constrained by highest-

temperature isochors of fluid inclusions (dashed lines), Mt+Ilm 
(grey), and Ol+Opx (hatched) thermometry [3]. Black fields 
indicate the most probable PT conditions. The shown logfO2 
values calculated from Opx+Mt=Ol(corona) and Mt+Ilm local 
equilibria [3]. 

 
The reducing nature and high salinity of the hydrothermal 

fluid responcible for the formation of the Cl- and Fe2+-rich Hbl 
may have resulted from preceding lower-T serpentinization 
reactions of seawater with mantle peridotite. 

 
[1] Boschi et al. (2013) Lithos 178, 3-23. [2] Smith et al., 

(2008) Geoch. Geoph. Geosyst. 9. [3] Andersen et al. (1993) 
Comp. & Geosci. 19, 1333-1350. 
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Transuranic elements with their long half-lives and high 
radiotoxicity are subject of intensive research because of their 
importance in long term safety assessments of nuclear waste 
disposal. There, also calcite plays a significant role. It has the 
potential to adsorb ions at its surface and substitute guest ions 
into its crystal lattice. Recently Hofmann et al. [1] showed that 
the sorption of trivalent ions can be affected by the anion of the 
background electrolyte. Atomic force microscopy and time-
resolved laser fluorescence spectroscopy indicated that in 
presence of NaNO3 a "gel-like layer" with lower crystallinity 
but unknown composition forms on the surface of the calcite 
crystal, in which the Eu(III) is incorporated. Here, the rare 
earth element Y served as a nonradioactive homologue to 
trivalent Am and Cm, as its ionic radius and chemical behavior 
are similar.  

We used two X-ray reflectivity techniques, crystal 
truncation rod (CTR) measurements and resonant anomalous 
X-ray reflectivity (RAXR). These techniques yield the overall 
electron density near the interface and the distribution of the 
resonant element therein. The experiments were run in situ, 
with the mineral surface in contact with a thin solution layer. 
Freshly cleaved (along the (104) plane) calcite crystals are 
reacted with 10-7 M Y(III) over a course of ~ 170 hours. We 
can detect low quantities of adsorbed Y [~ 0.05 Y/AUC (AUC = 
area of the calcite unit cell ~ 20.20 Å²)] on the calcite surface 
with an average height of ~ 3 Å. Y(III) appears to be present as 
at least two distinct species. In a second step the sample is 
flushed with calcite saturated solution containing 10 mM 
NaNO3. After approx. 20 min Y is no longer detectable, and 
consequently must have desorbed from the surface entirely. 
CTR experiments with different contact times with NaNO3 
show that nitrate quickly affects the water sorption structure on 
calcite. The formation of the “gel-like layer” (Hofmann et al. 
[1]) is slower, and its formation can be verified after 14 days of 
exposure to NaNO3. 
 
[1] Hofmann et al. (2014), Geochim. Cosmochim. Acta 125, 
528-538 
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Nominally anhydrous minerals such as olivine, pyroxene 
and garnet can accommodate tens to hundreds of ppm H2O in 
the form of hydrogen bonded to structural oxygen in lattice 
defects [1]. Although in seemingly small amounts, this water 
can significantly alter chemical and physical properties of the 
minerals and rocks (e.g., [2-4]). Water in particular can modify 
their rheological properties and its distribution in the mantle 
derives from melting and metasomatic processes and lithology 
repartition (pyroxenite vs peridotite) [5-7]. These effects will 
be examined here using Fourier transform infrared 
spectrometry (FTIR) water analyses on minerals from mantle 
xenoliths from cratons, plume-influenced cratons and oceanic 
settings. 

In particular, our results on xenoliths from three different 
cratons [5] [6] [8] will be compared. Each cratonic mantle 
lithosphere (Kaapvaal, Siberian and Slave) has a different 
water concentration distribution that is clearly linked to local 
metasomatic processes. Only the mantle root beneath the 
Kaapvaal (southern Africa) has evidence for pervasive dry 
olivine (< 5 ppm H2O) at its base (> 6 GPa). This challenges 
the link between olivine water content and survival of Archean 
cratonic mantle, and questions whether xenoliths are 
representative of the whole cratonic mantle. We will also 
present our latest data on Hawaii and Tanzanian craton 
xenoliths [7] [9] [10] which both suggest the intriguing result 
that mantle lithosphere is not enriched in water when it 
interacts with melts from deep mantle upwellings (plumes). 

 
[1] Bell & Rossman (1992) Science 255, 1391-1397. [2] 
Chopra & Paterson (1984) JGR 89, 7861-7876. [3] Green 
(1973) EPSL 19, 37-45. [4] Karato (1990) Nature 347, 272-
273. [5] Peslier et al. (2010) Nature 467, 78-81. [6] Peslier et 
al. (2012) GCA 97, 213-246. [7] Bizimis & Peslier (2015) CG 
397, 61-75. [8] Doucet et al. (2014) GCA 137, 159-187. [9] 
Peslier & Bizimis (2015) GGG accepted. [10] Hui et al. 
(2015) GGG in revision.  
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Mechanisms and potential catalytic effects influencing the 
abiogenic synthesis of hydrocarbons in natural hydrothermal 
systems are still largely unknown. Using an experimental flow 
through apparatus, including consecutive Ti and Au 
hydrothermal cells, we have observed CH4 (C1) and C2H6 (C2) 
formation from precursor (aqueous) CO2 and H2 at 221 bars 
and 225 – 374°C. At any given temperature, yields increased 
linearly with residence time for both species, demonstrating 
they were still far from equilibrium at the lowest flow rates 
employed. However, a statistically meaningful increase in the 
C1/C2 ratio was observed with increasing temperature. 
Broadly speaking, the experimental C1/C2 ratios are consistent 
with those observed in natural gas wells and, unexpectedly, 
lower than those observed in both geothermal wells and deep-
sea hydrothermal fluids.  

The flow through design makes easily avoidable potential 
ambiguity regarding organic contamination; and C1-C2 
formation rates do not appear independnent. Therefore, the low 
C1/C2 ratios require exploration of a multitude of other 
explanations. For example, one possibility is initial formation 
rates are simply not consistent with equilibrium values, with 
potential implications for any catalytic processes. Conversely, 
the higher C1/C2 observed in natural hydrothermal systems 
may reflect higher formation temperatures, consistent with 
those suggested by CO2-CH4 isotope systematics (e.g., ~600 – 
800°C, though inconsistent with thermodynamic predictions).  
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A method combining the advantages of nanoparticulate 

pressed powder pellets (PPP) [1] and the addition of a 
mechanical and laser light absorbing binder [2] to achieve 
precise and accurate major to ultra-trace element analysis of 
bulk rock samples via 193 nm LA-ICP-MS is presented. Focus 
is put on unconventional fluid-tracers, e.g., B, As and Sb, and 
on trace elements not commonly measured. Various binders 
are evaluated, and Ca is used as an internal standard for data 
reduction. No bias factors [1] are used. 

Tests involving 7 different binders reveal that for the most 
suitable one, microcrystalline cellulose (MCC), results are 
identical to those obtained from binder-free PPP. 
Consequently, non-cohesive materials can be pelletised via 
addition of MCC binder for LA-ICP-MS analysis. Procedural 
blanks are very low, demonstrating that MCC does not 
contaminate, thus allowing for the analysis of ultra-trace 
element concentration as e.g. present in serpentinites. 

Accuracy and precision of the method are evaluated with 
the SRM powders UB-N (serpentinite), JP-1 (harzburgite), 
BCR-2 (basalt) and GSP-2 (granodiorite). Standard deviations 
(n=12) are < 10 %, often < 3 %, except for ng g-1 element 
concentrations. Data generally deviate <10 % from reference 
values. However, BCR-2 and GSP-2 show patterns relative to 
reference values indicative of higher magmatic differentiation 
degrees. These patterns are reproducible with different external 
standardisations (SRM 610, BCR-2G). Significant reference 
material batch inhomogeneities are thus indicated. Subordinate 
matrix effects induced by non-matrix matched external 
standardisation are also present and can be minimised by 
matrix-matched calibration. 

This LA-ICP-MS PPP bulk rock method is particularly 
promising for minor to trace element concentration analysis for 
rocks containing difficult to dissolve minerals or for elements 
suffering from interference problems in liquid mode ICP-MS 
analysis. 

 
[1] Garbe-Schönberg & Müller (2014) J. Anal. At. Spectrom., 
29(6), 990-1000. [2] O'Connor et al. (2007). J. Anal. Atom. 
Spectrom., 22(3), 273-282.  

2467



 Goldschmidt2015 Abstracts  

 2468 

Substantial pollution of drinking and 
river water in Beijing, China: Serious 

threat for public health and local 
ecology 

MARC PETERS1*, QINGJUN GUO1, HARALD STRAUSS2 AND 
GUANGXU ZHU1 

1Center for Environmental Remediation, Institute of 
Geographic Sciences and Natural Resources Research, 
Chinese Academy of Sciences, Beijing 100101, China 

(*correspondence: mpeters@igsnrr.ac.cn) 
2Institut für Geologie und Paläontologie, Westfälische 

Wilhelms-Universität Münster, Corrensstrasse 24, 48149 
Münster, Germany 

 
The decline of the water quality in fast developing Asian 

megacities has become a matter of public concern. We 
analyzed a number of tap and river water samples collected in 
the Beijing urban area on selected inorganic pollutants, such as 
specific anions, heavy metals and trace elements. 27% of the 
analyzed tap water samples show one or more constituents 
above the national guideline limits. 9% of the samples reveal 
concentrations above the official threshold value for NO3

-, 
while 5% exceed the standard value for As, which makes this 
tap water unsuitable for daily consumption, due to a serious 
health risk, especially for children and babies. Multiple stable 
isotopes (δ15N, δ18O, δ34S, Δ33S) of tap water indicate urban 
sewage as the major origin of anthropogenic pollutants 
probably released in large amounts by leaking wastewater 
pipes to the local groundwater. Substantial pollution by urban 
sewage and industrial emissions could be also detected in 
Beijing rivers. 13% of the river water samples in the wet 
season (summer) and 30% in the dry season (winter) show 
class IV quality, whereas 8% of the summer samples and 21% 
of the winter samples do not even comply with the lowest 
category class V. The latter river water can be regarded as 
toxic waste, which is hazardous for human health and highly 
destructive for the water ecology in the respective rivers. Both 
drinking and river water is most affected by urban pollution in 
the highly industrialized areas of Beijing. The results of this 
combined geochemical and multiple stable isotope study point 
to a critical status of the local rivers and aquifers, caused by 
the rapid growth of Beijing accompanied by an irresponsible 
handling of urban effluents. 

 
Acknowledgements: Financial support by the One 

Hundred Talents Program and the Fellowship for Young 
International Scientists Program of the Chin. Acad. of Sciences 
as well as by NSFC (No. 41450110460). 
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The highly siderophile element contents of the silicate 
Earth are best explained by <2% of Earth’s mass accreting 
after equilibration with the core was possible [1]. Potentially, 
this late accretion process delivered materials with a different 
oxygen isotope composition than that of the terrestrial mantle 
at the time (e.g., [2]). Tungsten isotope systematics suggest 
that parts of the early Archean crust formed from mantle 
domains that were deprived of late accreted materials (e.g., 
[3]). Here, we present triple oxygen isotope data of mineral 
separates of dunite samples from the >3.81 Ga Ujaragssuit 
Nunât layered intrusion (SW Greenland) [4] in order to 
investigate whether an isotopically distinct signature of the 
pre-late veneer mantle is also present for oxygen. Oxygen was 
extracted from mineral grains by means of laser-induced 
fluorination using BrF5 as the reagent, and was purified and 
analysed following the protocols in [5]. Olivine from the San 
Carlos peridotite was measured for reference and yielded 
stable results of δ18O = 5.16 ±0.19 relative to VSMOW and 
Δ’17O = -104 ±3 ppm. Δ’17O represents the deviation from a 
given reference line (RL) in δ’17O vs. δ’18O space, and is 
reported here relative to a RL with slope λ = 0.5305 with zero 
intercept [5]. Oxygen isotope thermometry indicates 
equilibration temperatures of ~800°C for olivine and 
orthopyroxene mineral pairs. Olivine fractions yield Δ’17OOl = 
-92 ±6, i.e. higher than Δ’17OOl in the Phanerozoic mantle (-
101 ±3 ppm [5]). The δ18Ool values of the layered intrusion 
vary between 4.69‰ and 5.14‰ and are on average slightly 
lower than δ18Ool in the Phanerozoic mantle (5.2 ±2‰), in 
agreement with [6]. We show that the combination of δ18Ool 
and Δ’17Ool variations cannot be explained by the absence of a 
late veneer component in the Ujaragssuit Nunât mantle source, 
but are well explained by a petrogenetic scenario in which a 
mantle source with oxygen isotope compositions similar to the 
Phanerozoic mantle incorporated hydrothermally altered 
lithosphere. This tentatively suggests that the primordial 
mantle source of the Ujaragssuit Nunât intrusion had 
indistinguishable Δ’17O from the Phanerozoic mantle at the 
level of <5 ppm.  
 
[1] Chou et al. LPSC 1978 9 219-230 [2] Herwartz et al. 2014 
Science 344 1146-1150 [3] Willbold et al. 2015 EPSL in press 
[4] Rollinson et al. 2002 JPET 43 2143-2170 [5] Pack and 
Herwartz, EPSL 2014 390 138-145 [6] Lowry et al. 2003 Prec 
R 126 273-288 
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The early vision of the mantle crystallizing from the 
bottom upwards towards the surface has been disputed due to 
computational data on melt densities supporting crystallization 
at an intermediate depth and an accumulation of dense melts in 
the deep mantle. The controversy between the two models 
arises because the exact nature of the partitioning of iron 
between solid and liquid phases in the lower mantle remains 
unclear.  In addition, no experimental studies have measured 
directly the density of melts at the conditions of the deep 
mantle, even though it is the key parameter controlling the 
entrainment and/or settling of matter in the deep mantle.  

Using a novel approach, we measured the density of 
MgSiO3 amorphous glass in the small sample environment of 
the diamond anvil cell up to the core-mantle boundary 
pressure. We discovered that MgSiO3 glass (300 K) and melt 
(4000 K) are as dense, within the uncertainties, as their 
crystalline MgSiO3 Bridgmanite counterpart phases in the 
lowermost mantle. Our data on MgSiO3 glass and melt provide 
the first experimental evidence for such high-density melts in 
the deep mantle. 

Taking into account that iron will partition into the melt 
phase, we conclude that melting in the MgSiO3-FeSiO3 system 
will produce magmas that are denser than the residual solids, 
regardless of the exact nature of iron partitioning. This study 
therefore supports the theory of a deep basal magma ocean 
concomitant with the late accretion stage of the Earth. Such a 
magma ocean surrounding the core would be an ideal 
candidate for storing incompatible elements, thermally 
insulating the iron-rich core, thus delaying the crystallization 
time of the inner core and the onset of the geodynamo. 
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Énergie, Université de Pau et des Pays de l’Adour 
(UPPA), Pau, France  

 
The evolution of an igneous system experiencing the 

interaction between two different crystal-bearing magmas is 
studied numerically in order to unravel the evolution and the 
timescales of the mixing process. The non-Newtonian behavior 
of magmas below the liquidus temperature is considered for 
the rheology of the system. Different statistical mixing and 
energy indicators are used to characterize the efficiency of 
magma mixing. The timescales of mixing are evaluated by 
comparing two different fluid-dynamics configurations: 1) a 
buoyancy driven convection, 2) a system experiencing chaotic 
dynamics.  

Results from this study will help refining the conditions 
under which magma mixing proceeds efficiently and will 
constrain the timescales of magmatic hybridization as a 
function of the rheology of the interacting magmas and the 
dynamics occurring within the system. This study has potential 
implications in both plutonic and volcanic environments. In 
plutonic setting, it could help in deciphering the occurrence of 
magma mixing and, therefore, constraining the origin and 
evolution of the system. In volcanic environment, it might be 
helpful in constraining the composition of the erupted magmas 
as a function of time and degree of magma mixing. 
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At the beginning of the last century it was determined [1] 
that the gas interacting with water partially evaporates it with 
formation of steam-gas mixture. The quantity of water steam in 
the mixture depends on the type of the gas-carrier (CH4, CO2, 
H2S, N2 etc.), thermo baric conditions and water mineralization 
[1] as the gas in gas and gas-condensate deposits always 
contacts with the residual water which partially saturates the 
pore space of rock-collectors, it is always represented with 
steam-gas mixture. The moisture content of steam-gas mixture 
varies in the wide range from 0,02 to 760 g/m3 [1]. When 
changing the thermodynamic parameters in the installation for 
preparing gas to transport, the process of condensating steam 
like moisture with formation of fresh condensation waters 
takes place. Condensation waters contain a lot of chemical 
elements. The last come out to the surface together with gas 
output without any additional energy expenditures. The 
technological methods of extracting part of the chemical 
elements from the condensation waters are possible; so the 
estimation of their resources in the steam line moisture of gas 
and gas-condensate deposits is of not only theoretical but also 
of practical significance. 

The stock of rock (natural) gas in the world in 2013 was 
estimated to he equal to 95,106·1012 m3 [2]. Conditionally 
accept into consideration a conventional moisture content in 
the steam-gas mixtures of 10 g/m3 as on average value for the 
whole quantity of gas, we obtain the water steam mass of 
951,06·106 tons, the gas equivalent of which in standard 
conditions makes up 1270,62·109 m3.  

We have all the reasons to expect that the number of 
chemical elements and their mass in the steam like moisture of 
gas and gas-condensate deposits of the world is more than the 
values presented and the evidence of this fact is a significantly 
larger list of elements in the gas-condensate steams mixed with 
water steams. 
 
[1] D.L. Katz, D. Cornell, R. Kobayashi, F.H. Poettmann, J.A. 
Vary, J.R. Elenbaas, C.E Weinaug. Handbook of Natural Gas 
Engineering. – Mc GRAW-HILL BOOK COMPANI, INC. 
1965. [2] The World Fastbook, 2013. 
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Stromboli is presently characterized by persistent moderate 
explosive activity ejecting black scoriaceous bombs, lapilli and 
ash. It is interrupted by effusive eruptions and paroxsyms, the 
latter also discharging a few amount of pumices formed by a 
magma sited in a deeper reservoir. The entire system is in 
steady-state conditions whose driving forces are still not 
completely understood. Understanding the evolution of the 
plumbing system toward the present-day condition is crucial to 
better constrain the dynamics of the Stromboli volcano.  

We studied in detail four selected samples representative 
of the transitional eruptive phase from the pre-Sciara period to 
the present-day: (i) three older spatter lava samples from the 
pyroclastic succession of Chiappe Lisce (Post-Pizzo activity) 
emplaced prior to the beginning of the present-day activity; (ii) 
a scoriaceous spatter ejected during one of the early paroxysms 
of the present-day activity. All samples have similar 
paragenesis (phenocrysts of olivine, clinopyroxene and 
plagioclase) but different types of clinopyroxene textures with 
different recurrence among the samples. Multiple banded 
clinopyroxene with evident resorption features characterizes 
the older Post-Pizzo products, recording several pulsatory 
intrusions of new mafic magmas into the system and pointing 
to the establishment of steady-state condition. Contrarily, 
single diffused band and/or patchy cores are found in the 
present-day spatter. We applied the new NIDIS (Non-
Isothermal Diffusion Incremental Step model, Petrone et al., 
this session) chronometry to suitable clinopyroxene crystals to 
constrain the timescales of these refilling events. Decadal 
timescales (up to 40 yrs) characterise the shallow magma 
reservoir from the post-Pizzo period, whilst the present-day 
activity is characterized by shorter residence time (20-3 yrs). 
Our results point to a progressive transition from the Post-
Pizzo toward the present-day conditions and to consider the 
dynamics of the present-day activity as linked to very short 
timescales of magma interaction.  
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The 1.85 Ga Sudbury basin is one of the oldest, largest, 
and best exposed terrestrial impact structures. As such, it 
contains a unique record of the processes associated with 
massive impact events. Despite its recognized importance and 
more than a century of research towards understanding its 
genesis, little is known about a fundamental piece of the 
impact event, namely, the Sudbury bolide. Previous studies 
have identified moderately elevated siderophile element 
signatures in the impact crater fill (Onaping Formation) [1] and 
ejecta [2] attributed to the bolide, however there is no 
consensus on whether the bolide was an asteroid or comet, let 
alone the type. 

In this study, siderophile and lithophile trace element data 
for samples from the Sudbury impact crater fill and offset 
dikes (representing undifferentiated impact melt) help 
constrain the sources contributing to the anomalous siderophile 
element signature. The crater fill requires contributions from 
bulk continental crust, mafic rocks, and a chondritic 
component. A mantle component is absent, but the 
involvement of mid to lower crust is implied. The projectile 
elemental ratios (e.g., [3]) were determined on a robust data 
subset that was developed by considering the effects of post-
impact hydrothermal alteration, melt heterogeneity, and mafic 
target rock admixture. Chondrite discrimination diagrams of 
these ratios identify an ordinary or enstatite chondrite as the 
most probably source of meteoritic material in the Sudbury 
crater fill. However, when the relative and absolute siderophile 
element distributions within the impact structure are compared 
with bolide size and vaporization models, the data are 
congruent with the bolide being a comet that had a chondritic 
refractory component. 
 
[1] Mungall et al. (2004) Nature 429, 546-548. [2] Pufahl et al. 
(2007) Geology 35, 827-830. [3] Tagle and Berlin (2008) 
Meteorit. Planet. Sci. 43, 541-559. 
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The transport of organic carbon [OC] by rivers to the 

coastal ocean is an important component of both the biological 
and geochemical carbon cycles. Human activities modify this 
natural system, e.g. dams that trap sediments and POC in 
reservoirs, land-use changes that limit infiltration, and 
increased carbon and nutrient runoff from agricultural 
practices. In the absence of Earth system and process models 
to describe natural-state river OC fluxes at high spatial and 
temporal resolution, much uncertainty remains about the 
current state and future predictions of river OC export. 
Probabilistic models drawn from long-term data archives of 
river discharge and constituent load provide a means to explore 
river OC export, in which annually-averaged and seasonal 
discharge and load data lead to assessment of river OC export 
in modern settings and under future scenarios.   

We used USGS streamgage data to develop a model of 
discharge, sediment and OC export for a suite of northeastern 
USA rivers. Specifically, we constructed annual and seasonal 
(winter, spring, summer, fall) discharge probability density 
functions and constituent rating curves for TSS, POC, DOC, 
POC C/N ratios and POC %OC. We employed Monte Carlo 
simulations to recreate modern export characteristics. For 
example, in rivers with a strong snowmelt freshet, annual 
DOC, POC and TSS export are dominated by a few spring 
discharge events; low-frequency summer storm events are 
unlikely to contribute to a single year’s OC export, but do 
impact multi-year averages. We then modeled future land-use 
and climate change scenarios by modifying discharge 
probability distributions and rating curves.  Model results show 
significant and differing effects on the amount and timing of 
discharge, sediment supply and OC export in response to these 
forcings.  For example, scenarios that reflect reduced 
snowpack melt and spring freshet result in increased TSS and 
reduced POC export, sediments with lower %OC and higher 
C/N ratios, and shifts in sediment and OC export from spring 
to winter.  These results highlight an approach to assess 
impacts of future climate and land-use change on the amount 
and seasonal timing of river OC export. The results also 
suggest that unforeseen phenological consequences may arise 
in the connections of these changes with coastal ecosystems 
and carbon cycling. 
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Due to rock-water interactions during the reinjection of 

thermal waters into sandstone formations a permeability 
reduction may occur. This reduction can be attributed to the 
mobilization of fine particles within the pores. Alternatively, 
permeability can decrease because of temperature- and 
pressure induced mineral precipitation. For that reason, a 
hydrogeochemical modelling was performed with the 
PHREEQCI program. Several thermal waters of Austria and 
Germany were analysed and the saturation indices were 
calculated. The results of the modelling indicate that a 
permeability reduction as a consequence of mineral 
precipitation is of minor importance. 

In order to get an improved understanding of the 
reinjection process of thermal waters, we perform flow-
through measurements with synthesized fluids using a HPHT 
fluidpermeameter on selected sandstone samples. Both the 
fluids and the sandstone samples are characterized before and 
after the experiment, as well as complementary XCT scans are 
carried out to obtain a 3D-illustration of the pore structure and 
to map the mobilization of fine particles within the sandstones. 
This approach enables us to determine the degree of the 
permeability reduction as a function of temperature, pressure, 
and ion composition of the thermal water, as well as of the 
mineralogical composition of the sandstone, to evaluate 
ambiguous pore plugging during geothermal reinjection.  
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Carbon cycling in the rhizosphere is a nexus of biophysical 
interactions between plant roots, microorganisms, and the soil 
organo-mineral matrix. Our research on how roots influence 
decomposition of soil organic matter in both simplified and 
complex microcosms uses geochemical characterization, 
molecular microbiology, isotope tracing and novel NanoSIMS-
based imaging approaches to trace the fate of isotopically 
labelled root exudates and plant tissues. In the work presented 
here, we examined the effects of both live and dead Avena 
fatua roots (a common California annual grass) on 
decomposition in the rhizosphere. The presence of live roots 
consistently suppressed rates of 13C-labeled root litter 
decomposition. The presence of live roots also significantly 
altered the abundance, composition and functional potential of 
microbial communities (assessed by both metagenomic and 
transcriptome sequencing). Planted soils had relatively more 
genes involved in low molecular weight compound 
degradation; unplanted soil microbes had more macromolecule 
degradation genes. Higher abundances of proV and proW 
genes (glycine betaine transport) in planted soils suggest 
microbes experience more severe water stress in planted soils. 
RNA-seq  ans stable isotope probing analysis showed that 
living roots in the presence of decaying root material had 
differential effects on soil food webs and organisms 
participating in co-metabolism of exudates and decaying 
biomass. A conceptual model based on our recently collected 
data indicates that primary factor driving litter decomposition 
in the rhizosphere is microbial functional potential. Our results 
indicate that these microbial functional capacities differ in 
rhizosphere versus bulk soils, which may have implications for 
carbon stabilization in soil.  
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Tantalum consists of two isotopes (180 and 181 amu) with 
180Ta being the rarest stable isotope in the solar system. 
Interestingly, 180Ta is only stable as an isomer in its excited 
state. Thus, it hardly survives at harsh stellar conditions, which 
in turn are needed for its production [1]. The exact 
nucleosynthetic contributions from both p-process and 
branching of the s-process pathway are still debated [2]. A 
comparison of Ta isotope compositions with those of other 
heavy elements with known nucleosynthetic anomalies  
(e.g. 3-[5]) can help to solve this issue. Isotope ratio 
measurements are analytically challenging, because the natural 
180Ta/181Ta (ca. 0.00012) is very low. Here we report the first 
high precision Ta data for terrestrial rocks from diverse 
settings and for meteorites, also including refractory 
inclusions. 

All geological samples and bulk meteorites are 
indistinguishable from our terrestrial AMES Ta standard. In 
contrast, one refractory CAI from the Allende CV3 meteorite 
displays a resolvable lower 180Ta/181Ta isotope ratio. 

The homogeneity of terrestrial materials comprising a 
range from primitive mantle melts to evolved ore deposits 
suggests only minor stable Ta isotope fractionation on Earth 
within our typical analytical uncertainty of ca. 3.5 e-units. 
Therefore, mass dependent nuclear effects related to melting 
processes are regarded unlikely for explaining the CAI 
signature. Nevertheless, evaporation in the high-temperature 
environment of CAI formation cannot completely be ruled out, 
even for refractory elements. Alternatively, metastable 180Ta 
may have been de-excited by  γ-ray flux from the young sun. 
However, such effects have not been observed for other 
nuclides in meteorites. We therefore prefer a nucleosynthetic 
origin for the Ta isotope anomaly in the CAI, supporting the 
view of a compositionally heterogeneous solar nebula at the 
time of CAI formation. The inherited Ta isotopic signature is 
assumed to stem from presolar material that most likely had 
either an r-process excess or a p-process deficit. 
 
[1] Mohr et al. (2007) Phys. Rev. C 75 (1), 012802(R). [2] 
Travaglio et al. (2011) ApJ 793 (2), 93. [3] Qin et al. (2011) 
Geochim. Cosmochim. Acta 75, 7806-7828. [4] Burkhardt et 
al. (2012) ApJ 753, L6. [5] Elfers et al. (2015) Min.Mag, this 
volume 

2478



 Goldschmidt2015 Abstracts  

 2479 

Rare Earth Elements in the Coral and 
Solomon Seas (Pandora-

GEOTRACES) 
PHAM, V.1, JEANDEL, C.1, LELEU, T.2, GRENIER, M.3, 

ROUSSEAU, T. C. C.2, GANACHAUD, A.1 AND ELDIN, G.1 
1LEGOS CNRS/UPS/IRD/CNES, Toulouse, France. 

Viet.Pham@legos.obs-mip.fr 
2GET, CNRS/UPS/IRD, Toulouse, France 

Thomas.Leleu@get.obs-mip.fr 
3UBC, Vancouver, Canada, melaniegrenier14@yahoo.fr 
 

When flowing through the Coral and Solomon Seas, water 
masses entering in contact with the coasts undergo dynamical 
transformations as well as nutrient and trace element 
enrichments. This eventually impacts the productivity of the 
Equatorial Pacific Cold Tongue and therefore its climatic role. 
Trace elements and their isotopes injected from these 
“boundary processes” also provide key information on mixing 
processes. The main objectives of the PANDORA cruise (July-
Aug 2012, R/V Atalante; GP12 GEOTRACES section 
www.geotraces.org) were 1) to assess surface and subsurface 
circulation in the Solomon Sea and in the straits connecting 
that sea with the equatorial circulation; 2) to evaluate water 
mass transformations and mixing; 3) to better document land-
ocean processes. To this extent, Rare Earth Elements (REE) 
and Nd isotopes are pertinent tracers of water mass 
transformations and possible land-ocean inputs.  

Here, we present the first dissolved REE profiles in the 
North Caledonian and North Vanuatu Jets (at the entrance of 
the Coral Sea), which we compare to the dissolved REE data 
measured at the exits of the Solomon Sea. In order to better 
identify potential Eu anomalies in the REE normalized 
patterns, we developed a multi-spike isotopic dilution method. 
Replicates are reproducible within 1%.  First data in the north 
of the Coral Sea show nutrient like profiles, with Nd, Eu and 
Yb  concentrations similar to that found in the literature 
(concentrations at mid-depth are 10, 0.56 and 5.3 pmol/l 
respectively). Dissolved REE concentrations and patterns will 
be shown and discussed with regards to the dynamic and land-
ocean processes characterizing this area. 
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Sulfate reduction may lead to the formation of thiol groups 

(SH-) and enhanced As sequestration cycle after cycle through 
the formation of arsenic sulfide mineral [1]. To find out this 
mechanism, the lab-scale experiments were performed using 
redox cycling bioreactors toward two main goals: (1) to 
investigate the As, Fe, S species generated by oscillating 
biogeochemical conditions and (2) to pinpoint the role of 
sulphate-reducing bacteria in the process. Extensive 
characterization of aqueous phase parameter such as Eh, pH, 
DOC, S, Fe and As species was performed using appropriate 
analytical methods. DNA was extracted from slurry samples, 
the 16S rRNA gene amplified by PCR and the amplicons 
sequenced to monitor changes in the composition of the 
microbial community and to probe for the presence of sulfate-
reducing bacteria during the experimental cycles. 

The reducing and oxidizing cycles are clearly identifiable 
from Eh and pH values. Sulfate reduction is detected within 
the reactor experiments. Total concentrations of As decreased 
during the oxic half-cycles and increased during the anoxic 
half-cycles. After three redox cycles, the concentration of total 
As decreased significantly. 
 
[1] Couture, R.-M., Wallschläger, D., Rose, J., & Van 
Cappellen, P. (2013). Arsenic binding to organic and inorganic 
sulfur species during microbial sulfate reduction: a sediment 
flow-through reactor experiment. Environmental Chemistry, 
10(4), 285. doi:10.1071/EN13010 
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The Turee Creek Group (TCG) in Western Australia shows 
evidence for continuous deposition across the Great Oxidation 
Event (GOE), and thus provides a unique opportunity to 
examine the nature, rate, and duration of the rise of 
atmospheric oxygen on Earth during the Paleoproterozoic. 
Here, we report bulk and in situ ion probe multiple (32S, 33S, 
34S, 36S) sulfur isotope measurements of sedimentary pyrite 
from three drill cores obtained in BIFs of the underlying 
Boolgeeda Iron Fm., glacial diamictites of the Meteorite Bore 
Member, quartzites of the Koolbye Fm. and overlying 
carbonates of the Kazput Fm. 

Bulk isotope analyses and mean values of ion probe 
analyses appear remarquably coherent throughtout the three 
drill cores. Evidence for mass-independent sulfur isotope 
fractionation (MIF-S, Δ33S) between -1.4 to +3.4‰ in 
authigenic pyrite indicates that the TCG and associated glacial 
events were deposited during the initial stages of the GOE 
when pO2 remained below ~10-5 Present Atmospheric Level. 
Several sedimentary intervals display no MIF-S and a 93‰ 
range in mass dependent sulfur isotope fractionation between -
36.6 to 57.4‰. This suggests that microbial sulfate reduction 
under changing sulfate concentrations occurred intermitently, 
thus indicating that atmospheric O2 rised occasionnally to 
sufficient levels to permit oxidative weathering of sulfides on 
the continents. Multiple generations of pyrite are preserved, 
typically represented by primary cores with high δ34S values 
(>+10‰) and no or minor MIF-S signal, overgrown by 
euhedral rims with δ34S near mantle values (0±5‰) and 
displaying significant MIF-S. The preservation of sharp sulfur 
isotope gradients and absence of MIF-S signal in pyrite cores 
suggest that the rise of oxygen occurred intermitently and was 
followed by abrupt drops. Alternatively, these core-rim 
zonation patterns may reflect a secondary process associated 
with pyrite remobilisation during low grade metamorphism. 
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Ross Island, Antarctica, is home to Erebus, the world’s 
southernmost active volcano. Mt. Terror, Mt. Bird, and Hut 
Point Peninsula are older (~0.3 to 4 Ma), mainly basanitic 
volcanic centers that surround Erebus on the periphery of Ross 
Island. The geochemical compositions and the HIMU isotopic 
signatures of the phonolitic Erebus lavas are well characterized 
[1]. Many questions nevertheless remain about the nature of 
mantle upwelling, including whether Ross Island is the 
manifestation of a small mantle plume.  

The peripheral volcanic centers provide a means to 
investigate these questions. We collected lavas and tephras 
from Mt. Terror, Mt. Bird, and Hut Point Peninsula and 
analyzed their Sr, Nd, Pb, and Hf isotope compositions and 
major and trace element concentrations. Fifty-eight samples 
have 87Sr/86Sr, εNd, 206Pb/204Pb, and εHf between 0.702907 and 
0.703147, +4.28 and +6.28, 19.2820 and 20.2406, and +5.63 
and +8.55, respectively. All of these ranges are wider than 
those of Erebus (excluding an Erebus trachyte, which shows 
clear signs of crustal assimilation [1]) and display distinct 
differences between the three peripheral volcanic groups. 
Many Mt. Bird samples deviate from other Ross Island 
samples in εNd-εHf (and Pb-Pb) space, revealing a shallower 
slope potentially indicative of the involvement of pelagic 
sediments in their source [2].  

The radial symmetry of Ross Island’s peripheral volcanic 
centers and high eruptive volumes suggest a plume origin for 
Ross Island magmatism. 206Pb/204Pb for samples from Mt. 
Terror and Mt. Bird decreases with increasing distance from 
Erebus, which could indicate dilution of the HIMU signature 
and increased mixing with surrounding lithosphere and 
asthenosphere with increasing distance from the center of the 
plume. The presence of kaersutite in peripheral lavas and its 
absence in Erebus lavas supports the presence of a plume with 
a hotter, drier core and a cooler, wetter periphery [3]. 
 
[1] Sims et al. (2008) J Volcanol Geoth Res 177, 606-618, and 
references therein. [2] Blichert-Toft et al. (1999) Science 285, 
879-882. [3] Kyle et al. (1992) J Petrol 33, 849-875.   
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Organic molecules derived from ice that formed in the 
interstellar medium (ISM) are among the potential building 
blocks of our solar system and could be the precursor of a part 
of the organic matter found in comets and meteorites (e.g. [1]). 
However, it is not clear how the organic ice formed in the ISM 
may have evolved through temperature increase and 
irradiations by UV-photons and cosmic rays until their 
incorporation into the solar system. Recently, N2 was detected 
in the Jupiter family comet 67P/Churyumov-Gerasimenko 
made by the ROSINA mass spectrometer aboard the Rosetta 
spacecraft. Its abundance relative to CO, lower than solar, 
argues for a very low temperature formation of the cometary 
ice [2]. Thus, tracking the evolution of organic and water ices 
with temperature could have significant implications regarding 
to the cometary ice behavior in the current context of the 
ROSETTA mission. 

The laboratory experimental apparatus PICACHU 
(Photochemistry in Interstellar Cloud for Astro-Chronicle in 
Hokkaido University) was recently developed to simulate the 
formation and evolution of organic ice through UV irradiation 
and heating under ISM conditions. Typical ISM gases (H2O, 
CO, NH3, CH3OH) are deposited onto the three faces of a 
refrigerated substrate (~12K) and simultaneously irradiated by 
UV under ultra-high vacuum. Gases, desorbed from the ice 
during heating and post-irradiation, are monitored by a 
quadrupole mass spectrometer (QMS) in the vacuum chamber. 
The morphological evolution of the ice deposits during warm-
up and/or irradiation are observed in situ using a stereo 
microscope and correlated with desorbed gases measured by 
the QMS. The final organic residues obtained after warm-up 
and/or post-irradiation are characterized using ex situ 
observational and analytical instruments. Porous membrane-
like textures are well as aggregates of round particles of some 
tens of nanometers are observed in the residues but differ 
according to the irradiation conditions. Detailed observations 
and implications will be discussed at the meeting.  
 
[1] Tielens A. G. G. M. (2013) Rev. Mod. Phys. 85, 1021–
1081. [2] Rubin M. et al. (2015) Science, 10.1126.  
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Stable isotope studies of natural gas generally use bulk 

isotopic analyses that average over all positions in a molecule, 
potentially obscuring information that may be recorded by 
isotopic differences between non-equivalent molecular sites. 
‘Site-specific’ carbon isotope variations can arise from 
biosynthetic processes and potentially be passed on to products 
of catagenesis, and might be modified or created by kinetic 
isotope effects associated with thermal degradation of 
biomolecules.  

δ13C values of small n-alkanes are often interpreted along 
the lines of the model of, Chung et. al 1988, which assumes 
isotopic variations reflect kinetic isotope effects during C-C 
bond cleavage, and reservoir effects (i.e., product alkanes must 
approach the composition of the reactant kerogens as reaction 
progress increases). This model can be used to make 
predictions about site-specific C isotope variations; for 
propane, we predict that increasing thermal maturation will be 
associated with increasing δ13C of the terminal carbon 
positions, wheras the center C position will remain unchanged 
across a range of thermal maturities.  

We test this prediction using mass spectrometric analysis 
of fragments of propane that differentially sample the terminal 
vs. central carbon positions, examining propanes produced by 
thermal ‘cracking’ of Woodford shale or recovoered from 
samples of two natural gas suites that sample a range in gas 
maturity.  

Our findings differ significantly from our predictions, 
principally because the central position C in propane varies 
markedly in δ13C with increasing maturity, both in experiments 
and natural samples. In experiments, we find the central 
position initially increases in δ13C faster than the terminal 
position, followed by more rapid change in the terminal 
position at higher maturities. In conventional and shale gases, 
we observe approximately equal increases in δ13C of termnal 
and central C positions with increasing maturity (with more 
complex second order variations).  

We suggest three factors contribute to our findings: 
changing relative contributions from substrates that differ in 
carbon isotope structure (i.e., primary vs. secondary cracking, 
and perhaps more subtle, previousy unrecognized changes in 
proportions of reactants); ‘cleavage’ kinetic isotope effects and 
reservior effects, as predicted by the Chung model; perhaps 
also complemented by secondary isotope effects during 
cleavage reactions. 
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Deep-sea hydrothermal vents are characterized by steep 
temperature and chemical gradients as well as moderate 
pressures. At these sites, mesophilic sulfate-reducing bacteria 
thrive, however their significance for the sulfur cycle and the 
formation of sulfide minerals is unknown. In this study we 
investigate sulfate reduction and sulfide biomineralization by 
the deep-sea bacterium Desulfovibrio hydrothermalis AM13  
isolated from a deep-sea vent chimney at the Grandbonum vent 
site (13°N, East Pacific Rise, 2600 m water depth) [1]. 
Hydrogen sulfide production rates were determined as a 
function of pressure and temperature. Biomineralization of Fe 
sulfide minerals in the presence of various Fe concentrations 
was characterized using microscopy and spectroscopy. We 
seek to better understand the significance of biological sulfate 
reduction in deep-sea hydrothermal environments, to 
characterize the influence of microorganisms on sulfide 
mineral nucleation and growth, and identify the interactions 
between cells and minerals. 

 
[1] D. Alazard, S. Dukan, A. Urios, F. Verhe, N. Bouabida, F. 
Morel, P. Thomas, J.L. Garcia and B. Ollivier, Desulfovibrio 
hydrothermalis sp. nov., a novel sulfate-reducing bacterium 
isolated from hydrothermal vents, Int. J. Syst. Evol. Microbiol., 
53 (2003) 173-178. 
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Recent studies have shown how fluid-rock interaction at 
high-pressure condition (HP) plays a crucial role in promoting 
carbonate dissolution, and thus providing a potential source of 
C for the mantle wedge metasomatism and arc volcanism at 
convergent margins. However, little is known on the fate of 
carbonic fluids in the subducting slab. Here we present the 
petrology and geochemistry of eclogite-facies marbles 
occurring within a metasomatic area in Alpine Corsica 
(France). Silicate-bearing marbles (rod-shape Ca-carbonate, 
clinopyroxene, lawsonite, ± garnet) and Ca-
carbonate+omphacite crack-seal occur along metasomatized 
lithological boundary separating serpentinites and 
metasedimentary rocks. Carbonate is in textural equilibrium 
with omphacite and garnet and fresh aragonite has been 
detected by Raman spectroscopy. A series of observations 
indicates that the carbonate precipitated from the fluid as either 
vein-filling or chemical replacement of the protolith rock. δ18O 
values of carbonate in these rocks show remarkably light 
values (ranging between 10 and 15‰) and provide additional 
evidence for fluid-mediated precipitation buffered by external, 
likely ultramafic sources. Rock-carbonation at HP conditions 
has a potentially great impact on the fluxes between Carbon 
reservoirs in subduction zones. This process of C oxidation 
contrasts with previous works on C reduction along similar 
lithological boundaries in Alpine Corsica, and stresses on our 
still limited knowledge on the behavior of C in open systems at 
HP conditions. 
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Marine biological production is an important component of 

the earth-climate system. The biological carbon pump can 
regulate global temperatures by removing CO2 from the 
atmosphere. However, this process is limited by the 
availability of micro- and macro-nutrients amongst which Fe, 
nitrate (N), phosphate (P) and silicic acid (Si) are essential. 
While N, P and Fe limitations can restrict the total amount of 
carbon fixed by the biota in the sunlit layer of the ocean, Si 
availability determines the nature of the biological production 
(siliceous vs. calcareous) and consequently the carbon rain-rate 
ratio of the export production and the efficiency with which 
CO2 is removed from the atmosphere. Therefore the efficiency 
of the marine C pump depends locally on the “cocktail of 
nutrients” at the sea surface and globally on the large scale 
interactions between nutrient cycles, in particular N, Si, and 
Fe. 

Over the years we have used new diatom-bound proxies 
for Si, Fe and N biological availability along with more 
classical productivity tracers in recent sediments and marine 
archives in key regions of the ocean to explore the nature of 
the coupling between nutrient cycles and their impact on the 
carbon pump.  

For instance, using diatom-bound Fe concentration in 
sediment cores from the tropical Pacific and Southern Ocean, 
we show that dust accumulation records can not be 
straightforwardly used to reconstruct past changes in 
micronutrient availability and the cycling of iron in the surface 
ocean because they do not account for deep, soluble sources of 
iron or potential variations in the biological demand by the 
biota. Our work also reveals that the single most important 
factor causing Si limitation in the ocean is the dearth of Fe in 
the photic zone highlighting the indirect control exerted by Fe 
bio-availability on the biological C pump by enhancing the 
removal of Si from the ocean.  
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High level of particulate matter (PM) in the atmosphere in 

Kraków is a problem of great concern. The significance of 
various emission sources of PM is a subject of debate but it is 
possible, based on single particle analysis, to prove that PM 
originates from residential heating, vehicular exhaust, 
industrial emission, and natural sources (e.g. soil erosion). 
Secondary aerosol particles (e.g. sulphates, secondary organic 
aerosol) are also abundant. High concentration of fine and 
ultrafine particles is typical. PM2.5 concentration is usually 
above 60% of PM10 but in winter seasons is above 70%.   

Carbonaceous particles strongly dominate in PM1.0. Soot 
of various origin occurring as discrete particles (ca 50 nm in 
diameter) or clusters containing several particles is the most 
common in the studied material. Elongated often branched, 
chain-like particles or densely packed aggregates composed of 
numerous particle are present also. Spherical carbonaceous 
particles (up to 500 nm) or partly irregular particles represent 
probably secondary organic aerosols. Particles of this type are 
often seeded on soot particles.  

Na, Na-K, Na-K-Ca, or Ca sulphates are present as 
irregular granular sulphate particles or polyhedral particles 
with rounded edges. KCl occurs as polyhedral, partly rounded 
particles. Sulphates and chlorides often develop on soot 
aggregates. Carbonates (usually Mg-Ca carbonates) were 
noted. Ca, Ca-K, Ca-Mg-K, Ca-Mg-K-Fe aluminosilicate 
particles occur as discrete grains or as aggregates often mixed 
with Na-K sulphate. Submicron quartz particles are scarce. 
Smooth spherical SiO2 particles from 50 to 150 nm in size 
often form aggregates. Irregular Fe oxides are present usually 
in densely packed aggregates. TiO2 particles (below 100 to  
350 nm) form aggregates. Zn oxide occurs rarely. Al oxide  
spheres (100-300 nm) were noted sporadically. Sometimes 
particles are enriched in Cr, Ni or other metals.  
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The complexity of mineral-forming processes in the 

volatile- granitic systems are shown in example of the rare-
metal peraluminous granites. This processes are studied by 
methods of experimental and theoretical modeling, but this  
question is still discussed. We have tried to research the 
composition of the mineral-forming enviroments in the latest 
state of the magmatic systems.  

We have used the method of Raman spectroscopy to define 
various phases in the fluid inclusions in quartz. Raman spectra 
were recorded with a Jobin-Yvon LabRam HR800 
spectrometer.  

As a model we have taken Scherlovaya Gora ore unit (East 
Transbaikalia) which includes two types of deposits: 
greisenized rare-metal W-bearing granite with aquamarines, 
and Sn-bearing K-rhyolites. 

We define a lot of sassolite and siderite in fluid inclusions 
in quartz from greisens of Scherlovaya Gora. It demonstrates 
the geochemical specialization of these rocks with a number of 
schorl and siderite. A lot of zeolites are also typical here. As 
for gases, CO2 and N2 were found. 

Unique fact was observed: the crystal inclusions in topaz 
from greisen contain abundant zircon crystals of a size about 
100 µm, that form a growth zone on the boundary between 
milky-white early and framing transparent later topaz. 

Topaz, muscovite, albite, cassiterite were identified in the 
fluid inclusions in quartz from Sn-bearing rhyolites. It is 
noteworthy, that the studies of evaporated mounds in 
uncovered inclusions by SEM allowed discovering the crystal 
Cs, Sn, K, As – containing phases. This confirms the 
metallogenic specialization of Transbaikalia rhyolites, among 
which Cs-perlites were found. 

 
This study was supported by the Russian Foundation for 

Basic Research (grants 13-05-01057-a) and performed at 
Geomodel Research park of SPb State University. 
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Oceanic lithosphere is generally interpreted as mantle 
residue after MORB extraction. Niu and O’Hara [1] have 
suggested, however, that metasomatic processes could 
refertilize oceanic lithospheric mantle. To test and refine this 
idea it is fundamental to understand the isotopic evolution of 
the Earth mantle, since domains of metasomatically enriched 
lithospheric could generate some of the small scale isotopic 
heterogeneities observed in the source of MORBs or OIBs, 
after recycling into the convecting mantle. Direct evidence for 
refertilization of the deep oceanic lithosphere, however, at 
global scale is missing.  

Here, we report mantle xenoliths and xenocrysts with 
metasomatic imprint in petit-spot lavas that provide the first 
direct evidence that the deep oceanic lithosphere is affected by 
metasomatic processes unrelated to plume activity. Cpx from 
two peridotite xenoliths from Japanese petit-spot show 
compositions that differ significantly from the composition 
predicted for cpx in equilibrium with peridotite depleted by 
melt extraction. These cpx display high contents of 
incompatible trace elements, while variable LREE/HREE 
ratios suggest equlibration close to Grt/Spl transition zone. 
These trace elements “signatures” are unknown in oceanic 
settings but are similar to those observed in melt-
metasomatized Spl and Grt peridotite xenolith sampled by 
intracontinental basalts and kimberlites. Additional evidence of 
deep metasomatic cumulates in oceanic lithosphere is 
preserved in cpx xenocrysts from accreted petit-spot lavas in 
northern Costa Rica [2], with compositions similar to cpx 
observed in metasomatic veins worldwide. We suggest that 
plate flexure does not only produce petit-spot lavas at the 
surface, but allows low degree melts from the LVZ to 
percolate and differentiate across the oceanic lithospheric 
mantle producing metasomatic enrichment in peridotite and 
metasomatic cumulates. Since plate flexure represents a global 
mechanism in subduction zone, a significant portion of oceanic 
lithospheric mantle is likely to be metasomatized prior to 
subduction. 
 
[1] Niu and O’Hara 2003, JGR, [2] Buchs et al. 2013 G3. 
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Monitoring concentrations of various gases in soils and in 

the unsaturated zone is of prime importance to understand 
exchanges at the ground-atmosphere interface. This is relevant 
for the use of atmospheric noble gases to quantify recharge 
processes, and for the monitoring of various gas emissions to 
the atmosphere, either due to geological processes (global 
carbon cycle, volatilization of methylated elements, radon 
emissions) or anthropogenic ones (CH4 emission related to 
hydrofracturing, seepages at CO2 sequestration sites or from 
VOC-contaminated sites). 

Many organic and inorganic reactions, mainly biologically 
driven, are responsible for the production and consumption of 
molecular gases. The multiple-frequency variations in water 
content, temperature and biomass that characterize the soil and 
the unsaturated zone control these reactions and are 
responsible for large changes in the partial pressure of several 
molecular gases, including O2, CO2, CH4, N2O, H2. Most 
importantly, the total pressure is not kept constant at the pore 
scale, especially when fractionation mechanisms are at play, 
such as differential solubility in water (e.g. O2 vs. CO2) or 
differential diffusivity (H2, He). This results in transient 
pressure gradients distributed in the porous media, which in 
turn control the distribution and transport of inert trace gases, 
such as the noble gases. 

Here we present results on the variability of the partial 
pressure of common molecular gases and its origin in soils and 
in the unsaturated zone of an experimental plot at the Roselend 
Natural Laboraory (French Alps) and how this controls the 
measured concentrations of noble gases, either naturally 
occuring (He, Rn) or injected as a tracer (Kr). 
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In the structure of Anrakhai complex mafic-ultramafic 
rocks, assigned as a rule to NE part of the complex, are 
occurred. These rocks make up rather small boudines (up to  
2 m in average) among Qtz-Fs paragneisses of various mineral 
composition and consist of mainly serpentinites (after dunites) 
and antigorite schists. Rare mentioned melanocratic rocks form 
large blocks (for about 100 m), characterized by 
unhomogeneous composition: in central parts of these blocks 
garnet peridotites are present while outer parts are composed 
by serpentinites. Observed garnet peridotites possess quite 
well-preserved mineral assemblages of mantle origin, namely 
Grt, Spl, Ol, Opx and Cpx.  

Garnet peridotites of Anrakhai complex correspond to 
moderate-high aluminiferous low-alkali tholeiitic picrites  
(KAl varies from -0.1 to 0.2; SiO2 = 37.7 – 39.3 wt.%; MgO = 
26.4 – 36.5 wt.%; ΣNa2O + K2O = 0.19 – 0.75 wt.%). The 
rocks are highly replaced by mineral aggregates of serpentine 
group, however initial mineral assemblages of garnet 
peridotites reveal representative compositions, indicating their 
primary mantle derivation. Thus Grt contains vast amount of 
MgO (Prp55) and Spl is characterized by high Cr2O3 content 
(Chr23-27) against relatively low FeOtot content (Mag22-26). 
Crystals of olivine are intensively altered by Ni-bearing 
lizardite (up to 18 wt.% of NiO); interior of Ol shows high 
content of MgO (Fo85-87) as well as NiO (0.23 – 0.27 wt.%). 
Opx, surrounding olivine as a rim, is represented by En86-88; in 
doing so in several analysis raised content of Cr2O3 = 0.29% is 
remarkable. Cpx is characterized by low FeOtot content (2.9 – 
4.4 wt.%) against MgO (16.1 – 17.1 wt.%); extremely low 
content of Na2O in Cpx (0.15 wt%) is common for investigated 
garnet peridotites. Groundmass of the rocks apart from 
serpentine group minerals consists of amphibole of low-
ferriferous edenite composition with conspicuous Cr2O3 (up to 
0.33 wt.%) and MgO (18.5 wt.%) contents. 

In general, according to obtained characteristics of mineral 
and chemical compositions garnet peridotites represent 
primarily mantle-originated cumulates of Mg-Cr type in 
contrast to initially crust-derived and subsequently burried to 
UHP-HP fields peridotites of Fe-Ti type [1]. 
 
[1] Carswell (1983) Bull. Minéral. 106, 727-750 
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Subduction zones are places of intense fluid circulation 

revealed at depths greater than 30 km by the observation of 
high conductivity zones, non-volcanic tremors, and volcanism. 
The mantle overlying the subducted slab is made of antigorite, 
the high temperature and high-pressure variety of serpentine. 
Seismic studies confirm the presence of significant amounts of 
serpentine and fluids in these zones. Thus fluids circulate 
upwards in a serpentinite layer along the slab. The aim of this 
study is to better constrain the fluid-rock interactions, the 
permeability and related transport properties of antigorite 
serpentinite, by conducting diffusion and dissolution-
precipitation experiments at subduction zones conditions. 

An assemblage consisting of an antigorite serpentinite 
core, and of antigorite powders mixed with NiCl2 and 
deuterated water (D2O) were placed in a Belt press under P = 3 
GPa, T = 315-540°C during 12 to 38 hours. We obtained 
diffusion profiles of deuterium parallel to the layered structure 
and calculated diffusion coefficients: D = 10-14 to 10-15 m2.s-1 at 
540±20°C using Raman mapping of isotopic exchange 
between antigorite and deuterated water. Diffusion coefficients 
perpendicular to the layered structure are two orders of 
magnitude lower, which confirms that the diffusion is more 
efficient parallel to the layers. Below 500°C, complementary 
experiments in diamond anvil cell show that solid-state 
hydrogen diffusion is negligible in experiments. Thus, D 
incorporation in serpentine is mostly associated with 
precipitation and recrystallization at the lowest investigated 
temperatures. 

SEM imaging and EDX analyses revealed Ni-rich 
antigorite recrystallizations in mineral platelets, from which 
apparent growth rates of 5.10-12 m.s-1 at 540±20°C and  
6.10-13 m.s-1 at 315±20°C were inferred, confirming the 
observation of recrystallization by Raman spectroscopy. 
Recrystallization kinetics will influence precipitation-solution 
mechanisms, porosity cementation, and possibly rheology, if 
slower than diffusion in the aqueous fluid. Recrystallizations 
grow mostly sub-perpendicular to the main stress direction and 
are associated with porosities that modify the rock 
permeability. They may influence the transition between 
pressure-solution creep and brittle failure, thereby changing the 
deep faults or subduction zone strength. 
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Among the mechanisms proposed to trigger oceanic anoxic 
events (OAEs), a strong input of nutrients to the oceans is 
mentioned, leading to the deposition of carbon-rich sediments 
known as black shales at a worldwide scale. This study aims at 
constraining the role of continental weathering as a nutrient 
provider during OAE2 (Cenomanian / Turonian or C/T, 
~93.5Ma). The Hf-Nd isotope system is a useful proxy to 
monitor both provenance of sediments (Nd isotope ratio are 
similar in all mineral phases) and continental weathering (due 
to sorting during alteration of mineral phases with different 
εHf). In the Hf-Nd isotopic space, most terrestrial samples align 
along a well-correlated trend, the “terrestrial array,” and a 
vertical deviation from this array corresponds to a change in 
mineralogical sorting [1].  

We analysed whole-rock Hf-Nd isotopes of C/T sediments 
from Agadir (Morocco). We also extracted by acetic leaching 
the Nd trapped in the carbonated fraction and Fe-Mn coatings 
(interpreted as seawater εNd) and analysed both leachate and 
residue (detrital fraction) for Hf-Nd isotopes. Whole rock and 
detrital fractions are characterised by a significant temporal 
change from relatively high values (εNd=-7±1, εHf=-5.5±3) to 
more continental values (εNd=-12.2 ±1.7, εHf=-13.4±3) over 
the C/T boundary. Seawater εNd follows the same pattern 
(from εNd=-5.4±0.7 to εNd=-9.8±1). 

Our seawater εNd values differ from previous studies that 
show constant values across the C/T boundary [2], and indicate 
that in this region, seawater εNd was controlled by continental 
inputs. In addition, the whole-rock and detrital fraction Nd and 
Hf isotopes define a well-correlated trend with no apparent 
deviation from the terrestrial array. This suggests that around 
the C/T boundary, no visible change in weathering regime 
occurred on the Moroccan shelf. More surprising is the whole-
rock and detrital negative shift of ~6 εNd over the C/T 
boundary that indicates a change in the provenance of 
continental material. These results differ from previously 
published data for C/T sediments that yielded constant values 
(εNd~-15 for Demerara Rise [2,3] and Tarfaya [4]). This could 
indicate that changes in continental erosion can only be 
detected when contrasted lithology outcrop as is the case in the 
Agadir region but not upstream from Demerara and Tarfaya.  
 
[1] Garçon et al. (2013) GCA, 121, 177-195. [2] Martin et al. 
(2012) EPSL, 328, 111-120. [3] Carpentier et al. (2008) EPSL, 
272, 199-211. [4] Ali et al. (2014), JAES, 90, 64-76.  
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The so-called Dolomite Problem is one the most 
interesting and longstanding mineralogical questions. The 
problem deals with the uncommon formation of dolomite 
(CaMg(CO3)2) in present natural environments despite its 
abundance in the geological record. Moreover, while dolomite-
analogues, such as norsethite (BaMg(CO3)2)  and PbMg(CO3)2 
can be easily synthesized at room temperature and atmospheric 
pressure, this does not occurs in the case of dolomite. In fact, 
experimental conditions for the synthesis of dolomite at 
ambient conditions are not well defined yet. 

This opens the door to an indirect investigation of the 
mechanisms of dolomite formation in nature. 

By using an experimental protocol based on the 
precipitation method proposed by Hood et al. [1], we were able 
to determine and monitor the reaction pathways towards the 
formation of the dolomite-analogues norsethite and 
PbMg(CO3)2 at room temperature. In brief, the experiments 
consisted in mixing equal volumes of two aqueous solutions: 
solution A with concentrations of 0.06 M of BaCl2 (or 0.02 M 
of Pb(NO3)2) and 0.1 M of MgCl2 (or Mg(NO3)2) and solution 
B with a concentration of 0.5 M Na2CO3. As a result, 
instantaneous precipitation of amorphous gels was observed in 
all cases. Subsequent ageing of initial gels led to the formation 
of various crystalline phases, which eventually transformed 
into norsethite or PbMg(CO3)2. X-Ray Powder Diffraction and 
Scanning Electron Microscopy imaging of the precipitates 
removed after given ageing times allowed us to identify the 
sequences of dissolution-crystallization reactions, which 
produce the dolomite-analogues. Furthermore, we monitored 
the evolution of the characteristic cationic ordering of 
norsethite and PbMg(CO3)2 by determining ratios between the 
intensity of certain superstructure peaks and no-superstrucure 
peaks (e.g. I01.5 / I00.6 and I10.1 /I01.2 [2]).  

The results obtained from our experiments provide new 
insights into the mechanisms of formation dolomite-like 
structures under ambient conditions. 

 
[1] Hood, W.C. et al (1974) Am. Mineralogist, 59, 471 - 474. 
[2] Pimentel, C. and Pina, C. M. (2014) Geochimica et 
Cosmochimica Acta, 142, 217 - 223. 
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Dolomite, CaMg(CO3)2, is, after calcite, CaCO3, the most 

abundant carbonate mineral on Earth. Both minerals play an 
important role in the functioning of global biogeochemical 
cycles and they can strongly interact with natural and polluted 
waters (e.g. waters containing heavy or radioactive metals). 
Despite this, studies on the reactivity of dolomite are still 
scarce compared with those on calcite. In particular, very little 
is known about the interaction between dolomite surfaces with 
metal-bearing aqueous solutions. 

Here we present our recent atomic force microscopy 
(AFM) and scanning electron microscopy (SEM) observations 
of cadmium and cobalt carbonate overgrowths on dolomite 
(104) surfaces. The formation of overgrowths was promoted at 
room temperature by immersing freshly cleaved natural 
dolomite crystals into highly supersaturated aqueous solutions 
with respect to otavite (CdCO3) and sphaerocobaltite 
(CoCO3).While AFM allowed us to monitor the early stages of 
the growth process on dolomite (104) surfaces, SEM 
observations (complemented with energy dispersive X-ray 
analyses) provided information about the morphology and 
chemical composition of the overgrowths formed after reaction 
times longer than 24 hours. AFM and SEM images showed 
that the nucleation of overgrowths occurred preferentially on 
dolomite step edges, indicating relatively large substrate-
overgrowth interfacial energies. However, in most of the 
conducted experiments, the spreading of initial two-
dimensional islands on dolomite surfaces led to the formation 
of large areas coated by epitaxial overgrowths. Recorded high 
resolution AFM images allowed us to determine epitaxial 
relationships between the dolomite (104) surfaces and the 
overgrowths. 

Our results demonstrate that cadmium and cobalt 
carbonates, and presumably a large number of other metal 
carbonates, can grow on dolomite (104) surfaces from aqueous 
solutions at room temperature. Future work will include the 
nanotribological characterization and nanomanipulation of the 
overgrowths using frictional force microscopy (FFM). 
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The youngest xenolith-bearing alkali basaltic outcrop 
(Füzes-tó) in Bakony-Balaton Highland Volcanic Field 
(BBHVF) in the central Carpathian-Pannonian region (CPR) 
includes peridotite xenoliths with the highest diverse textures 
from the BBHVF.   

Based on prior studies [1], a two-layered continental 
lithospheric mantle is present beneath the region: 1) shallow 
lithospheric mantle portion with fine-grained texture from the 
MOHO to 40 km depth, and 2) deeper, coarse-grained layer 
between 40 km depth and the present LAB boundary.  The 
deeper layer could represent a juvenile lithosphere which was 
transformed form asthenosphere following the Miocene 
extension event.  It was also proposed that tabular equigranular 
textures xenoliths may form a thin horizon which may separate 
these two layers [2]. 

Six representative and well characterized spinel peridotite 
xenoliths were selected for detailed FTIR study, covering the 
two mantle domains and, in addition, three tabular 
equigranular textured xenoliths from Füzes-tó are also 
inlcuded.  H2O content of the nominally anhydrous minerals 
(NAMs) were calculated from avaraged unpolarized FTIR 
spectra of each NAM [3].  Xenoliths from shallow layer show 
generally low bulk H2O content (6-13 ppm), wheares the 
xenoliths from juvenile deep mantle have higher bulk H2O 
contents (~20 ppm). The tabular equigranular textured 
xenoliths from the horizon that separate the two main domains 
show the most elevated H2O concentrations in bulk NAM  
(~25 ppm).  The higher water content of the deeper layer may 
be explained by its asthenospheric origin due to higher water 
activity presumably induced by the instability of pargasitic 
amphibole. 
 
[1] Kovács et al. (2012), Tectonophysics 514-517, 168-179. [2] 
Hidas et al. (2007), Journal of Geodynamics 43, 484-503. [3] 
Kovács et al. (2008), American Mineralogist 5-6, 765-778. 
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The last few million years saw changing boundary 

conditions to the Earth system which set the stage for bi-polar 
glaciation and Milankovitch-forced glacial-interglacial cycles 
which dominate Quaternary climate variability.  Recent studies 
have constrained the relative importance of temperature, ice 
volume and deep ocean circulation changes during the Mid-
Pleistocene Transition at ~900 ka (Elderfield et al., 2012, Pena 
and Goldstein, 2014).  Reconstructing the history of Atlantic-
to-Pacific deep water propagation and the carbon content of 
these water masses is important for understanding the ocean’s 
role in amplifying climate changes to cause glacial-interglacial 
transitions. 

We present new high resolution foraminiferal-coating Nd 
isotope records from ODP Site 1123 on the deep Chatham Rise 
and ODP Site 929 from the deep western equatorial Atlantic 
Ocean, extending from the Holocene to 1.3 Ma at a sample 
spacing of ~5 kyr. They show similar structure exhibiting  
100 kyr glacial and shorter cyclicity, linking Atlantic water 
mass propagation into the Pacific Ocean via the Southern 
Ocean.  The Atlantic and Pacific records have different 
characteristics during the Mid Pleistocene Transition  
(MPT; 950-850 Ma, MIS 25-21).  By comparing Nd and C 
isotopes at high resolution during this interval we can see that 
a circulation change was stronger in the Atlantic record, but 
the Pacific Ocean responded with a larger change in carbon 
isotopes.  This suggests that during the MPT a carbon cycling 
change occurred in the Southern Ocean and was circulated into 
the Pacific.  The observed Nd and C isotope changes during 
the MPT are not observed during other glacials, suggesting a 
southern hemisphere carbon cycling amplification was critical 
in causing this step change in climate boundary conditions.   
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Continental breakup and reassembly are fundamental 
processes in the dynamic evolution of the Earth. This cycle is 
evident at the Earth’s surface in the creation of ocean basins, 
continental rifts, and mountain belts. The evolution of the 
subcontinental lithospheric mantle beneath continents (SCLM) 
is more difficult to observe, yet this layer plays a critical role 
in long-term continental stability. While it cannot be sampled 
directly, the SCLM preserves valuable information about the 
history of continental assembly and rifting. Metasomatism 
assoicated with tectonic events is recorded in the SCLM and 
can be identified by chemical signatures in magmas derived 
from it. In addition to chemical modification of the SCLM, 
metasomatism may destabilize the structure of the lithosphere 
by modifying the density profile with depth, potentially 
resulting in foundering of the basal lithosphere through brittle 
or ductile (lithospheric drip) processes, both of which can 
produce magmatism.  

The East African Rift System (EARS) is the largest surface 
expression of rifting in the continental crust on the earth’s 
surface. We examine lithospheric stability and magmatic 
processes in the Western Rift of the EARS using a suite of 
mafic lavas and associated xenoliths from the Toro Ankole and 
Virunga volcanic provinces in the Western Rift (southern 
Uganda). The lavas consist of alkaline basalts, trachybasalts, 
and basanites. Strong positive correlation between normative 
olivine and Cr for parental lava compositions suggests that 
lithospheric drip magmatism is the dominant process 
generating melts in this region. Much of the Western Rift may 
be topographically elevated as a result of this localized 
lithospheric removal, likely related to descent of 
metasomatized dense lithospheric mantle. Normalized REE  
plots with steep profiles (Tb/Yb >2) indicate that the melts 
were derived from a depth within the garnet stability field 
although xenoliths associated with the lavas lack modal garnet 
Consistent ITE patterns throughout much of the Virunga 
province suggest a common regional metasomatized source.    
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Mesosiderites are breccias consisting of a mixture of metal, 
chemically similar to IIIAB iron meteorites, and silicates, 
which resemble HED achondrites [1] [2]. From microscale 
metallographic textures and geochemistry, the cooling of the 
metal fraction from about 550°C appears to be uniquely slow 
(cooling rate of 0.25-0.5°C/My [3]) despite some debate about 
systematic error in these determinations [4]. On the other hand, 
the silicate are believed to have cooled quite quickly (e.g., [5]). 
The mesosiderite A 09545 [6] contains large grains of 
pyroxene exhibiting two generations of exsolution lamellae, 
which have been here investigated with electron microscopy 
(SEM, TEM, and EPMA) and used for constraining the 
thermal evolution of the silicate fraction in the sample. 

The host pyroxene is clino-enstatite (Monoclinic, P21/c) 
with composition Wo3En59Fs38 and contains thick (up to  
25 µm) lamellae of augite (Monoclinic, C2/c, Wo42En41Fs17) 
along cleavage. A second generation of exsolution lamellae 
occurs within the augite lamellae, with thin (ca. 300 nm) 
lamellae, apparently parallel to [001], and composition 
Wo1En56Fs43. Geothermobarometry calculation [7] [8], lattice 
parameters [9], lamellae orientation [10], and the inversion of 
ortho- to clinopyroxene [11] have suggested a slow cooling 
rate of the pyroxene from the crystallization of pigeonite (ca. 
1150°C) to the inversion into clinoenstatite (ca. 570°C), 
followed by the slow cooling recorded in the metal (e.g., [3]). 
 
 [1] Prior (1918), Mineral Mag 18, 151-172. [2] Powell (1971), 
Geochim Cosmochim Ac 35, 3-34. [3] Goldstein et al. (2014), 
Geochim Cosmochim Ac 140, 297-320. [4] Wasson & Hoppe 
(2014), 77th Meteoritical Society Meeting #5405. [5] Ganguly 
et al. (1994), Geochim Cosmochim Ac 58, 2711-2723. [6] 
Yamaguchi et al. (2014) Met Newsl 23. [7] Saxena (1976) Am 
Mineral 61, 643-652. [8] Putirka (2008) Rev Mineral 
Geochem. 69, 61-120. [9] Robinson et al. (1977) Am Mineral 
62, 857-873. [10] Nakazawa & Hafner (1977), Am Mineral 62, 
79-88. [11] Ulmer & Stalder (2001) Am Mineral 86, 1267-
1274. 

2500



 Goldschmidt2015 Abstracts  

 2501 

Organochlorine pesticides in surface 
waters from Reloncavi Fjord and 

Chiloe Sea (~39.5ºS - 43ºS): Local or 
remote sources to southern Chile? 

JUAN A. PLACENCIA1*, CAROLINA AGUIRRE1,  
JAVIER FERNÁNDEZ1 AND ALEJANDRA MALDONADO1 

1Department of Environmental Chemistry, Faculty of Sciences, 
Universidad Católica de la Ssma. Concepción, Chile 
(*Correspondence: jplacencia@ucsc.cl). 

 
Organochlorine Pesticides (OCPs, e.g., aldrin, dieldrin, 

endrin, DDT, endosulfan, heptachlor and HCHs, among 
others), are toxic and persistent chemical substances that 
bioaccumulate and biomagnify along the foodwebs in aquatic 
ecosystems [1]. Significant atmospheric transport and air-water 
exchange processes of OCPs in the environment, describe 
latitudinal migration OCPs from warm to cold/remote regions 
[2], including cold mountain areas, where these compounds 
can be transported to continental waters [3]. Surface water 
samples (16 stations) from the continuum: rivers (Petrohue, 
Cochamo, Puelo river), fjord (Reloncavi), inner-sea (Chiloe 
island) and continental margin in southern Chile, were 
extracted and analyzed [4] to estimated levels of dissolved 
OCPs. α,β,γ,δ-HCH (0.66-69.0 ngL-1), heptachlor  
(2.0-42.0 ngL-1), heptachlor epoxide (2.0-42.0 ngL-1), α,γ,-
chlordane (0.18-50.0 ngL-1), aldrine (9.0-44.0 ngL-1), dieldrin 
(3.0-35.0 ngL-1), endrin (2.0-30.0 ngL-1), endrin aldehyde 
(0.44-46.0 ngL-1), endrin ketone (4.0-55.0 ngL-1), p,p’-DDT 
(5.0-19.0 ngL-1), p,p’-DDE (6.0-50.0 ngL-1), p,p’-DDD  
(2.0-25.0 ngL-1), methoxychlor (3.0-13.0 ngL-1), α,β-
endosulfan (4.0-53.0 ngL-1) and endosulfan sulfate  
(3.0-29.0 ngL-1) were found in all sampling sites. The highest 
concentrations of OCPs were found in glacial rivers and close 
to rivermouth waters, decreasing to the fjord and inner-sea 
areas. Continental margin stations shown the lowest levels for 
all OCPs. Our results indicate that rivers are the major source 
of dissolved OCPs in the study area, suggesting that OCPs are 
transported via atmosphere from remote areas, deposited on 
mountain’s glaciers and transfered to the rivers, potentially by 
meltwater and/or surface runoff, and finally released to the 
ocean.   

 
[1] Jones & de Voogt (1999) Environ.Pollut 100, 209-221. [2] 
Wania & Mackay (1996) Environ. Sci. Technol 30, 390-396. 
[3] Blais et al. (1998) Nature 395, 685-688. [4] Concha-Graña 
et al. (2013) Int. J. Environ. Anal. Chem 93, 416-433. 
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Many hazardous andesitic volcanic eruptions exhibit 
evidence for recharge by volatile-rich mafic magmas in the 
form of mafic enclaves in the host rocks, with this interaction 
ascribed as the eruption trigger. Mafic enclaves provide us 
with a snapshot of dynamic mixing processes in the shallow 
chamber as well as insight into deeper crustal processes. We 
examine geochemically the temporal evolution of mafic 
magma supply to a shallow magmatic system using the active 
Soufrière Hills Volcano (SHV), Montserrat as a case study and 
compare with similar magmatic systems. 

At SHV, binary mixing between a mafic end member  
(48 wt % SiO2) and up to 67 % host andesite (61 wt % SiO2) 
can explain the range in mafic enclave major and trace element 
compositions (48–57 wt % SiO2) for the phase 5 (2009-2010) 
erupted product, which is consistent with the observed high 
percentage (15–25%) of phenocrysts and rhyolitic melt 
incorporated into the evolved mafic enclaves from the SHV 
andesite. The range of mafic enclave compositions may reflect 
the sampling of a hybridised layer at the interface between the 
two magmas. However, systematic offsets in major and trace 
element compositions at SHV such as Fe, Mg, V and Sc, 
between the eruptive phases show that the mafic end-member 
composition progressively altered from the early phases 1 to 3, 
but was constant from the latter phases 3 to 5. This variability 
may reflect an evolving lower mafic layer linked to magnetite 
fractionation and/or a quasi-continuous heterogeneous mafic 
supply throughout the eruption. 

We compare SHV with 3 other similar magmatic systems 
(Augustine Volcano, Mt. Lassen and Quizapu) and observe a 
similar geochemical variability in the mafic end member in 
particular in V and strong negative linear correlations for 
example between V, Fe, Sc and Ti. This suggests that 
magnetite fractionation may have an important role in 
generating geochemical variability in magma mixing systems.  
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Due to its unique physical and chemical properties 
nanocrystalline cerium dioxide  is widely used in various of 
modern technology. On the other hand, cerium dioxide could 
be considered as a simple non-radioactive model for plutonium 
dioxide compound, since it has the same fluorite-type crystal 
structure. Therefore, the study of ceria behavior in aqueous 
solutions is an important issue in light of environmental safety. 
The aim of this work is to study the behaviour of CeO2-x 
nanoparticles in aqueous solutions and develop the 
thermodynamic model describing the dissolution process. 

Synthesis of ceria nanoparticles was carried out by adding 
aqueous ammonia to cerium(III) nitrate stock solution. For 
solubility measurements radioactive tracers 141,143,144Ce was 
added upon synthesis. The size and shape of ceria 
nanoparticles was studied by high-resolution transmission 
electron microscopy (HRTEM) and small-angle X-ray 
scattering (SAXS). Selected area electron diffraction (SAED) 
and X-ray diffraction patterns were used to confirm 
crystallinity of samples. The solubility was determined by 
measuring cerium concentration in aqueous phase using 
inductively coupled plasma mass spectrometry (ICP-MS) or by 
determining radioactive 141,143,144Ce by γ-spectroscopy. 

According to HRTEM data ultrafine CeO2-x spherical 
nanoparticles were obtained. Influence of pH and aging time 
on the morphology of cerium oxide nanocrystalline samples 
was studied. It was indicated that spherical particles are 
recrystallized into nanorods under neutral and alkaline 
conditions. The effect of morphology changing on the CeO2-x 
solubility was also discussed. 

The solubility data show significant decrease of cerium 
concentration in solution from pH=2 to pH=8. In the range pH 
8÷12 the solubility remained unchanged. Experimental results 
from this study at pH region from 2 to 8 were fitted using 
reductive dissolution model:  

CeO2 + e- +4H+ ! Ce3++ 2H2O. 
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It is widly known that nanostructured materials could be 
used for improving the physical, chemical and mechanical 
properties of bulk materials. Thorium oxide is used in 
catalysis, as solid electrolytes and in nuclear industry. Despite 
of the wide range of possible applications, there are some 
knowledge gaps in a field of factors controling the 
crystallinity, morphology and size of the thoria. The goal of 
our research is to link the conditions of thoria nanoperticles 
precipitation on its morphology, size distribution and structure.  

Thorium oxide nanoparticles were prepared from thorium 
nitrate pentahydrate (Th(NO3)4·∙5H2O) stock solution and 
sodium hydroxide by rapid chemical precipitation. Effects of 
Th(NO3)4 concentration and pH on the morphology of thoria 
nanoparticles were studied. As prepared samples was treated 
under hydrothermal conditions at temperature range from 120 
to 210°C.  

The obtained thoria samples were investigated using high 
resolution transmission electron microscopy (HRTEM) and X-
ray diffraction (XRD). The Rietveld refinement of the unit cell 
parameters for thoria samples was appled to determine cell 
parameters as a function of ThO2 nanoparticle size. The ζ-
potential of nanoparticles was measured. 

According to HRTEM data ultrafine ThO2 nanoparticles 
with fluorite crystal structure were formed. Suspension 
stability in water solutions for all samples was observed at 
pH<5 and pH> 7.5; the pHIEP was established as 7.0. A strong 
correlation between concentration of NaOH and nanoparticle 
size was observed. Herein it was establish that hydrothermal 
process is the best way to controll nanothoria particle size and 
micromorphology. The thoria unit cell parameter is shown to 
increase as the particle size decreases. 
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Arsenic is the classical groundwater contaminant and its 

mobilization as arsenite or arsenate by reductive dissolution of 
iron (oxyhxyro)xides has received great attention. Arsenic 
mobilization by dissimilatory sulfate reduction has received 
muss less attention despite sulfate-reducing microorganisms 
being ubiquitous in anoxic aquifers. Additionally, regional 
geology and an increasing pressure on water resources will 
increase future use of aquifers in which sulfate reduction is 
important such as coastal floodplain or organic-rich sediments. 

Traditional speciation analysis only resolves the inorganic 
species arsenite and arsenate. In sulfate-reducing 
environments, however, thioarsenates ([HAsVS-II

nO4-n]2-, n=1-4) 
form spontaneously from arsenite, sulfide, and S0 and can 
dominate arsenic speciation. Routine sample preservation by 
acidification leads to precipitation of all thioarsenates, except 
monothioarsenate. To avoid the risk of incorrect species 
identification and underestimation of total arsenic, anoxic or 
flash-frozen storage and chromatographic separation at high 
pH are required. In groundwaters, thioarsenate formation 
causes arsenic mobilization due to less sorption than the 
oxyanions to iron (oxyhydr)oxides, iron sulfides, and likely 
also to organic matter. The lower sorption also makes simple 
de-centralized treatments, e.g. with Kolshi or SONO filters, 
less effective. Oxidation would be an obvious solution, but 
upon aeration, higher thiolated arsenates transform slowly 
(trithioarsenate half life 170 min) to the more mobile arsenite, 
not to arsenate. Monothioarsenate is kinetically stable, 
showing no transformation over 24 hours of aeration, and 
could thus enter the human body directly via drinking water.  

Consideration of thioarsenates is also important with 
regard to human health. Even if drinking water contains no 
thioarsenates but arsenite, the presence of free sulfide in the 
human gut lumen can lead to their spontaneous formation in 
vivo. Surprisingly, only methylated, but not inorganic 
thioarsenic species have been investigated so far. We recently 
showed that thioarsenates survive passage through human 
intestinal cells and that acute toxicity of thioarsenates to 
bladder and liver cells is higher than that of arsenate, but lower 
than that of arsenite. Being able to measure all relevant species 
correctly is the basis for determining the true risk of arsenic 
(and other elements) in the environment or for human health. 
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Man-induced changes have a major impact on the 

biogeochemical cycle of nitrogen. In the framework of the 
regional OMES programme (Flanders) a long-term study of 
biological and physico-chemical parameters is conducted on 
the River Scheldt. The covered section is about 100km 
between the cities of Ghent and Antwerp with 25 stations 
sampled on a monthly and even fortnightly (summer period) 
basis. Knowledge about the natural δ15N and δ18O isotopic 
composition of nitrate enables to resolve the impact of the 
different biogeochemical processes acting on the nitrate 
reservoir, such as uptake, remineralization and denitrification. 
We measured the nitrate isotopic composition using the 
bacterial denitrifier method (Sigman et al., 2001) to document 
the spatial and seasonal evolution of the nitrate isotopic 
composition along the river for winter, spring, summer and 
autumn 2014. The major biogeochemical processes involved 
are discussed. 
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Mantle peridotite alteration can catalyse abio-genic 
hydrocarbon formation, particularly CH4. This gas sustains the 
deep biosphere, promotes gas hydrate formation, and may form 
gas reservoirs. Although CH4 synthesis is known to occur in 
the presence of metal alloys or chromite during 
serpentinization at T>200 °C, little is known about the 
potential for massive CH4 catalysis at low-temperatures. Here, 
we present first results of our investigations into the natural 
catalyst within the massive, low-temperature (~50 °C [1]) CH4 
seep at the Chimaera site, Turkey. CH4 has been used at this 
site for >2000 years and the original reservoir is estimated to 
be thousands to millions of cubic meters making it the Earth’s 
largest onshore abiogenic CH4 seep. Our investigations show 
that the serpentinites are massively enriched in chromite. 
Using micro-analytics we show that chromite alters to a 
mesoporous network of nanocrystalline spinel phases. We 
argue that the crystallographic preferred pore wall orientation, 
high surface area, and trace metal content of these spinel 
phases facilitates low-T CH4 synthesis with significant 
production capacities over timescales of several hundred to 
thousands of years. Using paleo-tectonic reconstructions we 
estimate the amount of CH4 production since ophiolite 
emplacement. 
 

[1] Etiope et al. 2011, EPSL, 310(1-2), 96-104. 
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Chemical weathering of continental silicates is a dominant 
driving force of the long-term carbon cycle. However, the 
controlling aspects of silicate weathering are still uncertain, 
and therefore the forcings of the long-term carbon cycle 
reamin unclear.  

Lithium isotopes are a more unambiguous weathering 
tracer than more traditional radiogenic isotopes. Li is almost 
entirely situated in silicates, rather than carbonates, and its 
isotopic fractionation in rivers is demonstrably due to the ratio 
of primary rock dissolution to secondary mineral formation, 
also termed the intensity or congruency of silicate weathering.  

Lithium isotopes therefore have potential in examining 
how weathering and CO2 drawdown respond to short periods of 
rapid climate change. We present marine carbonate and clay 
data from a series of climate warming events (post-Marinoan 
deglaciation, and the Toarcian, Aptian and Cenomanian-
Turonian Oceanic Anoxic Events) and global cooling events 
(the Ordovician Guttenberg excursion, and the Hirnantian 
glaciation). These time periods allow us to examine the 
response of Li isotopes, and hence the response of global 
weathering processes, to global temperature changes.  

In general, negative δ7Li excursions accompany warming 
events, and positive excursions accompany cooling events. 
Modelling of the data shows the reponse of the weathering 
cycle to climate.  In addition, there is an overall shift in 
baseline δ7Li values from the early Palaeozoic, implying a 
change in global continental clay formation, possibly in 
reponse to the colonisation of the land by plants.  
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Carbonatite volcanism generally occurs in intraplate set-
tings associated with continental rifting. The only active car-
bonatitic volcano is the Oldoinyo Lengai, generating sodium-
rich carbonatites. The processes of carbonatite genesis are still 
unresolved; however carbonate-bearing melts play a crucial 
role during mantle melting, in diamond formation and as 
metasomatic agents. Silicate and carbonate melts are 
immiscible at low pressures invoking trace element 
fractionation [1]. Using extended X-ray absorption fine 
structure (EXAFS) spectroscopy, we investigate the influence 
of carbonate con-centration on the structural incorporation of 
the geo-chemically important trace elements Y and Sr in 
silicate and carbonate melts in the system Na2O-CaO-Al2O3-
SiO2-CO2. Data of silicate glasses with up to 10 wt% CO2, 
quenched from melts under high pressure/temperature 
(HP/HT), indi-cate no or only a slight effect of CO2 on the 
local structure of Y and Sr. Compositions with higher CO2 
contents could not be quenched to glasses. In-situ data along 
the join from silicate to carbonate composition were collected 
under HP/ HT using the Paris Edinburgh-Press. In-situ 
experiments re-veal shorter Y-O-bond lengths (~2.2 instead of 
~2.3 Å) as well as a higher degree of disorder (σ2 of ~0.02 
instead of ~0.005 Å2) compared to the glasses. Furthermore, 
there is a slight increase in Y-O bond length along the join 
silicate – carbonate composition from ~2.2 to ~2.3 Å. The 
XANES region of the spectra show distinct differences 
between the glass and in-situ data as well as along the join 
silicate – carbonate, which implies significant changes in 
average site symmetry. Information derived from the trace 
elements’ local structure is used to develop a structural model 
for carbonate-silicate melts in order to better understand 
chemical fractionation processes in carbonate-bearing 
magmatic systems. 
 
[1] I.V. Veksler, C. Petibon, G.A. Jenner et al., J. Petrol. 1998, 
39, 2095. 
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Since the finding made a decade ago that magmatic 
differentiation leads to measurable and systematic stable iron 
isotope fractionation, this area of geochemistry has been 
rapidly expanding. Further studies were subsequently 
conducted on various igneous suites. While they confirmed the 
trend uncovered, additional interpretations were provided. 
Besides a possible redox effect linked with magma degassing 
that would lead to a residual granitic liquid enriched in heavy 
Fe isotopes, fractional crystallization and/or thermal diffusion 
were proposed as alternative explanations. 

This isotope effect was further tackled through the 
examination of the stable isotope variations of other metals and 
metalloids on the same igneous suites. It was found that Li, Cu, 
Mg, Zn and Si show specific isotope trends through 
differentiation. Such contrasted isotopic fractionation 
behaviour are likely related to the specific mineral hosts of the 
element of interest, to its position in the structure of silicic 
melts, and as to whether it is redox sensitive or can be easily 
mobilised by fluids exsolved in the course of a magmatic 
evolution. 

The case of silicon remains particularly enigmatic. While 
there is a general trend of increasingly heavy Si isotope 
signature as the rock becomes enriched in silicon through 
igneous differentiation, recent work has shown that these Si 
isotope variations cannot be interpreted as a single magmatic 
process. Detailed studies of individual igneous suites show that 
silicon isotopes cannot be explained in terms of simple 
fractional crystallization or magma mixing as with Fe isotopes. 
Compilations made at the planetary scale reveal that, besides a 
source effect for anatectic leucogranites and possibly andesites, 
those Si isotope trends are not so much influenced by the 
cumulative nature of the rock under consideration. In fact, and 
whereas recent atomistic computations show the influence of 
some metal cations in mineral structures, the behaviour of 
silicon stable isotopes in igneous rocks is likely to be driven by 
a parameter that relates to the mean interatomic distance 
between Si and O atoms. We are exploring whether this can be 
summarized as a relationship between Si isotope compositions 
and the polymerization degree of the silicic melts and minerals 
in which silicon is locked. 
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A polymict breccia is a complex rare type of deep mantle 
rocks. Such rocks were previously described just in some 
papers [1-4]. Each polymict breccia is unique. SH-18-20 is a 
conglomerate of peridotite fragments of different composition. 
The rock forming conditions were nonequilibrium. 
Conglomeration of fragments took place in the mantle before 
the introduction of the kimberlite melt. Composition of garnets 
varies without a definite correlation between the elements 
within a fragment of a sample and grain zones (wt.%): TiO2 0-
1.87; Al2O3 19.08-22.58; Cr2O3 0.31-5.55; FeO 5.85-11.41; 
MnO 0.-0.61; MgO 18.08-21.59; CaO 4.95-6.59.  

Chondrite-normalised REE patterns in garnets show 
varying degrees and character of enrichment, indicating the 
different sources of metasomatism or/and several stages of the 
process.  

Figure 1: 1,2 – center and rim of a garnet with lherzolitic 
CaO-Cr2O3 relation; 3,4 – garnet near a crack; 5 – garnet 
inclusion in cpx; 6,7 – low Cr garnets. 

 
Light REE enrichment may be caused by the influence of 

prekimberlitic melt. According to Zr-Ti and Zr-Y signatures 
studied garnets were exposed to as high-T (Melt Metsomatism) 
and low-T (Phlogopite-accompanied) metasomatism [5]. 
 
[1] Lawless et al. (1979) AGU, 145-155. [2] Zhang et al. 
(2001) Contr. Mineral. Petrol.  141, 367-379. [3] Zhang et al. 
(2003) EPSL 216, 329-346. [4] Pokhilenko (2009) LITHOS 
112, 934-941. [5] Griffin et al. (1999) Contr. Mineral. Petrol.  
134, 232-250. 
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Current models of the formation and distribution of gold 
deposits on Earth are based on the long-standing paradigm that 
hydrogen sulfide (H2S) controls gold mobilization and 
precipitation by fluids across the lithosphere [1] [2]. However, 
this paradigm may be challenged by recent findings of sulfur 
radical forms such as the trisulfur (S3

-) and disulfur (S2
-) ions, 

which are stable in aqueous solution at elevated temperatures 
and pressures [3] [4]. To provide a quantitative understanding 
of the role of these S forms on gold behavior, we combined in 
situ X-ray absorption spectroscopy and solubility 
measurements with ab-initio molecular dynamics and 
thermodynamic simulations on aqueous Au-S-bearing 
solutions representative of ore-forming hydrothermal fluids.  

The results demonstrate the formation of soluble 
complexes between S3

- and Au+ and allow their stability across 
a wide temperature-pressure range of crustal fluids to be 
quantified. These species enable extraction, transport, and 
focused precipitation of gold by S-rich fluids 10-100 times 
more efficiently than hydrogen sulfide only. As a result, S3

- 
provides a major control on the source, concentration and 
distribution of gold and associated metals in economic 
deposits, such as magmatic-related porphyry-epithermal Cu-
Au(-Mo), sedimentary rock-hosted Carlin, and metamorphic 
orogenic Au deposits. The growth and decay of S3

- (and 
potentially S2

-) during the hydrothermal fluid generation and 
evolution may thus be a key factor that determines the fate of 
gold in the lithosphere.  

 
[1] Seward (1973), GCA 37, 379-399. [2] Pokrovski et al. 
(2014), Geol. Soc. London Spec. Publ. 402, 9-70. [3] 
Pokrovski & Dubrovinsky (2011), Science 331, 1052-1054. [4] 
Pokrovski & Dubessy (2015), EPSL 411, 298-309. 
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The Úrkút black shale is better defined as a grey shale and 

its dominant mineralogical assemblage is authigenic. The basin 
of deposition was a starved basin during accumulation of the 
grey shale and the interbedded Mn carbonate ores. The high 
organic matter content and the anoxic-like features of the grey 
shale resulted from the rapid accumulation of microbial 
organic matter, and the high rate of accumulation of authigenic 
minerals (clay minerals and proto-ore minerals), and not from 
the formation of anoxic bottom waters. The driver of grey 
shale formation was most likely the generation of submarine 
rift system. The Transdanubian Range, and other regions of the 
Tethyan realm, supported formation of black shales under this 
complex set of processes. The black shale-hosted Mn-
carbonate deposits reflect the conditions that accompanied the 
formation of ancient failed rift systems. 

The grey shale that hosts the Úrkút Mn microbialite is 
dominated by authigenic minerals (smectite, celadonite, 
rhodochrosite), which occur very close to the contact zone of 
the footwall. Quartz, dolomite, K-feldspar, plagioclase and 
calcite biodebris show higher amounts in some laminae. Pyrite 
occurs commonly as the result of diagenetic anoxic microbial 
sulphate reduction. Geochemical proxies support oxic 
depositional conditions, moderate productivity, and enrichment 
factors of >5 for Te, Co, S, As, Mn, Mo, Ca and 2.3 for REE 
and element excess of >70% for Te, Co, S, As, Mn, Mo, Ca, P 
and 56% for REE relative to Av. Shale [2]. 
 
[1] Polgári et al. (2012) OGR 47, 87-109; [2] Wedepohl KH. 
(1971) In: Ahrens LH., Press F., Runcorn SK., Urey HC. 
(Eds.), Physics and Chemistry of the Earth, 8, Pergamon, 
Oxford, 307– 331. 
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Phase transformations in the system CaCO3 and in the join 

CaCO3 - H2O have been of primary concern for Earth scientists 
since the early XIX century. Sir J. Hall successfully 
investigated the decarbonation reactions and the melting of 
calcite with water in externally heated gun barrels. Despite two 
centuries passed, the experimental results on phase 
transformations in this system are still contradictory. 
Discrepancy between ex-situ and in-situ determination of the 
reaction calcite = aragonite is in the order of 3 GPa at 1200 °C. 
Experimental data on the melting of calcite with an aqueous 
fluid differ by 300 °C. Uncertainties on the phase diagram for 
CaCO3 and CaCO3 - H2O - CO2 have profound consequences 
in predicting the fate of altered oceanic crust and of 
metasedimentary materials re-introduced in the mantle at 
subduction zones. 

Multianvil experiments were performed at 4.2 GPa on 
model bulk compositions in the system CaO-Al2O3-SiO2-H2O-
CO2, obtained from calcite, Al(OH)3 and silica. Stoichiometric 
proportions are intended to produce at run conditions kyanite + 
CaCO3 + a “fluid” or/and a “melt”. Al2SiO5 saturation prevents 
the formation of portlandite and dellaite, and offers a basis for 
modelling liquids formed from impure marbles. Furthermore 
the usage of Al(OH)3 in the starting material allows an 
accurate control of H2O added. 

Aragonite + kyanite + fluid, and minor lawsonite form at 
700 °C, replaced by zoisite at 800 °C. At 850 °C and 900 °C, a 
complex sequence of textural features is observed upon 
quenching; “chains” and dendrites of CaCO3 grow nucleating 
from liquid-solid interface; they are followed by growth of Si-
Al-bearing fibres; spheres of silica precipitate from the residual 
fluid exsolved from the liquid carbonate phase.  Textures and 
composition of quench products vary as a function of silica 
added. Estimates of liquid – solid proportions, retrieved by 
image analysis, at known bulk H2O content, provide 
constraints for H2O solubility in CaCO3 liquid. Chemographic 
analysis support a continuous transition from dissolution to 
melting at 4.2 GPa, i.e. the coalescence of the liquidus and the 
vaporous in wet-carbonate-silicate systems. Hydrous liquids 
enriched in Ca-carbonate at 850-900 °C are efficient media for 
scavenging volatiles from the subducted slab and for 
metasomatizing the mantle wedge. 
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The Devonian volcanic and igneous rocks on the eastern 
part of Siberian platform are located in the Vilyui rift province. 
The total volume of basalt material in the form of lava sheets, 
sills and dikes amounted to about 3*105 km3 [1]. The aim of 
our study, based on the numerical modelling, is (1) to prove 
the possibility of magma ascent due to melting and the 
upwelling of the partially molten material through the cratonic 
lithosphere to the base of the crust and (2) to model the 
mechanism of magma underplating and its capacity to cause 
tensile fracture and diking in the Earth’s crust.  

Depending on selected rheology, our experiments 
demonstrated [2]: (1) single stage upwelling with “leg” and 
dome-shaped surface; diapir did not reached the crust 
basement; (2) oscillatory ascent of newly formed magma 
portions up to the crust base; (3) the ascent of the matter in 
form of sill, which was spread laterally beneath the crust 
basement (underplating regime) or at deeper level in mantle. 
The rates and duration of upwelling of partially melted 
material through lithosphere to the crust–mantle boundary 
were estimated. The lateral spread of sheet-like magmatic body 
beneath crustal base over a distance around 200 km is possible 
during 2-3 Ma, which corresponds to duration of individual 
pulses of trap magmatism at the Siberian platform. The Middle 
Paleozoic rifting was accompanied by the emplacement of 
mafic magmas with the formation of dike belts (Vilyui–
Markha, Chara–Sinyaya) on the basin flanks. The Vilyui dikes 
and sills (345-378 Ma, Ar–Ar dating) are coeval with a 
dramatic increase in the sedimentation and subsidence rate 
owing to the Devonian rifting stage [3]. Crust extension due to 
dikes intrusion is predicted as much as ~6%. 

 
[1] Kiselev et al. (2014) Rus. Geol. & Geophys. 55, 144-152. 
[2] Polyansky et al. (2012) Petrology 20, 120-137. [3] 
Polyansky et al. (2013) Rus. Geol. & Geophys. 54, 121-137. 
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Selenium (Se) stable isotopes are a new geochemical tracer 
(e.g., [1]) that can be used to understand the redox evolution of 
the Earth, as Se displays multiple oxidation states and similar 
chemical behaviour to sulphur. Previous studies have already 
demonstrated that Se stable isotopes have the potential to 
constrain the redox evolution of the Earth’s ocean and 
atmosphere through time using sulfide and Se-rich sedimentary 
records (e.g. black shales, [2]). However, the Se isotope 
compositions of the Earth’s mantle and other major chemical 
reservoirs remain poorly constrained, partially due to the very 
low abundances of Se in mantle rocks (typically 3-100 ppb, 
[3]) and multiple analytical challenges (e.g. low sensitivity, 
interferences). In order to address these issues we have 
focussed on the development of a new method to measure Se 
stable isotopes (δ82/78Se; per mil deviation relative to Se NIST 
SRM 3149) to high precision. 

Selenium has six stable isotopes and therefore is a good 
candidate for isotope analysis using a double spike approach, 
which has the additional advantage that it can correct for any 
stable isotope fractionation that may occur during sample 
processing. We have calibrated both 76Se-78Se and 78Se-82Se 
double spikes. Analyses were conducted on a Thermofisher 
NeptunePlus MC-ICPMS using an ESI hydride generation 
introduction system. Sensitivity is over 1000V/ppm; a 
measurement typically requires 25 ng of natural Se. For each 
integration, argon dimer isobaric interferences on masses 76 
and 78 and germanium atomic interferences on mass 74 and 76 
were corrected by measuring masses 80 and 73 respectively. 
Mass 75 was also monitored to correct for the arsenic hydride 
interference on mass 76. The 2 s.e. error for a single analysis 
typically ranges from 0.015 to 0.025 ‰ (n = 80) for δ82/78Se 
using the 76Se-78Se spike. Our long term reproducibility and 
accuracy were estimated by multiple analyses of the Se Merck 
standard [4] over numerous different analytical sessions, 
resulting in a mean δ82/78Se value of 0.99 ± 0.042 ‰ (n = 47; 2 
S.D.), which is in excellent agreement with previous studies 
[4]. 

 
[1] Rouxel et al., GCA 66, 18 (2002); [2] Wen et al., GCA 75 
(2010); [3] Lorand et al., CG 278 (2010); [4] Carignan et al., 
CG 242 (2007). 
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Kerguelen plume’s activity is known from 120 Ma to 

present days. Through this period, the interaction between the 
plume and the South East Indian Ridge leads to an important 
tholeitic-transitional magmatism that formed the Kerguelen 
plateau and the Broken Ridge. The rocks of the Kerguelen 
archipelago, dominated by basalts, have recorded the chemical 
evolution from the “transitionnal” magmatism to a Kerguelen 
plume-related alkaline magmatism. This alkaline magmatism 
is characterised by a wide range of volcanic and plutonic rocks 
from basic to highly differentiated rocks. The study of the 
differentiated rocks led to models of crustal growth related to 
the occurrence of a mantle plume in a within-oceanic plate 
context. These rocks occur at different locations in the 
archipelago but are especially abundant in the Rallier du Baty 
Peninsula located in the southwest of Kerguelen island. 
Through a multiple-analytical approach, the aim of this study 
is to constrain the origin, evolution and emplacement history of 
the Rallier du Baty plutonic complex. Field observations and 
fabric study evidence that the plutonic complex has a 
laccolithic shape and was formed by successive intrusions of 
numerous magmatic pulses, those intrusions being now slightly 
tilted to the south. The rocks occurring in the plutonic complex 
range in composition from gabbro to quartz rich-syenite and 
define a typical alkaline oversaturated magmatic serie. Whole-
rock geochemical data reveal that the evolution of parental 
magma of that plutonic series is mostly controlled by fractional 
crystallisation processes. A short timing of 6 Ma for the 
emplacement of the entire pluton has been deduced from U-Pb 
dating using separated zircons. All these features lead us to 
propose a short timing emplacement of a plutonic intrusive 
body formed by successive magmatic pulses in a oceanic 
within-plate setting. 
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Sediments recovered along a transect of drill sites at 8°N 
across the Bengal Fan by IODP expedition 354 provide an 
integrated picture of Himalayan erosion processes and fluxes 
over the Neogene. As such, they will allow investigation of the 
effect of the Himalayan erosion on the global carbon cycle 
through processes consuming atmospheric CO2, specifically 
silicate weathering and organic carbon burial. 

We present initial observations and shipboard analysis of 
turbiditic sediments recovered at each of the 7 sites across the 
Bengal Fan. Preliminary estimates of organic carbon loading 
and behavior – such as preferential association of organic 
matter with clays – mirror observations made in the modern 
Ganges-Brahmaputra river system [1], suggesting efficient 
terrestrial organic carbon burial in the Bengal Fan throughout 
the Neogene. In addition, the organic carbon burial budget is 
likely to be affected by the frequent presence of woody debris 
many turbiditic sequences, especially during the Early and 
Mid-Miocene and described in the Bay of Bengal for the first 
time by Expedition 354.  

Furhter investigations will focus on the mode of transport 
and deposition of these woody turbidites as well as on 
reconstructing the provenance of the organic debris within the 
Himalayan basin. This will eventually allow deriving a budget 
of organic carbon burial associated with this unusual mode of 
transport and deposition.  

 
[1] Galy et al. (2007), Nature (450), 407-410. 
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The evolution of porosity due to mineral alteration 
processes and the associated change of transport parameters 
are of major interest for natural geological environments or 
engineered underground structures. Numerical codes used to 
evaluate porosity evolution and feedback on transport need to 
be calibrated with quantitative experiments. We designed a 
reproducible and fast to conduct 2D experiment [1], which is 
flexible enough to investigate several process couplings – 
advective-diffusive transport of solutes, effect of liquid phase 
density on advective transport, and kinetically controlled 
dissolution/precipitation reactions causing porosity changes – 
implemented in the numerical code OGS-GEM. A quasi 2D 
Plexiglas tank of dimension 10 × 10 cm was filled with a 
0.01m thick reactive layer, consisting of a bimodal size 
distribution of celestite (SrSO4), sandwiched between two 
layers of sand. A barium chloride solution was injected into the 
tank causing an asymmetric flow field to develop. Once the 
barium chloride reached the reactive layer, it enhanced the 
dissolution of celestite and barite (BaSO4) precipitated. Due to 
higher molar volume of barite, its precipitation caused a 
porosity decrease. Dyes tracer tests performed before and after 
barium chloride injection revealed changes in the flow field. 
This suggested local porosity and permeability changes. Post 
mortem analysis of the reactive media suggested that smaller 
celestite grains dissolved to form a nano-crystalline phase of 
barite in the pore space while the larger celestite grains were 
passivated with barite. The nano-crystalline phase cements the 
celestite grains together, creating isolated pores in some cases. 
Tests with non-reactive tracers performed prior to barium 
chloride injection as well as the density-driven flow (due to the 
high concentration of barium chloride solution) were well 
reproduced by the numerical model. For the reactive transport 
experiment, chemical and structural changes occurring at the 
pore scale and interface had to be considered in the continuum 
scale approach. This allowed reproducing mineral bulk 
transformation and measured pressure increase with time. 
 

[1] Poonoosamy et al. (2015) J. Contam. Hydrol. 177-178  
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Orogenic gold deposits occur in Cretaceous to Archean age 
accretionary margins and greenstone belts, predominantly in 
association with quartz + carbonate vein mineralisation and 
hostrock replacement [1]. Uncertainty about the origin of the 
gold and the ore-forming fluids of these deposits has made the 
relationship between their petrogenesis and geotectonic setting 
ambiguous. In particular, published O and H stable isotope 
compositions of ore-forming fluids, interpreted from fluid 
inclusions in quartz or from micaceous accessory minerals 
such as sericite, muscovite or fuchsite have large ranges (0 to 
+17‰ and -170 to +4‰, respectively, relative to VSMOW). 
As a result, orogenic Au-forming fluids have been interpreted 
to be of magmatic, metamorphic, meteoric or mixed origin, or 
to vary across deposits [2] [3]. 

We propose that orogenic ore-forming fluids are derived 
from prograde devolatization of ultramafic rocks that were 
metasomatized to talc-serpentine-magnesite schists during 
seawater alteration of oceanic crust and the mantle wedge. 
Such a source predicts CO2 concentrations of ≤50%, as 
observed in ore-forming fluids, and a large range in δ18OFLUID 
that is positively correlated with increasing metamorphic grade 
of the deposit, as is also observed.  

δDSEAWATER has likely increased by ~25‰ over geologic 
time as predicted by models of gradual continental growth and 
periodic global glaciations, and observed in hydrogen isotope 
compositions of well-preserved antigorites since the Eoarchean 
[4]. Incorporating the effect of variable δDSEAWATER and the 
likely increase in the subaerial exposure of continental rocks 
with time, the petrogenetic model described here explains the 
isotopic variability of orogenic ore-forming fluids while still 
establishing a common origin for such fluids over Earth 
history. 

 
[1] Goldfarb et al. (2005) Soc. Econ. Geologists, 100th 
Anniversary Vol, 1-46. [2] Groves et al. (2003) Econ. Geol. 
98, 1-29. [3] Ridley and Diamond (2000) Rev. Econ. Geo. 13, 
141-162. [4] Pope et al. (2012) PNAS 109, 4371-4376. 
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The content of rare earth elements in rocks, ore minerals,  
fluorite and fluid inclusions in quartz was determined by  
ICP-MS method using a mass spectrometer Element-2 and  
LA-ICP-MS method using mass spectrometer X-series. 

Svetloye greisen-vein type Sn-W deposit is located in East 
Russia, Chukchi peninsula, Iultin ore district. Svetloye deposit 
is composed by a series of quartz veins among the shale rocks 
(T1-2), cutting by the dikes (K1) under Iultin granite pluton.  
This deposit was formed in a hydrothermal system associated 
with granitoids. The ore bodies are presented  by quartz  and 
quartz-feldspar-topaz  veins and dikes of greisenized granites. 
Sedimentary rocks are altered sandstones and siltstones. 
Svetloye was  formed under the influence of a chloride fluid 
with low salinity (mainly NaCl) with temperature decrease 
below 400°C. 

Two generations of minerals were divided by REE 
patterns: some are close to granite composition, others - to wall 
rocks. The first group is formed by magmatic fluid and the 
second one is formed by meteoric water interacting with 
shales. 

REE concentrations in the hydrothermal fluid in 
equilibrium with fluorite, wolframite and scheelite were 
calculated based on mineral/fluid partition coefficients [1]. The 
evolution of hydrothermal fluid shows that mixing of two 
types of fluid is the main ore deposition factor. These data 
demonstrate good agreement with isotopic composition of O, 
H and Nd.  

The thermodynamic computational model of ore-forming 
process was calculated using HCh software [2]. Compositions 
of fluid in equilibrium with the granite and with the wall rocks 
were calculated. The mixing of these fluids allows to mineral 
precipitation for Svetloye deposit. REE concentrations in 
minerals, fluid and their evolution were calculated by 
mineral/fluid partition coefficients [1]. These  results are in 
agreement with natural data. 

 
This work was supported by RFBR projects 13-05-00954, 

15-05-05501.  
 

[1] Raimbault L. (1985) Bull. Mineral, V. 108, pp.737-744.[2] 
Shvarov Ju., Bastrakov E. (1999) Australian Geol. Surv. org. 
56 p. 
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Shallow hydrothermal vent ecosystems represent natural 

laboratories for the study of geosphere and biosphere 
interactions, as well as the origin and evolution of life on 
Earth. They are extreme marine environments which form 
where fluids with high temperatures, low pH, and laden with 
heavy metals and compounds toxic to higher organisms, 
discharge from the seafloor. Given the striking absence of 
abundant higher fauna, unlike at deep-sea vents, 
microorganisms contribute the main biomass at shallow 
hydrothermal vent ecosystems. Moreover, microorganisms at 
shallow vents build the basis of the food chain by autotrophic 
carbon fixation, both via chemosynthesis and photosynthesis, 
occurring simultaneously. Despite their importance, little is 
known how the microbial communities adapt to extreme 
environments as well as how these conditions and the 
geochemical habitat heterogeneity influences their diversity 
and structure.  

Using a multidisciplinary approach, comprising DNA and 
lipid-based techniques, porewater analysis and multivariate 
statistics, here we investigated cell membrane adaptations and 
taxonomical diversity patterns across a temperature gradient 
ranging from 20 – 100° C. Additionally, this study presents 
results on the comparison of next generation sequencing and 
lipid-based techniques, to decipher the ecology of microbial 
communities.  

Vent microbial communities differed considerably 
compared to background sediments, in terms of both their 
diversity richness and community structure as well as cell 
membrane lipid composition. These differences could mainly 
be attributed to the influence of hydrothermal fluids on the 
sediment geochemistry. Interestingly, cell membrane lipid 
adaptations in Archaea could be linked to variations in 
temperature. In contrast shifts in bacterial diversity were 
mainly driven by changes in pH and not temperature. Our 
study highlights the usefulness of integration of molecular and 
lipid-based techniques for gaining a holistic understanding of 
the ecology of microbial communities at shallow hydrothermal 
vent ecosystems. 
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The Moravo-Silesian Paleozoic area is built by Devonian 

and Carboniferous limestones and siliciclastic rocks (shales, 
siltstones, greywackes and conglomerates). The entire area is 
influenced by the low-grade Variscan metamorphic events. 
Hydrothermal veins are widespread throughout sedimentary 
sequences. Two main types of fluid systems were 
distinguished during last 20 years – syntectonic (late Variscan) 
and post-tectonic (Mezozoic – Tertiary). Still we do not know 
much about P-T-X conditions of syntectonic fluid system in 
comparison to post-Variscan one. There are some data from a 
few localities but details of the fluid nature is missing. 

The syntectonic veins are mainly made up of quartz, 
calcite and chlorite, rarely of albite and in a minimal quantity 
of sulphides (pyrite, chalkopyrite, galenite). 

Four localities are in centre of our interest. Three of them 
are situated on margins of the Moravo-Silesian Paleozoic and 
one is situated approximately in the middle. 

There are 2 types of fluid inclusions in quartz (primary and 
pseudosecondary) which were investigated – liquid (L) + vapor 
(V) and vapor only. Chemical composition of L+V inclusion 
were determined as H2O-NaCl ± Mg, K, and Fe chloride, 
meanwhile chemical compostition of vapour-rich inclusion is 
CH4-CO2. 

Homogenization temperatures of two-phase inclusions 
vary between 112 to 348°C. The ice-melting temperatures 
suggest low salinity of fluids – 0,5-8,3 wt% NaCl eq., where 
higher salinity comes from inclusions in quartz veins within 
fine-grained rocks. Methane is dominating species in CH4-CO2 
inclusions – its content range between 80 and 98 mol. %. A 
little amount of liquid hydrocarbons in some CH4-CO2 
inclusions has been detected in south part of study area. 

Chlorite geothermometry were applied only on samples 
from western part of the area. The temparatures range between 
200-285°C which correspond to the temperatures obtained 
from microthermometry. 

2523



 Goldschmidt2015 Abstracts  

 2524 

Bullet-shaped magnetosomes: 
Magnetic properties and possible 

routes of biomineralization 
PÓSFAI, M.1, KOVÁCS, A.2, LEFÈVRE, C. T.3 AND  

DUNIN-BORKOWSKI, R. E.2 
1Dept. of Earth and Environmental Sci., Univ. of Pannonia, 

Veszprém, Hungary; mihaly.posfai@gmail.com  
2Ernst Ruska-Centre for Microscopy and Spectroscopy with 

Electrons and Peter Grünberg Institute, Forschungs-
zentrum Jülich, Germany; a.kovacs@fz-juelich.de, 
rdb@fz-juelich.de  

3CEA/CNRS/Aix/Marseille Université, Laboratoire de 
Bioénergétique Cellulaire, Saint Paul lez Durance, France; 
lefevrechristopher@hotmail.com  

 
The morphologies of the magnetosomes produced by 

magnetotactic bacteria (MTB) show an intriguing correlation 
with the phylogenetic affiliation of their host strains. Magnetite 
magnetosomes with the most peculiar, bullet-like shapes occur 
in MTB that belong to the Deltaproteobacteria and Nitrospira. 
Since the biomineralization of crystals bound by high-energy 
surfaces requires additional energy, bullet-shaped 
magnetosomes should provide the cell with some evolutionary 
advantage. An increased efficiency of magnetotaxis would 
appear to be the most obvious benefit of having elongated 
magnetosomes. We used off-axis electron holography in the 
transmission electron microscope to study the magnetic 
properties of bullet-shaped magnetosomes from three bacterial 
strains that each produce magnetite particles with different 
crystallographic axes of elongation, including [100], [110] and 
[111]. Our results show that the magnetic induction is confined 
to be parallel to the elongation axis of each particle, 
irrespective of the crystallographic direction that is parallel to 
its elongation direction. On the other hand, in disordered 
chains where crystals occur side by side, with their long axes 
parallel to each other, magnetostatic interactions between 
adjacent particles result in some of the bullet-shaped 
magnetosomes being magnetized perpendicular to their 
directions of elongation. Thus, if the particles are in chains, 
then particle shape and elongation axis do not seem to matter 
much magnetically, since the magnetic interactions between 
the magnetosomes will determine the direction of the magnetic 
field. Therefore, the evolutionary driving force behind the 
development of bullet-shaped magnetosomes is probably 
something other than the optimization of magnetotaxis. While 
the nucleation and initial growth of bullet-shaped 
magnetosomes may be under genetic control, the further 
growth of their elongated, pointed sections might be 
determined by environmental factors. 
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Diffusive transport properties of iron and peridotite liquids 
at high pressures and temperatures have important kinetic 
implications for large-scale geodynamic processes and 
thermochemical evolution of planetary interiors, such as the 
time and length scales of metal-silicate equilibration during  
core formation and chemical exchange across core-mantle 
boundaries during cooling. Iron meteorites, which are derived 
from the metallic cores of early-formed planetesimals, are 
strongly depleted in weakly siderophile elements (Si, O, Cr) 
relative to model predictions [1] which is likely a result of low 
temperature partitioning into the overlying silicate mantle 
(magma ocean) during cooling. Slow diffusion rates in 
subsolidus iron restrict the length scale of core-mantle 
equilibration to a few meters [2] which is insufficient to 
explain the depletion of Si, O, and Cr in the cores of much 
larger planetesimals. Recent studies on magnetized 
achrondrites [3] reveal that planetesimal cores must have been 
molten and vigorously convecting such that the rate of Si, O, 
and Cr loss would be controlled by diffusion through liquid 
across boundary layers at the top of the core. To test this 
hypothesis and to extend the pressure range of experimental 
diffusion data for relevant geo-liquids, we have conducted 
experiments of Si, O, and Cr diffusion in liquid iron over the 
P-T range of 1.5—18 GPa and 1850—2450 K, and Si, O, Mg, 
Ca tracer and Ni, Co chemical diffusion in peridotite liquids 
over the P-T range of 4—24 GPa and 2248—2623 K in a 
multi-anvil apparatus.  

Discontinuities in the pressure dependence of diffusion are 
observed in both liquid iron and peridotite melt at ~5 and  
~10 GPa, respectively, due most likely changes in melt 
structure as has been reported in previous studies (e.g. [4, 5]). 
The temperature dependence of diffusion also varies with 
pressure for all elements studied, yielding activation energies 
of ~30-80 kJ/mol for Si, O, Cr in liquid iron and  
~100-400 kJ/mol for Si, O, Mg, Ca, Ni, Co in peridotite melt. 
We apply our results in a planetesimal core chemical evolution 
model to interpret the mismatch between predicted core 
compositions and iron meteorite chemistries.  
 
[1] Rubie et al. (2015) Icarus 248, 89-108. [2] Pack et al. 
(2011) MAPS 46, 1470-1483. [2] Weiss et al. (2008) Science 
322, 713-716. [3] SanLoup et al. (2000) Europhys. Lett. 52, 
151-157. [4] Wolf & McMillan (1995) RIMG 32, 505-561. [5] 
Liebske et al. EPSL 240, 589-604.  
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Mississippi Valley-Type (MVT) lead-zinc deposits, which 

account for 24 % of the global resources for Pb and Zn 
deposits, are found throughout the world with the largest 
deposits occurring in North America [1]. The Tri-State Mining 
district in the intersection of Oklahoma, Kansas, and Missouri, 
was one of the most productive Pb and Zinc mines during the 
turn of the 20th century. Biochemical studies [2] [3] in the Tri-
State mining district region (designated as a Superfund site in 
1983) have shown conclusively that the area is contaminated 
with Pb, Cd, and Zn from mining, milling, and smelting, which 
has contributed to the poisoning of birds, fish, wildlife, and 
local populations. 

Current geochemical studies of ore samples from the Tri-
State district and of stream-sediment samples and cores 
collected from selected sites from the mid-Arkansas River 
drainage basin (the Neosho River, Tar Creek, and Spring 
River) show that the effect of mining activity on Pb 
concentrations in the river can be readily documented. Lead 
isotopic ratios of leaches of stream sediments correlate well 
with those of ore samples, suggesting a common source. There 
is also a gradual decrease in the Pb concentration with distance 
from the mines, as well as with depth of the cores. 

 
[1] Leach et al. (2010) USGS Sci. Invest. Report, 52 p. [2] 
Beyer et al. (2004) Arch. Environ. Contam. Toxicol. 48, 108-
117. [3] Schmitt et al. (2005) Environ. Toxicol. Chem 6, 1483-
1495. 
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Natural pyrite formation is known to be an important sink 

for different radionuclides. This iron disulfide exists with up to 
five weight percent in claystones which is taken into account 
for a repository of high level nuclear waste. If radionuclides 
would be released into the host rock by contact with 
groundwater, it is possible to migrate into the biosphere. Due 
to natural retention mechanisms such migrations could be 
prevented by sorption or incorporation through minerals or 
mineral formations in the host rock [1]. 

The radionuclide 79Se is a fission product of 235U and 239Pu 
and in case of a release of radionuclides it plays an important 
role for migration due to the long lifetime and the high 
mobility of its oxidized species Se4+ and Se6+ [2,3]. 

In our experiments, dissolved selenium was incorporated 
during fast precipitation of pyrite with a selenium content up to 
2.4 wt.-% at initial Se2- concentrations of 10-3 – 10-6 M. The 
heat capacities show hardly any differences of the unoxidized 
synthesized minerals for both pyrite and Se-doted pyrite. 
Structural investigations of the Se-doted pyrite with Rietveld 
refinement show a slightly distorted pyrite structure in which 
the lattice parameter were enlarged in contrast to pure pyrites 
with no contaminants. In addition to this evaluation, the results 
of the measurements of XANES and EXAFS show an 
incorporation in pyrite of Se0 which is surrounded by sulfur 
and iron, supposing not to be a direct substitution of sulfur  
(S2

2-). In contrast to this, XPS measurements show that the 
dominant species at the surface is Se2-. 

The long-term immobilization of selenium depends on the 
stability of these Se-doted pyrites. After contact of Se-doted 
pyrite with oxidized water for several weeks, the reduced Se 
species tend to higher oxidation states evident by XANES 
measurements. 

 
[1] Liu et al. (2008) Radiochim. Acta 96, 473-479 [2] Howard 
III (1977) Geochim. Cosmochim. Ac. 41, 1665-1678 [3] Jörg et 
al. (2010) Appl. Radiat. Isotopes 68, 2339-2351 
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The in-house production of high purity acids by the 

purification of lower grade acids is becoming more popular, 
especially in geochemistry labs that are required to measure 
metals at the ultra trace level, This paper evaluates the 
performance of an acid purification system with respect to the 
quality of acid produced and initial cleaning required. 
Analytical data showing the quality of acid produced will be 
presented for HNO3, HCl and HF, and compared to 
commercially available, bottled high purity acids. In the case 
of HF, the acid purification system was used directly after 
initial cleaning, to evaluate the cleaning required for a newly 
commissioned acid purification system to begin producing 
high purity (10ppt) grade acid. 
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The only example of active carbonatite magmatism is  the 
natrocarbonatite lava being erupted at Oldoinyo Lengai 
volcano (Tanzania). These natrocarbonatites have an unusual 
mineralogy, enriched in the alkali elements, sodium and 
potassium, as well as sulphur, chlorine, phosphorous, and 
fluorine. Samples from the June 1993 eruption contain 
phenocrysts and microphenocrysts primarily of alkali 
carbonates, nyerereite and gregoryite, along with wollastonite, 
nepheline, schorlomite, fluorapatite, and hedenbergite. These 
minerals are surrounded by a groundmass of gregoryite-like 
sodium carbonate, with patches of halite and sylvite crystals 
and an unusual quenched calcium fluoride melt phase.  

The fluoride melt is intergrown with the sodium carbonate 
and consists  primarily of calcium (49-52 wt%) and fluorine 
(45-50 wt%), with minor quantites of Na (up to 3 wt%), Si (up 
to 2 wt%), K (up to 3 wt%), and Sr (1-3.6 wt%). The observed 
texture is highly irregular and complex, producing both 
granophyre-like and ‘leaf-like’ flows with ‘liquid-like’  forms, 
most likely caused by the rapid quench rate of the lava. 

The wollastonite-hosted melt inclusions contain an alkali-
rich silicate melt with co-trapped minerals of gregoryite, 
potassium-rich iron silicate and pyrrhotite. The schorlomite-
hosted melt inclusions contain a silicate melt phase similar to 
wollastonite, and  rounded carbonate melt globules consisting 
of crystallised nyerereite and gregoryite. This is evidence for  
silicate-carbonate liquid immiscibility. The fluorapatite melt 
inclusions contain alkali-rich carbonate melt with co-trapped 
minerals of khanneshite, cuspidine, nepheline, and iron oxide.  

The silicate melt trapped in the inclusions is not present in 
the groundmass, signifying the loss of the silicate phase during 
crystallisation of the phenocrysts. The groundmass 
composition and textural features indicate these melts were 
immiscible liquids prior to crystallisation. These samples 
provide evidence of liquid immiscibility between silicate, 
carbonate, fluoride, and chloride liquids during the 
crystallisation of this natrocarbonatite lava.  
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Apatite is a common accessory mineral in lunar basalts 
with volatiles as esential sructural components in its crystal 
lattice. It may not be possible, therefore, to use Henrian 
partition coefficients (D) for back-calculating OH contents in 
the melts from which apatite crystallised. Very few 
experiments have been performed to investigate apatite/melt 
volatile partitioning under lunar conditions. Previous 
experimental work has shown volatile partitioning, between 
apatite and melt, to be composition dependent, yet most 
experiments have been performed in bulk-basaltic 
compositions. As apatite is a late-stage mineral, generally 
found in mesostasis pockets in lunar basalts, it doesn’t appear 
on the solidus until ~95 % crystallisation. At this late stage, the 
equilibrium melt is likley to be highly evolved in composition.  

Here, a average bulk mesostasis composition was 
calculated from four Apollo basalts for use as a starting 
material. Experiments were performed on an end-loaded piston 
cylinder using a talc-pyrex assembly. Initial experiments 
investigated F partitioning into fluroapatite devoid of other 
volatiles. This provided a baseline for further experiments in 
which the volatile abundances were varied, providing 
independent information on volatile partitioning into apatite 
from lunar composition melts. The F, Cl and OH abundance in 
the experiment products were analysed with a NanoSIMS 50L 
ion probe. Results support recent modelling work in that OH 
partitioning into fluroapatite is dependant on the availability of 
other volatiles in the melt. These results also show, however, 
that F partitioning into apatite is not dependant on the 
availability of OH and Cl in the melt. DF

apatite/melt can, therefore, 
be used in calculations that aim to back-calculate OH in 
surrounding melts. The caveat to this is that degassing of the 
melt may have occurred prior to apatite crystallisation and, 
therefore, determining source region volatile contents requires 
further calculations. 
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Bacterial ubiquity and their interactions in the environment 

are acknowledged to be scarcely preventable weathering 
factors at landfill sites [1] [2]. This study addresses a long-term 
impact of heterotrophic bacteria Pseudomonas aeruginosa on 
the alteration and resulting mobilization of metals from Cu-
metallurgical slags. Crystalline massive slag (CS) composed of 
fayalite, silicate glass and sulfides (e.g. bornite) as well as 
amorphous granulated slag (GS) comprising glass and copper 
droplets were examined under exposure to following solutions: 
ultrapure water, growth medium and growth medium cultured 
with bacteria. 

The results revealed that bacterial activity considerably 
enhances release of metals (e.g. Fe up to 99.3%) compared to 
amounts leached out under sterile conditions. Moreover, 
bacterial biomass and/or associated metabolites assisted as 
sorbents for Zn, Pb and Cu. 

According to scanning electron microscope observations 
both slags were found to be weathered yet under abiotic 
conditions. Glass corrosion and Cu-droplets removal were 
observed in case of GS, whereas partial dissolution of sulfides 
and glass were demonstrated for CS. Noticeably greater degree 
of weathering features resulted from slags exposure to biotic 
conditions. Moreover, fayalite alteration was solely observed 
on CS slag exposed to bacterial actions. 

It is concluded that bio-weathering process affects slags 
stability and should not be ignored when slags disposed.  

 
[1] Yin et al. (2014) Int. Biodeterior. Biodegrad. 86, 372-381., 
[2] van Hullebusch et al. (2015) J. Environ. Manage. 147 (1), 
297-305 
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Sources of phosphorus (P) and nitrogen (N) associated 

with wastewater discharges may contribute to eutrophication 
of aquatic systems.  In the Mediterranean Sea (MS), both 
treated and untreated wastewater is discharged directly into 
coastal areas. Wastewater inputs pose a threat to the vulnerable 
ecosystems of the MS and are likely to increase in the near 
future. Of particular concern are algal blooms within the 
coastal zone of the MS linked to discharges of wastewater [1].  
Nonetheless, current nutrient budgets for the MS do not 
include direct wastewater discharges of P and N.  Here, we use 
an empirical modeling approach to quantify P and N associated 
with household wastewater discharged directly into the MS for 
cities with a population of more than 2000 inhabitants. We 
further determine the relative importance of direct wastewater 
discharges to riverine inputs of P and N into the MS.  In 2003, 
0.93 (0.52-1.46) x 109 mol P yr-1 and 14.6 (10.5-22.7) x  
109 mol N yr-1 from domestic sewage were discharged directly 
into the MS.  These values are on the same order of magnitude 
as the P and N inputs from rivers [2] and therefore should be 
included in nutrient budgets. Inputs from wastewater may 
become increasingly important in the future as river loads of P 
and N decrease due to drier climate and best management 
practices. Scenario analyses indicate that by 2050, P inputs 
along the African coast are projected to increase by 147% in 
response to population growth if no mitigation strategies are 
implemented, compared to only an increase of 14% in north 
Mediterranean countries. Improvements in sewerage systems 
and treatment facilities should therefore be a priority in the 
southern region of the MS basin. 

 
[1] Diaz, et al. (2011). Global Eutrophic and Hypoxic Coastal 
Systems. World Resources Institute. [2] Ludwig, et al. (2009) 
Global Biogeochem. Cy 80, (199-217) 
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The Kartikulam Gabbro (KG), located on the western 
extension of Cauvery Suture Zone (CSZ), marks a prominent 
mafic intrusion in the area. Recent geological investigations 
have established CSZ as a major Precambrian suture resulted 
from a major continent collision and subduction. The present 
work demonstrates the geochemistry, petrology and tectonic 
significance of the KG pluton that have little systematic data 
available in the geological literature. Whole rock geochemistry 
advocates a sub-alkalic affinity with tholeiitic nature to this 
gabbro with minor quartz/Olivine normative character in 
certain samples. Characteristic trace element pattern in the KG 
samples indicate an LILE enriched and HFSE depleted pattern 
with negative Ba, Nb, and Zr anomaly, which common in 
mafic rocks of subduction zone environments. Consistent 
La/Nb and Zr/Nb ratios with average crustal values and high 
Cr and Ni values indicate the absence of crustal contamination 
in KG samples. Most of the tectonic discrimination diagrams 
also point to a MORB and OIT to IAT characteristics for this 
gabbroic pluton. Tectonic discrimination diagrams and other 
trace/REE ratio indicate an arc magmatism to subduction 
modified mantle source to the origin. In general the Archean 
subduction occurred along the CSZ prior to the Gondwana 
fragmentation, accounted a metasomatized magma chamber 
beneath the CSZ which later fractionated. The Pan-African 
reactivation and the remobilization of crustal fragments 
triggered the further emplacement in the CSZ area to result in 
the Kartikulam gabbro. 
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Post-collisional mantle-derived magmatism in the Alpine–
Himalayan belt is geochemically extremely heterogeneous, but 
dominantly enriched in potassium. Its origin is controversial, 
particularly the role of recycled continental crust. In our 
contribution, we combine the field and geochemical data on 
the lavas with high-pressure experiments on different mantle 
and crustal materials to form a comprehensive model for the 
origin of this magmatism and its geodynamic significance. 

Three major geochemical components are recognized: (i) 
the lavas are strongly incompatible-element enriched with 
elevated 87Sr/86Sr, 207Pb/204Pb, 187Os/188Os and low 143Nd/144Nd 
and 176Hf/177Hf ratios. All these tracers represent a hallmark for 
continental crust; (ii) an ultra-depleted component, which is 
identified by the presence of refractory Cr-spinel, high Fo 
olivine and relatively low whole-rock FeO abundances; (iii) 
extremely high Th/La coupled with high Sm/La of potassic 
mantle-derived lavas, which indicates a genetic relationship 
with melange. We performed several series of fluid-absent 
near-solidus phase equilibria studies at 1-3 GPa. Experimental 
capsules juxtaposed peridotites with different fertility against 
phlogopite-clinopyroxenites in different proportions. 
Additional melting experiments were performed at 1-3 GPa 
and 900-950°C on a quartz-phyllite to investigate the 
behaviour of Th, Sm and La during melting of the crust. 
Results were compared with phase relations and compositions 
of natural Alpine-Himalayan ultrapotassic lavas.  

We hypothesize that the orogenic mantle along the Alpine-
Himalayan system is preconditioned by previous subduction 
episodes. This involves formation of new mantle lithosphere 
by accretion of supra-subduction fore-arc oceanic lithosphere 
plus trench sediments beneath older lithosphere during 
convergence within the Alpine-Himalayan system. The model 
demands conversion of principally oceanic lithosphere 
(including melange) into phlogopite-bearing continental 
lithospheric mantle. The later production of K-rich post-
collisional lavas thus requires a multi-component and multi-
episodic process. 
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The physical properties of melts at temperature and 

pressure conditions of the Earth’s mantle have a fundamental 
influence on the chemical and thermal evolution of the Earth. 
However, direct investigations of melt structures at these 
conditions are experimentally very difficult or even impossible 
with current capabilities. In order to still be able to obtain an 
estimate of the structural behavior of melts at high pressures 
and temperatures, amorphous materials have been widely used 
as analogue materials.  

Here we report an experimental investigation of the 
structural behavior of Mg2SiO4 glass as an analogue to 
peridotitic melts up to 140 GPa using X- ray total scattering 
and pair distribution function analysis. The very high pressure 
range for these measurements were enabled by the newly 
developed multichannel collimator (MCC) setup at 
GSECARS, APS.  

The data clearly shows changes from 4- to 6-fold 
coordination of Si, which is completed around 60 GPa. 
Additionally we observe a change in structural behavior at 
around 130 GPa, close to the core-mantle boundary, visible in 
both, S(q) and g(r).  

We will present experimental data and our accompanied 
molecular dynamics modelling effort to understand the 
structural changes at high pressures. Furthermore, we will 
discuss densification mechanisms of Mg2SiO4 glass at high 
pressures, and elaborate on the potential of negatively buoyant 
melts close to the core-mantle boundary. 
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Accuracy and precision for laser ablation multi-collector 

inductively coupled plasma mass spectrometry (LA-MC-ICP-
MS) determinations of Pb isotopic composition is limited due 
to the lack of a solid isotopic standard for in-situ mass bias 
fractionation correction.  Numerous mass bias fractionation 
correction methods are used for Pb isotope analyses by MC-
ICP-MS including simultaneous aspiration of NIST SRM 997 
Tl into a gas mixing chamber combined with ablated sample 
material.  The measured fractionation factor (ƒ) for Tl is then 
applied to Pb.  However, previous studies for solution MC-
ICP-MS have suggested ƒ for Tl is not equal to ƒ for Pb for the 
range of Pb isotope pairs, and the use of Tl for correction 
requires additional external normalization to incorporate the 
variations, as well as behavioral differences during 
vaporization, atomization, and ionization. Simultaneous 
aspiration of SRM 997 Tl during laser ablation analyses 
possibly introduces differences in mass bias fractionation 
between the two systems.  Our study reports on a new isotope 
reference material developed at the USGS (BPbISO-1) made 
by spiking a synthetic glass with NIST SRM 981 Pb isotope 
standard and using it for mass bias fractionation correction 
during in-situ Pb isotope ratio measurements, eliminating the 
need for Tl addition.   
                     208Pb/204Pb     207Pb/204Pb     206Pb/204Pb 
BPbISO-1 method   36.967 ± 5       15.507 ± 3      17.040 ± 2  
Preferred values1    36.964 ± 22     15.504 ± 9      17.045 ± 8 
Table 1: Comparison of preliminary NIST SRM 610 Pb 
isotope ratio results using BPbISO-1 to previously published 
values. 
 
[1] Jochum, K.P. and Stoll, B. (2008), Mineralogical 
Association of Canada, 147-168.  
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The Strýtan Hydrothermal Field (SHF), located in 

Eyjafjord, northern Iceland, exhibits a 55 meter high 
mineralized tower as a result of off-axis, alkaline (pH ~ 10), 
warm (up to 78°C), submarine hydrothermal venting. These 
characteristics are similar to other important submarine 
alkaline vent sites (e.g., the Lost City Hydrothermal Field), but 
underlying rocks are mafic basalt, not ultramafic peridotite. A 
detailed geochemical characterization of hydrothermal fluids 
from three sites within the SHF indicate fluid pH ranged from 
9.16 to 10.22, temperatures ranged from 66 to 78 °C, and were 
moderately reducing. Salinity was low, ranging from 0.5 to 
14.5 % seawater, suggesting a meteoric source. DIC 
concentrations were low (avg. = 0.46 µM), but CH4, H2, and 
CO concentrations were all elevated relative to normal 
seawater, ranging to as high as 1.41, 5.19, and 0.13 µM, 
respectively. While most samples had near-seawater δ13C-CH4 
(-30.7 to -53.1 ‰), several fluids had heavier values (-8.0 to -
13.6 ‰), falling within the range of abiotic formation. We 
suggest that low temperature alteration of plagioclase, 
pyroxene and olivine in basalt, along with precipitation of 
calcite, takes place in a closed system which removes most 
atmospheric CO2. This explains the observed high pH, variable 
Ca concentrations, and low DIC values. Weathering of 
pyroxene may produce H2, which subsequently reduces CO2 to 
form abiotic CH4. However, the underlying processes are 
variable across sites, and further research is needed before the 
abiotic nature of the CH4 can be confirmed. Although the 
underlying rocks and suggested reactions differ from those at 
Lost City, the abiotic production of H2 and CH4 along with 
high pH fluids in the SHF is intriguing, as it broadens the 
range of potential origin of life environments. 
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PGE oxides in breccias and magnetites 
Platinum-group element (PGE) mineralisation in the 

breccias in the Nuasahi ultramafic-mafic complex is well 
known [1]. Samples of breccia collected from the Baula mine 
on traverse 3 [2] analysed by LA-ICPMS show that the PGE 
are dominantly in platinum-group minerals (PGM) rather than 
in base metal sulphides (BMS) and include PGE-oxides. In 
addition a completely unknown enrichment in PGE has been 
located in a layer of magnetites in the upper part of the 
complex. A diverse PGM assemblage in the magnetites  shown 
below includes predominantly Pd-Sb, it’s oxide, and sperrylite 
(PtAs2) with Pt-Pd oxides, Pd-Pb, Pd-Cu-oxide, rare laurite 
(RuS2), hollingworthite (RhAsS) and Pd-Sb-Te. 

Figure 1: Examples of PGM from the magnetite. 
 

Discussion  
The PGM in the breccias may have formed early in the 

presence of semi-metals such as arsenic prior to the 
crystallisation of the BMS. The PGM in the breccias and 
magnetites are likely to be of magmatic origin and have been 
modified subsequently to form oxides during weathering in 
this hot and wet climate. The origin of similar PGE-oxides that 
have been described from elsewhere are also attributed to 
weathering, for example [3].   
 
[1] Khatun et al. (2014) Lithos 205, 322-340. [2] Mondal & 
Zhou (2010) Min. Dep. 45, 69-91. [3]Suárez et al. (2010) Min. 
Dep. 45, 331-350.  
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Crystal nucleation in solution has gained increasing 

attention in the last few years, particularly after the detection 
of stable solute species (pre-nucleation clusters PNCs), which 
are supposed to mediate the development of the crystal phase 
from the aqueous solution, at least in the case of calcium 
carbonte [1]. This finding challenges our idea of the nucletion 
mechanisms involved in classical nucleation theory (CNT),  
although much work needs to be done to extend the new 
aggregation-based mechanism to a number of inorganic 
systems. In the meantime, kinetic modelling of nucleation is 
typically performed using the CNT rate equation [2], despite 
the weak points implicit in the classical theory.  

In this work, Supersaturation-Nucleation-Time (SNT) 
diagrams are used to predict nucleation in porous media in 
which the crystallization conditions continuosly change in 
space and time. Such diagrams have been recently 
demonstrated to be a useful tool to predict nucleation during 
reactive transport processes [3] and can be  estimated from 
theoretical calculations based on CNT. With this aim, we adopt 
a pragmatic understanding of CNT in which the nucleation rate 
expression is imagined as a species of fitting function with the 
interfacial tension being the main fitting parameter. Here, the 
method is applied to a diversity of scenarios involving 
minerals with different solubilities. The challenge is to predict 
‘where’ and ‘when’ nucleation occurs in non-homogeneous 
evolutionary systems where the solution confined in pores with 
different size distributions. Particular attention is paid to the 
rate at which the solution is moving away from equilibrium 
everywhere in the system. Theoretical diagrams and 
experimental data are shown to match fairly well as long as 
there is a right choice of the crystallization parameters. 

 
[1] Gebauer et al. (2014) Chem. Soc. Rev. 43, 2348-2371. [2] 
Fernández-Martínez et al. (2013) Env. Sci. Tech. 47, 102-109. 
[3] Prieto (2014) Min. Mag. 78, 1437-1447. 
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Saronikos Gulf is one of the most polluted marine regions 

in Greece as it is located next to a heavily industrialized region 
and to one of the greatest ports of Mediterranean Sea. In this 
study, sediment cores from three different areas of Saronikos 
Gulf were analyzed for a) total concentration of Pb, b) 
distribution of Pb into the sediments’ labile, reducible, 
oxidizable and residual fraction and c) 206Pb/207Pb and 
208Pb/207Pb isotopic ratios. The two sampling stations are 
mostly impacted by the coastal industrial zone while the third 
is near to Peiraias Port and the WWTP of Metropolitan area of 
Athens, thus mainly impacted by urban pollution. The vertical 
distribution of the total Pb content showed clear enrichment 
during the past decades comparing to Pb natural background 
concentrations. Fractionation analysis demonstrated a high Pb 
fraction (up to 40%) that is bonded with organic compounds 
and sulfides while the three bio-available forms (labile, 
reducible and oxidizable fraction) exceeded the 60% of the 
total Pb content. Lead partitioning indicated the anthropogenic 
origin of Pb which was also confirmed by the Pb isotopic 
ratios. The vertical distribution of the 206Pb/207Pb ratio showed 
a clear shift to higher values for the stations close to the 
industrial zone. Isotopic ratios determination also revealed a 
different pattern for the station which is mainly impacted by 
urban pollution in which the 208Pb/207Pb ratio was shifted to 
higher values for the upper 2cm of the sediment core. 
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Carbon cycle is heavily imbalanced by industrial CO2 

emissions. One of carbon capture storage (CCS) scenarios is 
reaction between CO2 rich fluid and mafic/ultramafic rocks, 
which are abundant in divalent cations as Mg, Fe2+. Such 
released ions during rock alteration form various carbonates 
with carbon species in the fluid. Moreover such carbonate 
scaling and others are commonly linked to geothermal energy 
utilization. Batch type experiments were conducted between 
the interaction of olivine and CO2-rich solution at 150°C. The 
experiments were carried out using forsterite (Fo93), solution 
with CO2 concentration of 5-20 mmol/kg for up to 4 weeks and 
the solution composition and secondary mineralogy monitored. 
Initially forsterite dissolved leading to pH increase (H+ 
consumption) and Mg, Fe and Si release to solution. Upon 
further reaction secondary phases started to form as ferroan 
magnesite (Fe-Mg carbonate), chrysotile and brucite.  This 
resulted in decrease of CO2 concentration and eventually 
increase of the pH to >8.  The results were compared with 
kinetic reaction modelling to further gain insight into the 
water-rock mechanism and to evaluate if simple reactions can 
be accurately simulated.  The results indicate that reaction path 
and mass movement can be modelled, this is heavily relying on 
the primary mineral reactive surface area and initial secondary 
mineral formation or nucleation. 
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The binding of organic molecules to mineral nanoparticles 

is the initial stage in the aggregation process that results in soil 
formation.  

Owing to the ubiquitous nature of lipopolysaccharides 
(LPS) in the cell wall of soil bacteria; its role in bacterial 
adhesion to mineral surfaces and the abundance of haematite 
within soil environments, we have used LPS and haematite 
nanoparticles as a model with which to investigate this system. 

We aim to elucidate and quantify the binding of organic 
material to mineral surfaces by studying the interactions 
between LPS and the surface of haematite nanoparticles, in 
order to monitor the initial stages of biomineralisation within 
soil-bacteria systems.  

We have shown that LPS binds to the surface of haematite 
nanoparticles using batch sorption experiments.  The process is 
homogeneous and favourable at pH 4 and 7 whilst seeming to 
be impaired at pH 9. This indicates that the binding is strongly 
influenced by the surface charge of haematite. The binding of 
calcium to the Lipid A region of LPS causes complexation and 
collapse of the polymer chain. This results in increased 
availability of the O-antigen for binding to haematite, as 
evident from IR and XPS. 

By utilising microscopies such as STEM/HAADF and HR-
TEM, we have shown that LPS binds to haematite 
nanoparticles and this process is affected by the presence of 
other ions. The aggregation process is dominated by kinetics 
and favoured by charge interactions, as indicated by previous 
results. 

These results provide insight into how molecules of 
bacterial origin control the subsequent aggregation of mineral 
particles to form larger aggregates. 
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It has been hypothesized that the ratios of La/Yb in arc 

intermediate magmas reflect fractionation processes within the 
crust, potentially making them proxies for crustal thickness [1]. 
Higher ratios indicate equilibration of arc magmas with garnet 
and amphiboles, typical for deeper levels of thick crust, 
whereas lower values are indicative of plagioclase being a 
major fractionating phase, perhaps indicating a thinner arc 
crust.  

Here we use global compilations of geochemical data and 
crustal thickness grouped by arc segments.  We show that for 
intermediate and felsic compositions, La/Yb presents a positive 
correlation to crustal thickness (Fig.1).  We compare this trend 
with La/Yb from a suite of individual volcanic fields from the 
Southern Andean Volcanic Zone, which reflect the crustal 
thickness gradient in that region [2]. 

Figure 1: Average chondrite-normalized La/Yb for Quaternary 
extrusive rocks with SiO2 55-70 wt % plotted against arc mean 
crustal thickness.  

 
We suggest that this correlation can be used to infer crustal 

thickness in extinct arcs, by averaging La/Yb over discrete 
time-space intervals (e.g. 10 Ma and at least 30 km diameter), 
either for whole rocks or from zircons, using zircon/melt 
partition coefficients. 
 
[1] Kay & Mpodozis (2001) GSAToday, 11, no. 3, 4-9. [2] 
Hildreth & Moorbath (1988) Contrib Mineral Petrol, 98, 455-
489. 
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Chemical imaging using laser ablation in combination with 

inductively coupled plasma mass spectrometry (LA-ICP-MS) 
has evolved into a powerful tool for the investigation of the 
spatial distribution of elements and isotopes in biological 
tissues. Double coupling of specific mass spectrometers allows 
for the simultaneous assessment of elemental and isotopic 
information. Certain challenges concerning the spatial 
resolution, limits of detection and the accurate quantification 
are still considered as critical. Data evaluation of isotopic 
patterns composed of either a mixture of different natural 
isotopic sources or a blend of natural and enriched (i.e. isotope 
spikes) isotopic sources may pose a nontrivial problem to 
unravel. This is especially the case when the quantities of the 
individual contributing sources are unknown. 

Isotope pattern deconvolution (IPD) is a mathematical tool, 
which allows for deconvolving the isotope pattern in a mixed 
or spiked sample without knowing the quantities of different 
isotope sources as well as the degree of impurities and species-
interconversion. So far, IPD has mainly found application in 
tracer studies in various fields, ranging from biological 
applications to studies in forensics and environmental sciences. 
The objective of this paper is to evaluate and summarize the 
analytical aspects for isotope pattern deconvolution and reports 
on the crucial factors to be considered when performing 
isotope pattern deconvolution. 

In addition ArcGIS® is introduced as tool for a spatially 
based data reduction and for multilayer matching and analysis 
of data obtained by different techniques. The presented work is 
based on experiments on the natural isotopic variation and 
isotopic spike distribution of strontium and magnesium 
isotopes using (laser ablation) multicollector inductively 
coupled plasma mass spectrometry ((LA)-MC ICP-MS).  

 

2544



 Goldschmidt2015 Abstracts  

 2545 

Benthic fluxes in the Kara Sea and 
the Gulf of Ob 

E. PROTSENKO1* AND S. PAKHOMOVA12 
1Shirshov Institute of Oceanology, 36, Nakhimovski prosp., 

Moscow, 117997 Russia (*correspondence: 
elisaveta.pro@gmail.com) 

2NILU, Postboks 100, 2027 Kjeller, Norway, svp@nilu.no 

 
Studying the processes in the sediment-water interface is a 

basis of our understanding in cycling of matter in our planet. 
This interface is a zone of top gradient for physical, chemical 
and biological properties. Since the Arctic is the region most 
sensitive to the Global Changes, it is highly important to know 
the biogeochemical processes occurring at the boundaries 
between water and sediments. 

On the base of the studies of chemical parameters 
distributions in the sediments and in the bottom water (with 
vertical resolution of several cms) performed in the expedition 
on RV Akademik Mstislav Keldish in 2011, were calculated 
fluxes of chemical compounds in the pore water of sediment, 
at the sediment-water interface and in near- bottom water.  

The fluxes in pore water were calculated, using the 
modified Fick`s first law of diffusion (Boudreau, 1997). The 
diffusion coefficient for pore water was calculated on the basis 
of tortuosity and the substance-dependent diffusion coefficient 
in free solutions of sea-water (Schultz and Zabel 2005). To 
estimate the role of bioturbation in exchange processes in such 
region were calculated fluxes for same data with additional 
diffusive flux, caused by bioturbation. An application of the 
BROM model (Biogeochemical RedOx Model) allowed to 
simulate the similar features of the biogeochemical parameters 
distributions and to numerically demonstrate the role of 
bioturbation. The results of these calculations allowed to 
estimate vertical changeability of fluxes of biogeochemical 
components at different depths and to reveal layers of potential 
sinks or sources. 
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Isotopic analyses arguably provided the first ‘smoking 
gun’ for recycling of subducted sediments by measurement of 
excess cosmogenic 10Be in arc lavas [1]. Improvement in the 
precision of analytical techniques has led to a vast, and 
sometimes bewildering repertoire of stable isotope systems to 
employ in further investigation of crustal recycling processes. 
Research is largely at a pioneering stage: determining what key 
information can be learned from various ‘new’ stable isotope 
systems. For instance, lithium isotopes appeared to hold much 
promise as a tracer of crustal recycling [2], however, rapid 
isotopic diffusion rates in this system largely negates direct 
application to tracing crustal inputs (e.g., [3]).  

How can we better constrain recycling processes and 
amounts of recycled material? Using case studies from the 
Mariana and Aleution arc, thallium (Tl) isotopes are 
highlighted as potentially the most sensitive stable isotope 
tracer of recycled crustal material. The invarient Tl isotopic 
composition of arc lavas and sediment inputs in the Marianas 
strongly suggests that Tl isotopes are not fractionated during 
subduction processing [4]. Building upon the Mariana results, 
new data from the Aluetian arc display large, systematic 
variations along strike that can then be interpreted in terms of 
crustal recycling.  

In contrast to thallium isotopes, vanadium isotopes in the 
same arc lavas yield markedly different information. 
Vanadium isotopes likely respond to changes in oxidation 
state, rather than specific slab inputs [5].  The Marianas are 
once more typified by negligible isotope variation in primitive 
lavas. In contrast, Aleutian lavas display resolvable, systematic 
V isotope variation.  

Whilst matching isotope systems with specific research 
questions achieves a high level of understanding, employing a 
multi-isotopic approach paints a more complete picture of the 
interplay between recycling and the physical conditions of a 
subduction zone. 
 
[1] Brown et al., 1982. Nature, 299, 718-720. 
[2] Elliott et al., 2004. EPSL, 220, 231-245. 
[3] Jeffcoate et al., 2007.. GCA, 71, 202-218. 
[4] Prytulak et al., 2013. Chem. Geol. 345, 139-149. 
[5] Prytulak et al., 2013. EPSL, 365, 177-189. 

2546



 Goldschmidt2015 Abstracts  

 2547 

Precipitation of Mg-rich amorphous 
calcium carbonate and its 

transformation to Mg-calcite   
B. PURGSTALLER1, V. MAVROMATIS1, M. DIETZEL1 AND 

A. IMMENHAUSER2 
1Graz University of Technology, Institute of Applied 

Geosciences, Rechbauerstraße 12, 8010 Graz, Austria 
(bettina.purgstaller@tugraz.at, mavromatis@tugraz.at, 
martin.dietzel@tugraz.at) 

2Institute of Geology, Mineralogy and Geophysics, Bochum, 
Universitätsstraße 150, 44801 Bochum, Germany 
(adrian.immenhauser@rub.de) 

 
The presence of amorphous calcium carbonate with 

variable Mg contents (Mg-ACC) has been documented for a 
variety of biominerals [1] [2]. The transformation of such a 
Mg-rich precursor phase is suggested to play a significant role 
in the formation of biogenic Mg-calcite [3]. However, the 
mechanisms involved in the Mg-calcite formation via Mg-
ACC as well as the physicochemical parameters controlling the 
Mg content of the resulting Mg-calcite are not well established.  

In order to shed light on these aspects, we precipitated high 
Mg-calcite by computer controlled titration of a (Mg,Ca)Cl2 
solution at different Mg/Ca ratios into a NaHCO3 solution 
under precisely defined physicochemical conditions (T = 25.00 
±0.03°C; pH = 8.30 ±0.05). The temporal evolution of mineral 
precipitation was monitored by in situ Raman spectroscopy as 
well as by continuous sampling and analyzing of precipitates 
and reactive solutions. 
The results revealed two distinctive mechanisms of Mg-calcite 
formation. At initial aqueous Mg/Ca molar ratios ≤ 1/6 (Mg-
)calcite was precipitated directly from solution. Conversely, 
higher Mg/Ca ratios induced the precipitation of Mg-ACC (up 
to 10 mol % of Mg), which was subsequently transformed to 
calcite with up 20 mol % of Mg. The continuous enrichment of 
Mg in calcite throughout and subsequent to Mg-ACC 
transformation likely occurs due to the high carbonate 
alkalinity (0.1 M) and aqueous Mg/Ca ratio present in the 
reactive solution. The experimental results shed light on the 
insufficiently investigated inorganic component of 
biomineralisation pathways in many carbonate secreting 
organisms. 

 
[1] Beniash et al. (1997) Proc. R. Soc. Lond. B 264, 461-465. 
[2] Politi et al. (2010) Chem. Mater. 22, 161-166. [3] Raz et al. 
(2000) Adv. Mater. 12, 38-42. 
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The Great Artesian Basin (GAB) of Australia is one of the 
largest groundwater basins in the world and contains the 
largest storage of potable groundwater in the Australian 
continent. Our study area is focused on the western margin of 
the GAB between the Finke River system in the Northern 
Territory and the iconic Dalhousie springs in South Australia. 
This represents the direction of groundwater flow from 
recharge to discharge through the Dalhousie spring complex. 
Groundwater residence times were determined by Cl-36, He-4, 
C-14, Ar-39 Kr-85 and Kr-81 measurements. Our results 
indicate a large spectrum of “tracer ages” ranging from modern 
to hundreds of thousands of years. Along the flow path Cl 
concentrations increase in direction of groundwater flow. 81Kr 
and 36Cl data were used to distinguish between evaporative 
enrichment during recharge and subsurface Cl accumulation 
due to rock water interaction or diffusive exchange with the 
aquitard. It is shown that in the Western part of the GAB a 
changing recharge regime is responsible for the larger fraction 
of the observed Cl variations. In the past diffusive recharge 
dominated while in the Holocene ephemeral  river recharge 
seems to be the main recharge mechanism. 
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The primitive Cpx-porphyritic ankaramite were found as 
fragments of dykes and lavas, intersected by typical calc-
alkaline andesites, in serpentinite melange in the western part 
of the Magnitogorsk island-arc zone (Southern Urals). 
 

1466 WR GM MI Cr-Sp 
SiO2 47.44 47.89 46.50  
TiO2 0.17  0.16 0.15 
Al2O3 6.89 10.69 7.12 4.93 
Cr2O3 0.20  1.61 63.54 
FeO 8.84 9.39 13.75 18.75 
MnO 0.21  0.28 0.10 
MgO 18.48 16.26 18.88 11.60 
CaO 17.53 15.77 10.49  
Na2O 0.10  0.84  
K2O 0.01  0.34  
P2O5 0.12  0.08  
Total 100.00 100.00 100.00 99.07 
Mg# 0.79 0.76 0.71 0.53 
Table 1: Bulk composition of ankaramite (WR), 

groundmass (GM), homogenized melt inclusion (MI) and 
chromite phenocryst (Cr-Sp). 

 
The composition of ankaramites is characterised by high 

Mg# and CaO and LaN/YbN=3-4, with very low Al2O3, TiO2 
and alkali elements (Table). We infer that the ankaramite 
magma, capable of generating large volumes of olivine-
clinopyroxene cumulates and Fe-Pt alloys that entrapped in 
liquidus Cr-spinel could be primary for the Ural-Alaskan-type 
complexes.  

 
The study is supported by RFBR: 13-05-00597, 13-05-

96031 
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Novel Way of Studying Cement Hydration  
This work aims at providing a scientific understanding 

concerning the retardation process that aluminate ions produce 
on the silicate hydration of cement. To be able to do this, it is 
important to investigate the system at the molecular level. In 
particular, we use a novel approach to study hydration of 29Si-
enriched tricalcium silicate (C3S) pastes in-situ by solid-state 
Nuclear Magnetic Resonance (NMR) experiments.  

Results and Discussion 
The results obtained without the use of any drying methods 

reveal unique information concerning different stages of 
cement hydration. In particular, the 29Si-enriched NMR 
showed that during first hours of reaction no significant layer 
of hydrates were formed on the surface of C3S, but its surface 
and sub-surface were hydroxylated to a large extend. The 
quantitative analyses of the NMR data provided an opportunity 
to detect a change in silicon coordination during the hydration 
period. For instance, at the end of the acceleration stage a 
switch from formation of dimers to longer chains was 
observed, which provided interesting clues with regard to the 
debate on the origin of the deceleration period.  

In the presence of aluminate ions retardation of C3S 
hydration was observed during the first 10 h, afterwards this 
effect vanished and an increase of the amount of hydrated 
products was detected. Solid-state 27Al one pulse NMR has 
proven the formation of AFm phases from the first hours of 
hydration and the presence of TAH and incorporation of Al in 
C-S-H at later stages of reaction.  

In-situ time resolved study of the silicon speciation of 29Si 
enrichment is an approach presented in this work that has the 
potential of resolving the more than century old questions on 
cement hydration. Moreover, the concepts demonstrated here 
can be extended to other systems represented by silicates, 
aluminates and water that are very common constituents on the 
surface of earth and as such, the reaction with each other is of 
large importance.  
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An aqueous fluid will induce some dissolution even in a 

highly insoluble phase, such as most minerals, producing an 
interfacial boundary layer of fluid that may be supersaturated 
with respect to one or more more stable phases. One of these 
phases may then nucleate at the surface of the parent phase 
initiating an autocatalytic reaction that couples the dissolution 
and precipitation rate. If an epitaxial crystallographic matching 
exists between the parent substrate and the product, the 
nucleation of the new phase transfers crystallographic 
information from parent to product. In order to propagate a 
pseudomorphic replacement front, mass transfer pathways 
must be maintained between the fluid reservoir and the 
reaction interface. This requires that the replacement process is 
a volume deficit reaction, and that the resulting product is 
porous and hence allows continued infiltration of the fluid 
phase to the interface within the parent phase. 

The basic principle behind reactions occurring at the 
mineral-fluid interface is that one mineral may be replaced by 
another more stable mineral by an interface-coupled 
dissolution-precipitation mechanism. 

Examples will be discussed where this scenario exists in 
nature to show that this is a ubiquitous mechanism occurring in 
the crust of the Earth during such processes as metamorphism, 
metasomatism and weathering. 
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The Karoo Large Igneous Province (LIP) covers an area of 
over 3 x 106 km2 in southern Africa, Antarctica, and Falkland 
Islands as well as Tasmania. The Karoo LIP is mainly 
composed of mafic volcanic and plutonic rocks. Rhyolites and 
granitoid rocks are present in minor amounts.  

In Mozambique, the Karoo volcanic rocks are related to 
the Jurassic Africa-Antarctica rift zone and crop out in 1) the 
Lebombo Monocline, 2) the Nuanetsi-Sabi volcanic flexure 
and 3) the Tete province, central Mozambique. The majority of 
the rift-zone volcanites are basalts and picrites and rhyolites 
are found as intercalated beds and minor intrusive bodies. In 
our ongoing project, rhyolite samples from these three areas 
have been collected in order to constrain the timing of the 
currently poorly dated rift-zone magmatism of the Karoo LIP 
and the source of its felsic volcanism. The samples have been 
processed for U-Pb single-zircon dating by seconday ion mass 
spectrometry, and for Lu-Hf analyses by laser ablation ICP 
mass spectrometry. The samples include both conformable 
beds and cross-cutting dikes.  

The feldspar porphyritic rhyolites in southern Lebombo in 
southern Mozambique yield ages from ~182 Ma to ~172 Ma. 
The youngest age is from a unit close to the top of the bimodal 
basalt-rhyolite lava pile. The Hf isotopic signature of zircon in 
this unit is fairly homogeneous, and moderately juvenile. The 
initial εHf values are between +4 and +10, corresponding to 
crustal residence ages of ~300–400 Ma.  

The quartz and feldspar porphyritic rhyolites of Doa and 
the aphyric and feldspar porphyritic rhyolites of Tete represent 
silicic interbeds and dikes in the presently undated volcanic 
succession in the the Tete province, the NE end of the Jurassic 
rift zone. Dating and Hf isotopic measurements of these 
samples will be performed in April 2015. 
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Barium cycling in the ocean is associated with a number of 
processes, inlcuding biological cycling, freshwater fluxes, and 
alkalinity. As a result, the biogeochemical cycle of barium 
offers interesting insights into past and present oceanic 
conditions. Barium is currently utilised in various forms as a 
palaeoproxy for components of organic and inorganic carbon 
storage, and as a conservative water mass tracer. However, the 
nature of the oceanic barium cycle is not fully understood, 
particularly in cases where multiple processes may be 
interacting simulatneously with the dissolved and particulate 
barium pools. This is particularly the case in coastal polar 
regions such as the West Antarctic Peninsula, where biological 
drawdown occurs in tandem with sea ice formation and 
melting, glacial meltwater input, and potential fluxes from 
shelf sediments. 

Using a high-precision  dataset of dissolved barium from 
the Palmer LTER Grid (adjacent to the West Anatarctic 
Peninsula) in conjunction with silicic acid, oxygen isotope, and 
salinity measurements, the relative control of these various 
coastal processes on the barium  cycle can be distinguished. It 
can be shown that whilst the annual distribution of the diatom 
bloom is the primary control on surface levels of dissolved 
barium, there is also a secondary inter-annual variability linked 
to differences in the coastal freshwater regime. High levels of 
sea ice melt appear to exert a significant secondary control on 
barium concentrations, likely due to non-conservative biotic or 
abiotic processes acting within the sea ice itself. Meteoric 
water input, conversely, exerts little or no control on local 
barium levels, indicating that glacial melt is not a coastal 
source of barium to the region. These regional conclusions are 
considered in conjunction with a larger dataset of dissolved 
barium measurements from the Drake Passage and the Scotia 
Sea. 
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The disks around pre-main sequence stars are the 
reservoirs of raw material that represent the initial conditions 
for the formation of planetary systems. Understanding the 
chemical composition and evolution of disks thus provide 
constraints on the nature of molecules incorporated into 
planetesimals and planets. Here we present how we use the 
Submillimeter Array (SMA) and Atacama Large 
Millimeter/submillimeter Array (ALMA) observations to 
constrain the radial and vertical distributions of gas molecular 
tracers, and explore their implications for chemical processes 
in protoplanetary disks and our own Solar Nebula.   
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Ever increasing urban expansion, industrial development 

and anthropogenic activities are major sources of polluting 
soils with heavy metals. Posing with serious environmental 
problems, heavy metals require ultimate solution for the 
removal from soils to protect both health and environment. The 
remediation methods either could decontaminate (reduce the 
amount of metals by removing from soils) or stabilize (reduce 
or eliminate environmental risks by altering the soil chemistry 
and sequester or absorb the metals into the matrix) the heavy 
metals. Nevertheless, the physic-chemical remediation 
technologies are rarely adopted because of many disadvantages 
associated with them. In this study, microbially induced calcite 
precipitation (MICP) has been proved as a promising approach 
for remediation of various heavy metals (Cu, As, Cr(VI), and 
Pb) with advantages on current bioremediation techniques. The 
ubiquity and importance of microbes in inducing calcite 
precipitation by producing an enzyme, urease, make MICP 
active in every environment. The mobility of heavy metals 
significantly decreased in the exchangeable soil fraction, while 
at the same time metals concentration was markedly increased 
in carbonated fraction after bioremediation. The 
biomineralization products in remediation was further 
confirmed by SEM-EDS, ATR-FTIR and XRD analyses. XRD 
spectra showed presence of various biomineralization products 
such as calcite, gwihabaite, aragonite and vaterite. The results 
from this study present MICP as a viable strategy for the 
remediation of the heavy metals contaminated sites. 
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The Bulunkuole group complex is a main component of 

Taxkorgan Landmass in Western Kunlun, serving as an 
important ore-bearing stratum for the iron deposit in this area. 
At present, many large-scale iron deposits have been found 
within the Bulunkuole group complex, such as Zankan, 
Laobing, Mokaer and Yelike iron deposits. On the basis of 
detailed petrography feature and SHRIMP U-Pb zircon dating 
of metamorphic rocks from the intrusion stratum and the 
Bulunkuole group complex in the Zankan iron deposit, the 
formation age of ore-bearing stratum has been discussed, and 
then, the mineralization age of this deposit has been studied. 
The results show that, the formation age of representative 
magmatic zircons from plagioclase-hornblende schist in 
Bulunkuole group complex is (1845±11) Ma, suggesting that 
the ore-bearing stratum were younger than (1845±11) Ma. 
Zircon SHRIMP dating of plagiogranite porphyry intruded 
stratum yields a U-Pb age of (544.5±4.7) Ma, suggesting that 
the ore-bearing stratum were older than (544.5±4.7) Ma. Thus, 
it’s speculated that the ore-bearing stratum were formed during 
1845~544.5Ma. Moreover, SHRIMP dating of the zircon core 
from dacite yields U-Pb ages of 3048~3054Ma and 2032 Ma, 
indicating that an early Proterozoic or Archean basement might 
be existed in the surveyed area and its adjacent region, which 
hasan important significance for recognizing Bulunkuolegroup 
complex and the basement of Taxkorgan landmass. The 
Bulunkuolegroup complex,outcropped in Taxkorgan - Waqia 
uplift zone, is one of the earliest strata in Western Kunlun, 
which provides a basis for the existence of ancient Taxkorgan 
landmass. After comparing and analyzing different types of 
mineral deposits in this area, the results indicate that the 
Zankan iron deposit was mainly produced by the sedimentary 
mineralization process, and its iron bodies were syngenetic 
with iron-bearing rocks of the Bulunkuole group complex, so 
the mineralization age of the Zankan iron deposit is 
Proterozoic Eon, which is in accordance with the formation 
age of the Bulunkuole group complex and also is very 
important period for global iron metallogenic events. 
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There has been increasing interest recently in the use of 

metal stable isotopic composition variations for fingerprinting 
the material from which Earth accreted and for tracing various 
planetary processes [1-5]. A recent study showed that 
chondrites have systematically lower δ53Cr values (up to 0.4 ‰) 
than the bulk silicate Earth [6]. This was interpreted to reflect 
incorporation of isotopically light Cr into the core at relatively 
low temperatures and high oxygen fugacities. However 
sequestration of a significant amount of Cr into the core could 
be limited at high oxygen fugacities [6]. Furthermore, such a 
large offset in the 50Cr/52Cr ratio (up to 0.8 ‰) may affect the 
accuracy of non-mass dependent Cr isotope anomaly 
measurements as mass fractionation in nature often does not 
obey the exponential law that is typically used to correct mass 
fractionation in both nature and in the mass spectrometer [7]. 

Our new high-precision Cr stable isotope data obtained by 
using a combination of the 50Cr-54Cr double-spike technique 
and thermal ionization mass spectrometry (TIMS) for 
terrestrial rocks fall in a similar range with previous studies 
[e.g.8]. However, our measurements of chondrites show no 
resolvable difference from the terrestrial samples. This 
suggests that either only limited amounts of Cr partitioned into 
the core or that at the P and T conditions of mantle-core 
differentiation, no Cr isotope fractionation took place between 
the two reservoirs. With the available data, the silicate Earth 
and chondrites have very similar stable isotope compositions in 
Mg, Fe and Cr, but different Si, Ni, Cu and Zn isotopic 
compositions. Any evolutional model for Earth needs to 
accommodate these distinct stable isotope features.  
 
[1] Poitrasson F. et al. (2004) EPSL, 223, 253-266. [2] Shahar 
A. et al. (2009) GCA, 75, 7688-7697. [3] Fitoussi C. et al. 
(2009) EPSL, 287, 77-85. [4]Paniello R. C. et al. (2012) Nature 
490, 376-380 [5] Dauphas N. et al. 46th LPSC, abs(1417). [6] 
Moynier F. et al. (2011) Science, 331, 1417-1420. [7] Qin L. et 
al. (2010) GCA, 74, 1122-1145. [8] Schoenberg R. et al. Chem. 
Geol., 249, 294-306. 
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The Sinian - Cambrian has abundant natural gas resources, 

and is an important area of natural gas exploration in Sichuan 
Basin. The natural gas is mainly from the Lower Cambrian 
Qiongzhusi Formation marine shale source rocks. The organic 
matter is sapropelic type and has reached over mature 
evolution stage. Bitumen is well developed in reservoirs, 
which is a product of crude oil cracking. It is widely believed 
that the natural gas is mainly from oil cracking. But that the 
methane carbon isotope is less negative than bitumen in 
reservoir made it difficult to explain the isotopic fractionation. 
This may due to the mixture of gas released from water to gas 
pools during post-tectonic uplift. The methane isotope 
dissolved in water has less negative value. The Sinian - 
Cambrian has a good water-soluble gas formation and 
preservation conditions in Sichuan Basin. The water in 
reservoirs has been well preserved, and has not suffered 
significant damage. The gas dissolved in water can also be 
well preserved. Gas reservoirs have experienced uplift by 
2000-4000m in the Himalayan movement, resulting in the 
formation pressure decrease and gas release from water. 
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Modern adakitic rocks are often considered to be 

compositional analogues of Archean TTGs and thus a better 
understanding of their formation has implications for Archean 
crustal grow processes. Granites from the Huichizi pluton in 
the North Qinling unit have high Sr/Y (55-158) and (La/Yb)N 
ratios (18-60). Their relatively high SiO2 (67.75-71.84 wt.%) 
and Na2O (4.38-5.23 wt.%) and very low MgO (0.43- 
0.93 wt.%), Cr (3.5-9.0 ppm) and Ni (2.0-6.3 ppm) contents 
are in the range of high-SiO2 adakites and Archean TTGs. New 
U-Pb zircon SIMS combined with previous conventional 
zircon age data constrain the emplacement age of the Huichizi 
pluton at 421.6 ± 4.7 Ma. Coeval migmatization, granulite-
facies metamorphism and arc-type magmatism favors the 
model that the melts were produced by heat anomalies during 
subduction of the Shangdan ocean at c. 420 Ma. The Huichizi 
granites have εNd(t) and εHf(t) values similar to the 
Neoproterozoic metabasalts in the region. Considering their 
normal mantle-like δ18Ozir values (6.09 ± 0.14‰) they are best 
explained by partial melting of the mafic crustal root. This 
crust was thickened at to ~50 km by previously underplating of 
mantle-derived basaltic magmas during the Neoproterozoic  
(c. 800 Ma), suggesting that this was an important period for 
vertical continental growth by underplating of mantle-derived 
magmas in the NQ terrane. Therefore, rifting and separation of 
the NQ terrane from the South China Block may have started 
at ca. 800 Ma. Moreover, our results suggest that underplating 
of mafic magma and its subsequent fusion triggered by slab 
subduction could be an important mechanism for the formation 
of early continental crust. 
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The identification of urinary calculi composition provides 

significant information about possible causes of stone 
formation, which is critically useful in therapy for stone. 
Previous studies on kidney stones have been limited by routine 
analysis method. In this study, LA-ICP-MS(Laser Ablation 
Induced Couple Plazma Mass Spectrometry) which is capable 
to detect the trace elements has been used to evaluate the 
compostion of  kidney stones.   

A total of 30 samples of urinary calculi stones from 
patients who live in Guangdong province, southern China have 
been retrieved to carry out the study. These kidney stones were 
collected after open surgery and endoscopic procedures. 
Mineral structure of the stones were determined using X-ray 
Diffraction, trace element contents were obtained using Laser 
Ablation ICP-MS. The outcome were to compare with some 
overseas studies. 

The evaluation study of urinary stones using X-ray 
Diffraction showed that the most common mineralogical forms 
are calcium oxalate monohydrate (COM, CaC2O2 ▪ H2O) 
followed by calcium oxalate dihydrate (COD, CaC2O2 ▪ 2H2O) 
and small proportion of magnesium ammonium 
phosphate,while COM were significantly higher in all of the 
selected stones. LA-ICPMS analysis results were as follow: 
zinc (Zn) content of 14.25-53.12ppm, copper (Cu) content of 
2.26-13.67ppm, Manganese (Mn) of 1.032-4.852ppm, iron (Fe) 
of 274.98-357.90ppm; chrome (Cr) of 1.142-1.365ppm, nickel 
(Ni) of 0.957-3.357ppm, cobalt (Co) of 0.728-0.952ppm, and 
Strontium (Sr) of 109.92-275.21ppm range. The data with 
statistical significance of (P<0.05). 

Abnormal content of trace elements were identified in 
urinary calculi from patients.The results showed that high 
concentrations of elements within the stones including Sr, Zn, 
Fe, Cr, Mn, Cu, Ni and Co. Some trace elements affect 
crystallization of urinary stones by influencing the external 
morphology of growing crystals and may affect the speed of 
their crystallization. 
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40Ar/39Ar crushing has been devoloped for dating fluids 

associated with geological events, e.g., hydrothermal 
mineralization, metamorphism, gas and oil emplacement. More 
and more facts has proofed that the crushing technique is very 
useful to determine the time when the geological events 
occurred, especially for the cases in which other 
geochronological methods could not be applied. 

The crusher is very important to obtain good results from 
the crushing experiments. We have already introduced the 
crusher improvement in detail [1-3]. Crushing frequancy is 
adjustable and usually set at 2 Hz. The pestle of ~230 g is 
lifted up at a hightness of 4 to 5 cm by a coil and then falling 
down freely to hit the mineral grains gently. The hitting times 
are increasing step by step with the experiment procedure. 
Now the crushing experiments can be done fully automatically 
through the Thermo© Qtegra Noble Gas Workflows and other 
professional softwares. 

In order to verify the validness of the 40Ar/39Ar crushing 
technique, it is recently applied in dating the paragenetic trace 
potassium minerals, i.e., cassiterite, wolframite and quartz, 
from the tin-tungsten ores in southern China, in comparision to 
the 40Ar/39Ar ages of K-rich muscovite samples by laser 
stepwise heating. The results show that the isochron ages of 
trace potassium minerals in the final crushing steps, 
corresponding to the gas releases from primary fluid inclusions, 
are well concordant with the muscovite ages, indicating that 
40Ar/39Ar crushing is very useful to determine mineralization 
ages from the primary fluid inclusions. The correlation plots of 
K-Cl-40Ar* can also obtain the ages for the second and primary 
fluid inclusions. The 40Ar/39Ar crushing technique opens a new 
approach to date fluid activities. An interesting application is 
to date the natural gas accumulation in the Songliao Basin, NE 
China [4]. 
 
[1] Qiu et al. (2006) GCA, 70: 2354-2370. [2] Qiu et al. (2007) 
EPSL, 256: 224-232. [3] Qiu et al. (2008) EPSL, 268: 501-514. 
[4] Qiu et al. (2011) Geology 39: 451-454. 
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It is suggested that the occurrence of TTG gneisses 

represents a crust transition which from dominantly mafic to 
significant felsic along geological time, thus a clear 
understanding of the source and origin of the TTG is important 
for looking insight into the origin and early evolution of 
continental crust. Archean TTG rocks are scattered at the 
Kongling High-grade Metamorphic Terrain  in northern South 
China block. A geochronological and geochemical study is 
carried out on the Taoyuan granitic gneiss from northwestern 
part of the KHMT. A U-Pb zircon age of 2994±22 Ma is 
obtained by this study using LA-ICP-MS method. The 
Taoyuan gneiss suite is trondhjemitic in composition, and has 
high SiO2, Na2O contents with Na2O/K2O ratios greater than 
unity, and low Ni, Cr, Yb  and Y contents. It shows large 
variable La/Yb and Sr/Y ratios and pronounced depletion in 
Nb, Ta and Ti on the spiderdiagram. The gneiss suite also 
displays two-stage Nd model ages close to its crystalline 
timing with corresponding εNd(t) values of -2.5 to +3.5. It is 
thus suggested that the Taoyuan gneiss, in fact, is part of the 
Archean Kongling basement rocks.  

Geochemical evidence implies that the TTG rocks may be 
derived from partial melting of subducted oceanic crust from a 
garnetiferous amphibolite source with residual assemblage of 
garnet + amphibole + plagioclase + quartz ± pyroxenes. Our 
study further indicates that nucleus of the Yangtze block might 
experience a continental crustal growth during Mesoarchean. 
We also suggest that the Yangtze block may have its own 
crustal evolutionary history before Paleoproterozoic. 

 
This study was supported by National Nature Science 

Foundation of China (No. 41303026) 
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The Upper Valanginian stratigraphic section of the sierra 

de la Oliva (Prebetic, Valencia province, Spain) records a 
significant sedimentary episode which has been named as 
”Weissert Episode of Environmental Change” [1]. This 
episode is characterized by a positive excursion in the δ13C 
profile, which have been considered to be linked to a global 
perturbation in the carbon cycle, with environmental 
consequences that have been the object of debate, especially 
the degree of oxygenation of the sea bottom waters. 

We studied the sedimentary evolution during the late 
Valanginian in a shallow platform setting, beginning with the 
drowning of the early Valanginian carbonate platform, 
followed by a succession of shallowing-upwards sequences, 
which define a general deepening-upward evolution. The δ13C 
profile records a positive excursion during the late 
Valanginian, and the biomarker study has revealed the episodic 
development of anoxia, coeval to the deposition of organic rich 
facies, occurred during the episode of maximum deepening of 
the platform. Stratigraphic correlation point to a diachrony in 
the record of the positive C-isotope excursion, which has been 
interpreted as related to local factors. This study has 
demonstrated that the “Weissert Episode” has been recorded in 
the Prebetic platform, and that the environmental perturbations 
gave place to the occasional development of anoxia in a 
context of high organic productivity. 
 
[1] Föllmi (2012) Cretaceous Research 35, 230-257.  
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The Visible InfraRed Thermal Imaging Spectrometer 
VIRTIS instrument onboard ESA’s Rosetta orbiter has 
completed extensive mapping campaigns of the 
67P/Churyumov-Gerasimenko comet (67P/CG) nucleus in 
August-September 2014. Reflectance spectra were collected 
within the 0.4-5 µm range and reveal a dark surface (normal 
albedo ~6 %), positive (red) near-infrared spectral slop, steeper 
red visible slope, and a broad feature that peaks at 3.2 µm. The 
reflectance spectra are fairly similar to those of other comets 
(Borelly, Temple1 and Hartley 2), and share similarities with 
those of D-type asteroids (except the 3.2 µm band). They are 
significantly different than reflectance spectra of CI, CM and 
CR carbonaceous chondrites collected in laboratory. This 
might imply that any of those carbonaceous chondrites are 
linked to comets, challenging the asteroid-comet continuum. 
Insights into surface rejuvenation after perihelion are however 
required to get robust conclusions. The reflectance factor in the 
visible and the near-infrared up to 2.7 µm points to a carbon-
rich surface mixed with opaque minerals (likely ~ FeS 
sulphides, with possibly Fe-Ni alloys). The 3.2 µm is observed 
for the first time in a comet. This broad band can be assigned 
to OH, CH, H2O, NH/NH2 and NH4+ chemical groups, 
molecules or ions. The nucleus temperature of 220 K renders 
negligible a significant contribution from water ice, which is 
marginally detected in area of the nucleus just emerging from 
shadow. The most plausible candidates are alcohol 
(terminating -OH) and carboxylic groups (-COOH), as well as 
the ion NH4

+. These species could be relicts of sublimated ices 
and not linked to the dark refractory carbonaceous material 
that account for the very low reflectance. A thorough 
investigation of the structure of this 3.2 µm band, and its 
variation across the surface, should help constrain further this 
assignment. 
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Understanding the initial stages of planetary formation and 
differentiation, in particular the extent and timing of metal-
silicate segregation, is crucial to constraining the early 
evolution of planetary embryos. In this context, metal-rich CR 
chondrites have been studied, as well as the Tafassasset 
meteorite. Tafassasset is of special interest as it has been 
proposed to be related to CR chondrites by some authors, 
although others argue in favor of a metal-rich brachinite. 
Besides, this meteorite is not altered contrary to CRs. 

Tafassasset silicates show mass-independent W isotope 
anomalies, while the metal phase does not [1]. These 
nucleosynthetic anomalies are interpreted as reflecting the 
presence of SiC presolar grains in the matrix of the meteorite, 
carrying s-process 184W. Similarly, CR chondrites also carry W 
nucleosynthetic anomalies. After correction of these 
anomalies, a correlation is observed in Tafassasset between the 
182W/184W isotope compositions and the Hf/W ratios of the 
different fractions. An age of ca. 2.9 Ma after CAIs is inferred 
from the 182Hf-182W chronometer for the last equilibration of 
metal and silicates, slightly older than other estimates based on 
the 53Mn-53Cr, 26Al-26Mg, and Pb/Pb chronometers, but 
consistent with the difference in closure temperatures of the 
different isotopic systems [1]. The 60Fe-60Ni age is 
underconstrained; an upper limit of a few 10-7 can be estimated 
for the 60Fe/60Ni ratio. According to 182Hf-182W systematics, CR 
chondrites formed a few million years later than Tafassasset. 

Numerical modeling of the thermal evolution of 
Tafassasset indicates accretion of a parent-body less than 
~50 km in diameter, ≤ 1 Ma after the formation of CAIs, at a 
time when short-lived radio-nuclides induced metal-silicate 
separation and partial melting of the silicates with extraction of 
a basaltic component [1]. According to these new data, 
Tafassasset may represent an inner part of a CR-like parent 
body, with a differentiation history similar to, but less severe 
than, that of brachinites. 

 
[1] Breton T. et al. (2015) Tafassasset: evidence of early 
incipient differentiation on a metal-rich chondritic parent body. 
EPSL, accepted. 
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Gypsum is the final crystalline product when precipitation 
starts from highly supersaturated aqueous CaSO4 solutions. 
Despite a plethora of studies attempting to elucidate the 
various reaction stages, the actual pathways and mechanisms 
are still debated and gypsum formation may progress via 
precursor nano-bassanite [1] or amorphous CaSO4 [2]. 
Furthermore, the kinetics and nature of the transformations of 
precursor phases is known to be highly altered by the presence 
of inorganic or organic additives [3] [4]. Since Mg2+ is a major 
cation in seawater used for desalination purposes where CaSO4 
scale formation is a big problem [5], we quantified the effects 
of Mg2+ on the nucleation and growth of phases in the CaSO4 
system and thus gained a better understanding of the gypsum 
formation reactions. 

Our data reveal a clear Mg2+ concentration dependent delay 
in the development of turbidity in supersaturated CaSO4 

solutions. This data was cross-correlated with morphological 
images and quantitative mineralogical compositions of 
intermediate and end-stage solid products. Our results show 
that even low Mg2+ contents significantly affect the stability of 
the nanocrystalline precursor bassanite but Mg2+ also delays the 
start of calcium sulfate precipitation and slows the kinetics of 
crystal growth. For example, in solutions supersaturated with 
respect to gypsum (supersaturation index SIGPY = 0.5) the 
addition 1 mmol/L Mg2+ delays the start of the precipitation 
reaction (increases induction time) by ~ 40% compared to the 
pure system. Furthermore, the intermediate bassanite is 
stabilized for much longer time periods with increasing Mg2+

contents and the transformation of bassanite to gypsum is 
delayed considerably. Interestingly, however this delay seems 
to be due the presence of Mg2+ in the supernatant solution, 
because ion chromatographic analyses revealed that Mg2+ was 
not incorporated into the CaSO4 crystal structures. 

[1] Van Driessche et al(2012) Science, 336:69; [2] Saha et
al(2012) Langmuir, 28:11182; [3] Klepetsanis et al(1998)  J.
Cryt. Gro., 193:156; [4] Rabizadeh et al(2014) Min. Mag.,
78:1465; [5] Guan et al(2010). I&EC Research, 49:5569.
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The Nu Perspective IS is a stable isotope ratio mass 

spectrometer (SIRMS) capable of measuring the multiple 
isotopologues of carbon dioxide at masses 44 to 49. By 
coupling this SIRMS to the Nu carb carbonate preparation unit 
we have shown that precise and accurate measurements of 
isotopic ‘clumping’ in carbonates can be measured using an 
unprecedented small amount of material (300 µg). As in other 
systems the Nu carb liberates CO2 from carbonates by acid 
digestion. After automated purification the isotopic ‘clumping’ 
in the CO2 is then analysed by the measurement of Δ47. The 
reduction in sample size is achieved by using precisely 
matched sample and reference ‘micro volumes’ that allow the 
gas to deplete into the SIRMS at a precisely matched rate. This 
technique allows minimal waste of sample gas and maximum 
statistical counting time. Sample clean-up is provided by an 
automatic bakeable porapak cryogenic trap. The system is fully 
automated allowing routine Δ47 analysis, or conventional 
δ13C, δ18O analysis of carbonates. Results over a variety of 
standards and samples will be presented. 
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Temporal variability of the carbon cycle in estuaries and 
deltas is known to be very large and is the main issue for 
quantifying the carbon cycle in this active zone of the Earth 
System. Indeed, this variability combines hydrological 
variation from the river (floods, droughts) and the hydrology of 
the coastal seas (storms, coastal circulation, upwelling) which 
are both influential on biogeochemistry. This gives rise to short 
timescale variability of biogeochemical fluxes (typically hours 
to days) which has been poorly documented. The connexion 
with long term effects has been so far overlooked. Using in situ 
oxygen microprofiling devices, we have collected a new 
dataset on organic matter recycling in the Rhone prodelta and 
shelf sediments (Northwestern Mediterranean Sea) which 
covers a wide range of timescales: from hours to decades. The 
hourly variation is collected using a new benthic station 
deployed on the sediments and specially adapted to monitor 
short-term variations such as flood or storm events. Water 
column sensors (Turbidity, Temperature and Salinity) can 
trigger more frequent sampling by an oxygen micro-profiler to 
provide time-series of oxygen microprofiles over a few days 
during resuspension or flood events, before returning to its 
nominal frequency, i.e. one set of profiles per day for a couple 
of months. The seasonal to decadal timescale is constituted by 
a set of oxygen micro-profiles measured on an array of stations 
in the Rhône prodelta and shelf by an in situ microprofiler 
during seasonal cruises over 10 years.  

The results show extensive variations of oxygen demand 
related to organic matter remineralization in Rhône prodelta 
sediments at all time scales, largely driven by deposition of 
riverine material during floods. Resuspension during storms 
increases the oxygen demand over short time scales, but its 
long-term effect is not apparent in our dataset. The relationship 
between the variability observed at these two timescales is still 
being sought and a modelling effort is underway to try and 
unravel the long term effect of short timescale variation in 
deltaic systems. 
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The discovery of new diazotrophic organisms in the 

world's ocean has widened the puzzle of the oceanic, nitrogen 
budget. Being virtually independent from the nitrogen (N) 
resource, diazotrophs can thrive in nitrogen depleted regions 
but the conditions promoting their survival and distribution are 
not fully clear. In situ studies and satellite observations point to 
episodic, high abundances of diazotrophs linked to physical 
processes, including mesoscale events. In basin scale or global 
models, nitrogen fixers, when explicitly described, are 
restricted to warm waters and sometimes considered as 
obligate diazotrophs. Laboratory studies are starting to reveal 
the complex nature of nitrogen fixation dynamics and 
diazotrophic growth, including non-obligate diazotrophy, 
sensitivity to temperature, light periodicity and fluctuating 
stoichiometry. Also, the genetic equipment of several 
diazotrophic strains such as the cyanobacteria Trichodesmium 
and Crocosphaera watsonii shows scavenging abilities for 
organic phosphorus (P) compounds, which might facilitate 
their survival in regions in which both N and P availabilities 
are low. We analyzed growth processes using cell-scale 
models, population models and global biogeochemical models 
to identify and describe the mechanisms driving nitrogen 
fixation. Here, we discuss how small-scale models may be 
transferred to global models, for global predictions of the N 
budget to be improved. 
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Thallium (Tl) is a highly incompatible element that has 
long been associated with ore deposits, particularly precious 
metal systems such as Carlin-type deposits. While the 
association between Au and Tl (± the suite of Sb, Hg, As) has 
been commonly observed, the geochemical controls between 
mineralization and Tl enrichment are poorly understood. Tl has 
the potential to be both an exploration vector and an 
environmental challenge; thus the need for a better 
understanding of Tl geochemical behavior in these systems. 
This study looks at the distribution of Tl between coexisting 
minerals from a variety of igneous and hydrothermal systems 
to better understand the partitioning between mineral phases. 

Solution Tl concentration data were collected on a 
Micromass Isoprobe MC-ICP-MS in K-rich minerals sampled 
from over fifty localities with geologic settings including 
pegmatites, IOCG deposits, porphyry systems, and 
carbonatites, among others. A typical crustal whole rock Tl 
concentration averages 0.7 ppm; preliminary work has shown 
anomalous Tl values from K-bearing minerals across a variety 
of occurrences and mineral types, with enrichment 
predominantly occuring in micas. For example, hyalophane 
from Långban, Sweden contains an average of 3.1 ppm Tl; 
amazonite from Amelia Courthouse, Virginia contains an 
average of 22.6 ppm. One notable sample, a hendricksite from 
Sterling Hill, New Jersey contains an average of 22.7 ppm Tl. 

In addition to the global database, in an attempt to better 
understand the distribution of Tl among coexisting minerals, 
feldspars and micas from the Battle Mountain, Nevada region 
have also been analyzed. Measured minerals display Tl 
concentrations ranging from below detection (<0.2 ppm) up to 
2.0 ppm. Initial evidence suggests that elevated Tl coincides 
with weak to strong potassic alteration, and biotite samples 
appear more enriched in Tl than coexisting K-feldspar by a 
factor of ~5x.  

This study is aimed at understanding Tl distribution in 
terrestrial hydrothermal systems. Ongoing compilation of a 
database containing Tl concentrations in minerals, as well as 
distribution among coexisting mineral species, demonstrates 
the complex geochemical behavior of Tl within a variety of 
geologic settings.  
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Classical development of geochemical proxies involves 

identification and target analysis of priori defined, specific 
molecular couples relating to a process of interest (e.g. oil 
maturity level). Typically, these analyses are based on GC or 
LC methods with MS detection and often include LC 
fractionation steps prior to analysis. Consequently, targeted 
approaches have a high probability of missing unexpected 
geochemical markers in complex systems with multiple proxy 
sources and high degrees of mixing, such as  subsurface 
environments.  

Here, we describe a screening strategy, acronymed 
RADAR for “Rapid Analyte Detection And Reconnaissance”, 
aimed to overcome the limitations of the classical compound-
specific methods and that engages all the analytical advantages 
of ultrahigh resolution Fourier transform mass spectrometry 
(FTICR-MS). These include broad mass range, high resolution 
and sensitivity of mass detection, which in conjunction with 
diverse ionization modes (e.g. atmospheric pressure 
photoionization, electrospray ionization) can enable a 
comprehensive multi-target screening of species present in 
complex systems, after minimal sample preparation. 
Furthermore, it allows the screening for possible candidates of 
new, unexpected proxy systems. Such information can guide 
and streamline the subsequent development of methods based 
on conventional GC and LC technologies to confirm and 
specifically target these novel geochemical markers. 

We illustrate the potential of this strategy using data from 
the FTICR-MS analysis of recent marine sediments and some 
oil suites. For instance, we illustrate the rapid, putative 
identification of a suite of glycerol dialkyl glycerol tetraether 
lipids (GDGTs), containing a range of cyclic moieties (0-8), as 
well as of their hydroxylated analogues. In addition, we 
speculate on the possible presence of some novel GDGTs, and 
high molecular weight intact polar lipids. These findings could 
improve the understanding of the relationship between the 
GDGT distribution and the environmental factors, such as Sea 
Surface Temperature. Novel proxies related to petroleum 
generation and alteration will be shown. 
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Four new eclogite xenoliths from the Obnazhennaya 
kimberlite, Yakutia, show lamellar or lense-shaped exsolution-
like grains of grossular associated with zoisite and scarce 
amphibole along the cleavage planes of the host omphacite. 
Compositionally and texturally, the samples are related to 
group B and to type II unmetasomatized eclogites. Major 
element compositional profiles show intragranular chemical 
gradients towards the unmixed phases indicating formation in 
an isochemical system controlled by intramineral difussion. 
There is no evidence for interaction with a percolating melt,  
the exsolved hydrous phases thus may have unmixed from the 
initial clinopyroxene. Equilibrium temperatures are 950°-
1100°C at pressures of 4-4.7 GPa from the Fe-Mg exchange 
thermometer and the local conductive geotherm. [1], show that 
zoisite can be stable up to 7 GPa and 1000°C in H2O- and 
Al2O3- saturated environments. At higher pressures and 
temperatures multi-equilibrium calculations become uncertain 
because of a lack of an accurate experimental data for 
omphacite. FTIR OH measurements within individual, 
homogenous omphacite grains yield 1700-2500 ppm, 
proportional to the degree of unmixing. We infer that the 
amount of water that can be stored in clinopyroxene at mantle 
conditions is higher than measured in the cpx from our 
samples, thus explaining the exsolution textures. The new data 
show that  a significant amount of water can be stored in the 
mantle in clinopyroxenes but the calculated values should be 
used only as a reference due to the lack of accurate absorption 
coefficients and a calibration standard for omphacite.  
 
[1] Poli & Schmidt (1998), Contrib. to Mineral Petrology 130, 
162-175.	  	  
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The role of the North Pacific in glacial-interglacial CO2 
and climate change has been the subject of recent debate.  A 
variety of geochemical proxies for ventilation (14C, δ13C, redox 
indicators) suggest that during cold periods (glacial maxima 
and Heinrich stadials) the North Pacific saw more vigorous 
formation of intermediate waters, which perhaps even 
extended to the deep ocean during a brief interval of Heinrich 
Stadial 1.  However paired nutrient utilisation and productivity 
proxies (δ15N, opal, biogenic Ba) indicate reduced nutrient 
supply to the surface North Pacific, and this has been used to 
argue for increased stratification in cold climates.   

Here we show that these apparently contradictory 
observations may be reconciled by considering changes in 
nutrient supply to the subpolar North Pacific under enhanced 
PMOC (Pacific Meridional Overturning Circulation).  We 
invoke an increase in exchange between the subtropical and 
subpolar gyres.  This provides a source of high-salinity water 
to high latitudes, increasing surface water density and 
promoting intermediate water formation.  As the nutrient 
concentrations of subtropical gyre waters are close to zero, an 
increase in cross-gyre exchange also causes a reduction in high 
latitude nutrient supply.  Enhanced ventilation may cause 
further nutrient limitation by reducing the nutrient 
concentration of subsurface waters.   

This scenario is supported by a variety of modelling 
approaches, including box models of salinity and nutrient 
budgets, and general circulation models.  These GCM results 
indicate that cross-gyre exchange is increased in the presence 
of large ice sheets on North America, providing a link between 
enhanced ventilation and nutrient limitation in the North 
Pacific, and the Milankovitch forcing that ultimately drives the 
glacial cycles.   
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We measured the speciation of Pb(II) in chloride solutions 
(0.05-5 m NaCl, 0-1 m HCl, 0-10m LiCl) under hydrothermal 
conditions (600 bar, 0-500˚C) using in-situ XANES and 
EXAFS spectroscopy. The measurements were conducted at 
the Australian Synchrotron using the hydrothermal 
spectroscopic cell described by [1]. We use this data to map 
Pb(II) speciation as a function of temperature, pressure and 
solution composition, and test the key assumptions that 
underpin the predictions of recent modelling studies for mass 
transfer of metals in the crust (Lukanin et al 2013; Zhong et al 
2015) .[2] [3].  et alThis is the first in-situ XAS study of the 
nature and stability of Pb(II) chloride complexes under 
hydrothermal conditions. The experimental data shows that Pb 
forms mixed ligand complexes such as Pb(H2O)Cl2

-, with 
decreasing bond lengths with increasing temperature.that  Ab 
initio molecular dynamic simulations were conducted to help 
interpret the experimental EXAFS data. The bond distance and 
the number of chloride ligands obtained from the MD 
simulations are broadly consistent with the experimental 
results. MD shows that the Pb(II) complexes share a 
predominantly trigonal pyramidal geometry with a 
stereochemically active lone electron pair. One specific 
question is whether or not PbCl4

2- exists in saline solutions, 
analogous to the highly stable ZnCl4

2- complex [3]; PbCl4
2- has 

only been hinted at experimentally [4]et al. Our data shows no 
evidence for this species. In Nature, Pb is associated closely 
with Zn in hydrothermal ore deposits, and understanding the 
factors that control the Pb/Zn ratio is a key question for 
mineral explorers. Our recent experimental and MD study of 
Zn(II) in chloride solutions over a wide range in P,T and 
solution composition (Mei et al, 2015) shows that ZnCl42- is 
stable up to high pressure and temperature in moderately saline 
solutions (1 m Cltot) ; The difference in stability of high order 
chloride complexes may explain the fractionation among Pb 
and Zn in chloride brines [3]. 
 
[1] Tian, Y., Etschmann, B., Testemale, D., Ngothai, Y. and 
Brugger, J., (2014) Geochim. Cosmochim. Acta  129C, 77-95. 
[2] Lukanin, Ryzhenko, Kurovskaya. (2013) Geochem. 
International, 51, 802-830  [3] Zhong, Brugger, Chen and Li, 
(2015) Chemical Geology, 395, 154–164 [4] Powell, Brown, 
Byrne, Gajda, Hefter, Leuz, Sjöberg and Wanner. (2009) Pure 
Appl. Chem., 81, 2425-2476 
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Iron carbonates (siderite, ankerite) in banded iron-
formations (BIF) are widely thought to represent the products 
of diagenetic reactions involving organic matter and Fe(III) 
oxy-hydroxide precursors (e.g. ferri-hydrite). This is chiefly 
based on the low δ13C carbonate values that BIF typically 
record, which range between -5‰ and -13‰ [1]. Such low 
values are interpreted as a result of organic C oxidation via 
microbial dissimilatory iron reduction (DIR) within the 
precursor BIF sediment [2]: also observed in modern anaerobic 
diagenetic environments. Variations in the relative abundance 
of organic C and Fe(III) oxy-hydroxide in the initial sediment 
would therefore dictate the degree of modal carbonate 
abundance and bulk iron oxidation state of individual BIF 
samples [2]. 

We have embarked on a re-assessment of the C-isotope 
composition and origin of siderite and ankerite in BIF, through 
the study of several continuous drill-core sections of the 
~2.45Ga Kuruman and Griquatown BIF of the Transvaal 
Supergroup in South Africa. Samples of microbanded to 
mesobanded and occasionally granular BIF, were collected 
across all cores at random stratigraphic positions every 10-15m 
on average, and examined texturally, chemically and 
isotopically. Total organic carbon analyses across one core 
revealed very low TOC abundances in all samples (<0.1 wt%). 
Bulk carbonate C isotope data (δ13Ccarb) for all cores fall within 
the expected range of -5 to -13‰, and record consistently 
reproducible profiles, irrespective of carbonate modal 
abundance or bulk mineralogy in general. The profiles are 
characterized by a broad plateau of high (-6.5 ± 1.5‰) δ13Ccarb 
values across the Kuruman-Griquatown transition, and at the 
stratigraphic top of the succession; lower δ13C values (-11 ± 
2‰) prevail over the remaining part of the cores. Siderite- and 
ankerite-specific δ13C data from selected samples are also 
consistently within 1-2‰ between one-another and bulk 
δ13Ccarb. The curious chemo-stratigraphic reproducibility in 
bulk δ13Ccarb between individual cores is hard to interpret as a 
result of diagenetic C and Fe cycling alone, and calls for water-
column processes as partly responsible for the observed 
signals. 
 
[1] Klein (2005) American Mineralogist 90, 1473-1499.[2] 
Heimann et al (2010) EPSL 294, 8-18. 
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A high diversity of bacteria, fungi and virus are carried by 

atmospheric dust and deposit into the ocean. The oligotrophic 
southeastern Mediterranean Sea (SEMS) is known to receive 
relatively high amounts of atmospheric dust, thereby 
potentially be impacted by transport of air-borne 
microorganisms of diverse biogeographic origin. In this study, 
we characterized the genetic fingerprinting of microorganisms 
attached to dust in representative samples collected between 
2006-2012 during storm events in the SEMS. Statistical 
analysis showed that dust of common origin was clustered 
together based on its genetic signature. Thus, microorganisms 
picked up in diverse geographical areas can interact differently 
with ambient populations. Further, microcosm dust addition 
experiments with surface SEMS filtered (0.2 µm) and killed 
(autoclaved) seawater showed that airborne microorganisms 
originated in dust collected in the SEMS significantly 
enhanced system’s bacterial productivity, introduced new 
species and altered the abundance and activity of ambient 
surface microbial populations. Our results demonstrate that 
dust-borne microorganisms may play a significant role in the 
SEMS ecology. 
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Using oxygen isotope signatures to constrain the building 

blocks of terrestrial planets has been a standard approach [1,2]. 
Ureilite meteorites are ultramafic achondritic meteorites 
composed largely of olivine and pyroxenes, that are thought to 
have been derived as residues of partial melting within the 
mantle of a carbon-rich asteroid [3]. These meteorites display a 
wide range of oxygen isotope signatures that distinguishes 
ureilites from other planetary bodies such as the Earth, Moon 
and Mars. 

Here, we have undertaken modelling to constrain the 
possible building blocks of the ureilite parent body (UPB), 
based on combinations of Fe- and Mg-rich chondrules and 
carbonaceous and other chondritic meteorites that are 
considered to be the building blocks of all terrestrial planetary 
bodies. We ran simulations trying to find matches consisting of 
three and two member combinations from various chondritic 
meteorite types that could simultaneously satisfy the oxygen 
isotope characteristics (Δ17O, δ17O and δ18O) and elemental 
ratios (Mg/Si, Al/Si, Fe/Si, Fe/Al) from UPB compositions. 
Our preliminary results indicate that the bulk chemistry and 
oxygen isotope signatures of the UPB can be reproduced based 
on chondritic materials as possible building blocks but this 
leads to numerous non-unique solutions, which appear equally 
feasible. 

 
[1] Lodders & Fegley (1997), Icarus 126 (2), 373-394 [2] 
Sanloup et al (1999) Physics of the Earth and Planetary 
Interiors 112, 43–54 [3] Mittlefehldt et al (1998) 
Mineralogical Society of America. Rev. Mineral. 36. p. 195. 
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The Permo-Triassic transition witnessed the most severe 
extinction event in the history of life on Earth. This most 
severe biotic crisis wiped out nearly 90% of all the species in 
the ocean and about 70% of the vertebrate families on land on 
Earth and occurred around 251 Ma ago. Several attempts have 
been made to understand the environmental changes which 
could possibly have brought this devastation, including 
volcanic eruption, global climate change, ocean anoxia and 
extraterrestrial impacts.  

To understand environmental conditions which led to PT 
extinction, we studied the REE, Mo isotopic composition in 
bulk and authigenic fraction with the aim to understand the 
depositional environment before, during and after extinction 
event. REE and Mo composition have been measured on 
ICPMS and MC-ICPMS with double spike method at PRL.  

The ΣREE are very high up to 600ppm in the ferruginous 
boundary layer as compared to sediments on top and bottom. 
The enrichment of REE is also accompanied by Eu and Ce 
anomalies [Where (Ce/Ce*)NASC=2 × CeNASC/(LaNASC+PrNASC) 
and (Eu/Eu*)NASC=log {2 × EuNASC/(SmNASC+GdNASC)] which 
are redox sensitive. The transient variations of these anomalies 
is clear indication of frquent marine regression and 
transgrassion. 

Mo is most redox sensitive and abundant transition metal 
in present day ocean. It enters the ocean through rivers 
(δ98/95Mo~ 0‰) and remains in the water in moderately 
unreactive MoO4

2- form. Under the oxidizing marine 
conditions similar to present day, Mo from water column is 
slowly removed by incorporation into ferromanganese phases 
with preferential removal of lighter Mo isotopes (~-0.7‰).  As 
a result, the sea water is enriched in heavier isotope (~2.3‰). 
However, in euxinic conditions, Mo is quantitatively removed 
from the solution as MoS4

2- without isotopic fractionation. 
Therefore Mo isotopic composition of sediments deposited 
under these conditions represents composition of water.  

Our results show extreme enrichment of Mo abundance 
which  is accompanied by disturbance in δ98/95Mo which first 
reduced to -0.2‰ followed by increase to 0.7‰. This followed 
by another decrease in δ98/95Mo to -0.2‰. In early Triassic the 
δ98/95Mo increased towards the present day ocean value 
indicative of prolong anoxic condition Triassic. 
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The Babbitt mineralization occurs along the structurally 
affected basal units of the Bathtub Intrusion within troctolitic 
intrusive rocks and metasedimentary hornfelsic footwall 
inclusions of the 1.1 Ga Duluth Complex, NE-Minnesota. The 
distribution of mineralization is thought to be associated with 
the N-trending Grano Fault that was reactivated during the 
emplacement of the Duluth Complex. Occurrences of massive 
sulfides are restricted to underlying footwall units (Virginia 
Formation) and follow the direction of an E-W-trending 
anticline within the footwall rocks. Magmatic sulfide 
mineralization comprises typical assemblages of composite 
sulfide patches (pyrrhotite + pentlandite + chalcopyrite + 
cubanite). Along structurally affected zones hydrothermal 
alteration of primary rock forming minerals results in the fine-
grained interstitial appearance of secondary chalcopyrite in 
chlorite-amphibole masses. Secondary Cu-rich sulfides 
(bornite, covellite, yarrowite) are associated with serpentine-
bearing alteration patches. Arsenic-rich minerals (nickeline, 
maucherite, members of the cobaltite-gersdorffite solid 
solution series) are found within altered troctolites, as well as, 
hornfelsic footwall rocks, indicating the metasedimentary 
Virginia Formation and As-bearing hydrothermal late-stage 
fluids as a potential source for the supply of elements (As, Sb, 
Ni, S) necessary for their formation. Platinum group minerals 
are either associated with the primary magmatic mineralization 
or found within hydrothermally altered portions, indicating the 
potential role of aqueous complexes in the transportation and 
redistribution of PGEs (platinum-group elements).  

Along an E-W-trending profile away from the Grano Fault, 
primary and secondary fluid inclusions, as well as, fluid 
inclusion planes are present within various hosts (quartz, 
plagioclase, pyroxene and accessory apatite) of the basal 
troctolites and underlying footwall units. These finding further 
suggest the potential role of aqueous complexes in the 
mobilization of PGEs.  

 
The Austrian Science Fund (FWF (P23157-N21) is 

acknowledged for the financial support to A. Mogessie.  
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Carbonates are ubiquitous materials that play a crucial role 

in many geological, biological and industrial processes, and are 
the focus of a huge body of literature. However, despite this 
extensive research there is still no unanimous consensus on the 
fundamental molecular mechanisms and pathway that takes the 
dissolved ions to the formation of macroscopic crystals. The 
length-, time-scales and concentrations involved in the early 
stages of nucleation and growth of these materials lay in the 
gap between what can be probed with conventional 
experimental and theoretical techniques. This is driving 
experimentalists to invent new approaches that can push the 
boundary of what can be detected to smaller and smaller sizes. 
On the other hand the advances in supercomputers and the 
constant development of faster and more accurate algorithms 
are trying to bridge the gap with experiment from the opposite 
direction. 

In this presentation, I will review the recent progress we 
have made in developing new forcefields to study the 
dissolution and growth of carbonates from aqueous solution. I 
will focus on their use to study ion pairs and the formation of 
pre-nucleation clusters, and on the molecular processes that 
control the macroscopic growth of the crystals at the surface. 
Particular emphasis will be given to the thermodynamic 
aspects of these events and a direct connection to the available 
experimental data will be made. 
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This work presents a detailed geochemical study i.e. major, 
trace, and REE analyses of major rock types from various 
horizon in the Lufwanyama district (Kagem Mining Ltd). The 
rock samples of varying lithology were collected from four 
mines: Kamakanga, Libwente, and Chama pit.  Quartz mica 
schist, talc-tremolite hosted schist, Talc mica schist, quartz 
tourmaline, mica schist, amphibolite schist, actinolite schist, 
pegmatite (quartz feldspar, quartz), etc., are the main lithology 
encountered in the study area. Samples were collected from the 
schist zone as well as the reaction zones. Total 109 samples 
were analyzed using multi acid digestion methods of ICP-MS 
and ICP-OES at (Shiva Laboratories, Bengaluru, India). SiO2 
and TiO2 are the main constituents of major elements of the 
rocks. However, MgO is observed >20% in talc-mica schist 
with relatively low silica i.e. ~50% and enriched Fe2O3 (~10%) 
content. Similarly, Fe2O3 was found with enriched amount in 
talc-tremolite biotite schist and amphibolitic talc mica schist, 
and amphibolite schist. The high chromium content in talc 
mica schist has high range of 4668 ppm. The main source of 
Cr is from high magnesium metabasites. The enriched Cr 
content along with particular temperature and pressure is a 
favorable condition for emerald mineralization. Talc- 
tremolite-biotite-schist, talc-biotite-mica-chlorite-schist and 
Biotite-phlogopite-schist/reaction zone (QT) show enrichment 
of Be, Li, and Rb with higher K2O concentration, indication a 
favorable evidence of emerald mineralization. Our 
geochemical study of the possible zone of emerald 
mineralization provides new information about the 
mineralization and the potential for new emerald occurrences 
in the Lufwanyama area. In this paper we describe the various 
reaction mechanisms of emerald mineralization based on the 
geochemical data recorded from 98 rock samples of various 
lithologies. 
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The former Zn and Cu East-Sullivan mine, in the Abitibi-

Temiscamingue region, was classified among the 28 most 
polluted sites in Quebec’s province, Canada. The occupied 
area is of 228 ha, 200 ha of which containing 15 M tons of acid 
generating tailings and 200 000 tons of acid generating waste 
rock. From 1984 to 1992, an organic cover (wood wastes) was 
placed on the weathered tailings to prevent further sulphide 
oxidation. However, the collected water from underneath the 
tailings became more acidic. Seepage collection was then 
installed around the tailings’ impoundment, in the early 
1990’s, and the collected acidic effluents were passively 
treated by constructed wetlands. Twelve strategic sampling 
points around the organic cover and the wetlands were chosen 
to monitor water quality, from 2000 to 2014. Systematic 
measurements were performed, according to the requirements 
of the existing regulations, on pH, acidity, alkalinity, and 
metals (Fe, Cu, Zn, Pb). Initial values showed highly 
contaminated acid mine drainage (pH 2, 7-9 g/L Fe, and up to 
35 g/L SO4

2-). Over the time, the quality only slightly 
improved. Then, in the period from 1998 to 2005, the 
supernatant from the constructed wetlands was flown through 
the cover. The quality significantly improved and, to the date, 
final water quality at the Southern and Eastern wetland outfalls 
meet regulatory requirements (pH > 6, Fe<3mg/L, 
Cu<0.3mg/L, Zn<0.5mg/L, Pb<0.2mg/L). The revegetation 
was promoted, owing also to the addition of partially 
dewatered sludge, from a nearby wastewater treatment plant, 
incorporated at the surface of the organic cover, as source of 
nitrogen. The site presently turns naturally into a place to 
birds’ refugee, with more than 190 species listed. An 
ecotoxicological risk assessment for birdlife, benthivore and 
piscivore revealed that the Southern and Eastern basins appear 
to be an acceptable habitat for bird life. Further risk 
assessment, associated to the presence of Fe and of wood chips 
in sediments and biota, is ongoing. Moreover, acidic water 
generated at the eastern part of tailings, not covered by wood 
wastes yet, still needs careful monitoring. 
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During the Phanerozoic oscillations in seawater 

composition are believed to have controlled the dominant 
inorganic carbonate mineral polymorph, leading to the concept 
of “aragonite” and “calcite” seas [1, 2]. These variations are 
important for understanding the evolution of marine calcifiers, 
the controls on the marine Ca isotope system and the 
vulnerability of the marine biodiversity to ocean acidification. 
Previous work has focused mainly on the Mg/Ca ratio as a 
primary driver. Recently, a quantification of the effects of SO4 
on calcium carbonate mineralogy [3] has indicated that at 
21°C, an increase in dissolved SO4 decreases the threshold at 
which the shift from calcite to aragonite occurs. Although 
recently temperature has been suggested as another important 
factor controlling calcium carbonate mineralogy [4], so far the 
relative influence and effects of temperature and solution 
chemistry in todays and past oceans is still poorly constrained. 
Therefore, we mimicked calcium carbonate precipitation in 
seawater at 5-35°C in constant addition experiments and at 
variable Mg/Ca and SO4 contents spanning Phanerozoic ocean 
chemical conditions. Our results show that temperature has a 
significant influence on polymorph compositions. For 
example, at 5°C, the Mg/Ca ratio at which calcite is 
destabilized and aragonite becomes the predominant 
polymorph is far lower than at 21°C, and at 5°C, vaterite is 
stabilized and the amount of magnesium and sulphate 
incorporated into the calcite structure is decreased. This in turn 
also decreases the growth rates of aragonite relative to calcite. 
Temperature also highly affects the morphology and crystal 
sizes of the formed polymorphs in that with at lower T crystal 
sizes increase. Thus, temperature in tandem with Mg/Ca and 
SO4 are important parameters that should be included in any 
existing models relating seawater chemistry to CaCO3 
mineralogy throughout the Phanerozoic. 

 
[1] Horita, J. et al, (2002) GCA 66, 3733-3756; [2] Holt, N.M. 
et al, (2014) GCA 134, 317-334; [3] Bots, P. et al, (2011) 
Geology 39, 331-334; [4] Balthasar, U., Cusack, M., (2015) 
Geology 43, 99-102. 
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Ría de Vigo (NW Spain) is a large submerged incised 

valley with high rates of sedimentation and high organic matter 
content. These peculiar characteristics favor the development 
of anoxic conditions in the sediment that determine the 
dynamics of elements such as Fe, conditioning their speciation. 
To evaluate speciation of iron in these complex environments, 
two gravity cores were colleted. A corer located at the inner 
zone (C8) with 220 cm deep and the other at the outer part 
(C11) with 320 cm depth.  

Fe fractionation was performed following a sequential 
extraction according to Campanella et al (1995) modified 
method. The extraction consists of five steps including: Fe 
present in ion exchange form and bound to the carbonate (F1), 
Fe present in the reductive phase bound to manganese-iron 
oxides (F2), Fe weakly bound to organic matter (F3), Fe 
strongly bound to organic matter (F4), and Fe bound to the 
sulphide phase (F5). In each fraction, the concentration of Fe 
was determined by ICP-OES (Perkin Elmer Optima 4300 DV). 

Total iron contents were higher in the outer zone (18.5 g 
kg-1 in C11 and 12.9 g kg-1 in C8 in average). 

In both cores, the most abundant fractions were Fe bound 
to the sulphide phase (F5) and Fe present in the reductive 
phase bound to manganese-iron oxides (F2), accounting for 
40% and 20% of total Fe. Futhermore, in C11, F2 decreased 
with depth while in C8 this fraction was quite homogenous.  

Fractions of Fe bound to organic matter (F3 plus F4) were 
minority in both cases (0.94 g kg-1 in C8 and 1.26 g kg-1 in 
C11). These two fractions had different behaviour, while these 
fractions decreased with depth in C11, in the inner part of the 
ría (C8) both fractions followed an inverse behaviour, 
increasing F3 and decreasing F4 with depth. 

In both cores, Fe present in ion-exchange form and bound 
to carbonate (F1) decreased up to 120 cm depth but increased 
below this depth. This fraction, that was minoritary in both 
cores with values of 1.31 ± 0.24 g kg-1 in C11 and 0.51 ±  
0.21 g kg-1 in C8, is one of the most dangerous from an 
environmental point of view and indicate greater mobility and 
toxicity of Fe in the outer zone of the Ría. 
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We acquired Re-Os isotope data of narrow intervals of 
carbonaceous siltstone from two cores of the “Barberton 
Drilling Project” in the Barberton Greenstone Belt, South 
Africa, using the CrO3-H2SO4 Carius tube digestion technique 
followed by isotope dilution TIMS [1]. We further determined 
Ir concentrations (isotope dilution ICP-MS), complemented by 
trace element, carbon and sulphur contents. 

Two BARB5 (Mapepe Fm., Fig Tree Group) intervals 
(~290 and ~760 m depth) have Re-Os ages of 3432 ± 77 Ma 
(MSWD = 1.6)  and 3264 ± 44 Ma (MSWD = 2.3) with 
187Os/188Osinitial of 0.1010 ± 0.0040 and 0.1055 ± 0.0066, 
respectively. Remarkably, the two stratigraphic intervals 
display an inverse age relation, which can be explained in 
various ways taking into account the selective dissolution 
method that releases predominantly but not exclusively 
hydrogenous components. The former age is out of range of 
literature values for Fig Tree Group deposition (3.223 to  
3.26 Ga [2] [3]). Th/U and Zr/Mo show continental 
composition; in fact, none of the redox-proxies indicates 
enrichment. Still, Re abundance correlates with organic carbon 
and not with sulphur content. 

Re-Os isotope data for BARB3 (Buck Reef Chert, 
Kromberg Fm., Onverwacht Group) show considerable scatter 
(MSWD = 97). Nevertheless, five out of eleven samples define 
an age of 3318 ± 27 Ma (MSWD = 1.02) with an implausible 
initial of -0.080 ± 0.013, suggesting post-sedimentation 
alteration. The calculated age overlaps the younger end of the 
expected range within uncertainty (3.33 to 3.41 Ga [2]). Two 
samples of this interval show low Th/U and Zr/Mo indicating 
light enrichment of redox sensitive elements. 

We will discuss the behavior of the Re-Os system in these 
sediments within the framework of a multi-elemental 
approach. Used in concert, these data will improve our 
understanding of Paleo-Archean environmental conditions. 
 
[1] Creaser et al (1991) GCA 55, 397-401. [2] Byerly et al 
(1996) Prec Res 78: 125-138. [3] Heubeck et al (2013) Prec. 
Res. 231: 236-262. 
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Magmatic products erupted at Changbaishan/Mt Baekdu 
volcano located along the N. Korean/China border are highly 
complex and incorporate a range of crystals formed at variable 
times from compositionally variable magmas. 40Ar/39Ar ages of 
crystals from eruptions <20 ka reflect highly complex 
relationships. Selected feldspars retain near eruption ages 
while others retain ages that are much older, either reflecting 
previous crystallization events or the effects of excess argon. 
Additional U-series age constraints confirm the youthful nature 
of most crystals in young eruptions. When corrected for age 
using these dates, or those obtained from zircon or chevkinite, 
initial amounts of radium disequilibria in some feldspar 
populations exceed 50,000%, far surpassing the most enriched 
signatures measured to date (e.g., at Mt Erebus). Older 
crystals, those reflecting Ra equilibrium in young eruptions 
(<8 ka), have isotopic signatures that cannot originate from the 
magmas in which they are hosted. Rather, these crystals likely 
result from remobilization from cumulates underlying the 
edifice that are related to previous, but compositionally similar, 
magmatism. As such, we try to connect the same minerals that 
yield relevant ages (either from mineral remnants or from 
taking minerals from the same separates) to the petrogenetic 
history of specific magmas and other accompanying crystals 
types using Sr, Nd, and Pb isotopes. In so doing, a broad 
petrogenetic history is reconstructed that includes ages that are 
directly connected to individual phenocryst populations 
yielding a detailed understanding of petrogenesis that may be 
critical in making future eruption assessments at the volcano.    
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The Pahrump Hills region of Gale crater is a ~12 m thick 
section of sedimentary rocks in the Murray formation, 
interpreted as the basal geological unit of Mount Sharp [1]. 
The Mars Science Laboratory, Curiosity, arrived at the 
Pahrump Hills in September, 2014, and performed a detailed 
six-month investigation of the sedimentary structures, 
geochemistry, and mineralogy of the area. During the 
campaign, Curiosity drilled and delivered three rock samples 
to its internal instruments, including the CheMin XRD/XRF. 

The three targets, Confidence Hills, Mojave 2, and 
Telegraph Peak, contain variable amounts of plagioclase, 
pyroxene, iron oxides, jarosite, phyllosilicates, and X-ray 
amorphous material. Hematite was predicted at the base of 
Mount Sharp from orbital visible/near-IR spectroscopy [2], and 
CheMin confirmed this detection [3]. The presence of jarosite 
throughout Pahrump Hills suggests the sediments experienced 
acid-sulfate alteration, either in-situ or within the source region 
of the sediments. This acidic leaching environment is in stark 
contrast to the environment preserved within the Sheepbed 
mudstone on the plains of Gale crater. The minerals within 
Sheepbed, including Fe-saponite, indicate these sediments 
were deposited in a shallow lake with circumneutral pH that 
may have been habitable [4-6]. 
 
[1] Stack et al (2015) LPS XLVI, #1994. [2] Milliken et al 
(2010) Geophys. Res. Lett., 37. [3] Cavanagh et al (2015) LPS 
XLVI, #2735. [4] Grotzinger et al (2014) Science, 343. [5] 
Vaniman et al (2014) Science, 343. [6] Bristow et al (2015) 
Am. Mineral., in press. 
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The currently accepted paradigm of lunar formation is that 
of accretion from the ejecta of a giant impact, followed by 
crystallization of a global scale magma ocean. This model 
accounts for the formation of the anorthosite highlands crust, 
which is globally distributed and old, and the formation of the 
younger mare basalts which are derived from a source region 
that has experienced plagioclase extraction. Several attempts at 
modelling the crystallization of such a lunar magma ocean 
(LMO) [1] [2] have been made, but our ever-increasing 
knowledge of the lunar samples and surface have raised as 
many questions as these models have answered. Geodynamic 
models of lunar accretion suggest that shortly following 
accretion the bulk of the lunar mass was hot, likely at least 
above the solidus [3]. Models of LMO crystallization that 
assume a deep magma ocean are therefore geodynamically 
favorable, but they have been difficult to reconcile with a thick 
plagioclase-rich crust. A refractory element enriched bulk 
composition, a shallow magma ocean, or a combination of the 
two have been suggested as a way to produce enough 
plagioclase to account for the assumed thickness of the crust. 
Recently however, geophysical data from the GRAIL mission 
have indicated that the lunar anorthositic crust is not as thick as 
was initially estimated [4], which allows for both a deeper 
magma ocean and a bulk composition more similar to the 
terrestrial upper mantle. We report on experimental 
simulations of the fractional crystallization of a deep 
(~1100km) LMO with a terrestrial upper mantle-like (LPUM) 
bulk composition [5]. Our experimental results will help to 
define the composition of the lunar crust and mantle 
cumulates, and allow us to consider important questions such 
as source regions of the mare basalts and Mg-suite, the role of 
mantle overturn after magma ocean crystallization  and the 
nature of KREEP.  

 
 [1] Snyder G. A., Taylor L. A., and Neal C. R. (1992) 
Geochim. Cosmochim. 56(10), 3809-3823 [2] Elkins-Tanton L. 
T., Burgess S., and Yin Q.-Z. (2011) EPSL 304(3-4), 326-336. 
[3] Pritchard M.E. & Stevenson D.J. (2000) in Origin of the 
Earth and Moon. [4] Wieczorek, M. A. et al (2012) Science 
DOI: 10.1126/science.1231530. [5] Longhi, J., (2006) 
Geochim. Cosmochim., 70, 5919. 
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High-resolution electron microscopy of cherts in banded 
iron formations (BIFs), shales and carbonates of the 2.63-2.45 
billion-year-old Hamersley Group, Australia, reveals the 
presence of vast quantities of nanometer-sized, iron-silicate 
particles in laminated chert (Figure 1). The nanoparticles 
locally define sedimentary lamination, indicating that they 
represent relicts of the original sediments.  

Based on low-temperature synthesis experiments, we 
suggest the iron-silicate nanoparticles precipitated from anoxic 
seawater enriched in silica and iron. The abundance and 
widespread distribution of the nanoparticles implies they were 
pervasive background precipitates in ferruginous, silica-
enriched oceans, forming the primary sediments of BIFs 
during periods of enhanced submarine mafic volcanism.  

Our findings imply that silicate precipitation was a major 
sink of seawater iron and silica before the Great Oxidation 
Event (betwen 2.45-2.2 billion years ago) and, because of the 
reactivity of nanoparticle surfaces, may also have influenced 
the transport and geochemical cycling of trace metals and 
nutrients.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: TEM image of randomly oriented, iron-silicate 
plates “floating” in chert cement. Scale bar is 200 nm. 
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In recent years, light absorbing water-soluble organic 

carbon (WSOC, also termed as brown carbon: BrC) has drawn 
considerable attention due to their direct and indirect effects on 
Earth’s climate. In this study, mass absorption efficiency 
(MAE) of BrC in fine aerosols, collected from a source region 
(Patiala: 30.2 °N, 76.3 °E) of biomass burning in the Indo-
Gangetic Plain (IGP), has been investigated and compared 
with the values documented downwind. The mass absorption 
coefficient of BrC at 365nm (babs-365), assessed from the 
absorption spectra of aqueous extracts, exhibits moderate (R2 = 
0.37) and strong (R2 = 0.77) linear relationship with WSOC in 
day and nighttime samples, respectively, and can be attributed 
to primary and secondary formation/destruction pathways of 
light absorbing organics. Further, notable differences were 
observed in the slope of regression lines that corresponds to the 
MAE of ~0.75 m2 g-1 and 1.13 m2 g-1 for day and nighttime 
samples, respectively. A similar temporal trend was observed 
for babs-365, K+ and WSOC for both day and nighttime samples, 
which indicates their common source (emissions from biomass 
burning). The babs-365 of BrC shows a power relation with 
wavelength (babs-λ ≈ λ−α; where α = angstrom exponent), which 
averages ~ 5.1 ± 1.9 and 5.3 ± 2.2 M m-1 (where M = 10-6) for 
the day and nighttime samples, respectively, and comparable to 
that documented for the Bay of Bengal and other geographical 
locations.  

A conspicuous decrease is observed in the MAE of BrC 
from source region (Patiala) to the Bay of Bengal, and 
attributed to photobleaching of BrC and/or relative increase in 
the contribution of non-absorbing WSOC during long-range 
transport. On average, the estimated MAE of BrC at 365nm 
had approached as high as ~50−60% of that EC in the daytime 
samples compared to that observed for the nighttime samples 
(~46−96%), respectively. The relative radiative forcing of BrC 
over EC aross the solar absorption wavelengths was also 
estimated which accounts for ~35 and 40% for day and 
nighttime samples, respectively. 
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Arsenic contamination in Van Phuc, located in the vicinity 
of Hanoi, has been intensively studied for its source, spatial 
variability as well as hydrological and sedimentary controls [1] 
[2]. A recent study established a 16 to 20 fold retardation in the 
extent of the arsenic contamination relative to the lateral 
movement of groundwater across the boundaries of Holocene 
and Pleistocene aquifers [3]. However, to date this estimate has 
not been underpinned by any comprehensive experimental 
evidence of arsenic sorption onto aquifer sediments collected 
from the Van Phuc field site.  

The present study was carried out to determine the arsenic 
sorption characteristics of sediments from the Pleistocene 
aquifer under variable hydrochemical conditions. 
Representative sediment samples were obtained from a 
location which has low groundwater arsenic concentrations, 
but is potentially downstream to a high arsenic plume 
migrating with the groundwater flow induced by the pumping 
for the municipal water supply of Hanoi [3]. 

Sorption experiments were carried out with arsenite in a 
dark and anaerobic set-up. The results were used to develop 
and calibrate a site-specific non-electrostatic surface 
complexation model. The calibration relied on a newly 
developed particle swarm optimisation algorithm in PEST 
software suite [4]. Apparent equilibrium constants (logKs) 
were derived for surface complexation reactions of arsenite 
and the distribution of arsenite onto different types of surface 
sites was used to characterise different types of minerals taking 
part in arsenic sorption. 
 
[1] Berg et al (2008) Chemical Geology 249(1–2), 91-112. [2] 
Eiche et al (2008) Applied Geochemistry 23(11), 3143-3154. 
[3] van Geen, A., et al (2013) Nature 501(7466), 204-207. [4] 
Siade et al (2015) Water Resources Research – under review. 
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Being able to trace the imprint of anthropogenically 

induced metal isotope signatures in natural environments 
represents a promising area in the research on metallic 
pollution [1, 2]. The present study aims to evaluate (1) the 
nickel isotope fractionation associated to the Ni-laterite ore 
smelting and refining in two metallurgical plants located in the 
Goiás State, Brazil (Barro Alto, Niquelândia), (2) the potential 
of Ni isotopes for tracing the natural vs anthropogenic Ni in 
soils, sediments and water. The Ni isotopic composition 
(δ60Ni) ranges from -0.26 to 0.27 ‰ for the whole sample set. 
Nickel ores exhibit a large range of δ60Ni values (0.02 to  
0.20 ‰, n=7), which can be explained by the diversity of Ni-
bearing phases [3]. Fly ash δ60Ni values (n=10) are not 
significantly different from the Ni ore ones as well as the final 
FeNi produced (0.05‰, n=2). This latter positive value, close 
to the Ni ore one, is expected due to the very high production 
yield of the factories. However, reduction slags present the 
heaviest δ60Ni values of all smelter samples, with δ60Ni 
ranging from 0.11 to 0.27‰, n=8. The Ni isotopic composition 
of the topsoils developed on UM rocks collected in Barro Alto 
and Niquelândia ranges from -0.26 to -0.09‰ (n=20). On the 
contrary, the Ni isotopic composition of the non-UM topsoils, 
collected close to the Niquelândia metallurgical plant, exhibit a 
large variation of δ60Ni, ranging from -0.17 up to 0.10 ‰, 
n=4). This enrichment in heavier isotopes highlight the 
potential impact of smelting activity in the surrounding area, as 
well as the potential of Ni isotopes for discerning 
anthropogenic samples (heavier δ60Ni values) from natural 
ones (lighter δ60Ni values). These results, coupled with 
geochemical and mineralogical investigations, would 
demonstrate the efficiency of Ni isotopes for tracing of 
environmental contamination. 
 
[1] Bullen et al (2014), Treatise on Geochemistry (2nd Edition), 
329-359. [2] Wiederhold et al (2015), ES&T 49, 2606-2624. 
[3] Ratié et al (2015), CG 402, 68-76. 
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The use of abandoned mine methane (AMM) has been 

proposed as a means to decrease mine CH4 emissions and 
provide a local energy source. Recent studies conducted on 
coal mine microbial communties have found populations of 
aerobic methanotrophs [1] and anaerobic microorganisms 
including methanogens [2], both of which may effect AMM. 
To determine microbe-methane interactions in an abandoned 
bituminous coal mine, we monitored a sealed 1 m long coal 
column for one year after inoculating with aerobic and 
anaerobic microorganisms from Bowen Basin, Australia coal 
mines. The column contained 5.8 kg of bituminous coal (Rvmax 
= 1.3%) and water that matched the natural geochemistry, 
including low nutrients.  

After the column was flushed with N2 and the microbial 
community became established, methane production occurred 
at rate of approximately 0.11 nmol CH4 / gram of coal per day. 
In the column, methanogens closely related to Methanolobus 
sp. likely used an acetoclastic or methylotrophic pathway to 
produce methane. However, throughout the experiment aerobic 
methylotrophs were also dominant in the community. When an 
small oxygen leak occurred after 14 weeks, methane was 
consumed at a rate of 0.86 mmol CH4 per day. At 25 weeks the 
column was flushed again with N2 and resealed; after a lag, 
methane production resumed at rate of 0.05 nmol CH4 / gram 
of coal per day.  

This experiment suggests that during the transition from 
aerobic to anaerobic conditions net methane production is very 
slow, with an estimated time of approx. 1000 years to produce 
1 m3 CH4 / tonne of coal. As such, AMM projects should 
expect to only produce from the remnant methane in the mine, 
rather than rely on microbial methane production from 
bituminous coal. 
 
[1] Pytlak, Stępniewska, Kuźniar, Szafranek-Nakonieczna, 
Wolińska & Banach (2014), Geomicrobiology Journal 31, 
737-747. [2] Beckmann, Krüger, Engelen, Gorbushina & 
Heibert (2011), Geomicrobiology Journal 28, 347-358. 
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Magnetic nanoparticles (MNP) have numerous 
applications, from data storage to cancer treatment. For these 
applications, MNPs must have a uniform magnetic behaviour, 
and precisely controlled size and shape. Magnetotactic bacteria 
synthesize MNP of the iron oxide magnetite within lipid 
vesicles (known as magnetosomes). The magnetosome 
harbours a range of dedicated biomineralizaiton proteins to 
control the nucleation, growth and maturation of precise, 
species specific particle morphologies. Recent genetic studies 
have identified a “magnetosome island” on the genome which 
contains the genes necessary to produce magnetosome 
membrane specific (Mms) proteins responsible for the 
biomineralization of the magnetite crystal.  

Here we present a study to investigate and understand how 
Mms proteins control the formation of magnetite MNP by 
studying their action in vitro in a chemical precipicaiton 
synthesis. We show our detailed analysis of how a range of 
Mms proteins (e.g. Mms6, MmsF) nucleate, bind to, and 
control MNP formation using NMR, diffraction, in situ pH 
titration, TEM and iron binding assays.  Data from our in vitro 
experiments, coupled with existing in vivo analysis allows us 
to hypothesize how these unique proteins precisely control the 
crystallization process in vitro and how this can be related to 
the chemistry within the magentosome.  Furthermore, this 
understanding can be used to generate a “tool box” of additives 
for controlling and tailoring magnetite MNP production for an 
improved,  greener, chemical synthesis.  
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New work on the eruptive record of Mocho-Choshuenco 

Volcano, Chile (39º55’S 72º2’W), reveals clear evidence for 
systematic millennial-scale variations in post-glacial eruption 
rate and erupted compositions. This large arc volcano was 
extensively glaciated during the last glacial period, and offers a 
rare chance to explore how an arc volcano responds to the 
rapid unloading of ice. We have identified deposits from 75 
post-glacial explosive eruptions since ca. 18 kyr, ranging in 
size from < 0.1 - 5 km3. Melt compositions  range from 
basaltic-andesite to rhyolite, erupted in a variety of styles 
(from widespread Plinian to small Strombolian events). We 
identify three main phases of activity: phase 1 (early post-
glacial) was characterised by high eruption rates (2.2 km3/kyr), 
large eruptions (VEI ≥ 5), evolved melts (dominantly rhyolites 
and dacites), and the lowest magmatic temperatures; phase 2 
showed eruption rates a magnitude lower than phase 1  
(0.1 km3/kyr), small eruptions (VEI ~ 3) and mafic melts 
(dominantly basaltic-andesites); phase 3, the most recent 
explosive activity comprises high eruption rates (2.0 km3/kyr), 
a range of eruption sizes (VEI 3 to 5) and intermediate melts 
(dominantly andesitic and dacitic). 

We suggest that this systematic temporal shift in eruption 
behaviour reflects changes in crustal storage and processing of 
magma, in response to the unloading of ice and accompanying 
changes in crustal stress regimes. Following rapid post-glacial 
evacuation of stored, evolved magmas that had accumulated 
during the glacial period, the crustal plumbing system is 
recharged with primitive magmas, before recovering towards a 
new 'steady-state'. We suggest that, along arc, other volcanoes 
may show similar time-dependent post-glacial responses 
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Over the last few decades significant progress has been 
made to characterise the extent and severity of groundwater 
arsenic pollution in S/SE Asia and to understand the 
underlying geochemical processes [1-3]. However, comparably 
little effort has been made to merge these findings into a fully 
coupled, quantitative framework that allows for a process-
based assessment of the current and prediction of future 
arsenic behaviour. Therefore this contribution investigates 
suitable modelling approaches for a process-based 
quantification of microbially mediated reductive dissolution of 
iron oxide minerals and the concomitant release of sorbed 
arsenic at the field-scale.  

We employ data from an in situ field experiment in the 
Bengal Delta Plain which investigated the influence of organic 
matter on the mobility of Fe, Mn, and As concentrations [4] to 
guide our model development and to constrain model 
parameterisation. In that study it was found that after the 
controlled injection of sucrose, concentrations of Mn increased 
7.5 times, Fe increased 36 times and As increased between 19 
and 49% compared to baseline values. The modeling study 
shows that the disparity between dissolved Fe and As 
concentrations can be attributed to As sorbing to remaining Fe-
minerals and the newly formed Fe(II) and mixed Fe(II/III) 
mineral phases. 

 
[1] Nickson et al (2000) Applied Geochemistry, 15 (2000) 403-
413. [2] Smedley et al (2002) Applied Geochemistry, 17 
(2002) 517-568. [3] Islam et al (2004) Nature, 430 (2004) 68-
71. [4] Neidhardt et al (2014) Chemical Geology, 367 (2014) 
51-62. 
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Mud volcanoes at convergent margins are important 
pathways through which depressurized pore water, 
hydrocarbon gases and argillaceous material, collectively 
known as mud breccia, derived from deep within the forearcs, 
are ejected at the surface - opening an important window to the 
processes within subduction zones. In spite of the fact that mud 
breccia is the only detachable part of a subducting slab at 
shallow depths, its origin and impact on the composition of the 
arc magmas remain largely unknown. In an attempt to 
understand its importance in the mantle recycling of crustal 
materials, we have carried out a detailed geochemical study of 
mud breccia ejected from the mud volcanoes of the Andaman 
accretionary prism. Our study reveals that the smectite-
chlorite-kaolinite-illite rich matrix of mud breccia is derived 
from the subducting slab that carries > 27 kyr old trench 
sediments. Geochemistry and Sr-Nd-Pb isotopic ratios of mud 
breccia indicate that it contains materials derived from both the 
altered oceanic crust and overlying sediments, with the former 
contributing the most (>75 %). Our results show that the mud 
matrix, unlike the accompanying fluids, is an efficient carrier 
of large ion lithophile elements, and possibly acts as the main 
agent of metasomatism in the mantle wedge. Mixing models 
using Nd-Pb isotopic ratios of mud matrix suggest that the arc 
lavas at the Andaman subduction zone are contaminated up to 
4% by the slab derived material, an estimate that is higher than 
generally expected. 
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The Western Andean margin of Peru is characterized by 
large precipitation gradients from nearly tropical conditions in 
northern Peru to an arid/semiarid climate near the political 
border with Chile. Although these climate gradients have been 
illustrated, a possible erosional response has to be thoroughly 
explored. Here, we measure erosion rates in different river 
catchments along the western Peruvian margin with the scope 
to explore possible decencies to today’s precipitation pattern. 
To this extent, we sampled river-born sand in active stream 
beds from about 30-40 catchments along the Peruvian margin 
between 5° S to 20° S latitude. These bedload samples will be 
used to measure 10Be-based catchment-averaged denudation 
rates. In addition to the N-S decreasing trend of rainfall 
amount, the catchments reveal different morphometric 
properties (relief, hypsometry, slopes, size etc.), which 
potentially influences the pattern of erosion rates. Despite of 
these differences, they all share the same trend of downstream 
decreasing precipitation rates from their sources on the 
Altiplano to the Pacific coast, and they are all affected by the 
along-strike N-S decreasing trend in the rainfall amount. We 
thus expect to be capable to disentangle between these intrinsic 
and extrinsic driving forces. 
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Clair Patterson: Basic and applied scientist 

Dr. Clair Cameron Patterson is credited with the first 
accurate measurement of the Earth’s age and documenting and 
leading to the reduction of lead pollution. This order of 
accomplishment is chronologically correct but debatable on 
overall impact. Nevertheless, Patterson’s career followed a 
track of a scientist who began with interests in “basic” earth 
science that primed him for a transition into to the “applied” 
world of environmental chemistry and toxicology.  

In this talk, I will discuss the long-chain alkenones, among 
the most extensively studied class of organic compounds in 
Earth science and their more recent usage in applied science. 

As part of my post-doctoral studies, I was involved in 
radiocarbon-dating alkenones and even discovering one [1] [2]. 
Alkenones are organic compounds with 37 to 39 carbons, 
linked in segments by carbon-to-carbon double bonds 
produced by a few species of Haptophytes. By measuring 
ratios of double bonds in alkenones preserved in sediments, 
climate scientists have reconstructed countless paleo sea-
surface records of temperature.  

More recently, I became interested in algal-based biofuels 
and was drawn to past studies that remarked that the 
Haphtophyte, Isochrysis had some positive attributes regarding 
its lipid content and growth rates. Yet, not one study had 
mentioned the alkenones even though they can represent a 
significant fraction of the algal biomass. For the past several 
years, I have now focused on how to utilize the alkenones from 
Isochrysis to produce jet fuel, biodiesel, and other useful 
products [3] [4].  

This talk will provide an overview on my transition from 
basic to applied applications of the alkenones. I will argue that 
my studies on the basic science of alkenones in earth science 
pre-primed me, too, for the applied usage of these unusual 
organic compounds in biofuels.  

[1] Ohkouchi, et al.  (2005), Radiocarbon 47, 401-412 [2]. Xu, 
et al.  (2001), Organic Geochemistry 32, 633-645.  [3] O’Neil, 
et al.  (2014), Energy and Fuels 28, 2677–2683. [4] O’Neil, et 
al. (2015), Energy and Fuels 29, 922–930. 
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Solutions of P-Q type in the field of fluid immiscibility at 

high Т-Р parameters are of interest as solvents of ore 
components because they form a couple of phases L1 и L2, 
which essentially differ in salt content and the dissolving 
ability in respect of ore components. This phenomenon can 
play an important role in the mobilization processes of poorly 
soluble ore components from magmatic melts. Of particular 
interest is aqueous solution of sodium fluoride of P-Q type 
which has the critical point at Т>973 K and Р≈200 МPа. 
Experimental studies of microlite (CaNa)Ta2O6F solubility 
were carried out in the system NaF–H2O of P-Q type in a wide 
range of sodium fluoride concentrations (from 0 to 40 wt.% 
NaF). Tantalum concentration in equilibrium with microlite 
and fluorite in the concentrations range of NaF from 0 to  
8 mol·kg-1 H2O (25 wt. % NaF) does not exceed 3×10-5 mol·kg-

1. Sodium fluoride concentrations have been estimated in 
immiscible fluids L1 (fluid of moderate density) and L2 (dense 
fluid) in the system NaF–H2O at 1073 K and 200–230 MPа. 
The L1 and L2 fluids contain 2 ± 1 and 11 ± 2 wt.% NaF at p = 
170 МPа, 5 ± 1 and 26 ± 1 wt.% NaF at p = 200 МPа, and  
12 ± 1 and 25 ± 1 wt.% NaF at p = 230 МPа. The 
thermodynamic calculations indicate that predominant Ta 
species in the homogenous field of NaF–H2O solutions in 
equilibrium with microlite and fluorite are HTaO3

o, TaO2Fo, 
and Na6H2Ta6O19

o. 
 
The work is supported by Russian Foundation for Basic 

Research Grants 14-05-00145-a, 15-05-03393-а, and the 
program DES RAS № 2. 
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In Western and Central Elba tourmaline occurs within 

aplites and pegmatites, which are related to different phases of 
the magmatic activity during the Miocene. The pegmatites 
were previously investigated in detail and contain tourmaline 
in gemstone quality whereas its occurrence in the aplites is 
relatively unexplored. The aplites consist of mostly quartz and 
feldspar with accessory mica, apatite and zircon and frequent 
tourmaline of variable shape and sizes.  

Within the oldest aplite samples tourmaline occurs as 
nodules, patches or orbicules. In all other samples, tourmaline 
is presents as small (up to 1 cm) black needles or prims and 
also occur in the center of large K-feldspar phenocrysts of the 
Monte Capanne granodiorite host rock. Furthermore, 
tourmaline shows a graphic intergrowth with quartz in one of 
the younger samples. In the presumably youngest sample, 
tourmaline occurs as garben-like structures on joint surfaces 
and as prisms within small quartz-rich veins of 1–2 cm width.  

Tourmaline in the studied samples is predominantly alkali-
group tourmaline with a schorl-dravite solid solution. X-
vacant-group (X¨-group) tourmaline occurs in three of five 
samples, being always foitite with variable Mg contents. As Al 
is the dominant cation on the Y-site next to Fe and Mg, all 
tourmalines have an olenite component, but Al (and calculated 
Li) is generally too low to form elbaite. Measured F is always 
lower than 0.5 apfu, implying that no fluor-species of 
tourmaline occur, but an elevated F content is directly related 
increased Ca+Na+K contents (x-site charge) and vice versa. 
Elbaite and other Li-dominant tourmalines do not occur within 
the aplitic veins in Western and Central Elba. Their formation 
is therefore restricted to very late-stage miarolitic cavities and 
pegmatites. 

An overall trend from Fe dominated schorl in the older 
samples to Mg-rich schorl to dravite and from Fe-rich foitite to 
more Mg-rich foitite in presumably younger samples is 
observed. This evolution is attributed to fractionated 
crystallisation from a primary magma.  
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The East Antarctic Ice Sheet (EAIS) is an important driver 
of global climate, playing a particular role in governing albedo 
and atmospheric circulation (eg. Singh et al, 2013). Recent 
evidence from marine sediment and terrestrial glaciovolcanic 
sequences suggests that the EAIS underwent periodic retreat 
and collapse in response to warmer climates during the late 
Neogene (14 to 3 million years ago). 

Mummified prostrate trees  recovered from palaeosols at 
Oliver Bluffs in the Beardmore Glacier region,  Transantarctic 
Mountains (85° S), represent a rare insight into the terrestrial 
palaeoclimate during one of these periods of retreat. Prostrate 
trees are an understudied but useful tool for interrogating 
endmember (e.g. periglacial) environments at high altitudes 
and latitudes. We present data from a modern analogue study, 
in which we calibrate plant isotope models for use on both 
fossilised and modern prostrate trees.  

We then present exciting new palaeoclimate data from the 
sequence at Oliver Bluffs. The MBT/CBT palaeothermometer 
gives a summer temperature of 3-6ºC, consistent with other 
palaeobotanical climate indices. δ18O analysis of tree ring 
cellulose suggests that Antarctic summer palaeoprecipitation 
was enriched relative to today (-25 to -5‰ for ancient, -35 to -
20‰ for modern); consistent with our state-of-the-art, isotope-
enabled general circulation model simulations.  

These geological and model data have wide-ranging 
implications for our understanding of the hydrological cycle 
during this time period, implying that atmospheric circulation 
and moisture delivery patterns were markedly different. 
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Many ophiolites such as the Troodos Ophiolite of Cyprus 
apparently formed in a 'supra-subduction zone' environment, 
but the exact tectonic setting is debated. We measured major 
and trace element abundances in Troodos volcanic glasses, 
using microanalytical techniques to avoid the effects of 
alteration. Basaltic, andesitic and dacitic glasses from a section 
through the lava pile at Akaki Canyon are tholeiitic, and have a 
range in incompatible trace element composition. At one 
extreme are lavas with typical back-arc spreading centre-like 
chemistry; small enrichments in fluid-mobile Ba, U, Pb, Rb 
relative to fluid-immobile elements of similar compatibility, 
and REE and HFSE ratios that are similar to mid-ocean ridge 
basalts. Other Akaki lavas have trace element compositions 
extending towards those of Troodos boninites, with highly 
depleted REE ratios, strong enrichments in fluid-soluble 
elements, but also relatively high Nb and Ta. Troodos lavas 
formed by decompression melting of upper mantle which was 
depleted by previous melting events, and enriched by fluids 
(Pb, U, Ba, Rb) and small degree melts (Nb, Ta).  

The geochemical characteristics of these lavas, and the 
absence of an overlying mature arc can be explained if the 
Troodos crust formed at a spreading centre close to a ridge-
trench-trench or ridge-trench-transform triple junction, where 
subduction-modified, volatile-rich, highly depleted mantle was 
able to upwell and melt at shallow depths. Troodos crust was 
thus formed by both fluxing and stretching. At such triple 
junctions, arc magmatism is captured by the ridge, explaining 
the lack of an arc sequence in Troodos. The spreading centre, 
located on the over-riding plate, creates subduction-related 
tholeiitic to boninitic oceanic crust in a 'fore-arc' location. 
Once transported off-axis, this crust may become basement for 
the adjacent arc <5 Ma later. This tectonic setting therefore 
provides a way to create fore-arc crust with its distinctive 
assemblage of rocktypes, which is only slightly older than the 
overlying arc, without invoking subduction initiation [1] [2]. 

 
[1] J. Casey, J. Dewey. AGU Fall Meeting (2014) V51F-02. 
[2] M. Regelous et al Chem. Geol. 386 (2014) 66-79. 
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The crust represents a major reservoir for nitrogen, and 

models that seek to describe the global nitrogen cycle include 
crustal processes such as sedimentation, biological fixation, 
and continental weathering. However, little is known about the 
recycling of crustal nitrogen back to the atmosphere through 
volcanism. This study presents preliminary results on 
calibrating Secondary Ion Mass Spectrometry (SIMS) for 
nitrogen, as well as initial analyses of nitrogen contents in 
quartz-hosted melt inclusions from large rhyolitic eruptions.  

While SIMS is rarely used for nitrogen analyses in 
geological studies, it is routinely utilized in the semiconductor 
industry. We calibrated the nitrogen ion yield (as Relative 
Sensitivity Factors, RSF) in various geologic matrices, 
including natural and synthesized glasses, as well as minerals. 
These RSFs were determined through depth profiles of 
nitrogen-implanted samples of rhyolite, basalt, and other 
phases testing a variety of instrumental parameters. In general, 
the analyses detecting N+ using primary O2

- beams show higher 
sensitivity than with O-, with the decrease in sensitivity being 
more pronounced in relatively oxygen-poor matrices. The 
detection of CN- with a positive Cs+ primary ion beam, while 
requiring a high mass resolution power of ~6500, yields higher 
signals than N+, if sufficient carbon is in the sample. These 
implanted samples are allowing us to develop a variety of 
standard materials containing known H, C, and N contents.  

Preliminary results of Bishop Tuff quartz-hosted melt 
inclusions show variability with formation units, but yield a 
pre-eruptive maximum concentration of nitrogen near  
300 ppm. Other large eruptions show pre-eruptive nitrogen 
contents around 10x lower. Due to the large volume of these 
eruptions, they can have a significant impact on the 
atmospheric nitrogen content on short time scales, relative to 
weathering and sedimentation.  
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This contribution provides an updated synthesis of the 
contribution of terrestrial-aquatic interface carbon fluxes and 
aquatic systems-atmosphere CO2 fluxes in the global carbon 
budget. In particular, we assemble the first global map of CO2 
fluxes for all connected aquatic systems (river network, 
estuaries, coastal and open ocean) at a spatial resolution of 
0.5°. Next, we attempt a decomposition of all component 
fluxes into a natural background and an anthropogenic 
perturbation loops. So far, traditional approaches used to 
determine the global carbon budget (as synthesized by GCP or 
the IPCC) omit the continuous displacement and fate of 
anthropogenic carbon along the land to ocean aquatic 
continuum (LOAC). Our results highlight that only a portion of 
the anthropogenic CO2 taken up by land ecosystems remain 
sequestered in soil and biomass pools. Some of the exported 
anthropogenic carbon is stored in the LOAC and some is 
released back to the atmosphere as CO2, the magnitude of the 
air-water flux resulting from a delicate balance between 
outgassing from freshwaters and estuaries and a fast increasing 
uptake by coastal seas. A poorly known fraction of 
anthropogenic carbon displaced by the LOAC is transferred to 
the open ocean where it accumulates. Thus, the incorporation 
of the LOAC in the analysis has profound ramifications for the 
terrestrial carbon balance and for the anthropogenic CO2 
budget at the global scale. 
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The link between IOA and IOCG deposits remains 
controversial. Based on geochemical and isotopic data of 
magnetite from the Los Colorados IOA deposit in northern 
Chile, we have recently reported compelling evidence for a 
change from purely magmatic to magmatic-hydrothermal 
conditions that agrees with the proposed model in which IOAs 
may represent the deeper roots of some Andean IOCG 
systems. Our model [1] invokes concentration of magnetite that 
takes place by buoyant segregation of early-formed magmatic 
magnetite-bubble pairs, followed by high-T hydrothermal 
magnetite formation, driven by decompression.  

Here we provide new geochemical data in accesory pyrite 
at Los Colorados that supports this model and provides new 
insights on the trace metal budgets in IOA deposits. Pyrite at 
Los Colorados is related to the hydrothermal stage, has low 
modal abundances (<1%) and can occur as corroded crystals 
engulfed by hydrothermal magnetite. Electron microprobe 
analyzer (EMPA) data show high Co and Ni concentrations  
(~ up to 4 wt% and ~1-2 wt%, respectively) and relatively low 
As contents (100’s ppm level, in few cases up to ~1000 ppm). 
When combined with secondary ion mass spectrometry 
(SIMS) spot analyses, pyrite data show significant amounts of 
Cu (10-100 ppm levels, occasionally ~1 wt%) and Au (up to 1 
ppm, occasionally 100’s ppm). 

These results suggest a link to mafic-intermediate magmas 
and are indicative that IOA deposits can source Fe-Cu-Au-rich 
fluids that according to experimental studies [2], can migrate 
and cool to form IOCG mineralization at shallower levels in 
the crust. 
 
[1] Simon, Reich et al (2014) Iron and oxygen isotope and 
element systematics of magnetite from the Los Colorados IOA 
deposit, Chile: A paradigm shift for IOA deposits? SEG-
Keystone, Colorado. [2] Simon et al (2004) Magnetite 
solubility and iron transport in magmatic-hydrothermal 
environments. GCA 68, 4905–4914. 
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The naturally occurring radium (Ra) isotopes (223Ra, T½= 

11.4 days; 224Ra, T½= 3.66 days; 228Ra, T½= 5.75 years; 226Ra, 
T½= 1600 years) are constantly produced by the decay of 
thorium (Th) present in all marine sediments. From the 
sediment pore waters Ra is transported through advective and 
diffusive processes into the water column. Ra behaves 
conservatively in sea water making it an ideal tracer to study 
ocean mixing processes, continental boundary exchange 
processes and submarine groundwater discharge. 

Despite these widespread applications there is still little 
understanding of the processes controlling the release of Ra 
from the sediments. Here we present results of a 226Ra pore 
water study which is based on five sediment cores recovered 
from the oxygen minimum zone of the Peruvian shelf in water 
depths between 80m and 1000m.  

Sediment cores were cut into 1-3cm slices and pore water 
was separated from the sediments by pore water squeezing. 
The isotope 226Ra was measured in ~ 25ml of pore water using 
MC-ICP-MS. Furthermore we determined the concentrations 
of 230Th (total and excess) and of 226Ra in the sediments. The 
226Ra activities in pore waters range between 0.3dpm/kg near 
the sediment surface and 3.4dpm/kg in the deepest part of the 
sediment core. These measured concentrations are higher than 
those found in bottom waters (226Ra = 0.13-0.21 dpm/kg). The 
increasing 226Ra activities with sediment depths result from the 
diffusive loss of 226Ra from sediments. Highest 226Ra 
concentrations were observed in sedimentary pore waters in 
the deep sea due to their higher 230Th content.  

In the presentation we will further discuss the influence of 
230Th concentrations (total and excess), sedimentation rates and 
oxygen content in bottom waters on the 226Ra flux from the 
sediments. 
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Eruption of the 74 ka Youngest Toba Tuff (YTT) of 

northern Sumatra produced an extraordinary 2800 km3 of 
compositionally-zoned welded ignimbrite and co-ignimbrite 
ash-fall. Spatially selective chemical analyses of zircons from 
dacite to high silica rhyolite represent “rim” (unpolished rims), 
“near-rim” (at ~5 µm depth or ~50% of volume) and “interior” 
(sectioned grains) domains, offering systematic new insights 
into assembly of a giant magma chamber. Trace element ratios 
in zircon overall (e.g., Zr/Hf, Eu/Eu*, Nd/Yb) vary 
significantly (factors of 2, 7, >10, respectively) and co-
variations mirror those observed in host rocks. Titanium 
concentrations in zircon (1-10 ppm) generally vary as expected 
with interelement ratios and translate to a large TZirXl range of 
650 to 860°C at aTiO2 = 0.3 [1], as calibrated at 1 GPa [2]. 
Likely crystallization of YTT zircon at <0.2 GPa, as judged by 
chemical affinities with quartz-hosted melt inclusions, could 
reduce apparent TZirXl by ≥40°C.  

Spatially resolved YTT dating shows that zircon 
crystallization extended to >400 ka before eruption [3]. 
Similarly high maximum Ti and Zr/Hf contents in zircon now 
hosted in diverse rhyolitic melts suggest periodic growth from 
dacitic melts. Subsequent growth from generally cooling melts 
is suggested by average Ti contents that decrease from 
interiors to near-rims to rims. Differences in average Ti 
contents between near-rim and rim zircon domains suggest 
thermal zonation of the magma reservoir (by ~30°C). 
Nonetheless, extensive overlap in zircon compositions indicate 
that conditions experienced by individual zircon were highly 
variable. Additionally, the Ti decrease from near-rims to rims 
(potentially equivalent to ~40°C) is not accompanied by clear 
evidence of normal trace element zoning. This decoupling 
could be explained by a decrease in aTiO2 (contraindicated by 
high aTiO2 inferred from FeTi-oxides) or by a decrease in 
pressure before eruption.  
 

[1] Kularatne and Audétat (2014) Geochim. Cosmochim. 
Acta 125, 196-209. 2014. [2] Watson et al (2006) Contrib. 
Mineral. Petrol. 151, 413–433. [3] Reid and Vazquez (2013) 
Goldschmidt Conference Abstracts, 2042. 
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Arsenic (As) contamination of rice is a growing public 

health concern, particularly in regions in South and Southeast 
Asia where the use of As-contaminated groundwater for 
irrigation has led to widespread contamination of rice paddy 
soils, and where rice is a dietary staple.  The methylation of As 
by soil microorganisms reduces As toxicity and also influences 
the mobility and fate of As within soil-plant systems [1].  At 
present, there is limited knowledge of how As methylation is 
regulated by soil environmental conditions, and thus it is 
unclear how soil and water management practices in rice 
paddies affect As methylation dynamics. 

There is evidence from enrichment culture experiments [2] 
as well as microarray-based genomic surveys [3] that sulfate-
reducing bacteria (SRB) may be key drivers of As methylation 
in anaerobic systems, but this link has not been tested 
experimentally. In this contribution, we evaluate the role of 
SRB in As methylation using a systematic and well-controlled 
set of anaerobic batch experiments with soil collected from a 
contaminated rice paddy in the Mekong Delta in Vietnam.  We 
combine As speciation analysis using HPLC-ICP-MS with an 
analysis of the abundance of arsM (the gene that encodes the 
ArsM enzyme which catalyzes methylation) in the presence of 
varying sulfate and organic carbon concentrations.   

Taken together, this set of geochemical and microbial 
analyses yield process-level insights into the microbial 
community and soil conditions promoting As methylation. We 
discuss these results in the context of efforts to  reduce As 
toxicity and/or its bioavailability for plant uptake through soil 
water and nutrient management practices. 
 
[1] Zhao et al (2013a) Environ. Sci. Technol. 47, 3957 – 3966. 
[2] Bright et al (1994) Appl. Organomet. Chem. 8, 415-422. 
[3] Zhao et al (2013b) Environ. Sci. Technol. 47, 7147-7154 
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(Geo)biological cycling plays a fundamental role for the 

formation of secondary platinum (Pt) and gold (Au) in placer 
environments [1] [2]. In contrast, little is known about the 
mobility of other platinum-group-elements, e.g., osmium (Os) 
and iridium (Ir), under Earth surface conditions. To assess if 
geomicrobial processes affect Os and Ir, forty grains of Os-Ir 
alloys (‘osmiridium’ in the local mining literature) were 
collected from three alluvial placer deposits in Tasmania, 
Australia, and analyzed using electron-microscopic and bio-
molecular sequencing tools.  

Grains were angular to slightly rounded and between 0.3 
and 3 mm in diameter. Grains were commonly covered by a 
polymorphic layer consisting of active sheet-like biofilms 
composed primarily of prokaryotic cells, intermixed/overlying 
micro-crystalline Fe-oxides, organics and clays. Gram-
negative γ- and β-Proteobacteria were the most common 
groups of bacteria on the grains. In addition, Acidobacteria, 
Verrucomicrobia and α-Proteobacteria were detected. Many 
of detected bacteria were closely related to well-known metal-
resistant bacteria, e.g., Cupriavidus metallidurans or 
Pseudomonas spp. Iridium nano-particles occurred throughout 
the polymorphic layer, and abundant nano- and micro-
crystalline Ir aggregates were observed at the contact between 
the polymorphic layer and the nuggets, suggesting that Ir is 
less mobile than Os under surface conditions. Overall a 
refining process similar to that occurring on Au-Ag grains 
seems to take place, in which Ag (Os) is released to the 
environment and Au (Ir) is (bio)geochemically recycled on the 
grain surface and forms a layer of secondary Au (Ir). In 
conclusion, we present the first direct evidence for the active 
involvement of biofilms in the transformation of grains of Os-
Ir alloys, and the mobility of Os and Ir in Earth surface 
environments.  
 
[1] Reith et al (2013) Minerals 3, 367-394; [2] Reith et al 
(2014) Earth Sci. Rev., 131, 1-21. 
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Aerosol remote sensing from satellites offers insight into 

the global aerosol system like no other existing observational 
tool.  Fifteen years ago, with the launch of Terra, a quantitative 
data set of global aerosol properties was produced for the first 
time using the observations from the MODIS and MISR 
sensors. The community has come to depend on the 
availability of these data, and yet the sensors and the satellites 
they ride upon are now operating way beyond their life 
expectancy.  Soon we must anticipate the end of the MODIS 
and MISR era.   

The VIIRS sensor launched on the Suomi-NPP satellite in 
2011 offers a similar configuration as MODIS and is the likely 
candidate to continue the MODIS aerosol data record.  
Currently an aerosol product consisting of the spectral aerosol 
optical depth (AOD) over land and ocean and size parameter 
over ocean (Angstrom Exponent) is produced and archived by 
NOAA.  The product has been validated against AERONET 
observations and compared with MODIS.  The product is 
meeting and exceeding its expectations.  Even though both the 
MODIS and VIIRS aerosol products are “validated”, they do 
not produce exactly the same results.  We have gone through 
an exercise applying a MODIS-like algorithm to the VIIRS-
measured radiances in order to isolate whether the differences 
are due to instrument differences or algorithmic differences. 
The answer is, both. 

Even if VIIRS might be able to continue the MODIS 
aerosol record, it is a single-look imager with no multi-angle 
capability.  Thus, it will not be able to provide the more 
detailed aerosol characterization available from MISR.  To 
provide the particle properties that will be essential to push 
aerosol and climate science forward, we will need new 
technology in space.  The Hyperangle Aerosol Rainbow 
Polarimeter (HARP) is a technology demonstration on a 3U 
Cubesat to be launched in 2016.  It will provide unprecedented 
observations of aerosols and clouds and is a vanguard of the 
type of aerosol remote sensing we should expect in the future.  
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Dissolved organic matter (DOM) plays an important role 

in the transformation of organic pollutants.  For example, the 
absorption of light by DOM produces a suite of reactive 
oxidants that are capable of reacting with a wide variety of 
aquatic constituents.  These reactive species include excited 
triplet states (3DOM), singlet oxygen (1O2) and hydroxyl 
radical (�OH). The photochemical reactivity of DOM is 
typically assessed by quantifying the steady-state concentration 
of reactive species produced by bulk DOM.  This approach 
does not provide information about the fundamental properties 
of DOM and is of limited use in predicting DOM chemical 
reactivity. Fractionating DOM by apparent molecular weight 
(MW) is a useful technique for assessing which fractions of 
DOM contribute to its photochemical reactivity. Therefore, the 
aim of our study is to investigate the formation and quenching 
of reactive species in bulk and size-fractionated DOM. 

In the present study, we fractionate a variety of DOM 
samples using sequential ultrafiltration into four apparent 
molecular weight classes (<3, 3,5, 5-10 and >10 kDa). We 
apply standard optical techniques to verify that the 
fractionation technique produces chemically distinct fractions 
of DOM. Next, we use four probe compounds to assess the 
quantum yield, steady state concentrations, and formation and 
quenching rates of reactive species. Trans,trans-sorbic acid 
and 2,4,6-trimethylphenol are used to investigate the ability of 
3DOM to react via energy transfer and electron transfer, 
respectively. Furfuryl alcohol and terephthalate are used to 
quantify the production of 1O2 and �OH from photochemically 
excited DOM. Collectively, these measurements of probe-
labile reactive species production allow for both the 
characterization of size-fractionated DOM populations and 
insight into likely reactions that occur when photosensitized 
DOM reacts in a natural environment. For example, we show 
that higher MW is a more efficient 3DOM quencher and that 
3DOM quenching by O2 varies with apparent MW. In addition, 
divergence in measured 3DOM loss rates suggests varying 
propensities to react by electron and energy transfer 
mechanisms.  
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The Paris meteorite is the least altered CM carbonaceous 
chondrite, as witnessed by the presence of unaltered metal 
grains and amorphous silicate, usually absent in CM chondrites 
[1]. Its O-isotopes are intermediate between altered CM and 
the thermally metamorphosed CO chondrites. Chondritic 
organics have most likely a multi-stage history that remains 
complex to disentangle, but Paris provides a unique 
opportunity to assess the specific role of parent body processes 
on their evolution. Therefore, we have studied the insoluble 
organic matter (IOM) of Paris and compared it to IOM from 
Murchison and other CMs. By focusing on a single chondrite 
group, we can rule out possible precursor influence that we 
encountered in a previous study of IOM in carbonaceous 
chondrites from different groups [2]. 

We obtained a “bulk” IOM of Paris by HF/HCl digestion 
of a large sample (>10g) of matrix isolated by the freeze-thaw 
method [1]. The bulk C, H and N-isotope compositions of 
Paris IOM fall among the heaviest CM chondrites. NanoSIMS 
images of H and N-isotopes reveal numerous hot spots. D-rich 
hot spots in Paris span the same range as in Murchison, 
however 15N-rich hot spots are significantly heavier (mean 
value at 550‰, max at 1000‰), albeit lighter than in Bells [3]. 
The Raman signature points to a disordered material, similar to 
type 1 and 2 chondrites [4]. FTIR, XANES and NMR reveal 
that Paris is intermediate between CR2 and CM2 IOMs. In 
particular, they show that the aliphatic/aromatic carbon ratio is 
larger in Paris than in Murchison.  

Overall, it appears that during aqueous alteration on the 
CM parent body, IOM underwent some degree of 
aromatization in addition to slight D/H decrease and a more 
significant 15N-rich hot spot depletion. Coupled hydrous and 
thermal effects could explain this evolution. Paris IOM appears 
primitive with respects to other CM and could resemble to the 
organic matter that accreted on the CM parent body. 

 
[1] Hewins et al (2014) GCA 124, 190-222. [2] Le Guillou et 
al (2014) GCA 131, 368-392. [3] Busemann et al (2006), 
Science 312, 727-730. [4] Quirico et al (2009) EPSL 287, 185-
193.  
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The solubility of gypsum has been widely studied under 

various experimental conditions (e.g. temperature, ionic 
strength and degrees of saturations), but only few studies 
considered the impact of pressure and CO2 concentration. In 
the present study, the investigation of gypsum growth has been 
extended from atmospheric pressure to pressures up to 100 bar 
and to various molal concentrations of dissolved CO2. 

A series of pressurized semi-batch experiments (flow-
through experiments with extremely slow flow rate) were 
conducted in order to establish the solubility of gypsum at high 
pressures (25, 35, 50, 70, 100 bar) and with various molal 
concentrations of dissolved CO2 (0.12, 0.3, 0.54). Experiments 
were performed at 25°C in a high pressure titanium reactor by 
mixing CaCl2 and NaSO4 solutions, reaching an initial degree 
of saturation with respect to gypsum of Ω=1.81 and Ω=1.05.  

Solubilities attained in the semi-batch experiments match 
(within a 3% uncertainty) the new PHREEQC ver.3 
predictions ([1] Appelo et al, 2014), in which pressure and 
dissolved CO2 concentrations are two of the new variables. 
Accordingly, gypsum solubility was found to increase as 
pressure rises and to decrease as CO2 concentration ascends. In 
addition, preliminary flow through experiments show that the 
rates of crystal growth decrease as pressure rises, and increase 
as a function of CO2 concentration. 
 
[1] Appelo, Parkhurst & Post (2014), Geochim. Cosmochim. 
Acta 125, 49-67. 
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The South Bohemian Batholith (SBB) is part of the Saxo-

Danubian granite belt, a significant part of the Central 
European Variscan granite belts. The granitoids of the SBB 
can be grouped into three main suites: coarse-grained K-
feldspar-phyric I/S-type biotite granites of the Weinsberg type, 
S-type two-mica granites of the Eisgarn type, and younger 
fine-grained I/S-type biotite granites to granodiorites of the 
Mauthausen/Freistadt type. The individual intrusive suites of 
the SBB are clustered in two nearly perpendicular segments 
oriented ~NNE–SSW and ~WNW–ESE. While the ~WNW–
ESE Bavarian segment is defined by a number of separate 
smaller plutons that involve all the granite suites, the ~NNE–
SSW segment is chiefly made up of the Eisgarn-type granites. 

For biotite granites of the Weinsberg type is significant 
enrichment in Ba (291–3920 ppm), Sr (100-378 ppm) and Zr 
(221–685 ppm). Melts of these granites were generated by 
low-pressure partial melting of lower crust rock sequences 
(metagreywackes, amphibolites) at temperatures in the range 
of 643–902 ºC. Two mica granites represent the most 
significant rock type of the SBB. Three main geochemical 
varieties of two-mica granites could be distinguished there: the 
low-Th Deštná granites, the intermediate-Th Mrákotín/Číměř 
granites and the high-Th Lipnice/Steinberg granites. All these 
varieties were emplaced at shallow levels (equivalent to 100–
200 MPa) and at relatively reducing fO2 conditions. 
Differences in the CaO/(FeO + MgO + TiO2) ratio between 
these three varieties indicate partly different original source of 
granite melts. The Číměř/Mrákotín and Lipnice/Steinberg 
granites were probably derived from metagreywackes and/or 
mafic metapelites by partial melting at temperatures in range 
of 830–850 ºC, whereas the Deštná granites were derived from 
felsic, muscovite enriched metapelites by partial melting at 
temperatures in range of 670–750 ºC. For biotite granitoides of 
the Freistadt type is significant enrichment in Ba (441–2580 
ppm) and Sr (153–258 ppm). Melts of these granitoids were 
generated by low-pressure partial melting of lower crust 
sequences at temperatures in the range of 709–817 ºC. The 
work was carried out thanks to the support of the long-term 
conceptual development research organisation RVO: 
67985891. 
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Sulfur, F, Cl, Zn, Cu, Ni, Ga and Pb are found coating 

volcanic glass beads from Apollo 17 (A17) and Apollo 15 [1] 
[2]. The elements occur in sulfides and chlorides deposited 
from a gas phase [1] [3]. Early volcanic gas models have used 
Earth-like compositions at lunar oxygen fugacities [4].  

We use predicted concentrations of volatiles lost from A17 
glass beads by Saal et al [5] to provide new constraints on the 
gas composition and deposition of the coatings. The carbon 
content was calculated assuming an oxygen fugacity of IW-2 
and equilibrium between 15 C-bearing phases. This results in 
the following gas composition in mol%: H (5.38), O (42.74), C 
(45.29), Cl (0.06), S (5.86), F (0.67). 

We used the Gibbs free energy minimization method to 
calculate gas compositions and the transport and deposition of 
metals and salts during decompression from 2 to 10-6 bar and 
cooling from 1500 to 600 °C of the lunar volcanic gas. CO is 
by far the dominant gas phase as previously suggested [3] [4] 
[6]. Metals (Zn, Ga, Cu, Ni, Pb) are transported in their gas 
phase (e.g. Zn(g)) or as chloride and sulfide gas species. The 
chloride species dominate in the gas phase at lower 
temperature (T), whereas the sulfides prevail in the products 
precipitating at 1000-1250 °C and in the high-T gas phase. The 
speciation depends on pressure (P) with chlorides being more 
important at higher P. At low P (<10-3 bar) pure metal phases 
become increasingly important in the gas phase, even at lower 
temperatures (<1000 °C). Over the whole P and T range Zn is 
enriched in the gas phase compared to Ni and Cu by >104 and 
>102 respectively.  

 
[1] Meyer et al (1975) Proc. Lunar Sci. Conf. 6th, 1673-1699. 
[2] Butler & Meyer (1976) Proc. Lunar Sci. Conf. 5th, 1561-
1581. [3] Rutherford & Papale (2009) Geology 37, 219-222. 
[4] Fegley (1991) Geophys. Res. Lett. 18, 2073-2076. [5] Saal 
et al (2008) Nature 454, 192-196. [6] Fogel & Rutherford 
(1995) Geochim. Cosmochim. Ac. 59, 201-215. 
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The chemical composition of seawater is a function of the 

riverine and the hydrothermal fluxes of various elements to 
and from the oceans. In particular, the alteration of oceanic 
crust during high-temperature (axial) and low-temperature 
(off-axis) hydothermal circulation plays a critical role in 
moderating the concentration and isotopic composition of 
many elements in the ocean, including lithium, boron, and 
magnesium. High-temperature (>200ºC) alteration of oceanic 
crust is a source of lithium and boron to seawater. On the other 
hand, off-axis low-temperature (<150ºC) alteration of oceanic 
crust is a major sink for seawater dissolved Li, B and Mg. This 
off-axis circulation is likely to  contribute significantly to both 
global heat budget and geochemical fluxes of elements. 
However, the low-temperature oceanic crust alteration is 
poorly constrained both in terms of total flux as well as the 
isotope fractionation associated with this flux. 

A detailed examination of Li, B and Mg flux into altered 
oceanic crust and the isotopic fractionation associated with the 
relevent chemical reactions is essential to better constrain the 
mass and isotope budget of these elements in seawater. The 
concentration and isotopic composition study of pore fluids 
from off-axis hydrothermal sites can yield information as to 
the extent of removal of these elements during chemical 
reactions with the oceanic crust, and the isotopic fractionation 
associated with these chemical reactions. 

The North Pond, an axial basin  on the Western flank of 
the Mid-Altantic Ridge, is an ideal site for investigating low-
temperature crustal alteration. The relatively young (8 Myrs) 
crust is porous and fluid flow is vigorous but at low 
temperature (10-15ºC). There is a 2% decrease in Mg 
concentrations at the basement-sediment interface, indicating 
low-temperature crustal alteration.  We will examine the effect 
of low temperature crustal alteration on the isotopic 
composition of the pore fluids at the sediment-basement 
interface through tandem determination of the three isotope 
systems (δ7Li, δ11B and δ26Mg), and how that signal propagates 
into the sediment colum above. We will then use estimates of 
fluid flux in the basement to further constrain the impact of 
low temperature hydrothermal circulation on the marine 
isotopic composition of these elements. 
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Water used in hydraulic fracturing of black shale often 
contains high concentrations of barium. A major barium-
containing phase, barite (BaSO4), is part of drilling mud as 
well as occurring naturally in the black shale.  However, the 
role of barite dissolution is unclear due to its relatively low 
solubility.  We hypothesized that barium in produced water can 
be released by other phases in the shale and on a time scale 
relevant to fracking. We examined samples from three drill 
cores from the Marcellus Shale in Pennsylvania and New York 
to determine the possible water-rock reactions that release 
barium during hydraulic fracturing.  Micro-XRF measurements 
and SEM/EDS analysis combined with chemical sequential 
extraction methods revealed that a majority of the Ba in the 
rock (55-77%) is strongly partitioned into phyllosilicate clays 
and is only leached from the rock by dissolution in 
hydrofluoric acid.   

We next studied how finely-crushed shale reacts with 
water at T = 80 °C, low Eh, and under a range of ionic 
strengths to emulate the conditions that take place at depth 
during hydraulic fracturing. Our experimental results indicate 
that the amount of Ba released from the bulk rock has a 
positive correlation with the ionic strength of the reacting fluid.  
Between 5-25% of the total Ba in the rock can be leached from 
shale under ionic strength conditions typical of produced 
waters over a contact time of 7 days.  We suggest that 
reductive weathering of black shale occurs during hydraulic 
fracturing due to: 1) Ba2+ in clays exchanging with Na+ and 
Ca2+ ions that are present in high concentrations in produced 
water, and 2) increased solubility and dissolution kinetics of 
barite under high ionic strength conditions.  At the low Eh 
conditions prevalent during hydraulic fracturing the sulfate 
deficient water allows Ba to be dissolved into the produced 
water.  Based on Ba yields determined from laboratory 
leaching experiments of Marcellus shale and a reasonable 
estimate of the water/rock mass ratio during fracking, we 
suggest that all of the Ba in produced water can be reconciled 
with leaching directly from the rock. 
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Microbially-mediated biomineralization processes can 

generate a range of mineral forms including phosphates, 
carbonates, and oxides [1].  Such biomineralization processes 
could be used to limit radionuclide migration in contaminated 
environments either through (a) immobilizing radionuclides or 
(b) limiting contaminated groundwater flow.  

Recent research investigating the potential use of 
microorganisms for remediation of radionuclide-contaminated 
land has focussed on microbially stimulated reduction of 
uranium (VI) [1], but there have been relatively few studies of 
other biomineralization processes. In this project, bacterial 
formation of hydroxyapatite was investigated for 
immobilization of radionuclides. Previous studies had shown 
that a Serratia sp could biomanufacture nanophase 
hydroxyapatite [2] [3]. This organism contains high levels of 
an atypical phosphatase enzyme located in the bacterial 
periplasmic space and attached to extracellular polymeric 
substance; this enzyme cleaves glycerol-2-phosphate, 
liberating inorganic phosphate and providing the nucleation 
site for the growth of hydroxyapatite (HAP) crystals [2] [4]. 

Altering the conditions for biomineralization and post-
biomineralization heat treatment resulted in nanophase 
hydroxyapatite with varying physico-chemical properties (e.g. 
crystallinity, particle size, specific surface area).  These 
biological hydroxyapatite materials have potential application 
in novel remediation methods, for the sorption and 
immobilisation of radionuclides such as Sr2+, Co2+, UO2

2+ and 
trivalent actinides [4] [5].  
 
[1] Renshaw et al (2007), C. R. Chim. 10, 1067-1077. [2] 
Thackray et al (2004), J. Mater. Sci. Mater. Med. 15, 403-406. 
[3] Ledo et al (2008), J Mat. Sci. Mats. Med. 19, 3419-3427. 
[4] Handley-Sidhu et al (2011), Environ. Sci. Technol. 45, 
6985-6990. [5] Handley-Sidhu, et al (2014), Environ. Sci. 
Technol. 48, 6891−6898.  
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Fahlore-group minerals, within magmatic-hydrothermal 

deposits/prospects of the Rhodope area, provide 
physicochemical constraints on precious metal ore formation, 
and may help to understand trace element distribution within 
the deposit. They cover the whole range of the tetrahedrite-
tennantite solid solution independently from the fluid 
sulfidation state. The occurrence of goldfieldite indicates high-
sulfidation fluid conditions and a close association to native 
gold.  

Goldfieldite at Mavrokoryfi is remarkably Te-rich (up to 
3.766 apfu) - the closest natural occurrence to the theoretical 
synthetic endmember Cu10Te4S13. Argentian goldfieldite 
contains up to 4.469 apfu Ag. Another special feature is the 
occurrence of “Cu-excess” tetrahedrite (Cu=11.039 apfu, St. 
Demetrios) and tennantite (Cu=11.729 apfu, Pefka), 
accompanied by high-sulfidation minerals like 
enargite/luzonite, watanabeite, and colusite. In contrast, Fe- 
and Zn-rich varieties are known from intermediate-sulfidation 
state ore assemblages.  

Decreasing Cu-content in tetrahedrite-tennatite solid 
solution series reflects an evolution from initial high-T, high-
sulfidation, oxidizing conditions, towards lower-T and lower-
sulfidation, more reduced conditions with time. 
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A sound constraint on global sources and sinks of trace 

metals (e.g., Fe, Cu, Zn, Mo, Ni) and their isotopes is of 
utmost importance in understanding the oceanic mass balance 
of these elements, and how they affect global biogeochemical 
cycling. Traditionally, research on the riverine source of 
transition metals has focused on the dissolved load, as this is 
the most obvious contribution to the dissolved load of the 
oceans. However, early and recent work has shown clearly 
that: (a) the particulate phase dominates the riverine load for 
most transition metals and; (b) for many of the transition 
metals a large fraction of this particulate load is chemically 
labile, enabling the particulate phase to interact with the 
dissolved phase as both a source and a sink. Here we document 
the application of sequential leaching methods to riverine 
particulates to further understanding of the potential influence 
of riverine particulate phases on seawater.  

Initial results from Rhine River samples suggest that our 
methods are successful in leaching specific particulate 
fractions (exchangeable, organic, carbonate, FeMn and 
residual silicates) that are isotopically distinct and 
reproducible. In addition, isotopic analyses of Cu, Zn and Fe 
suggest that, for this river, the isotopic composition of the 
dissolved load is, to first order, closely related to the rocks in 
the source region and not modified by the weathering process 
(e.g. incongruent weathering) or extraction of distinct isotopic 
signatures into secondary phases during riverine transport.  

We will present the results of leaching experiments on 
artificial sample composites to confirm the reliability of the 
leaching techniques.  
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anthropocene? 
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Society and the sciences are vigorously debating how to 
respond to the Anthropocene – Earth’s “Age of Us,” an era in 
which humans have, as the Russian geochemist Vladimir 
Vernadsky proposed long ago, become a planet-scale 
influence. 

Do we have to “degrow,” as some propose? Or can the 
pulse of scientific and technological progress that has 
propelled our species’ zooming trajectory – in both numbers 
and appetites – now facilitate a transition to low-impact 
prosperity? 

As a prize-winning journalist and author, Andrew Revkin 
has been exploring such questions for three decades, from the 
North Pole to the Amazon, the Indian Ocean to the White 
House. In an illustrated talk, he offers a guardedly optimistic 
guide to ways to balance seemingly infinite human aspirations 
with life on a finite planet. 
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Water is recycled to the Earth's interior at subduction 

zones, and a large portion of the subducting fluid is mobilised 
at depths shallower than 150 km. Seismological and magneto-
telluric methods are potential tools for imaging fluid 
circulation when combined with petro-physical models. 
Measurements of the physical properties of hydrous phases 
such as serpentine allow refining fluid circulation in the mantle 
wedge from geophysical data. 

In the cold melt-free fore-arc mantle wedge above the 
subducted slab, serpentinization is caused by the release of 
large amounts of hydrous fluids in the cold mantle above the 
dehydrating subducted plate. Low seismic velocities in the 
wedge give a time-integrated image of extensive hydration and 
serpentinization within the stability of serpentine below 700°C. 
Using elastic properties, the amount of serpentinization is 
calculated to reach 50-100% in hot subductions, while it is 
constrained below 10% in cold subduction. This amount 
corresponds to a time-integrated reaction of water-rich fluids 
originated from the dehydrating slab with the overlying mantle 
wedge. 

Electromagnetic profiles of the mantle wedge reveal high 
electrical-conductivity bodies. In hot areas of the mantle 
wedge (> 700°C), water released by dehydration of the slab 
induces melting of the mantle under volcanic arcs, explaining 
the observed high conductivities. In the cold wedge (< 700°C), 
high conductivities in electromagnetic profiles provide 
"instantaneous" images of fluid circulation.  

Small fractions (ca. 1% in volume) of connective high-
salinity fluids are required to account for the highest observed 
conductivities. Modelling shows that low-salinity fluids  
(≤ 0.1 m) released by slab dehydration can evolve towards 
high-salinity (≥ 1 m) fluids during progressive serpentinization 
in the wedge. These fluids can mix with arc magmas at depths 
to produce high-chlorine melt inclusions in arc lavas. 

Electrical conductivities up to 1 S.m-1 are observed in the 
hydrated wedge of the hot subduction zones (Ryukyu, Kyushu, 
Cascadia), while moderate conductivities are observed in the 
cold subductions (N-E Japan, Bolivia), reflecting low fluid 
flow in the cold wedge of the latter. This is consistent with the 
seismic observations of extensive shallow serpentinization in 
hot subduction zones, while serpentinization is sluggish in cold 
subduction zones. 
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The Anarraaq deposit is located in the Red Dog Zn-Pb-

Ag±Ba District in northwestern Alaska. Anarraaq comprises a 
massive sulfide deposit stratigraphically overlain by a massive 
barite deposit. The sulfide and barite deposits are both hosted 
in the Mississippian Kuna Formation but are separated by 
approximately 60 m of carbonaceous mudstone and limestone. 
Observations from hand specimen and thin-section 
petrography, back-scattered electron (BSE) imaging, and 
electron probe microanalysis have been used to construct a 
detailed paragenesis for the Anarraaq sulfide deposit. New 
observations include rare examples of barite incompletely 
replaced by sphalerite and unequivocal petrographic evidence 
for a widespread, volumetrically important phase of sphalerite-
bearing quartz. At least 6 phases of pyrite have been identified, 
ranging temporally from earliest diagenetic framboids to cubic 
pyrite in quartz-calcite veins interpreted to have been formed 
during the Cretaceous Brookian orogeny. Ore-stage pyrite is 
geochemically distinct from other generations of pyrite in that 
it is commonly enriched in lead, arsenic, and / or antimony. 
Lead concentrations in pyrite can range up to 3.5 wt. % and 
commonly form concentric zones of enrichment visible in 
BSE, indicating rapid fluctuation of fluid chemistry and / or 
conditions of crystallization. In one place, zoned ore-stage 
pyrite crystalized within the open space of a siliceous 
radiolarian, which is consistent with relatively early diagenetic 
timing of mineralization. Secondary ion mass spectrometry 
(SIMS) of sulfur isotopes in pyrite and sphalerite will be used 
to interpret source of sulfur and reduction processes in sulfide 
phases over time. Additional SIMS analyses of sulfur isotopes 
in remnant barite compared with replacive sphalerite will be 
used to evaluate the contribution of reductive dissolution of 
barite as a source of sulfide in the formation of the deposit. 
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One of the principal uses of the Sm– Nd model age method 
is to determine what are often called ‘crustal-formation’ or 
‘crustal-extraction’ ages [1]. It also provides the opportunity to 
see back through erosion, sedimentation, high-grade 
metamorphism and even crustal melting events, which usually 
reset other dating methods. Mafic and ultramafic rocks cannot 
be used to determine accurate crustal-formation ages because 
they have Sm/Nd evolution lines sub-parallel to the chondritic 
evolution line. In contrast, most granitoid rocks offer much 
greater resistance to re-setting. 107 Nd isotopic analyses from 
Iran were used to determine crust-formation ages and its 
timing growth and initial Nd isotope ratios of mantle during 
crust-formation (Fig. 1). These data approximately define the 
boundaries of large segments of continental crust that were 
formed from the mantle during ~.7 to 1.5 b.y. ago. The 
continental crust of Iran consists of several zones including  
Sanandaj–Sirjan, Urumieh-Dokhtar, Lut Block, Alborz and 
Sistan Suture zone. Two-stage mantle model age reveal that 
these zones might formed not more than 2.2 b.y ago; in which   
Sanandaj–Sirjan samples (1 – 1.3 b.y ago), Urumieh-Dokhtar 
(0.7- 1.3 b.y ago), Lut Block (0.6 - 1 b.y ago) and Alborz 
(0.65- 2.2 b.y ago).  
 
 

 
 
 
 
 
 
 
 

 
Fig. 1: Nd isotopic evolution paths for Iran samples. Read 

squres are granite; black circles are gabbro. 
 
[1] Nelson & DePaolo (1985) GEOL SOC AM BULL 96, 746-
754. 
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The Meghri-Ordubad composite pluton is exposed over 
1400 km2 in the Lesser Caucasus of Armenia. It is the one of 
the largest plutons in the Tethys belt and hosts important Cu-
Mo porphyry deposits. We here present an extensive zircon U-
Pb geochronology survey on thirty samples highlighting 
multiphase pluton emplacement during three successive 
magmatic episodes over a total period of at least 25 million 
years. Pluton construction commenced with a calc-alkaline 
hornblende gabbro to quartz diorite suite and coeval basaltic-
andesitic dikes dated between 45.9 Ma and 43.0 Ma. This was 
followed by emplacement of an alkaline-shoshonitic suite 
comprising gabbros, monzo/syenodiorites, quartz monzonite 
and trachyandesitic/syenitic dikes dated between 37.7 Ma and 
31.8 Ma. The last episode of pluton construction involves a 
trachybasaltic mafic dike swarm yielding ages between  
26.7 Ma and 24.3 Ma and emplacement of felsic granodioritic 
to granitic intrusions and dikes between 22.7 Ma and 22.2 Ma. 
Each of these three magmatic episodes culminated in the 
formation of Cu-Mo porphyry deposits dated by molybdenite 
Re-Os geochronology. 

Within this geochronological framework, we illustrate 
important geochemical changes from a subduction-related 
calc-alkaline mid-Eocene magmatic suite to a syn-collisional 
alkaline-shoshonitic signature in the Upper Eocene-Lower 
Oligocene suite, followed by transitional post-collisional 
magmatism ranging from alkaline dikes to calc-alkaline 
granodiorites in the Upper Oligocene-Lower Miocene suite. 
The Hf isotopic composition of U-Pb dated zircons and whole 
rock Nd-Sr isotopic compositions become systematically more 
juvenile from the Eocene to Miocene magmatic episodes. 
These isotopic trends either reflect a decrease in crustal 
contamination through time or a change in the crustal 
contaminant to cannibalization of young juvenile intrusions. 
These time-resolved geochemical and isotopic variations 
document important tectonic and petrologic processes 
operating during construction of the Meghri-Ordubad pluton 
and key controls on Cu-Mo porphyry formation during long-
lived multiphase pluton emplacement. 
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Direct aqueous mineral carbonation is a method to sequster 

CO2 as a form of carbonates with aquous phase. Waste slate is 
one of the potential alkaline indurstrial wastes for mineral 
carbonation due to its high content of alkaline earth metals (Ca 
and Mg). Waste slate primarly contains cement and asbestos 
material. The asbestos material is considered as a carcinogenic 
material due to its needle-like morphology.  

The feasibility of the direct aqueous mineral carbonation to 
mitigate the toxicity of asbestos-containing waste slate was 
evaluation. Leaching and carbonation tests on asbestos-
containing waste slate using amonium salts (CH3COONH4, 
NH4NO3, and NH4HSO4) solutions with various concentrations 
(0 ~ 4 M) were conducted. The tests were conducted under 
ambient temperature and pressure conditions. 

The Ca leaching efficiency was the highest in 
CH3COONH4 solution (17~35%), whrease the Mg leaching 
efficiency was the highest in the NH4HSO4 solution (7~24%), 
regardless of a solid dosage. The Ca and Mg leaching 
efficiencies increased with increasing a solid dosage.The 
carbonation efficiency for the 1 M CH3COONH4 and the 1 M 
NH4HSO4 solutions, which determined using CaCO3 content of 
the reacted waste slate based on TGA analysis, was 
approximately 30% for the 1 M CH3COONH4 solution and 
40% for 1 M NH4HSO4 solution. The carbonates were 
precipitated on the surface of needle-like chrysotile in the 
reacted waste slate obtained after the carbonation tests. This 
study results may suggest that the direct aqueous carbonation 
can mitigate toxicity of needle-like asbestos by changing 
morphology of asbestos. 
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Earth’s mantle is geochemically heterogeneous and is 
characterized by domains that display distinctive Pb-Hf-Nd 
isotopic ratios.  Examining the spatial and temporal variations 
among these domains is important for reconstructing the long-
term chemical evolution of the mantle. In the southernmost 
Mariana convergent margin, geochemical mapping of mantle 
depletion-fertility proxies (e.g., Nb/Yb) suggests that Pacific-
type mantle flow exploited a slab tear to mix with Indian-type 
mantle, and that this mixture then melted to generate basalts in 
the southemost Marianas. Here, we investigate how this mantle 
flow has evolved over space and time. We interrogate the Pb-
Hf-Nd isotopic composition of Pliocene-Quaternary basaltic to 
andesitic lavas from the forearc, the arc and the backarc basin 
spreading center and compare these data to Pb-Hf-Nd isotopic 
ratios of Eocene forearc basalts and boninites in the region. At 
the onset of subduction, lavas had a composition intermediate 
between Pacific and Indian mantle values suggesting that these 
domains communicated at that time. As the slab sank, it 
established a chemical barrier, isolating the Indian and Pacific 
mantle domains and allowing them to produce, separately in  
< 5 Ma, Indian-type, Eocene boninites and Miocene-
Quaternary Mariana arc lavas. Mantle domains thus remained 
isolated for ≤ ~40 Ma. Recent slab tearing beneath the Santa 
Rosa Bank near Guam and possible detachment of the 
subducting Pacific plate induced quasi-toroidal and poloidal 
mantle flows, enabling the Pacific mantle to once more invade 
the Indian ambient mantle in Pliocene-Quaternary time and to 
produce mixed-source melts.  The Hf-Nd compositional array 
of mixed basalts is explained by a 60:40 Indian-Pacific 
mixture. Lack of a compositional Hf-Nd gradient further 
suggests that the mantle domains are well mixed from the 
forearc to the backarc basin. Thus, slab tearing enabled strong 
mantle counter-flows that also promoted development of a 
robust backarc spreading center in the Malaguana-Gadao 
Ridge, characterized by an inflated morphology similar to the 
East Pacific Rise. 
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Anomalous geochemical responses in the Ah soil horizon 

over the blind Deerhorn Cu-Au porphyry in central BC, were 
documented by Bissig et al [1] and over similarly buried 
sulphide deposits by Eppinger [2] and Hamilton [3].  
Improvements remain in our ability to interpret these 
geochemical responses so as to develop robust exploration 
tools for the discovery of economic, but concealed 
mineralisation.  

A critically overlooked component in the interpretation of 
geochemical soil surveys is quantifying the history of the 
horizon to be sampled.  Frequently geochemical responses in 
till covered areas are evaluated without due consideration to 
the geology of the material sampled at the selected horizon; the 
relative age of the land surface; the mineralogical and chemical 
composition of the horizon, vegetation and land use influences 
and the geomorphological setting. Integration of the surface, 
environment, relative age and composition allows for a 
filtering of the surface noise and will enable the identification 
of cleaner and subtle geochemical anomalies  

Extensive geomorphological and surface mapping 
undertaken over the Deerhorn deposit is being integrated with 
the organic, inorganic and physicochemical results from 150 
sample sites cross cutting the porphyry and extending into 
background to differentiate true anomalous response from 
background noise and false anomalies. 

 
[1] Bissig et al (2013) Geoscience BC Report NTS 093A/03, 
/06 [2]. Eppinger et al (2013) Economic Geology 3, 495-527 
[3] Hamilton et al (2004) GEEA 4, 33-44 
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Recent study suggests that incipient CO2-rich melts, known 

to be broadly stable in the entire asthenosphere, could explain 
low seismic velocities and high electrical conductivities 
supposed to delineate the lithosphere-asthenosphere boundary 
[1]. The carbon content required to trigger the appropriate 
amount of CO2-rich melt is at the upper bound of the (wide) 
range inferred by various geochemical models. Additionally, 
such incipient melts are very mobile due to their unusual 
physical properties. The consequence of this mobility, so far 
poorly investigated, challenges geochemical models and 
certainly impacts on the geophysical signals. 

Here, we have used a two-phase flow mathematical 
formulation [2] [3] (i.e. simultaneous melt migration and solid 
compaction) to build a one-Dimensional numerical model. 
This 1-D model includes melting and crystallization bounds of 
CO2-rich melt as recently defined by experimental phase 
diagrams and advection by thermal convection of the two-
phase region of interest. It allows computing the temporal 
evolution of melt fraction as a function of depth into the Earth 
mantle and evaluating the role of convection and melt and 
mantle properties (density, viscosity, permeability) on the 
dynamics of melt rise, depletion and accumulation. 

Our model indicates that CO2-rich melt migration and 
mantle compaction induce melt segregation and rapid ascent in 
the form of compaction waves, that is, melt rich layers in a 
melt-depleted mantle. The layer of high melt fraction (>1%) 
formed by this process at and below the Lithosphere-
Asthenosphere Boundary (LAB) could explain the 
seismological and electrical observations and participate to the 
formation of a low viscosity layer at the base of the 
lithosphere. In addition, these melt-rich layers constitute 
mobile mantle zones being strongly enriched in incompatible 
elements and in CO2.   
 
[1] Sifré et al (2014), Nature 509, 81-85. [2] Bercovici & 
Ricard (2003), G.J.Int 152, 581–596. [3] Richard et al (2007), 
G.J.Int 168, 1291-1304. 
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Pescadero Estuary is a complex, large bar-built estuary 

located along the Pacific coast of California. Separated from 
the ocean (i.e. closed) for 3-10 months per year, bar-built 
estuaries open with heavy rainfall. Pescadero has experienced 
near-annual fish mortality events since 1995, coinciding with 
the opening of the sandbar [1, 2]. Our previous work suggests 
that sulfate reduction and sulfide precipitation are dominant, 
spatially-dependent processes during the estuary’s closed state. 
However, the indirect effects of the metal sulfide precipitates, 
which chemically deoxygenates and acidifies the water when 
oxidized [3], may be implicated in fish mortalities in the open 
state.  

We seek to expand our knowledge of the geochemical 
conditions resulting in fish mortality events in the Pescadero 
Estuary. For that purpose, we investigated the spatial (thirty-
two sites) and temporal (monthly: from closed to open state) 
variability in the sediment and overlying water physico-
chemistry, including sulfate, hydrogen sulfide, and chloride 
concentrations as well as pH. At four of these sites, sediment 
pore water was also characterized on a bi-monthly temporal 
scale. Combined with previously-measured kinetic parameters 
of sulfate reduction, the pore water sulfate concentrations were 
used to estimate near in situ biogeochemical rate processes in 
sediment. 

The pore water concentration profiles and overlying water 
composition indicate increases in sulfate concentration (from 
0-5 to 0-25 mM) and chloride concentration (from 60-230 to 
80-325 mM) as the estuary opens and flushes. Despite mixing 
of estuarine water with alkaline seawater, our results also show 
decreases in pH (from 7.5-8.5 to 6.5-7.5). This implies that the 
indirect, oxidative effects of sulfide precipitates may be 
implicated in poor water quality in the open state. Due to the 
elevated sulfate concentrations in pore water, near in situ 
sulfate reduction and sulfide precipitation rates are an order of 
magnitude larger than estimated for the water-sediment 
interface and correlate with the spatial heterogeneity of fish 
mortality events at Pescadero. 

 
[1] Swenson (1999) Environ. Biol. Fish. 55¸ 99-114. [2] Sloan 
(2006) Master’s Theses 3032. [3] Schippers & Jørgensen 
(2002) Geochim. Cosmochim. Acta. 66, 85-92. 
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More than 140 million people worldwide are exposed to 

dangerous concentrations of arsenic in drinking water [1]. In 
shallow aquifers typical of South and Southeast Asia, arsenic is 
naturally mobilized from sediments into groundwater 
following the reductive dissolution of arsenic-bearing 
minearals, a process requiring metal reducing bacteria and 
organic carbon [2] [3]. Although the mechanisms controlling 
arsenic mobilization are generally understood, a critical but 
unresolved issue is unequivocally establishing the influence of 
surface waters which may be drawn down to depth via large 
scale groundwater withdrawal [4] [5]. If this surface water 
contains bioavailable organic matter critically implicated in 
arsenic release, surface water ingression may be exacerbating 
the release of arsenic at depth. 

This study thus aims to develop a high resolution profile of 
surface water incursion into a well-characterized, arsenic 
bearing aquifer in Kandal Provice, Cambodia. A series of 
borehole clusters have been installed along vertical and 
horizontal groundwater flowpaths, allowing a high resolution 
profile to be established.  The transect  encorporates  features 
which may lead to natural ground-surface water interactions 
such as areas of sand-dominated lithology, ponds, and seasonal 
variations in monsoonal flow patterns, even in the absence of 
large-scale groundwater withdrawal. A suite of geochemical 
(e.g. As, Fe, SO4, HS, NH4, NO3, NO2, PO4, Mn) including 
isotopic (e.g. 3T/3He, δ18O, δ2H) tracers are used to assess the 
recharge sources of the groundwater.  These results have 
implications on understanding the relative importance of 
surface-derived sources in arsenic release, and thus contribute 
to the mechanistic understanding of a critical threat to public 
health. 
 
[1] Smedley & Kinniburgh (2002), Appl. Geochem., 17, 517-
568. [2] Charlet & Polya (2006), Elements, 2, 91-96. [3] Islam 
et al (2004), Nature, 430, 68-71. [4] Harvey et al (2002), 
Science, 298, 1602-1606. [5] Lawson et al (2013), Env. Sci. 
Technol. 47, 7085 - 7094. 
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Introduction 
For many applications in geochemistry research isotope 

ratio measurements play a significant role. For instance, in 
geochronology isotope abundances of uranium and its daughter 
products thorium and lead are being used to determine the age 
and history of various samples of geological interest. For 
measuring the isotopic compositions of these elements by mass 
spectrometry, suitable isotope reference materials are needed 
in order to validate measurement procedures and to calibrate 
Faraday cup multi-collector and ion counting detector systems. 
IRMM is a recognized provider for nuclear isotope reference 
materials to the nuclear industry and nuclear safeguards 
authorities, which are also being applied widely for 
geochemical applications.  

Amplifiers with 1013 Ω  Resistors 
In order to reduce the signal-to-noise ratio, higher 

resistances can be utilized for Faraday cup current amplifiers. 
This is particularly important for measuring ion currents at the 
level of 10-16–10-14 A which are in the overlap region between 
secondary electron multipliers and Faraday cups. After 1012 Ω 
resistors have been introduced successfully several years ago, 
recently 1013 Ω resistors have been introduced [1]. 

Since amplifiers with 1013 Ω resistors are not included in 
the standard instrumental calibration procedure, at the IRMM 
certified uranium isotope reference materials have been 
introduced for the development of calibration procedures and 
for evaluating the measurement performance in terms of 
precision and accuracy. 

In this paper the design and performance of a multi-
dynamic calibration procedure for the amplifiers with 1013 Ω 
resistors will be presented, by which the gain calibration 
factors can be determined with uncertainties at the level of 
<50ppm. Additionally, measurements of the gravimetrically 
prepared reference materials series IRMM-075 with certified 
236U/238U ratios at the order of 10-4-10-6 will be presented in 
order to show the performance for amplifiers with 1013 Ω 
resistors in measurements of extremely low 236U ion currents. 
 
[1] J. M. Koornneef, C. Bouman, J. B. Schwieters, G. R. 
Davies, 2014, Analytica Chimica Acta, 819, 49–55 
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The kinetic isotopic fractionaton factor of carbon fixation 
during photosynthesis, mediated by the enzyme Rubisco, is 
widely accepted to be ~ 25 ‰, measured on the spinach form 
1B of the Rubisco enzyme. This constant lies at the heart of 
reconstructions of the past carbon cycle.  It is employed in both 
physiological models to derive atmospheric carbon dioxide 
from the carbon isotopic fractionation by algae, and in 
isotopically constrained geological models of the partitioning 
of carbon between the ocean-atmosphere system and burial as 
inorganic and organic reservoirs. Recent work has suggested 
that the form 1D Rubisco isotopic fractionation factor could be 
as low as 18 ‰ in diatoms [1], and 11 ‰ in coccolithophores 
(Emiliania huxleyi, [2]).  

We have established a history of positive adaptation within 
both the Rubisco Large Subunit and Rubisco Small Subunit 
across the Haptophyta algae suggestive that there have been 
significant changes in the Rubisco genetic sequence towards 
the emergence of E. huxleyi. Our assays on Rubisco extracted 
from descendants of these lineages, demonstrate that each 
genetic change translates to alterations in the enzyme affinity 
for carbon. Throughout the declining atmospheric carbon 
dioxide of Earth history, the evolutionary trend is towards a 
relaxation in Rubisco affinity for carbon due to the increasing 
employment of a carbon concentrating mechanism to 
overcome the inate inefficiency of the Rubisco enzyme. We 
demonstrate that changes in the algal Rubisco affinity for 
carbon vary linearly with the enzyme carbon isotopic 
fractionation factor such that over geological history, the 
carbon isotopic fractionation factor of Haptophyte Rubisco has 
decreased signficantly. A reduction in Rubisco fractionation 
factors likely plays a role in the trend of increasingly 
isotopically heavy marine organic matter since the Cretaceous. 

 
[1] Boller, A. J. et al, GeoBiology, 13, 33-43, 2015 [2] Boller, 
A. J. et al, GCA, 75, 7200-7207, 2011 
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Hafnium isotopes released during weathering are more 
radiogenic than the compositions in weathered source rocks. 
This incongruency reflects differential weathering of rock 
forming minerals characterized by variable Lu/Hf ratios and Hf 
isotope compositions. Our understanding of the parameters, 
which could reduce or increase the incongruency is limited and 
not well substantiated by observations in the weathering 
environment.  Here, we report on dissolved and particulate Hf 
and Nd isotope compositions from glacial and non-glacial 
rivers and streams of the neighbouring Leverett and Russell 
Glaciers in West Greenland, complemented by measurements 
of catchment sediments, bulk rocks and mineral separates. The 
catchment largely consists of amphibolite facies gneisses and 
granites, but layers and lenses of metabasite also occur. Due to 
the Archean age weathering contributions from specific 
minerals should be detectable.  

Most of the Nd data is isotopically quite uniform, between 
εNd = -43 and -38. Hafnium isotopes, however, show large 
variations, becoming increasingly more radiogenic from felsic 
bulk rocks (εHf = -60 to -55) to catchment sediments (-55 to -
47), riverine suspension (-46 to -35) and dissolved Hf (-18 to -
7 in glacial, +16 to +46 in nonglacial rivers). The variation in 
Hf isotope compositions of the different solid samples can be 
explained by mineral sorting and decreasing abundances of 
zircons. The large difference between riverine suspension and 
dissolved Hf, however, has to reflect the preferential 
weathering of radigogenic minerals. Although titanite in the 
gneisses (εHf = +21, +177) is likely to contribute to the 
radiogenic dissolved Hf, an even larger effect arises from the 
weathering of metabasite-hosted garnet (εHf = +1308) and 
epidote (+123).  

Although the strongly incongruent weathering in both 
catchments suggests that glacial grinding is not very effective 
in promoting the release of unradiogenic Hf from zircons, an 
indication of such an effect still arises from the comparison of 
glacial and non-glacial streams, which are more radiogenic by 
several tens of epsilon units. 
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The assumed temperature (± precipitation, vegetation, 
pCO2) dependence of the global rate of (calcium-magnesium) 
silicate rock weathering is the cornerstone of our 
understanding of the long-term stabalization of surface climate. 
Indeed, much of the basis for iconic conceptual models of the 
evolution of atmospheric CO2 through the Phanerozoic, such as 
‘GEOCARB’, relies on this relationship holding true (and at 
times qualitatively modified by plant evolutionary transitions 
and plate movements). As such, identifying geological 
evidence that not only explicitly supports the existence of such 
a mechanism, but helps to constrain its sensitivity (and by 
inference, elucidates the role played by e.g. organic carbon 
burial and low temperature sea-floor weathering), is critical. 

Evidence may be sought from a variety of geological 
deposits and events, from carbonate preservational 
‘overhsoots’ associated with the recovery of the Earth system 
from massive CO2 release at the Paleocene-Eocene Thermal 
Maximum, through movements (or not, as it turns out) of the 
carbonate compensation depth in the ocean acorss multi Myr 
intervals of monotonic climate warming, to supposedly, the 
occurrence of anomalous ‘cap carbonate’ deposits in the 
immediate aftermath of extreme Neoproterozoic glaciation. 
But do any of these lend themselves to unambiguous 
interpretation in terms of a negative feedback on climate via 
enhanced silicate weathering? 

In this talk I’ll use an Earth system model (of course) to 
explore some of the proposed lines of evidence for the 
existence of the global weathering thermostat (of the terrestrial 
silicate variety). I’ll illustrate to what extent silicate weathering 
feedback can explain geological observations, and what 
alternative explanations may or may not be possible or 
desirable. 
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A stalagmite from Zoolithencave (Bavaria, Germany) was 

analysed for visible, elemental and UV-luminescent 
lamination. The visible lamination was determined on thin 
sections, and lamina thickness was measured with the software 
analySIS pro (Olympus). The elemental concentration was 
measured by LA-ICPMS (Element 2, ThermoFinnigan,  
213 nm Nd:YAG Laser, NewWave) and UV Spectral-
Luminescence Scanning (UV-SLS) of the stalagmite. Its age is 
constrained by 14C-dating of a charcoal piece deposited below 
the stalagmite and detection of the radiocarbon bomb peak. 
The dating results show that this stalagmite grew in 
approximately during the last 200 years, and the age model 
was improved by lamina counting. The preliminary results 
show that all three types of annual lamination (visible, 
elemental and UV-SLS) occur in this stalagmite. The 
concentration of Mg, Sr and Ba reflects the annual variability 
with higher values in the brighter than in the dark layers. The 
concentration of P can be used as an indicator for soil activity, 
which increases in the darker layers. These darker layers are 
induced by humid acids from the soil above the cave. 
Therefore, P was compared with the G/B ratio of the UV-SLS, 
which is as well an indicator for humic acids originating from 
the soil. 
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Oxybarometric calculation show that lavas at convergent 

plate margins are, on average, more oxidised than mantle-
derived magma from other tectonic settings. One way of 
oxidising the source of arc lavas in the mantle wedge is the 
addition of oxidised species, such as S6+, C4+ and possibly Fe3+ 

in slab-derived fluids. If so, this requires an efficient transport 
mechanism of these into the overlying mantle wedge. 
However, the remote nature of these processes render direct 
investigations impossible, and little is known about the 
plausible reduction-oxidation mechanisms at sub-arc P-T-X 
(pressure-temperature-composition) conditions.  

Here, we study the mineralogy and chemistry of orogenic 
peridotites from the Western Gneiss Region of Norway. These 
mantle sections are considered to be parts of supra-subduction 
mantle that are chemically altered by fluids at high to ultra-
high P, evidenced by the presence of metasomatic majoritic 
garnet and diamond, and consistent with P-T conditions close 
to the slab-wedge interface. The presence of sulfate and 
carbonate in meter-scale, metasomatic veins indicate addition 
of oxidised fluids. Reaction with ambient mantle caused 
oxidation via an increase in Fe3+/∑Fe, evidenced by domains 
with hematite-rich inclusions, and reduction of fluid-borne 
sulfate and carbonate to precipitate sulfides and graphite. In-situ 
analyses of these metasomatic sulfides revealed S isotope 
signatures inconsistent with derivation from mantle sulfides, 
and most plausibly related to slab-derived S. This result is 
consistent with platinum group element patterns in the same 
sulfides.  

We propose a model for efficient transfer of oxidation 
potential from the slab to the loci of arc melting in which slab 
fluids can travel in self-oxidising channels. Therein, wall-rock 
oxidation may shield fluids from the mantle ferric-ferrous 
buffer, thus providing effective pathways for transfer of 
oxidised fluids. Our study therefore supports a link between S 
and C subduction cycles and oxidation of arc magmas via a 
network of oxidised sub-arc fluid/melt channels.  
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The short-and long-term passive and remote monitoring of 

the bentonite-based Engineered Barrier System (EBS) typical 
of a number of geological concepts for the disposal of high-
level nuclear waste is central to demonstration of safety. As 
part of a major EPSRC-NDA sponsored research consortium 
focused on the monitoring of EBS (SAFE Barriers) we are 
investigating the capability of selected permanent magnets (in 
particular commercial N42 grade NdFeB alloy) to detect the 
evolution of groundwater chemistry within the EBS through 
the variation of their magnetic signals with time as a 
consequence of their reaction and corrosion. 

NdFeB alloys were put in sealed and saturated 
environments within Na-bentonite matrix and not and reacted 
with distilled, alkaline and saline waters for 5 months at 70°C. 

Corrosion effects were greater for magnets embedded in 
bentonite and reacted with saline waters, with complete 
disaggregation of the alloy (and realignment of the magnetic 
particles) and preferential corrosion of the intergranular phase; 
the main magnetic phase underwent hydrogenation, reflected 
in a big shift of PXRD reflections towards lower angles and in 
an increasing Curie temperature. 

Other samples showed hydrogenation of the main magnetic 
phase but far less intense exfoliation processes and hence no 
realignment of the magnetic particles. The corrosion started 
aerobically, with precipitation of Fe oxyhydroxides at the 
water/clay interface and then proceeded anaerobically with 
neoformation of mixed-layers of Fe-smectite and Na-
montmorillonite at the magnet/clay interface. 

Magnets reacted in aqueous media showed surface 
passivation and little hydrogenation only with Ca(II) in 
solution in alkaline solutions. In the most corroded samples, 
presence of hydrogen gas was detected, and the amounts of 
Nd(III), Fe (III, II) and other metallic cations in solution were 
negligible for all the samples. 

These experiments confirmed the capability of commercial 
grade NdFeb permanent magnets to detect different water 
compositions through the variations of their magnetic 
properties. 
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Organic compounds form a significant fraction of 
atmospheric sub-micron particulate matter. The biosphere has 
traditionally been thought to be the primary source of organic 
aerosol,  suggesting that organic particulate matter would be an 
important component of the atmospheric composition even 
without any human interference. Knowing the sources, 
atmospheric processing and loss mechanisms of biogenic 
organic particles is necessary for quantifying the pre-industrial 
baseline to which the present day conditions are compared 
when estimating the human effects on atmospheric 
composition, radiative forcing and climate.  

After entering the atmosphere, organic aerosol constituents 
interact with inorganic compounds (such as sulfate, nitrate and 
sea salt) and cloud water. Understanding these interactions is 
necessary for accurate assessment of the consequences of 
political choices related to e.g. land-use change, urban air 
quality or agricultural emissions.  

I will present an overview of our recent work focusing on 
the interactions of atmospheric organic compounds with 
inorganic aerosol constituents and cloud water – ranging from 
studies of molecular scale phenomena to macroscopic scale 
modeling of atmospheric composition and clouds. On one 
hand, I will focus on the condensed-phase processes 
influencing the volatility, solubility and surface activity of 
organic aerosol involving interactions between organic, 
inorganic, and  water molecules. On the other hand, I will 
present results from large-scale modeling studies investigating 
the sensitivity of atmospheric aerosol loadings and effects to 
the representation of these molecular phenomena. Finally, I 
will discuss the important future directions for understanding 
the key processes coupling the anthropogenic and biogenic 
impacts on atmospheric composition, air quality and climate.    
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Compacted bentonite is considered to be suitable as 

geotechnical barrier in the context of high level radioactive 
waste repositories in crystalline host rocks. Montmorillonite is 
the dominant clay mineral of most bentonites which is 
characterized by its swelling abilities favouring clogging of 
water bearing fractures and thereby contributing to a safe 
enclosure of the waste. In the case of a canister failure due to 
corrosion or mechanical stress radionuclides get in contact 
with the surrounding bentonite buffer under porewater 
conditions and sorption will occur. One of the  evolution 
scenarios in the Scandinavian countries are future glaciation 
periods and the intrusion of diluted glacial meltwater down to 
repository depths. Thereby the compacted bentonite will come 
in contact with low mineralized groundwater via water 
conducting features (fractures) causing bentonite swelling, gel 
formation and clay colloid/nanoparticle release at the 
bentonite-water interface. Radionuclide bearing bentonite 
colloids/nanoparticles may leave the repository due to 
advective transport. Therefore, the bentonite erosion process 
with respect to the safety assessment of a deep radioactive 
waste repository in crystalline host rock has to be investigated 
in two perspectives; (a) quantification of the erosion rate, 
characterization of the eroded material and its mobility and (b) 
the interaction of the eroded material with radionuclides. 

Different bentonites are used for colloid generation and 
characterized concerning colloid size, size distribution, 
mineralogy and concentration via Laser Induced Breakdown 
Detection (LIBD), s-Curve-LIBD, ICP-OES, ICP-MS and 
ESEM-EDX. Radionuclide sorption and reversibility studies 
on bentonite colloids are carried out under bentonite porewater 
conditions followed by desorption studies under natural 
granitic Grimsel ground water conditions. Radionuclide 
cocktails are used containing Cm or Eu for time resolved laser 
fluorescence spectroscopy (TRLFS) and other radionuclides 
(Se, Tc, Cs, U, Np, Pu, Am, Th) in accordance to the Long 
term In situ Test (LIT) in the framework of the Colloid 
Formation and Migration (CFM) project at the Grimsel Test 
Site (GTS, Switzerland) (www.grimsel.com). 
 

 

2641



 Goldschmidt2015 Abstracts  

 2642 

Experimental diagenesis: Exploring 
the impact of differential fluid 
temperature and chemistry on 

biogenic aragonite 
ANN-CHRISTINE RITTER1*, VASILEIOS MAVROMATIS2, 

MARTIN DIETZEL2, WOLFGANG SCHMAHL3,  
ERIKA GRIESSHABER3, LAURA CASELLA3,  

JENNIFER KOELEN1, ROLF NEUSER1,  
ANDREA NIEDERMAYR1, DIETER BUHL1 AND  

ADRIAN IMMENHAUSER1 
1Ruhr-University, Bochum, Universitätsstraße 150, 44801 

Bochum, Germany,  
(*correspondence: ann-christine.ritter@rub.de) 

2Technical University Graz, Rechbauerstraße 12, 8010 Graz, 
Austria 

3Ludwig-Maximilians-University, Munich, Theresienstrasse 
41, 80333 München, Germany 

 
Aragonitic shells of the molluscan bivalve Arctica 

islandica are widely used as climate archives. The shell of A. 
islandica yields information on environmental change and 
climate dynamics with life spans of individual specimen 
reaching up to three centuries (Schöne et al 2005[1]). 
Nevertheless, the assessment of fossil shells of Arctica 
islandica – and generally of any aragonitic endo- or 
exoskeleton – is limited due to post-depositional/post-mortem 
diagenetic overprint. The present study aims at a better 
understanding and quantification of diagenetic overprint of 
fossil shell material using A. islandica as a test organism.  

The approach followed here was to expose pristine shell 
material to fluids representing meteoric, marine and burial 
aquatic environments under different experimental 
temperatures and durations. Before and after artificial 
alteration, shell material is characterized using different optical 
(thin section and cathodoluminescence microscopy, SEM) and 
geochemical (δ13C, δ18O, main and trace elements) techniques. 
Comparison of data obtained from recent unaltered and 
artifically altered as well as the direct comparison with 
naturally altered, fossil shell material sheds light on patterns, 
processes and threshold limits.  

 
[1] Schöne, Bernd R. et al, Palaeogeography, 
Palaeoclimatology, Palaeoecology 228.1 (2005): 130-
148."Climate records from a bivalved Methuselah (Arctica 
islandica, Mollusca; Iceland)."  
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Chicxulub event deposits occur world-wide in different 

settings but only few sites still contain ejected pristine impact 
glass [1] [2]. We have investigated glass spherules from one of 
this rare locations, i.e., Beloc, Haiti, using optical and electron 
microscopy, electron microprobe and in-situ LA-ICP-MS.  

The mm-sized spherules are partly or totally altered to 
poorly crystallized smectite but original textural features are 
well preserved. The average trace element composition of 
glass matches that one of the upper continental crust. Hints for 
a “meteoritic component” are lacking (Ni/Cr <1.3; Pt below 
detection limit). Compared to fresh glass, smectites are 
strongly depleted in REE (sub-chondritic abundances) and 
other trace elements, except for Li, Sc, V, Ni, Ga, Ge, and Ba. 
We observe in the semectite a positive Eu and a strong 
negative Ce anomaly; the latter is explained by formation of an 
organic Ce4+-complex, soluble under reducing conditions. 
Zr/Hf of glasses and smectites is chondritic to super-chondritic 
(35 – 40), whereas Nb/Ta in smectite is sub-chondritic (5 – 12) 
compared to Nb/Ta in the glass (~ 14 – 18). The low Nb/Ta is 
due to the low Nb concentrations in the smectite. This 
alteration of impact glass to smectites at low temperature 
occurred in an open seawater-rock-system, but was incomplete 
– relic glass cores are present. These chemical changes 
accompanying the alteration are related to pH, fO2, and the low 
adsorption capacity of the very fine-grained smectites having a 
low degree of crystallinity. 

We have documented for the first time a signifcant change 
in diagnostic elemental ratios during alteration of ejecta 
spherules – this has to be taken into account in the 
interpretation of geochemical data of impact materials but is 
also of interest for alteration of volcanic glass. 
 
[1] Schulte P. et al (2010) Science 327: 1214-1218. [2] Smit J. 
(1999) Ann. Rev. Earth Plan. Sci. 27: 75–113. 
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Phosphorus (P) is an essential element for life and a 
limiting nutrient in many ecosystems [1] [2]. Phosphorites 
(sedimentary deposits usually composed of carbonated 
fluoroapatite, a Ca-phosphate phase) are the main long-term 
sink in the biogeochemical P cycle. Despite their importance, 
the processes involved in their formation remain poorly 
understood. 

It is now well recognized that microorganisms are involved 
in the P cycle, by their ability to actively store (as intracellular 
polyphosphates, Poly-P) or release inorganic phosphate (Pi or 
orthophosphate H3PO4). Pi is subsequently available for the 
biosphere or trapped by the biomineralization of mineral 
phases such as calcium or iron phosphates (or other metals 
e.g.,Pb, Cr, U…). Yet, the microbial molecular processes 
involved in the phosphatogenesis, their evolution over 
geological time, and their relationship to the environmental 
conditions remain unknown. 

We aim to establish a biogeochemical model of the 
formation of phosphate deposits. We focus at first on an 
analytical characterization (enzymatic assays, quantification of 
different P species, microscopy) of environmental samples and 
cultures of microorganisms isolated from different depths in 
the water column of Lake Pavin (Massif Central, France). This 
is a meromictic, permanently stratified lake, with anoxic deep 
waters in which iron phosphates currently form [3-5].  

The preliminary results and next challenge goals will be 
presented. 
 
[1] Paytan A., McLaughlin K. (2007) Chemical reviews 
107:563-576. [2]  Pasek M.A. (2008) PNAS 105(3): 853-858.  
[3] Michard G. et al (1994) Chemical Geology 115: 103-115. 
[4] Viollier E. et al (1997) Chemical Geology 142: 225-241. 
[5]  Cosmidis J. et al (2014) Geochimica et Cosmochimica 
Acta 126:78-96.  
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Understanding Earth’s mantle dynamics requires 
information about the initial state of chemical differentiation of 
the silicate Earth. Short-lived isotope systems can provide 
important information about Earth’s primary differentiation 
and early chemical evolution. The Hf-W isotope system (182Hf 
→ 182W, t½ = 8.9 Ma) is particularly valuable for studying 
events that occurred during the first ~50 Ma of Solar System 
history. Existing high-precision W isotope data from modern 
mantle-derived samples suggest that early-formed 
heterogeneities were subsequently erradicated by mantle 
convection. Here we report data for samples from the ~ 60 Ma 
Baffin Island and the ~ 120 Ma Ontong Java Plateau lavas. 
Both large igneous provinces may have sampled a primitive, 
undegassed deep Earth reservoir that has remained isolated 
shortly after Earth formation [1] [2]. We characterize the 
chemical nature of this reservoir via W and highly siderophile 
element (HSE) concentrations, 182W, Re-Os and He isotopic 
compositions of these samples. Tungsten concentrations for 
lavas from the Ontong Java Plateau and Baffin Island range 
from 11 ppb to 62 ppb, with the chilled glassy margins having 
systematically 30-50% more W than the cores of the pillows. 
The rim and core of one Baffin Island sample yield μ182W 
anomalies of 9.9 ± 5.7 and 8.9 ± 2.2 ppb, respectively, 
compared to other young mantle-dervied rocks. These 182W 
variations could reflect their derivation from a reservoir that 
was isolated from late accretionary additions [3]. However, the 
Os isotopic composition and HSE abundances of this sample 
are consistent with derivation from a source with normal HSE 
in chondritic relative abundance. Regardless of the cause of the 
182W isotopic anomaly, these results suggest that the mantle 
reservoir sampled by this lava formed during the first ~50 Ma 
of Solar System history and has survived to the present. 
 
[1] Starkey et al, 2009, EPSL [2] Jackson and Carlson, 2011, 
Nature. [3] Willbold et al, 2011, Nature.  

2645



 Goldschmidt2015 Abstracts  

 2646 

Testing ‘Bio-inorganic Bridges’ using 
the iron formation record:  
Updates on nickel and zinc 

L. J. ROBBINS1*, S. V. LALONDE2, A. M. MLOSZEWSKA3, 
A. KAPPLER2 AND K. O. KONHAUSER1 

11-26 Earth Sciences Building, University of Alberta, 
Edmonton, Alberta, Canada, T6G 2E3 (*correspondence: 
lrobbins@ualberta.ca). 

2UMR6538 Laboratoire Domaines Océaniques, European 
Institute for Marine Studies Technopôle Brest-Iroise, Place 
Nicolas Copernic, 29280 Plouzané, France 

3Universität Tübingen, Angewandte Geowissenschaften, 
Hölderlinstraße 12, 72074 Tübingen, Germany 

 
A ‘bio-inorganic bridge’ links changes in the inorganic 

chemistry of the ocean with biological evolution [1]. When 
first proposed, there were relatively few examples of bio-
essential trace elements that had been extensively studied in 
the sedimentary rock record of deep geological time. However, 
with recent investigations into trace element concentrations in 
Precambrian banded iron formations (BIF) and shales, this is 
no longer the case [2–4]. Here we examine updated 
compilations of nickel and zinc in BIF, which show vastly 
different temporal trends and have unique implications for the 
emerging biosphere. A dramatic decline in nickel is thought to 
have contributed to a collapse of methanogens ca. 2.7-2.5 Ga, 
with implications for timing of the Great Oxidation Event [2]. 
Zinc, on the other hand, was previously thought to have been 
present at very low concentrations in the early oceans, 
becoming bioavailable and rapidly incorporated into 
eukaryotic enzymes during the Neoproterozoic; this trace 
element trajectory was proposed to be a contributing factor to 
the delay in eukaryotic evolution [5]. However, in the BIF 
record, zinc appears to be relatively constant over geological 
time [3]. This calls into question which bio-essential trace 
elements can be viewed in terms of ‘bio-inorganic bridge’ 
hypotheses vs. other intrinsic and/or environmental factors that 
may act as the driving force behind biological evolution. 

 
[1] Anbar & Knoll (2002) Science 297: 1137-1142. [2] 
Konhauser et al (2009) Nature 458: 750-753. [3] Robbins et al 
(2013) Geobiology 11: 295-306. [4] Scott et al (2012) Nature 
Geoscience 6, 125-128. [5] Dupont et al (2010) PNAS 107: 
10567-10572. 
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A possible origin for the mass independent isotope 
fractionation factor η  observed during the synthesis of ozone 
[1] was proposed [2] based on the conjecture that the lifetimes 
of the different isotopomers of the complexes - later stabilized 
as ozone - cannot be equal if they result from reactions 
involving dis- or indistinguishable isotopes. Accordingly, 
η  was assigned to the lifetime ratio between these two types of 
complexes. It was shown that, although predicted by the 
exclusion principle, this effect can be calculated at a first order, 
in classical mechanics. A schematic and simple interpretation 
of this effect will be presented graphically. 

In this first attempt [2], η   was considered as constant for 
all the reactions involving the 3 isotopes of oxygen. Here we 
will show that this assumption is only valid within ±40‰. 
Indeed, the measured isotopic fractionation factors for O3 
formed only by reactions involving only indistinguishable 
isotopes (as for example the 17O17O17O/16O16O16O ratio) show a 
systematic departure from unity that is not predicted by the 
usual mass dependent isotopic fractionation theory. If the 
isotopic masses are taken into account in the calculation of η, 
the lifetime ratios reproduce these slight isotopic variations.  

The present formalism developed for ozone is extended to 
other chemical elements and yield theoretical isotopic 
distribution patterns. Some of these patterns show similarities 
with those measured in various phases of the carbonaceous 
meteorites and generally attributed to nuclear effects. It is thus 
possible that unidentified isotope effects caused by the 
production of reactive molecular species via photochemistry 
has played an important role in the formation of the first solids 
of the solar system. 

 
[1] Thiemens, M.H., Heidenreich, J.E., 1983. Science 219, 
1073-1075. [2] Reinhardt, P., Robert, F., 2013. Earth and 
Planetary Science Letters 368, 195-203. 

2647



 Goldschmidt2015 Abstracts  

 2648 

Uranium incorporation into 
magnetite with varying Fe(II)/Fe(III) 

and U concentration 
H.E. ROBERTS1, G.T.W. LAW2, K. MORRIS1,  

J.F.W. MOSSELMANS3,  P. BOTS1, F.R. LIVENS2 AND S. 
SHAW1* 

1School of Earth, Atmospheric and Environmental Sciences, 
Univ. of Manchester, M13 9PL, UK.  
(*correspondence: sam.shaw@manchester.ac.uk) 

2School of Chemistry, Univ. of Manchester, M13 9PL, UK. 
3Diamond Light Source Ltd., Didcot, OX11 0DE, UK. 
 

The nuclear fuel cycle has left a significant legacy of 
contaminated land and radioactive waste. Many nations 
currently plan to dispose of their higher activity radioactive 
wastes within deep geological disposal facilities. However, it is 
predicted that over long timescales (1000’s – 10,000’s years), 
steel containers that encase the waste will undergo anaerobic 
corrosion, potentially leading to the release of radionuclides, 
including uranium. This process will result in the formation of 
a number of solid phases, including the iron oxide magnetite 
(FeIIFeIII

2O4). Uranium is known to sorb to magnetite via 
various mechanisms, including surface mediated reduction to 
U(IV), and incorporation within the mineral structure. These 
sorption processes may significantly limit the migration of U 
within the repository system. Despite this importance, the 
mechanism(s) of U incorporation into magnetite, and the 
impact of U concentration  and magnetite stoichiometry, are 
poorly understood.  

In this study, magnetite was synthesised under anaerobic 
conditions via a direct precipitation process in the presence of 
U(VI). The concentration of U(VI) (0.3 - 3wt %) and the 
magnetite stoichiometry (Fe(II)/Fe(III) ratio, x = 0.5 - 0.8) 
were varied during the reaction. X-ray absorption spectroscopy 
(XAS) indicated that with increasing Fe(II)/Fe(III) ratio(x), an 
increasing fraction of U becomes directly incorporated into 
magnetite via substitution of octahedrally coordinated Fe. At x 
= 0.5, a mixture of incorporated U and U(VI)(adsorbed) is formed. 
With increasing x, a mixture of incorporated U and U(IV) is 
observed and with an increasing U(IV) contribution at x = 0.8. 
In addition, XANES data suggest the incorporated uranium is 
present as U(V). Dissolution experiments indicate that the 
majority of the U is strongly bound to the magnetite, 
supporting the findings from the XAS. These data suggest that 
U incorporation with magnetite may have an important impact 
on the mobility of U in an engineered geological disposal 
facility.  
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Many coastal waters are nitrogen limited and hence 
nitrogen loads entering these systems is a high management 
priority. In urban regions constructed wetlands treat nitrogen 
under base and, more importantly, event flow conditions via 
two key processes; assimilation (N-storage, 15ε = 5-15‰) and 
benthic denitrification (N-removal, 15ε = ~2‰). Inlet and outlet 
concentrations are often used to examine the effectiveness of 
these systems however these measurements provide little 
information on system function unless more time intensive 
process measurements are undertaken. We propose that stable 
isotopes of NO3

-, NH4
+, periphyton-N and sediment-N can 

provide useful qualitative information on wetland nitrogen 
pathways.  

In two urban wetlands (Melbourne, Australia) preliminary 
results have shown an increase of ~2‰ in the δ15N signature of 
the sediment from the inlet to the outlet indicating isotope 
fractionation occurs within the wetland as water passes through 
it. Further, transect sampling of δ15N and δ18O-NO3

- from the 
inlet to outlet throughout a rainfall event showed a dependence 
on wetland type. In a poorly vegetated-turbid wetland the NO3

- 

decreased from inlet to outlet and there was minimal 
fractionation within the residual NO3

- pool suggesting, as 
expected, benthic denitrification was the dominant N-removal 
pathway. Comparisons with isotope fractionation in vegetated 
wetlands will also be discussed.  
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The estimation of carbon budget for an entire convergent 

margin depends on the approach for each single volcano across 
a targeted volcanic arc segment. We attempt to improve the 
method for quantifying the CO2 output at San Cristobal 
volcano (Nicaragua) with crater plume gas measurements 
combined with preliminary melt inclusion records of pre-
eruptive dissolved volatile abundances. Samples were taken 
from olivines collected from fine ashes and scoria deposits of 
explosive eruptions from Holocene to the 1971-present 
eruptive cycle at San Cristobal volcano (VEI= 1-3). During a 
stage of quiescent degassing, the H2O-CO2-SO2 volcanic gas 
plume composition of San Cristobal has been measured with 
an electrochemical/NDIR(Multi-GAS) and UV-DOAS 
instruments in the field, showing a degassing mechanism 
dominated by H2O (85-97 mol%; mean of 92%), and by CO2 
(2-12 mol%; mean of 6%; 523 +/- 263 t/d fluxes) and SO2  
(3-5 mol%; mean of 3.8%; 181 +/- 35 fluxes). The actual 
volatile content measured by mFTIR and NanoSIMS on melt 
inclusion are quite low and represent the initial gas mixture 
environment with 0.04 % CO2 and 2.1% H2O. Based on a 
detailed textural melt inclusion assemblage description with 
optic microscopy, SEM and Raman spectroscopy, we were 
able to determine the occurrence of chemical changes inside 
melt inclusions and thus, the existing approaches for re-
adding/correcting CO2 content in melt inclusions cannot be 
applied in a simple way because of various complexities linked 
to post-crystallization effects. Such effects on the melt 
inclusion environment should be taken into account during the 
CO2 output mass estimation. 
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Coral populations exist in every ocean basin, from tropical 

shallow reefs to the depths of the Southern Ocean. Hypotheses 
link their modern distribution and structural composition 
(which may include aragonite, calcite or proteinaceous 
gorgonin) to seawater chemistry, but there have been few 
systematic studies testing these ideas. Calcified skeletons can 
be preserved on the seafloor for hundreds of thousands of years 
forming a long-term record of coral biogeography, which we 
seek to exploit.  

In this study we examine the microscale skeletal 
composition of aragonite and calcite forming stylasterid corals 
from the Southern Ocean crossing strong geochemical 
gradients in seawater. We also use radio-isotopic methods 
(including rapid 14C methods and laser ablation U-Th methods, 
as well as traditional isotope dilution U-Th analyses) to date 
thousands of sub-fossil corals (scleractinia and stylasterids) 
from the Atlantic, Pacific and Southern Oceans,  identifying 
clear changes in the distributions of the corals, both by location 
and by depth.  

By combining these modern and historic data sets, we 
explore the geochemical controls on deep-sea coral based 
ecosystems, with reference to the changes in climate and 
oceanography that occurred in the oceans during the major 
transition from glacial to interglacial conditions.  
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Diamonds have now been confirmed in the peridotites and 

chromitites of 10 ophiolites, widely separated in age and 
geographic position. These bodies have also yielded very 
similar collections of UHP, highly reduced and crustal-type 
minerals.  The diamonds are small (100-300 μm), with 
octahedral and cubo-octahedral morphologies, and have 
similar ranges of inclusions and light carbon isotopes (δ13C = -
18 to -27).  They occur in both high-Al and high-Cr 
chromitites, with textures ranging from massive to 
disseminated.  The most common inclusions are alloys (Ni-
Mn-Co, Ni-Mn-Fe, Fe-Ni-Al), coesite and Mn-rich phases 
including Mn, MnO, tephroite (MnSiO4), spessartine 
(Mn3Al2Si3O12 and galaxite (MnAl2O4). The diamonds are 
accompanied by many grains of moissanite, metal alloys, 
native elements, and crustal minerals.  The widespread 
occurrence and age range of the diamond-bearing ophiolites 
point to a common process of formation unconstrained by 
space or time. We propose that subduction of oceanic 
lithosphere carries organic C, Mn, Si, and Al to the transition 
zone where the material is mixed with highly reduced material, 
perhaps derived from greater depths. Crystallization of 
diamond from a C-rich fluid with light C isotopes encapsulates 
Mn-rich phases and silicate inclusions. Diamonds may be 
widely dispersed in the oceanic mantle and carried to 
shallower levels by convection above mid-ocean ridges where 
they are preserved in chromitites and peridotites of ophiolites.  

2652

mailto:paulrobinson94@hotmail.com
mailto:wirth@gfz-potsdam.de


 Goldschmidt2015 Abstracts  

 2653 

Is metasomatism a global mechanism 
at the lithosphere-asthenosphere 

boundary? 
L. ROCHAT1, S. PILET2, N. ABE3, M.-A. KACZMAREK4,  

L. BAUMGARTNER5 AND O. MUNTENER6 
1laetitia.rochat@unil.ch;  
2sebastien.pilet@unil.ch; 
3abenatsu@jamstec.go.jp; 
4mary-alix.kaczmarek@unil.ch;  
5lukas.baumgartner@unil.ch; 
6othmar.muntener@unil.ch. 

 
Xenoliths and xenocrysts sampled by petit-spot volcanoes 

provide important new information about the nature and the 
processes associated with the evolution of oceanic lithospheric 
mantle. Here, we report the presence of a gt xenocryst and 
peridotite xenoliths in petit-spot lavas from Japan, which call 
into question the formation of oceanic lithosphere as simple 
depleted residue after MORB extraction. Firstly, Low-Cr, low-
Ti gt xenocryst (Py62, Gr20, Alm18) is interpreted as formed 
during subsolidus cooling of pyroxenitic or gabbroic cumulates 
indicating garnet formation at the periphery of the Pacific mid-
ocean ridge. It is the first time that such processes are 
documented in fast spreading context. Secondly, the trace 
element signature of cpx from petit-spot xenoliths 
characterized by high U, Th, LREE concentration and relative 
depletion in Nb, Pb, Ti and HREE shows unexpected similarity 
to melt-metasomatized gt-peridotites sampled by kimberlites 
(Grégoire et al, 2003, JPet 44, 629-657). This similarity 
suggests that metasomatic processes at the lithosphere–
asthenosphere boundary could be a global mechanism in 
oceanic and continental setting. Grégoire and co-authors 
interpret the metasomatic signature recorded in xenoliths from 
South Africa as evidence for percolation of kimberlitic melts 
across the cratonic lithosphere. As petit-spot lavas are 
characterized, as kimberlitic melt, by K- and CO2-rich 
composition, this opens new perspective to understand the 
generation of petit-spot lavas and to constrain melt-peridotite 
interaction in the deep part of the lithosphere.  
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The origin of the Shergotty-Nakhla-Chassigny meteorites 

is still controversial because definite proof regarding from 
which planets or asteroids they originated is still missing. Most 
authors believe they originated on Mars because they have 
similar Ar isotope signatures as those found in the Martian 
atmosphere. Here, we show that they originated on two distinct 
parent bodies, using a method based on the intersection of 
isochrons. It is found that the expected parent bodies fall on a 
4.63 Gyr isochron, which intersects the 4.55 Gyr geochron, 
and the 5.13 Gyr lunar isochron, exactly on the Pb 
compositions of the solar photosphere, and the unequilibrated 
primitive meteorites on a standard 207Pb/204Pb vs. 
206Pb/204Pb plot [1]. Thus, the Shergotty-Nakhla-Chassigny 
meteorites originated from two 4.63 Gyr asteroidal parent 
bodies, but not from Mars as is currently widely accepted. In 
fact, Mars is another example whose age could be determined 
with this method as Pb data for its primitive mantle could be 
available in the near future. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: 206Pb/204Pb vs. 207Pb/204Pb plot. 
 
[1] Rochd (2013) Miner. Magaz. 77, 5, 2073-2073. 
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We report here that Pb anomalies in meteorites define a 

mixing line between s- and r-process nucleosynthesis 
components as determined from their corresponding stellar 
models on a standard 207Pb/204Pb vs. 206Pb/204Pb plot [1] 
[2]. Interestingly, we can use this mixing line as being 
representative of the initial conditions, together with U-Th-Pb 
systematics, for testing the stellar isotopic signatures of solar 
system objects, and then determine the age of stellar processes 
to which these stellar isotopic signatures are related in space 
and time. Following this approach, we find that the initial U/Th 
ratio of the solar system to be 0.576, which is similar to the 
stellar value of 0.578 as determined from the r-process 
calculations [3]. Consequently, we determine the age of the 
stellar process to which this initial U/Th ratio is related to be 
7.7 Gyr. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: 206Pb/204Pb vs. 207Pb/204Pb plot of mixing line 
between s- and r-process nucleosynthesis components, and Pb 
anomalies of meteorites. 
 
[1] Arlandini C et al (1999) Astrophys J 525, 886-900. [2] 
Marshall & Feitknecht (1964) Geochim Cosmochim Acta 28, 
365-379. [3] Cowan et al (2002) Astrophys J 572, 861-879. 
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Carbonatites are common in continental settings but have, 

so far, only been identified at two oceanic localities, the Cape 
Verde and Canary Islands, both resting on > 130 Ma old, thick 
and cool oceanic crust. Here, we report on the first carbonatites 
observed in a hotter and younger mid-ocean setting, occuring 
as xenolithic fragments in nephelinitic tuffs at Salt Lake Crater 
(SLC), Oahu, Hawaii. The existence of Hawaiian carbonatites 
has been hypothesized before from various lines of evidence: 
(1) production of carbonatitic melts require carbonate in their 
source1; (2) diamond and SiC-bearing SLC xenoliths indicate 
mixed carbonatitic-silicic metasomatic agents in the sub-
Hawaiian mantle2 and (3) so do trace element compositions of 
Niihau3 and SLC4 post-erosional magmas.  

The potential role of mantle carbonatites on assimilation-
fueled ascent of kimberlitic magmas has been the subject of 
two recent experimental studies5,6. For experimental reasons, 
both these experiments failed to reproduce conditions 
prevailing at mantle depth by applying either too low pressure 
of 1 atm5 or using Na2CO3 as a substitute for Ca-Mg 
carbonate5,6. Here, we show the CO2 producing reaction CaCO3 
+ Opx à Cpx + CO2 “caught in the act” and in-situ in sub-
Hawaiian carbonatite bearing xenoliths. We document the 
reaction by means of SEM and TEM analyses and discuss the 
carbonatites’ isotope composition for C, O and Sr with respect 
to their parentage. 

 
[1] Brey, J. Volc. Geoth. Res. 3, 61-88, 1978. [2] Wirth & 
Rocholl, Earth Planet. Sci. Lett. 211, 257-269, 2003. [3] Dixon 
et al, Geochim. Geophys. Geosyst. 9, 1-34, 2008. [4] Rocholl 
et al, Ann. Meeting German Mineralog. Soc. (DMG) 2014, 
144.[5] Russel et al, Nature 481 (2012), 352-356. [6] 
Kamenetsky and Yaxley, Geochim. Cosmochim. Acta 158 
(2015), 48-56. 
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The Mediterranean Sea (MS) is considered one of the most 
oligotrophic seas in the world, where inputs of external 
nutrients are particularly relevant to sustain primary 
productivity. Despite its potential importance, the role of 
Submarine Groundwater Discharge (SGD) as a source of 
dissolved compounds to the MS has been largely ignored. 
Here, we used a 228Ra mass balance for the upper MS to 
estimate the magnitude of SGD to this basin, as well as its 
associated nutrient inputs.  

Radium isotopes have been widely applied as tracers of 
SGD, mainly because they are highly enriched in SGD relative 
to seawater and behave conservatively once released into the 
sea. We used 228Ra because its half-life (T1/2 = 5.75 yr) is 
considerably lower than the residence time of the MS waters 
(~100 yr), hence its radioactive decay is the primary sink of 
228Ra in the MS, which allows accurately constraining its 
removal rate. By evaluating all the sink (radioactive decay, 
advection to deep waters, particle scavenging and outputs 
through the straits of Gibraltar and Dardanelles) and source 
(rivers, atmospheric dust, sediments, advection from DW, and 
inputs from the straits) terms, we estimated the 228Ra supplied 
by SGD as the difference between its inputs and outputs. By 
characterizing the 228Ra concentration in the SGD fluids, we 
estimated that the total SGD contributes up to (0.3 – 4.8)· 
1012 m3·yr-1 to the MS, which appears to be equal or larger by a 
factor of 16 than the riverine discharge. SGD is also a major 
source of dissolved inorganic nutrients to the MS, with median 
annual fluxes of 190·109, 0.7·109 and 110·109 mol for dissolved 
inorganic nitrogen, phosphorous and silica,  respectively, 
which are comparable to riverine and atmospheric inputs. This 
demonstrates the profound implications that SGD may pose in 
the biogeochemical cycles of the MS. Inputs of other dissolved 
compounds (e.g. iron, carbon) via SGD could also be 
significant and should be investigated. 
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The chromium (Cr) isotopic composition of carbonates can 
potentially be used as a paleoclimate proxy to elucidate past 
fluctuations of oxygen contents in atmosphere and 
hydrosphere. The use of Cr isotopes to track 
paleoenvironmental changes, for example related to the rise of 
oxygen during the Archaean and Protoerozoic, needs careful 
assessment of the signal robustness and necessitates a thorough 
understanding of the Cr cycle in Earth system processes. We 
conducted experiments testing the incorporation and isotopic 
fractionation of chromate into the calcite lattice. Our 
experiments indicate enrichment in Cr concentration and 
preferential incorporation of heavy Cr isotopes in the 
precipitates. Further, experiments following the procedure of 
[1], showed an increasing relative isotope difference between 
precipitate and initial solution (Δ53Cr[p-is]) from +0.06 to  
+0.18 ‰ with increasing initial Cr solution concentration. 
Another set of experiments conducted in double diffusion 
silica hydrogel [2] yielded calcite crystals again significantly 
enriched in heavy Cr isotopes with [Δ53Cr[p-is]] of +0.29 ±  
0.08 ‰ (2σ), whereas silica hydrogel samples show a 
preferential retention of light Cr isotopes. Previous studies of 
δ53Cr seawater signals inferred from carbonates may have been 
too positive. However, considering that seawater Cr 
concentrations are significantly lower than those chosen for 
our experiments, a trend towards lower [Δ53Cr[p-is]] at lower 
initial Cr concentrations could mean marginal to no Cr isotope 
fractionation in the oceans. These experiments represent a first 
step toward understanding the Cr isotope signal of carbonates 
where fractionations will likely be ≤ 0.3 ‰ and as such, pave 
the way for future work to enable a reliable application of the 
Cr isotope proxy. 

 
[1] Hua et al, 2007, Water Air Soil Poll. 179, 381-390. [2] 
Sánchez-Pastor et al, 2011, Cryst. Growth Des. 11, 3081-3089.  
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Data from controlled laboratory studies suggest that the 

fate of engineered nanoparticles (ENPs) in soils is determined 
by a combination of both soil properties, surface chemistry and 
size-related properties of ENPs.  Studies addressing the 
geochemical dynamics of ENPs after being added to soils are 
however scarce. 

To study the availability of ENPs under natural soil 
conditions a pot experiment with 3  soils of variable properties 
(pH=5.5-8.1; OC=0.80-2.1 %; clay=15-36 %) was performed 
to determine the geochemical availability as reflected by 
solubility and reactivity of Ag, Au, TiO2 and ZnO ENPs added 
to soils under environmentally relevant conditions. Pore water 
samples and changes therein during a period of 60 days were 
determined using 170 nm membrane filter probes at two 
different depths. Changes in the potential geochemical 
reactivity after 60 days were measured using a dilute nitric acid 
extraction. The presence, morphology and (hetero)aggregation 
of ENPs in pore waters were determined by TEM, SEM, EDX 
and UV-Vis. The total concentration of Ag, Au, Ti and Zn in 
pore water was measured by ICP-OES.  

In this presentation dynamics of the transformation of 
these ENPs in soils (notably heteroaggregation and solubility), 
the interactions of the ENPs with the variable soil components 
as well as the effect of these factors in controlling the 
availability of ENPs in porous media, potential transport to 
water systems and plant uptake will be discussed in detail. 

 
Authors acknowledge the financial support of  

both FCT and “COMPETE” through Project nº 
IF/01637/2013/CP1162/CT0020 and Project n.º FCOMP-01-
0124-FEDER-02800 (FCT PTDC/AGR-PRO/4091/2012). 
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The coupling of Managed Aquifer Recharge (MAR) with 

soil aquifer remediation (SAR) through a reactive layer placed 
at the bottom of the infiltration pond is a promising technology 
to improve the quality of both recharged water and 
groundwater. As the reactive layer is made up of organic 
matter, all the redox processes are enhanced, improving the 
degradation of emerging pollutants. The success of the MAR-
SAR coupling is based on the assumption that recharged water 
and groundwater are well mixed. Nevertheless, it is well 
known that mixing process in aquifers are sometimes the 
limiting processes to redox reactions. Recently, it has been 
demonstrated that mixing can be improved by inducing chaotic 
advection through extraction-injection engineering (EIE). 
Although the emerging pollutant degradation is not well 
understood, it has been observed that some compounds are 
preferably degraded either in oxic or in reduced conditions, 
depending on the nature of each compound. Then, promoting 
different redox conditions will result in an enhancement in the 
actual degree of degradation expected for any given 
compound. Considering all of this, our work is aimed to 
evaluate how caothic advection can improve mixing during 
MAR-SAR operations, and thus, capable of enhancing the 
spreading of redox conditions with the final aim of improving 
emerging pollutants degradation. To achieve this, we have 
developed a reactive transport model that describes how 
recharged water (rich in organic matter coming from a reactive 
layer) is mixed with groundwater, and how this organic matter 
is oxidized by different electron acceptors. The model has been 
tested in different scenarios of recharge and injection-
extraction sequences, both in homogenous and in heterogenous 
media. The preliminary results show that EIE improves the 
mixing between the recharged water and groundwater and 
increase the spreading of the plume. Consequently, the redox 
zonation is found to be spread spatially, with the coexistance 
of different redox conditions at the same time, facilitating 
emergent pollutants degradation.   
 

Acknowledgements: MARSOL FP7-ENV-2013-WATER-
INNO-DEMO  
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The Specific Surface Area (SSA) is a particularly 

important characteristic of solids from the perspective of 
surface reactivity and adsorption capacity. The SSA is 
typically either estimated from the mean particle size 
considering a simple (cubic, spherical) particle shape (the so-
called Geometric Surface Area; SGA), or measured by 
adsorption using the BET isotherm or by gas permeability 
techniques. Unfortunately, while the first method does not take 
into account the surface texture and particle roughness, the 
BET and gas permeability techniques tend to overestimate the 
SSA exposed to the aqueous medium. Grain pores and fissures 
are isolated to varying degrees and may be filled with trapped 
solution that cannot exchange actively with the bulk solution 
[1]. 

This work is aimed to developed a new procedure which 
allows the measuring of the solids’s SSA based on their heat of 
wetting (HW). The heat of wetting was determined with a 
solution calorimeter  for  barite samples of  known surface to 
obtain the specific heat of wetting per unit of surface area. This 
value is a key parameter to establish the SSA of barite samples 
with an unknown surface. The heat of wetting was meassured 
on three problem samples of barite with a different particle size 
distribution: < 500µm, 500-1000µm, and 1000-1400µm. It is 
worth noting that the wetting is an exothermic process while 
the dissolution of barite is endothermic, which implies the 
necessity to use a solution saturated with barite.  

In order to check the HW method, the dissolution rate of 
barite for the different grain sizes were calculated. In contrast 
with the SGA and BET areas, the surface area normalized barite 
dissolution results to be clearly independent of the particle size 
when the SSA determined by the HW method is used.  

The fact that the surface quantification was performed 
directly in the aqueous medium leads to a more realistic 
approach in considering solid-water interactions.  

Future work will deal with the application of this method 
to other carbonate and sulfate minerals. 

 
[1] Cubillas, P., Köhler, S., Prieto, M., Chaïrat, C., & Oelkers, 
E.H. (2005). Experimental determination of the dissolution 
rates of calcite, aragonite, and bivalves. Chemical Geology, 
216(1-2), 59–77. doi:10.1016/j.chemgeo.2004.11.009 
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Numerous studies on the Bushveld Complex [1-4] and 

other layered intrusions [5] [6] have shown the existence of 
isotopic disequilibrium, both between and within particular 
(cumulus) minerals, with a wide variety of processes having 
been proposed to explain this phenomenon. For the Bushveld 
Complex, these processes include the blending of semi-
consolidated crystal mushes during subsidence, the density 
driven mixing of minerals from isotopically distinct magma 
pulses, the infiltration of isotopically distinct contaminants and 
the intrusion of variably contaminated crystal mushes from 
deeper crustal staging chambers.  

Here we report the results of a detailed in-situ (LA-ICP-
MS) Sr-isotopic and trace element investigation conducted on 
plagioclase from the Main and Upper zones of the Bushveld 
Complex as intersected by the Bellevue [7] and Moordkopje 
[3] drill cores. The lower part of the Main Zone displays highly 
variable initial Sr-isotopic ratios, coupled with near constant 
plagioclase An%. Lower and less variable initial Sr-isotopic 
values are recorded for the Main Zone above the troctolite 
layer and for the Upper Zone, which is coincident with a 
“normal” differentiation trend as exemplified by plagioclase 
An%. We interpret the present results as being the product of i) 
the repeated intrusion of variably contaminated crystal mushes 
from a deeper staging chamber that gave rise to the lower parts 
of the Main Zone; ii) a “final” voluminous influx of magma 
from a deeper staging chamber that underwent fractionation 
within the presently exposed parts of the Bushveld Complex, 
that gave rise to the upper Main and Upper zones.  
 
[1] Chutas, Bates, Prevec, Coleman & Boudreau (2012) 
Contributions to Mineralogy and Petrology 163, 653-668 [2] 
Prevec, Ashwal & Mkaza (2005) Contributions to Mineralogy 
and Petrology 149, 306-315 [3] Roelofse & Ashwal (2012) 
Journal of Petrology 53, 1449-1476 [4] Yang, Maier, Lahaye 
& O’Brien (2013) Contributions to Mineralogy and Petrology 
166, 959-974 [5] Tepley & Davidson (2003) Contributions to 
Mineralogy and Petrology 145, 628-641 [6] McBirney & 
Creaser (2003) Journal of Petrology 44, 757-771 [7] Ashwal, 
Webb & Knoper (2005) South African Journal of Geology 108, 
199-232.    
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Paleoarchean barites are important targets for stuyding the 

earliest environments and emergence of microbial metabolisms 
on Earth. However,  the origin and formation of these rare 
stratiform sulfate deposits remains poorly understood. Sulfur 
isotope data suggest that sulfate was derived from seawater [1], 
but the source of Ba and geological setting in which the barites 
precipitated are less well constrained.  

Here, we present Sr isotope data from four Paleoarchean 
barite deposits from the Barberton Greenstone Belt in South 
Africa and Swaziland, with ages ranging from 3.52 Ga 
(Londozi) to ca. 3.4 Ga (Vergelegen), 3.26 Ga (Stentor) and 
3.23-3.26 Ga (Barite Valley). Barite has extremely low 
87Rr/86Sr due to crystallographic exclusion of Rb and therefore 
very limited in situ radiogenic growth of 87Sr, so that measured 
87Sr/86Sr ratios reflect the source of Sr during initial barite 
precipitation. We demonstrate that all barite deposits show a 
relative large range in 87Sr/86Sr that appears to be of primary 
origin and not related to metamorphic grade. The lowest 
87Sr/86Sr-values for individual deposits define a strong 
correlation with age (R2 = 0.98) and increase from 3.5 to  
3.2 Ga following a slope that is significantly steeper than the 
upper mantle curve. These results suggest the presence of a 
temporally homogeneous reservoir with higher Rb/Sr-values 
than the Paleoarchean mantle, and argues against a simple 
genetic model with mixing of mantle-derived Ba with seawater 
SO4

2-. The highest 87Sr/86Sr-values exceed ratios inferred for 
Paleoarchean seawater but are close to values suggested for 
continental crust at 3.5 Ga [2]. In addition, Sr-isotope ratios are 
correlated with atmospherically-derived sulfur isotopic 
variations, showing decreasing magnitudes of Δ33S with 
increasing 87Sr/86Sr and possibly demonstrating coupling of 
surface and deep processes during the formation of 
Paleoarchean barite.   
 
[1] Roerdink et al (2012) Earth Planet. Sci. Lett. 331-332 
(177-186) [2] McCulloch (1994) Earth Planet. Sci. Lett. 126 
(1-13) 
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Today, topograpic, erosion, and climate data are measured 
in abundance but the role of climate in modulating sediment 
production and landscape evolution remains unclear. Studies 
that quantify climate controls on denudation by analyzing 
multiple study areas with varying temperature and 
precipitation are hampered by site-to-site variations in 
topography, substrate, and vegetation, as well as uncertainty in 
the state of landscape adjustment. These contingencies can 
obscure how climate influences landscape dynamics. 
Alternatively, sedimentary records at a given location provide 
a means to track how climate variations influence sediment 
flux and weathering rates and mechanisms. 

At our forested, steepland field site in western Oregon, we 
used a 50,000-yr sedimentary archive that accumulated in a 
landslide-dammed lake to document how erosion rates track 
environmental change. In such unglaciated settings, increased 
sediment production inferred during the last glacial maximum 
(LGM) has commonly been attributed to changes in 
precipitation and vegetation. By combining a mechanistic frost 
weathering model with a regional LGM paleoclimate 
reconstruction, paleovegetation data, and a cosmogenic 
paleoerosion sedimentary archive, we demonstrate that frost-
driven sediment production was pervasive at our site during 
the LGM, resulting in a 2.5x increase in erosion relative to 
modern rates. Both paleoclimate simulations and 
paleovegetation data indicate drier conditions during the LGM 
across our study domain, such that temperature, rather than 
precipitation, may be the dominant driver of geomorphic 
processes during glacial intervals in many mid-latitude regions.  

Our results imply that broad swaths of continental 
landscapes experienced accelerated sediment production via 
frost processes during glacial intervals, inviting a re-evaluation 
of what constitutes a steady-state landscape. Other climate 
dependencies will apply elsewhere, but the coupling of process 
theory and climate reconstructions with well-characterized 
sedimentary records will help resolve the enigmatic role of 
climate fluctuations. 
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During an ongoing project founded by the ministry of 
energy and natural resources (Ministère de l’Énergie et des 
Ressources naturelles) of Quebec, areas around the towns of 
Lebel-sur Quévillon and Chibougamau were mapped. Several 
plutonic and volcanic samples with various degrees of 
metamorphism were selected for geochronology. 

Samples were measured by ID-TIMS for a precise age of 
formation but also by laser ablation ICPMS for comparison 
and spot analyses of metamorphic rims. For ID-TIMS 
measurements zircon single grains were chemically abraded 
after it was experimentally determined that a 6h partial 
dissolution period was the maximum these Precambrian 
metamict zircons were able to sustain. A migmatite sample 
from the Opatica subprovince revealed the oldest age of 
formation found in this area so far, 2774 ± 17 Ma. The sample 
was particularly interstesting due to the strong metamorphic 
overprint of the zircons. A first metamorphic event was dated 
with an upper intercept age of metamorphic zircons at 2723 ± 
1 Ma. A second metamorphic event is revealed by titanite at 
2688 ± 2 Ma. Comparison to laser ablation data on this sample 
reveals that the laser was not able to detect the original age but 
dated the metamorphic overprint with an upper intercept age of 
2716 ± 12 Ma. A similar example is found at a tonalite in the 
Laganière Complex. ID-TIMS data on zircon cores reveals an 
age of formation of 2692 ± 5 Ma, rims of grains give a 
metamorphic overprint at 2675 ± 4 Ma. Laser ablation data 
only shows the metamorphism with an age of 2671 ± 13 Ma. 
On the other hand, two samples with no visible metamorphic 
overprint reveal the same ages on both methods. A tonalite in 
the Holmes Pluton gives an ID-TIMS age of formation of 2727 
± 7 Ma and an laser ablation age of 2730 ± 34 Ma; the 
Tonnancourt granite reveals a 2683 ± 4 Ma TIMS age and a 
2684 ± 20 Ma laser age.  

It appears that a metamorphic overprint obscures the age of 
formation for the laser ablation method on these samples. It is 
up for discussion if that is an effect of mixing ages or varying 
spot depth.  
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1Universität Bremen, Abt. Mineralogie, Marum; Klagenfurter 
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Kinetic Monte Carlo (KMC) methods have been 
extensively used for the study of crystal dissolution and 
surface reactivity. The latter is heterogeneously distributed. 
Step waves and etch pits generate complex surface 
topographies. Crystal defects are an important contributing 
factor to the surface evolution. To quantify rate contributions, 
the concept of rate spectra is used [1]. Using KMC, (synthetic) 
rate spectra can be calculated.  

Voronoi diagrams as a means of partitioning a surface 
plane are a well-known concept from geometry [2]. A set of 
generating points is defined and generates regions which are 
closer to one generating point than to any other. Voronoi 
diagrams can also be weighted by defining the distance 
differently and assigning weight to different generating points. 
Voronoi diagrams are often applied to describe natural or 
technical systems, e.g., crystal growth [3].  

In this study of a dissolving Kossel crystal surface, etch pit 
development was modeled with KMC. Results are compared to 
weighted Voronoi diagrams that use defect outcrops, i.e., etch 
pit centers as the set of generating points. A combined 
approach of KMC and Voronoi geometry is used to examine 
the heterogeneous surface reactivity and resulting dissolution 
rate spectra.  

Here, our rate results generated by KMC simulations are 
used for weighting the Voronoi diagrams. The overall aim of 
this study is to predict surface reactivity by using geometrical 
methods and combining them with established KMC 
simulation techniques and the rate spectra concept. 

 
[1] Fischer et al (2012), GCA 98, 177-185. [2] Voronoi 

(1908), J Reine u Angew Math 133, 97–178. [3] Aurenhammer 
(1991), ACM Comp Surv 23 (3), 345-405. 
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The system Fe-Ni-C-S at transition 
zone pressures and temperatures 

ARNO ROHRBACH1 
1Institut für Mineralogie, Westfälische Wilhelms-Universität 

Münster, Germany (arno.rohrbach@uni-muenster.de) 
 

Oxygen fugacity (fO2) in the Earth’s mantle decreases with 
increasing pressure as recorded by xenoliths form the cratonic 
lithosphere [1] [2]. Experimental studies suggest that this 
general trend continues in the asthenosphere, where fO2 levels 
below the iron-wustite reference might be achieved at upper 
mantle pressures [3] [4]. The saturation of Earth’s mantle in an 
iron-nickel metal phase implies that siderophile elements are 
partitioned into the alloy. However, as siderophile elements 
like carbon and sulphur are present in high concentrations 
relative to the amount of Fe-Ni metal, discrete reduced phases 
like carbides ((Fe,Ni)3C, (Fe,Ni)7C3) and/or sulphides might be 
stable in the deep mantle. 

Recent studies in Fe-Ni-C (10 GPa) [5] and Fe-Ni-C-S  
(6-8 GPa) [6] systems suggest that accessory reduced 
assemblages are potentially molten in the deep mantle at 
adiabatic temperatures. Additionally, high sulphur 
concentrations in those melts limit the carbon solubility such 
that diamond becomes a coexisting phase [6]. At higher 
pressures, the amount of Fe-Ni metal is considered to increase 
and consequently Fe/Ni, metal/C and metal/S ratios are 
supposed to increase with pressure, too. To evaluate the effects 
of pressure and changing composition of the reduced species 
on phase relations, melting temperatures, element partitioning 
and partial melt mobility in the lowermost upper mantle and 
the transition zone, we investigate experimentally Fe-Ni-C-S in 
a silicate mineral matrix at 10-20 GPa and adiabatic 
temperatures. The results and implications derived from 
experimental runs will be presented and discussed at the 
meeting.  
 
[1] Woodland & Koch (2003), EPSL 214, 295-310. [2] Stagno 
et al (2013). Nature 493, 84-88. [3] Rohrbach et al (2007), 
Nature 449, 456-458. [4] Rohrbach et al (2011), J. Petrol. 52, 
717-731. [5] Rohrbach et al (2014) EPSL 388, 211-221. [6] 
Tsuno & Dasgupta (2015) EPSL 412, 132-142. 
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Earth system modeling indicates that terrestrial methane 

cycling may have played a more prominent role as a feedback 
on climate during previous hothouse climatic states than in the 
present day. The influence of terrestrial methane cycling 
derives from its sensitivity to both temperature and 
hydrological regime. However, Paleogene methane cycling 
remains poorly constrained due to the lack of proxy data.  

One potential window into relative changes in methane 
cycling derives from the carbon isotopic compositions (δ13C) 
of hopanoid lipids. Hopanoids, preserved on geological 
timescales as hopanes, derive from diverse bacteria including 
methanotrophs. Assimilation of biogenic methane-derived 
carbon results in hopanoids substantially depleted in δ13C, as 
observed in cold-seep mats and carbonates and in some 
methane-rich lakes. The δ13C of sedimentary hopanoids may 
thus become depleted when methanotrophs contribute a large 
proportion of hopanoids.  

Within this context, hopanes with substantially δ13C-
depleted compositions (< -60 ‰) in the Cobham Lignite 
(England) are interpreted to reflect increased methanotrophy, 
and hence methanogenesis, at the onset of the Paleocene-
Eocene Thermal Maximum (PETM). To assess whether lipid 
biomarker evidence for enhanced methane cycling in 
Paleogene wetlands is unique to the Cobham Lignite, we 
examined the δ13C of hopanes in PETM-age marginal marine 
sediments exposed in Otaio River Gorge, New Zealand, and in 
a suite of Eocene-age lignites from India and Germany. We 
find that δ13C-depleted hopanoids in Paleogene lignites are 
widespread, both regionally and temporally, though not 
ubiquitous. Our findings are consistent with models indicating 
enhanced methane cycling in Paleogene wetlands, but also 
emphasize the importance of local hydrological and 
geochemical conditions. 
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des Sciences de la Terre Université Paris-‐Sud XI, 91405 
Orsay. 

 
Sediments from the Bay of Bengal provide an exceptional 

record of erosion changes in the Himalayan range at different 
time scales. This area is located at the exit of the major rivers 
Ganges, Brahmapoutra and Irrawady, that collect monsoon 
precipitations and provide a large amount of sedimentary 
material to the basin. The system fluctuates as a fonction of 
Indian monsoon variations and presents one of the highest 
erosion rates in the world. 

We studied core MD12-3411 of the northern part of the 
Bay of Bengal (17°10.98´N; 89°28.92´E), which covers the 
last 160 ka. We measured Nd isotopes of the carbonate and 
silicate fraction, which correspond to εNd seawater and εNd  

detrital, respectively. Detrital values fluctuate between -10 and 
-14, while seawater values change between -7 and -12. Both 
fractions are characterized by more radiogenic Nd values 
during glacial periods and less radiogenic during interglacials. 
We also measured 87Sr/86Sr values of the detrital fraction, 
which vary between 0.724 and 0.735, with the lowest values 
during glacial periods and the highest during the isotopic 
stages 1 and 5a. The Nd-Sr plot points out a sediment origin 
from the Himalayan and Indo-Burman ranges. 

The εNd data are compared with magnetic parameters in 
order to discriminate between influences of continental erosion 
and weathering, and possible changes on environmental 
conditions in the basins during the considered period of time. 
We found that higher values of magnetic susceptibility 
correspond to more possitive εNd and to smaller 87Sr/86Sr. Sratio 
show values that vary from 0.9 to 1, indicating a predominance 
of low coercivity minerals like magnetite. The lowest values 
occur during isotopic stage 5. ARM20/K follows the δ18O 
curve and denotes the presence of finer magnetic grains during 
interglacial periods. 
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The Lesser Antilles intra-oceanic arc constitutes one of the 

best examples to examine the effects of crustal and subducted 
sediment involvement in the generation of arc crust. Our study 
in the islands of Grenada and Carriacou shows for the first 
time SHRIMP-dated, Late Eocene to Pleistocene (~0.2-35 Ma) 
magmatic zircons in addition to Late Triassic to Paleo-archean 
(~208–3422 Ma) inherited zircons. Predominantly Early 
Jurassic to Precambrian (~158-2667 Ma) grains were also 
recovered from beach and river sands. Most inherited grains 
are euhedral with rounded terminations and exhibit 
complicated internal zoning in CL images.  

All Late Eocene to Pleistocene zircon REE-patterns are 
similar with weak negative Eu anomalies, in agreement with 
whole-rock REE data, and suggest that zircons crystallized 
from a melt after minor plagioclase fractionation. The trace 
element chemistry of these zircons implies crystallization from 
mantle-derived magmas contaminated by continental material. 

Except for one sample with a low initial εNd value (-0.29), 
all other dated whole-rock samples show moderately positive 
εNd(t) values (2.28 to 4.74). The xenocrystic zircons have 
negative εHf(t) values (-16 to 0) suggesting derivation from 
continental protoliths with a significant crustal history. We 
suggest that transfer from the subducting slab to the mantle 
wedge source region of the magmas is the main mechanism 
explaining contamination of the lavas from Grenada and 
Carriacou.   
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Trace metals play many important roles in the 
biogeochemistry of the oceans, but their distributions are 
significantly influenced by the concentration of dissolved 
oxygen. Crucially, future climate system projections imply 
significant increases in the size of oxygen depleted zones 
(ODZs) in the oceans due to global warming. Therefore, it is 
desirable to understand the influence of expanding ODZs on 
the distributions of trace elements and their isotopes (TEIs). 
Furthermore, the utilization of TEIs as tracers of the redox 
conditions in the ancient oceans, especially under ‘super-
greenhouse’ conditions, requires a firm understanding of the 
behaviour of trace metals in modern ODZs.  

The Black Sea is the world’s largest euxinic (anoxic and 
sulfidic) basin and it is therefore an ideal natural laboratory to 
study the reduction and oxidation reactions of trace metals. 
Deep water in the Black Sea is characterized by high hydrogen 
sulfide concentrations due to permanent anoxic conditions 
below the redox interface.  

The GEOTRACES (GA04N) expedition to the 
Mediterranean and Black Seas in 2013 provided an opportunity 
to examine the biogeochemical cycling of a suite of trace 
elements under low- and zero-oxygen conditions. Using 
multiple-collector inductively coupled plasma mass 
spectrometry (MC-ICPMS) combined with double spiking 
techniques, we report the isotopic composition of U, Fe and Cd 
for the entire water column and underlying sediments of the 
Black Sea across oxic-anoxic-euxinic transitions. These data 
are also interpreted in the context of the dissolved 
concentration gradients of a suite of other redox-sensitive and 
particle-reactive trace elements (Al, Sc, Ti, V, Mn, Fe, Ni, Zn, 
Ga, Y, Zr, Cd, La, and Pb) across the redox transition zone. 
These new data will help elucidate the mechanisms driving the 
uptake and removal of redox-sensitive metals from the 
dissolved phase and their export to the solid phase across a 
gradation of changing redox settings from oxic to anoxic and 
ultimately euxinic. 

2671



 Goldschmidt2015 Abstracts  

 2672 

187Re- 187Os nuclear geochronometry: 
Chondritic 187Os/188Os heterogeneity 

in light of the Planck-WP data set 
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Nuclear geochronometry is a new dating method, tightly 

constrained by other scientific fields like cosmology and 
nuclear theory [1]. Based upon an identified terrestrial 
187Re/188Os = 5.873, interpreted as nuclear production ratio, it 
combines principles of geochronology with nuclear 
astrophysics to determine time intervals (t1, t2) between 
element formation, fractionation and the present [2]. The 
187Re/188Os ratio points to a rapid neutron-capture (r-process) 
event at 13.781 ± 0.063 Ga, close to the Planck+WP+highL 
age of the Universe [3]. 187Os/188Os ratios of 30 H chondrite 
components taken from the literature [4] [5] vary significantly 
between 0.10281 ± 4 and 0.13763 ± 2, scattering around a 
4.663 ± 0.250 Ga isochronous regression line. It is still unclear 
whether the scatter is due to different ages and/or source 
reservoirs of the components. Therefore, t2 time intervals 
(nucleogeochronometric ages) are calculated to elucidate this 
question. For this, the BARBERTON nuclear geochronometer 
[1] is applied to all 30 components. Three major age groups 
can now be distinguished, matching the pattern of the isochron 
diagram: One between 13.78 Ga and 13.6 Ga, consistent with a 
possible dark matter halo ionization in the early Universe, 
another from 13.5 Ga to 13.1 Ga and around 12.9 Ga. The 
result is in line with the reionization epoch of the standard 
cosmological (base ΛCDM) model [3] for redshift z ~ 6 up to 
60 [6]. From this it may be concluded that (i) the components 
are early-formed solids; (ii) there is neither a singular t1 nor a 
singular t2 time interval for all components; (iii) the 4.663 Ga 
“isochron” is a mixing line; and (iv) nuclear geochronometry 
can help to constrain metal enrichment in the early Universe, 
seeing beyond the formation of the solar system and revealing 
the cosmological source reservoirs for the metals with mass 
number A > 180.  

 
[1] Roller (2015), Geophys. Res. Abstr. 17, #2399. [2] Brown 
(1947), Phys. Rev. 72, 348. [3] Planck Collaboration XVI 
(2014), A&A 571, A16. [4] Horan et al (2009), GCA 73, 6984-
6997. [5] Smoliar et al (2006), LPSC 37, 1468. [6] Barkana 
(2006), Science 313, 931-934. 
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Granitoids in the mantle section of 
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Current models for the Oman-UAE ophiolite indicate that 

it formed by fore-arc spreading during the initiation of 
subduction. Thus the mantle section of the ophiolite represents 
a sub-arc mantle wedge. This study reports granitoids of 
tonalitic to granitic composition which intrude the depleted 
harzburgites of the Oman mantle wedge. A detailed field, 
petrological and geochemical examination shows that these 
granitoids are the product of the mixing of melts derived from 
both mafic and metasedimentary sources which have interacted 
with their harzburgite host. The character of the protolith was 
quantified using a melting model based upon a MORB-type 
basalt similar in composition to the Oman Geotimes lavas [1] 
and the MUQ global sediment composition [2] both with an 
amphibolite/ granulite facies mineralogy. Model compositions 
of the basaltic and pelitic end-members bracket the observed 
granitoid compositions and mixing of these calculated melt 
compositions indicates that the measured granitoid 
compositions represent between 10-40% mixing of a 
metasedimentary melt with a melt of the mafic source. The 
calculated residual mineralogy of the pelitic and basaltic 
sources suggests that partial melting was at relatively high 
temperatures ca. 900 oC, but at low pressure, at depths of no 
more than 35-40 km. 

The results of this study support the subduction initiation  
model of the Oman ophiolite inasmuch as the granitoids must 
have been emplaced into the mantle wedge from below, a most 
probable setting for the melting of a sediment-basalt mix is in 
the upper part of a subducting slab and the high temperature/ 
shallow melting of the protolith can only have been driven by 
the high temperatures of the overlying mantle wedge. The 
subduction phase of the Oman ophiolite was short-lived and 
may have lasted only 3 Ma [3] and it is likely that, given the 
relatively rapid ‘jamming’ of the Oman subduction zone, very 
little sediment was returned to the deep mantle. However, this 
study also shows that even in the early stages of subduction 
sediment-recycling is an important means of refertilising 
highly depleted sub-arc mantle.  

 
[1] Ishikawa, et al (2005) EPSL 240, 355-377 [2] Kamber et al 
(2005) GCA 69, 1041-1058 [3] Searle et al (2014) GeoArabia, 
19, 135-174. 
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This study presents carbon, oxygen, and magnesium 

isotope compositions of two modern brachiopods, Terebratalia 
transversa and Frielia halli, and one fossil specimen (2.3 Ma), 
Terebratula scillae. The aim of this study is to investigate the 
intra-shell variability of these isotopic compositions and to 
evaluate the potential of brachiopod as a proxy of past 
seawater δ26Mg. The two investigated brachiopod shells 
present the same range of δ26Mg variation (up to 2 ‰). This 
variation cannot be ascribed to changes in environmental 
parameters (like temperature or pH). As it was already 
observed, the primary layer of calcite shows the larger oxygen 
and carbon isotope disequilibrium relative to seawater. In 
contrast, the primary layer δ26Mg value corresponds to isotopic 
equilibrium between calcite and water, contrary to oxygen and 
carbon isotope compositions. This observation could be due to 
different mechanisms or pathways of calcification between the 
primary and the secondary calcite layers of the studied 
brachiopods. δ26Mg is negatively correlated to oxygen and 
carbon isotopic compositions, in T. scillae and there is a 
negative trend in T. transversa. These trends can be explained 
by kinetic effects linked to changes in growth rate during the 
brachiopod life. The innermost calcite layer of T. transversa is 
in isotopic equilibrium for both oxygen and magnesium, δ13C 
values resulting from addition of metabolic CO2 during 
respiration. This shell layer seems therefore the best target for 
reconstructing past δ26Mg of seawater.  
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Interaction of Pu(V,VI) with TiO2: 
Role of photocatalytic properties on 

redox reaction  
A. YU. ROMANCHUK1, A. V. EGOROV1,  

Y. V. ZUBAVICHUS2 AND S. N. KALMYKOV12 
1Lomonosov Moscow State University, Moscow, Russia, 

(romanchuk.anna@gmail.com) 
2NRC “Kurchatov Institute”, Moscow, Russia 
 

Sorption is one of the most important processes which 
control behaviour of plutonium in the environment. Previously 
it was demonstrates that redox reaсtions occur upon plutonium 
sorption onto different minerals. In most cases Pu(IV) is 
stabilized on solid phases even for redox-inactive minerals. 

Interection of Pu(V,VI) with TiO2 has been studied in this 
work. TiO2 is one of the widespread minerals that 
demonstrates high sorption of various cation. 

The sorption was studied by combination of batch 
experiments and spectroscopic techniques, including XAFS 
and HRTEM. Influence of light onto plutonium speciation was 
studied. 

It was clearly demonstrate that light have strong influence 
on Pu(V,VI) sorption onto TiO2. Kinetics of Pu(V,VI) is much 
faster when suspension is exposed to light (fig.1) that could be 
explained by the photocatalytic activities of TiO2 that produce 
electrone which are needed for redox reaction. It was also 
observed that light effects on kinetics of leaching behavior of 
Pu from TiO2 surface after sorption. 

EXAFS data approve that Pu(IV) is stabilized onto TiO2. 
No large difference in EXAFS spectra of Pu(V,VI) sorbed onto 
TiO2 in the presence and absence of light was observed. XAFS 
and HRTEM shows that PuO2-like structure is formed onto 

TiO2 
surface. 

 
 
 
 
 
 
 
 
 
 
 

Figure 1: Kinetics of Pu(V,VI) sorption onto TiO2 
([Pu(V,VI)] = 2·10-8М, [TiO2] = 12 m2/L, pH = 4.1). 

 
The study was supported by the Russian Science 

Foundation (project 14-13-01279). 
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Pantelleria island is the type locality for pantellerite, an 
iron and alkali-rich rhyolite. The eruptive products outcropping 
in the island fall in a mafic end member (mildly alkaline 
basalt) and a felsic end member (metaluminous trachytes and 
pantellerites). A key event in the volcanological history of the 
island is the Green Tuff eruption the sole ignimbrite at 
Pantelleria compositionally zoned from crystal-poor 
pantellerite at the base to crystal-rich trachyte at the top. 

We experimentally investigated the phase relations of the 
pantelleritic end member AI = 1.8 (agpaitic index = molar ratio 
Na2O+K2O/Al2O3) and trachyte end member AI = 1.05 of the 
Green Tuff eruption. The intensive variables were investigated 
by performing phase equilibrium experiments at  0.5, 1 and  
1.5 kbar, 750-950°C, fluid saturation conditions with XH2O= 
(H2O/H2O+CO2) between 0 and 1, and redox conditions close 
to FMQ (fayalite-magnetite-quartz buffer). 

Preliminary results show that at 850°C pantelleritic charges 
were above the liquidus regardless their water content. Below 
800°C clinopyroxene is the liquidus phase followed by 
amphibole and alkali feldspar. Aenigmatite and quartz 
crystallized at 750°C and XH2O lower than 0.8. Considering 
the other end-member, trachytic charges at 850°C are strongly 
crystallized. The liquidus phase is clinopyroxene crystallizing 
at 950°C and XH2O<0.8 followed by iron-rich olivine and 
alkali feldspar. Iron-bearing minerals record the effect of both 
H2O and fO2, showing progressive iron enrichment when XH2O 
decreases. Alkali felspar becomes the most abundant mineral 
phase when XH2O<0.8 at 900°C or XH2O<1 at 850°C both at 
1 and 1.5 kbar. Experiments reproduce well the mineral 
assemblages of the natural rocks, giving information on 
magma storage conditions and showing that compositional 
zoning in magma chamber is related to gradients in 
temperature and volatile contents. A still open question is the 
parent-daugther relationship between trachyte and pantellerite. 
Even though pantelleritic magma evolution has been well 
reproduced experimentally more experiments are needed to 
clarify this issue. 
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Monitoring 30-km zone of Beloyarsk NPP was selected for 

the investigation of the behavior of radionuclides (90Sr and 
137Cs) in case of a given accidental fallout. 10 soil samples 
were collected at typical landscapes of the zone. Values for 
cesium and strontium Kd are investigated in laboratory 
experiments as a function of aqueous and solid phase 
chemistry. 

A range of aqueous contaminant solutions are added to the 
soil in the beaker. The beaker is sealed and mixed until 
sorption is estimated to be complete. Then air-dried samples 
are added distilled water in 0,1–50 water to sample mass ratio. 
After the reaction, the soil and washing solution are separated 
with a centrifugation. The pH, Eh, and the concentrations of Sr 
and Cs of the washing solution are determined. 

Results of ongoing laboratory experiments will be used as 
input data in models for predicting the migration of 
radionuclides from catchment basins to fresh water bodies. 
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Specificity of geochemistry is that the world of this 
scientific discipline represents an unordered collection of 
geological, biological and other objects. Such an “inductive” 
approach is really productive, but the absence of its own 
subject for research disentitles geochemistry of its scientific 
independence. As a result geochemistry is evoloving into a 
pure methodical application for the solution of problems of 
natural science. Such state is not the only one possible, because 
the existing structure of scientific disciplines is nothing more 
than a way of schematization of ideas about the world but in no 
case the real environment and the absence of some component 
of this world in the existing subject-conceptual scheme does 
not mean that it is physically absent.  

Existence of the universal object for geochemical study 
can be justified by the following facts: 1) the world and all its 
components are a priori secondary to the chemical elements 
that form these components, and 2) any result of chemical 
interactions that may materialise in the form of a separate 
object, whether a tectonic plate or an infusorian, needs 
absolutely necessaryly all required mass of all chemical 
elements at the certain time at the certain volume of space. The 
paradox is that while the fact of physical presence of a certain 
mass of any chemical element in any part of the space is not 
disputed, the assertion that the cumulative amount of the 
chemical element distributed in space is really an independent 
component of the universe, which in addition to its weight and 
volume, has a dynamic and ordered structure (fractal) 
organization, is still not obvious to the scientific community. 

If this statement is true, then the aggregate of atoms of 
each element can be interpreted as a specific geochemical 
field, and the geochemical pattern of the world may be 
presented as a superposition of these fields, as the elementary 
constituent of the universe. Using three-dimensional field as a 
basic object for geochemical research, opens not only the way 
to purely academical (deductive) interpretation of the universe 
but replaces the existing paradigm about equiprobability of 
every value measured in the point by a new paradigm based on 
coordinate-dependent value at every point, that undoubtedly 
will be able to enhance accuracy of results of any geochemical 
study. 
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The apparent restriction of tubestone structures in 
microbialitic laminites to cap carbonates associated with the 
Marinoan glacial event in North and South America, Namibia 
and Oman makes them an important stratigraphic tool for the 
base of the Ediacaran system. This association has been 
recognized in outcrops attributed to the Bocaina Formation at 
Morraria do Sul (MDS) and Forte de Coimbra (FDC), 
southwestern Brazil, within the Corumbá Group in the 
southern Paraguay Fold Belt, about 200 km south of the type-
locality of this formation. The tubestone-microbialite 
association at MDS and FDC reveal very similar macro- to 
microstructure, mineralogy, texture and fabrics, which are 
likewise very similar to the tubestone-microbialite association 
in the Ediacaran cap carbonate of the Mirassol d’Oeste 
Formation-MDO (635 Ma) in the northern Paraguay Fold Belt 
420 km to the north. All three occurrences are distinctly 
different, however, from mistakenly identified tubestone 
structures in the Bocaina Formation at Porto Morrinhos (PMS), 
near its type-section. Moreover, dating of zircon in an ash bed 
in the Bocaina Formation at PMS yielded an age much 
younger than the Marinoan event, clearly indicating that the 
traditional regional stratigraphy requires revision. These results 
extend the occurrence of the post-Marinoan tubestone-
microbialite association at least 600 km southward from MDO, 
thereby increasing both the stratigraphic complexity and the 
paleobiological potential of the southern Paraguay Fold Belt, 
already well known for the important terminal Ediacaran 
Cloudina-Corumbella shelly fauna in the Tamengo Formation 
of the upper Corumbá Group. 
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The conformation of organic molecules during initial 
molecule-mediated mineralization can control and regulate 
crystal growth, orientation and size. In this study, we have 
used fluorescence spectroscopic techniques to reveal the 
conformation of molecules at the surface of minerals. 
Photophysics techniques were used to investigate molecular 
conformation. The binding of biopolymers onto mineral 
surfaces was quantified using adsorption of dilute aqueous 
solution to macromolecules as a function of pH in the presence 
of alumina and silica using Time resolved anisotropy studies 
(TRAMS), fluorescence and ICP-MS. The alumina and silica 
particles were used to mimic active sites existing on the 
surface of kaolin-like particles. It was found that 
lipopolysaccharides (LPS) for example, had a high adsorption 
affinity for Al2O3 and in contrast adsorbs weakly to SiO2 
surface. Strong adsorption was observed at low pH for both 
minerals. Macromolecular folding and conformation of LPS, 
alginate molecules and extra-cellular polysaccharides (EPS) 
extracted from P. putida, at the solid-solution interface was 
also quantified using TRAMS. The results showed a high pH 
and ionic strength dependence demonstrating that 
macromolecule adhesion is favoured and mediated by ions 
such as H+ and Ca+2 in solution. These findings indicate that 
proton bridges and van der Waal forces are responsible for 
interactions at the interface. A model for macromolecule 
adhesion at the interface including the role of ions in solution 
and folding was proposed. This model is representative of the 
behaviour of biological macromolecules at the aqueous-surface 
interface in natural environments. The processes described 
here have a direct implication on bacteria mediated 
mineralisation via concentration of ions from solution. 
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Bone contains 70% of mineral phase as hydroxyapatite1 

(HAp, Ca5(PO4)3OH) and 5.5wt% of the organic matter is 
citrate strongly binding to HAp2 which can form by 
crystallization of amorphous calcium phosphate (ACP). Such 
amorphous-crystalline transition is found to occur in many 
biological systems. Our work aims to elucidate the time 
dependent crystallization of citrate-functionalized ACP in the 
presence of water at room temperature. ACP was suspended in 
milliQ water at a ratio ACP/fluid of 0.5. The transformation 
was then followed by transmission electron microscopy (TEM) 
in conjunction with electron diffraction and in situ Raman 
spectroscopy. Electron diffraction (Fig.1) indicates the 
presence of HAp related reflections after 3 days and fully 
tranform to HAp after 5 days. This is in agrement with Raman 
data showing the transition from ACP to HAp indicated by a 
shift of the symmetric stretching PO4 peak from 951 cm-1  up 
to 957.5 cm-1 within 5 days. These results demonstrate the 
fundamental impact of citrate on the crytallization of HAp. 

Fig.1. Raman shift of the PO4 band as a function of time and 
TEM e-diffraction for ACP at time 0 days and HAp after 5 
days. 
 
[1] Yilmaz et al(2014) Spectroscopy Letters 47, 24-29. [2] Hu 
et al(2010) PNAS 107, 22425-22429. 
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A central tenet of the plate tectonic paradigm requires that, 
as a continent breaks apart to form an oceanic basin, it must be 
accompanied by a transition from continental to oceanic 
lithosphere. While deceptively simple as a concept, it is, in 
practice, a significant challenge to establish the precise 
mechanisms that facilitate this transition. Spanning the gamut 
of extensional morphologies from initiation to mature rifting, it 
is currently active continental rifts such as the East African 
Rift that hold the keys to this transition.   

Magma generation and emplacement is a primary pathway 
facilitating element flux and lithospheric weakening - 
processes central to the continent to ocean transition. In East 
Africa, the dominant magma reservoirs have been identified 
as: continental lithosphere, ambient depleted mantle, and one 
or more mantle plumes. The formation of exotic melts by 
thermo-baric perturbation of easily fusible metasomatic mantle 
domains facilitates internal redistribution of elements, and 
provides weak zones within the continental lithosphere. The 
interaction of a thermo-chemical mantle plume with the 
lithosphere results in the eruption of flood basalts, formation of 
magmatic underplates, and metasomatic re-enrichment of the 
continental lithosphere. Associated thermo-mechanical erosion 
and melt-related weakening may facilitate rifting. As a 
precursor to oceanic lithosphere formation, mature rifts exhibit 
decompression melting of the ambient upper mantle and other 
reservoirs, which result in the wide-scale replacement of 
continental crust with basalt, and the eventual destruction of 
the continental lithospheric mantle. 
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Based on their unique characteristics, such as isolation 
from the groundwater and lack of local sediment input, 
ombrotrophic peatbogs offer exceptional opportunities to study 
the long term atmospheric deposition of metals from various 
sources. Ireland has the second-highest proportion of peat 
cover in the EU, after Finland, and represents one of the few 
countries where a range of peatlands still exist in natural state. 
So far, significant pioneer studies on the Irish peat bogs were 
focussed on questions of regional scale and of limited scope in 
terms of metal deposition, often attributable to a single point 
source of contamination (e.g., historical mining [1]). There is 
thus significant potential for extracting metal deposition 
histories from Irish peat cores, particularly in view of the fact 
that the island is exposed to dominant weather systems from 
the North Atlantic, possibly carrying aerosols from as far afield 
as North America. 

Existing peat core studies have additionally identified a 
rich record of tephra [2]. This is an expected consequence of 
Ireland’s proximity to Iceland with its active volcanoes, but 
relatively little work has been conducted into deciphering the 
details of tephra chemistry at trace element level. 

In order to better understand the dispersal of particulate 
and aerosol plumes, three peatbogs from the eastern part of 
Ireland (Meath, Wicklow, and Waterford) were collected and 
examined for their trace and ultra-trace (ppb-ppt) element 
compositions at high spatial resolution [3]. By pushing the 
limits of trace metal detection, we aspire to unravel the metal 
contribution from multiple sources, and to better understand 
the element mobility within the peat core. Additionally, by 
combining solution analyses and non-destructive imaging (e.g., 
environmental SEM) a more precise identification and 
discrimination between natural (e.g., volcanic) and 
anthropogenic inputs into the atmosphere can be made. 
Combined, this approach provides new, highly relevant 
insights into the general metal cycle at the Earth surface. 

 
[1] O’Brien, W. (1996), Royal Dublin Soc. 12, 16pp; [2] Hall 
& Pilcher. (2002), The Holocene, 12, 223-230; [3] Marx et al 
(2010). Environmental Pollution 158, 1615-1628. 
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Isotopic measurements of sulfate and sulfide phases 
preserved in carbonates document secular changes in the sulfur 
cycle and the redox evolution of Earth’s surface over geologic 
time. However, as the isotopic record of ancient oceanic 
conditions becomes better resolved, reports of coeval but 
discordant geochemical/isotopic proxies are becoming 
increasingly common. As a bulk-rock proxy, 34S signals can 
consist of multiple origins of sulfate and sulfide within 
carbonate minerals. Deciphering whether changes in δ34S 
derive from the relative contribution of secular change versus 
from variation in the origin of the components of bulk rock is 
critical in order to extract meaningful information about 
depositional and diagenetic environments.  

We used X-ray spectromicroscopy to map the distribution 
of primary and secondary S-bearing sedimentary phases at the 
micron-scale in a well-characterized suite of Ordovician-aged 
(∼444 million years ago) carbonate strata from Anticosti 
Island, Quebec. The high-resolution maps of sulfate variability 
showed major differences between clasts and cement, as well 
as subtle variation in sulfate concentrations between fossil 
clades. We can distinguish the sulfate content of different 
stages of calcite cement, helping to constrain the diagenetic 
history and relate specific cements with the chemistry of the 
waters from which they formed. In conjunction with secondary 
ion mass spectrometry (SIMS) δ34S measurements, this new 
analytical approach can distinguish isotopic signatures between 
primary and diagenetic phases, enhancing our ability to 
interpret δ34S isotopic signatures and reconstruct 
biogeochemical sulfur cycling over Earth history. 
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Diffusion experiments under relevant geochemical 

conditions are fundamental for the performance assessment of 
radioactive waste disposal in deep geological repositories. 
Laboratory diffusion experiments are primarily used for this 
purpose. To demonstrate that the results obtained from the 
laboratory investigations are valid, some in situ diffusion 
experiments were performed [1-3]. In situ experiments in 
compacted bentonite are more difficult to implement than in 
consolidated clayrocks, especially due to slow saturation of 
compacted bentonite, not easy removal of bentonite from the 
borehole, etc.  

In our pilot in situ diffusion experiment, we attempt to 
overcome these difficulties by using rather a small-scale 
bentonite samples (d = 5 cm, L = 11 cm) compacted at low dry 
density (1350 kg/m3). During compaction of bentonite, pellet 
of sodium iodide (d = 1 cm, L = 1 cm) was added and 
positioned approximately in the middle of the bentonite 
cylinder. The bentonite samples were covered with filtration 
fabric (minimizes the leaching of eroded bentonite particles) 
and placed in perforated tubes (allow saturation of bentonite by 
borehole groundwater). The tubes were inserted into the 
boreholes flooded by groundwater in Josef Underground 
Laboratory, CZ. After a certain time period, the bentonite 
samples were removed and cut into small pieces in order to 
obtain at least 2D distribution of water and iodide content. 

The evaluation of experiments is challenging. There is 
an uncertainty for estimating the time when the bentonite 
surrounding iodide pellet starts to become water saturated.  
Therefore, the time needed for the full saturation was evaluated 
from a set of additional experiments. Diffusion coefficients 
were subsequently evaluated from the iodide concentration 
profile. The validity of results from in situ experiments were 
demonstrated by through-diffusion experiments performed 
under laboratory conditions as close as possible to in situ 
conditions.  

 
[1] Jannson and Eriksen (2004) J. Contam. Hydrol. 68, 183. 
[2] Palut et al (2003) J. Contam. Hydrol. 61, 203. [3] Gimmi et 
al (2014), Geochim. Cosmochim. Ac. 125, 373. 
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Worldwide, selenium (Se) is proving to be a significant 

environmental concern, with many anthropogenic activities 
(e.g., coal mining and combustion, phosphate mining and 
agricultural irrigation) releasing potentially hazardous 
concentrations into soil and natural water ecosystems. Various 
abiotic and biological processes coupled to 
Mn(III,IV)(hydr)oxides and microorganisms mediate Se 
oxidation/reduction (redox) transformations in soils, thus 
influencing its solubility and bioavailability. Several common 
soil fungi aerobically reduce soluble Se(IV,VI) anions to Se(0). 
In this research, we assess the relative contribution of biotic 
and abiotic pathways for these aerobic Se transformations. 

To study biotic and abiotic contributions to Se 
transformations, soluble Se(IV) was combined with 
Mn(III,IV)(hydr)oxides, a Se-transforming fungus (Alternaria 
alternata), and/or oxalic acid to mimic Se biogeochemistry at 
plant-soil-water interfaces. Despite slightly increasing the 
redox potential of the solution, the presence of Mn oxides did 
not inhibit aerobic fungal-mediated Se(IV,VI) reduction to red 
precipitates of biogenic Se(0). Without the addition of fungi, 
reduction of Se(IV) to Se(0) did not occur, although there was 
an initial rapid decrease in Se(IV) concentration (50-75% loss 
within 1 day) in the presence of Mn oxides. This decrease was 
likely due to surface adsorption or precipitation of Se(IV) 
anions. In the absence of Mn oxides, the magnitude of Se(IV) 
loss from solution was nearly three times higher with fungi  
than in abiotic controls (41% loss of Se(IV) after 10 days in the 
presence of A. alternata as compared to 15% without fungi). 
Bioreduction of Se(IV) to Se(0) did occur in all A. alternata 
treatments, though it is unknown whether alternative processes 
such as volatilization or incorporation into fungal biomass also 
play a role in removing Se(IV) from solution.  

Results from this study are key for understanding Se-
transforming reactions in soils, and the role that both abiotic 
and biotic processes play in influencing Se bioavailability and 
mobility within and out of contaminated ecosystems. 
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We used Ramped PyrOx 14C analysis to thermo-chemically 
separate and radiocarbon date different pools of organic carbon 
in a well-dated sediment core and particulate organic carbon 
(POC) from the Missouri-Mississippi River system. A 
sediment core from Lake Whittington, an oxbow lake formed 
in 1937 and attached to the main stem by a channel, was 
robustly dated by a conspicuous and abrupt fining of sediment 
to mark the formation of the lake, two 137Cs peaks, and the top 
of the core (2012).  Low-temperature pyrolysates from 
Ramped PyrOx 14C analysis respond immediately to the bomb 
curve, whereas high-temperature pyrolysates display a delayed 
reaction.  Both responses occur at an annual-centennial time 
scale.  This suggests a dominance of soil organic carbon being 
deposited in the lake sediments, corroborating our evidence 
from fatty acid chain length and lignin composition.  Data 
from Atchafalaya outflow particulate organic carbon (POC), 
sampled during the highest recorded discharge in 2011, also 
suggest that maximum age of Mississippi POC is correlated to 
the age of soils in the basin.  Thus, these approaches offer 
constraint on the role of large river systems such as the 
Mississippi play in long-term carbon cycle function such as 
regulated atmospheric CO2 regulation and climate change 
through geologic history. 
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The use of engineered metal (oxide) nanoparticles in a 
variety of applications and products is rapidly increasing. 
Among engineered nanoparticles, silica nanoparticles (often 
refered to as colloidal silica) is by far the most common 
industrial product, with extensive use in drug production, paper 
making, paints and sealants etc. Silica nanoparticles are 
generally considered to be non-toxic, but details of their 
interaction with environmental organic material are scarce, 
especially considering the multitude of available surface 
modifications. 

Interaction between nanoparticles released into the 
environment and natural organic material  will result in 
formation of a primary corona, which will change the physical 
and biological characteristics of the nanoparticles and affect 
their fate. However, the structure and dynamics of this corona 
are not well understood, as a molecular level description of the 
interfacial reactions is lacking. We aim to improve the 
situation by studying the interaction between engineered silica 
nanoparticles of varying types and sizes, and a number of 
organic molecules, using a combination of classic wet 
chemical methods, microscopy and spectroscopy.  

The structure of the corona is affected by the nature of the 
organics involved and by the size and charge of the 
nanoparticles. Presented below are surface charging curves for 
SiO2 nanoparticles, in the absence (solid symbols) and 
presence (open symbols) of the organic ligand 2,3-
dihydroxybenzoic acid (2,3-DHBA). The presence of the 
ligand significantly affects the surface charge at 
environmentally relevant pH values. 
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Accurate estimates of the supply of elements from mineral 
weathering to forest soils are crucial to critical load 
calculations, ecosystem models, and sustainable forest 
management, particularly in light of increased interest in the 
use of forest biofuels for energy production [1]. The dynamic 
ecosystem model ForSAFE is based on a soil chemistry and 
mineral weathering model originally developed to estimate 
critical loads for acid deposition, and has since been further 
developed to model forest growth dynamics and soil carbon 
storage [2]. A model that explicitly describes rooting dynamics 
and nutrient uptake as well as belowground carbon allocation 
is needed to evaluate the effects of global change, fertilization, 
and alternative management scenarios on the carbon storage, 
nutrient retention, and productivity of forests. 

We applied the model ForSAFE to describe forest growth 
and soil solution values at an experiment forest, which is co-
limited by nitrogen and phosphorus, where we have applied N- 
and P-fertilization treatments. We used both site-collected 
data, published data, and data from mesocosm experiments 
conducted by our group to add a dynamic rooting response 
module that describes how rooting depth and belowground 
carbon allocation respond to changing nutrient demands of 
their host trees. These additional mechanisms allow our model 
to better describe how ecosystems, total mineral weathering 
and biological weathering can be expected to respond to global 
change and increased harvest intensity. Additionally, this 
model serves as a platform to describe new advances in our 
understanding of how biology contributes to soil weathering 
rates. We will also discuss strategies to model the contribution 
of mycorrhizal fungi to mineral weathering. 

 
[1] Akselsson et al (2007), For. Eco. & Manag. 238 ,167–174. 
[2] Wallman et al (2005), For. Eco. & Manag. 207, 19-35. 
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Nine spinel-group minerals were synthesized by a flux-
growth method. The bulk compositions, iron contents and 
redox states were controlled during the synthesis to obtain 
compositions that are representative of the diversity 
encountered in rocks. The mean force constants of iron bonds 
in these minerals were determined by synchrotron Nuclear 
Resonant Inelastic X-ray Scattering (NRIXS). The mean force 
constants are strongly dependent on the Fe3+/Fetot of the spinel 
but are independent, or weakly dependent on other structural 
and compositional parameters. These force constants are used 
to predict equilibrium Fe isotopes fractionation factors 
between spinels and silicates (olivine and pyroxenes). Our 
predictions are in excellent agreement with independent 
determinations for the magnetite-fayalite and the magnetite-
hedenbergite couples. Our calibration applies to the entire 
range of Fe3+/Fetot ratios found in natural spinels and provides 
a basis for interpreting iron isotopic variations documented in 
mantle peridotites. Except for a few exceptions, most of the 
samples measured so far are in isotopic disequilibrium, 
reflecting metasomatism and partial melting processes. 
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Ophiolites expose gabbroic sections that are generally 

separated from the mantle section by a dunitic transition zone 
(DTZ). Our previously published data on the Oman Ophiolite 
DTZ demonstrated that two main magmatic processes may 
explain its genesis: 1) reaction melting between a mantle 
peridotite and a melt under-saturated with orthopyroxene; 2) 
olivine crystallization from a high-Mg primitive melt. 

We present a detailed geochemical, petrological and 
structural study of a selection of cross sections within the 
Oman ophiolite DTZ. Dunites have very low trace element 
contents. For this purpose, we adapted and adjusted specific 
chemical protocols in order to determine accurately the dunite 
trace element concentration. Whole rock minor and trace 
elements distribution, together with mineral chemistry, 
usefully contribute to distinguish between cumulative and 
reactional dunites. The structural, petrological and 
geochemical differences observed from one cross section to the 
others bear witness to the former thermal structure of the 
spreading center and to variations in the integrated melt flux 
percolating in the DTZ. This results in complex hybridization 
between MORB and melt fraction locally produced by the 
melt/rock reactions. Combining detailed sampling of numerous 
cross sections within the DTZ, with high precision trace 
element determinations is a powerful tool to investigate the 
processes of oceanic crust formation.  
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Surface water on metal-oxide nanomaterials has become a 
topic of great interest in geochemistry as the stability of metal 
oxide materials at the nanoscale is provided, in part, by the 
occurrence of water confined to their surfaces. In this 
presentation, the thermodynamic properties of hydrated 
α-Fe2O3 (hematite) and Fe3O4 (magnetite) nanoparticles have 
been evaluated using inelastic neutron scattering (INS) 
spectroscopy. Inelastic neutron scattering (INS) provides key 
information about the structure and dynamics of the water 
species confined to the oxide surfaces. The complexity 
inherent in the structure of the nanoparticle hydration layers is 
reflected in their vibrational density of states (VDOS) from 
which their thermodynamic properties may be determined. 
We find that water confined on the surface of α-Fe2O3 
nanoparticles has an isobaric heat capacity that exceeds that of 
ice-Ih at temperatures > 75 K, whereas the heat capacity for 
water on Fe3O4 is greater than that for ice-Ih at all 
temperatures. This is a consequence of the differing 
distribution of the librational modes of the two confined water 
systems. As neutrons have a magnetic moment they also 
provide a probe of the magnetic properties of nanoparticles. 
We observe both dispersed and non-dispersed magnetic signals 
in α-Fe2O3. We shall show how these magnetic transitions, 
coupled with the hydration layers, contribute to the overall 
stability of the α-Fe2O3 nanoparticles relative to Fe3O4.  
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Many studies clearly demonstrate the connection between 

air pollution and a wide variety of human respiratory and 
systemic health complications [1] [2]. As internal combustion 
engines are among the most important sources of air pollution, 
engine exhaust emission legislations have become 
progressively more stringent over the past few decades. As a 
consequence, new strategies have been developed to improve 
engine combustion, motor efficiency and exhaust after-
treatment. It is however not fully clear yet which emission 
components are of greatest relevance, while the biological 
mechanisms that link air pollution and adverse health effects 
also remain poorly understood. 

The aims of the presentation are to provide an overview of 
the current state of research and clinical aspects in the field, as 
well as about the development of sophisticated in vitro 
approaches mimicking the inhalation of airborne particles / 
exhaust for the toxicological testing of engine emissions. Data 
will be presented that show that the combination of an air-
liquid exposure system and 3D lung-cell culture model 
provides an adequate tool for fast and reliable investigations of 
complete exhaust toxicity as well as the effects of particulate 
fraction [3] [4]. This approach yields important results for 
novel and improved emission technologies in the early stages 
of product development. 
 
[1] Donaldson et al 2005. Part Fibre Toxicol 2: 10. [2] Ghio et 
al 2012. Curr Opin Pulm Med 18:144–150. [3] Müller et al 
2010. Environ Sci Technol 44(7): 2632-2638. [4] Steiner et al 
2013. Atmos Environ 81: 380-388. 
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A chondritic signature has been detected in the Earth’s 
mantle for heavy noble gases as reported by [1] [2] in CO2 well 
gases. As CO2 well gases are thought to derive from the same 
reservoir as MORBs [3], this signature should be observed in 
MORBs and OIBs as well. As such, we have performed 
analyses for all noble gases of MORBs and OIBs samples 
using a HELIX SFT. Here we will present preliminary results 
obtained via a new protocol designed to improve data quality. 
As part of this protocol, samples were stored in a glovebox, 
alternating between vacuum and nitrogen atmosphere to lower 
the atmospheric contamination and then crushed in large 
amounts (3-8g).  

Despite detection of a chondritic signature, MORB and 
OIB compositions appear atmospheric for stable isotopes of Xe 
as already reported by [4] [5]. Subduction of atmospheric 
noble gases through geologic time could explain such a 
convergence. To test this scenario, we performed modeling for 
Ar and Xe in three distinct reservoirs: atmosphere, mantle and 
continental crust. Several processes are taken into account to 
reproduce the evolution of the Earth: degasing in two phases as 
in [6], atmospheric distillation to explain the missing Xe 
paradox and the present Xe isotopic signature of the 
atmosphere, as well as extraction of parent elements to the 
continental crust. Finally, subduction of noble gases can be 
described as a simple incorporation of air into the mantle. 
During this process elemental fractionation of atmospheric 
noble gases can occur and seems to operate in favour of heavy 
noble gases. This is in agreement with high (Xe/Ar) ratios of 
subducted material compared to the atmosphere: sediments [7] 
[8], seawater [9], old or exhumed oceanic crust [8] [10]. We 
show that starting with a chondritic composition, the present 
mantle composition can be reproduced and that subduction 
plays a major role as it explains the nearly atmospheric 
signature of the mantle for Xe stable isotopes and considerably 
lowers the radiogenic isotopic ratios. 
 
[1] Caffee et al, Sci. (1999) [2] Holland et al, Sci. (2009) [3] 
Staudacher, Nat. (1987) [4]  Kunz et al, Sci. (1998) [5] Trieloff 
et al, Sci. (2000) [6] Sarda et al, EPSL (1985) [7] Matsuda & 
Nagao, Geoch. J. (1986) [8] Staudacher et al, EPSL (1988) [9] 
Mazor et al, Deep-Sea R. (1964), [10] Kendrick et al, Nat. 
Geo. (2011) 
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Primary production (PP) was measured at Scott Base 
during the YROSIAE campaign between 24th Oct and 24th Nov 
using tracer (H13CO3

-) experiments in in-situ incubations 
(crushed ice). Maximal PP rates reached 4 µmol L-1 d-1 in the 
bottom of the sea ice by the 14th Nov while particulate organic 
carbon (POC) increased with approximately 1300 µM during 
the one-month period. This means biomass was accumulating 
10-fold faster than measured in our incubation experiments. 
Parallel to this, PP was derived from O2/Ar measurements in 
ice cores from a nearby location. Results show rates 
comparable to the incubation experiment ranging between 1.3 
and 8.4 µmol L-1 d-1. Two hypotheses could explain the 
discrepancy between the observed PP rates and POC 
accumulation: 

1) A methodological bias, implying a large under-
estimation of primary production from both isotopic-tracer 
incubations (poor homogenization of the 13C-tracer in the 
crushed ice) and O2/Ar ratio (brine convection and gas 
exchanges).  

Large amounts of dissolved organic carbon (DOC) have 
been observed in sea ice and could explain the apparent deficit 
in production of POC, via two possible processes (1) Direct 
assimilation of DOC by mixotrophic algae; this was not 
accounted for during the tracer addition experiment and since 
this carbon is already in the reduced form, the process would 
less affect O2/Ar ratios compared to the assimilation of CO2;  

2) A strong remineralisation of DOC into DIC could dilute 
the tracer and result in an under-estimation for uptake 
measurements if not taken into account. The latter process also 
would consume part of the oxygen produced by photosynthesis 
and result in a smaller net O2-production)). Both pathways 
would require that a significant fraction of dissolved organic 
carbon is supplied from seawater and transformed to POC 
within the ice.  
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In the Southern Andes of Chile and Argentina, geothermal 

resources occur in close spatial relationship with active 
volcanism along the Cordillera which is primarily controlled 
by the 1000 km long, NNE Liquiñe-Ofqui Fault Zone (LOFZ), 
an intra-arc dextral strike-slip fault system, associated with 
second-order intra-arc anisotropy of overall NE-SW 
(extensional) and NW-SE orientation (compressional). The 
Caviahue–Copahue volcanic complex (CCVC) is located at the 
border between Argentina and Chile, and hosts in its 
northeastern flank five geothermal areas with surface 
manifestations including thermal springs, bubbling pools and 
fumaroles. Two others areas (Chancho-co and Pucon-
Mahuida) occur in close proximity to the volcanic-
hydrothermal system in the northern and southern flank of the 
Copahue volcano, respectively. 

The goal of the study is to understand the impacts of 
volcanic activity and fault-fracture networks on the evolution 
of the isotopic chemistry of geothermal fluids at CCVC. For 
this purpose, we present noble gas and nitrogen isotope data of 
thermal fluids from the seven main geothermal areas collected 
during 2014 and 2015. The R/Ra ratio varies between 3.65 Ra 
and 7.86 Ra and correlate positively with the δ15N values (-
0.86‰ to +4.9‰). If we exclude the air component, the 
magmatic-geothermal source of CCVC is characterized by a 
MORB-like mantle signature (high R/Ra: 8Ra), and by high 
δ15N (+6.5‰) related to subducting sediments. These data 
suggest a significant degree of N2 recycling, but low 4He 
recycling. We link the high R/Ra and δ15N values to the 
extensional tectonics of the region that allows uprising of 
fluids. On the other hand, Ne, Xe and Kr isotopic ratios are 
entirely of atmospheric origin but processes of boiling and 
steam separation have led to fractionation of their elemental 
abundances. The noble gas elemental abundances and low 
R/Ra for Chancho-co and Anfiteatro are explained by the 
injection of meteoric water that argues for a water recharge and 
mixing zone for both of them. 
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Saronikos Gulf is subjected to intense anthropogenic 

pressures; one of the main pressures is the discharge of the 
nearby water treatment plant (WWTP).  

Nutrient dynamics in the sediment-water interface were 
studied through ex-situ incubation experiments at station S7, in 
February and July 2012. Benthic fluxes were measured with 
dark chamber incubation for approximately 24 hours. 
Porewater profiles were obtained from 20-25 cm cores. 

In February the seafloor acts as a sink for nitrate, nitrite 
and ammonia. In porewater profiles, nitrate concentrations are 
decreasing downwards in the first 5 cm, while ammonia is 
increasing. The downcore decreasing trend in nitrate and nitrite 
concentrations is suggesting that denitrification may be the 
controlling process, further supported by the flux incubation 
experiments. At the horizon of 8-9 cm, ammonia concentration 
increases while organic nitrogen decrease possibly indicating 
that ammonification is the prevailing process at this layer.  

Nutrient dynamics demonstrated seasonal variability. 
Indeed, in July, the incubations showed an efflux for nitrogen 
species. Nitrite and ammonia demonstrated a significant 
positive correlation, probably implying that ammonia was 
produced through ammonification process or that 
ammonification is the main process controlling the fluxes.  
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Boron concentration and isotopic composition (δ11B) of 
atmospheric inputs (openfield dust and total dissolved 
depositions) were studied for the first time over a two-year 
period (2012-2013) to determine the budgets, sources and 
processes controlling the atmospheric contribution of boron in 
a forest ecosystem. Boron concentrations in dust depositions 
(Du) show very high B concentrations ranging from 191 µg.g-1 
to 501 µg.g-1 while most of total dissolved depositions (TDi) 
ranges from 1.1 ng.mL-1 to 3.6 ng.mL-1 with an extreme event 
at 9.1 ppb during the summer of 2013. δ11B show a large range 
of variations, from -4.7 ‰ to +11.4 ‰ for Du and from 8.3 ‰ 
to 36.6 ‰ for TDi. The measured concentrations yield an 
annual boron flux of about 10 mg.ha-1.yr-1 for Du and about  
16 mg.ha-1.yr-1 for TDi. 

Du data show no clear relationship between B and major or 
trace elements but the unexpected and rather constant high B 
concentrations observed over the sampling period indicate a 
control by one or more B-rich sources, yet to be determined. 
The δ11B vs. 1/B mixing diagram evidences the contribution of 
at least three components. B analyses of some of the fertilizers 
spread in the nearby agricultural soils and samples of top soil 
fine particules will allow testing the hypothesis of a regional 
origin of Du in relation with agricultural activities. 

δ11B data in TDi show a clear seasonal cyclicity throughout 
the sampling period and are characterized by a high isotopic 
signature during the summer and a low isotopic signature 
during the winter. However, the B concentrations remain 
roughly stable without clear seasonal cyclicity. The observed 
high isotopic ratios are not associated with a high seawater 
contribution (according to Na) as classically proposed. This 
indicates that marine-derived particles unlikely control 
dissolved boron in our ecosystem. Furthermore, no clear 
relationship is observed between B, δ11B and the dissolved 
major elements, evidencing no major source contribution. We 
hypothesize that dissolved boron mostly originates from 
condensated gaseous boron. Evaporation/condensation 
processes appear therefore to be controlled by local physical 
atmospheric parameters. 
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The biogeochemical cycling of iron (Fe) is determined 
primarily by the redox conditions of the local environment. 
Under modern surficial conditions, Fe occurs predominantly in 
the form of sparingly soluble Fe-oxyhydroxide minerals. In 
contrast, the abundance of iron formations (IFs) during the 
Archean and Paleoproterozoic suggests that the deep oceans 
were widely anoxic and Fe-rich. However, mechanisms by 
which oxidation of ferrous Fe occurred in ancient oceans and 
the interplay among oceanic, tectonic, and biological processes 
in controlling Fe redox cycling are still debated.  

Here we present a comparison between ancient and 
modern seafloor metalliferous deposits. Discussed are 
geochemical and Fe-isotope signatures of (1) hydrothermal Fe-
oxide deposits and microbial mats from the Loihi Seamount 
hydrothermal field; (2) hydrothermal plume fall-out deposits 
from modern and Paleoproterozoic (e.g. Jerome jaspers, AZ) 
settings; and (3) Paleoproterozoic and Archean IFs. 

The Fe-isotope composition (δ56Fe) of microbial mats at 
Loihi displays a large range between -1.2 to +1.6 ‰, which is 
considerably greater than the range of δ56Fe values for 
Proterozoic to Phanerozoic plume fall-out deposits (-0.4 to 
+1.0 ‰). These results indicate that the Fe isotope composition 
of Fe-rich microbial mats is most sensitive to oxygen levels in 
the local environment, and controlled less by abiotic vs. biotic 
processes. Our extensive survey of δ56Fe values of 
Precambrian IFs allows a first-order assessment of the Fe 
isotope mass balance of Earth’s early oceans. We propose that 
both positive and negative δ56Fe values of IFs record redox-
driven, water-column processing of hydrothermally-delivered 
Fe accross a chemocline. 

This comparative approach provides a mechanistic 
constraint on the origin of Fe isotope fractionation in IFs. The 
rise of atmospheric O2 led to the contraction of marine 
environments where active Fe redox cycling produced large 
Fe-oxide deposits, on the scale of oceanic basins in the 
Archean, and restricted to microbial mats in modern seafloor 
hydrothermal systems. 
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The prevalence and diversity of mineral oxidation 

processes in sediments has remained poorly understood, in part 
due to the difficulties associated with culturing lithotrophic 
microbes. We recently demonstrated that using an electrode 
poised at a given redox potential as a surrogate for a mineral 
surface, is a feasible approach to enrich and facilitate isolation 
of microbes capable of mineral oxidation. To this end we 
isolated microbes from electrode incubations constructed in 
marine sediment microcosms. The enriched biomass from 
these incubations was further cultivated under sediment free 
conditions utilizing solid substrate electron donors such as 
elemental sulfur, iron, and amorphous FexSx. Electrode 
oxidizing microbes isolated from these enrichments belong to 
the genera Halomonas, Idiomarina, Marinobacter and 
Pseudamonas of the Gammaproteobacteria and the 
Thalassospira and Thioclava genera of the 
Alphpproteobacteria. Though many of these organisms are 
commonly detected in marine sediments, they are not generally 
associated with mineral oxidative metabolisms. 
Electrochemical analysis of the isolates has demonstrated that, 
though these organisms have similar physiologies, they employ 
different biochemical mechanisms demonstrated by the 
variability in dominant electron transfer modes and the range 
of midpoint potentials observed for dominant redox active 
cellular components. This data is supported by our preliminary 
genomic analysis which suggests a variety of potential 
pathways for extracellular electron transport including 
cytochrome containing genes with homology to other iron and 
sulfur oxidizing microbes. The insight gained from these 
genomic studies included gene targets for directed mutagenesis 
studies in genetically tractable strains. Given the abundance of 
reduced minerals in sediments and the Earth’s subsurface this 
approach holds vast potential for increasing our understanding 
of the biogeochemical importance and abundance of mineral 
oxidation reactions. 
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Banded iron formations (BIFs) are iconic reminders of the 

biogeochemical peculiarity of the Precambrian surface 
environment. Interpretations of their record of, and influence 
on, the chemistry and biology of Earth’s early oceans is 
strongly influenced by our understanding of the primary 
minerals that precipated to form BIFs.  The identity of these 
primary mineral precipitates is an open question.  Here we 
describe flame structures from a Mesoarchean BIF, and use 
stability theory to infer the identity of original mineral 
precipitates that made up the BIF’s iron-rich layers. 

We studied an exposure of chert-magnetite BIF in the Red 
Lake Greenstone belt, NW Ontario that was deposited  
≈3.2 billion years ago on the flank of a submarine volcanic 
edifice.  Alternating beds of chert-rich and magnetite-rich 
layers are ≈2-5 cm thick, and preserve delicate sedimentary 
structures including fine internal laminations and graded 
bedding.  The beds are coherently deformed in slump folds and 
around mafic lava pillows, indicating that the sediments were 
coherent but only weakly lithified when deformed. Along with 
other indicators of syn-depositional deformation like localized 
chaotic bedding,  these features imply that the chert-magnetite 
laminations formed during deposition rather than through 
grain-scale segretation associated with metamorphic 
recrystalization. 

We identified flame structures on several bedding surfaces 
around the exposure.  The flame structures each originate from 
a separate single bedding layer, and have a cuspate-lobate 
morphology with a regular spacing between the cusps.  Flame 
structures form in layered sediments when a higher density 
layer overlies a lower density layer, creating a density gradient 
that drives material from the lower layer to intrude the upper 
layer at regular intervals.  Stability theory indicates that the 
Rayleigh-Taylor instabilites represented by flame structures 
develop at a characteristic wavelength that is controlled by the 
densities and viscosities of the two sedimentary layers. Our 
stability analysis of the characteristic spacings of the flame 
structures, in combination with modal reconstructions of 
original bulk chemical compositions, implies that the 
magnetite-rich layers in the Red Lake BIF originated as green 
rust mineral precipitates. 
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Studies of sulfur speciation in basaltic systems have long 

suggested that sulfur, present as either S2- or S6+ within the 
melt, must undergo oxidation/reduction to degas as SO2. The 
question is: does this change in sulfur valence state balance 
with other multi-valent cations during degassing? To address 
this issue we have utilised a comprehensive analytical 
approach, based around micro-XANES synchrotron 
determination of Fe and S speciation, to understand the 
relationship between magma degassing and redox states. 

Melt inclusions from the 2008 summit eruption of Kilauea 
Volcano, Hawaii, record significant sulfur degassing  
(~1400-110 ppm) but relatively homogenous major element 
compositions (FeO* 10.8 +/- 0.14 wt%). Micro-XANES 
analyses of Fe speciation indicate there is a continuous 
correlation between decreasing Fe3+/∑Fe and decreasing sulfur 
content, in which in Fe3+/∑Fe decreases from 0.12 to 0.05, 
consistent with typical literature values for Kilauea Fe3+/∑Fe. 
Sulfur loss also coincides with a decreasing XANES sulfate 
peak from ~ 9% of total S to zero, although with some 
variability between inclusions. 

If sulfur degases as SO2, as predicted from gas emissions, 
the net reaction for coupled Fe-S redox is expected to be: 

6 Fe3+
(m) + S2-

(m) + 2 O2-
(m) = 6 Fe2+

(m) + SO2(g) (1) 
From this we would predict that degassing of the S should 
result in the reduction of all of the Fe3+ in the melt.  Clearly 
this is not the case. Instead, a major fraction of the S must be 
lost as a more reduced species, such as elemental S: 

4 Fe3+
(m) + 2 S2-

(m) = 4 Fe2+
(m) + S2(g) (2) 

or perhaps H2S, by reaction with H2O dissolved in the melt: 
S2-

(m) + 2 H2O(m) = O2-
(m) + H2S(g) (3) 

However, neither elemental S or H2S are abundant in the gas 
plume, suggesting that rapid S oxidation immediately after 
degassing may be responsible for the dominance of SO2 
observed in the gas phase. Reactions (1) and (2) imply that 
sulfur degassing should decrease as fO2 decreases, making it a 
self-limiting process that is not expected to go to completion, 
as observed. Loss of S as H2S is however, redox neutral 
(reaction 3) 
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Mineral dust can have direct and indirect effects on Earth’s 

climate by interacting with radiation in the atmosphere and by 
fertilizing micronutrient-limited areas of the ocean (leading to 
CO2 drawdown). Thorium isotopes in marine sediment have 
been used to develop a proxy for dust fluxes; 232Th is a proxy 
for continentally-derived lithogenic material, whilst 230Th 
allows calculation of mass fluxes to the ocean floor. However, 
there has not been a systematic study of the assumptions made 
in this method for modern samples. In this study, we carried 
out 232Th and 230Th analyses on core-top sediment samples 
collected across a longitudinal range from 21-56oW in the 
tropical Atlantic Ocean (~5-15oN). The samples were collected 
on cruise JC094 in 2013 using multi-coring and Remotely 
Operated Vehicle to provide the most pristine core tops 
possible, as well as co-located seawater. ROV push coring 
enabled depth transects to be collected from the sides of 
seamounts ranging from 570 to 4565 m. The cruise transect 
includes locations under the high Saharan dust inputs in the 
east to lower inputs in the west.  

Across the Atlantic our results from digestion of bulk 
sediment show a decrease in calculated 232Th flux from east to 
west, as expected from the gradient in Saharan dust. However, 
our results also indicate that there is a dependence of 
calculated 232Th flux on water depth. Combined with 
measurements of the fraction of CaCO3 and a simple 
scavenging model these results suggest that dissolution of  
CaCO3 with depth is at least in part responsible for the 
apparent trend in 232Th fluxes. 
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Speleothems and corals provide a usefull record of the 

temporal trends of contaminants and tracers [1-2]. This 
requires an accurate dating, particularly if they must be 
corelated with other archives. With high precision 
measurements achieved by MC-ICPMS, the uncertainty on the 
initial 230Th content becomes a major source of uncertainty for 
U-Th dating of carbonates. This initial 230Th content is usually 
calculated with the 232Th content of the sample and its initial 
230Th/232Th ratio estimated by: 

- an isochron built using coeval samples analyzed on a 
single stratigraphic level [3] or 

- stratigraphical constrains on the initial 230Th/232Th values 

required to obtain the ages of non-coeval samples in the 
stratigraphic order along the speleothem (or the coral) [4]. 
These 2 estimates are based on different hypotheses and have 
never been coupled. Here, we present a new model called 
‘STRUTages’ based on Monte Carlo simulations. STRUTages 
combines in a self-consistent maner the stratigraphical 
constrains from both non-coeval samples (with their ages in 
the stratigraphic order) and coeval samples (with identical ages 
within analytical uncertainties). It allows obtaining the best 
estimate on the initial 230Th/232Th ratio of each sample. 
STRUTages and isochrones results are compared on a set of 
speleothems and a coral core. The comparison of the U-Th 
ages and growth-band counted ages of the coral core 
demonstrates the validity of the STRUTages approach, 
whereas some ages derived fom the isochron approach may 
differ from the counted ages. An Octave (Matlab-compatible) 
script allowing the use of stratigraphical and coevality 
constrains will be available. 

 
[1] Pons-Branchu et al (2014). Quat. Geochronol 24, 44-53. 
[2] Lee, J. M. et al (2014) Earth Planet. Sci. Lett. 398, 37-47. 
[3] Ludwig, K.R., (2003) Rev. Min. Geochem 52, 631–656. [4] 
Hellstrom, J. (2006). Quat. Geochronol. 1, 289-295.   
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The bomb-tritium has been used for several decades now 
as a tracer of choice to detect recent recharge and to quantify 
groundwater residence times on time scales extending from 
several years to several decades. Nowadays, atmospheric 
concentrations of tritium in precipitation are approaching 
natural levels in most parts of the world and there is a growing 
interest in alternative indicators of groundwater age in shallow 
aquifers.  

We present a dedicated GC-based analytical system to 
determine the concentrations of four  anthropogenic gaseous 
tracers (SF6, SF5CF3, CFC-12, HC-1301) in air and water, with 
the precision and accuracy sufficiently low do employ them for 
groundwater dating. The system is also capable to measure 
concentrations of Ne and Ar in the same water sample. This 
allows corrections for excess air to be made and calculations of 
recharge temperatures. Field sampling system is based on a 
dynamic head-space method. Approximately 100 liters of 
water has to be pumped through the system before the dynamic 
equilibrium is reached in the head-space volume.  

The system was thoroughly tested in the field and 
employed for groundwater dating in two aquifer systems in 
Poland. The results were compared with the tritium data 
available for the sampled wells. The applied gaseous 
anthropogenic tracers yield consistent age ranges for 
groundwater in the studied aquifer systems, comparable with 
the ages derived from tritium data. 
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A mineral that forms at conditions as variable as diagenesis 

to deep subduction, magma crystallization to low temperature 
alteration, and that retains information on time, temperature, 
trace elements and other isotopic signatures is bound to be a 
useful petrogenetic tool. The variety of conditions at which 
zircon forms and reacts is a great asset, but also a challenge as 
interpretation of any geochemical data obtained form zircon 
has to be placed in P-T context. At which condition and by 
which process a zircon formed in rocks remains a crucial 
question to answer.  

Textural relationships with other minerals and zoning 
within zircon itself are qualitative indicators of the type of 
reactions and conditions of formation. Particularly, internal 
zircon textures (revealed by cathodoluminescence and BSE) 
and structures (revealed by TEM and EBSD) combined with 
chemical variations have been used to distinguish between 
processes such as crystallization from a melt, recrystallization 
at sub-solidus conditions and dissolution-precipitation 
reactions in the presence of a fluid phase. Natural zircon 
textures have been partly reproduced in controlled experiments 
that have identified the most aggressive fluids to promote 
zircon recrystallization. Changes in oxygen, Lu-Hf and U-Pb 
isotopes can additionally assist in identifying the process that 
led to zircon formation or alteration. The different retentivity 
of distinct elements (for example REE versus Pb or oxygen) 
will also depend on the temperature and process. 

Examples from zircon in magmatic and metamorphic rocks 
will be used to illustrate how the many faces of zircons can be 
recognised and what the limits are currently in our 
understanding of the processes related to zircon formation and 
modification.  
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Garnet is one of the best-known minerals in the Earth and 

is particularly notable for its commonality in a wide range of 
environments. Garnet crystals commonly have concentric 
growth chemical and isotopic zoning that can be related to 
variations in pressure, temperature, and chemical composition. 
Particularly, zoning in the oxygen isotopic composition can 
record infiltration of external fluids in metamorphic or 
hydrothermal systems. In order to correctly interpret oxygen 
isotopic signatures measured in natural samples and to 
constrain rates and timescales of fluid-rock interaction 
processes into the crust, it is mandatory to know the oxygen 
diffusion rate in garnet.  

Despite the importance of garnet as a source of information 
about P-T-t-Xfluids, oxygen diffusivity in this mineral is poorly 
constrained. We present preliminary results that aim to extand 
the knoweldge about oxygen diffusion in garnet as a function 
of chemical composition, temperature, oxygen fugacity, and 
water activity. We performed high-pressure hydrothermal 
experiments using different garnet compositions (i. e., YAG, 
pyrope, and grossular). Garnet cubes were embedded into a 
matrix made of fine-grained powder of the same garnet plus 
20% 18O-enriched water. Graphite buffer was used for 
experiments with pyrope and YAG, whereas Re-ReO buffer 
was used for experiments with grossular. Experiments were 
performed in a piston cylinder apparatus at T > 900°C and  
P > 1 GPa. We also performed 1atm dry experiments in a gas-
mixing furnace at temperatures as high as 1400°C using YAG. 
Garnet cubes were coated with a YAG+corundum powder; 
corundum was added in order to constrain silica activity.    

Due to the expected short length of diffusion profiles,  the 
recovered crystals were analysed by depth profiling using the 
SHRIMP ion microprobe. Mixing and edge effects were 
investigated in the experimental charges as well as in garnet 
crystals not annealed at experiemental conditions and coated 
with a thin-film of 18O-enriched olivine. The measured 
diffusion profiles were fitted to the diffusion equation using 
least squares regression. 
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Highly siderophile elements (HSE) are present in Earth’s 
mantle in unexpectedly high concentrations and, except for Ru 
and Pd, in chondritic relative abundances. The classical 
explanation is that the HSE were strongly depleted in the 
mantle by core formation with presently-observed 
concentrations being added to the mantle after the end of core 
formation in a “late veneer” of oxidized chondritic material 
[1]. We have modelled this process by extending a combined 
accretion/multistage core formation model [2] to include the 
HSEs and S. We assume that all starting bodies in the 
protoplanetary disk contain CI concentrations of HSE and that 
S concentrations increase linearly from zero at ≤0.8 AU to 4.35 
wt% at ≥6-7 AU. In addition to reproducing mantle HSE 
concentrations, we aim to create a model Earth with ~1.8 wt% 
S in the core and ~200 ppm in the mantle [3].  

The classical explanation fails badly. First, at the end of 
core formation, the mantle contains high and strongly-
fractionated concentrations of HSE. This is because, after each 
accretional impact, metal only equilibrates with a fraction of 
Earth’s mantle (i.e. equilibration is localized) [2] and also the 
HSE are fractionated at high pressure [4]. Second, such 
localized metal-silicate equilibration is also inefficient at 
extracting S from the magma ocean so that mantle 
concentrations greatly exceed S saturation levels in silicate 
liquid [5,6]. Consequently, immiscible sulfide liquid (the 
“Hadean matte” of O’Neill [7]) must have segregated from the 
terrestrial magma ocean for much of Earth’s accretion history. 
Core formation thus involved: a) localized segregation of the 
impactor’s metallic core and b) segregation of a more widely 
dispersed immiscible sulfide liquid. The latter efficiently 
extracts Pt and Ir from the mantle but allows significant 
concentrations of Ru and Pd to build up in the mantle prior to 
the addition of the late veneer, based on new partitioning data 
[6]. Late veneer addition occurs after sulfide liquid segregation 
has ceased due to magma ocean solidification. This model 
reproduces well the suprachondritic Ru/Ir and Pd/Ir ratios of 
the mantle, reflecting incomplete removal of Ru and Pd from 
the mantle with core-forming sulfide liquids. 
 
[1] Walker (2009) Chemie der Erde 69, 101-125. [2] Rubie et 
al (2015) Icarus 248, 89-108. [3] Palme & O’Neill (2014) 
Treatise on Geochemistry vol. 2, 1-39. [4] Mann et al (2012) 
GCA 84, 593-613. [5] Mavrogenes & O’Neill (1999) GCA 63, 
1173-1180. [6] Laurenz et al (2015) this meeting. [7] O’Neill 
(1991) GCA 55, 1159-1172.  
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The Northern Tofua Arc and adjacent NE Lau Basin host a 
wide variety of volcano types reflecting dynamic and diverse 
tectonic settings (e.g., rapidly opening basin, migrating 
microplate boundaries, within-plate discrete rear arc volcanoes, 
and weak on-arc magmatism, all in close spatial proximity). 
Frequent contemporaneous eruptions of high-MgO magmas 
and their differentiates from closely spaced volcanoes provide 
an uncommonly detailed view of the diversity of parent 
magma types formed in the broader suprasubduction zone 
environment. They show how mantle lithological variations 
couple with local tectonic setting to control magmatism, and 
influence magma accumulation, storage, and subsequent 
eruption. The results of 6 recent research expeditions to this 
relatively small region show how these attributes collectively 
result in systematic relationships between eruption style, 
inferred duration, size, intensity, location, and compositional 
variability. In particular, we can constrain magmatic conditions 
and timescales from single eruption deposits that we sampled 
with high-spatial-resolution in the context of detailed deposit 
mapping, high resolution 210Po-210Pb eruption chronologies, 
and U-Th-Ra disequilibrium. At the same time, variations 
between eruption deposits reveal how quickly parent melt 
compositions drawn from the mantle wedge can change in 
space and time. We will discuss and interpret diverse 
phenomena from the region, including high rates of temporal 
variability seen in magma compositions within single 
eruptions, ultra-high variability in source compositions 
sampled at sub-km scale on neighboring small Mata volcanoes, 
highly productive and frequent volcanism on the NE Lau 
Spreading center, and the petrogenetc links between boninite 
and high MgO basalt magmas with extensive contemporaneous 
dacite volcanism in the region. 
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Defect microstructures, e.g. nano-inclusions, voidites and 
dislocations in a unique set of milky diamonds from alluvial 
deposits in Rio Soriso, Juina area, Brazil have been 
investigated in detail using Transmission Electron Microscopy 
(TEM). They may have an ultra deep origin as shown for many 
samples of the same location (e.g. [1-3]). The Focussed Ion 
Beam (FIB) technique (GFZ Potsdam) was applied to prepare 
150 nm thick electron transparent TEM slices. TEM bright-
field images reveal hundreds of nano-features which may 
represent inclusions or voidites with a size range between 
about 20 and 200 nm. For simplicity from here on we will call 
them nano-inclusions, regardless if they are empty or filled 
with a fluid or solid. Some nano-inclusions look very similar to 
voidites, which have been described and investigated in 
previous studies on type IaB specimens (e.g. [4] ]5]). Electron 
Energy-Loss Spectroscopy (EELS) provides evidence for the 
presence of nitrogen in the nano-inclusions. The respective 
EELS measurements reveal the N K-edge at 401 eV. 
Suggestions for the nano-inclusion content can be either NH3 

[4] or non-equilibrium modification of N2 [5]. However, the 
widespread occurrence of nano-inclusions in this specific type 
of diamonds indicates a new formation mechanism of milky 
diamonds. If the assumption of an ultra-deep origin is correct 
the nano-inclusions will help to get new information of the 
diamond forming fluids at these great depths. 

 
[1] Brenker et al (2007) Earth and Planetary Science Letters 
260, 1-9. [2] Pearson et al (2014) Nature 507, 221-224. [3] 
Kaminsky, Wirth (2011) The Canadian Mineralogist 49, 2, 
555-572. [4] Barry et al (1986) Ultramicroscopy 20, 169-176. 
[5] Luyten et al (1994) Philosophical Magazine A, Vol. 69, 
No. 4, 767 – 778.  
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Barite is widely known for being a problematic and costly 

scale-forming mineral in industrial processes. A common 
strategy aimed at reducing scale formation is the addition of 
organic of additives. Thus a better understanding of the 
mechanism of barite formation from aqueous solutions and the 
role of organic macromolecules on such a process is relevant 
for the design and optimization of treatments to prevent scale 
formation. Here, we investigate the initial stages of BaSO4 
precipitation from pure and polymer-containing aqueous 
solutions. Barium sulphate was precipitated by combining 
equimolar solutions of Ba-bearing and SO4–bearing 
compounds. The precipitation process was quenched at 
different times by the addition of ethanol or quick immersion 
in liquid nitrogen and subsequent freeze-drying, and the 
precipitates were studied by XRD, TG/DSC, FESEM, and 
TEM. As well, precipitation experiments (with and without 
polymers) were performed by the slow addition of 10 mM 
BaCl2 solution to a 1 mM Na2SO4 solution. During these 
experiments, Ba2+ potential, pH, conductivity and turbidimetry 
were monitored. AFM growth experiments were additionally 
carried out. Observations of the nanostructure evolution 
indicate that barite forms by two-levels of oriented aggregation 
of nanosized particles. In pure solutions, most of the porosity 
in the micron-sized aggregates formed in the second steps is 
annealed, resulting in perfect single crystals. However, in the 
presence of polymers, this step is retarded and BaSO4 
mesocrystals are commonly observed. Furthermore, evidence 
supporting the existence of liquid and solid amorphous 
precursors that precedes the formation of the first solid 
(primary) particles is given.  

 
This research was carried out within a Marie Curie initial 

training network from the European Commission (MINSC ITN 
290040). 
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The kinetics of mineral weathering on the Earth’s surface 

and the feedback through atmospheric and ocean chemistry 
controls climate evolution. The formation of surface coatings 
during early low-temperature silicate weathering may 
significantly affect the rate of silicate dissolution over 
geological timescales, and thus influence predictions made by 
climate models. The mechanism of formation of these layers is 
critical for understanding and evaluating dissolution kinetics of 
major rock-forming minerals, and is a matter of vigorous 
debate and controversy. Here we present in situ, high spatial 
resolution data on the evolution of mineral surface topography 
and interfacial fluid composition during dissolution of 
wollastonite (CaSiO3). Our study provides clear, direct 
experimental evidence that leached layers are formed in a two-
step process: stoichiometric dissolution of the pristine mineral 
surfaces and subsequent precipitation of amorphous silica from 
a supersaturated layer of fluid in contact with the mineral 
surface. This occurs despite the fact that the bulk solution is 
undersaturated with respect to the secondary phase. The 
thickness of the supersaturated zone depends on fluid flow rate 
and suggests an origin for the well-known discrepancy, of up 
to four orders of magnitude, between dissolution rates 
measured in the field and in the laboratory. Our model 
suggests that transport-controlled dissolution kinetics due to 
the formation of surface altered layers leads to higher pCO2 
and T (up to 2 °C) estimates over the last 90 Myr if compared 
with scenarios where these layers do not develop. 
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Commonly, water in contact with rock-forming minerals 
contains significant and variable amounts of ions in solution. 
The effect of such ions on dissolution and growth rates has 
been traditionally ascribed to changes in solubility. However, 
experimental studies performed on different minerals have 
shown that the dependence of growth or dissolution rates on 
ionic strength is complex, and that the effect of ionic strength 
is not independent of the ionic species producing it. Here, we 
report Atomic Force Microscopy investigations on the kinetics 
of growth and/or dissolution of a series of carbonate and 
sulfate minerals (calcite, dolomite and gypsum) aimed at 
addressing the basic hypothesis that mineral growth and 
dissolution is ultimately governed by the effect that 
background electrolytes have on the solvation environment of 
ions building the crystal, in a similar way to the systematic 
effects of inorganic ions on precipitation, structure and 
function of organic macromolecules (i.e., the Hofmeister 
effect). We find that the dependence of growth or dissolution 
rates on ionic strength is not independent of the ionic species 
producing it, and the systematic trends found for the different 
ions are interpreted in terms of characteristic parameters of 
background ions. Entropic effects associated with the ordering 
of solvent molecules induced by constituting cations from the 
crystal ultimately dictate how electrolytes affect dissolution 
rates. These results open the possibility of a new understanding 
of very diverse phenomena in geochemistry and demonstrate 
the need for the inclusion of this “hydration effect” in the 
development of predictive models that describe crystal growth 
and dissolution in complex systems, such as those found in 
nature. Furthermore, we can hypothesise that ion-assisted 
dehydration of trace and minor element ions could occur in 
biological systems, thus affecting their incorporation and 
providing interesting insights into the origin of anomalies 
found in systems used as environmental proxies and the so-
called “vital effects”. 
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Convergent margins are seen as one of the fundamental 
ways in which we generate continental crust, but often intra 
crustal processes, such as assimilation, mask the primary 
mechanism(s) of felsic crust generation.  In two case studies, 
we have investigated the generation of felsic crust in primitive 
arc settings where processes can be better unravelled; (1) in a 
nascent arc where volcanism is just beginning (Solander 
Island, Puysegur Trench, S. Island, NZ); and (2) an inter-
oceanic arc setting, Tonga-Kermadec. The results of the two 
case studies point to much shallower models for final felsic 
crust generation than has been previously thought.  If partial 
melting of basaltic material at depth directly produces felsic 
compositions, then these two settings should be prime 
locations where this process occurs. However, direct partial 
melting producing felsic crust has not been supported.  In 
Solander Island, the trachyandesites-andesites have 
geochemical signatures similar to modern-day adakites. 
However, petrologic and isotopic data, combined with trace 
element modeling showed a complex story of an open, shallow 
magma system, with regular injections of hotter, mafic magma, 
bearing adakitic signatures.  In the primitive arc setting of 
Tonga, dacitic volcanism is present on Fonualei and directly 
associated with the basaltic islands of Late and Tofua. Using 
experimental studies combined with isotopic data, lower 
crustal amphibolite melting turned out to be unviable. The 
preferred model is mixing between the fractionates of two 
different basaltic-andesite parent magmas, in a shallow magma 
chamber 2-6 km deep. 

2714



 Goldschmidt2015 Abstracts  

 2715 

 Aluminium-26 systematics  
of CV3 chondrules:  

Evidence for a multi-stage thermal 
history 

SARA S. RUSSELL1, JENNIFER CLAYDON1,  
CHRISTOPHER D. COATH2, YI-JEN LAI23AND  

TIM ELLIOTT2 
1Department of Earth Sciences, Natural History Museum, 

Cromwell Road, London SW7 5BD, UK 
2Bristol Isotope Group, School of Earth Sciences, University of 

Bristol, Bristol, UK  
3Institute of Geochemistry and Petrology, ETH Zurich 
 

Despite several studies of high precision Al-Mg 
systematics in chondrules, no clear consensus about the 
formation time of chondrules in relation to CAIs has emerged 
[1-3].  Following from previous work [1] we have analysed 21 
chondrules from the CV3 metorites Allende, Mokoia and 
Vigarano for their Mg isotopes and 27Al/24Mg in order to 
characterise their initial 26Al/27Al.  Chondrules were physically 
separated from their host meteorite and divided into two 
portions, one of which was dissolved for Al-Mg isotopic 
analysis. Mg isotopes were measured using a Thermo Finnigan 
Neptune MC-ICP-MS; samples were bracketed with the DSM-
3 isotopic reference standard for Mg [4]. The other portion was 
characterised by Zeiss EVO 15LS SEM. The chondrules 
exhibit a range of textural types and compositions. 

A recent study of Allende chondrules [2] reported that 
most chondrule data fall on a simple isochron indicating they 
were separated from a nebular reservoir when 26Al/27Al= ~1.2 
x 10-5. In contrast, our data show a more complex story. 
Around half of the chondrules appear to have been separated 
from a nebular environment when 27Al/26Al = 1.8 x 10-5. The 
others show variable initial 26Al/27Al ratios and some have 
unmeasureably low amounts of initial 26Al/27Al. There is no 
clear trend with chemistry or degree of alteration, but all fully 
melted chondrules had lower initial 26Al/27Al. 

We conclude that many chondrules are likely to have 
experienced more than one stage of fractionation and melting 
in order to explain their Al-Mg systematics. Models of 
chondrule formation involving processing through more than 
one parent body may be required to achieve this. 
 
[1] Claydon et al (2014) 77th Meteoritical Society meeting abs. 
5164; [2] Luu et al, PNAS 2015 [3] Bizzarro M. et al 2004. 
Science, 431: 275-278 [4] Galy A. et al 2003. J. Analytical 
Atomic Spectrometry, 18:1352-1356.  
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There are two proposed terminations of the R-plane of 
Al2O3: one stoichiometric (or “full-layer”) termination and one 
non-stoichiometric (or “half-layer”) termination.  The two 
proposed terminations have the same number of singly-
coordinated AlOH(2) and triply-coordinated Al3O(H) groups, 
but the arrangements of these groups are quite different on the 
two surfaces. In the half-layer termination, the Al3OH sites sit 
directly underneath the AlOH(2) sites and are more deeply 
buried; in the full-layer termination, the Al3OH sites are 
immediately adjacent to the AlOH(2) groups and participate in 
hydrogen bonding with solvating water molecules. Because of 
these structural differences, the extent of protonation of the 
Al3O(H) sites (and therefore also the AlOH(2) sites) would be 
expected to differ on the two surfaces.  A reactive force field, 
allowing for spontaneous surface hydrolysis reactions, was 
used to simulate the populations of functional groups in the  
two proposed terminations.  

The calculations indicate that the proton affinities of the 
Al3O groups on the half-layer surface are much lower than in 
the full-layer termination, as shown in the Figure.  

 
This is not simply due to kinetics, as the populations can 

be reversed through titration with hydroxide ions.  The 
calculations therefore indicate that "secondary" structure has a 
strong effect on the pKas of surface functional groups on oxide 
surfaces. 
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Sediment records of the stable isotopic composition of N 

(δ15N) show light δ15N values at several sites in the proto-
North Atlantic during Oceanic Anoxic Event 2 (OAE2;  
~94 Ma). The low δ15N during the event is generally attributed 
to an increase in N2-fixation and incomplete uptake of NH4

+ for 
phytoplankton growth. Surprisingly, published δ15N values for 
OAE2 vary widely, even for similar locations. Using analyses 
of δ15N for sediments from three open-ocean and two coastal 
sites, we suggest that this reported variation is likely related to 
the treatment of sediment samples with acid prior to the δ15N 
analysis. A compilation of available data for unacidified 
samples for the proto North-Atlantic during OAE2 
demonstrates that the most pronounced negative shift in δ15N 
from pre-OAE2 to OAE2 occurs in the open ocean with δ15N 
never lower than -3 ‰. Using a box model of N cycling for the 
proto-North Atlantic during OAE2, we show that both N2-
fixation and incomplete uptake of NH4

+ are major contributors 
to the δ15N signal. Our study provides an overview of regional 
differences and highlights the role of upwelling and lateral 
exchange of water and nutrients, in addition to local 
biogeochemical processes, in determining δ15N values of 
OAE2 sediments.   
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An examination of global published datasets of the 

products of early subduction zone magmatism indicate key 
differences in the comparative behaviors of large-ion lithophile 
(LIL) and “fluid mobile” elements (FME: [1][2]), pointing to 
differences in material sources, and in the magmatic processes 
active during the earliest stages of subduction relative to those 
in mature volcanic arcs.   

In arcs, comparative LIL–FME systematics point to the 
involvement of several chemically distinguishable slab-derived 
components, and melting processes that are in most cases 
dominated by fluid-fluxing: only in back-arc and intra-arc rift 
settings is decompression-controlled melting strongly evident 
in trace element signatures. FME enrichments tend to correlate 
inversely with those of LIL elements, indicating abundances 
that are controlled primarily by the added flux.   

Early subduction zone magmatism, as typified in the Izu-
Bonin subduction system, involves the initial eruption of “fore-
arc basalt” (FAB) [3] followed by boninite magmatism [4], in 
an intially extensional magmatic setting.  LIL-FME 
systematics for published FAB data show MORB-like patterns 
of variation and little evidence for FME enrichment, pointing 
to decompression melting of a mantle source largely 
unmodified by slab-derived materials.  Boninite systematics, 
by contrast, indicate a dominant role for fluid-fluxed melting 
processes, and point to additional elements exhibiting “fluid-
mobile” systematics (i.e., Ba and K, but not Sr).  While most 
volcanic arcs (including the IBM arc system) exhibit 
consistently elevated Ba/La, probably indicative of a slab 
sediment-derived input, boninites show substantial variation in 
Ba/La and other FME indicators, pointing to varying degrees 
of addition of fluid-mobile species independent of any specific 
slab component.   
 
[1] Leeman, AGU Monograph 96, 1996. [2] Ryan and 
Chauvel, Treatise on Geochemistry V. 3, 479-508. [3]Reagan 
et al, GCubed, 11(3):Q03X12. [4] Stern and Bloomer, GSA 
Bulletin, 1992, 1621-1636. 
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The island of Ireland shows a high degree of bedrock 

variability over a relatively small area, is variably covered by 
Quaternary deposits of differing provenance, hosts a complex 
network of isolated surface water catchments and experiences 
seasonal influxes of marine-derived aerosols. These conditions 
make Ireland an ideal case study location for a multi-element 
geochemical and isotope proxy study of rock weathering, soil 
formation, as well as geochemically constrained biosphere 
studies. 

The Chemical Index of Alteration (CIA) of topsoils 
collected as part of the TELLUS projects has been calculated 
for a large geographic area, with a high sample density. It is 
possible to link CIA with both bedrock composition and the 
extent of glacial/marine derived input. Coastal areas show soils 
with secondary Na and Ca enrichment from marine sources, 
indicating a considerable geochemical contribution from the 
marine environment to these regions. 

Multi-element proxies for cation reservoir interactions are 
useful for determining specific element bioavailability. In 
particular, Rare Earth Element (REE) data demonstrate how 
plant material can be used as a proxy for characterising 
substrate geochemistry. The high spatial complexity of local 
hydrology, as indicated by stream water REE data, reflects 
local surface water interaction with both bedrock and surficial 
geology.  

High precision Thermal Ionisation Mass Spectrometry 
(TIMS) strontium isotope (87Sr/86Sr) analyses of rock, soil, 
plant and surface waters are used to compliment other 
geochemical proxies. Data from 19 biosphere samples across a 
small geographic region show a considerable range for 
vegetation (0.708102 to 0.712990), soil leachates (0.708622 to 
0.713345) and stream waters (0.708281 to 0.710651). These 
data highlight the high degree of spatial variability in 87Sr/86Sr 
and the inherent requirement for high density sampling in 
order to isotopically characterise distinct reservoirs and their 
interactions. This research contributes to an improved 
understanding of the processes affecting the transfer of Sr 
through the biosphere and compliments both  national and 
European-wide initiatives to produce large-scale Sr isotope 
distribution maps. 
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Exhumation and accompanying retrograde metamorphism 

alters the compositions and textures of metamorphic rocks 
through deformation, water-rock reactions and closed-system 
diffusion-controlled processes. Here, we combine 
measurements of δ13C and δ18O values with carbonate 
clumped-isotope thermometry to relate deformation and 
mineralization events of marbles to their retrograde thermal 
history; and to distinguish between open- and closed-system 
processes. We sampled calcite and dolomite marbles from the 
core-complex of Naxos (Greece), where peak temperatures 
ranged from ~400 to 700 °C.  

Color-banded calcite marbles record the conditions of  
retrograde deformation events: In one sample, white and grey 
calcite layers have ∆47 values of 0.362-0.372‰ and 0.402-
0.409‰ (in the absolute reference frame), respectively, and a 
uniform δ18O and δ13C values. We propose that the ∆47 values 
of white layers reflect the diffusion-controlled apparent 
blocking temperature of clumped-isotope re-ordering during 
slow cooling (~250˚C), whereas those of grey layers reflect 
dynamic recrystallization at lower temperatures (~190˚C). 
Here, deformation occurred in a closed system. In a different 
sample, ∆47 values are negatively correlated with δ18O and 
δ13C values, suggesting fluid-rock reaction was associated with 
dynamic recrystallization at ~70 ˚C. 

In contrast to calcite marbles, dolomite marbles generally 
have lower ∆47 values that reflect its higher clumped-isotope 
blocking temperature (~300 ˚C). However, some Naxos 
dolomite marbles contain secondary dolomite veins that record 
higher temperatures up to 370 ˚C. This finding requires a brief, 
hot hydrothermal event, were high-temperature fluids 
infiltrated an initially cooler rock, which presumably 
experienced a brief, spatially restricted, thermal shock and 
cooled down before slow diffusionally-controlled processes 
could alter ∆47 values far from the veins. This scenario is 
supported by the finding that veins are 4 ‰ lower in δ18O and 
1.5 ‰ lower in δ13C than the host rock, which indicates 
mineralization from an isotopically light fluid, and host 
dolomite immediately in contact with the veins have lower Δ47 
values, but no change in δ18O or δ13C values.  
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Hematite is the final product of ferrihydrite thermal 
transformation via both hydrothermal and dry-heating 
pathways. When annealed in air, ferrihydrite is fully converted 
to α-Fe2O3 at the temperature below 500 ºC. Silicate, one of 
the most important impurity of natural ferrihydrites, was 
shown to hinder the transformation, and a gradual shift of the 
conversion temperature with increasing Si content in the initial 
oxyhydroxide was observed many times. However, the process 
was studied in detail only for relatively low-Si ferrihydrites. 
The aim of the study was to determine how a high silicate 
content affects the thermal ferrihydrite–hematite tranformation 
pathway. For this purpose, four ferrihydrites of increasing 
Si/Fe molar ratios (0.50, 0.75, 1.00 and 1.50) were synthesized 
by reaction of ferric sulfate with NaOH in the presence of 
appropriate Na2SiO3 concentrations. All the samples were then 
annealed at different temperatures up to 1000 ºC and the 
products were characterized using XRD, FTIR, SEM methods. 
TEM analyses and magnetic susceptibility measurements were 
also carried out for selected samples.  

It turned out that the transformation of high-Si ferrihydrites 
is significantly more complex than in the case of low-Si 
ferrihydrites. Low temperature dehydration is followed by 
gradual amorphisation up to 600 ºC. At that temperature 
amorphous silica emerges and, after further temperature 
increase to 700–800 ºC, a distinct increase of magnetic 
suscepitibility is observed, related to the formation of 
nanocrystalline maghemite. This intermediate phase is then 
converted to orthorombic ε-Fe2O3 which, in turn, is 
transformed into a final α-Fe2O3. At the same time cristobalite-
like phase is formed from the previously released silica. 
However, when the highest-Si ferrihydrite was annelaed, the 
presence of additional cubic β-Fe2O3 was found between  
907 ºC and 930 ºC. Thus the conversion of ferrihydrite with 
Si/Fe = 1.50 to hematite proceeds via γ–ε–β pathway and 
slightly above 900 ºC three Fe2O3 polymorphs (ε, β, and α) 
coexist.  

 
This work was supported by AGH-UST statutory grant no. 

11.11.140.319. 
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The studied area is located in northeast of Iran,  

30 kilometers to Afghanistan borders.This area has hot and dry 
weather and is very waterless, also the winds blow from the 
Hindu Kush mountains in Afghanistan. Rock outcrops in the 
region includelimestone, dolomite, conglomerate, tuff, 
sandstone and young alluvium with Paleozoic-Quaternary age. 
Considering existence of a grand skarniron stock with upper 
Eocene age and over billion tons of iron ore, and also several 
placer iron mines in Sangan plain. The aridity moisture and 
thermic temperature regimes of the soil indicated that the 
temperature of the soil was between 15-22 °C at a depth of  
50 cm. the measured temperature differed between 8 to 15 °C 
in summer and winter. The soils were categorized based on 
soil taxonomy method, which included two main classes of 
entsoils and arid soils. For the current work, 30 soil samples 
were collected. The samples underwent XRF and XRD tests. 
The most abundant oxides found in the soils are Sio2, Al2O3, 
Fe2O3, CaO, Na2O, K2O, MgO, TiO2 and MnO. 
Furthermore, the most abundant minerals were Quartz, 
Corindon, Hematite and Limestone . 
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Lithium exploration in Iran date back at least two decades. 

A primary study on brine was Lithium conducted by 
Torshizian (1998) in central Iran. In addition, Saadati et al 
(2012) were the first to investigate on Lithium of clay origins. 
Up to now, all three Lithium deposits including granite-
pegmatite, clay, and brine have been identified in Iran. This 
study introduces Lithium potentials in eastern Iran. All of the 
areas containing the mentioned lithology were identified and 
characterised using arc-gis and Iranians geological maps. The 
information show a precise and realistic measurements 
regarding the volume and distribution of exploration conducted 
in the desert.Based on the gathered information, granite-
pegmatite outcrop area was approximately 504 km/m2 equal to 
3.7% of the total similar outcrop in Iran. The central 
concentration is northeast khorasan and southern Mashad 
areas. Furthermore, the outcrop areas of clay rocks, which date 
back to neogen age, were measured as 22570 km/m2 equal to 
7.3% of the total outcrops in Iran.  The main concentration was 
related to south and south-west areas of khorasan razavi 
province which is near to the southern area of fault. The area 
of the existing playas in this region is approximately  
14530 km/m2 with almost 400 km/m2 rocky zones. In other 
words, the playa has an area of approximately 8.8% of the total 
playas in Iran. 
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Due to the recent rapid regional warming in West 

Antarctica and around the Antarctic Peninsula in particular, 
large masses of ice and snow have been lost into the 
surrounding ocean (~180 Gt of ice year-1). With this ice, 
around 16 Gg of organic carbon and other nutrients are also 
released every year and transferred into the ocean, but the 
ecological implications of such loading for the marine 
ecosystem remain unclear.  

We have assessed the timing and magnitude of nutrient (C, 
N, P and Fe) and biomass export by glacier meltwater into 
terrestrial habitats and coastal waters at two major glaciers on 
Signy Island (South Orkney Islands) in maritime Antarctica. 
These sites represent the broad range of melting and nutrient 
gradients found along much of the Antarctic Peninsula's west 
coast and associated archipelagos. The runoff measurements 
were coupled with data analysis of seasonal changes on glacier 
hydrology, microbial community composition and production 
within the glacier ecosystem. This multidisciplinary approach 
enabled us to calculate the internal biological production and 
biogeochemistry of snow and ice-bound ecosystems on Signy 
Island and to estimate the significance of the nutrient and 
microbial loading from these melting icy habitats into the 
surrounding coastal ecosystems.  
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The Ditrău alkaline massif represents a truncated ring-

shaped Triassic to Jurassic miaskitic alkaline intrusion, for the 
emplacement of which various degrees of fractional 
crystallization, assimilation, as also fenitization have been 
invoked in the existing literature [1]. The youngest term of the 
intrusion is represented by nepheline syenite forming a 
network of anastomosing dikes which cross-cut older rock-
types at spectacularly varying scales, as well as a central stock. 

The alkaline syenite is dominantly leucocratic, containing 
macroperthitic K-feldspar and nepheline. The mafic phases are 
aegirine-augite and subordinate ferritaramite and biotite. 
Megaporphyric and pegmatoid varieties are frequent, the latter 
containing also apparently primary sodalite and cancrinite, 
along with relatively frequent flattened zircon bipyramids and 
magnetite. Melanitic garnet is a subordinate, but ubiquitous 
component, forming black anhedral masses that mantle 
feldspar and nepheline, and represent the site of elevated Ti, Zr 
and Nb contents. Garnet is chemically zoned, containing 
ragged dark-brown relics, almost opaque under the microscope 
and relatively free of inclusions, corroded by a lighter mantle 
rich in inclusions, light brown to orange under the microscope. 
The core compositions represent Mn-bearing melanite 
amounting up to 4% Ti, well over 0.5 % Zr and up to 0.1% Nb, 
along with up to 0.2% Na and microprobe-detectable K, while 
the mantles contain 1-2% Ti, 0.5% Zr, and Nb around the 
microprobe detection limit. The inclusions in the garnet mantle 
are abundant magnetite, baddeleyite (containing tenths of per 
cent U, Ca, Fe), niobian (> 3% Nb) zirconolite (> 3% Nb) and 
titanite. The latter displays concentric and partly oscillatory 
zoning, containing ca. 1% Al and ca. 2% Fe (decreasing 
outwards), as well as both Nb and Zr (0.5-1.5% each), enriched 
towards the rim. 

The morphology, geometric relationships with the main 
silicate phases, internal structure of garnet as well as its 
inclusions suggest its crystallization towards the end of the 
magmatic stage, its corrosion and breakdown occurring due to 
incipient deuteric alteration. Garnet and the accompanying 
phases represent the main HFSE-sink of the rock. 

 
[1] Jakab, G. (1998) Pallas-Akademia Eds., 298 pp. 
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Magnesium is one of the most abundant elements in the 

earth’s crust and in seawater. Fractionation of its stable 
isotopes has been shown to be useful indicator of many 
geological, chemical and biological processes. For example, 
biogenic carbonates display ~4‰ range of δ26Mg values, 
which is attributed to variable degree of biological control of 
Mg ions during biomineralisation. Understanding this 
biological control is essential for developing proxies based on 
biogenic carbonates. Current methods of magnesium isotope 
measurements in carbonates are often time consuming and 
require relatively large sample volume. In this work, we 
present a new approach of measuring Mg isotopes in biogenic 
carbonates using Laser Ablation MC-ICP-MS. We will show 
that this microanalytical approach provides accurate and 
relatively fast measurements of Mg isotopes in biological 
carbonate with precision down to 0.2‰ (1σ). But to achieve 
this level of precision, matrix matching between samples and  
standards is required. We will present extensive investigation 
of Mg isotopes fractionation under different laser parameters 
and standard-sample pairs. We will also demonstrate how our  
new method can provide additional information about 
biomineralisation. For example, we will demonstrate 
submicron variation in Mg isotopes across shells of planktonic 
foraminifera Orbulina universa and Mg isotope composition of 
different groups of benthic foraminifera. Both examples will 
be used to draw attention to the complexity of Mg 
incorporation into biogenic carbonates. 
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Black shales and massive sulfide deposits (MSD) are 
representative lithologies of low-oxygen bottom waters in 
marine environments. Examples are found in the IPB (SW 
Spain), where black shales host some of the world's most 
important MSD deposits. Size and grades vary dramatically 
between deposits: i.e., Tharsis (85 Mt @ 1.8%Zn, 0.8%Pb, 
0.7%Cu) and San Jorge prospect (small barren pyrite lens), 
located 8 km westwards, laterally to the Tharsis ore horizon. 
As the location of the redox chemocline above, below or at the 
water-sediment interface determines the mechanism of sulfide 
deposition, the evaluation of paleoenvironmental conditions 
may be crucial to locating prospective targets. We present 
geochemical and Mo isotope data of ore and non-ore related 
black shales to unravel the role of paleoenvironmental 
conditions on the size of sulfide deposition at Tharsis and San 
Jorge.  Values of Mo(EF) up to 11.5 and U(EF) up to 2.33 for San 
Jorge black shales suggest anoxic to euxinic conditions 
compared to Tharsis (strongly euxinic). Different δ98/95Mo 
values, up to 1.55‰ at Tharsis (n=4) and between 0.69 and 
0.83‰ at San Jorge (n=3) suggest distinct paleoenvironmental 
conditions, from euxinic at Tharsis to suboxic at San Jorge, 
allowing a better characterization compared to other common 
inorganic proxies (i.e., V/Ni, U(EF), Mo(EF)). 	  
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The mylonitic granites of Gole Gohar, south east of Sirjan, 

are located in a key area which their study is important for 
understanding the history of  Precambrian basement of 
Sanandaj- Sirjan zone and its metamorphic and magmatic 
evolution during the subduction of Neo- Tethys. Field studies 
show that the granites are located in the basement of the 
metamorphic rocks such as metapelite, mica schist and 
amphibolite. In this Study the granitic intrusions are classified 
in two types. Type I is biotite garnet bearing granite and type II 
is K-hastingsite bearing granite. Both of them show some 
evidence of mylonitic fabric. These plutons are per - aluminous 
and have high – medium K calc-alkaline nature. Based on U-
Pb dating (Cameca ion-probe) of zircon the age of all granites 
is between 538.6–580.7 Ma (Late Precambrian- Early 
Cambrian).	   Based on the results of this study, despite the 
mineralogical and geochemical differences, all granitic 
intrusions formed in the Precambrian.	   The old age of the 
granites is similar to those introduced in other parts of 
Sanandaj-Sirjan zone that may indicate the presence of 
Precambrian basement in almost the entire Sanandaj-Sirjan 
zone. 
 
[1] Hassanzadeh, J.,et al. (2008). Tectonophysics, 451: 71–96. 

2728



 Goldschmidt2015 Abstracts  

 2729 

Non-cyanobacterial lineages likely 
contribute to carbonate precipitation 

in modern microbialites 

AURÉLIEN SAGHAÏ1, KARIM BENZERARA2, NINA ZEYEN2, 

YVAN ZIVANOVIC3, DAVID MOREIRA1,  
PAOLA BERTOLINO1 AND  

PURIFICACIÓN LÓPEZ-GARCÍA1* 

1Unité d’Ecologie, Systématique et Evolution, CNRS 
UMR8079, Université Paris-Sud, Orsay, France 
(*correspondence: puri.lopez@u-psud.fr) 

2Institut de Minéralogie et de Physique des Matériaux et de 
Cosmochimie, CNRS UMR7590, Université Pierre et 
Marie Curie, Paris, France 

3Institut de Génétique et Microbiologie, CNRS UMR8621, 
Université Paris-Sud, Orsay, France 

 
Microbialites are organosedimentary structures whose 

formation is influenced by the metabolic activity of 
phylogenetically diverse microbial communities. Microbialites 
are today found in a restricted number of environments where 
the conditions (e.g. high alkalinity, saturation in specific 
elements) are favourable to the precipitation of minerals, 
notably carbonate. Cyanobacteria are thought to play a key role 
in carbonate precipitation due to their metabolic activity, but 
other organisms carrying out oxygenic photosynthesis 
(photosynthetic eukaryotes) or other metabolisms (e.g.  
anoxygenic photosynthesis, sulfate reduction), may also 
contribute to carbonate formation.  

We studied the microbial diversity of microbialites from 
the Alchichica crater lake (Mexico) by mining for 16S/18S 
rRNA genes in metagenomes obtained by direct sequencing of 
environmental DNA. We studied samples collected at the  
Western (AL-W) and Northern (AL-N) shores of the lake and, 
at the latter site, along a depth gradient (1, 5, 10 and 15 m 
depth).  

The associated microbial communities were mainly 
composed of bacteria, whereas archaea were negligible. 
Eukaryotes composed a relatively minor fraction dominated by 
photosynthetic lineages. Although cyanobacteria were the most 
important bacterial group contributing to the carbonate 
precipitation potential,  photosynthetic eukaryotes, anoxygenic 
photosynthesizers and sulfate reducers were also very 
abundant. Multivariate statistical analyses showed a strong 
positive correlation of two cyanobacterial groups 
(Pleurocapsales and Chroococcales) with aragonite formation 
at macroscale, suggesting a potential causal link. Despite the 
previous identification of intracellularly calcifying 
cyanobacteria in Alchichica microbialites, most carbonate 
precipitation seems extracellular in this system. 

 
[1] Saghaï et al. (submitted to Frontiers in Microbiology): 
Metagenome-based diversity analyses suggest a significant 
contribution of non-cyanobacterial lineages to carbonate 
precipitation in modern  microbialites. 
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The 2.2-2.1 Ga Kolhan Group is a time transgressive unit 

developed in a passive rift setting and caused due to the 
fragmentation of the Rodinia supercontinent (?). The Kolhans 
developed in an intracratonic basin with a westward slope and 
was subsequently deformed into a synclinal structure. 
Elongated domes and basins and dome-in-dome structures 
dominate the eastern part of the basin, while the western 
margin is thrusted against the Iron Ore Group. The 
petrography, geochemistry and CIA values of Kolhan 
siliciclastics, suggest an intensely weathered low-relief dual 
provenances and a warm and humid palaeoclimate. The size-
roundness relationship, the mineralogy, the bimodal 
distribution, textural inversion and palaeocurrent studies are 
suggestive of complex lithologies and multiprovenance - 
presumably a granitic to the east and northeast and an Iron Ore 
Group to the southwest and northwest of the basin. Repeated 
fault-controlled subsidence generated multiple sediment 
cyclicity that led to the development of fluvio-lacustrine fan-
delta sedimentation patterns.  

The Kolhan shales with an average chemical index of 
alteration (CIA) of 71.8 are indicative of a granitic source. 
High TiO2/Al2O3 and K2O/Na2O ratios reflect a derivation of 
coarser sediments from a stable craton during tectonic 
quiescences with a paleoarid-semiarid climate and low 
chemical weathering, whereas the shales are indicative of a 
modest amount of chemical weathering. This discrepancy is 
due to transport segregation that accounts for the high 
percentage of shale in the basin.  
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Supercritical CO2 injected into geological formations tends 

to accumulate at the top of target aquifers. Once dissolved, a 
denser CO2-rich fluid is generated on top of the lighter native 
brine. This unstable configuration promotes convective mixing 
of liquids, having a major impact on CO2 dissolution and, thus, 
on carbon mineralization. 

A reactive transport model that couples convective mixing 
with geochemical reactions has been developed with iCP [1] to 
assess the interaction between chemistry and fluid flow. The 
chemistry of a carbonate-hosted aquifer was simulated 
considering gypsum (equilibrium) and calcite (kinetics). The 
two end members are the native fluid and the boundary fluid 
resulting from equilibrating the native fluid with 50 atm of 
CO2 (Table 1).  

 
 
Table 1. pH, density and total inorganic carbon concentration 
of the initial fluids .  

Results predict the intrincate relation between flow and 
chemistry. Convective fingers affect the distribution of the 
chemical species, while mineral content and the reaction rate 
drive porosity and permeability changes. The simulations are 
categorized as a function of the Rayleigh and Damkhöler 
numbers. 

Figure 1. TIC, pH and porosity after 10 years simulation for 
aquifers with 10% (up) and 0.03% (down) calcite content. 

[1] Nardi, et al. (2014) Computers & Geosciences 69, 10-21. 

pH ρ	  (kg/m3) TIC	  (mol/kgw)
Initial	  fluid 6.98 1.024 2.63	  e-‐4

Boundary	  fluid 3.35 1.035 0.652
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The celebrated Miller experiments [1] reported on the 

spontaneous formation of amino-acids from a mixture of 
simple molecules reacting under an electric discharge, giving 
birth to the research field of prebiotic chemistry. However, the 
chemical reactions involved in those experiments have rarely 
been studied at the atomic level. Here we report on the first ab 
initio computer simulations of Miller-like experiments in the 
condensed phase. Our study [2], based on the recent method of 
treatment of aqueous systems under electric fields and on 
metadynamics analysis of chemical reactions, shows that 
glycine spontaneously forms from mixtures of simple 
molecules once an electric field is switched on and identifies 
formic acid and formamide [3] as key intermediate products of 
the early steps of the Miller reactions, and the crucible of 
formation of complex biological molecules. This work, which 
has received considerable attention both from the specialized 
scientific media and the mainstream large public press [4] 
might have a relevance in geochemistry. We show in fact that 
the electric fields naturally present at mineral surfaces, albeit 
short-ranged, are sufficiently strong to induce “Miller-like” 
prebiotic chemical reactions [5]. This study emphasizes that 
mineral surfaces, and not only those usually considered as 
having catalytic properties, may play an important role in the 
emergence of abiotic organic chemistry of both the primordial 
and the modern Earth.  
 

[1] Miller (1953), Science 117, 528-529. [2] Saitta & Saija 
(2014), PNAS 111, 13767-13773. [3] Saitta, Saija, Pietrucci & 
Guyot (2015), PNAS 112, E343-E344. [4] 
http://www.impmc.upmc.fr/~saitta/press_Miller.html [5] 
Laporte et al. (2015), submitted for publication. 
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Very short-lived (VSL) bromo- and iodocarbons are 

produced at a prodigious rate by ocean biogeochemistry and 
these source compounds (SGVSL), together with their 
degradation inorganic products (PGVSL), are lofted by vigorous 
convection throughout the marine troposphere. This 
communication includes recent developments in our 
knowledge of sources and impact of halogens in the chemistry 
and radiative balance of the marine atmosphere. 
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The ~20 ppm excess in the 142Nd/144Nd ratio of modern 

terrestial mantle relative to chondrites is interpreted to reflect 
an early global silicate differentiation on Earth during the 
lifetime of 146Sm ( λ1/2 = 104 or 68 Myr) [1]. However, 
significant variability exists in 142Nd/144Nd ratios within 
chondrite groups, opening the possibility that a component of 
the terrestrial excess reflects nucleosynthetic heterogeneity [2]. 
Distinguishing between the two interpretations of Earth’s 142Nd 
excess requires a better understanding of the Nd isotopic 
composition of chondrites, including the stable 145Nd/144Nd, 
146Nd/144Nd, 148Nd/144Nd and 150Nd/144Nd ratios. 

Although the traditional TIMS technique provides an 
external reproducibility of ~5 ppm for 142Nd/144Nd, the 
reproducibility for other stable Nd isotope ratios is typically 5-
10 times worse. In addition, inaccuracies of up to ~20 ppm 
have been reported for the 142Nd/144Nd, ratio possibly due to 
reservoir mixing effects during analysis [3]. To address these 
issues, we developed novel chemical purification and mass 
spectrometry techniques that allow the measurement of all Nd 
isotopes with unprecedented accuracy and precision by MC-
ICPMS. Repeat analyses of 15 separately processed aliquots of 
the BCR-2, BHVO-2 and GSP-2 rock standards yield Nd 
isotope compositions identical to the JNdi reference standard, 
with typical external reproducibilities of ~2, 2, 2 and 4 ppm 
(2SD) for 142Nd/144Nd, 145Nd/144Nd, 146Nd/144Nd and 
150Nd/144Nd, respectively, using 148Nd/144Nd = 0.241578 for 
internal normalization. The high chemistry yields (>99%) 
allow us to determine the mass dependent 145Nd/144Nd ratio 
with a typical precision of 10 ppm. Our terrestrial standards 
define a mean stable 145Nd/144Nd of -28±7 ppm (2SE) relative 
to JNdi. Analysis of 5 Allende (CV3) aliquots show that the 
magnitude of the 142Nd deficits is shifted by ~10 ppm using 
148Nd/144Nd or 145Nd/144Nd instead of 146Nd/144Nd for internal 
normalization. We speculate that a possible anomaly in s-
process dominated 146Nd may also affect the s-process rich 
142Nd nuclide, hinting that Earth’s 142Nd excess may not be 
solely due to 146Sm decay. Using our new methods, we will 
report additional Nd isotope data for other chondrite groups as 
well as Martian meteorites and early Earth samples. 
 
[1] Boyet & Carlson, 2005, Science 309, 576 [2] Gannoun et 
al., 2011, PNAS 108, 7693 [3] Andreasen & Sharma, 2011, 
IJMS 285, 49. 

2734



 Goldschmidt2015 Abstracts  

 2735 

Re-Os signature of Mersin ophiolite 
(S-Turkey): 187Os contribution during 

the SSZ type oceanic crust and 
chromitite generation  

S. SAKA1, I. UYSAL1, R. M. AKMAZ2, U. BAĞCI3 AND  
E. Y. ERSOY4 

1Karadeniz Technical Unv., Geological Eng., Trabzon, TR 
2Bülent Ecevit Unv., Geological Eng., Zonguldak, TR 
2Mersin Unv., Geological Eng., Mersin, TR 
3Dokuz Eylül Unv., Geological Eng., İzmir, TR 
 

The Mersin ophiolite, formed in a supra-subduction zone 
tectonic setting in the southern branch of the Neo-Tethys ocean 
in southern Turkey, is composed of mantle peridotites and 
overlying ultramafic to mafic cumulates and basalts. The 
multi-stage melting residue of highly depleted and re-fertilized 
mantle section and the lower part of the ultramafic cumulates 
from the Mersin ophiolite contain economically important 
chromite deposits. High-Cr# (0.70 to 0.84) and low TiO2 
contents (<0.27 wt.%) of chromite grains, and negative slope 
of C1-normalized PGE pattern of chromitites from Os to Pd, 
with a total PGE contents ranging between 111 to 400 ppb, all 
suggest crystallization from boninite melt generated by re-
melting of already depleted mantle source. Measured 
187Os/188Os ratio of the mantle peridotite (0.12926) is very 
close to PUM value (0.1296), whereas the ultramafic 
cumulates (0.13243-0.13885) and mafic cumulates (0.15828-
0.26263) are represented by higher 187Os/188Os ratios. Most of 
the chromitite samples have 187Os/188Os ratios (0.12811-
0.12949) lower than the PUM value whereas one chromitite 
sample has higher 187Os/188Os value of 0.13226. Re-Os isotopic 
data obtained from the ophiolitic rocks and chromitites yielded 
and isochron age of 85.8±3.42 Ma (MSWD=3.6) with an initial 
187Os/188Os ratio of 0.12938. Assumption of the 270 Ma for the 
opening of Neo-Tethys ocean and the depletion of all Re 
during the related melting of PUM like mantle 
(187Os/188Os=0.1296) will result 187Os/188Os ratio of 0.12827 for 
the melting residue. The higher calculated initial Os isotopic 
ratios of the cumulate rocks (0.12898-0.12990) and chromitite 
samples (0.12796-0.12948) may suggest that a significant 
amount of 187Os contributed to the SSZ-type melt responsible 
for the formation of chromitites and cumulate rocks of the 
Mersin ophiolite. 

 
This study was financially supported by TUBITAK 

#109Y219. 
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The viscosity and structure of the anorthite (CaAl2Si2O8) 

melt has been measured up to 6.6 GPa and 2173 K using the 
in-situ falling sphere method with X-ray radiography for 
viscosity and energy-dispersive X-ray diffraction technique for 
structure at beamline 16-BM-B of the Advanced Photon 
Source (APS). We found contrasting behavior in the viscosity 
between anorthite and albite melts.  Although albite melt is 
known to have high viscosity and strong decrease in viscosity 
with increasing pressure, anorthite melt is characterized by 
lower viscosity and smaller pressure dependence. Obtained 
structural information also demonstrate that an intermediate-
range ordering (IRO) of anorthite melt is less sensitive to 
pressure: a smaller shrinkage of IRO in the anorthite melt with 
pressure is observed in the structure factor, S(Q) and the 
reduced pair distribution function, G(r). The big difference in 
viscosity between anorthite (Ca-endmember plagioclase) and 
albite (Na-endmember plagioclase) melts has important 
implications for planetary differentiation. In particular, Na-
poor astral bodies, such as Moon and 4 Vesta, have been 
dominated by low-viscous magma ocean and, eventually 
formed thick anorthite-rich crust. 
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Boron isotope ratio (δ11B: [(11B/10B)sample /(11B/10B)NIST951-
1]×1000) has been expected to be an atmospheric circulation 
tracer (e.g. Sakata et al., 2013). In previous studies, B isotope 
fractionation during transportation has not been considered, but 
the fractionation may occur in atmosphere due to the presence 
of gaseous and particulate B (Fogg and Duce, 1985). Therefore, 
clarification of the B isotope fractionation mechanism is 
essential to use δ11B as the tracer. Firstly, B isotope 
fractionation mechanism in sea-salt is discussed here, because 
seawater (δ11B: +39.5‰) is the largest soruce of atmospheric B.  

Size-fractionated aerosols were collected at Hiroshima, 
Japan. Marine total suspended particulate (TSP) and size-
fractionated aerosols were collected on the R/V Hakuho-Maru  
cruises of KH-12-4 (the North Pacific Ocean) and KH-13-4 leg. 
4 (the Bay of Bengal), respectively. Boron isotope ratio was 
measured by MC-ICP-MS after chemical separation.  

Enrichment factor (EF), which is normalized by B/Na ratio 
in seawater, suggests that B in marine and continental coase 
aerosols were derived from seawater rather than crustal and 
antropogenic materials. The δ11B values in marine aerosols 
(+37‰-+44‰) increased in the order of < coarse aerosols < 
seawater < TSP < fine aerosols. In Hiroshima, δ11B values in 
coarse aerosols were from +15 to +20‰, which was different 
from that of seawater. It is considered that differences of δ11B 
were caused by B isotope fractionation because source of B in 
these aerosols is seawater. In seawater, there are two B species, 
B(OH)3 and B(OH)4

-. B(OH)3, which has high δ11B (+40‰), 
and prefenentially vaporizes compared to B(OH)4

- (+20‰). 
This idea is reasonable to explain high δ11B in finer aerosols, 
which is formed by gas condensation. Isotope fractionation is 
also caused by coprecipitation of B(OH)4

- in sea-salt. It is 
known that B(OH)4

- prefenetially coprecipitates in evaporite, 
which typically has δ11B values around +20‰, comparable to 
δ11B in the coarse aerosols at Hiroshima. Thus, B isotope 
fractionations are caused by vaporization of B(OH)3 and 
coprecipitation of B(OH)4

- during atmospheric transportation. 
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Phosphates in extraterrestrial materials such as Moon, 
Mars, chondrites and achondrites have high concentration of U 
and Th (<10 μg/g) and therefore, time-resolved history for 
planetesimal formation has been constrained based on U-Pb 
systematics using phosphates in chondrites [1][2].  To establish 
a reliable chronological scenario, in-situ dating with high 
spatial resolution is important because these target materials 
could possibly experience the gain or loss of Pb through the 
hydrothermal metamorphism in the meteorite parent bodies or 
derived from the impacts among meteorites [3].  To clarify the 
time interval for the formation of the chondritic parent bodies, 
required time resolution is a few million years at least [1]. To 
achieve this, the combination of MC-ICP-MS equipped with 
multiple-ion counting system and multiple-spot UV 
femtosecond laser ablation system [4] was developed.  In 
addition, to establish more robust method for evaluating the 
system closure of phosphates, we tested the three isotope 
diagram for Pb.  The reability of this method depends on the 
measuremen of Pb isotope ratio and 232Th/238U ratio instead of 
206Pb/238U ratio which is required in conventional concordia 
diagram.  The precision of the Th/U ratio measurements could 
be higher than those for the Pb/U ratio measurements because 
of the similar volatality and ionization potential between Th 
and U, and thus, this three isotope diagram could provide 
piercing information concerning the concordance (system 
closure) of the target minerals. 

 
[1] Göpel et al. (1994) Earth. Planet. Sc. Lett., 121, 153-171. 
[2] Allégre et al. (1995) Geochim. Cosmochim. Acta, 59, 1445-
1456. [3] Yin et al. (2014) Meteorit. Planet. Sci., 49, 1426-
1439. [4] Yokoyama et al. (2011) Anal. Chem., 83, 8892-8899. 
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Methane hydrate is a clathrate compound in which a large 
amount of methane is trapped within a crystal structure of 
water. It forms where a high concentration of methane is 
dissolved in water under low-temperature and high-pressure 
conditions. Global occurrence of methane hydrate is therefore 
restricted to deep-sea and polar continental sediments. The size 
of marine methane hydrate reservoir is estimated to be larger 
than those of other natural gas resources, and many countries 
have been seeking for its possibility as future natural gas 
resource. In Japan, the production test of marine methane 
hydrate was carried out in early 2013 in the eastern Nankai 
Trough, where the volume of methane in the hydrate is 
estimated to be about 40 Tcf in total and 20 Tcf in the hydrate 
concentrated zones.  

In order to develop and improve the technology for 
exploration and assessment of marine methane hydrate 
accumulations, we need to understand their formation 
processes, which begin with the methane production in marine 
subsurface. It is often the case that methane in marine methane 
hydrate, including those in the eastern Nankai Trough, is 
mostly microbial in origin. However, it remains unclear what 
kind of methanogens are present, where they mainly live, how 
fast they produce methane, and what controls the rate. To 
address these issues, we have been conducting research to 
measure potential activity of methane production using 14C-
tracers, to measure polar lipid biomarkers specific to 
methanogens [1], and to analyze microbial community 
structures in core sediment samples obtained from drilling in 
the area of methane hydrate distribution in eastern Nankai 
Trough. In this paper, we will show the results and their 
implications for the process of marine methane hydrate 
formation.  

 
This work was implemented as part of the Research 

Consortium for Methane Hydrate Resources in Japan (MH21). 
 

[1] Oba et al. (2015) Org. Geochem. 78, 153-160.. 
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Most nominally anhydrous minerals (NAMs) in the Earth’s 

upper mantle can contain small amounts of hydrogen (i.e. 
“water”), structurally bond as hydroxyl. Structurally bounded 
water causes important influences on many physical properties 
of mantle rocks. The influence seems to be different from 
hydrogen atoms positions in crystal structure. Infrared (IR) 
spectroscopy has information to speculate the local structure 
around the OH-  in NAMs. In addition, the IR absorption bands 
of water in minerals can be also obtained from the electron 
state (DFT) calculations. In this study, we focused on the water 
in enstatite (En, MgSiO3). The water solubility in Opx 
increased linearly with increasing Al2O3 content[1]. The aim of 
this study is to understand the water incoporation mechanism 
change between pure and Al-bearing En. We have calculated 
the electronic state in pure-En and Al-bearing En using the 
DFT and obtained vibrational frequencies and their intensity 
ratio. We substituted hydrogen and/or Al3+ for Si4+ in the T2 
site and Mg2+ in the M site and consider five types of the 
substitution(4H)Si, (2H)Mg, (Al+H)Si, (Al+H)2Mg and 
(4H)Si+(Al+H)Si. Stable positions of hydrogen were estimated 
from the direct comparison of the vibrational frequencies and 
intensity ratio obtained by experimental FT-IR method and the 
first-principles methods. In pure En, principle water 
incorporation mechanisms are the substitution (4H)Si and 
(2H)Mg. In Al-bearing En, main water incorporation 
mechanisms change to the substitution (Al+H)2Mg and 
(4H)Si+(Al+H)Si. This results indicate hydrogen prefer to 
incorporate along with Al3+. This would be a reason why the 
Al incorporation in En enhances the water solubility in En  
 
[1] Rauch and Keppler (2002) Contrib. Mineral. Petrol.143, 
525–536. 
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Recent studies have shown how mineral dissolution rates 
can be accurately quantified by taking into account the real 
changes of surface topography and the corresponding 
hetrogeneous distribution of dissolution fluxes [1, 2]. 

Dolomite dissolution was studied on single mm-sized 
crystals at 50 °C as a function of pH (3.4<pH<9.0), by 
anlyzing the surface topography evolution during the course of 
the reaction, using both AFM and VSI techniques, and by 
measuring the corresponding vertical surface retreat rate on 
two different surfaces, the (104) natural cleavage plane and a 
plane cut approximately paralle to the (001) crystallographic 
orientations. Both polished and unpolished samples were used 
to test the influence of defects created by polishing of the 
(104).  

Results show that (001) miscut surfaces dissolve between 
1.5 and 3 times faster than the (104) cleavage planes in acidic 
solutions but becomes slower than the (104) plane at basic 
pH’s. Extensive dissolution of the (001) plane brings about the 
formation of microscopic pyramidal features delimited by 
(104) microfacets, which is consistent with development of 
low-energy crystal morphologies but contrasts with the 
triangular etching observed on calcite miscut surfaces 
perpendicular to the same axis [3].  

No clear difference in reactivity was observed between 
polished and unpolished sample surfaces under acidic 
conditions, whereas the presence of surface defects generated 
by polishing enhanced the dissolution rate of the mineral 
compared to unpolished, but rougher, surfaces under basic pH. 
Comparison of rate spectra, obtained by VSI analysis of 
dolomite unreacted and reacted surfaces, shows a decreased 
variance and asimmetry of surface energy distributions with 
increasing pH, which thus characterize slower rates of mineral 
dissolution. Dolomite clevage planes exhibit vertical retreat 
rates that are roughly constant as a function of time. 
 
[1] Fischer et al. (2012) Geochim. Cosmochim. Acta 98, 177–
185. [2] Emmanuel (2014) Chem. Geol. 363, 262–269. [3] 
Smith et al. (2013) 360-361, 10–21. 
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A short eighty years ago, it was conventional wisdom 

among fisheries biologists that we could never overfish the 
oceans. They were too vast. World War II, a grand experiment 
in reducing fishing effort, revealed that folly. Today we have 
reduced the global standing stock of fishery species by about 
90%, while resculpting benthic communities across most of the 
continental shelves through our trawling. We have polluted the 
oceans extensively with nutrients, metals, and plastics. 

In 1982, coral bleaching in Galápagos and Panamá told us 
our CO2 emissions were now warming and acidifying ocean 
surface waters.  The consequences of these changes extend 
through global oceanic current systems and oceanic food 
chains, while sea level, essentially stable for 6000 years, has 
begun to rise again.  

Over 2.6 billion people, half in tropical developing 
countries, live within 100 km of a coast.  For this 37% of 
humanity in particular, the oceans are vitally important 
providers of goods, services and quality of life. Our coastal 
populations, and their need for goods and services, grow while 
the capacity of the oceans to provide those goods and services 
declines.  If we want to restore the capacity of the oceans to 
serve our needs, radical changes are needed in how we manage 
the coastal ocean, and how we ration access to high seas 
resources.  Improved management of sectoral conflicts, 
management that is integrated on ecologically appropriate 
spatial and temporal scales, and appropriately participatory 
management must be put in place with high compliance, at 
least within already recognized Exclusive Economic Zones.  
We also need further research and discussion of the long-term 
ramifications of the marine effects of our CO2 pollution, 
because that alteration to the atmosphere has set in train swift 
biological responses by marine species, and very long term 
changes in the planetary system that are both as yet poorly 
understood. 
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Groundwater flow models can potentially be improved by 
incorporating groundwater flux information, such as is 
typically derived from 14C observations, as an additional model 
calibration constraint to potentiometric heads. The 
groundwater ages estimated from 14C are often “corrected” for 
reactions in the aquifer prior to comparison with flow model 
results, using simplifying assumptions regarding the temporal 
and spatial resolution of both reactions and flow/transport. A 
recently developed reactive transport modelling framework [1] 
allows simultaneous assessment of groundwater flow, water 
quality evolution (including δ13C), and 14C activity. Through 
application of this framework, simulated 14C can now be 
compared directly with field observations, however, aquifer 
residence times of ~1-30ka (and therefore long simulation 
periods) and grid discretisation requirements provide 
significant computational challenges.  We present the 
modelling framework and applications to (i) a kilometre-scale 
2D model domain, in which reactions of carbonate minerals 
and organic matter occur, and (ii) a regional scale 3D model 
for the groundwater system underlying Perth, Western 
Australia. With these applications we explore the degree to 
which parameter and process uncertainties in the quantification 
of 14C concentrations, e.g., due to poorly constrained 
distribution and reactivity of inorganic and organic carbon, 
may reduce the overall benefits of direct simulation of 14C 
concentrations.   
 
[1] Salmon S. U. Prommer H. Park J. Meredith K. T. Turner J. 
V. McCallum J. L. 2015. A general reactive transport 
modelling framework for simulating and interpreting 
groundwater 14C age and δ13C. Water Resources Research 51: 
359–376,  doi:10.1002/2014WR015779 
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Magmas erupted from volcanoes of Central Kamchatka 
Depression can be represented as a mixture of 1) magmas of 
subduction origin 2) adakitic products of the lower crust 
melting1 and 3) alkaline potassic magma. Existence of the third 
component is proven by occurrence of absarokite dyke at 
Harchnsky volcano2, rare mellilitic xenolyths and melanitic 
garnet inclusions in olivine. Periodically high potassium 
basalts were erupted in Tolbachik and Plosky volcanoes in 
Holocene. We present experimental data demonstrating that 
melting mediated by the dry reduced carbonic fluid leads to the 
enrichment of the melt with K2O, Rb2O and LREE. In our 
experiments fluid was generated at the decomposition of 
natural siderite placed in the small capsule within welded large 
one with the source basalt. CO2-CO fluid effectively transfers 
Al2O3, K2O and other elements to form Ol-Spl aggregate with 
alkaline melt replacing oxides remaining after siderite 
decomposition in the small capsule. Melt show highly 
fractionated REE patterns La/Yb is up to 76. Potassium content 
attains up to 10 wt.% of K2O. Potassium and sodium 
separation factor (K/Namelt)/(K/Nasource) = 25-30. Our 
results support concept of the strong link between potassium 
and carbon in magmas3. Experiments were performed at  
P=2-5 kbar and T=900-1000oC, we suggest that this 
mechanism will work at the mantle PT parameters too. It is 
expected that mantle wedge under CKD was locally 
carbonatized during accretion of the Kronotsky paleoarc about 
5 Myrs ago. At the overstepping of islands by subduction zone 
large blocks of silicified carbonates and coals can be dragged 
under mantle wedge as envisaged by numerical modeling4. 
Large masses of sedimentary rocks presumably had ascended 
under Central Kamchatka ridge and are moving eastward in the 
slow wedge counterflow. Silicified carbonates rising to 
approximately 100 km depth react to form CO2 and pyroxene. 
Reduced carbonic fluid is involved in the potassium magma 
formation. Work was supported by RFBR grants #13-05-00397 
and13-05-00994. 

 
[1] Gorbach and Portnyagin, 2011, Petrology, 19(2):134. [2] 
Volynets et al., 1999, Volcanol. Seismol., 1: 31(in Russian) [3] 
Gupta, 2015, Springer. 4 Simakin, 2014, Terra-Nova, 26(1):22 
. 
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The uptake of zinc by phytoplankton is complex and 

dependent on the concentration and chemical speciation of 
dissolved zinc; both of which affect zinc bio-availability. In 
some parts of the surface ocean dissolved zinc concentrations 
are sufficiently low, in the picomolar range, to potentially limit 
the growth of certain phytoplankton species. This research 
investigates the relationship between zinc availability and 
primary production using the zinc isotopic composition of 
dissolved and particulate samples collected from the Tasman 
Sea, SW Pacific Ocean. Variability in the isotope composition 
of dissolved zinc is observed in the upper ocean (0-200 m), 
with the positive values at the chlorophyll maxima suggesting 
preferential uptake of lighter zinc isotopes by phytoplankton. 
Immediately below the chlorophyll maxima we see low isotope 
values indicating the regeneration of lighter zinc isotopes from 
particulate organic material. Based on the degree of zinc 
isotope fractionation (~ 0.5 ‰), phytoplankton in the Tasman 
Sea are not likely to be zinc-limited even though free zinc ion 
concentrations (0.4 to 22 pmol L-1; surface to 200 m) are in the 
low picomolar concentration range.  
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The Ganga river supplies large amount of fresh water 

(>1% of global discharge) and suspended sediment (ca. 4% of 
global discharge) to the Bay of Bengal. A geochemical 
investigation of several trace elements have been carried out 
on the dissolved, suspended and bed load samples of the 
Ganga (Hooghly) river estuary collected seasonally over two 
years, 2012 and 2013. 

Dissolved Ba vs. salinity (S) plots indicate removal of 
dissolved Ba at S<0.3, whereas in the low to middle salinity 
(3<S<11) zone, release of dissolved Ba can be observed as a 
Ba hump. Majority of the samples plot above the conservative 
mixing lines, suggesting an internal source of Ba in the 
estuary. "Excess" Ba, defined as the difference between 
concentrations of measured Ba and Ba expected from 
conservative mixing, was  estimated to be as high as >400 nM 
in the water samples. 

Data of suspended sediments provide support for 
desorption of Ba to the dissolved phase. Analogous to Ba, 
particulate Mg/Al also show a peak in the low to middle 
salinity zone. Ba/Mg ratios in the suspended sediments show 
significant negative correlation with Al during non-monsoon 
seasons. These results together suggest release of Ba from the 
particulate matter via ion-exchange reaction with dissolved 
Mg. Calculations show that the flux of desorbed Ba from the 
Hooghly river is significantly higher than that transported in 
the dissolved load of the river. This study brings out the 
importance of solute-particle interactions in supplying large 
quantity of Ba which is commonly used as a tracer of 
freshwater contributions to the coastal oceans. 

 
 

2746



 Goldschmidt2015 Abstracts  

 2747 

The world according to zircon -   
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Early models of continental crustal growth based on the 
ages of crystallization of granitoids were abandoned once it 
was understood that many silicic magmas form by remelting 
pre-existing crustal materials. Subsequent crustal evolution 
models focused on the age and whole-rock isotopic 
composition of granitoids or on the isotopic composition of 
fine-grained clastic sedimentary rocks.  Recently there has 
been a resurgence of emphasizing major crustal growth events 
by compiling the ages of detrital zircon. More sophisticated 
models also employ oxygen and hafnium isotopic composition 
of zircon as well as U-Pb ages.  However, viewing the 
production of continental crust through the eyes of zircon can 
produce a significant bias because of the extreme ‘zircon 
fertility’ of some magmas.  If a large amount of zircon is 
produced during a high fertility orogenic event then that could 
be mistaken for a large volume of magma being produced. 
That detrital zircon can be very misleading is demonstrated in 
two modern environments: a granitic ‘point’ source and the 
local sediment derivd from it and in Modern alluvium from a 
large river in a more chemically weathered environment. 
Apatite from the point source and from the sediment may more 
accurately reflect the parent material. Similarly, the ages of 
monazite from the Modern alluvium far more accurately reflect 
the area of the different crustal regions being drained.  Thus it 
is suggested that analysis of these two phosphates may be a 
very impart part of properly testing for bias based solely on 
analysis of zircon. 
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New data for the metamorphosed gabbro and diorite 
intrusions from the Early Precambrian basement of the East 
European Platform (the Tver’ and Yaroslavl’ areas) will be 
presented. Archaean gneisses that host the intrusions are 
regarded as southern margin of the Fennoscandia megablock.  

The gabbros and diorites are similar in geochemistry and 
have high concentrations of Ti, Fe, P, Zr, Hf, Nb, Ta and REE 
with [La/Sm]N =1.5-3.2, [Gd/Yb]N=1.6-2.2 that is typical for 
intraplate magmatism. Zircon extracted from diorites give U-
Pb age 2496±9 Ма (ID TIMS), and 2513±16 Ма (SIMS). 
Strong geochemical similarity of gabbros and diorites allow us 
to suggest their simultaneously crystallization. Difference of 
initial Nd isotope composition of gabbro (εNd2500=+2.0, 
TDM=2.57 Ga) and diorite (εNd2500=-4.2, TDM=3.02 Ga) is 
probably caused by a large input of Paleoarchaean crustal 
rocks into the dioritic melt.  

The gabbro primary melts of high-Ti affinity were 
originated from a DM-type mantle garnet bearing source 
followed by differentiation with minor crustal contamination. 
Dioritic melts probably originated via crystal fractionation of a 
high-Ti mafic melt strongly contaminated by crustal rocks. 

Studied ca. 2.50 Ga high-Ti mafic intrusions are probably a 
component of the Sumian (2.51-2.45 Ga) LIP of the 
Fennoscandia that mainly consists of low-Ti gabbronorites and 
diorites. Lateral variations in melts composition of the LIP 
could be caused by lithospheric architecture, since studied 
high-Ti mafic igneous rocks located in the southern passive 
margin of the Fennoscandia.  

 
The work was supported by RFFI, grant 14-05-00933. 
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Silica sinter deposits are formed by precipitation from 

thermal fluids as they discharge and cool at the surface, and 
they are common surface expressions of underlying 
geothermal systems and low sulfidations epithermal gold 
deposits. Sinter deposits are texturally complex and are 
predominantly composed of non-crystalline opal-A, although 
can contain opal-CT and/or opal-C and microcrystalline quartz. 
Previous studies have documented unique geochemical and 
textural characteristics in sinters at the El Tatio (>4000 m 
a.s.l.) geothermal system in northern Chile. Mineralogical data 
suggest that environmental conditions play an important role in 
the silica precipitation rate. Furthermore, it has been suggested 
that dissolved species and metals may play an enhancing effect 
on silica precipitation rate. However, very little information 
exist on the potential effect of silica on metal precipitation in 
such systems. 

In this study, we present new data from the Puchuldiza 
silica sinter and associated geothermal spring waters in the 
Altiplano of northern Chile. This system has been explored for 
both high-enthalpy geothermal resources and epithermal gold 
deposits. Here, we couple SEM observations of silica sinter 
samples with XRD and LA-ICP-MS data to assess their 
textural, structural and geochemical characteristics. SEM 
images showed different silica morphologies including micro-
to-nano spheres with variable sizes, and quartz micro crystals. 
The XRD data identified the silica phases as opal A, opal CT, 
opal C, quartz, and accessory minerals such as cinnabar, 
oropimente and realgar. The opal A phases display similar high 
FWHM values than El Tatio’s opal, confirming the effect of 
high-altitude on silica precipitation.  

In contrast to the low metal contents of thermal spring 
water (Cu ~6.9–18.4 ppb, and Au ~0.4–1.8 ppt), the LA-ICP-
MS data of siliceous phases in sinter show relatively high Cu 
(~0.7-3 ppm) and particularly Au (~1-5 ppm, up to 15 ppm), 
suggesting a key role for amorphous silica as an efficient 
adsorbant phase for metals in the active Puchuldiza field. 
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Hydrothermal ore deposits result from the combination of 
a sustained flux of metal-rich fluids and an efficient 
precipitation mechanism. Earthquakes may trigger gold 
precipitation in the epithermal environment but its efficiency 
and time-integrated contribution is poorly quantified.  

In order to quantify the feedbacks between earthquake-
driven fracturing and metal precipitation in the shallow crust, 
we have constrained the past and present physico-chemical 
conditions of a geothermal system in the highly seismic 
Chilean Andes. We combined temperature measurements in 
the deep wells with geochemical analyses of fluid samples 
retrieved from the reservoir. In addition, we reconstructed the 
paleo-fluid conditions using microthermometry and LA-ICP-
MS data of fluid inclusions from a deep borehole core. The 
effect of pressure and enthalpy changes on precipitation was 
evaluated by calculating the solubility of Au in P-H space, and 
the impact of externally-forced, seismic perturbations on fluid 
parameters was constrained using a thermo-mechanical piston 
model for a “suction pump” mechanism. The reconstructed P-
T-H-X fluid trajectories indicate that fluids feeding the 
hydrothermal reservoir reach boiling conditions with a high 
gold budget (~1-5 ppb) at saturated liquid pressures between 
50 and 120 bar. 

Our results show that if hydrothermal ore fluids reach this 
optimal threshold for metal precipitation, small adiabatic 
pressure changes (~50 bar) triggered by transient fault-rupture 
can drop gold solubility by up to two orders of magnitude. We 
conclude that such externally-forced perturbations, equivalent 
to low magnitude earthquakes (Mw<2) significantly enhance 
gold precipitation efficiency. 
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We have performed frictional sliding experiments on 

powdered, pure standards of sepiolite and paligorskite and 
fault rocks from the Galera fault zone (Betic Cordillera, S of 
Spain) rich in these minerals and smectites in order to establish 
the frictional behaviour of fibrous phyllosilicates as compared 
with other platy clay minerals. The friction tests were carried 
out on a triaxial deformation apparatus with a servo-controlled 
axial loading system and fluid pressure pump in the Rock 
Deformation Laboratory in the University of Liverpool. 
Friction coefficients for palygorskite and sepiolite as 
monomineralic samples (under vaccum and open atmosphere 
conditions) show a friction coefficient of 0.65 to 0.7 for dry 
experiments and between 0.45 to 0.5 for water saturated 
experiments. Despite the fact that sepiolite and palygorskite 
are part of the phyllosilicates group, their mechanical 
behaviour is different, showing a higher frictional behaviour 
than platy clay minerals which vary between 0.22-0.44 for dry 
tests and between 0.12-0.38 for wet experiments. The 
difference in frictional behaviour could be explained by the 
difference in the structure of these fibrous minerals. The 
inversion of the apical oxygen makes the structure stronger and 
the water layers discontinuous, allowing the shear to be 
localized more within the TOT layers and less in the water 
layers. Meanwhile, in platy clay minerals the shear is 
concentrated in the water layers that allow the TOT structures 
to slide easily. Constraining the genesis conditions and factors 
that favour precipitation of platy/fibrous phyllosilicates could 
help us understand the general role of fault weakening from 
clay neomineralization.  
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High pressure slab-derived fluids (aqueous fluid, hydrous 

melt or supercritical fluid?) are major vectors for mass transfer 
and element recycling in subduction zones. However, the poor 
understanding of the atomic-scale mechanims that controls the 
mobilization and transpor of elements limits quantitative 
models of fluid-rock interactions at depths and the estimates of 
mass recycling.  

In the last decade, new experimental designs combining 
laser or synchrotron-based spectroscopic techniques with high-
temperature diamond anvil cells have opened the possibility 
for determining in situ the chemical composition, the 
molecular structure and thermodynamic quantities for high-
pressure fluids [1]. Here, emerging views on the mobility and 
transport of elements by subduction zone fluids will be 
discussed in the light of spectroscopic studies that constrain 1) 
the properties of the solvent (H2O and NaCl-H2O) in response 
to increasing P and T, and 2) the controls of fluid chemistry on 
the speciation, solubility and partitioning of trace elements. 
Thermodynamic data on H2O and NaCl-H2O fluids [2] [3] 
show changes in essential properties (e.g. dielectric constant 
and activity) of the solvent, that affect its ability to hydrate 
species in solution and hence, its solvent capacity under 
pressure. Further, speciation studies of HFSE (i.e. Zr) in 
subduction zone fluids will illustrate the role of coordination 
chemistry involving halogen ligands (e.g., Cl and F) and 
polymerized silicate species (Si-Al-Na) in the mobility and 
transport of trace elements [4]. Importantly, the studies provide 
spectroscopic evidence for the formation of Zr-O-Si/Na 
clusters that explain the enhanced solubility and partitioning of 
HFSE-bearing minerals in alkali-silicate fluids in magmatic-
hydrothermal processes [5]. The implications of these results 
for nature of the slab flux, the HFSE depletion in arc lavas and 
the formation of (Zr, Nb, REE) ore deposits in crustal granitic 
complexes will be discussed.  
 
[1]Sanchez-Valle (2013) Rev. Min. Geochim. 76, 265-309. 
[2]Sanchez-Valle et al. (2013) J. Chem. Phys. 138, 054505. 
[3]Mantegazzi et al. (2013) Geochim. Cosmochim. Acta 121, 
263-290.[4]Louvel et al. (2013) Geochim. Cosmochim. Acta 
104, 281-299.[5]Louvel et al. (2014) Am. Miner. 99, 1616-
1625.  
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Microbes influence the nanoscale processes of formation 

and transformation of nanoparticulate iron oxy(hydr)oxides 
(hereafter "oxides"). It is known that the associated 
extracellular matrices (EM) from bacteria influence the 
mineralogy of iron oxides in the subsurface [1]. It has also 
been found that electron transport from bacterial metabolism 
can have a significant impact on the existing mineralogy [2]. 
The end-product from microbial induced transformations of 
existing nanoparticulate iron oxide minerals is hard to predict 
because of the influence from both EM and reduction rate.  

Shewanella oneidensis is a naturally occurring biofilm 
producing metal-reducing bacterium. It transports electrons via 
the Mtr pathway which is a series of transmembrane 
intermolecular electron transfer events to extracellular solid 
minerals.  In contrast the popular model microbe Escherichia 
coli lacks the Mtr pathway and is not able to reduce solid 
metals. In this study we use model systems and engineered 
bacteria expressing the Mtr pathway or to supress EM 
production. We explore the transformation rate and pathway of 
iron oxide reduction of 2-line ferrihydrite and lepidocrocite 
under anaerobic conditions.  

Our result shows that bacterial reduction affects 
transformation rate, product and morphology. The rate of 
reduction by engineered Mtr  is outcompeted by wild type 
Shewanella. This study show promise for using engineered 
electron transport and extracellular matrices as a tunable 
parameter for mineral transformation. 

 
[1]. Konhauser, K. 2007, United Kingdom: Blackwell [2]. 
Zegeye, A., et al. Geomicrobiology Journal, 2007. 24, 51-64. 
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Dissolved organic matter (DOM) is ubiquitous in both 

terrestrial and aquatic systems. While chemical oxidation and 
photochemical transformation of DOM has been extensively 
studied, the enzymatic oxidation of DOM remains poorly 
characterized and understood on a mechanistic level. A better 
understanding of this process is warranted as it governs DOM 
stability in natural systems and, as such, plays a key role in the 
cycling of nutrients and carbon. 

This contribution present the results of systematic 
investigations of the kinetics and extents of enzymatic 
oxidation of phenolic moieties in DOM. Enzymatic oxidations 
were carried out by three different laccases, which are copper-
containing oxygen oxidoreductases that catalyze the transfer of 
electrons from phenolic moieties to dioxygen under formation 
of phenoxyl radicals and water. The tested DOM included 
well-characterized isolates from both terrestrial and aquatic 
systems as well as DOM samples directly collected from three 
ombrotrophic bogs in central Sweden. The oxidation was 
monitored by simultaneous quantification of oxygen 
consumption using optrode technology and the depletion of 
electron donating phenolic moieties in the DOM using 
mediated electrochemical analysis, a novel analytical 
approach.  

Enzymatic oxidation of all tested DOM samples in the 
presence of O2 was fast, extensive, and largely irreversible 
over the course of a few days. Fast and extensive oxidation 
implies that the catalytic sites of the tested laccases had access 
to a significant fraction of the phenolic moieties in the DOM. 
Irreversible oxidation is consistent with the formation of 
phenoxyl radicals that subsequently underwent coupling 
reactions to form higher molecular weight products that could 
not be re-reduced to the original phenolic structures. Coupled 
measurements of oxygen consumption and loss of phenolic 
moieties for selected DOM reveled 1:4 molar stoichiometric 
ratios, consistent with the transfer of four electrons from DOM 
to one oxygen to form two water molecules and hence 
demonstrating a closed electron balance in the studied systems.  

The results of this work will be discussed in the context of 
organic matter turnover in natural systems with a focus on 
DOM preservation and transformation across anoxic-oxic 
interfaces in temporarily anoxic wetlands. 
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This study presents a revised geochemical procedure using 
Rock-Eval analysis to quantify organic matter (OM) fractions 
in unconventional reservoirs. The results of a core sample from 
the Triassic Montney Formation tight gas reservoir from the 
Western Canadian Sedimentary Basin show that operationally-
defined S1 and S2 hydrocarbon peaks from conventional 
Rock-Eval analysis may not adequately characterize the 
organic constituents of unconventional reservoir rocks. This 
method provided quantitative distinctions between major 
organic matter components of the rock, providing important 
information with significance for the evaluation of reservoir 
quality. Three major OM fractions, (i) volatile free light oil, 
(ii) medium to heavy range, fluid to semi fluid hydrocarbon 
residue, and (iii) solid bitumen (or pyrobitumen at higher 
thermal maturity) dominates the Montney tight gas reservoir. 
The majority of the total organic carbon (TOC) in the studied 
samples consists of solid bitumen that represents a former 
liquid oil phase which migrated into the larger paleo-
intergranular pore spaces. Subsequent diagenetic alteration and 
thermal cracking of oil led to formation of consolidated 
aggregates of solid bitumen and pyrobitumen. Solid bitumen 
obstructs porosity and hinders fluid flow, and thus shows 
strong negative correlations with reservoir qualities such as 
porosity and pore throat size. We also find a strong positive 
correlation between the quantities of solid bitumen and pyrite, 
a relationship confirmed by petrographic evidence showing a 
close spatial association of bacterially-derived framboidal 
pyrite with solid bitumen accumulations in the intergranular 
paleo-pore spaces. These relationships suggest that solid 
bitumen and framboidal pyrite were both early products of 
bacterial sulphate reduction of liquid hydrocarbons following 
initial oil charging of the Montney Formation. 

 

2755



 Goldschmidt2015 Abstracts  

 2756 

What have we learned from Ra 
isotopes about the natural iron 

fertilization offshore from the Crozet 
and Kerguelen islands ?   

VIRGINIE SANIAL1*, PIETER VAN BEEK1,  
BRUNO LANSARD2, MARC SOUHAUT1,  

ELODIE KESTENARE1, FRANK DEHAIRS3,  
STEPHANIE JACQUET4, FRANCESCO D’OVIDIO5,  

MENG ZHOU6 AND STÉPHANE BLAIN7 

1LEGOS, Toulouse, France  
2LSCE, Gif-sur-Yvette, France 
3Vrije Universiteit Brussel, Brussel, Belgium 
4MIO, Marseille, France 
5LOCEAN-IPSL, Paris, France 
6University of Massachusetts, Boston, USA 
7LOMIC, Banyuls-sur-Mer, France 
(*corresponding author: virginie.sanial@legos.obs-mip.fr) 

 
A large phytoplankton bloom occurs anually downstream 

of the Crozet and the Kerguelen islands despite their location 
in the largest high-nutrient, low-chlorophyll area of the global 
ocean. Whereas low iron concentrations in waters of the 
Southern Ocean usually limit the phytoplankton development, 
the input of iron released by the shallow sediments deposited 
onto the margins allows the phytoplankton to grow 
downstream of these islands. 

Here, we summarize our findings on the mechanisms of 
the natural iron fertilization deduced from radium (Ra) 
isotopes in the framework of the KEOPS project. Combining 
Ra isotopes (223Ra, T1/2=11.4 d; 224Ra, T1/2=3.66 d; 228Ra, 
T1/2=5.75 y) and physical methods (surface drifters and 
lagrangian model derived from altimetry data), we provide 
information on the origin of the iron fertilization and on the 
timescales of the transfer of sediment-derived inputs towards 
offshore waters. In addition, we investigated the 226Ra 
(T1/2=1600 y) and barium (Ba) distributions offshore from the 
Crozet and Kerguelen islands, with the aim to provide 
additional constraints on the circulation patterns in this area. In 
particular, we observed temporal changes in the dissolved 
226Ra/Ba ratios that will be discussed. Among potential 
hypothesis, one can invoke i) changes in the circulation 
patterns or ii) the impact of biological processes on the 
dissolved Ra and Ba concentrations.   
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For the purpose of paleoceanographic study, we have 

developped a method to measure minor and trace elements 
concentrations of natural calcium carbonates using a 
NanoSIMS [1] and applied to foraminiferal tests [2], branching 
coral skeleton [3], and giant clam shells [4] [5]. In this study 
we measured Mediterranean mussel (Mytilus galloprovincialis) 
collected at the Otsuchi bay, on the Pacific coast of 
northeastern Japan. This bivalve was living at intertidal zone 
and colletected on September 6th 2011, that should have 
experienced a great tsunami induced by the 2011 magnitude 
9.0 Tohoku-Oki earthquake on March 11th.  

In the laboratory, soft tissues were removed from mussel 
and the shell was cut along the maximum growth axis and 
mounted in Araldite disk together with a carbonate standard. 
After polishing and gold coated, we analyzed Mg/Ca, Sr/Ca 
and Ba/Ca ratios of two individual shells by low resolution 
(10-micron spot at 100-micron interval) and high resolution  
(2-micron spot at 3-micron interval) along the growth axis. 
Age-model was facilitated by counting the etched-stained lines 
using “Mutvei's solution”.  

Annual variations of Mg/Ca ratio, high in summer and low 
in winter, are clearly visible at low resolution of both samples. 
This may reflect the seawater temperature control [6]. Sr/Ca 
ratio of one sample shows annual change harmonic with 
Mg/Ca, while the other unilateral increase. Ba/Ca ratios are 
constant before the tsunami and significantly variable after that. 
High resolution analysis of Mg/Ca ratios at non-tsunami part 
indicates daily or bidaily cyclic changes, which may reflect 
tidal oscillation. Ba/Ca ratio of high resolution mode is more 
variable after the tsunami than the before, suggesting larger 
terrigenous contribution into the shell [7].   

   
[1] Sano et al. (2005) Anal. Sci. 21, 1091. [2] Kunioka et al. 
(2006) G-cubed 7, Q12P20. [3] Shirai et al. (2008) Geochim. 
Comoschim. Acta 72, 5386. [4] Sano et al. (2012) Nature 
Commu. 3, 761. [5] Hori et al. (2015) Sci. Rep. 5, 8734. [6] 
Wanamaker et al., (2008) Geo-Mar Lett. 28, 359.  [7] Gillikin 
et al. (2006) Geochim. Comoschim. Acta 70, 395. 
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Applying a pressure to hydrous mineral changes the 

distance of two oxygen atoms of hydrogen bond and induces 
various interactions between hydrogen and surrounding atoms. 
The changes are unquenchable thus in-situ neutron diffraction 
that has advantages to locate the hydrogen position provides 
insights into how hydrogen affects on the physical properties 
of minerals at high pressure. 

δ-AlOOH is a distorted rutile type hydrous phase and 
considered to be a solid solution with recently reported dense 
hydrous mineral phase H. Theoretical studies indicate that 
compression results in the symmetrization of hydrogen bond, 
in which hydrogen locates at the midpoint between two oxygen 
atoms [1]. X-ray study have found the change in 
compressibility at high-pressure, with an isotope effect on the 
transition pressure. The pressure where the bulk modulus 
increases was 10 GPa for AlOOH whereas 12 GPa in AlOOD 
[2]. 

To examine the pressure response of hydrogen bond in δ-
AlOOH and its D/H isotope difference, we performed neutron 
diffraction experiments at high-pressure neutron diffractometer 
PLANET in MLF, J-PARC [3]. The diffraction patterns of δ-
AlOOH  with deuterated and natural isotope compositions 
were measured at several pressures to 16.7 GPa. The transition 
from P21nm to Pnnm, which can be attributed to the disorder 
of hydrogen bond or the symmtrization was found at 12.1 GPa 
for δ-AlOOD, at the same pressure where the change in 
compressibility was reported. The significant shortening of 
O…O distance and hydrogen bond  was observed to 12.1 GPa; 
however, the O…O distance remains almost constant above 
the transition pressure. In comparison with deuterated sample, 
hydrogen bond in AlOOH is found to be longer at the same 
pressure. This study reveals that slight change of hydrogen 
position can induce the increase of bulk modulus in δ-AlOOH 
at high pressure. 
 
[1] Tsuchiya et al. (2002) Geophys. Res. Lett. 29, 1909. [2] A. 
Sano-Furukawa (2009) Am. Mineral. 94, 1255-1261.[3] T. 
Hattori et al. (2015) Nucl. Instrum. Methods Phys. Res. A 780, 
55-67 
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Tracing Precambrian-ocean redox state is a central 

challenge in the Earth science community. Because of their 
specific geochemical properties, extended Rare Earth Element 
pattern (REE+Y) are widely used as a redox and paleo-
enviromental tracers. Distribution in REE+Y differs in 
function of the chemical water source (marine, hydrothermal 
or fresh water and anoxic vs oxic environment) and it has been 
shown that microbial carbonates are good materials to reflect 
seawater REE+Y distribution. 

Here we present new REE+Y data from 115 Brazilian 
post-Marinoan Snowball Earth (~ 635 Ma) samples of 5 
sections spanning the carbonate platform from proximal 
section to deeper water distal sections. We compare bulk rocks 
analyses to specific carbonate leachates and discussed the 
influence of diagenesis and detrital inputs on the Rare Earth 
Element signals.  

REE+Y patterns obtained on the proximal part of the 
Araras carbonate platform show strong similarities with 
modern oxic oceanic water with a Negative anomalie in Ce 
(with Ce/Ce* reaching 0.69, positive anomalie in Y, 
enrichment in HREE and a supra chondritic Y/Ho of 49). 
Values indicates a strong influence of freshwater inputs, in 
agreement with the silici-clastic deposits observed and with the 
sedimentary features indicating shallow water deposition for 
the first carbonate formation deposited (Mirassol d’Oeste 
Formation). 

Deeper in the platform in the upward section of Guia 
Formation few samples show positive Eu anomaly, no Ce 
anomaly coupled to LREE enrichment suggesting reduced 
conditions. 
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The distribution and speciation of manganese (Mn) in 
terrestrial and aquatic environments is heavily influenced by 
microbiological processes. A diversity of microorganisms 
(bacteria, fungi, and algae) are known to catalyze Mn(II) 
oxidation in aerobic environments, which results in the 
formation of sparingly soluble Mn(III/IV)(hydr)oxide 
minerals.    The formation of these Mn oxides is important for 
remediating environments with hazardous levels of soluble 
Mn. Furthermore, biogenic Mn oxide minerals have high 
sorptive capacities and redox potentials, thus contributing to 
the subsequent remediation of a variety of toxic organic and 
inorganic compounds.  

We have examined the microbial communities existing in 
several Mn-rich and heavily polluted environments to identify 
the key organisms promoting Mn(II) oxidation and 
bioremediation.  We used both culture-based and high-
throughput  sequencing approaches to examine organisms in a 
Superfund Site treating scientific and agricultural wastewater,   
a freshwater pond undergoing remediation, and several passive 
treatment systems cleaning up metalliferous wastewater from 
abandoned coal mines. We have isolated a number of Mn(II)-
oxidizing bacteria, fungi, and algae from these environments. 
Thus far, a greater diversity and number of fungal cultures 
(relative to bacteria and algae) promoting Mn(II) oxidation 
were obtained from each of these environments. Culture-
independent techniques further show that the sequences of 
these cultured fungi can make up a large fraction (up to ~15%) 
of the total fungal sequences in each of the samples. Since we 
rely on culturing to determine Mn oxidation capabilities, these 
estimates are likely an underestimation of the total community 
contributing to the remediation of Mn in these environments.  
Results from this study emphasize the role of eukaryotes, 
particularly fungi, in contributing to Mn remediation in 
impacted environments. 
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Lots of efforts have been made through the years to the 
Vitoria-Trindade ridge studies. [1] suggest  that there is hotspot 
associated according to the geochemistry evidences to the 
Columbia seamount.   

On February 2011 was realised a rock dragging of 
Columbia, Dogaressa, Davis, Jaseur and Montague beyond a 
field work to Trindade and Martin Vaz. Over 140 samples for 
the studies and and 120 thin sections made besides 116 
litogeochemistry analyses.  

The seamounts petrology and litogeochemistry studies 
revealed the basanite as main rock for this seamount formation, 
where clinopyroxene and olivine beyond alteration were 
observed. For Martin Vaz contains basanite covering the 
pyroclastic rocks of the base and necks and dikes of fonolite.  

Lavas from seamounts, Trindade and Martin Vaz Islands 
are situated on mature (70 Ma) oceanic crust and form an 
alkaline volcanic suite that shows an evolution from parental 
basanites to derivative phonolites. The systematic variation in 
major and trace element concentrations observed between the 
basanites, and phonolites are interpreted to be the result of 
fractional crystallization. Incompatible element concentrations 
in comparison  with published data from other regions along 
the Trindade hotspot track (Abrolhos, Poxoreu, Alto Paranaiba, 
Serra do Mar) shows that this track can be explained by a 
conventional plume model.  

 
[1] Fodor RV (2000) Geochemical evidence for the 

Trindade hotspot trace: Columbia seamount ankaramite. Lithos 
51 (2000), pp 293–304. 
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The coastal carbon cycle is often thought to be driven 

primarily by a combination of allochthonous river inputs and 
internal cycling. Porewater and groundwater flows driven by a 
number of physical processes are ubiquitous in coastal 
environments. These advective flows significantly increase the 
surface area of substrates available for biogeochemical cycling. 
A common transformation is the conversion of particulate 
organic carbon into dissolved organic (DOC) and inorganic 
(DIC) carbon. As a result, porewater and groundwater often 
have high loads of carbon dioxide, methane, alkalinity, DIC 
and DOC that may eventually be released to surface waters. 
We have investigated whether submarine groundwater 
discharge and/or porewater exchange represent sources of 
dissolved carbon species to the coastal ocean. Experimental 
work has been performed in coastal wetlands, mangroves, 
coral reefs, embayments, estuaries, tidal rivers, and intertidal 
flats. By combining high resolution observations of carbon 
parameters and their stable isotopes to natural tracers (i.e., 
radon and radium isotopes), we revealed that groundwater and 
porewater were major drivers of carbon cycling in most of the 
coastal systems investigated. Groundwater and porewater 
functioned as allochthonous and/or autochthonous facilitators 
of carbon cycling.  In some cases, carbon fluxes and 
transformation within porewater were the single most 
important driver of carbon cycling, accounting for nearly 
100% of carbon dioxide and methane outgassing to the 
atmosphere. We suggest that groundwater and porewater 
exchange are key components of coastal carbon budgets as 
important as river inputs and internal cycling processes. 
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Migration of trace elements from waste incineration 
fly/bottom ash is problematic during utilization/landfilling [1]. 
This study investigated the total and water leachible  
concentration of Pb in ashes as a function of input waste fuel 
and incineration technology. Fly and bottom ash were sampled 
at 13 Swedish waste incineration facilities including 4 grate 
fired, 6 circulating fluidized (CFB) and 3 bubbling fluidized 
bed (BFB) boilers, using different types of waste fuels. 
Sampling included 5 municipal solid waste, 3 virgin wood, 2 
industrial waste, 2 waste wood/bark and 1 pure waste wood fed 
facilities. Ashes were characterized for total Pb content 
according to ASTM D3683 (HF/HNO3/HCl digestion) [1]. 
Further ashes were subjetced to leaching with water at L/S 2 
with intermittent shaking for 6 hr. according to standard 
leaching procedure (EN 12457-3) [1]. All leachates were 
analyzed by ICP-MS for Pb concentration 

Results indicate that average total concentration of Pb was 
around 3-5 times higher in fly ash compared to bottom ash for 
all boilers. Higher total concentrations were found at facilities 
using waste fuels. Incineration technology used had little 
impact on the distribution between bottom and fly ash. 
Correlation between total and leached concentrations of Pb in 
fluidized bed fly ash was 0.8. Especially MSW fly ash (0.6) 
and wood bottom ash (0.9) showed high correlations. 
Generally, leached Pb increased with pH (r2 0.27 for log Pb vs 
pH).  
 
[1]. Karlfeldt et al (2007), Fuel 86, 1983-1993.   
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Impact of aerosols on clouds and thereby on solar radiation 

is an important climate feedback, yet mostly uncertain, 
particularly for continental environments. In this study we 
attempt to estimate the climatological aerosol-induced indirect 
radiative forcing at Top of Atmosphere (TOA) during Indian 
monsoon period (June-September) from 2002 to 2013. The 
study was performed over core summer monsoon rainfall 
region (bounded between 75E-89E and 18N-28N) in India.  
Correlation analysis of MODIS observed aerosol optical depth 
(AOD) and CERES measured outgoing shortwave as well as 
longwave fluxes at TOA for All Sky (cloudy+ non-cloudy) and 
Clear Sky (Non-cloudy, only aerosol direct effect) cases were 
obtained. Quantitatively, the net atmospheric cooling due to 
aerosol direct effect was about -13 W/m2 per unit increase in 
AOD, whereas aerosol-cloud feedbacks  resulted in a net 
cooling effect of about -30 W/m2 per unit rise in AOD. Further, 
correlation analysis of MODIS estimated cloud macrophysical 
properties (cloud top pressure and cloud fraction) and AOD 
suggested the dominance of cloud invigoration over this region 
during Indian monsoon. Hence, aerosol-induced taller and 
thicker clouds results in an aerosol indirect radiative forcing 
twice as high as aerosol direct forcing during Indian summer 
monsoon. 
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The Central Pontides of northern Turkey are bounded by 

the Izmir–Ankara–Erzincan Suture Zone (IAESZ) in the south, 
separate them from the Anatolide–Tauride Platform, and the 
Black Sea in the north. Oceanic assemblages are found 
tectonically together with metamorphic continental fragments. 
These are related to oceanic crust material, subduction–
accretion complexes and extrusive–intrusive magmatic arc 
rocks. In the pre–Late Jurassic, block-in-matrix type mélanges 
with phyllite, schist and metabasite were metamorphosed to 
greenschist–blueschist facies conditions. Eclogite and minor 
marble and metachert are products of northward subducion of 
the Intra–Pontide Ocean (IPO). Circa 150 Ma metabasite dykes 
with MORB characteristics crosscut serpentinites, and have Nb 
(1.5–2ppm), Hf (1.9–3.4ppm), Th (0.3–0.6ppm) and Y (27.1–
39.8ppm). Lherzolite–type (L–type) ophiolites contain 
plagioclase lherzolite, harzburgite, dunite and pyroxenite. 
Oceanic mafic crustal rocks are composed of pillow–massive–
breccia basalts, diabase dyke swarms, massive gabbros and a 
limited extent of mafic cumulates respresenting a thin crustal 
section (~1500m). These are overlain by epi–ophiolitic 
volcanic units of Late Triassic–Liassic age. The SiO2 contents 
(46.97-68.84 wt.%) and alkali (Na2O+K2O) values (3-6 wt%) 
of the volcanic units show tholeiitic and calc-alkaline 
affinities. Their Ti/V ratios (12.08-32.12) indicate IAT- and 
MORB-like compositions. The Dogger granitoids with 
metaluminous and peraluminous characteristics cut ophiolitic 
rocks representing continental arc development in the Central 
Pontides. We suggest that L-type ophiolites representing the 
IPO formed through continental (margin) rifting in the 
Pontides as a result of northward subduction of northern 
Tethyan oceanic lithosphere and Middle Jurrasic magmatic arc 
rocks related with closing of a marginal oceanic basin. 
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A new method presented in this study can be used in 

energy producton and removal of waste disposal and 
environmental pollution without the seperation of plastic and 
organic waste. In this study, plastic and organic wastes 
together with clay (Al2Si2O5(OH4)), zeolite [(Na2O).70 
(CaO).10( K2O).15 (MgO)05 Al2O3. (8.5-10.5) SiO2. (6-7) H2O] 
and MCS23-code materials (Secret material) were heated in a 
closed medium to a temperature range of 470-680 oC and 
recondensed. Diesel fuel and fuel-oil were produced from this 
process. Using different types and weight of plastic and 
organic materials, experiments were made  with various 
amounts of catalysts in this study. 95% liquid fuel were 
produced in this experiment. Interpretation were made in 
compliance with EMRA(Energy Market Regulatory Authority) 
determination standards in analysing the produced fuel in ISO 
standards. According to the obtained products, density 
(@15oC) (836 kg/m3) viscosity (@40oC) (3,6 cst max.), sulfur 
(0 % weight max.), ash (0,001 % weight max.), flash point  
(41 oC max.), cetane number (51 min.), water (200 mg/kg 
max.), total contamination (24 mg/kg max.), cetane index  
(46 calculate min.) it was concluded that the proportions 
comply with these standards. 
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Concentrations of PM2.5, organic and elemental carbon 
(OC and EC), mineral dust, water-soluble organic carbon 
(WSOC) and inorganic species (WSIS) have been studied from 
a continental site in north-east India representing the 
atmospheric outflow from south Asia (SA) to the Indian 
Ocean. On average, organic mass (OM) accounts for 47% of 
PM2.5 (Av ≈ 90 µg m−3); whereas contribution of EC is no 
more than 5% and that of mineral dust is 12%. The diagnostic 
ratios of carbonaceous species [OC/EC ≈ 7.0 ± 2.2, WSOC/OC 
≈ 0.52 ± 0.16, and K+/EC ≈ 0.48 ± 0.17] suggest dominance of 
biomass burning emissions in the SA atmospheric outflow. 
The high abundance of sulphate (SO4

2− ≈ 6.9 - 25.3 μg m−3; 
SO4

2−/ΣWSIS= 45 - 77%) and characteristic ratios of nss-
SO4

2−/EC (3.9 ± 2.1) and nss-SO4
2−/OC (0.61 ± 0.46) have 

implications to relative impact of  absorbing and scattering 
species on the temporal variability of mass absorption 
efficiency of EC (σEC: 1.9 – 5.3 m2 g−1). The mass fraction of 
WSOC (10 – 23 %) in PM2.5 and mass absorption efficiency of 
Brown Carbon (σabs-BrC: 0.5 – 1.2 m2 g−1) bring to focus its 
significance in the atmospheric radiative forcing due to 
anthropogenic aerosols over south Asia. From the quantitative 
assessment of individual components of PM2.5, we provide the 
first data set on organic carbon-to-organic mass (OC to OM) 
conversion factor centring at 1.5 ± 0.2 (Range: 1.3 - 2.7) in the 
atmospheric outflow from south Asia. 
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GEOVIDE (GA01 GEOTRACES section) is an 
international interdisciplinary programme which aims to better 
disentangle the uncertainties on water masses, heat fluxes and 
Trace Element and Isotope (TEI) cycles in the North Atlantic 
and Labrador Sea. To achieve these objectives, a high 
resolution hydrographical section was carried out, using a 
multi-proxy approach, during a 47-day oceanographic cruise 
on the RV “Pourquoi Pas?” (May-June 2014). In total, 78 
stations were occupied, including the Iberian, Greenland, and 
Canadian shelves. 

A very sharp front separating the subpolar and the inter-
gyre domains was observed at 49°30’N. This is the first time 
over the last 15 years that the subarctic front was found so far 
to the South and the branches of the North Atlantic Current so 
focussed geographically. Moreover, the central Irminger and 
Labrador Seas were marked by a recently ventilated water 
mass down to 1000 m and 1500 m-depth, respectively, capped 
by a thin fresh layer. The first results on TEI distributions 
along the cruise transect show that different waters masses 
(Mediterranean Outflow Water, Labrador Sea Water, North 
East Atlantic Sea Water) were found to have characteristic 
signatures for some elements, in particular dissolved 
aluminium (dAl), dissolved lead (dPb), and particulate iron 
(pFe). Trace metal inputs from the atmosphere, ice and iceberg 
melting, coastal runoff, benthic nepheloid layers, as well as 
potential hydrothermal activity were identified. Atmospheric 
deposition was very low, reflected by very low concentrations 
of aerosol Al and Fe. The newly formed deep water was 
characterized by low dAl concentrations that derive from the 
surface waters. Very low mercury concentrations were also 
found in the younger recently ventilated water masses, 
suggesting that atmospheric mercury deposition to the North 
Atlantic has decreased in the past decades. This finding shows 
the efficiency of global anti-pollution policies implemented in 
Europe and North America. 
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We use experimental results, theoretical models, and 
existing field data to determine whether hydrocarbon gas will 
show any appreciable change while migrating a distance 
greater than 1km. Theoretical two-phase gas displacement 
models predict that volatile gas components will become 
enriched at the front of gas plumes, leaving the surrounding 
residual water stripped of dissolved gases, and the first arrival 
of natural gas enriched in light hydrocarbons and transported 
noble gases.   

In combination with analytical models, we present results 
of experiments investigating these processes.  We use a 1m 
long, 1cm diameter packed with glass beads and saturated with 
water containing a dissolved gas species.  We then displace 
this water with a gas mixture, and measure the effluent gas 
concentrations.  

Experimental results agree with theory and field 
observations, and show that compositional and isotope changes 
during gas migration must be considered when identifying gas 
sources.   
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Zircons in metasedimentary rocks are extensively studied 
to understand the provenance and tectonic evolution of 
orogenic belts, since it is believed that zircon can preserve 
isotopic composition of different stages of orogenesis. In this 
study we report SHRIMP ages and geochemical characteristics 
of zircons in impure metacarbonate rocks from the Sør 
Rondane Mountians (SRMs), East Antarctica. The SRMs, 
located in the Neoproterozoic to Early Cambrian East African-
Antarctic collisional orogen, is composed of medium- to high-
grade metasedimentary, metaigneous and intrusive rocks of 
diverse composition. Multidisciplinary geological studies have 
revealed that this region can be separated into two distinct 
terranes, a metasedimentary and metaigneous dominated 
Northeastern (NE) and a meta-tonalitic and meta-sedimentary 
dominated Southwestern terrane (SW), that collided at around 
650-660 Ma along the Main Tectonic Boundary [1] [2]. 
Strontium isotope chemostratigraphy of pure metacarbonate 
rocks suggested late-Tonian (880-850 Ma) apparent 
depositional ages in the SW terrane, whereas those in the NE 
terrane recorded early Cryogenian ages (820-790 Ma) [3].  

In contrast to the typical sedimentary O and C isotopic 
composition, low concentrations for mobile trace elements and 
flat REE patterns for pure metacarbonates, the impure 
metacarbonates have lower O and C isotopic composition, high 
concentrations of mobile elements and LREE enriched 
patterns. These together with the presence of hydrous minerals 
in impure metacarbonates suggest that they have been affected 
extensively by fluid infiltration events. Petrographic 
observations revealed that zircon is abundant and textural 
features resemble those of detrital origin. However, SHRIMP 
ages of zircons in three impure metacarbonate rocks gave well-
defined tight concordia U-Pb zircon ages of 545 +/- 1 Ma 
(n=55), 546+/- 2 Ma (n=33) and 549 +/- 2 Ma (n=58). These 
ages are neither detrital, nor they represent peak 
metamorphism of the SRMs. We present evidence from 
textural and geochemical data that the ages recorded in the 
zircons are related to the latest phase of fluid infiltration coeval 
to the granitic activity. We also discuss the possible role of 
alkaline Ca-bearing fluids might have been instrumental 
recrystallization processes. 
 
[1] Osanai et al. (2013) Precambrian Research, 234 8-29. [2] 
Hokada et al. (2013) Precambrian Research 234, 183-209. [3] 
Otsuji et al. (2013) Precambrian Research 234, 257-278. 
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Platinum group element (PGE) anomalies and Os isotope 
negative excursion have been reported from four claystone 
layers in the Upper Triassic bedded chert succession of the 
Sakahogi, Unuma, Hisuikyo, and Enoura sections in southwest 
Japan, and are considered to have been derived from an 
extraterrestrial impact event [1] [2]. In order to determine the 
type and size of the impactor, the stratigraphic profile of PGE 
concentrations in these sections were examined. 

The type of impactor has been identified by comparing the 
isotope and elemental ratios obtained from the ejecta layers 
with those of meteorites. The Ru/Ir and Pt/Ir ratios of all the 
claystone samples from the study sites are plotted along the 
mixing line between chondrites and upper continental crust. 
Although chondrites can be distinguished from iron meteorites 
by neither Ru/Ir nor Pt/Ir ratios, the Cr/Ir ratios of the 
claystone layers ranging from 104 to 105 indicate the large 
fraction of the chondritic materials. The size of the impactor 
can be estimated from the Os isotope ratios with reasonable 
assumptions of the range in the amount of Os released from the 
impactor into the seawater. Given that 22 to 100% release of 
chondrite-derived Os into the seawater, the impactor was 
calculated to be 3.3–7.8 km in diameter [2].  

 
[1] Onoue et al. (2012) PNAS 109, 19134–19139. [2] Sato et 
al. (2013) Nat. Commun. 4, 2455. 
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 Hydrothermal activity is an essential phenomenon to drive 
geochemical differentiation on the Earth’s surface, which 
should form polymetallic massive sulfide ores. Noble gas 
isotopes are regarded to be a powerful tracer even for the 
geochemical study on hydrothermal activity; however, there 
are abundant interference volatiles, e.g. halogens and hydrogen 
sulfide. Here, we designed a new preparation system to remove 
such volatiles using non-traditional gettering materials. This 
new preparation system consists of following components: the 
water preparations system, composite gettering system 
(halogen getter, sulfide getter and Ti-Zr getter), cryogenic 
pump, SAES-getter pump (SORB-AC) and charcoal trap to 
analyze the all noble gases (He, Ne, Ar, Kr and Xe). The three 
types of getters effectively remove halogens, sulfides, 
abundant water vapor and other active gases within ten 
minutes for respective gettering step. After the absorbing sea 
water by cold trap and collection Ar-Kr-Xe fraction in the 
charcoal trap, the gettering procedure were taken under the 
following orders: 1) halogen gettering, 2) sulfide gettering, 3) 
water vapor and active gases. Then, respective He and Ne 
fraction, separated with cryogenic pump, was measured. Next, 
Ar, Kr and Xe fraction were further purified and separated 
with charcoal trap, respectively. Further, the new preparation 
system has compact volume, which needs small amount of 
seawater sample of 2-5 cc in volume. It is almost 1/20 
compared to the typical requirement for He isotope 
measurement.  

Here we report the better performance of new version of 
the renewed power supply unit (GVI-5400), noiselessness and 
better stability, with the new noble gas preparation system and 
getter effects. 
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Crustal composition (e.g. in terms of K, LREEs) in the Izu 
arc differs beneath the arc-front and rear-arc (e.g. [1, 2, 3]). 
Site U1437, drilled during IODP Expedition 350, is located in 
a basin between the Manji and Enpo rear-arc seamount chains, 
about 90 km west of Myojinsho arc-front volcano, and it is the 
first drill site in the Izu rear-arc. This study will present major 
element (measured by XRF), trace element (measured by XRF 
and ICP-MS) and isotope ratios such as Sr, Nd, Pb and Hf 
(measured by ICP-MS and TIMS) to examine the geochemical 
signature of the recovered material and whether it can be 
related to the present day rear-arc or arc-front. 

The drilling reached 1806.5 mbsf. Initially we have 
analyzed the major and trace element compositions of the 
volcanic clasts (>2 cm) collected below 1600 mbsf, These 
clasts are possibly derived from proximal sources [4]. These 
show a wide range of compositions, from basalt to rhyolite 
(average SiO2 ≈ 54 wt%). The K2O contents and Zr/Y are 
within the range of both the present day Izu arc-front and rear-
arc. The present rear-arc type lavas are strongly enriched in 
LREEs, whereas the arc-front type are depleted. However, the 
chondrite normalized REE patterns of selected clasts are flat or 
show slight depletions in LREEs relative to HREEs, so it is not 
clear if these proximal clasts are similar to the current arc-front 
or rear-arc. 

Analyses of additional samples and the isotope 
compositions of the clasts are in progress. 

 
[1] Hochstaedter et al. (2001) G3, 2(7):1019. [2] Ishizuka et al. 
(2003) EPSL 211, 221-236. [3] Tamura et al. (2007) Journal of 
Petrology 48, 1999-2031. [4] Tamura et al. (2015) Proceedings 
of the International Ocean Discovery Program, Expedition 350. 
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The uppermost part of a mantle wedge is the site of 
complex activities of partial melting, melt percolation, and 
fluid migration. To constrain melt-fluid-rock interactions, we 
studied the microstructural development and consequences for 
seismic anisotropy in peridotite xenoliths derived from the 
uppermost mantle of southwestern (SW) Japan (Seifu 
seamount, Fukuejima, Oki-Dogo, Onyama and Shingu). The 
mineral chemistry of Onyama peridotites show uniform 
composition in olivine (Fo89-Fo91) and spinel (Cr# = 0.1). 
However, the other suites show variable compositions, 
indicating they preserved intensive melt-rock reactions. Most 
of the olivine crystal preferred orientations (CPOs) display a 
well developed [100] concentration indicating (010)[100] slip 
system dominantly and {0kl}[100] subsequently. Onyama 
peridotite xenoliths show a weak CPO patterns compared with 
other localities, suggesting they were deformed under low 
shear strain. Seismic properties deduced from the mineral CPO 
show that Onyama peridotites, with their weak CPO, have 
significantly lower anisotropy than other suites. Combined 
with petrological and microstructural observations, we argue 
that a suite of the peridotite xenoliths recorded a rare snapshot 
of uppermost mantle flow in the mantle wedge. Geochemical 
characteristics and microstructural observations reveal that the 
presence of small melt fractions enhances the degree of 
deformation and thus, asthenospheric flow. Our results 
demonstrate the importance of the heterogeneous structure 
above the Philippine Sea slab with regard to the tectonics of 
SW Japan, and the effect preserved deformation during back-
arc spreading could have present-day mantle flow. 
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Active natural hydrocarbon seeps were recently discovered 
on the northern Norwegian continental shelf west of the 
Vesterålen Islands. By using acoustic and geochemical 
investigations we reveal the modern and past extent, sources 
and pathways of the gas seepage. To assess fluxes and the 
origin of hydrocarbons we analysed sediment porewater 
chemistry and the stable isotopic composition of the C1-C4 
hydrocarbons in three gravity cores. 

 We found a sulphate-methane-transition-zone (SMTZ)  in 
90 cm, 120 cm and >250 cm sediment depth in the three cores 
suggesting variable fluxes of ascending methane. Carbon and 
hydrogen stable isotopes of methane as well as the δ13C values 
of C2-C4 hydrocarbons indicate a dominantly thermogenic 
source. Furthermore, considerable bio-degradation of propane 
and to some extent of n-butane occured. Based on 3 seismic 
profiles and 2 shallow drilling wells a possible late Jurassic to 
early Cretaceous source rock of the thermogenic gas 
components  is suggested and the released hydrocarbons 
probably migrate along major unconformities between the 
basement and overlying Mesozoic sediments. 

CaCO3 and BaSO4 precipitation at the present SMTZ depth 
is indicated by Ca and Ba porewater profiles. Several intervals 
of high solid phase Ca and Ba concentration, in sediments 
above the present SMTZ depth, track former SMTZs revealing 
episodes of higher methane flux in the past. Moreover, 
ubiquitous occurrence of methane-derived authigenic 
carbonates (MDAC) in the study area support considerable 
methane seepage in the past. Ongoing U-Th dating of the 
carbonates will further constrain the timing of methane escape 
events and may reveal possible links between past seepage 
activity and climate variations.  
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The Stac Fada Member (SFM) is an impactite in NW 

Scotland [1] formed by a large meteorite impact approx. 
1.2 Ga [2]. The SFM is remarkably well-preserved, given its 
age, with clear impact-related features that include shocked 
quartz, fluid escape structures, melt fragments, bombs, 
accretionary lapilli and directional flow indicators. We have 
determined that the impactor’s geochemical signal remains in 
the rock, and has not been substantially mobilized or modified. 
The distribution patterns of the Pt-group elements, their inter-
element ratios and other trace element ratios preserve a 
meteoritic signature in the SFM.  

Vertical exposures of the SFM record a bimodal 
geochemical enrichment pattern and distribution of shocked 
quartz. This suggests a fluidised two-layer ejecta flow 
producing geometry analogous to observed Martian ejecta 
blankets [e.g. 3]. The SFM is therefore an accessible and well-
preserved alternative to studying impacts beyond remote 
sensing of other planets. 

The meteoritic signature can be used to discern the class of 
the impacting meteorite [e.g. 4]. We conclude the impactor is 
most likely to be an L class ordinary chondrite.  

[1] Amor, K. et al (2008). Geology, 36(4), 303. [2] Parnell, J et 
al (2011). J GeolSoc, 168(2), 349–358. [3] Mouginis-Mark, 
P.J. & Garbeil, H. 2007. Met&PlanSci, 42(9), 1615–1625. [4] 
Tagle, R, & Hecht, L. (2006). Met&PlanSci, 41(11), 1721–
1735.  
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The measurement of mass-independent isotope anomalies 
in primitive meteorites provides important information 
concerning the nucleosynthetic history and chemical evolution 
of the early solar nebula. Of particular interest are the iron 
peak elements, the products of fusion reactions in the cores of 
massive stars [1]. Early studies found significant 48Ca, 50Ti, 
54Cr, 64Ni and 66Zn isotope anomalies in refractory inclusions, 
interpreted to reflect incomplete mixing of a neutron-enriched 
nucleosynthetic source [2 and refs therein]. More recently, 
however, the detection of correlated isotope anomalies from 
distinct stellar progenitors, on the bulk meteorite scale, has 
been taken as evidence for ‘unmixing’ of an isotopically 
distinct phase from an initially homogeneous protosolar 
molecular cloud [3] [4]. Here we extend these observations to 
include the Zn isotope system.  

 With improved analytical precision, we show that 
carbonaceous chondrites have resolvable 66Zn and 68Zn 
excesses compared to terrestrial. We also find that enstatite 
chondrites have small 66Zn deficits, which is consistent with 
the small 48Ca and 50Ti deficits observed in such samples [5]. 
Furthermore, sequential leaching experiments show that the Zn 
anomalies are not limited to one phase. 

This study is the first to demonstrate that Zn isotope 
anomalies are present in bulk primitive meteorites. The 
complimentary excesses and deficits exhibited by the 
carbonaceous and enstatite chondrites, the more volatile nature 
of Zn, and the linear relationships seen between Zn and other 
iron-peak anomalies seems to further confirm the ‘unmixing’ 
hypothesis. That the anomalies are not limited to one phase 
indicates that, in terms of Zn, large-scale isotope heterogeneity 
existed in the early solar nebula. 

 
[1] Wallerstein et al (1997) Rev. Modern Phys. 69:995-1084; 
[2] Birck (2004) Rev. Min Geochem. 55:25-64; [3] Trinquier et 
al (2009) Science. 324:374-376; [4] Schiller et al. (2015) GCA 
149:88-102; [5] Dauphas et al. (2014) EPSL 407:96-108. 
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We have studied sulfide inclusions in picrites from the 
Cretaceous ophiolite complex of the Kamchatsky Mys 
peninsula (Russia). Picrites have a cumulative nature and are 
enriched in olivine phenocrysts. Sulfides occur as rounded 
inclusions in olivine and as droplet-shaped or shapeless clouds 
(up to 0.3 mm) in the groundmass. Temperatures of parental 
magma crystallization, estimated with the help of Al-in-spinel 
thermometer, range from 1230 to 1270 oC at Fo87.5-89.7, that 
is similar to primitive MORB. The volcanic rocks from the 
ophiolite complex are presumably related to the Cretaceous 
Hawaiian mantle plume activity [1]. 

The sulfide globules are inhomogeneous and consist of 
pyrrhotite, pentlandite, chalcopyrite and phases of complex 
composition with the exsolution textures. Micron-sized 
particles (“nuggets”) of noble metals and intermetallides of 
0.5-1.5 microns were determined in sulfide globules using 
scanning electron microscopy. These “nuggets” are 
represented mainly by grains of paolovite (Pd2Sn), Au and 
Au+Ag as well as by Pt, Pt+Au and microparticles of complex 
composition Pd+Sn+Pt+Au+Ag+As. 

The concentrations of PGE, Au, Ag and some chalcophile 
elements in the various phases of sulfide globules were 
determined by Laser Ablation ICP-MS. Copper-rich phases are 
enriched in Ag, Zn, Cd, In, Sn and Te, whereas nickel-rich 
phases are enriched in Re, Os, Ir, Rh. Enhanced contents of Pt, 
Pd and Au (produced by native and intermetallic 
microparticles) are found in both major types of sulfide phases. 
It implies that the separation of the noble-metal-rich phase 
occurred prior to separation of sulfide phases during cooling. 
Our research provides constraints on the processes of sulfide 
liquid fractionation during magma crystallization and on the 
characteristics of PGE sources in the volcanic rocks of the 
studied ophiolite complex. 
 
[1] Portnyagin et al. (2008) Geology, 36 (11) 903-906. 
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We have studied the carbonate-siliceous section of 

paleooceanic deposits on the Kamchatsky Mys Peninsula 
(Eastern Kamchatka, Russia). The section is represented by a 
rhythmic intercalation of planktonic limestones and jaspers and 
contains two beds enriched by organic carbon, corresponding 
to the two oceanic anoxic events - MCE and OAE2 [1] [2]. 
The maximum content of organic matter in those beds reaches 
68%. Carbonaceous shales are enriched 50-500 times in Ba, 
Ni, Zn, As, V, Mo compared to host carbonate-siliceous rocks 
and contain abnormally high PGE and Re. Analytical data for 
PGE and Re concentrations were obtained by the method of 
isotope dilution ICP-MS. 

The concentrations of PGE in the lower (at MCE) and the 
upper (at OAE2) beds are, respectively (ppb): Ru - 7.0 and  
2.8, Rh - 2.9 and 4.1, Pd - 105 and 119, Os - 2.2 and 5.9, Ir - 
5.3 and 3.1, Pt - 116 and 2176, Re - 206 and 347. These data 
confirm an iridium anomaly in the lower bed - 9 ppb Ir in the 
inorganic part of carbonaceous shales [2] that we found earlier 
by neutron activation analysis. The texture and composition of 
the host rocks exclude hydrothermal genesis. Sea water and 
simultaneous to sedimentation volcanism could become a 
source of PGE and other metals. Carbonate-siliceous rocks in 
the studied complex are closely associated with basalts, for 
which the relation with Cretaceous Hawaiian mantle plume 
activity is proved [3]. Accumulation of the ore elements in 
carbonaceous beds is associated with anoxic conditions during 
sedimentation. Different amounts of accumulation of various 
PGE in the upper and lower beds may be caused by different 
levels of anoxia during these episodes. The upper bed is richer 
in organic matter and its geochemical characteristics 
correspond to the stronger anoxia. Our research may bring us 
closer to understanding of a syngenetic mechanism of 
accumulation of metals in black shales. 
 
[1] Palechek et al.  (2010) Stratigraphy and Geological 
Correlation 18, (1) 63-82. [2] Savelyev et al. (2012) 
Geophysical Research Abstracts, 14, EGU2012-1940. [3] 
Portnyagin et al. (2008) Geology, 36, (11) 903-906. 
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International Ocean Discovery Program (IODP) 
Expedition 351 (June-July 2014) cored 1461 m of arc-derived 
volcaniclastic sediments and 150 m of igneous basement rocks 
at Site U1438 in the Amami Sankaku Basin (ASB), west of the 
Kyushu-Palau-Ridge (KPR). The recovered basaltic lavas at 
the bottom of Site U1438E represent the proto-arc basement of 
the now active Izu-Bonin-Mariana (IBM) arc. In order to 
understand the magmatic evolution of the IBM arc-backarc 
system, we analyzed Re-Os isotope ratios and PGE 
abundances, together with major and trace elements, in proto 
arc basement samples and compared them with samples from 
the various drill sites in the Philippine Sea Plate (PSP; DSDP 
Sites 291-294; 444A, 446A, 450 and ODP Site 1201) and the 
active Mariana Trough and IBM arc.  

Our results reveal that the pre-arc basement is highly 
depleted, with relatively high MgO (mostly >8 wt%), low SiO2 
(most samples have <50 wt%), high Cr (up to 340 ppm) and Ni 
(up to 140 ppm) and Ti/V ratios of ~ 20. The pre-arc basement 
shows CI-normalized patterns with flat HREE and very 
depleted LREE. In the pre-arc basement at Site U1438, the 
abundances of Re range from 1268 to 1551 ppt, whereas the 
abundances of Os are in the range of 17 to 254 ppt. The PGE 
abundances of Site 1201 (and other PSP sites) are slightly 
different, with noticable depletions in Pd and subchondritic 
Ru/Ir. However, the measured 187Os/188Os ratios in the pre-arc 
basement at Site U1438 range from 0.157-0.241, i.e. similar to 
samples of comparable age from PSP Site 1201; that is with 
measured 187Os/188Os ratios of 0.200-0.228 (the exact ages for 
both drill cores are yet unknown). We will compare all 
available datasets from the IBM arc-basin system and will 
stress the importance of considering the abundances and 
isotope signatures in the newly recovered IBM arc basement 
rocks, rather than MORBs, for modelling subduction zone 
processes and island arc maturation. 
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Introduction 
The advent of modern noble gas mass spectrometers offers 

new opportunities for accurate measurement of Ne isotopes, in 
particular through the resolution of isobaric interferences. It 
has recently been suggested that 21Ne/20Ne measurements may 
be in error due to previously unrecognised 20NeH interference 
[1]. As part of our development of high-resolution methods for 
Ne isotope ratio measurement, we have redetermined 
atmospheric 21Ne/20Ne, paying particular attention to non-
statistical sources of error.  

Methods 
A primary requirement is that instrumental fractionation be 

mass dependent. For this reason, measurements were made by 
single collector peak jumping. 22Ne/20Ne was used to correct 
for instrumental fractionation.  

A single bottle of commercial Ne was analysed using two 
Nu Instruments Noblesse mass spectrometers, operated with 
MRP (=m/Δm 5-95% on side of peak) 5200 – 6200. 21Ne was 
measured in two ways: (1) at the high mass side of the peak 
top (as were 20Ne and 22Ne), but requiring a small correction 
for 20NeH (which was estimated from mass scans) and (2) at 
the low mass side with 20NeH edge resolved, but with a 
correction for peak top non-flatness across the full width of the 
peak.  

The same bottle of Ne was also analysed on a Nu 
Instruments Evolution high resolution gas source mass 
spectrometer. Mass scans at 5000 resolution (10% valley 
definition) confirmed absence of interferences to 10-4, prior to 
measurement at lower resolution (to provide usable peak flat).  

Results 
All results so far obtained from both Noblesse and 

Evolution are consistent with each other; within error they also 
overlap with the 50-year old value of [2]. The level of NeH in 
the instruments used was also significantly lower than reported 
by [1]: we observed 20NeH/21Ne ∼0.3% on one Noblesse and 
<0.1% on the other.  A fuller description of the results and 
analysis of uncertainties will be presented at the meeting.  

 
[1] Honda et al., abstract to AGU Fall meeting 2014. [2] 

Eberhardt et al. (1965), Z Naturforschg, 20a, 623-624.   
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The Mersin Ophiolitic Complex is an allochthonous unit 
structurally overlying the Tauride Platform. The complex is 
made up of several tectonic slices characterized by; a sub-
ophiolitic metamorphic sole, ophiolitic series and a mélange. 
The Mersin mélange comprises blocks of diverse origins and 
ages embedded in a Late Cretaceous clastic matrix. Basaltic 
blocks are common and sometimes primarily associated with 
pelagic lithologies, including chert and mudstone. In this 
study, we investigate the geochemistry of such basaltic lavas 
interbedded with the cherts ascribed to the Anisian on the basis 
of radiolarian fauna. 

The samples are mainly characterized by fine- to medium-
grained, aphyric to porphyritic lavas. The presence of 
secondary mineral phases reflects the influence of low-grade 
hydrothermal alteration on the samples. Based on immobile 
element systematics, the samples can be classified as sub-
alkaline basalts and basaltic-andesites. In the multi-element 
plots, these lavas show HFSE patterns similar to N-MORB. 
However, Th and LREE are apparently enriched relative to 
HFSE (Th/Nb = 0.20-0.38, La/Nb = 1.4-2.7), which creates 
negative Nb anomalies. In the REE plots, the lavas show 
relatively flat patterns ([La/Yb]N = 0.9-1.5). 

The lavas display characteristics of magmas generated 
above intra-oceanic arc-basin systems. The mantle source of 
the lavas appear to be similar those of N-MORBs, which has 
been variably metasomatized by slab-derived fluids and/or 
melts. The overall trace element systematics of the studied 
extrusives indicate that they are more likely to have been 
formed in a back-arc setting rather than an island arc. Also 
considering the geology, this suggests that these 
basaltic/basaltic-andesitic lavas represent the presence of an 
oceanic back-arc basin during the Anisian (Middle Triassic) in 
the Neotethys. This, in turn, indicates that the subduction 
process was ongoing during the Anisian, therefore constraining 
the rifting and oceanization of the Neotethys to an earlier 
period (i.e. Early Triassic or older).  

 
This study was funded by TUBITAK 112Y370. 
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Water is the only volatile species which have been 

recognized to have a strong effect on glass transition 
temperature (Tg). The effect of sulfur volatile species (i.e. 
SO4

2- or HS-) on Tg is currently unknown. 
We have measured Tg on a series of H2O- S-bearing 

anorthite–diopside eutectic silicate glasses. Samples were 
synthesised under various pressure (100-500 MPa), 
temperature (1150-1450°C) and fO2 conditions (NNO+2 to 
NNO-1). The glass S content goes up to 7519 ppm and H2O 
content goes up to 5.3 wt.%. Tg was measured using 
Differential Scanning Calorimetry with 10-20 K.min-1 as an 
heating rate. 

At the highest H2O content, the measured Tg is the lowest 
at 457±10°C whereas under volatile free conditions, the 
measured Tg is the highest at 758±13°C. The decrease in Tg 
with increasing H2O content is consistent with previous works. 
The effect of S on Tg is almost inexistent or towards a slight 
decrease in Tg with increasing S content. This result appears in 
contradiction with recent spectroscopic work suggesting that S 
induced an increase in glass polymerization. 

We explain this discrepancy by the fact that spectroscopic 
investigations on S-bearing silicate glasses might not reflect 
the true change in the glass network polymerization. Therefore 
spectroscopic studies on volatile-bearing (other than H2O) 
silicate glasses cannot be used unambiguously as a proxy for 
the glass/melt physical properties. 
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The strong increase in atmospheric CO2 concentration 
recently turned attention on C storage in minerals and on 
devolatilization/melting of carbonated rocks. These processes 
control the long-term C evolution in Earth and its release to the 
atmosphere. Much of this activity occurs at subduction zones, 
where carbonation/decarbonation of rocks plays a major 
control on surface C emission. 

The C subduction cycle is poorly constrained: 
uncertainties exist on its residence in subducting plates, fore-
arc and sub-arc mantle at changing P-T and fluid composition. 
Experiments and close-system modelling of carbonated rocks 
document the large pressure-temperature stability of 
carbonates and a scarce C release to fluids. However, high CO2 
output from arc volcanoes and finding of (i) carbonic and 
diamond-bearing fluid/melt inclusions in HP-UHP rocks, and 
of (ii) hydrated-carbonated assemblages in peridotites from the 
slab-mantle interface and from mantle wedge, challenge the 
idea of C immobility and impose a re-evaluation of 
metamorphic processes of carbon release during subduction. C 
mobility is also suggested by thermodynamic modelling under 
open-system conditions, by experiments and natural 
occurrences of carbonate dissolution in aqueous fluids. Still 
unclear is the fate of COH fluids when interacting with 
serpentinized slab and mantle wedge. Here we address this 
issue by examining the subduction evolution of Alpine 
serpentinite, marble and carbonated serpentinite. We show that 
high-pressure serpentinite dehydration releases aqueous fluids 
triggering breakdown of dolomite in associated marbles and C 
release to the fluid. Carbonate and olivine veins document flow 
of the COH fluid within the rock sequence. Interaction of this 
fluid with serpentinite causes carbonation of rock-forming 
olivine, diopside and antigorite, and formation of high-pressure 
ophicarbonate domains. We discuss this finding in terms of 
fluid/rock interactions controlling the fate of carbon in slab and 
in supra-subduction mantle serpentinite. We suggest that C 
remains stored in slab and mantle wedge carbonates until 
subarc heating leading to substantial rock decarbonation. 
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The coupling of nitrate reduction to Fe(II) oxidation is a 

widely found process that has been reported among others 
from marine as well as freshwater sediments and agricultural 
soils. Both, Fe and N cycles, have significant environmental 
impacts. Iron is the most abundant redox active transition 
metal in soils and sediments and is essential for most living 
organisms as a trace element. Furthermore iron minerals 
strongly influence the mobility and solubility of nutrients as 
well as toxins or heavy metals. Nitrogen species include the 
important nutrient NO3

- as well as the greenhouse gas N2O. 
The coupling of Fe and N consequently impacts local as well 
as global scale processes. 

The cycling of iron in sediments is to a great extent 
mediated by Fe(II)-oxidizing and Fe(III)-reducing bacteria. 
Very abundant among the Fe(II)-oxidizing bacteria are nitrate-
reducing Fe(II)-oxidizers that couple the oxidation of ferrous 
iron to the reduction of nitrate. This coupling has been subject 
of various studies as it remains questionable whether nitrate-
reducing Fe(II)-oxidizing bacteria are able to oxidize Fe(II) 
enzymatically, or whether the Fe(II) oxidation is an abiotic 
process driven by the microbial production of nitrite during 
heterotrophic denitrification [1]. So far, this process has been 
investigated mainly in bacterial (enrichment) cultures. Here we 
investigate the coupling of nitrate reduction and Fe(II) 
oxidation in environmental samples. We determined the 
distribution and abundance of nitrate-reducing iron-oxidizing 
and heterotrophic denitrifying microorganisms using 
cultivation-based techiques such as most-probable-numbers as 
well as cultivation-independent molecular approaches such as 
qPCR in littoral freshwater sediment from Lake Constance, 
Germany. Fe and N redox transformations were quantified in 
microcosm experiments, mimicking sedimentary geochemical 
conditions. This allowed the monitoring of Fe and N cycling in 
dependence of the presence of different concentrations of 
nitrate and Fe(II).  

 
[1] Klueglein & Kappler (2013) Geobiology 11, 180-190. 
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Previous Os isotopic investigations of lavas from the 
Ontong Java Plateau1,2 observed that geographically widely 
dispersed samples of differing chemistries preserved an 
isochron of 123±8 Ma with an initial 187Os/188Os = 
0.1289±0.0095. Here we present 12 new Re-Os isotopic 
analyses from the Manihiki Plateau, itself a portion of the 
greater Ontong Java Nui (OJN) magmatic event in order to 
explore the nature of the source of magmatism for the worlds 
largest Phanerozoic magmatic event. Samples were obtained 
by dredges and ROV from R/V SONNE 193 and 225 cruise 
legs, and were selected on the basis of freshness and Ni 
content. 

In contrast to the OJP data which points towards a near-
chondritic, primitive mantle source for both Kroenke and 
Kwambaita lavas, the low Ti Manihiki samples preserve 
187Os/188Os(i) ranging from 0.1056-0.1714. High Ti Manihiki 
samples preserve 187Os/188Os(i) = 0.1094-0.1288. Such strongly 
subchondritic signatures require some component of recycled 
material in the mantle source, possibly SCLM (TRD  low Ti 
samples ~3.1Ga; and ~2.3-2.6Ga for the high Ti samples). 
Higher initial Os isotope ratios could indicate the presence of 
metasomatised lithosphere and/or lower crust. 

In summary, the Ontong Java and Manihiki samples could 
conceivably contain mantle sourced from both an 
undifferentiated, near-chondritic source, as well as ancient, 
unradiogenic recycled sources. Thus the greater OJN province 
preserves evidence of sampling a heterogeneous source2 
containing both primitive and recycled components. It is 
probable that greater degress of partial melting beneath Ontong 
Java homogenised these heterogeneities, whereas more 
complex, multi stage melting processes near the plume margin 
at Manihiki allowed sampling of the inherent heterogeneities 
within the plume head. 
 
[1] Parkinson et al., 2002, GCA 66(15A) A580. [2] Tekada et 
al. EPSL 2013, 377-378, p. 84-96 
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Transport of pollutants can occur in the aqueous phase or 
for strongly sorbing pollutants associated on mobile solid 
phases spanning the range from sub-  nanometers up to approx. 
~1µm; usually called colloids or nanoparticles [1] [2]. A 
challenge with respect to understand and predict the 
contaminant mobility is the contaminant speciation, the aquifer 
surface interaction [3] and the mobility of nanoparticles. 
Especially for colloid/nanoparticle associated contaminant 
transport the metal sorption reversibility is a key element for 
long-term mobility predictions [4]. The spatial resolution 
needed is clearly demanding for nanoscopic techniques and 
new post processing methods [5]. Furthermore, high energy 
resolution is needed to either resolve different chemical species 
or the oxidation state of redox sensitive elements [6]. For 
successful planning of remediation strategies for contaminated 
sites this chemical information is categorically needed.  

The presentation will give examples of nano-particles 
nucleation and the radionuclide speciation during the 
formation of these newly formed phases, the effect of surface 
roughness and charge heterogeneity on nanoparticle mobility 
and the sorption of organic nanoparticles on mineral surfaces 
leading to functional group fractionation and consequently 
different metal binding environment. Furthermore, aquifer 
flow path heterogeneity is driving the mobility/retention of 
colloids/nanoparticles, which can be resolved by tomographic 
(CT) methods. Reactive transport models use usually 
simplified geometrical assumptions which are essential to 
properly predict pore clogging [7]. Here, implementation of 3D 
µCT information will overcome these shortcomings. Based on 
the examples given current challenges and potential new 
directions will be highlighted in the presentation. 

[1] Schäfer et al. (2012 ) Appl. Geochem. 2012, 27, 390.; [2] 
Kretzschmar & Schäfer (2005) Elements 1, 205.; [3] Grangeon 
et al. (2015) Appl. Geochem. 52, 155.; [4] Huber et al. (2015) 
GCA 148, 426. ; [5] Lerotic et al. (2014) J. Synchrotron 
Radiat. 21,1206.; [6] Marsac et al., (2015) GCA 152, 39. [7] 
Chagneau et al. (2015, in review) Geochem. Transact. 
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The post U mining area near Ronneburg (Thuringia, 
Germany) provides a powerful study site to investigate the 
formation of secondary Fe and Mn oxides/-hydroxides in an 
acidic soil. Those secondary phases identified in the field as 
birnessite, todorokite and goethite act as heavy metal 
scavengers (e.g. for Cd, Co, Cu, Ni, Zn) and therefore 
contribute to natural attenuation processes. To understand the 
formation of those phases under acidic conditions a novel 
lysimeter approach was designed to monitor relevant processes 
in-situ.  

To mimic field relevant conditions the design was chosen 
to allow continuous flow of contaminated groundwater through 
the substrate from the bottom to the top in the lysimeter by a 
mariotte´s bottle.  All materials for the lysimeter (soil, 
groundwater) were taken directly from the field. Time- and 
spatially-resolved measurements of the newly formed phases 
were performed by a highly sensitive SQUID 
(Superconducting Quantum Interference Device) technique for 
the first time on such a small scale. In combination with 
hydrogeochemical investigations (chemistry of the soil 
solution, pH, Eh, etc.) the processes of secondary mineral 
formation could be revealed in the lysimeter after 9 months of 
experiment. Thereby, three secondary mineral phases could be 
detected: a salt crust, iron oxides and manganese oxide. The 
precipitation of a salt crust at the top of the lysimeter could be 
identified to be epsomite the same evaporite than the one found 
in the field indicating similar processes. The formation of Fe 
oxides (goethite) in the lysimeter could be proven as 
dissolution and re-precipitation process according to 
predominant pH/Eh conditions. For the Mn oxides it seems to 
be a more complex interaction of the groundwater and soil 
material with bacteria and organic matter. However, similar 
mineral structures (MnO2) than the ones in the field were 
formed.  
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Organic-rich sediments are known to be a significant sink 

for metal(loids) in contaminated ecosystems and metal(loid) 
accumulation has been shown to increase significantly during 
natural decomposition of organic material. We show how 
invertebrate shredders, grazers, and bioturbators determine 
metal(loid) fixation or mobilisation within organic-rich 
sediments and which effect metal(loid) accumulation has on 
the invertebrates themselves. 

Net metal(loid) fixation was observed for both invertebrate 
shredders, e.g. Gammarus pulex L., as well as invertebrate 
grazers, e.g. Lymnaea stagnalis. Bioturbators, e.g. 
Chironomus plumosus, affect element fixation or mobilization 
by influencing the redox potential of sediments due to 
bioturbation and bioirrigation. Experiments revealed three 
types of effects: 1) net mobilization by bioturbation (Mg, Ca, 
Sr, Mo, U), 2) mobilization by bioirrigation when larvae dig 
into sediments, followed by strong fixation with final 
concentrations in organic matter being higher than in 
treatments without invertebrates (net fixation) (Mn, Ni, As, Cd, 
Cs), and 3) strong mobilization by bioirrigation followed by 
fixation to concentrations as in control treatments (Al, Fe, Co, 
Cu, Zn, Ce) (no net change).  

To investigate the reverse effect of metal(loid) 
accumulation on the decomposer community, we examined 
exemplarily the strategies of G. pulex to cope with arsenic. We 
found that half of the total arsenic was not even taken up by 
G. pulex but associated with the cuticle. X-ray absorption 
spectroscopy further showed that As speciation changed from 
68 % arsenate and 29 % monomethylarsenate in the food 
(leaves) to 23 % of the more toxic arsenite, but also 46-56% of 
less toxic dimethylarsenate after ingestion into the gut system. 
Little transfer to the adjacent tissues was observed and the 
dominant species were mono- and dimethylarsenate (76-80 %), 
besides 10-21 % As(III) complexed to sulfur. Our results 
indicate that G. pulex as one member of the decomposer 
community in organic-rich sediments copes with arsenic 
accumulation in its natural habitat by minimizing uptake and 
translocation from the gut to other tissues and producing 
arsenic species that can effectively be excreted. 
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High-precision U-Pb geochronology using chemical 
abrasion isotope dilution thermal ionization mass spectrometry 
(CA-ID-TIMS) techniques requires the careful assessment of 
short- and long-term intralaboratory analytical reproducibility. 
The accuracy and reproducibility is monitored by repeated 
analyses of synthetic U-Pb solutions distributed through the 
EARTHTIME consortium [1], and of well-characterized and 
homogeneous natural zircon reference materials. 

We here report U-Pb isotopic data for two synthetic and 
six natural reference materials analyzed at the University of 
Geneva Isotope Laboratory over a period of more than eight 
years. All analyses were performed employing a Thermo 
Scientific TRITON TIMS equipped with a MasCom secondary 
electron multiplier. We document how external variables 
(SEM changes, measurement strategies, different mass bias 
corrections linked to EARTHTIME ET535 and ET2535 
tracers) influence both short- and long-term reproducibility. 
Our large high-precision data sets of synthetic reference 
solutions (2σ = 0.017 to 0.10% uncertainty on single analysis), 
as well as our data from natural zircon reference materials, 
display dispersion in excess of analytical uncertainty. This 
excess dispersion is similar over periods of several days to 
several years suggesting that the excess scatter results from 
some unaccounted short-term rather than long-term 
fluctuations. 

We further report new high-precision U-Pb dates for a 
series of international zircon reference materials (Temora, 
R33, Plesovice, GJ-1, AusZ2/5) relative to the EARTHTIME 
tracer solutions ([2],[3]) providing a fully traceable set of 
reference values that take into account our intralaboratory 
reproducibility. 

 
[1] Condon, D.J., et al., 2008, Geochim. Cosmochim. Acta, 72, 
A175; [2] Condon, D.J., et al., Geochim. Cosmochim. Acta, in 
press; [3] McLean N.M., et al., Geochim. Cosmochim. Acta, in 
press. 
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Dissolved organic matter (DOM) influences uranium 

speciation in aquatic environments. Little is known about the 
effects of water chemistry and DOM quality on the uranyl-
DOM complexation strength. Additionally, experimental 
evidence on the functional groups that drive U(VI) binding 
under various environmental conditions is limited. In this study 
we used hydrophobic organic acid (HPoA) fractions of natural 
DOM and an unfractionated DOM sample to investigate the 
influence of DOM quality, pH, calcium concentration, and the 
U:DOM ratio on conditional U(VI)-DOM binding constants 
(Kc

DOMU) by means of a modified equilibrium dialysis ligand 
exchange approach. Conditional binding constants for eight 
HPoA samples isolated from different natural waters were 
found to be relatively constant, although the HPoA samples 
differed with respect to elemental composition and aromaticity. 
However, conditional Kc

DOMU constants strongly increased with 
higher pH values. At pH 6, calcium is shown to effectively 
compete with uranium for weak binding sites, which results in 
lower Kc

DOMU values if calcium concentrations increase. 
Differences in U:DOM ratio of four orders of magnitude 
translate to Kc

DOMU values ranging from 104.5 to 106.6 (L g-1) at 
pH 6 and 0.05 M ionic strength. The results of this study 
provide experimental evidence that U(VI)-DOM binding is 
predominantly achieved by acidic oxygen containing moieties. 
At weak binding sites, U(VI) is bound by Coulombic attraction 
or complexed to monocarboxylic groups. Strong binding sites, 
however, consist of chelate forming groups that bind U(VI) in 
a multidentade complex. Binding strength with porewater from 
a uraniferous peatbog showed similar U(VI) binding strength 
as the HPoA fractions. The derived binding constants are 
independent of DOM fraction and can hence be transferred to 
natural systems with sufficient reliability.  
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Plants, bacteria and fungi have developed strategies to 
acquire Fe from their external environment. These strategies 
include exudation of reductants to facilitate reductive Fe 
dissolution and exudation of complexing agents (e.g. 
siderophores) to solubilize soil-Fe through ligand-promoted 
dissolution. In environments with a circum-neutral pH (7-8.5; 
e.g. calcareous soils), these Fe acquisition strategies can fail as 
a result of a low Fe activity in solution, slow dissolution 
kinetics and rapid re-oxidation of Fe(II).  

We hypothesized that Fe acquisition strategies based on a 
combination of reductive and ligand-promoted dissolution may 
be more effective as a result of a synergistic effect. This 
synergistic effect implies that Fe mobilization by a reductant 
and a ligand combined is larger than the sum of Fe 
mobilization for the ligand and the reductant separately.  

In the present study we explored this potential synergistic 
effect on Fe mobilization from goethite and from a calcareous 
clay soil from Santomera (Spain) for the biogenic reductant 
ascorbate and three biogenic chelating agents: desferrioxamine 
B (bacterial), esculetin (plant, strategy I Fe acquisition) and 
deoxymugineic acid (plant, strategy II Fe acquisition). 

Synergistic effects on mobilization were observed for Fe 
and also for other metals; the nature of the synergistic effect in 
terms of duration and concentration increase strongly varied 
per ligand. For deoxymugineic acid, addition of a reductant 
could both have a synergistic and an adverse effect. The 
magnitude of the synergistic effect depended on the 
concentration of both the reductant and the chelating ligand. 
The effect of ascorbate addition on metal mobilization by 
ligands persisted after the ascorbate had reacted away, as was 
demonstrated by introducing a lag time between addition of the 
reductant and the ligand. 

Our results contribute to a better understanding of 
chemical synergisms in nutrient acquisition, with possible 
implications for beneficial effects from intercropping and plant 
microbe interactions in agriculture. 
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Archaean and Early Proterozoic sedimentary rocks show 
both mass-dependent (MDF-S: δ34S) as well as mass-
independent fractionation of sulfur isotopes (MIF-S: Δ33S) [1]. 
Positive Δ33S values characterize photochemically derived 
elemental sulfur, negative Δ33S values indicate an origin as 
atmospherically derived sulfate. Traditional δ34S values reveal 
inorganic and microbial sulfur cycling in terrestrial 
environments. Different combinations of MIF-S and MDF-S 
signatures preserved in terrestrial rocks >2.4 Ga old can 
therefore identify different sulfur sources and processes.  

Multiple sulfur isotopes were determined for pyrites from 
the BARB4 and BARB5 drill cores drilled by ICDP through 
the Mapepe Formation (3.26-3.23 Ga), Fig Tree Group, 
Barberton Supergroup, South Africa. Both cores show MIF-S 
signals with a typical Δ36S/Δ33S ≈ -1, implying an atmospheric 
origin of the pyrite sulfur. BARB4 samples show values of 
0.28 to 1.87 with an average of 1.14 ‰ for Δ33S and -0.85 to 
4.90 around an average of 0.9 ‰ for δ34S (V-CDT), 
respectively, indicating a photolytic elemental sulfur source for 
sedimentary pyrite sulfur. The small spread in δ34S is generally 
consistent with microbial processing of this elemental sulfur 
source. BARB5 samples display values of -0.38 to 2.31 with 
an average of 0.64 ‰ for Δ33S and -6.78 to 3.55 averaging at 
0.58 ‰ for δ34S (V-CDT), respectively, whereas a subset of 
these BARB5 samples exhibits highly variable δ34S and mostly 
negative Δ33S values suggesting that the sulfur source was 
atmospherically derived sulfate, which subsequently 
underwent microbial sulfate reduction. Extreme fractionations 
such as strongly negative δ34S and strongly positive Δ33S 
values as presented by Philippot et al. (2012) [2] for the same 
sedimentary succession could not be confirmed with samples 
studied here. 

Generally, multiple sulfur isotopes for the BARB drill 
cores  indicate an atmospheric sulfur source (MIF-S) and 
subsequent microbial processing imparting an MDF-S signal 
on the pyrite sulfur.  

 
[1] Johnston. (2011), Earth Sci. Rev. 106, 161-183. [2] 
Philippot et al. (2012), Nature Geoscience 5, 668-674.  
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The Deep Carbon Observatory (DCO) is developing a 

diverse portfolio of advanced instrumentation for probing 
carbon in Earth. Technological innovation goes hand in hand 
with scientific discovery, and DCO made significant 
commitments to developing novel instrumentation at the outset 
of its ten-year quest to discover the quantity, movements, 
origins, and forms of Earth’s deep carbon. Substantial progress 
has been made in the development of a broad suite of 
instruments, including: 

 
• Ultrafast laser instrument for in situ measurements of 

elastic, electronic, and transport properties of carbon-
bearing fluids and crystalline materials (Alexander 
Goncharov) 

• Novel large-volume diamond anvil cell for neutron 
scattering (Malcolm Guthrie) 

• Novel synchrotron x-ray probes for deep carbon (Wendy 
Mao) 

• Volcanic gas analytical monitor using compact, low-
power mass spectrometry for in-situ multi-species 
determinations (Gary McMurtry) 

• Volcanic field deployment of the laser isotope ratio-meter 
(Damien Weidmann) 

• Quantum cascade laser-infrared absorption spectrometer 
for clumped methane isotope thermometry (Shuhei Ono) 

• Unique high-mass-resolution gas-source mass spectrom-
eter (Edward Young) 

• Combined instrument for molecular imaging in 
geochemistry (Andrew Steele) 

• DCO high-pressure biological sampler and transporter 
user facility (Isabelle Daniel) 

 
Examples of discoveries using new instrumentation 

include: measurement of a doubly substituted methane 
isotopologue, 13CH3D, by tunable infrared laser direct 
absorption spectroscopy; unique nonequilibrium clumped 
isotope signals in microbial methane; and bonding properties 
of carbon in Earth’s lower mantle. 
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The Moon is thought to be the result of a collision between 
a Mars-sized object, Theia, and the Earth [1]. In this model, the 
Moon is dominantly composed of impactor material. The 
isotopic similarity in many elements between the Earth and the 
Moon requires that isotopic re-equilibration occurred after the 
impact through a vapour plume [2] or, alternatively, Theia was 
nearly isotopically identical to Earth [3]. Distinguishing 
between these scenarios require investigating the isotope 
composition of highly refractory elements, as these have long 
isotopic equilibration timescales. 

As one of the most refractory elements, Ca is ideally suited 
for this task. Moreover, it was recently shown that the 
abundance of 43Ca, 46Ca and 48Ca is variable and correlated 
amongst inner solar system primitive and differentiated parent 
asteroids [4]. Using improved techniques, we have analyzed 
the mass-independent 43Ca/44Ca and 48Ca/44Ca compositions of 
several lunar and Martian meteorites by HR-MC-ICPMS. Our 
preliminary data suggest the existence of Ca-isotope 
heterogeneity between the Earth, Moon and Mars. The 
43Ca/44Ca and 48Ca/44Ca compositions of Martian meteorites are 
depleted by –1.1±0.9 and –21.2±5.6 ppm relative to Earth’s 
mantle. In contrast, lunar meteorites are enriched 43Ca/44Ca by 
+1.5±1.0 ppm but have a terrestrial 48Ca/44Ca composition 
(+0.4±3.9 ppm). The observed isotopic variability cannot be 
explained by neutron capture during exposure. This suggests 
that, although their isotopic make-up is similar, the Earth, Mars 
and Theia sampled isotopically distinct precursor material, 
arguing against the proposal of a uniform inner solar system 
Ca isotope reservoir [3]. Moreover, preliminary Ca-isotope 
data for two enstatite chondrites are not consistent with this 
material being the precursor of Theia. Thus, the observed 
planetary and asteroidal Ca-isotope heterogeneity cannot be 
solely attributed to admixing of 48Ca-rich outer system material 
to a depleted inner solar system composition. 

 
 [1] W. K. Hartmann and D. R. Davis (1975) Icarus 24, 504-
515. [2] K. Pahlevan and D. J. Stevenson (2007) EPSL 262, 
438-449. [3] N. Dauphas et al. (2014) EPSL 407, 96-108. [4] 
Schiller et al. (2015) GCA 74, 4844-4864. 
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The mineral hydroxyapatite (HA) is of wide interest in the 
field of biogeochemistry as an effective medium for in-situ 
immobilization of heavy metal and radionuclide contaminants, 
and as the mineral component of vetebrate skeletal material. 
Hydroxyapatite primarily consists of Ca2+, PO4

3-, and OH- ions, 
but other species including metals and radionuclides (e.g. U, 
Pb, Se, etc.) can substitute extensively into the HAP lattice, 
altering the bulk mineral properties. Prior work suggests that 
HAP growth proceeds via cluster attachment to steps at low 
supersaturation [1], presumably transitioning to direct cluster 
deposition on steps and terraces with increasing 
supersaturation. To date, no mechanistic link between HA 
composition and nano-scale reactivity has been established.  

We have performed an investigation of in-situ HA growth 
and dissolution at the nano-scale using atomic force 
microscopy (AFM). Growth and dissolution kinetics and 
mechanisms were determined as a function of supersaturation 
and Ca:P ratio. Since HAP solubility increases greatly with 
carbonate content [2], carbonate-substituted HA (0-10%) was 
used as a model system to test the influence of bulk stability on 
HA dissolution kinetics. Our results provide a better insight 
into nano-scale mineral properties and surface kinetics of HA. 
This can improve the application of HA as remediation 
amendment by optimizing surface reactivity and composition.  

 
 
 
 

 
[1] Onuma et al., (1995), J. Cryst. Growth, 154, 118-125. [2] 
Wang & Nancollas, (2008), Chem. Rev., 108, 4628-4669. 

Figure: AFM image of calcined 
HA showing a rhombohedral 
etch pit during dissolution in 
deionized water (pH 8). 
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Pumped groundwater from the alluvial aquifer in the 

immediate vicinity of the highly dynamic, pre-alpine Emme 
River provides about 45% of drinking water for the Swiss 
capital Bern and its surroundings. The Emme River is the main 
source of recharge to this pumped alluvial aquifer. The high 
transience of the Emme, coupled with frequent extreme events, 
particularily droughts, requires a profound understanding of 
the local surface water-groundwater (SW-GW) interactions. 
This process understanding is necessary in order track water 
bodies and their mixing, which in turn allows optimizing 
groundwater abstraction, and protecting the water resources 
and surrounding riparian ecosystems. In a collaborative effort 
between UniNE, UniBE, EAWAG and the water works of the 
Canton of Bern (WVRB), groundwater abstraction was 
reduced for one week to the smallest technically possible rate 
(approx. 200 l/s) after a long period of high groundwater 
abstraction (approx. 350 l/s). This controlled transient forcing 
of the river-aquifer system provided an ideal framework to 
study SW-GW interactions, and compare a wide range of 
methods and approaches to monitor and quantify the 
exchanges between the river and the aquifer. Methods 
measuring the exchange fluxes, as well as the surface and the 
subsurface compartements separately, were applied. Besides 
standard chemical and physical sampling (e.g. ions, 
temperature, conductivity, pH and stable H2O isotopes), a 
number of innovative approaches were employed during the 
experiment: Distributed Temperature Sensing (DTS) on the 
riverbed to detect locations of GW exfiltration, a combination 
of unstable isotopic tracers (222Rn (T1/2=3.8d), 3H/3He 
(T1/2=12.4y) and a never before employed natural tracer for 
SW-GW interactions (37Ar (T1/2=35.d)). Moreover, stream 
water gauging to measure exfiltration using a fluorescent 
tracer, freezecore-sampling of the riverbed, as well as 
geophysical measurements on the geological structure of the 
streambed were employed. The applied methods as well as 
first, preliminary results are presented. 
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Exoelectrogens are bacteria capable of reducing insoluble 

electron acceptors. The biofilms they build at insoluble metal 
oxides and electrodes are important for biogeochemical cycles 
and for microbial electrochemical technologies. While our 
understanding of extracellular electron transfer in the biofilm 
has improved, much remains to be elucidated, such as: biofilm 
formation, structure and composition, as well as metabolic 
cascades in the biofilm. To answer some of these questions, we 
have created a trans-disciplinary collaboration, employing 
methods from electrochemistry, microbiology, and theoretical 
physics.  

Confocal Raman Microscopy, a non-destructive method, 
allows 3D imaging of chemical composition and redox states 
in electroactive biofilms connected to electrochemical 
circuitry. SEM-EDX, Hellium Ion Microscopy, FISH-CARD 
and Stable Isotope Mass Spectrometry provide structural 
imaging, elemental analysis, species identification and isotopic 
analysis. Physical models serve to qualitatively and 
quantitatively explain and predict observations made at various 
stages of bacterial aggregation and biofilm formation. This 
combination of in-vivo, in-situ and in-silico methods will result 
in a new integrated approach for electroactive biofilm research, 
yielding unprecedented insight into these little-understood 
systems, whose role in nutrient cycling in nature and in 
microbial electrotechnologies is only beginning to unveil. 
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Sulfoquinovose (SQ, 6-deoxy-6-sulfoglucose) is the polar 
headgroup of the sulfolipid (SQDG) in all higher plants, 
mosses, ferns and algae, and in most photosynthetic bacteria. 
SQ represents a significant proportion of the organo-sulfur in 
nature and, thus, plays an important role in the biogeochemical 
sulfur cycle. There is evidence for at least two SQ-degradative 
pathways in bacteria, but no enzymic reaction or gene in any 
pathway has been defined, though a sulfoglycolytic pathway 
has been proposed.  

We found that Escherichia coli K-12, the most widely-
studied prokaryotic model organism, is able to utilize SQ for 
growth. SQ is catabolized through “sulfoglycolysis”, involving 
four newly discovered reactions that we established using 
purified, heterologously expressed enzymes: 6-deoxy-6-
sulfoglucose (SQ) isomerase, 6-deoxy-6-sulfofructose (SF) 
kinase, 6-deoxy-6-sulfofructose-1-phosphate (SFP) aldolase, 
and 3-sulfolactaldehyde (SLA) reductase. The pathway yields 
dihydroxyacetone phosphate (DHAP), which powers energy 
conservation and growth of E. coli, and the sulfonate product 
2,3-dihydroxypropane-1-sulfonate (DHPS), which is excreted. 
The corresponding SQ-gene cluster is found in >90% of the 
known E. coli genomes, and in a wide range of other 
Enterobacteriaceae, e.g., Salmonella, Klebsiella and Pantoea 
species. Hence, we presume that sulfoglycolysis plays a 
significant role in bacteria in the alimentary tract of all 
herbivores and omnivores, and in human and plant pathogens.  

We are currently revealing a second degradative pathway 
for SQ in a typical soil bacterium, Pseudomonas putida SQ1. 
This organism excretes 3-sulfolactate (SL) instead of DHPS 
during growth with SQ, and the present enzymic, proteomic 
and analytical-chemical data indicate that the pathway may 
proceed in analogy to the Entner-Doudoroff pathway for 
glucose-6-phosphate in Pseudomonas species, through four 
novel enzymes: NAD+-dependent SQ-dehydrogenase, 
6-deoxy-6-sulfogluconolactonase (SGL), 6-deoxy- 
6-sulfogluconate dehydratase (SG), 2-keto-3,6-dideoxy-6-
sulfogluconate aldolase (KDSG), and sulfolactaldehyde (SLA) 
dehydrogenase. 

The excreted sulfolactate and DHPS can be mineralized by 
other environmental bacteria. Hence, a complete degradation 
of SQ can be accomplished by bacterial communities. 
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More than 90% of Germany´s domestic gas production and 
reserves are located in Lower Saxony, North Germany. 
Recently, research has been intensified with respect to 
unconventional shale gas, revealing a large additional resource 
potential in northern Germany. However, many concerns arise 
within the general public and government/political institutions 
over potential groundwater contamination (fracking fluids 
and/or methane stray gas) from additional gas wells through 
fracking operations. 

In order to determine the naturally occuring background 
methane concentrations, ~950 groundwater wells have been 
sampled covering ~48,000 km² and subsequently analysed for 
dissolved methane, ethane and propane. The isotopic 
composition of methane (δ13C) is a very sensititve parameter to 
any additional methane input to the groundwater,  in particular 
at initially very low CH4 concentrations. Hence, special 
emphasis has been devoted to develop a sample preparation 
line for routine GC-irMS analysis at low dissolved gas 
concentrations (lower limit for δ13C ~0.7µl/l). 

Dissolved methane concentrations cover a range of ~ 7 
orders of magnitude between the limit of quantification at 
~20nl/l and the maximum values. Similar to other studies we 
observed a maximum concentration of ~30ml/l, which can be 
attributed to partial degassing during the sampling process. 
However, more than 95% of the samples are not affected by 
this phenomenon. A first interpretation indicates a bimodal 
distribution of the dissolved gas, which might mirror a regional 
trend. The 13C isotopic composition of methane is normally 
distributed (mean ~ -70‰ vs PDB), but shows a large variation 
between -110‰ and +20‰, clearly indicating both the 
occurence of methanogenic and methanotrophic biogenic 
processes. 

The ongoing project will include a second complete 
sampling of the wells, seasonal observations of selected bore 
holes, and the correlation of these data with hydrogeologic 
units and hydro-chemistry. Hydrogen isotopes of methane and 
13C of CO2 will also be included in selected subsets of samples 
acquired during the next phase.  
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This study applies a microsampling method on four 3-5 cm 

garnet porphyroblasts contained in a garnet-mica schist of the 
southern Menderes Massif (Turkey), to determine the rate of 
garnet growth for single garnet megacrysts, as well as to 
improve constraints of the timing of Alpine metamorphism of 
the Pan-African basement in this massif. The use of the Lu-Hf 
system  to date zoned garnets is a further development of the 
methods commonly applied using the Rb-Sr and Sm-Nd 
isotope systems. 

Major element profiles in the investigated garnets 
characterize zoning patterns indicative of prograde conditions: 
Rayleigh fractionated Mn and decreasing Fe/(Fe+Mg) are 
recorded by the garnets´ core to rim compositions. Lu-Hf ages 
of consecutive garnet shells are determined by two-point 
garnet-only isochrons using the Lu-depleted garnet-rim 
compositions as the lower point of the isochron. The ages 
show a consistent decrease from core to rim segments of 
individual garnet crystals, indicating a time frame between 
42.6±1.9 and 34.8±3.1 Ma for early prograde growth of the 
garnets´ cores. Two of the large garnet crystals also yield 
isochron ages of 58.83±0.69 and 50.16±0.84 Ma in their 
innermost cores, which appear to record an early nucleation 
event. This view, however, is not in concordance with the 
observed major element profiles of these garnets, and therefore 
is interpreted with caution. Termination of the garnet growth 
period is determined through the calculation of radial growth 
rates based on the size of the garnets and the Lu-Hf ages 
obtained for consecutive shells. Extrapolation of these rates 
potentially constrains a total duration for garnet growth up to 
31±6 Ma. Comparison of the growth rates calculated for 
individual crystals shows a variety of slow and fast growing 
garnets, similar to previous results obtained with the Rb-Sr and 
Sm-Nd isotope systems. The new data provides a new and 
precise age determination for prograde Barrovian 
metamorphism in the southern Menderes Massif, which so far 
was placed between 63 and 27 Ma on the basis of mica Rb-Sr 
and Ar-Ar dating. 
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Raman spectroscopy can be applied to determine the 
speciation of sulfur in aqueous solutions, even in in situ studies 
at the pressure-temperature conditions of the Earth’s crust and 
subduction zone environments. This requires knowledge of 
relative scattering cross sections of Raman bands of sulfur 
species and water. Most such information in the literature is on 
oxidized sulfur species and often presented in a form that is not 
or only with difficulty, applicable to other instrumental and 
analytic conditions. Very little information can be found on 
relative cross sections or intensities of Raman bands of the 
reduced species, H2S(aq), which is ubiquitous in ore-forming 
and other geological fluids, HS–(aq), and of S3

–(aq) and other 
polysulfides. From spectra acquired at 22 °C and 0.1 MPa, we 
determined ratios of the relative molar scattering factors for the 
Raman bands of H2S(aq) at ~2590 cm-1, HS–(aq) at ~2570 cm-1, 
SO2(aq) at ~1150 cm-1,  HSO4

–(aq) at ~1050 cm-1,  S2O3
2–(aq) 

at ~445 cm-1, the bending mode of H2O at ~1640 cm-1 and the 
O–H stretching band of water at ~3400 cm-1 to the relative 
molar scattering factor for the Raman band of SO4

2–(aq)  at 
~980 cm-1. Furthermore, we estimated this ratio for the Raman 
band of S3

–(aq) at ~535 cm-1 from spectra collected in 
experiments up to 600 °C and 1.36 GPa using a hydrothermal 
diamond-anvil cell [1]. The ratios were obtained for excitation 
at wavelengths of 473 and 532 nm. To facilitate applicability 
in other laboratories, the ratios were based on spectra corrected 
for the response function of the spectrometer, the frequency 
and scattering factor, and the Bose-Einstein factor plus one, in 
addition to the normalizations to the density of the fluid, 
accumulation time and laser power [2]. The diamond-anvil cell 
experiments on a 1.13 molal H2SO4 solution also suggested a 
significant decrease in the Raman scattering cross section of 
the band of HSO4

–(aq) at ~1050 cm-1 with temperature at 
elevated pressure. The new Raman spectroscopic data together 
with available thermodynamic data permit a rigorous 
evaluation of hydrothermal sulfur species stabilities. 

 
[1] Bassett et al. (1993) Rev. Sci. Instr. 64, 2340. [2] Schmidt 
(2009) Geochim. Cosmochim. Acta 73, 425. 
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Modifications in carbonate chemistry of the ocean have a 

profound impact on marine calcifiers. Past events of proposed 
rapid changes in ocean pH are associated with extinctions, 
rapid changes in the composition of marine plankton and 
benthos, and impacts on calcification. Here, we present new 
data on the consequences of these ecological impacts on a wide 
range of our classical proxy carriers, including benthic 
foraminifers, coralline algae, deep sea corals and bivalves. Our 
data is derived from culture experiments, comparisons between 
historical samples and recently collected material and deep-
time geological examples. Using Synchrotron X-Ray 
Tomography, Raman spectroscopy, Atomic Force Microscopy, 
Nano-indentation, Electron microprobe and (Nano)SIMS, we 
examine for changes in carbonate growth, elemental 
composition and material properties. By combining time scales 
and methodologies, we are highlighting the astonishing 
versatility of marine calcifiers to reallocate energy and thereby 
sustain calcification.  

We show that ocean acidification can lead to both 
decreases and increases in carbonate produced by benthic 
calcifiers. Additionally, highly different taxa were found to 
sustain their growth even in undersaturated conditions.  
Importantly for temperature reconstructions, we found 
evidence that the elemental uptake is impacted leading to 
lower Mg concentrations under high CO2 conditions in 
coralline algae. The lowering of the Mg concentrations at 
stable temperature conditions leads to an underestimation of 
the environmental temperature of 3.5° at 589 μatm compared 
to control. We speculate that the cause of this change might 
either be a physiological loss of control on elemental uptake or 
a strengthening of the skeleton by altering the material 
properties. A reduction in Mg affects the hardness/brittleness 
of the carbonate and hence the structural stability of the 
skeleton. In combination with strong biological control on the 
pH in the calcifying fluid, all of our results emphasise the 
complexity of the response to ocean acidification and the as yet 
unquantified impact on reconstructing past temperatures and 
pH.  
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Combined strontium isotope ratios, Sr and Li 
concentrations of the dissolved load of near surface 
groundwater and springs are important tracers of hydrological 
processes such as groundwater mixing in the vicinity of active 
faults. The 87Sr/86Sr ratios of shallow groundwater and springs 
at the western main fault of the northern upper Rhine Graben 
range from 0.708766 to 0.710614. 87Sr/86Sr ratios, Sr and Li 
contents generally decline in near surface groundwater with 
distance to the investigated western main border fault. 
Strontium isotope data suggest mixing of (1) deep-sourced 
ascending fluids with radiogenic Sr and Li and (2) brines 
derived from dissolution of Tertiary evaporates migrating at 
the western main border fault plus (3) dilution by recharge 
components of the alluvial aquifers and river bank filtration of 
the River Rhine having low 87Sr/86Sr ratios and contents in 
solutes. The contribution of deep-sourced fluids to the shallow 
aquifer is calculated to be around 1.5 wt% of a hydrothermal 
fluid end member with high Sr concentrations and radiogenic 
Sr of the actively discharging thermal springs along the Taunus 
border fault zone at Wiesbaden and Bad Nauheim [1]. 
Geothermometric calculations give a minimum aquifer 
temperature for the Li-Mg thermometers of around 38 °C. - 
Assuming a geothermal gradient of 3°C per 100 m corresponds 
to an minimum aquifer depth of 1.3 km. The aquifer 
temperature is strongly underestimated due to the occurrences 
of dilution and mixing processes.  

Our results demonstrate that the western main fault of the 
upper Rhine Graben is hydraulically active and a preferential 
pathway to shallow aquifers for (1) ascending NaCl-dominated 
mineralized waters derived from Miocene saliferous 
sediments, (2) deep-sourced fluids from the upper crustal 
crystalline basement and/or basement debris represented by 
Permian clastic sediments of the Saar-Nahe basin (similar 
87Sr/86Sr ratios), and (3) mantle-derived He [2]. 
 
[1] Loges et al. (2012) Appl. Geochem. 27, 1153-1169. [2] 
Freundt et al. (2013) Goldschmidt2013, Conf. Abs., 1111. 
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Rivers are commonly assumed to be the major source of 

the particle-reactive elements Zr, Hf, Nb, and Ta to the oceans. 
However, only little data are available and sound knowledge 
about the net riverine fluxes of these elements from the 
continent into the ocean at different geological and 
environmental conditions is limited. The role of continental 
weathering and runoff in controlling the Hf isotopic 
composition of seawater (with its more radiogenic εHf for a 
given εNd relative to igneous rocks) is of specific interest. We 
here present high precision HFSE concentration and Hf (and 
Nd) isotope data for the particulate, dissolved (which includes 
nanoparticles/colloids <200 nm), and truly dissolved (<1KDa) 
fractions in the polar Markafljöt River, Iceland, which is 
dominated by inorganic nanoparticles derived from volcanic 
ash, and in the temperate Weser River, Germany, with its mix 
of organic and inorganic nanoparticles. For the first time these 
data provide detailed insight into the distribution of these 
elements between the different physical trace element pools. 
During estuarine mixing the colloidal and truly dissolved pools 
are differently affected, and the elemental and isotopic 
composition of the truly dissolved pool may play an important 
role in determining the riverine flux to the ocean.  

The two rivers are characterized by very different HFSE 
signatures. Whereas in the Weser River, 10 - 20% of the HFSE 
are truly dissolved and 80 - 90% are bound to 
colloids/nanoparticles, almost 100% of HFSE in the Markafljöt 
River are bound to inorganic colloids >10 KDa. The 
subchondritic dissolved Zr/Hf (25.4) and subchondritic 
dissolved Nb/Ta ratio (17.6) in the Markafljöt River contrast 
with the slightly superchondritic dissolved Zr/Hf (42) and 
strongly subchondritic dissolved Nb/Ta ratio (1.7) in the Weser 
River. Compared to the dissolved pool (42), the Zr/Hf ratio of 
the truly dissolved pool (13) in the Weser River is significantly 
lower. The isotope composition of dissolved (<200 nm) Hf of 
the Markafljöt River is 12.1 , ε-units, which is similar to that of 
rocks in the catchment. In the Weser River, the dissolved εHf 
is 3.2, whereas the truly dissolved εHf is -4, i.e., considerably 
less radiogenic.  
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In assessing direct aerosol radiative effects from satellite or 
aircraft, clouds in close proximity to a study area of interest 
still represent a major challenge. We will provide a brief 
summary of the problems and current approaches to their 
solution, specifically for aerosols above homogeneous clouds 
and aerosol-immersed broken cloud fields. Special emphasis 
will be given to discrepancies between imager-derived 
estimates of surface irradiance and their measured counterpart, 
which can reach 50% (as demonstrated for cases from a recent 
field experiment). We will present an approach for decreasing 
these discrepancies in the future, which relies on a new multi-
pixel multi-spectral parameterization of three-dimensional 
cloud effects and aerosol perturbations and is based on 
radiance and irradiance observations and modeling results. 
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Ultrapotassic lavas are widespread in the Alpine-

Himalayan region. Extreme trace element and radiogenic 
isotope enrichment point at indirect crustal contamination of 
their mantle source [1], whereas high-forsterite olivine and 
refractory Cr-spinel phenocrysts suggest their origination from 
depleted mantle [2]. To investigate a melting scenario in 
metasomatized lithospheric mantle, it was assumed to consist 
of phlogopite-clinopyroxenite veined harzburgite.  

Our experiments were conducted in a 0.5“ piston cylinder 
apparatus. Starting materials were synthesized from oxides and 
carbonates, ground and sandwiched in a Pt outer with graphite 
inner capsule. Vitreous carbon spheres were added as a melt 
trap. Hot-piston-out technique was applied at 1 and 2 GPa in a 
temperature range of 1200 to 1250 °C and 1250 to 1300 °C 
respectively. Oxygen fugacity was buffered by the graphite 
inner capsule through the C-COH equilibrium. 

Solidus for the sandwich assemblage was determined for 1 
GPa at 1215±10°C and for 2 GPa at 1275±20°C. Melts 
comprise of MgO >20 wt% and K2O >3.5 wt% with K/Na >6. 
Phenocrysts grown from the melt are spinel with Cr# 83 and 
olivine with Mg# 93, thus resembling typical features of 
phenocrysts in natural lamproites from the Alpine-Himalayan 
orogenic belt. 
 
[1] Tommasini et al. (2011) EPSL 301, 469-478. [2] Prelevic 
et al. (2010) Terra Nova 22, 443-452. 
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The 138La-138Ce system (half-life 1.05x1011 years) is a 
potentially highly useful tool to unravel information about the 
timing of geological processes and about the interaction of 
geological reservoirs on Earth, complementing information 
from the more popular 147Sm-143Nd and 176Lu-176Hf systems. 
However, Ce isotope measurements are analytically 
challenging: first, there are strong isobaric interferences from 
138Ba on 138Ce and from 142Nd on 142Ce; secondly, static 
measurements of all Ce isotopes are difficult due to the high 
abundance of 140Ce (88.45%) relative to the small 136Ce 
(0.185%) and 138Ce (0.251%).  

To perform Ce measurements by MC-ICPMS, Ce was 
separated from matrix elements and in particular from 
interfering Ba, La, and Nd by a substantially optimized ion 
exchange protocol employing cation and LnSpec resins. The 
external reproducibility achieved for 138Ce measurements is 
significantly better, once 136Ce/140Ce is used for mass bias 
correction (±25 ppm), rather than 136Ce/142Ce (±40 ppm, all 2σ 
r.s.d.). Because the JMC 304 reference material is not 
commercially available anymore, a new reference material was 
prepared from AMES Laboratory Ce metal (Cologne-AMES). 
Relative to JMC 304, an ε138Ce value of +0.67 ± 10 ppm (2σ 
r.s.e.) was determined for Cologne-AMES. In a first test, we 
performed simultaneous measurements of all Ce isotopes by 
MC-ICPMS on the two standard basalts BCR-2 and BHVO-2. 
Assuming an ε138Ce (CHUR) of +1.46 ppm for JMC 304 [1] 
[2], our measured ε138Ce (CHUR) for BCR-2 and BHVO-2 are 
-0.14±30ppm and -1,44±30ppm, respectively. These results are 
in good agreement to those of older TIMS studies [1] [2], and 
the relative difference between the standard basalts is also in 
good agreement with a more recent TIMS study [3]. However, 
there are systematic differences relative to the AMES standard 
values used in our study and in [3] [4], calling for a better 
characterization of standard materials used in different 
laboratories. 
 
[1] Makishima, A., & Nakamura, E. (1991). Chem. Geol., 94, 
1–11 [2] Makishima, & Masuda, (1993) Chem. Geol., 106, 
197–205 [3] Doucelance et al. (2014). Earth Planet. Sci. Lett., 
407, 175–186 [4] Willbold, M. (2007) J.Anal.At.Spectrom.,22, 
22, 1364-1372 
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Trace elements (TE) speciation in the soil solution is a 

fundamental parameter to evaluate their bioavailability and 
their potential environmental impacts. Dissolved organic 
matter (DOM) and oxides are known to play a major role in 
this speciation. The aim of this study was to evidence the 
influence of the DOM content and composition and of the Fe 
and Mn oxides contents on TE (Cd, Cu, Ni, Pb and Zn) 
speciation in the soil solution by comparing experimental 
results and modeling. 

Three soils with various properties (TE, organic matter and 
oxides contents) have been sampled at two different depths (0-
5 cm and 5-10 cm) near a secondary lead smelter in the North 
of France. Soil Column-Donnan Membrane Technique (SC-
DMT) was used to determine the free metal ion concentrations 
in soil solutions [1]. The batch technique of Van Zomeren and 
Comans [2] was used to evaluate the DOM fractionation into 
humic acid, fulvic acid, hydrophilic acid and hydrophobic 
neutral organic matter. The experimental results are used to 
constrain the input data used in the geochemical modeling 
(Visual MINTEQ 3.1). To make the calculated and the 
measured free ions concentrations converge, the influence of 
DOM, hydrous ferric oxides and hydrous manganese oxides on 
TE speciation is tested. The results are still in progress and the 
first interpretations confirm that Pb speciation is strongly 
influenced by DOM composition and by the presence of 
manganese oxides even at very low concentrations. 
 
[1] Weng et al. (2001) Europ. J. Soil Sci. 52, 629-637. [2] Van 
Zomeren and Comans (2007) Environ. Sci. Technol. 41, 6755-
6761. 
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The combination of trace element analyses with Hf-Nd 
isotope compositions of mafic and ultramafic rocks is a 
powerful tool to constrain the formation history of Archaean 
greenstone belts. Mafic to ultramafic rocks in the lower 
Onverwacht Group of the Barberton Greenstone Belt (BGB, 
South Africa) have been considered to be representative of 
typical early Archaean oceanic crust. Based on heterogeneous 
Hf-in-zircon isotopic compositions in felsic volcanic rocks 
interlayered with mafic units of the Onverwacht Group, it is 
proposed that older felsic crustal material was involved in their 
petrogenesis [1]. Likewise, the Hf-in-zircon isotopic 
compositions of some adjacent Eoarchean rocks of the Ancient 
Gneiss Complex (Swaziland), possibly representing a 
basement to the lower Onverwacht Group, also show 
significant input of older crustal components in their genesis 
[2]. We investigated whether the mafic and ultramafic rocks of 
the Onverwacht Group interacted with older crustal material. 
Isotope and trace element analyses were performed on  the 
oldest rocks of the lower Onverwacht Group, namely the 
Theespruit, Sandspruit and Komati Formations (3.46 to  
3.53 Ga; [3]). Our first results show that initial Hf isotope 
compositions are near chondritic to slightly depleted (εHf(t) = 
0 to +3.4), and only small variations in epsilon values are 
observed. The same is the case for the Sm-Nd isotope system, 
in agreement with previous studies. It is not fully resolved yet, 
wheather the small heterogeneity observed in the initial values 
may reflect isotopic disturbance. Our results either imply that 
(1) the oldest mafic rocks of the BGB were generated from a 
near-primitive mantle source without crustal contamination, 
(2) melts from a depleted mantle source were homogeneously 
mixed with older crust of unradiogenic Hf-Nd composition, or 
(3)  the assimilated crust was juvenile and also had a near-
chondritic Hf-Nd isotopic composition.  
 
[1] Kröner et al. (2013), EPSL 381, 188-197. [2] Kröner et al. 
(2014), PrecambrianRes 258, 823-846. [3] Armstrong et al. 
(1990), EPSL 101, 90-106. 
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The Pamir–Hindu Kush orogen at the northwestern 
promontory of the Indo-Asian Collision Zone is one of the 
most active ones on Earth. Hugh gneiss domes that underwent 
amphibolite-facies metamorphism, e.g., the Shakdhara Dome 
in the South Pamir, the Muskol and Yazgulom domes in the 
Central Pamir were rapidly exhumed during Cenozoic times 
indicated by different cooling ages (Ar-Ar white mica and 
biotite, zircon and apatite Fission Track, zircon U-Th-He). 
Localized major shear zones e.g., the South Pamir and the 
Alichur shear zones in the South Pamir, and the Vanj-
Badakhshan and the North Muskol shear zones in the Central 
Pamir, are largely involved in exhumation but their 
deformation age remains concealed.  

Analysed shear-zone samples from the Pamir show 
kinematic indicators such as shear bands, S-C fabrics, white 
mica fish, and feldspar σ-clasts. In addition to samples that 
show dynamic recrystallization and mineral reactions 
indicating ductile deformation, we also dated samples that 
show mineral formation e.g., within tension gashes or 
mineralized fractures, during brittle deformation. The most 
common syn-kinematic minerals were white mica and K-
feldspar, which are appropriate for Ar-Ar in-situ dating.     

We performed Ar-Ar in-situ analyses at the Argon Lab 
Freiberg (ALF) of pre-, syn-, and post-kinematic minerals to 
determine the longevity and, in some cases, the termination of 
ductile and brittle deformation. We used various ablation 
modes to maximize signal intensity and therefore age precision 
on the one hand and to optimize age comparability within 
shear textures (e.g., shear bands, mica fish) on the other. We 
discuss these first results in the context of existing cooling ages 
of the gneiss domes to better constrain their exhumation and 
deformation history in the Pamir–Hindu Kush orogen. 
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Approximately 58 % of chromium has been incorporated 

into Earth’s core during its metal-silicate differentiation, 
assuming a chondritic bulk Earth composition (~4300ppm Cr) 
and no volatility loss of Cr during the accretionary phase of 
our planet. The compatible behaviour of chromium during 
partial melting of the mantle (~2700ppm Cr) leads to low-Cr 
basaltic crust (~200-300ppm Cr). Crystal fractionation further 
depletes Cr in highly evolved igneous reservoirs such as 
continental granitoids (usually <100ppm Cr). Chromium is 
usually present in its trivalent oxidation state in magmatic 
minerals and rocks, but significant amounts of Cr2+ can form in 
silicate melts depending on the prevailing oxygen fugacity [1]. 
This study investigates potential stable Cr isotopic 
fractionation during planetary differentiation where the size of 
isotopic fractionation may yield information about the 
differentiation conditions (i.e. fO2, temperature, pressure). 

Average δ53Cr values of 11 ordinary and 7 carbonaceous 
chondrites determined by double spike MC-ICP-MS are -0.113 
± 0.044‰ (2SD) and -0.128 ± 0.043‰, respectively, 
indistinguishable from the δ53Cr value of igneous silicate Earth 
reservoirs of -0.124 ± 0.101‰ [2]. Our data disagree with 
earlier findings of much lighter δ53Cr values for 
undifferentiated chondrites [3,4] and indicate that Earth’s core 
formation did not lead to measurable stable Cr isotopic 
fractionation. The average δ53Cr values of 13 MOR basalts 
of -0.118 ± 0.111‰ and 24 highly evolved continental 
granitoids of -0.137 ± 0.093‰ reproduce well within 
uncertainties and are indistinguishable from the average δ53Cr 
value of 9 mantle peridotites of -0.137 ± 0.093‰, indicating 
that partial mantle melting and crystal fractionation within 
Earth’s crust do not induce measurable Cr isotopic 
fractionation. This finding is supported by the lack of any 
correlations between δ53Cr and major element concentrations 
in MOR basalts and granitoids. 

 
[1] Berry et al. (2006) AmMineral 91, 1901ff. [2] Schoenberg 
et al. ChemGeol 249, 294ff. [3] Moynier et al. (2011) Science 
331, 1417ff. [4] Schiller et al. (2014) JAAS 29, 1406ff. 
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The assumption that continental crust was hot in the 

Archean largely stems from the fact that the global budget of 
heat producing elements was higher in the Archean. Petrologic 
and theoretical studies indicate higher mantle potential 
temperatures in the Archean, and these estimates result in the 
generation of basalts through higher degree melting of mantle 
lithologies.  Though the magnitude of these estimates come 
with large uncertainties, for a given mantle composition, 
basalts created through higher degrees of partial melting 
should have lower concentrations of heat producing elements 
compared to basalts created through low degrees of partial 
melting.  And thus arises a hypothesized negative feedback 
between a hotter mantle and lower heat production in a crust 
spawned by basalt accumulation and subsequent 
differentiation. 

To test this hypothesis we assembled a large database of 
several hundred thousand igneous rock samples spanning in 
age from the Archean to the present.  We used statistical tools 
to automate outlier rejection and reduce sampling biases from 
the global database to arrive at our best estimate for 
concentrations of heat producing elements in igneous 
lithologies over earth history.  The results confirm the 
hypothesis that heat production in low silica igneous rocks at 
the time of their formation has not changed over geologic time. 
However, modest differences exist at higher silica, perhaps 
arising from igneous differentiation within the crust. 

By combining our dataset with global databases for 
geophysical characteristics of the crust, we attempt to quantify 
the distribution of heat producing elements within the upper, 
middle, and lower crust through time.  These estimates are 
used as inputs into a finite difference thermal model for 
lithospheric thermal evolution to compare the temperature-time 
histories through a modern orogeny dominated by igneous 
lithologies to an Archean one.  The results show that 
differences in heat production are inadequate to explain any 
observed differences, on average, between modern and 
Archean mountain belts, and permit the existence of thick, 
buoyant, continental crust in the Archean capable of sustaining 
high topography.  
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Coral skeletal boron isotopes are important proxies for 

seawater pH and ocean acidification, and can provide critical 
insights into the mechanisms of coral calcification due to the 
process of pH-upregulation at the site of calcification. 
However, it remains poorly understood how elevated 
temperature and heat stress influence pH-upregulation and the 
boron isotopic composition, especially in combination with 
elevated pCO2. We conducted a controlled culturing 
experiment using the Hawaiian coral species Porites 
compressa, Pocillopora damicornis and Montipora capitata, 
which were collected from two environmentally different sites. 
Coral fragments were maintained at three pCO2 levels (390, 
600, 930 μatm) throughout the course of the experiment. 
During the first 5 weeks, corals from each of these pCO2 
treatments were exposed to elevated temperature levels (26.8, 
28.3°C), followed by 9 weeks of exposure to 1.5°C lower 
temperatures (25.2, 26.8°C). We will present data on the boron 
isotopic composition as well as trace elements (B/Ca, Sr/Ca, 
Mg/Ca, U/Ca, Ba/Ca) of these corals and compare them to the 
geochemical signature of heat-stressed bleached corals. The 
findings from this study will result in an improved 
understanding of how temperature and heat stress influence 
pH-upregulation and the boron isotopic composition, and thus 
have important implications for the accuracy of the boron 
isotope seawater pH proxy in corals. 
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We present precisely dated high-resolution speleothem δ18O 
and δ13C profiles from western Germany for MIS 5. During 
Greenland Stadials (GS), the records exhibit growth 
interruptions showing that stalagmite growth is a sensitive 
proxy for cool and dry conditions. Stalagmite δ18O values are 
interpreted as a proxy for supra-regional temperature changes 
in the North Atlantic realm, which is paticularly evident from 
the close resemblance with the δ18O values of the NGRIP and 
NEEM ice cores. Speleothem δ13C values primarily reflect 
changes in (local) hydrological balance and vegetation and are 
a proxy for terrestrial climate change in central Europe. 
During the Eemian, the evolution of the speleothem δ18O and 
δ13C values is decoupled. The δ18O values progressively 
increase from 130 ka, peak at 125 ka and subsequently show a 
gradual decrease. The δ13C values, in contrast, start to decrease 
at 123 ka, show a negative peak at 120 ka and an aprupt 
increase at 114 ka. This suggests that the Eemian sensu strictu 
in Central Europe lasted from 124 to 114 ka, in agreement with 
a pollen sequence from eastern Germany. 
The timing of the Eemian in Central Europe is, thus, 
substantially later than the timing of Termination II recorded in 
marine, ice core and monsoon records as well as the beginning 
of the Eemian in southern Europe. Comparison with a marine 
record from the Nordic Seas suggests that the beginning of the 
Eemian in Central Europe was delayed due to the prolonged 
presence of meltwater and the corresponding reduction on the 
Atlantic Meridional Overturning Circulation (AMOC) 
transferring warm water masses into western Europe and 
northern Eurasia. This highlights the strong influence of the 
AMOC on the evolution of terrestrial European climate on 
orbital and millennial time scales. 
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Due to instrumental and analytical advancements, isotopic 

analyses at unprecedented precision have become possible 
within the past 20 years. This has boosted the detection of 
isotopic variations in meteorites, lunar and terrestrial samples. 
These variations are generated by different processes such as 
radioactive decay, galactic cosmic rays or the heterogeneous 
distribution of materials produced in different stellar 
environments (nucleosynthetic anomalies). They provide 
important constraints on the processes involved during the 
accretion and early planetary evolution of the Earth and Moon. 
The early compositional evolution of the Earth was shaped by 
accretion, core formation, and the loss/addition of volatile 
elements. The last important accretion step in the Earth’s 
history is generally thought to be a catastrophic giant impact, 
which resulted in the formation of the Moon. 

A growing number of elements show well–resolved 
nucleosynthetic isotope anomalies in bulk–rock meteorites 
compared to the Earth-Moon system, which displays identical 
isotope compositions. This indicates that each planetary body 
sampled its own mixture of nebular material. The anomalies 
are mostly limited to refractory elements and include e.g., Cr, 
Ca, Ti, and Zr. Based on the identical compositions of the 
Earth and Moon, the expected nucleosynthetic compositions of 
the impactor Theia can be modelled by taking into account 
different dynamical simulations of the giant impact scenario 
[1] [2]. Each successful scenario predicts that specific amounts 
of impactor material are added to the Earth and Moon [3-6]. 
The outcome of such models shows that the protoEarth and 
Theia likely shared very similar isotopic compositions [1] [2] 
[7]. This indicates that the inner solar system (or more 
precisely the accretion region of the Earth, Theia and enstatite 
chondrites) had uniform isotopic compositions. More samples 
from the inner solar system, and in particular Mercury, would 
be desirable to test whether this isotopic homogeneity 
encompasses the entire inner solar system. 

 
[1] Akram & Schönbächler (2014) LPSC, 45, 2201. [2] Meier 
et al. (2014) Icarus 242, 316-328. [3] Canup (2004) Icarus 
168, 433-456. [4] Cuk & Stewart (2012) Science 338, 1047-
1052. [5] Reufer et al. (2012) Icarus 221, 296-299. [6] Canup 
(2012) Science 338 1052-1055 [7] Dauphas et al. (2014) EPSL 
407, 96-108. 
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Partitioning of trace elements into crystals has largely 
focussed on the crystal compositions and thermodynamic 
variables such as pressure and temperature. However, the 
composition of the melt must figure especially prominently 
when the trace element has a different valence state to the 
major element for which it substitutes, because of the 
“stoichiometric control”. As an example of this phenomenon, 
we investigated the partitioning of the rare earth elements 
(REEs), between anorthite (CaAl2Si2O8) and melt in the simple 
system CaO-Al2O3-SiO2, varying only the melt composition. 

The REEs substitute into the anorthite as the component 
REEAl3SiO8, in which the substitution of REE3+ for Ca2+ on 
the large cation site is charge-balanced by an additional Al3+ 
per formula unit replacing Si4+ on the tetrahedral network. This 
means that the REE crystal/melt partition coefficients depend 
on the activity of both SiO2 and Al2O3 in the system.  

The partitioning of all 14 REEs was investigated 
experimentally at 1400oC with three different melt 
compositions. REEs were added to the starting mixes in 
various concentrations to test the limits of Henry’s Law. 

The REE partition coefficients fall precisely on Onuma 
parabolas, but with an order of magnitude change over the melt 
compositions investigated. The SiO2–rich composition 
produced non-stoichiometric anorthite, which shifts the 
maximum of the parabola to lower ionic radius. Henry’s law 
was followed from a few ppm to several weight percent.  
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Titania polymorphs brookite (subordinately anatase) 

nanocrystals form during early diagenesis in organic matter-
rich mud. Whereas anatase crystals exclusively occur as single 
crystals, brookite nanocrystals may agglomerate. During 
further burial, brookite nanocrystals may slightly increase in 
size. Furthermore, anatase and brookite nanocrystals occur in 
sedimentary basin situations with organic-inorganic rock-fluid 
interactions such as at oil-water contacts in oilfields, and along 
fractures with fluid flow enriched in dissolved organic carbon. 

Hydrogeochemical conditions with low pH occur in pore 
water during early diagenesis in black shales and during oil 
degradation due to the release of acetic acid, carbon dioxide, 
etc. This acidic and corrosive environment leads to the release 
of Ti4+

(aq) species from Ti-bearing minerals such as ilmenite 
and titanite, and the precipitation of brookite and/or anatase. 
Such conditions and reaction chains are comparable to low 
temperature sol-gel processes which are applied for the 
industrial production of nano-sized titania polymorphs.  

Theoretical considerations about surface enthalpy and 
transformation enthalpy are unsuitable to explain the 
brookite/anatase formation, fate and behaviour in sediments. In 
sedimentary basins the precipitation of brookite vs. anatase or 
the transformation from the tetragonal anatase structure into 
the orthorhombic brookite structure are controlled by a 
complex mix of interacting factors which, in addition, may 
change through time and space. According to this, “simple” 
batch models based on chemical thermodynamic calculations 
are unsuitable to explain the occurrence of brookite and 
anatase in black shale. Instead, micro-environments develop in 
the porewater at low temperature where low pH is coupled to 
the occurrence of dissolved organic components. Such 
conditions govern titania nanocrystal precipitation, growth 
(and potentially agglomeration). Low sedimentation rates 
retaining a critical geochemical environment or higher 
temperature seem major controls for the precipitation of 
anatase and its tendency not to agglomerate.  
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The chemical, mineralogic and morphologic changes 
induced by root rhizospheres in shallow soil are ephemeral due 
to bioturbation. Though there are fewer roots at depth, the 
changes induced by root rhizosphere processes can persist 
beneath the zone of bioturbation. Soil climo-chronosequences 
offer insight into the role of moisture in determining 
rhizosphere effects on mineral weathering and soil structure in 
deep soil profiles. By comparing soil chronosequences formed 
in similar geologic settings but under differing climate 
regimes; we can assess the dynamic influence of rhizosphere 
processes on soil development and biogeochemistry. 

Coastal California has a pronounced N–S gradient of 
decreasing precipitation with small variation in mean annual 
temperature. We compared two soil chronosequences, Santa 
Cruz (~700 mm mean annual precipitation (MAP)), and 
Mattole (1575 mm MAP). Both developed on relatively 
homogenous sediments under coastal prairie ecosystems. The 
oldest soils at Santa Cruz exhibit prominent textural 
heterogeneity (i.e., reticulate mottling) in the B-horizon. 
Unlike typical conditions associated with redoximorphic 
mottles, which form in carbon-rich, oxygen-poor low-lying 
soils, the carbon-poor Santa Cruz terrace soils are well 
oxygenated during most of the year. Differences in the 
physical and chemical characteristics between the various 
mottle zones are indicative of the processes through which the 
structures have formed, consistent with the conceptual model 
of Fimmen et al. (2008) involving long term rhizogenic 
reactions. In contrast, these processes in the wetter soils in the 
Mattole chronosequence have formed thick deep (~150cm) A-
horizons with more soil organic carbon and no mottling in the 
B-horizon. The extent to which moisture regulated differences 
in the rhizosphere control the coupling of soil development and 
carbon cycling is not well known. Chemical modeling of bulk 
profile evolution is challenging and limited thus far to one 
spatial dimension. Ongoing work, including tomographic 
imaging and spatial mapping of soil properties, may help 
elucidate how rhizosphere processes contribute to long-term 
differences in soil formed under contrasting moisture regimes. 
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Quantitative knowledge about the effects of chemical 

variations on the high-pressure elasticity of (Mg,Fe)2SiO4 
ringwoodite is needed to derive information about the state of 
the Earth’s transition zone from seismic observations. Because 
the individual effects of iron content and hydration state on the 
elastic properties are relatively small, for parameter variations 
as expected in the transition zone, it is difficult to constrain 
their influence by comparing data collected in different 
laboratories and/or using different techniques.  

We will discuss first results of a single crystal elasticity 
study using Brillouin spectroscopy designed to constrain the 
influence of iron and H2O concentration on the high-pressure 
elasticity of ringwoodite by an internally consistent approach. 
Single-crystals of ringwoodite were synthesised in multianvil 
presses from either natural olivine or forsterite powders. The 
synthesized samples range in composition from Mg2SiO4 to 
(Mg0.89,Fe0.11)2SiO4, with H2O contents between about 0.4 wt.% 
and more than 2 wt.%. 

Single-crystal samples of good structural integrity, 
indicated by well-defined x-ray diffraction peaks, were 
selected, oriented and double-sized polished for high pressure 
Brillouin spectroscopy measurements in the diamond-anvil 
cell. A FEI Scios Focused Ion Beam (FIB) machine was used 
to precisely cut samples into divided-circles enabling us to 
load multiple samples simultaneously (Fig. 1). 

Using this approach it is possible to measure the full elastic 
tensor of several compositions in one experimental run and 
directly quantify effects of pressure, temperature, iron-content, 
and H-incorporation on single-crystal elasticity.  

                            
Fig. 1: Secondary electron 
image of a single-crystal 
ringwoodite FIB-cut into 
divided circles, Ø=120 µm. 
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Iron-rich, silica-rich and anoxic conditions of Precambrian 

seawater favor the formation of Fe-Si-O-OH-gels as primary 
sedimentary products. These may crystallize to ferrous layered 
silicates (e.g. greenalite, stilpnomelane) and coagulate to 
microgranules during early diagenesis, resulting finally in 
banded iron formations [1, 2]. Experimental studies on gel and 
subsequent mineral formation are however scarce. 

Therefore, we have performed anoxic batch experiments at 
different concentrations of SiO2(aq) (200-1650 µM) and Fe2+ 
(100-1000 µM). The oxygen was removed by boiling coupled 
with N2-flushing and reduced with sodium dithionite. A 
constant amount of Mg2+ (100µM), K+ (100µM) and Al3+ 

(10µM) was used to promote the formation of potential iron-
silicates. Well soluble chlorides and sulfates were used as 
primary chemicals. The solutions were stored for several days 
in the dark and the gelatinous precipitates were subsequently 
centrifuged and vacuum dried. 

X-ray diffraction (XRD) reveals that the samples from the 
chloride series are amorphous. However, peaks of magnetite 
and a chlorite group mineral (d002 ≅ 7Å) appeared after a mild 
temperature treatment (72 h at 50°C). The sulfate series 
consistently show wide peaks from mackinawite (FeS) and 
greigite (Fe3S4) without temperature treatment. Transmission 
electron microscopy (TEM) of representative samples from 
both series show amorphous SiO2 as the main phase with small 
particle size of less than 50 nm. Interestingly, a significant 
amount of Fe adsorbed to the silica was detected by EDX 
analysis and could be transformed to nanocrystalline magnetite 
after short irradiation with a focused electron beam. All 
experiments with elevated sulfur concentrations show 
additionally fibrous mackinawite and isometric greigite.  

In conclusion, the experiments show that the precipitation 
of amorphous silicates also binds a significant amount of iron 
from the solution by adsorption because of its large surface 
area. If sulfur is available, it forms iron sulfides which will be 
transformed to pyrite during diagenesis. Any formation of 
crystalline Fe-silicates must involve a slightly elevated 
temperature, however, the recrystallization was quite fast even 
at a very moderate (~50°C) temperature. 

 
[1] Klein (2005) American Mineralogist 90, 1473-1499. [2] 
Rasmussen et al. (2013) Geology 41, 435-438. 
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Vanadium (V) is a very redox-sensitive trace metal that 

occurs in nature as VIII, VIV, and VV, e.g. in a variety of ore-
forming minerals like vanadates (hosting VV), sulfides (e.g., 
patrónite: VIVS4), silicates (e.g., roscoelite, hosting VIII), and 
hematite [1]. Similar to other redox-sensitive metals (e.g., Fe, 
Cu, U), the V isotope compositions of V minerals may provide 
valuable information for source fingerprinting and redox-
controled processes during ore formation. This,  however, has 
not yet been constrained.  

Here, we present the first in situ V isotope analyses of 
several natural V minerals (vanadinite, descloizite, cavansite, 
patrónite, sincosite) conducted with femtosecond-laser 
ablation-high mass resolution-MC-ICP-MS. Measurements of 
V isotopes are challenging because of avery high ratio of 51V 
(99.75%) to 50V (0.25%), and isobaric interferences of 50Cr and 
50Ti, and 36Ar14N+ on the low-abundant 50V during MC-ICP-
MS analyses. Thus, our approach is limited to minerals with 
high V and low Ti and Cr contents. For mass bias control, a Fe 
standard was added to the sample aerosol before and during 
analyses (see [2] for comparison). The δ51V values were 
determined via standard-sample bracketing, where a pure V 
metal foil (Alfa-Aesar) served as the standard.  

First results indicate a significant variation of δ51V values 
between the analyzed minerals, ranging from –0.1 to –1.1‰ 
(2s.d.: 0.2‰). This spread is significantly larger than reported 
for peridotites and MORBs [3], and also exceeds the difference 
for δ51V between the bulk silicate Earth and the meteorite 
average [4]. The extended range of δ51V values suggests 
dissolution and/or reprecipitation processes due to redox 
variations, and demonstrates that V isotopes provide a new 
means for research in low-temperature environments. 
 
[1] Nriagu J.O. (1998) Vanadium in the environment. J. Wiley 
& Sons. [2] Oeser M., et al. (2014) Geostandards 
Geoanalytical. Res. 38, 311-328. [3] Prytulak J., et al. (2013) 
Earth Planet Sci. Lett. 365, 177-189. [4] Nielsen S., et al. 
(2014) Earth Planet Sci. Lett. 389, 167-175. 
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A growing body of evidence suggests that particulate 

matter, including associated biogeochemically-relevant 
materials supplied to the interior Canada Basin in the western 
Arctic Ocean is dominated by lateral inputs. The magnitude 
and origin of lateral inputs has substantial implications for our 
understanding of biogeochemical cycling in the Arctic Ocean, 
its impact on ecosystems as well as on records preserved in 
underlying sediments.  

Coupled application of organic and inorganic tracers offers 
a promising approach to unravel particle sources and cycling in 
the western Arctic Ocean due to the complementary 
information they provide and marked natural gradients in 
source characteristics. We constrain organic carbon sources 
using bulk compositions (C:N, δ13C, Δ14C) and lipid biomarker 
signatures (e.g., higher plant waxes, algal sterols, glycerol 
dialkyl glycerol tetraethers), and combine this with 
geochemical and mineralogical assessments of detrital 
sediment provenance based on neodymium and strontium 
isotope signatures and clay mineral compositions. Potential 
implications of future changes in the flux and provenance of 
materials supplied laterally to the central Arctic Ocean in 
relation to ongoing ocean and climate change are assessed.  

The study examines core-top sediments from adjacent 
marginal seas (Beaufort Sea, Bering Sea, Chukchi Sea) as well 
as the surface sediments and sediment trap materials from the 
central Canada Basin. 

Nd and Sr isotope ratios reveal a strong influence of the 
Mackenzie River on sedimentary signatures of the Beaufort 
Sea extending to the Chukchi Rise. Clockwise circulation of 
the Beaufort Gyre promotes widespread dispersal of these 
inputs and supply to the interior Canada Basin. 

Biogeochemical and sedimentological implications of our 
findings will be discussed. 
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Spatiotemporal distribution patterns and δ13C values of 

phospholipid fatty acids (PLFA) were determined for eight 
wells sampling two superimposed alkaline Muschelkalk 
aquifers in the Hainich region (Thuringia, Germany) to 
characterize changes of microbial communities and their 
relation to physicochemical properties of the groundwater. The 
lower aquifer was oxic (O2 up to 5.6 mgL-1) and had sulfate 
concentration of up to 280 mgL-1, whereas the upper aquifer 
was anoxic to suboxic (O2 < 0.1 mgL-1) and had ammonium 
concentration of up to 0.8 mgL-1. Principal component analysis 
of the PLFA revealed two microbial communities within the 
anoxic aquifer. They differ by the prevalence of the C16:1ω7c, 
10-MeC16:0 and [3]-, [5]-ladderanes PLFA, typical of Gram-
negative, sulfate reducer and anaerobic ammonia oxidation 
(anammox) bacteria, respectively, and by the prevalence of the 
C18:1ω9c and C18:2ω6,9 typical of fungi. The oxic aquifer 
had higher contribution of C20:4n6, C20:5n3, C22:5 and 
C22:6 typical of eukaryotes suggesting higher input of surface 
organic matter. Redundancy analysis showed that Fe total, O2 

and NH4
+ concentrations explain 39 % of the PLFA 

distribution. The ladderanes and 10-MeC16:0 were present in 
both aquifers, but increased in abundance with decreasing O2 
and increasing NH4

+ concentration. The ladderanes were 13C-
depleted by up to 50 ‰ relative to DIC. In wells with high 
ladderane concentration, 13C-depleted iC15:0, C16:0 and 10-
MeC16:0 (ΔPLFA-DIC up to 50 ‰) suggested a high contribution 
of anammox bacteria to those PLFA. In other wells, ΔPLFA-DIC 
values between 10 to 25 ‰ suggested higher PLFA 
contribution from heterotrophic metabolism. Our results 
indicated that in the anoxic to suboxic aquifer a large fraction 
of bacteria performed autotrophic CO2 fixation (sulfate reducer 
and/or anammox bacteria), whereas high DOC likely favored 
heterotrophy.  
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Isotopic closure of the K-Ar system is typically considered 
to be governed by temperature controlled volume diffusion. 
However, theoretical considerations as well as experimental 
evidence suggest that fluid-induced metamorphic 
recrystallisation may be orders of magnitude more important 
than thermal diffusion in many if not most field settings [1]. 
This simple concept may explain the irregular release spectra 
observed in many stepwise heating experiments. We here 
present a new approach to argon geochronology, inspired by a 
technological breakthrough which occurred in U-Pb 
geochronology in the mid-1990s. At that time, it was found 
that the discordance of zircons suffering from common Pb or 
apparent Pb-loss is greatly reduced by stepwise dissolution in 
hydrofluoric acid [2]. Acid etching may be equally effective at 
removing compositionally distinct zones in other minerals as 
well. In fact, several workers have successfully removed 
excess argon from feldspar by acid dissolution before [2]. We 
have revisited and extended these earlier experiments using a 
well characterised K-feldspar sample from the Limpopo Belt 
(South Africa) which yields a typical complex 40Ar/39Ar-
release spectrum, comprised of an initial 500 Ma phase which 
steadily rises to a 'plateau' at 1.1 Ga. Six aliquots of the sample 
were subjected to different degrees of partial dissolution. 
Combining the K-content of the  supernatant with the Ar-
content of the corresponding solid residue we obtain a K-Ar 
age spectrum, which looks strikingly similar to the  40Ar/39Ar 
age spectrum. The first leaching is disproportionally rich in K 
compared to the subsequent steps, resulting in anomalously 
young K-Ar ages. Interestingly, the molar abundance of argon 
in the sample is fairly constant across all leaching steps, 
indicating that the K-rich phases do not host substantial 
amounts of radiogenic argon. The similarity between the age 
spectra obtained by stepwise dissolution to the conventional 
step-heating spectrum indicates that the sample underwent 
profound chemical changes over the course of its 2 billion year 
history which cannot be disentangled from its thermal history 
by stepwise heating alone. It is a necessary condition for the 
application of argon thermochronometry that chemical effects 
can be safely ignored. The acid-etching method provides the 
first robust way to test this assumption, by analysing the 
chemical composition of the acid wash. The reconstruction of 
the compositional evolution of K-bearing minerals with time is 
an important step towards the development of 
‘hygrochronometry’ as an alternative to thermochronology [1]. 

 

[1]Villa, I., 2006, Lithos, 87:155–173, 2006. [2]Mattinson, 
J.M., 1994, Contrib. Min. Pet., 116: 117–129. [3]Zeitler and 
Fitz Gerald, 1985, GCA, 50:1185–1199. 
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Serpentinization of ultramafic rocks has a significant 
influence on the cycling of elements between the hydrosphere, 
lithosphere and biosphere. Along mid-ocean ridge spreading 
centers exposure of mantle rock to seawater allows 
incorporation of seawater-derived carbon and sulfur storing 
these elements over millions of years. In contrast, in 
continental serpentinization environments meteoric water 
interacts with obducted ultramafic rocks but producing 
chemically very similar fluids. In both environments microbial 
activity is supported through abiogenic formation of hydrogen 
and reduced organic compounds during serpentinization, 
specifically hosting sulfur-metabolizing organisms [1] [2]. 
However, the role of sulfur cycling, and especially microbial 
sulfate reduction, in continental serpentinization environments 
is still not well constrained because sulfur signatures produced 
during continental water-rock interaction are mixed with those 
formed during oceanic serpentinization and processes during 
exhumation and emplacement. 

Here we present data of the sulfur geochemistry of oceanic 
serpentinites from the Northern Apennine ophiolite, Ocean 
Drilling Program Legs 149, 173 and 209, and of samples from 
continental serpentinization environments from the Santa 
Elena ophiolite in Costa Rica and the Voltri Massif in Italy [3]. 
The aim of this project is to distinguish between oceanic and 
continental serpentinization processes using multiple sulfur 
isotope analyses and geochemical modeling. Overall, 
serpentinized peridotites have a large range of bulk rock 
sulfide and sulfate isotopic compositions. Microbial sulfate 
reduction is the dominant process in oceanic serpentinites. 
However, geochemical modeling of the Santa Elena 
ultramafics provide evidence that δ34Ssulfide values of up to 
+23.1‰ were produced by abiogenic reduction of sulfate 
during water-rock interaction. 

 
[1] Brazelton et al., 2006. Applied and environmental 
microbiology 72, 6257-6270. [2] Schrenk et al., 2013. Reviews 
in Mineralogy and Geochemistry 75, 575-606. [3] 
Schwarzenbach, 2011. ETH Zurich, Thesis No. 19588, p. 240. 
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We analyzed the Fe-Mg zoning in olivine and spinel in 

different chondrule types and in the matrix of three CO 
chondrites of different petrologic types (Colony, Kainsaz, 
Lance) using EMPA and STEM. Thermodynamic and 
diffusion modeling was used to identify and characterize the 
thermal processes that shaped the observed mineral zoning. To 
simulate growth zoning formed during chondrule 
crystallization we combined thermodynamic modeling using 
the MELTS software [1] with diffusion modeling. The 
measured zoning profiles were thereby fitted using the 
chondrule cooling rate as a fitting parameter. The Fe-Mg 
zoning in olivine could be reproduced by this model assuming 
cooling rates of 1-50°C/h. We infer only a minor modification 
of the zoning during parent body metamorphism for Kainsaz 
and Lance that is difficult to distinguish from growth zoning. 
Fe-Mg zoning in type II chondrule spinel and type IB 
chondrule olivine is not consistent with crystallization from the 
chondrule melt, but formed during later re-equilibration. The 
extent of this secondary zoning correlates with the petrologic 
sub-type of the respective chondrites (e.g. [3] [4]). By 
combining thermal modeling of parent body metamorphism 
with diffusion modeling of zoning in spinel, type IB 
chondrules and matrix olivine [2] we determined similar peak 
temperatures for a given meteorite, which is consistent with a 
formation of the zoning during parent body metamorphism.   
 
[1] Ghiorso and Sack (1995), Contrib Mineral Petrol 119, 197-
212. [2] Schwinger et al. (2014), LPSC 45, 1952. [3] Bonal et 
al. (2006), Geochim. Cosmochim. Acta 71, 1605–1623. [4] 
Sears et al. (1991), Symp. Antarct. Meteorites 4, 319-343.  
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1RSES, ANU, 0200 Canberra, Australia (*correspondence: 
mari.scicchitano@anu.edu.au). 
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100871 Beijing, China.  
 

Serpentinites play a crucial role in recycling fluids and 
elements from ocean floor to mantle through seafloor 
metamorphism and subduction. Information on the source(s) of 
fluids that interacted with serpentinites can be obtained using 
oxygen isotopes.  

Fluid-rock interaction can occurr at different stages of 
metamorphism and thus serpentinites commonly preserve 
complex textures. In order to investigate these stages of 
metamorphism, in-situ analytical techniques able to resolve 
oxygen isotopic variations recorded at the microscale are 
necessary. We present the first investigation of oxygen 
isotopes in serpentine minerals by ion microprobe. 

Due to significant instrumental mass fractionation, data 
obtained with ion microprobes should be corrected by 
analysing well-characterised reference materials. Reference 
values for three chemically homogeneous samples of 
antigorite, chrysotile, and lizardite were obtained by laser 
fluorination. Analysis for oxygen isotopes using the SHRIMP 
ion microprobe aimed to assess their reproducibility compared 
to San Carlos olivine as well as potential matrix bias and 
crystal orientation effects. The obtained data suggest 
reproducibility comparable to San Carlos olivine of ca. ±0.3-
0.4 ‰ (SD at 95% c. l.) for all samples. Crystal orientation 
effects were identified only in chrysotile and no matrix bias 
were observed in the invetigated compositional range. The 
developed standards were used for analysing oxygen isotopic 
compositions of different serpentine polymorphs in ultrahigh-
pressure serpentinites that are enclosed in metapelites from 
Tianshan (China). The δ18O of high-pressure antigorite is ~ 
6.0±0.4‰ (σ at 95% c. l.) resulting in a bulk rock δ18O of ~ 
4.8‰. This value is similar to bulk rocks in oceanic 
serpentinites and suggest that serpentinization most likely 
occurred during seafloor alteration. Despite the observation of 
crystal orientation effects in chrysotile, the highest δ18O values 
measured in late chrysotile veins are comparable to those 
obtained in antigorite and allow to exclude interaction with 
fluids derived from the surrounding metasediments.      
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Understanding the solubility behaviour of sulfur in 
silicate melts is complex due to its multiple valence 
states and the possible occurrence of non-volatile S-rich 
phases. The assessment of the total mass fraction of S 
dissolved in the pre-eruptive gas-phase has always been 
a critical topic in an attempt, among other issues, to 
forecast the amount of SO2 released by explosive 
eruptions and its impact on the climate. Several 
eruptions released SO2 amounts orders of magnitude 
greater than those possibly dissolved in melts, 
unearthing the “excess-S” problem. The source of 
anomalous SO2 emissions could be instead explained 
with a contribution from S stored in hydrothermal 
systems, without needing evidences for a gas saturation 
of magmas. In fact, S-layers have been reported at 
several active volcanoes hosting hydrothermal systems 
(i.e. Ruapehu, Poás, Kusatzu Shirane and recently 
inferred at El Chichón and Ilamatepec). S-layers may be 
more frequent that commonly thought. We are 
investigating the variations in S-viscosity at different T 
and P (in a range typical for hydrothermal systems), 
using a rheometer equipped with a pressure cell, 
substituting steel geometries with Pyrex ones.  
This study will allow understanding if the behaviour of 
this element can explain the different passive degassing 
patterns observed at several active volcanoes. 
The results expected would offer a tool to understand the 
role of such element in “modulating” passive emissions, 
and contribute to clarify controversial aspects related to 
anomalous high- SO2 emissions in explosive eruptions.  
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Carbon Capture and Storage (CCS) will play a key role in 
reducing anthropogenic CO2 emmissions. The long-term fate 
of CO2 in a geological resevoir (~1,000 to 10,000 years) must 
be predictable to satisfy both regualatory frameworks and 
public perception. Timescales of trapping mechanisms must be 
quantified, and the consequences of leakage must be 
understood for planning of remediation strategies. 

The Colorado plateau contains multiple accumulations of 
CO2 which have been securely stored for 104-106 years. At 
Green River (UT) CO2 enriched fluids leak up the damaged 
zone of a fault in the core of an anticlinal trap, resulting in the 
deposition of travertine mounds, aragonite veins and gypsum 
veins at the surface. This natural analogue allows us to 
investigate the processes occuring as CO2 escapes up fault 
systems: degassing, mineral deposition and dissolution. 

The travertines preserve a record of these processes over at 
least ~400,000 years [1]. Surface carbonate deposition is 
pulsed, with the greatest rates of fluid leakage coincident with 
the termination of glacial periods [2]. We have sampled 
individual veins at higher resolution for stable isotopes and 
trace metals, to investigate the evolution of single leakage 
events. Our U-Th ages find that these pulses have durations of 
1,000 to 5,000 (±400) years and δ13C values suggest variable 
inputs of CO2 through time. The position of veins and mounds 
migrate through time suggesting that leakage pathways are 
transient. 

 
[1] Burnside, Shipton, Dockrill, & Ellam, (2013) Geology 41, 
471–474. [2] Kampman, Burnside, Shipton, Chapman, Nicholl, 
Ellam & Bickle (2012) Nat. Geosci. 5, 352–358 
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Ultra-Low Velocity Zones (ULVZs) are seismical 
anomalies that lay on top of the Core Mantle Boundary 
characterized by a large decrease in seismic wave velocities 
and an increase in density with regards to PREM [1]. They 
represent small bodies (a few tens of km in height and around a 
hundred kilometres in length) sometimes spatially associated 
with the Large Low Shear Wave Provinces [2].  

The decrease in wave velocity is substantial and is most 
drastic in the case of shear waves (Vs), up to 30% lower than 
PREM [1]. This massive decrease has given rise to the idea of 
melt being present inside the Ultra-Low Velocity Zones [1].  

We study (Mg,Fe)SiO3 melts using first principles 
calculations. We use our results together with avaible literature 
data [3-6] on Bridgmanite and Mg-Wustite to build a three 
phase mixing model that fits all the seismic observations for 
the Ultra-Low Velocity Zones.  

Our results prove that an iron rich melt mixed with 
Bridgmanite slightly enriched in iron can explain the fastest Vs 
values observed in the ULVZs. Higher decrease in Vs requires 
an increase in the iron content of the solids. Thus, our model is 
the first three phase model that explains in a quantitative 
manner the composition of the Ultra-Low Velocity Zones.  

 
[1] Rost et al. (2006) J. Geophys. Res. 111, B09310. [2] Frost 
and Rost (2014) Earth Planet. Sci. Lett. 403, 380-392. [3] 
Caracas & Cohen (2005) Geoph. Monog. Series 174. [4] 
Marton et al. (2001) J. Geophys. Res. 106, 8615-8627 [5] 
Oganov et al. (2001) EPSL 185, 555-560 [6] Crowhurst et al. 
(2008) Science 319, 451 
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The isotopic ratios of many terrestrial and lunar samples 

are identical for many elements when corrected for mass-
dependent fractionation (e.g., O, Cr, and Ti). This is potentially 
a serious problem for the giant impact model for the origin of 
the Moon because most simulations predict the Moon to be 
primarily made of material derived from a Mars-sized 
impactor, which likely had a different isotopic composition 
from that of the Earth. One of the options to resolve this 
problem is to re-equilibrate the post-giant impact Moon-
forming disk and Earth in a silicate vapor atmosphere [1]. The 
recently proposed model of impact on a fast spinning proto-
Earth predicts a continuous mantle-atmosphere-disk that 
extends well beyond the Roche limit where the Moon’s 
material condenses out of a homogeneous vapor disk [2]. In 
such models the Earth and Moon, forming from an isotopically 
identical material, may bear small but measurable mass-
dependent fractionation effects (0.1-0.2‰) for some elements 
[3] [4]. 

To further test the giant impact hypothesis, we have made 
high-precision Ca isotopic analyses of lunar samples using a 
TIMS instrument and a 43Ca-48Ca double spike technique. Our 
current data include high- and low-Ti basalts, ferroan 
anorthosites, and plagioclase separated from troctolite 76535. 
They show a total variation of about 0.3‰, with anorthosites 
being lighter than basalts. Despite this variation, the average 
Ca isotopic composition of these samples (δ44/40CaSRM915a of 
0.92 ± 0.09 (2σ)) is in the range reported for the Earth’s mantle 
[5]. We are measuring additional lunar samples to understand 
Ca isotope fractionation during the crystallization of the lunar 
magma ocean and to get a firmer constraint on the Ca isotope 
composition of the Moon. We are also measuring non-mass 
dependent Ca isotope variations and will discuss them in the 
conference.  

 
[1] Pahlevan K. and Stevenson D. J. (2007) EPSL 262, 438–
449. [2] Lock S. et al. (2015) LPSC #2193 [3] Pahlevan K. et 
al. (2011) EPSL 301, 433–443. [4] Huang S. et al. (2104) 
LPSC #2246. [5] Huang S. et al. (2010) EPSL 292, 337-344. 
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Here we present results of a detailed petrographic and 
mineralogical study of rock textures and mineral chemistry in a 
vertical profile across the platiniferous UG2 chromitite layer at 
the Khuseleka mine in the south-western part of the Bushveld 
Complex, South Africa. The study has been carried out on a 
drill core section, 1.7 m in length, comprising the lower part of 
the hanging wall medium-grained feldspathic pyroxenite with 
a thin (9 cm) leader chromitite seam, the main chromitite seam 
70 cm thick and the upper part of the footwall pegmatoidal, 
plagioclase-bearing pyroxenite. The whole length of the drill 
core was scanned by X-Ray computer tomograph (XRCT), cut 
lengthwise into a set of 35 petrographic thin sections, which 
were used for electron microprobe analyses of the main rock-
forming minerals orthopyroxene, plagioclase and Cr-spinel. 
Crystal size distribution (CSD) diagrams were constructed for 
chromite on the basis of statistical analysis of the 2D (thin 
sections) and 3D (XRCT) images. The XRCT data was also 
used for calculation of mineral modes at the scale of a single 
thin section. 

According to our electron microprobe results, Mg# of 
orthopyroxene from footwall and hanging wall pyroxenites are 
about the same (83-84 and 81-83 respectively) and lower than 
the Mg# of poikilitic orthpyroxene cementing chromite 
crystals in chromitite seams (89-91). The composition of 
plagioclase in silicate cumulates and chromitite varies broadly 
from An30 to An85. Poikilitic plagioclase cementing chromitite 
tends to be depleted in potassium (0.03-0.2 wt.% K2O) in 
comparison with  plagioclase from pyroxenite (0.15-0.35 wt.% 
K2O). Compositions of disseminated chromite crystals from 
footwall and hanging wall pyroxenites vary broadly (Mg# 19-
41; Cr#  45-71). Spinel compositions within chromitite seams 
are much less variable (Mg# 49-53; Cr# 63-65).  

The collected data will hopefully through new light on the 
roles of cumulus and post-cumulus processes in shaping the 
UG2 chromitite layer and its mineralisation. The project has 
been sponsored by RSF grant No. 14-17-00200. 
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The wettability of surfaces depends on their composition, 

which can vary at quite a local scale. We used atomic force 
microscopy (AFM) with chemical force mapping (CFM) to 
investigate the local behaviour on the pores surfaces in a 
sample of crystalline limestone. We studied the adsorption of 
two types of surfactants, a nonionic compound and an anionic 
mixture of alkyl ether and propoxy ethoxy sulfate. We used 
AFM tips that had been functionalised with methyl, –CH3, to 
make them hydrophobic, thus a model for a tiny oil droplet. 
We made adhesion maps, during exposure to artificial 
seawater, that represent local differences in wettability. 

Both surfactant types changed the adhesion behaviour of 
the nonpolar regions (Figure 1) at surfactant concentration  
~10-3 wt.% but when the surfactant solution was replaced by 
pure artificial seawater, adhesion returned to about 40% of its 
original value. The hydrophilic regions however, were not 
affected by the surfactant. Adsorption /desportion cycles were 
repeated for ~10 hours. These maps show the importance of 
nonpolar regions on overall wettability of natural samples. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Evolution of the adhesion force on a (25 µm)2 area; (a), (c) 
and (e) were obtained in seawater with no surfactant present 
whereas (b), (d) and (f) were imaged under the nonionic 
surfactant at a concentration ~10-3 wt.%. Scale bars at right  
represent adhesion force: pale blue, 0 nN to pink, 1.5 nN.  
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Indium-enriched, late Variscan Permo-Carboniferous 

pneumatolytic and hydrothermal Zn-Sn(-Cu) greisen- and 
skarn-type and Zn-Sn-Cu-Pb(-Ag-Au) base metal sulfide vein- 
and vein-like stockwerk metasomatic zone-type mineralization 
in the Erzgebirge-Krušné hory (D, CZ) metallogenic province 
(e.g., Geyer, Pöhla, Freiberg, Marienberg) show spatial and 
temporal relationships to postcollisional (post-type Eibenstock 
granite) Li-F small intrusion granites/rhyolites and mantle-
derived lamprophyres [1] [2]. The emplacement of fluid-
enriched lamprophyric and F-rich rhyolitic intrusions at the 
same time is probably associated with decompression melting 
of updoming asthenosphere which is possibly associated with a 
mantle plume [1] [3] [4]. Fe-rich sphalerite with typical 
chalcopyrite-diseases and near chondritic δ34S is the main host 
mineral of high In and Cd concentration (up to 1 wt.% In, up to 
0.8 wt.% Cd) [2] [5]. High-T fluid inclusions in associated 
cassiterite (TH up to 690°C) and quartz (TH up to 500°C) 
indicate also a link to mantle-derived fluids [5] [6]. 

Rare metal-rich fumarolic fluids of the Kudryavy andesite-
basalt volcano (Kuril Island Arc, Russia) with a maximum 
temperature of 870°C deposit subduction melt-derived 
mineralization with Cd-In sulfides [7], Pb-Bi sulfosalts 
enriched in Sn and In [8] and Cd-Pb-Bi sulfosalts [9]. Indium 
contents of gas condensates from stationary degassing 
Kudriavy volcano (Kuriles) ranges from 3 to 50 ppb (400–
870°C), while it reaches 112 ppb in 900°C gas at post-eruptive 
degassing on Gorely volcano (Kamchatka) [10] and 202 ppb in 
1030°C magmatic gas condensates from basaltic melt at 2012–
13 Tolbachik eruption (Kamchatka). 
 
[1] Seifert (2008) Metallogeny of Lamprophyres. IOS Press [2] 
Seifert & Sandmann (2006) Ore Geol Rev 28, 1-31 [3] Seifert 
(2012) 34th Intern Geol Cong, Brisbane, 2082 [4] Seifert 
(2014) Geophys Res Abstr 16, 11974 [5] Seifert (1994) 
Dissertation TUBA Freiberg, DHS 2332 [6] Seifert et al. 
(1992) N Jb Miner Abh 165, 65-81 [7] Chaplygin et al. (2004) 
Zap Vses Min Obsh 133, 21-27 [8] Yudovskaya et al (2008) 
Geol Ore Dep 50, 551-555 [9] Chaplygin et al (2005) Can 
Mineral 43, 695-701 [10] Chaplygin et al (2015) Dokl. Earth 
Sci., submitted 
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Arsenic contamination of groundwater is of widespread 
global concern, with hazardous societal impacts as well as 
impacts on ecologies and natural capital. The association of 
arsenic with mining operations worldwide is a further concern 
that has received relatively little public attention. Gold mining 
operations in Bakyrchik (Kazakhstan), based on extraction 
from arsenic bearing sulfide minerals, lead to the formation of 
arsenic-bearing waste. The high As content of the residuum 
poses potential environmental problems associated with waste 
disposal and acceleration of the natural processes of As 
mobilization. Speciation of As in water is a crucial step in 
understanding its biogeochemical behaviour and fate in mining 
influenced environment. This study is the first attempt to 
investigate speciation of As in the water bodies in the vicinity 
of the Bakyrchik gold mine. 

We collected water samples from local creeks, mine shaft 
and pit lake during a field campaign in summer 2013. Arsenic 
speciation analyses were carried using a HPLC-ICP-MS 
system. Determination of the total dissolved As and other 
elements were conducted on a PerkinElmer SCIEX Elan DRC 
II quadrupole ICP-MS. A Thermo-Dionex ICS3000 Ion 
Chromatography system was employed for the determination 
of anions. 

Five As species were determined in local water bodies: 
As(III), AsB, DMA, MMA and As(V) with the predominance 
of the latter. A significant amount of As (III) was found in 
some surface water samples ranging from 14.03% to 28.55%. 
An observed As species distribution can be drawn as: As(V) > 
As(III) > AsB > DMA > MMA. A variability in As species 
concentration across the narrow pH and Eh range demonstrates 
that neither pH nor Eh determine speciation of dissolved As 
and the role of biochemical processes is significant in the study 
area. PHREEQC geochemical code has been used to 
determine the saturation indices of the waters with respect to 
relevant minerals. The data obtained will be used to construct a 
geochemical model of As in the solid-water system of the 
Bakyrchik area, identifying the key chemical reactions 
controlling the mobility of As at the Bakyrchik deposit. 
Ultimately this will provide a scientific basis for any future 
remediation programme of this type of ore deposit, applicable 
both nationally and globally. 
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The Cenozoic is characterized by a long-term cooling and 

expansion of continental ice sheets over the past 50 Myrs [1]. 
The Late Miocene cooling (~7 Ma) and subsequent major 
Northern Hemisphere Glaciation (NHG) (~3 Ma) during the 
Pliocene were major transitions in climatic evolution of the 
late Cenozic. Recent reconstructions indicate that a long-term 
decline in pCO2 was a key driver of global cooling and major 
glaciations in the Cenozoic [2-4]. However, the exact role of 
CO2 in driving the final Cenozoic glaciations remains unclear 
as proxy records suggested that temperature and pCO2 may be 
decoupled during part of the last 12 Myr [5]. In this study, we 
refine the alkenone paleo-pCO2 barometer, revise previously 
published Miocene to present pCO2 datasets [4] [6] [7], and 
provide additional records that are continuous at a given site in 
late Miocene. Our refined CO2 record reveals that, although the 
change was subtle, strong coupling of pCO2 and climate has 
persisted over the last 10 Myr. Causes of the long-term 
drawdown of pCO2 remain unknown but it could have been 
related to intensification of mountain erosion [8] and/or the 
ocean cooling [9]. 
 
[1] Zachos et al. (2001) Science 292, 686-693. [2] Kürschner et 
al. (2008) Proc. Natl. Acad. Sci. USA 105, 449-453. [3] Pagani 
et al. (2011) Science 334, 1261-1264. [4] Seki et al. (2010) 
Earth Planet. Sci. Lett. 292, 201–211. [5] LaRiviere et al. 
(2012) Nature 486, 97-100. [6] Pagani et al. (2005) Science 
309, 600-603. [7] Pagani et al. (2010) Nature Geosci. 3, 27-30. 
[8] Herman et al. (2013) Nature 504, 423-426. [9] Lear et al. 
(2003) Earth Planet. Sci. Lett., 210, 425-436. 
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The contents of halogen and their relative abundance are 
highly informative when discussing the petrogenesis of mantle 
materials, because halogens differ in volatility from element to 
element. Among the halogens, especially, iodine is important 
element in discussion of the geochemical circulation in the 
earth’s surface, oceanic crust, continental crust, and mantle [1]. 
There has been a limitation for the geochemical discussion of 
halogens due to the scarcity of reliable data for terrestrial rock 
samples. This deficit must be largely due to the difficulty in 
determining trace amounts of halogens in these samples. 
Recently, we have improved the radiochemical neutron 
activation analysis (RNAA) procedure for trace amounts of 
halogens (Cl, Br and I) [2]. 

In this study, mantle xenolith samples were analyzed by 
our RNAA procedure. The magma source of the mantle 
xenoliths analyzed in this study was from >60 km in depth. We 
demonstrate the data for three halogens in ten mantle xenolith 
samples. The nine samples were from South Africa and the one  
from Canada. The eight samples mainly consist of olivine  and 
pyroxene, and the two include garnet.  

Halogen abundances which are normalized to CI chondrite 
values can classify the ten mantle xenolith samples analyzed in 
this study into two groups (the samples including garnet and 
those consisting of olivine and/or pyroxene). In the latter 
samples, absolute abundances of iodine are higher than those 
of chlorine and bromine within a half order of magnitude. In 
the one in the former samples, the iodine abundance is higher 
than chlorine and bromine abundances by about two orders of 
magnitude, while in the other sample chlorine abundance is 
highest among three halohens.  

 
[1] Deruelle et al. (1992) EPSL 108, 217−227. [2] Sekimoto & 
Ebihara (2013) Anal. Chem. 85, 6336-6341. 
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Problem 
The study area- Pallikaranai wetland is amongst the few 

and last remaining natural wetlands of South India is 
contaminated by leachate coming from ‘perungudi dumpsite’ 
(4500 tonnes/day of solidwaste). The wetland soil and aqueous 
ecosystem includes 337 rare flora and fauna.  

 
Hypothesis for Sustainable Treatment 
A novel technique of combining the ‘nanocrystalline 

zerovalent iron(ncZVI) mediated redox technique’ with 
‘Fenton’s advanced oxidation process’ was attempted. The 
new hypothesis recycles the iron between two reactions, makes 
the treatment sustainable.  

Approach 
The innovative hypothesis was investigated in batch and 

column studies to ensure the applicability. A pilot scale 
Modified PRB was designed and tested at all segments using 
Chemical Speciation Approach (CSA) to study fate of ncZVI, 
Cr(VI) and phenol. XRD, FTIR, EDAX was also done. Based 
on this, ‘Field Level PRB using ncZVI’ was designed. 

Advantages of Modified PRB 
Single sustainable treatment system for heavy metal, 

organic matter removal by (i)having no iron ions in outlet 
stream (ii)meeting hypothesis, elongates PRB’s life span 

Stepwise CSA eliminates PRB’s uncertainties and ensures 
practical applicability and environmental implication 

Eco-friendly remediation for Pallikaranai Wetland, thus 
save the habitats related to it. 
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Sulfur plays a critical role in the formation of most mineral 
systems. The source of sulfur in orogenic gold systems has 
been controversial. [1] emphasise metamorphic devolatilisation 
of sedimentary rocks in greenschist to amphibolite facies as a 
primary source of sulfur. Conversely, [2] prefer a mantle 
source and exclude the presence of crustally derived sulfur in 
Archean orogenic systems mainly on the basis of an apparent 
lack of mass independent fractionated sulfur (Δ33S). 

The Neoarchean Paulsens orogenic Au system in the 
Hamersley Basin of the northern Capricorn Orogen, Western 
Australia, is situated within a sequence of mafic volcanic and 
sedimentary rocks, primarily black graphitic shale with fine 
interbeds of siltstone and minor sandstone lenses. 
Mineralisation is lithologically bound by the Paulsens Gabbro 
and exists in massive pyrite and as free gold associated with 
massive pyrrhotite and graphitic stylolites. 

Sulfur isotope analysis by fluorination was performed on 
pyrite and pyrrhotite bearing samples that were selected to be 
representative of the overall diversity of mineralisation in the 
deposit. We report Δ33S values of between 0.215 and 0.448, 
Δ36S values of between -1.01 and -0.03 and δ34S values of 
between -0.027 and 0.720 (reported in permil relative to 
Vienna Canyon Diablo Troilite ,V-CDT). 

Even if a mantle component cannot be ruled out, these data 
clearly show that crustally derived sulfur – most likely 
Archaean sedimentary pyrite [3] - plays a crucial role in the 
formation of the Paulsens orogenic system It is unclear 
whether the primary source is locally derived by nearby black 
shale hosted pyrites or from other deeper and not exposed 
sulfur resrvoirs. 
 
[1] Phillips & Powell (2010) Met. Geol. 28, 689-718. [2] Xue 
et al (2013) Geology 41, 791-794. [3] Farquhar et al (2010) 
Econ. Geol. 105, 509-533 
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Sanukitoids are Mg-rich, Late Archaean granitoids, which 
are interpreted to have formed by the interaction of crustal and 
mantle melts possibly in a subduction zone setting. 
Geochemically and chronologically they seem to represent the 
transition between the tonalite-trondhjemite-granodiorite series 
rocks predominant in the Archaean and the modern-style, 
subduction-related magmatic suites. Studying their formation 
conditions can therefore provide important insights into the 
geodynamic processes shaping the cratonic crust in the Late 
Archaean.  

We present a combination of phase equilibria and trace 
element modelling to study the melting conditions and 
protolith sources, which best reproduce the characteristic major 
and trace element concentrations of sanukitoid melts (high 
Mg#, V, Cr and Ni but enriched in LILE). After comparing our 
model to results from experiments for validation, we explore 
the formation conditions and melt sources for sanukitoids of 
two localities: the Amazonian craton and the Superior 
Province. Mixtures of 70% crustal melt (TTG) and 30% 
relatively undepleted peridotite are most favourable to 
reproduce major and trace element characteristics of 
granodioritic sanukitoids (62-67 wt.% SiO

2

). The P-T 
conditions of melting vary significantly with the composition 
of the crust-mantle mixture but range within 1100-1250 °C and 
2.0-3.2 GPa generating relatively high melt fractions between 
50-65%. Less differentiated sanukitoid melts (49-53 wt.% 
SiO

2

) can result from either 50/50 or 70/30 crust-mantle 
mixtures, depending strongly on the composition of the TTG 
source. The addition of small proportions of carbonatite can 
account for the elevated concentrations of Ba, Sr, P, Eu and 
LREE in most sanukitoids of the Superior Province. 

 In contrast to mere trace element models where the degree 
of melting and the P-T conditions are poorly constrained, the 
combination with phase equilibria calculations allows for a 
better-defined model that is consistent with formation 
conditions in the subcratonic lithospheric mantle or possibly a 
mantle wedge. 
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Caprock integrity is one of the most important factors 

regarding the long-term safe underground storage of CO2 in 
saline aquifers.  As a result of geochemical reactions among 
the caprock mineralogy and CO2 saturated pore water, the 
physical properties of caprock such as porosity, permeability 
and tortuosity may change, which could affect its sealing 
capacity.  Due to the commonly high clay mineral content of 
caprocks, the reactivity of these minerals should be well-
studied in CO2 saturated reservoir conditions. 

The main aim of the present study is filling the gap of 
experimental results in order to understand better the 
geochemical behavior of CO2 – brine – clay mineral system.  
For this reason, 1-2 weeks long laboratory experiments and 
geochemical modeling were carried out under reservoir 
conditions (70-180 bars and 85-100 °C) using international 
illite (IMt-1), kaolinite (KGa-1b) and Na-montmorillonite 
(SWy-2) standards.  The resulting solid phases were examined 
by ATR-FTIR and XRD, whereas the fluid compositions were 
measured by ICP-AES.  For comparison, control samples were 
also studied the same way as the CO2-exposed samples. 

The experimental results indicate rapid and total 
dissolution of carbonates, initially present in the samples, and 
slight increase in the amount of smectite in the CO2-treated 
samples.  Furthermore, the experienced shift of initial d001 
spacing by about 1 Å in smectites (XRD) could be the result of 
both Ca-exchange and/or CO2 incorporation into the interlayer. 
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The meta-ophiolitic rocks exposing on the Kazdağ Massif 
are mainly composed of metagabbro, metadünite, 
metapyroxenite and serpentinite. The U-Pb zircon 
geochronology and trace element analyses have been applied 
to meta-ophiolitic rocks from the Kazdağ Massif. Although it 
is difficult to link the formation time of zircon to geological 
and metamorphic processes, there are many of the 
morphological and geochemical criteria of zircon such as the 
external and internal structure the Th/U ratio, distinct REE 
characteristics, the Ti-in-zircon thermometry, which help in 
unraveling the petrogenetic information. Trace element 
geochemistry of zircons from three meta-gabbros indicate that 
these zircons have high Th/U (0.18-1.34) ratios, high (Sm/La)N 
and Ce/Ce*values, low La content, and strong negative Eu and 
positive Ce anomalies, which are commonly see in magmatic 
zircons. The chondrite-normalized rare earth element (REE) 
patterns are consistent with magmatic zircons. Zircons from 
meta-gabbros have mostly oscillatory zoning. The calculated 
average Ti-in-zircon temperature for zircons is 730 0C and 
consistent with magmatic zircon crystallization temperatures. 
Thus, zircon geochemistry textural characteristics indicate a 
magmatic origin.  LA-ICPMS 206Pb/238U concordia ages from 
magmatic zircons range between 69 and 72 Ma, which is 
interpreted as a magmatic crystallization age of meta-gabbros. 
The meta-ophiolitic rocks were emplaced either from the 
İzmir-Ankara suture zone to the south or from the Intra-
Pontide suture zone to the north. 

 
This study was supported by TUBITAK project ÇAYDAG 

110Y281 and 2219 National Postdoctoral Research 
Scholarship Programme 
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The evolution of δ18O of seawater over geologic time has 
been repeatedly assessed by studying the ancient rock record. 
Dispute remains over whether ocean δ18O is buffered at 0 ± 
2‰, and is practically invariable [1], or evolved from very low 
values like -13‰ to the present value over geologic time [2]. 
Here we present the first geochemical mass balance model for 
evolution of both δ18O and δ17O of seawater over time. 

Modern seawater has δ18O of 0‰ and Δ17O of -5ppm [3] 
(Δ17O is defined relative to a line with slope 0.5305 and zero 
intercept [4]), whereas the Earth mantle has δ18O = 5.6‰ and 
Δ17O = -101 ± 2 ppm [4]. The oxygen isotope composition of 
seawater is controlled by high- and low-temperature 
interactions with oceanic and continental crust. We have 
analyzed high- and low-T altered oceanic crust samples from 
the DSDP/ODP Hole 504B and IODP Hole U1383C. 
Hydrothermally altered dolerites from the sheeted dike 
complex have δ18O =  4.6 ± 0.1‰ and Δ17O = -49 ± 7 ppm, 
whereas low-T altered basalts from the uppermost crust have 
δ18O = 10.7 ± 0.4‰ and Δ17O =  -130 ± 6ppm. 

We use these data for box modeling of present and past 
oxygen fluxes between the different reservoirs. Using modern 
flux values from [1] and [2] we obtain, within uncertainty, the 
present-day seawater values for ice-free world: δ18O = -1.5‰ 
and Δ17O = -5ppm. The model yields δ18O  = -11‰ and an 
increased Δ17O = 62ppm if the high-T alteration is switched off 
(i.e., much lower high-T to low-T alteration ratio than today; 
cf. [2]). We will discuss the results with respect to changing 
δ18O of ancient chemical sediments [5] and suggest possible 
reasons for these changes. 
 
[1] Muehlenbachs (1998) Chem. Geol. 145, 263-273. [2] 
Jaffres et al. (2007) Earth-Science Rev. 83, 83-122. [3] Luz & 
Barkan (2010) GCA 74, 6276-6286 [4] Pack & Herwartz 
(2014) EPSL 390, 138-145. [5] Sengupta et al. (2014) 
Goldschmidt Conference, abstract 2248. 
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Iron precipitates formed by Fe(II) oxidation at aquatic 
anoxic-oxic boundaries profoundly influence the fate of Fe and 
other major and trace elements. We found that Fe(II) oxidation 
at high phosphate concentrations induces the precipitation of 
amorphous (Ca-)Fe(III)-phosphate, and that other Fe(III)-
precipitates only form in phosphate-free (or depleted) solution 
[1-3]. Here we report recent results on the composition and 
structure of amorphous (Ca-)Fe(III)-phosphate formed in the 
absence and presence of Ca under environmentally relevant 
conditions [4]. Fe(III)-precipitates were synthesized by 
oxidation of 0.5 mM Fe(II) at initial molar P/Fe(II) [(P/Fe)init] 
ratios from 0 to 2 in aerated 8 mM NaHCO3 or 4 mM CaCO3 
electrolyte adjusted to pH 7.0 with CO2 gas. After 4 h, 
unfiltered and filtered solutions and precipitates were collected 
for analysis. 

Above a (P/Fe)init of ~0.5 in Na and ~0.8 in Ca electrolyte, 
Fe(II) oxidation led to exclusive formation of (Ca-)Fe(III)-
phosphate with maximum precipitate P/Fe ratios of ~0.7 in Na 
and ~1.1 in Ca electrolyte. Fe K-edge XAS revealed that Ca 
not only enhanced phosphate uptake per Fe, but also induced 
partial formation of Ca-Fe(III)-phosphate polymers with 
enhanced edge- and corner-sharing Fe-Fe linkage relative to 
Fe(III)-phosphate polymers that also form in Ca-free 
electrolyte. Trends in precipitate composition, Ca K-edge XAS 
and FT-IR data also indicated formation of Ca-phosphate 
polymers at high phosphate concentrations in the Ca 
electrolyte. Overall, our results show that amorphous basic 
(Ca-)Fe(III)-phosphate formed by oxidation of dissolved Fe(II) 
can be described as mixtures of different polymer types whose 
fractions vary with solution chemistry. This conceptual model 
serves as a basis for a more detailed understanding of 
variations in Ca-Fe(III)-phosphate composition and structure 
as a function of solution chemistry and of major and trace 
element uptake by amorphous (Ca-)Fe(III)-phosphate in 
environmental systems. 
 
[1] Voegelin et al., Geochim. Cosmochim. Acta 74: 164, 2010. 
[2] Kaegi et al., Geochim. Cosmochim. Acta 74: 5798, 2010. 
[3] Voegelin et al., Geochim. Cosmochim. Acta 117: 216, 
2013. [4] Senn et al., in review. 
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Sedimentary carbon isotope values (δ13C) of bulk organic 

matter and long chain (C25 to C35) n-alkanes are among the 
most long-lived and widely utilized proxies of organic matter 
and vegetation source. The carbon distribution (e.g. average 
carbon chain length, ACL) and isotope signature from long 
chain n-alkanes had been intensively used because they are 
less influenced by diagenesis, differential preservation of 
compound classes, and changes in the sources of organic 
matter that otherwise complicate interpretations of bulk δ13C 
values (e.g. [1]). Recently, studies of modern plant n-alkanes 
have challenged the use of carbon distribution and carbon 
isotope signature from sedimentary n-alkanes as realible 
indicators of vegetation and climate change [2-4]. 

The climate in central-south western South America (SA) 
is projected to become significantly warmer and drier over the 
next several decades to centuries in response to 
anthropogenically driven warming (Intergovernmental Panel 
on Climate Change, 2013). Paleolimnological studies along 
western SA are critical to obtain more realistic and reliable 
regional reconstructions of past climate and environments, 
including vegetation and water budget varaibility. Here we 
discuss bulk δ13C, distribution and δ13C n-alkanes from a suite 
of ~40 lake surface sediment samples spanning the transition 
from a Mediterreanean climate with a patchwork of cultivated 
vegetation, pastureland, conifers in central Chile to a rainy 
temperate climate dominated by broadleaf decidous and 
evergreen forest. Data are compared to the orographic climatic 
trends of the Andes, as well as to other climate data. 

 
[1] Pancost & Boot (2004) Mar. Chem. 92, 239-261. [2] 
Diefendorf et al. (2010) PNAS 107, 5738-5743. [3] Diefendorf 
et al. (2011) GCA 75, 7472-7485. [4] Bush & McInerney 
(2013) GCA 117, 161-169. 
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The Sm-Nd investigations steadily employ new minerals-
geochronometers. Of these, sulfides of PGE-bearing layered 
intrusions are quite important in terms of dating the process of 
ore origin. Studying the REE distribution in the sulfides of 
MOR hydrothermal sources has shown possible REE presence 
in the sulfide lattice [1]. These are difficult to carry out 
because the concentrations of Sm and Nd isotopes in sulfides 
are much lower than those in chondrites [1]. 

For the first time in Russia with sulfide and rock-forming 
minerals and WR in Sm-Nd method have been dated 
impregnated and brecciform ores of the following objects - 
Pilguyarvi Cu-Ni deposits, Pechenga (1965±87 Ma); 
impregnated (2433±83 Ma) and redeposited (1903±24 Ma) 
ores of Ahmavaara intrusion (Finland); ore gabbronorites of 
Penikat PGE-bearing layered intrusion (2426±38 Ma [2]); Pt-
Pd gabbro-pegmatite ores (2476±41 Ma, which agrees well 
with the U-Pb zircon age - 2470±9 Ma [3] and gabbronorites 
(2483±86 Ma) of  PGE Kievei deposit and Fedorova Tundra 
metagabbroids  (2494±54 Ma); Monchetundra gabbronorites – 
2489±49 Ma.  

In [4] sulfides from two metamorphosed chondrites were 
studied by instrumental neutron activation analysis (INAA) 
and ion probe. As shown, the level of REE in the sulfide phase 
determined by the ion probe is quite similar to that obtained by 
INAA. Although the concentrations of REE in the enstatite and 
the Fe, Si, Cr-rich inclusions are comparable to those in 
sulfide, estimates based on mass balance calculations show 
that the silicate inclusions would not noticeably contribute to 
the REE budget in sulfides [4]. 

 
These studies were supported by the RFBR 13-05-00493, 

OFI-M 13-05-12055, Presidium RAS Program (PRAN-5), 
IGCP-599. 
 
[1] Rimskaya-Korsakova et al. (2003). J. Analit. Chem. 58. 9. 
975-979. [2] Serov et al. (2014). Litosphere. 4. 11-21. [3]  
Bayanova T.B. (2004). S.Pb. Nauka. 174 p. [4] Kong et al. 
(2000). EPSL. 177. 1-7.  
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In most rocks, uranium and thorium are concentrated in 

favorable crystallographic sites in few accessory minerals such 
as zircon. These minerals are submitted to intense self-
irradiation that can lead to amorphization. Irradiation also 
modifies their host minerals. Here, we focus on euxenite 
[(Ca,Fe,Y,REE,Th,U) (Ti,Nb)2 O6] crystals associated with 
zircon, monazite, and xenotime in rare-metal-rich pegmatites 
from southern Norway (Iveland-Evje) [1]. Swelling of euxenite 
crystals in response to radiation damage resulted in the 
development of a network of cracks in the rock. Euxenite 
crystals [10 wt% UO2; 3 wt% ThO2] are amorphous and 
partially altered into a silica-bearing [1 wt% SiO2] euxenite 
and into pyrochlore, that attest to alteration at low temperature 
in the presence of a fluid phase. FIB preparation for TEM 
study performed within unaltered and altered euxenite 
domains, show distinct amorphous structures. The unaltered 
domains are densely and homogeneously speckled with both 
spherical nano-voids, a few nm to 50 nm in diameter, and U-
rich nano-domains, 1-50 nm in range. STEM-EELS and 
EFTEM analyses prove for the first time that these voids are 
filled with Helium. Radiogenic He was formed by 
desintegration of U and Th and accumulated within euxenite 
crystals during 915 Ma (3.44x1020α/g, i.e. 2.3 mg/g He in 
euxenite). In the altered domains nano-voids are absent; in 
contrast, the presence of nano-pores acts for alteration by 
fluids. During alteration, He is mobilized by fluids and 
transferred into the rocks through cracks and grain boundaries. 
The coalescence and preservation of radiogenic He in bubbles 
demonstrates that He diffusion is non-uniform in such 
metamict structure. Diffusion depends on the structural state of 
the mineral; it may be enhanced by radiation damage but also 
slown down by the presence of bubbles that can act as trap for 
He atoms. Chemical alteration, on the contrary redistributes 
He, which may be incorporated in other minerals and 
completely disturb U-Th/He dating. 
 
[1] Seydoux-Guillaume et al. (2015) EPSL, 409, 43-48. 
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Advances over the last twenty years greatly refined our 
understanding of the structure of hyperextended magma-poor 
margins. However, the mechanics of rifting and resultant 
thermal effects on continental crust are still not fully 
understood. The multi-phase model of Lavier and Manatschal 
[1] accommodates lithospheric extension via spatially offset 
crustal and mantle strain, producing depth-dependent thinning 
along ductile shear zones and exhumation of subcontinental 
mantle. Lower-crustal reheating of the upper plate is a 
predicted thermal consequence, but data to test this hypothesis 
are lacking.  

LASS-ICPMS depth profiling of U-bearing accessory 
phase geo/thermochronometers offers a new approach to 
resolve the thermal history of amphibolite to granulite facies 
lithologies, typically outside the thermal sensitivity range of 
conventional thermochronology. Here we integrate zircon, 
rutile, and apatite geo- and thermochronometry with 
geothermometry to provide time-temperature constraints on a 
Mesozoic fossil hyperextended rift margin in Corsica, where 
upper-crustal tonalites and lower-crustal gabbronorites are 
juxtaposed along the ductile Belli Piani Shear Zone (BPSZ)  
[2]. Zircon U-Pb ages from the entire crustal section record 
primary igneous crystallization between 275-300 Ma, while 
165-210 Ma metamorphic overgrowths are present in lower 
crustal zircons. The latter ages indicate that the margin reached 
temperature conditions sufficient for zircon saturation and 
growth, and coincide with out-diffusion of Zr from resorbed 
garnets. Ti-in-zircon thermometry yields temperatures of 
~700°C (+/- 20°C) in the hanging wall and ~800°C (+/- 60°C) 
in the footwall, supporting activity of the BPSZ during Jurassic 
rifting. Apatite and rutile show ~200 Ma cores with ~150 Ma 
rims consistent with zircon overgrowth ages and feature 
rounded [Pb] profiles attributed to thermally-activated volume 
diffusion at temperatures above 400°C. Inverse modeling [3] 
yields a two-stage cooling path with initial fast cooling from 
>700°C at 200 Ma to 500°C at 160 Ma followed by slow 
cooling to 400°C by 130 Ma. 
 
[1] Lavier & Manatschal (2006) Nature 440, 324-328. [2] 
Beltrando et al. (2013) Lithos 168-169, 99-112. [3] Smye & 
Stockli (2014) EPSL 408, 171-182. 
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In extreme environment such as hypersaline lakes lacking 
oxygen, arsenic (As) offers an alternative to oxygen or sulfate 
for microorganisms to survive. Phylogenetic studies indicate 
that microbial As metabolism is ancient and may have 
emerged prior the Archaea/Bacteria split more than 3.4 billion 
years (Ga) ago. Although the antiquity of the As(III) oxidation 
as a bioenergetic mechanism has been suggested a decade ago, 
no support for As-based life has been found in Archean rocks 
until now.  

Here, we present the results of the study of the distribution, 
inter-element correlation and speciation of arsenic in  
2.7 billion years old stromatolites from the Tumbiana 
formation (Pilbara, Australia) at different scales, from the cm- 
to the nm-scale using a combination of Synchrotron Radiation 
X-ray Microfluorecence (SR-µXRF), Synchrotron Radiation 
X-ray Absorption Near-Edge Structure (SR-µXANES) and 
Raman spectroscopy. 

Although, the distribution of As is governed by the 
remobilization and concentration as nugget-type features 
caused by diagenesis and metamorphism, we identified 
microbial carbonaceous remains composed almost exclusively 
of As. We associated this distribution pattern to the occurrence 
of a complete As cycle at this site, with As(III) oxidation and 
As(V) reduction by microbes living in permanently anoxic 
conditions. These results also suggest that a complete As 
cycling could have been present in marine environments 
several hundred millions years before the Earth’s oxygenation.  
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Saranovsky chromite deposit (Middle Urals) is known for 
its chromium hydrothermal minerals [1]. The belt of cromite-
bearing layered intrusions forms part of Kvarkushsky 
anticlinorium [1] [5]. Dunites zircon age varies from 1756 up 
to 464.1 and 305,3 Ma in Southern and Northern massifs, 
correspondingly [3]. Carbonate veins containing different 
silicate and ore minerals are considered to be the result of 
diabase dykes injection into ultramafic body [1]. 

8 mineral monofractions (Rb-Sr) and 4 monofractions 
(Sm-Nd) were studied. Samples were taken from rutile- 
dolomite vein, chlorite-titanite-calcite and uvarovite-calcite 
associations on chromite ore and millerite-calcite vein in 
altered diabase, reported in [1] [6]. 

87Sr/86Sr scatter in 4 carbonate samples of different veins 
(calcite, dolomite) from 0.7086 to 0.7171 indicates the ancient 
source of sedimentary carbonaceous rocks. Erochrone 
(MSWD=3,7) for 3 silicate mineral samples (chlorites and 
titanite) has the age of 244.2±4.7 Ma and 87Sr/86Sri (Sri) 
=0.7094. Erochrone of calcite-uvarovite association yields the 
age of 110.9±3.8 Ma and Sri=0.7119. However, recalculation 
of uvarovite Sri at the age of basic zircon formation of 440 Ma 
[3] gives the value Sri=0.7024, which can point to spatially 
adjacent mixed rift-related magmatic source [2]. Obtained 
relations comply to 495 and 178 Ma (titanite-uvarovite 
143Nd/144Ndi=0.511734 and rutile-dolomite 
143Nd/144Ndi=0.511852, respectively).  

By using close in age and genesis formations of Bashkirian 
meganticlinorium and data on vulcanites of Western Ural slope 
[2] [4], we can say that the sources of material and fluid were 
metasomatized pre-cambrian sedimentary rocks as well as 
probably heterochronous rift-related intraplate formations, to 
which Sarany group of massifs belongs. 

 
[1] Ivanov (1997). 123p. [2] Karpukhina et al. (2001) 
Petrology 9(5), 415-436. [3] Krasnobaev et al. Doklady Earth 
Sciences 451(2), 692-697. [4] Krupenin et al. (2012) 
Ezhegodnik-2011, 159, 163–168. [5] Perevozchikov et al. 
(1998) 12-14. [6] Shagalov (2010) 360-362. 
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Iron isotopes have the potential to provide information on 

high pressure and temperature processes that occurred on Earth 
and other planetary bodies. In the past two decades, natural 
samples have been analysed for their iron isotopic ratios, along 
with extra-terrestrial samples and biological samples, and an 
ever-increasing database has emerged. However, what is 
missing is a more methodical understanding of how and why 
these seen fractionations are formed. Experiments are key to 
understanding the mechansims behind the fractionations seen 
in nature and calculated in models as the pressure, temperature 
and compositional space can be interrogated systematically.  

In this study we present how pressure, temperature and 
composition affect the partitioning of iron isotopes between 
metal and silicate.  In particular we focus on whether high 
pressure experiments can explain the enrichment found in 
basalts on Earth and if the light element in the core has left a 
fingerprint on the iron isotopic ratios in the mantle.  

We report new high presure 57Fe NRIXS spectra obtained 
at beamline 16 ID-D (HPCAT) of  the Advanced Photon 
Source, in order to better understand the effect that pressure 
has on iron isotope fractionation. We conducted experiments in 
a panaromic-type diamond anvil cell using 100% 57Fe enriched 
samples. NRIXS spectra were collected by tuning the x-ray 
energy range within ± 120 meV around the 57Fe nuclear 
transition energy. We will present the force constants and 
calculated beta factors for Fe in FeO, Fe3C and FeHx. We find 
that extreme pressure conditions do in fact have an effect on 
the iron isotope fractionation factors and should be considered 
in models used to understand planetary scale iron isotope 
ratios. 

We will also present work conducted in the piston cylinder 
apparatus at 1 GPa focusing on how temperature and 
composition affect iron isotopic ratios. Our new data 
demonstrate that the composition of the metallic alloy 
influences the iron isotope fractionation between metal and 
silicate in the Fe - C, Si or S system. This result implies that 
the amount of light elements in a core should influence the 
extent of equilibrium iron isotope fractionation measured in 
samples of the mantle.  

Our goal is to build up enough of a database so as to be 
able to independently determine the identity of the light 
elements in the core and the physical conditions and 
mechanisms of Earth’s differentiation.  
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The isotopic signature of sulfur compounds in solar system 
materials bears witness to  present and past natural phenomena. 
Sulfur Mass Independent Fractionation (S-MIF) in Archean 
rocks is used to quantify atmopsheric oxygen levels. The 
anomaly is created by sulfur (SO2, SO3) photochemistry at 
short UV wavelengths (< 240nm). However, only a small 
fraction of possible wavelengths have been studied and 
wavelength dependent isotopic photodissociative effects may 
not be calculated a priori. 

 High temporal resolution sulfur isotope data of sulfate in a 
south pole snow pit revealed the presence of large S isotope 
anomalies in a volcanically quiescent time [1]. The presence of 
sulfur isotope anomalies in both stratospheric and nearly all 
tropospheric sulfate aerosols suggests that there are sulfur 
processses occuring that presently are inadequately identified. 
The observed pervasive occurance in the troposphere is 
unexplained at present. The presence of some of the largest 
sulfate anomalies in ice cores during times of no volcanic 
activity requires additional processes, including massive 
equatorial SO2 injections during biomass burning in 
climatically anomalous times, injection of copious OCS, which 
is converted to SO2  in the middle stratosphsere (26 km), or 
both. Altitude (wavelength) may be a contributing factor if 
photochemistry occurs higher.The observed data isotopically 
resides within the Archean cluster in four isotope space which 
may be significant. 

   The role of photolytic wavelength is a key paramter in all 
environments, be they Earth’s present day, Archean, Martian, 
or nebular. Meteoritic sulfur isotopic anomlies are consistent 
with  photochemical proecss(es). The photochemical isotope 
effects as a function of wavelength are indequaetly known, and 
recent work has shown that at very short wavelengths a variety 
of isotopic fractionation effects are observed in H2S, 
additonally illustrating the importance of chemical speciation 
[2]. The recent ice core work [1] has shown that the role of 
differing sulfur compounds and wavlength are both critically 
important, but indequately experimentally resolved. 
 
[1] R. Shaheen et al., PNAS (2014) 111, 11979-83. [2] S. 
Chakraborty et al., PNAS (2013) 110, 17650-55. 
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The Proterozoic, diamondiferous TK4 lamproite of 
southern India is a hypabyssal intrusion, composed of macro- 
and micro-phenocrysts of phlogopite and diopside set in a 
groundmass of diopside, phlogopite, calcite, fluorapatite and 
chromite. Richterite occurs rarely as inclusion in phlogopite 
phenocrysts. Phlogopite shows wide compositional variation 
between the following end-member molecules: phlogopite-
biotite [K2(Mg,Fe)6Si6Al2O20(OH)4], octahedral site deficient 
Ti phlogopite [K2(Mg,Fe)4TiSi6Al2O20(OH)4], eastonite 
[K2(Mg,Fe)5AlSi5Al3O20(OH)4] and kinoshitalite 
[Ba2(Mg,Fe)6Si4Al4O20(OH)4]. Compositional zonation of the 
phenocrysts reveals four stages of phlogopite crystallisation. 
Zone I phlogopite, which is relatively Cr-rich (1.1–2.1 wt% 
Cr2O3) and Fe-poor (4.5–5.5 wt% FeOT), is overgrown by zone 
II phlogopite with 0–1.0 wt% Cr2O3 and 5.3–9.5 FeOT. Both 
the zones show broadly similar values of TiO2 (3.1–5.8 wt%) 
and BaO (<1.1 wt%). Zone III phlogopite overgrows either 
zone I or II and has lower TiO2 (<2.9 wt%) and higher BaO 
(1.5–4.1wt%) contents. The Fe-content of zone III (5.8– 
7.6 wt% FeOT) is higher than that of zone I, but similar to that 
zone II. Zone IV phlogopite mantles on zone III and is Ba-poor 
(0.4–0.8 wt% BaO) and Fe-rich (7.1–9.5 wt% FeOT). Both the 
zones III and IV are Cr-poor (<0.1 wt% Cr2O3) and are 
compositionally similar to groundmass phlogopites. Zone II 
records a decreasing trend of Cr-activity which is attributed to 
co-crystallisation of phlogopite and chromite. Zone I 
phlogopite formed prior to the chromite crystallisation, 
whereas zones III and IV formed after the melt was depleted in 
Cr due to chromite precipitation. The Ba-rich composition of 
zone III phlogopite indicates a period of Ba-enrichment in the 
magma. The wide range of composition and the zonation 
patterns in phlogopites suggest that the mineral was on the 
liquidus throughout the lamproite crystallisation. 
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Atmospheric dust deposition is considered a major source 

of new iron to remote ocean regions. Nonetheless, the low 
solubility of dust-iron severely limits its use by most marine 
phytoplankton.  Recently, we reported that the globally 
important N2 fixing cyanobacterium, Trichodesmium, has 
unique adaptations for capturing and storing dust in the colony 
core, and that it can accelerate dust-iron dissolution rate. Here 
using X-ray synchrotron spectroscopy and microscopy, we 
further examined the interactions between Trichodesmium and 
particulate iron in situ and searched for bio-mediated changes 
in dust particles incubated with natural Trichodesmium 
colonies. Targeting individual particles for Fe L-edge XANES 
spectra, we examined the redox state of seawater Fe particles 
and those in association with the organisms. Examining 
ambient Gulf of Eilat Trichodesmium, we found many Fe-rich 
particles on the colonies, some of which were reduced to a 
different degree. The Fe(II)-rich particles on the colonies were 
distinct from those in seawater that were predominately 
oxidized. Incubating Trichodesmium with dust for 24 hrs, we 
documented gradual centering of Fe-rich particles (Fig. 1) and 
prevalence of reduced Fe particles. In the absence of the 
organism, the dust –iron was oxidized completely within few 
hours. At current we investigate whether the bio-mediated 
redox transformations documented here, result in increased 
dust-iron availability to Trichodesmium.  

 
Fig.1: False color X-ray spectroscopy Fe map overlaid on 

a microscopic image of natural Trichodesmium colony, which 
was incubated with dust for 4 hrs. The red dots are Fe-rich dust 
particles that the colony captured and shuffled to its center. 
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Fluxes of strontium in continental environments, from 

weathering of rocks, through soils and dust formation, to 
accumulation and precipitation in rivers and lakes, have 
traditionally been evaluated using the radiogenic ratio of 
87Sr/86Sr. This ratio is a sensitive proxy for material provenance 
and mixing between strontium sources. The developments in 
mass spectrometry enabled determining minute variations in 
the stable isotopes ratio 88Sr/86Sr (expressed as δ88/86Sr), and 
studying geochemical processes involving fractionation of 
strontium isotopes. Previous studies of the stable and 
radiogenic ratios simultaneously demonstrated their potential 
for quantifying the marine strontium cycle and better 
understanding the global carbon cycle. This study describes an 
attempt of applying the dual strontium isotopes system to 
continental environments.  

Strontium isotopic fractionation was shown in precipitation 
of continental carbonates, producing 88Sr-depleted carbonates. 
The isotopic fractionations were determined to be εcarb-water = -
0.20‰ for oxygenated systems (speleothems and river-tufas) 
and εcarb-water = -0.28‰ for reduced groundwater of high 
alkalinity. The residual solution of the latter was exceptionally 
88Sr-enriched (δ88/86Sr=0.66‰), suggesting that biogenic and 
other processes governing alkalinity have a significant role in 
determining aquatic δ88/86Sr value. 

By drawing mass dependent fractionation lines on a 
δ88/86Sr-87Sr/86Sr dual plot this precipitation effect can be 
differentiated from mixing processes. Thus, the dual plot 
serves as a powerful tool for reconstructing the evolution of 
strontium on the continents. 

 

2856



 Goldschmidt2015 Abstracts  

 2857 

Effect of humic acid on BDE 47 
transport in sand column 

HUIMEI SHAN1, CHONGXUAN LIU12* AND TENG MA1* 
1China university of geoscience, Wuhan, 430074, China 

(shanhuimei1985@163.com; * tengma@cug.edu.cn) 
2Pacific Northwest National Laboratory, Richland, Washington, 

99352, US (* chongxuan.liu@pnnl.gov) 

Hydrophobic PBDEs (Poly Brominated Diphenyl Ethers) 
have been  detected recently as a groundwater contaminant [1] 
[2]. Humic acid (HA) is suspected as an important carrier that 
facilitates moving PBDEs into subsurface environment. In this 
study, we investigated the migration of BDE 47 in presence of 
different HA concentrations in a sand column to provide 
insights into the role of HA in PBDEs migration in porous 
media. BDE 47 solutions (10 ppb) with 0.1 ppm and 1.0 ppm 
HA were pumped into sand columns, effluents were collected 
for measuring BDE 47 concentrations using a recently 
developed, fluorescence-based method [3].  

 
Figure 1. Experimental and modeling results of BDE 47 

transport in a sand column added with 1.0 ppm (a) and 0.1 ppm 
(b) HA solutions. 

 
Experimental and modeling results (Figure 1) collectively 

show that the mobility of BDE 47 increased significantly with 
increasing HA concentrtion. Molecular simulations indicatged 
that BDE 47 hydrophobicity decreased (from 6.64 to 4.03) 
after its interaction with HA by hydrogen bonding or hydroxyl, 
leading to its increased mobility in groundwater. 
 
[1] Yogui, G.T. and Sericano, J.L.,2009. Environ  Int., 35, 655-
666. [2] Levison J. et al., 2012, Hydrogeol J, 20, 401-412. [3] 
Shan Huimei. et al., 2015, J Anal Methods Chem.  
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The Okinawa Trough (OT), located in the Asian 

continental margin, is characterized by thick terrigenous 
sediment and ubiquitous volcanic-hydrothermal activities. In 
this study, the sediments collected during IODP Expedition 
331 to the middle OT were measured for mineralogical and 
geochemical compositions. For discriminating different 
sediment origins, the sediments from the East China Sea shelf 
and surrounding rivers were also determined. The 
hydrothermal sediment in the mid-OT is dominated by Mg-rich 
chlorite, while the recharged area has similar clay mineral 
assemblages with the shelf and rivers, showing high content of 
illite, subordinate chlorite and kaolinite and scarce smectite. 
Compared to the terrigenous clays, the hydrothermal clays in 
the OT have high concentrations of Mg, Mn and Zr but low of 
Fe, Na, K, Ca, Ba, Sr, P, Sc and Ti, while the hydrothermal 
clays in the mid-ocean ridge are relatively enriched in Fe and 
V and depleted in Al, Mg, Zr, Sc and Ti. Different 
fractionation patterns of rare earth elements also register in the 
detrital and hydrothermal clays, diagnostic variable clay 
origins. We infer that the OT hydrothermal clay was 
predominantly formed by the chemical alteration of detrital 
sediments or volcanic rocks subject to the impact of 
hydrothermal fluids. The sediment-starved ocean ridge present 
remarkably different compositions of hydrothermal clays, 
comparing with OT hydrothermal area. Different physical and 
chemical characteristics of hydrothermal fluid and 
rock/sediments may lead to various alteration products in these 
two areas. Based on the morphologic and geochemical 
analyses of bulk samples, anhydrite, chalcopyrite and pyrite 
were widely observed in the hydrothermal deposits, and the 
sulfides and sulfates present different assemblages in various 
depths, suggesting different evolutions of hydrothermal 
activities and interactions between hydrothermal fluids, 
seawater and rock/sediments. 
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The problem of the Earth’s core 
evolution: Evidence from geological-
petrological and paleomagnetic data 

E. V. SHARKOV AND O. A. BOGATIKOV 
IGEM RAS, Staromonetny per., 35, Moscow 119017, Russia 
 

For the first time the problem of the evolution of the 
Earth's core throughout of its geological history is discussed 
using both petrological and paleomagnetic data. It is known 
that the material of modern thermochemical mantle plumes, 
generated at the interface of the liquid iron core and a silicate 
mantle, contains fluid components of the core that are present 
in the products of their adiabatic melting - intraplate basalts. 
Thereafter, the mantle plumes are the only carriers of the core 
material reaching the Earth's surface, and the study of the 
evolution of mantle magmas throughout its geological history 
is a unique source of objective information about the core 
matter and its development over several billion years, 
inaccessible to other methods.  

Because mantle plumes constantly carry out heat and fluid 
components from the core, it cannot survived in primeval state. 
Judging by the composition of mantle-derived magmas, the 
matter of mantle plumes has not been constant. Plumes of the 
first generation, formed by depleted ultramafic material, were 
irreversible changed in the range of ~ 2.35-2.0 Ga by plumes 
of the second generation (thermochemical), composed 
geochemical-enriched matter with isotopic evidence for the 
presence of the core material in the magmas. It was 
accompanied by cardinal reorganization of the planet’s 
geodynamics, and, above, magnetic field strength peaked then. 
We suggest that material of the primordial core was molten at 
that time due to centripetal heating of newly formed planet and 
began generate thermochemical plumes which are the major 
movers of the modern tectonomagmatic processes. 

So, according to data available, evolution of the Earth, 
consistent with the model of heterogeneous accretion of 
material that existed in the early Solar system, and the 
primordial iron core was its embryo. Geological, petrological 
and geochemical data suggest that the composition of this iron 
core was differed from the iron of chondrite origin. Modern 
Earth’s core, very likely, was formed by mixing of the both 
types of iron: matter of primordial core and chondrite origin, 
and it was occurred in the Middle  Paleoproterozoc.. 
.. 
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The link between oxygen fugacity and 
water content of Earth and Moon 

Z. D. SHARP1 
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Both post-Giant Impact accretion and inheritance from 
plantitesimal building blocks have been proposed as the the 
volation source for the Earth and Moon. Long-term 
heterogeneous  models have been constructed where 
continuous addition of volatiles from planetary building blocks 
ultimately sources the Earth-Moon volatile inventory [1]. 
Alternatively, late accretion scenarios are supported by 
isotopic similarities between Earth and chondrites [2] [3]. Why 
the Earth and Moon have such different volatile contents is 
difficult to explain, although stocastic models have been 
proposed [4].  

The process of H2 loss explains many of the volatile-
related observations. Water has long been known to be an 
oxidizing agent in early nebular processes. The f(O2) of the 
Earth-Moon system was low immediately following the Giant 
Impact. At IW-1, hydroxyl (OH-) is stable in basalt melt at 
high pressure, but at low pressures, H2 becomes stable and 
degassing occurs as H2 gas [5]. The combination of low H2 
solubility and rapid diffusion rates explains the near ubiquitous 
anhydrous character of the Moon. Only rapidly quenched melts 
sourced from depth retain high H2 contents, as seen in orange 
glass beads. On Earth, the loss of one ocean's worth of H2 by 
hydrodynamic escape would raise the f(O2) of Earth's mantle 
from IW to FMQ. At that point H2O rather than H2 becomes 
stable and H2 losss becomes self-arresting. This model explains 
the dichotomy between Earth and Moon. Rapid, early 
hydrodynamic escape of H2 also explains many of the isotopic 
'anomalies' observed in other elemental systems. The Cl 
isotope systematics of Mars, Earth and Moon are explained by 
this process. 

 
[1] Rubie, D. C. et al. Icarus 248, 89-108 (2015). [2] 
Alexander, C. M. O. D. et al. Science 337, 721-723 (2012). [3] 
Albarède, F. Nature 461, 1227-1233 (2009). [4] Bottke, W. F., 
et al. Science 330, 1527-1530. [5] Hirschmann, M. M., et al. 
Earth and Planetary Science Letters 345, 38-48 (2012). 
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High spatial resolution measurement by laser ablation ICP-
MS has continuously improved in recent years addressing 
challenges in depth and lateral resolution, especially for 
samples that require precise isotope ratio measurements. Such 
applications would include lead uranium/lead isotope ratios of 
zircon rims and single particle analysis for uranium ratios 
where the isotope ratios of a single laser shot need to be 
measured to the best possible precision. This work will 
describe the latest performance improvements obtained 
following the technique outlined by Cottle, Horstwood and 
Parrish [1] in 2009, highlighting the signal compression and 
fast washout of the latest ESI laser ablation cells, fast peak 
jumping capability of the Nu AttoM single collector ICP-MS 
and the benefits of wide linear range ion counters on the Nu 
Plasma II multi-collector ICP-MS. It will also describe a new 
automated data processing method to improve ease of use 
when obtaining isotope ratios from integrated transient peaks 
compared to the manual processing of data through 
spreadsheets. 
 
[1] John M Cottle, Matthew S A Horstwood & Randall R 
Parrish A new approach to single shot laser ablation analysis 
and its application to in situ Pb/U geochronology J. Anal. At. 
Spectrom. 2009. DOI: 10.1039/b821899d 
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Technetium-99 (Tc-99) is a long-lived radioactive fission 
product (half-life 2.1 × 105 years) present in many spent fuel 
and reprocessing derived wastes. Under oxidizing conditions, 
Tc(VII) is highly soluble and mobile, in contrast, under 
reducing conditions, sparingly soluble Tc(IV) is dominant. 
Fe(II)-bearing nanoparticulate iron oxides (e.g. magnetite) 
have been shown to remove Tc(VII) from solution via  
reductive adsorption or precipitation. However, Tc(VII) may 
be remobilised during reoxidation.  The aim of this study was  
to determine whether Tc-99 could be incorporated into 
magnetite and to explore the effects of oxidative perturbations 
on Tc-99 speciation and solubility.  
 Ferrihydrite was crystallised to magnetite (via addition of 
Fe2+

(aq)) under CO2-free, anoxic conditions in three synthetic 
cement leachates spiked with Tc(VII). The leachates represent 
early (pH 13.1), middle (pH 12.5) and late (pH 10.5) stage 
cement evolution for a cementitious radioactive waste 
geodisposal facility.  After aging, the systems were reoxidised 
with CO2-free air for 152 days. Solution samples were taken to 
determine the partitioning of Tc between the solid and 
solution, and X-ray Absorption Spectroscopy was used to 
characterise Tc associations with the solid phases. 

All Tc(VII) was removed from solution rapidly (minutes) 
upon addition of the Fe2+

(aq), with some oxidative 
remobilisation after 152 days [1]. Analysis of both X-ray 
absorption near edge structure (XANES) and extended X-ray 
absorption fine structure (EXAFS) data indicated that Tc(IV) 
was predominantly incorporated into the magnetite octahedral 
site in all systems studied. On reoxidation in air, the 
incorporated Tc(IV) was recalcitrant to oxidative dissolution 
with less than 40% remobilization to solution despite 
significant oxidation of the magnetite to maghemite/goethite: 
All solid associated Tc remained as Tc(IV). Immobilization of 
Tc(VII) by reduction and incorporation into magnetite at high 
pH and with significant stability upon reoxidation has clear 
and important implications for limiting technetium migration 
under conditions where magnetite is formed, including in 
geological disposal of radioactive wastes.  
 
[1] Marshall et al., Environ. Sci. Technol. 48, 11853–11862 
(2014). 
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99Tc is a long-lived (T1/2=2.13·105 y) fission product (FP) 
of the nuclear fuel cycle (NFC). As a component of nuclear 
wastes it remains a FP of concern for the final disposal option 
in case of uncontrolled FP release. Stabilized as Tc(VII)O4

-, it 
is well soluble, poorly sorbed and hence, highly mobile anion 
in the environment. A number of strategies have been proposed 
to reduce 99Tc mobility by incorporating it into the structure of 
mineral phases ubiquitous and durable in the given 
environment. We have recently demonstrated the incorporation 
of TcO4

- in layered double hydroxides (LDH) that were earlier 
proposed for 79Se and 129I remediation in water treatment 
technology. 

This work is focused on the 99Tc(VII) incorporation into 
Pyroaurite (PyA) and Hydrotalcite (HTC) - Mg-Fe and Mg-Al 
LDHs correspondingly, on simplified CO2- and O2-free 
conditions. Earlier experiments with Re(VII), considered to be 
a chemical analogue for 99Tc(VII), have demonstrated little to 
no uptake of Re(VII). Similar experiments with 99Tc(VII) have 
shown a significant increase in 99Tc uptake on LDHs even in 
the concurrency with CO3

2- ions. Following leaching 
experiments have revealed the irreversible character of 
99Tc(VII)-LDH interaction. Modern spectroscopic methods are 
applied in order to understand how 99Tc is accommodated in 
between the brucite layers of LDHs and whether 99Tc(VII) 
undergoes redox transformation to Tc(IV). This information 
will help to verify, whether LDHs can be used as a host phase 
for 99Tc long-term and safe storage. Additionally, these data 
aquired on controlled conditions can be used for modelling of 
99Tc geochemical behavior in more complex repository 
relevant systems. 

The work is performed in frame of the joint BMBF project 
“Conditioning”. 
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The Ediacaran Doushantuo Formation (635-551 Ma) in the 

northeastern Yangtze Craton, South China, preserves a wealth 
of sedimentological, microstructural, biological and 
geochemical data that shed light on the unprecedented 
phosphogenic events in the terminal Proterozoic. It is 
characterized by a black shale-phosphorite-carbonate sequence 
that deposited mainly in sub-tidal to supra-tidal environments 
within a restricted basin. A variety of biogenic structures 
characterize the most P-rich horizons (P2O5 up to 38 wt%), 
including stromatolites dominated by stratiform and wavy 
form, decimeter to sub-minimeter sized oncoids, and peloids. 
Optical microscopy and Raman microspectroscopy reveals the 
presence of abundant cyanobacteria-like microfossils in these 
structures. Ce anomalies of the phosphorites are variable but 
show a general decrease from ca. 1.0 to 0.6, suggesting overall 
anoxic to suboxic conditions and an increase in the redox 
potential of the seawater. Pyrite framboids are generally absent 
in the most P-rich layers but are abundant in organic-rich chert 
or carbonate. The small mean diameters (3.0-4.5µm) and 
maximum diameters (6.7-9.3 µm) of the framboids document 
the prevalence of dysoxic bottom waters in Doushantuo Basin, 
which might have facilitated phosphogenesis. These P-rich 
horizons pinch out toward deeper water environments in the 
South where euxinic conditions might have prevailed, as 
evaluated from higher sulphide concentrations. δ13C of the 
carbonates range between -6.1 and +5.2 ‰ V-PDB, whereas 
co-existing phosphorites generally have lighter δ13C (-8.4 to 
+1.1 ‰V-PDB), consistent with the profound perturbations of 
marine C cycles tied to redox fluctuations and incorporation of 
remineralized organic matter during phosphogenesis. The data 
suggest that microbially-mediated and Fe-redox pumping of 
phosphorus near the chemocline probably played fundamental 
roles in phosphogenesis. Communities of diverse 
microorgnisms, including cyanobacteria and sulfur 
metabolizing bacteria might have worked in concert to 
promote the cycling of phosphorus and mass production of 
phosphorite in the Doushantuo Basin. 

2864



 Goldschmidt2015 Abstracts  

 2865 

Bitumen Re-Os geochronometer 
constraint on the timing of petroleum 

generation and migration in the 
northern Longmen Shan thrust belt, 

southwest China  
CHUAN-BO SHEN1, DAVID SELBY2 AND LEI PENG1 

1Key Laboratory of Tectonics and Petroleum Resources (China 
University of Geosciences), Ministry of Education, 
Wuhan, 430074, China 

2Department of Earth Sciences, Durham University, Science 
Laboratories, Durham DH1 3LE, UK 

 
Twelve Lower Cambrian bitumen samples and three oil 

samples from the veins along the fault distribution were 
selected for Re-Os analysis to determine the timing of 
tectonism and coupled oil generation in the northern Longmen 
Shan trust belt. The Re and Os abundances of the bitumen 
samples range between 283.3–563.3 ppb and  
4058.2–15347.3 ppt, respectively. The Re and Os abundances 
of the oil samples vary between 7.7–9.6 ppb and  
90.3–127.2 ppt, respectively These values are significantly 
elevated from those of the average continental crust and 
previously reported bitumen samples from both hydrocarbon 
and metalliferous systems, and also the majority of marine and 
lacustrine organic-rich sedimentary rocks (REFS), which has 
also been shown by previous studies [1]. The 187Re/188Os 
values are high and range from ~ 230.7 to 718.4 and the Os 
isotopic composition is radiogenic, with the 187Os/188Os ratios 
between ~ 2.79 and 3.48. Repeat analysis yield similar Re and 
Os concentrations, and 187Re/188Os and 187Os/188Os values. The 
bitumen Re-Os isotope data define two positive correlations. 
One yield a Re-Os date 158 ± 77 Ma with an initial 187Os/188Os 
value of 1.85 ± 0.61 (2σ; MSWD = 76). The remaining 
samples yield a broad trend of ~220Ma with an initial 
187Os/188Os value of 2.09 ± 0.89. Oil generation is a dynamic 
process and it is most likely that the bitumen dyke represent 
multi event of oil influx related to oil generation. The data 
suggest that generation is protracted and also suggested by the 
oil currently migrating today. The Re-Os bitumen 
geochronology was coeval with intense thrust fault movement 
of the northern Longmen Shan thrust belt, which also provides 
a new direct absolute age evidence for the Late Mesozoic 
deformation of the northern Longmen Shan thrust belt. 

 
[1] Selby, D., Creaser, R.A., Dewing, K., et al., 2005, EPSL, 
235: 1–15. 

2865



 Goldschmidt2015 Abstracts  

 2866 

Dark Energy from the Deep 
Hydrosphere and Biosphere 

B. SHERWOOD LOLLAR*1 
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Geochemists have long relied on fluid inclusions, 
microscopic time capsules of fluid and gas encased in host 
rocks and fracture minerals, to access preserved samples of 
ore-forming fluids, metamorphic fluids, and remnants of the 
ancient atmosphere and hydrosphere. Until recently, 
groundwaters were thought to reflect only much younger 
periods of water-rock interaction (WRI) and Earth history, due 
to dilution with large volumes of yournger fluids recharging 
from surface (terrestrial) or mixing from the over-lying oceans. 
The earliest periods of Earth’s fluid history were largely 
thought to have been overprinted by mixing, and/or 
geochemically reset, at least on a macroscopic scale   

Global investigations in the world’s oldest rocks have 
recently revealed groundwaters flowing at rates > L/min from 
fractures at km depth in Precambrian cratons. With mean 
residence times ranging from Ma to Ga [1-2] at some sites, and 
in the latter case, geochemical signatures of Archean 
provenance, not only do these groundwaters provide 
unprecedented samples for investigation of the Earth’s ancient 
hydrosphere and atmosphere, they are opening up new lines of 
exploration of the history and biodiversity of extant life in the 
Earth’s subsurface. 

Rich in reduced dissolved gases such as CH4 and H2 [3-4], 
these fracture waters have been shown to host extant microbial 
communities of chemolithoautotrophs dominated by H2-
utilizing sulfate reducers and, in some cases, methanogens [5]. 
Recent estimates of global H2 production via WRI including 
radiolysis and hydration of mafic/ultramafic rock (e.g. 
serpentinization) show that the Precambrian continents are a 
source of  H2 for life on par with H2 production estimates for 
WRI from the marine lithosphere [4]. To date this extensive 
deep terrestrial habitable zone has been significantly under-
investigated compared to the marine deep biosphere. This talk 
will address some of the highlights of recent exploration of the 
energy-rich deep hydrosphere, and connections to deep 
subsurface life. 
 
[1] Lippmann-Pipke et al. (2011) Chemical Geology 283:287-
296. [2] Holland et al. (2013) Nature 497:367-360. [3] 
Sherwood Lollar et al. (2002) Nature 416:522-524. [4] 
Sherwood Lollar et al. (2014) Nature 516:379-382. [5] Lin et 
al. (2006) Science 314:479-482.  
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Deep saline fracture fluids have been found in billion year 
old rocks throughout the Precambrian shields of Canada, 
Fennoscandia and South Africa - geologic terrains that make 
up more than 70% of the Earth’s continental crust. Noble gas 
studies have provided a range of residence times from millions 
of years for the subsurface fracture fluids in South Africa [1-2] 
to more than a billion years for fracture waters from 2.4 km 
depth in Northern Canada [3]. Dissolved gases in these fluids 
are dominated by methane and higher hydrocarbons, and up to 
mM concentrations of H2, making these environments as H2-
rich as deep sea hydrothermal vents. Production of H2 from the 
Precambrian continental lithosphere has doubled the estimates 
of H2 produced by radiolysis and hydration of mafic and 
ultramafic rock compared to previous estimates that were 
based solely on marine hydrothermal systems [4].  

Currently under investigation are the relative contribution 
and rates of abiotic organic synthesis driven by this H2 supply, 
versus incorporation of H2 into the biological carbon cycle via 
sulphate reducers and methanogens in these deep subsurface 
biomes. The discovery that ancient fluid environments capable 
of supporting life from water-rock reaction and abiotic organic 
synthesis can remain isolated for up to billions of years in the 
Precambrian crust changes our understanding of the extent of 
the Earth’s crust that may be habitable, and the role that such 
potential buried biomes play in preserving, evolving and 
propagating life on planetary timescales.  

 
[1] Lin et al. (2006) Science 314, 479-482. [2] Lippmann-
Pipke et al. (2011) Chemical Geology 283, 287-296. [3] 
Holland et al. (2013) Nature 497: 367-360. [4] Sherwood 
Lollar et al. (2014) Nature 516: 379-382. 
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In total, 22 snowpits/firn cores were sampled to depths of 

100 to 300cm on the traverse from coastal East Antarctica to 
the summit of the ice sheet, Dome A, with varied sampling 
resolution of 1.0-5.0cm. Nitrate concentrations were 
determined for all samples, and for seven pits the isotopic 
composition of nitrate was also measured. The results show 
that nitrate concentration in individual coastal snowpits (with 
distance of ~450km to coast, 6 pits included) varied 
considerably, possibly indicating a seasonal pattern. Together 
with the isotopic composition profiles of nitrate, it is suggested 
that the post-depositional loss of nitrate on the coast is minor, 
and the atmospheric signal appears to be largely preserved. 
The linear relationship between snow accumulation rate and 
concentration or flux of nitrate in coastal snow suggests a 
major nitrate flux of wet deposition, while the dry deposition 
flux was found to be spatially homogeneous on the coast, 
accounting for <44% of total inputs of nitrate. In comparison 
with coastal sites, the inland snowpits (from ~450km to Dome 
A) show a considerable decrease in nitrate concentration from 
surface snow to deeper layers, accompanied by coincident 
increases in δ15N and decreases in δ18O of nitrate. These trends 
suggest a dominant role of photolysis in the post-depositional 
processing of nitrate [1]. At inland sites, a weak relationship 
was found between ‘preserved’ nitrate concentration and snow 
accumulation, indicating more variable conditions in ambient 
concentrations and dry deposition flux of nitrate. However, the 
nitrate flux in inland snow was found to be highly dependent 
on the ‘preserved’ concentration, with snow accumulation less 
influential. The varied patterns of snow nitrate in coastal and 
inland Antarctica suggest distinct preservation mechanisms of 
nitrate in the two regions.  

 
This research was financially supported by NSFC (No. 

41206188). The CHINARE inland members are appreciated 
for sampling assistance. 
 
[1] Shi et al. (2014) Atmos Chem Phys Discuss 14, 31943-
31986. 
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Purpose and Approach 
Heavy nitrogen (N) deposition often generates high nitrate 

(NO3
–) storages in soils in forested ecosystems. In order to 

clarify the sources and transformation pathways of this NO3
–, 

we monitored NO3
– isotope values in deposition processes 

along the canopy–soil continuum of a suburban forest of 
Tokyo, Japan. We used stable isotopes of N and oxygen (O) to 
trace the source and transformation dynamics of NO3

– in two 
types of forest stands: a plantation of Cryptomeria japonica 
(conifer; CJ) and a natural secondary forest of Quercus 
acutissima (broadleaf, deciduous tree; QA). We measured 
NO3

– and ammonium (NH4
+) concentrations, as well as δ15N 

and δ18O values of NO3
–

, in rainfall, throughfall, stem flow, 
litter layer water, and soil waters. Gross mineralization and 
nitrification rates were also measured by the pool dilution 
method using 15N tracers.  

Results and Discussion 
Seasonal variations were found in the δ15N  values of 

throughfall and stem flow NO3
– at both CJ and QA sites, and in 

the δ18O values of throughfall and stem flow NO3
– at the QA 

site. The range in the δ18O values of rain and throughfall NO3
– 

was large (65–70‰) but decreased rapidly to 2–5‰ in soil 
waters. At the QA site, δ18O values of stem flow NO3

–
 

decreased to 40‰ during several rain events, especially in the 
growing season. Atmospheric NO3

– deposition was effectively 
replaced by microbially produced NO3

– mainly in the organic 
(litter) horizon and surface part of the mineral soils under 
excess N deposition in this suburban forest. Gross rate 
observation showed that microbial activity, including both 
immobilization and nitrification in organic-rich horizons near 
the surface, contributed to incorporating atmospheric NO3

– 
quickly into the internal microbial N cycle. Additionally, we 
found evidence of microbial nitrification in the canopy (tree 
surface) of the QA stand in summer. 

2869



 Goldschmidt2015 Abstracts  

 2870 

Fractionation of garnet and 
amphibole of Pre-Komitake prior to 
Fuji and Komitake volcanoes, Japan  

T. SHIBATA1*, M. YOSHIMOTO2, T. FUJII23 AND  
S. NAKADA3 

1Institute for Geothermal Research, Kyoto University, 
Noguchibaru, Beppu, Oita, 874-0903, Japan 
*Correspondence: tomo@bep.vgs.kyoto-u.ac.jp 

2Mount Fuji Research Institute, Fujiyoshida, Yamanashi, 403-
0005, Japan 

3Earthquake Research Institute,The University of Tokyo, 
Yayoi, Bunkyo-ku, Tokyo, 113-0032, Japan     

 
The Pre-Komitake volcano, discovered by drilling into Mt. 

Fuji, is an older volcanic body than Fuji and Komitake 
volcanoes [1] [2]. No detailed research has yet been carried out 
into Pre-Komitake magma genesis. Therefore, we analyzed the 
trace element and Sr-Nd isotopic compositions of the Pre-
Komitake magmas in order to better understand their genesis. 

The Sr-Nd isotope ratios ranged from 0.703320–0.703476, 
and 0.512885–0.513087, respectively, which are very similar 
to those of the lavas from Fuji and Komitake volcanoes [3]. 
The primitive mantle-normalized multi-element diagram of the 
Pre-Komitake, Komitake, and Fuji lavas show island arc lava 
signatures, however, the middle to heavy rare earth elements 
are more depleted in the Pre-Komitake lavas, compared to 
those from Fuji. Positive Eu anomalies are observed, although 
the extents of these anomalies decrease with increasing SiO2 
only in the Pre-Komitake lavas. The Sr/Y ratios of Pre-
Komitake lavas increase from basalt to basaltic andesite, but 
decreases through andesite to dacite. This occurs in 
combination with a rapid increase in La/Yb ratios, followed by 
a more gradual increase. A gradual decrease in Dy/Yb ratios is 
also seen over the entire compositional range. These data 
suggest deep (>12 kbar) fractionation of garnet and amphibole 
followed by shallow (i.e., ~ 5 kbar) fractionation of amphibole 
and plagioclase. Such variations are not observed in the 
Komitake and Fuji lavas, for which deep fractionation of 
clinopyroxene and shallow fractionation of plagioclase have 
been suggested. All three lavas, including those from the Pre-
Komitake volcano, show similar isotopic, major, and trace 
element compositions in the unfractionated basalts. The 
differing geochemical trends found in the Pre-Komitake lavas 
are likely to be due to different mineral fractionations 
occurring in the hydrous Pre-Komitake basalts compared to the 
dry Fuji and Komitake basalts. 
 
[1] Nakada et al., 2004, Chikyu Monthly Special Volume, 48 
[2] Yoshimoto et al., 2010, The Island Arc, 19, [3] Nagai et al., 
2004, Proc. Inst. Nat. Sci. Nihon Univ. 39 
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Introduction 
A small and controled amount of 129I has been released into 

the Pacific Ocean from the Japanese first commertial nuclear 
fuel reprocessing plant of JNFL which is located in Rokkasho, 
Aomori prefecture, Japan. Although the radiation dose from 
the released 129I was negligebly small, the prediction of 
behavior of the 129I is an important theme for public acceptance 
of the plant. Iodine takes various chemical forms in seawater 
and different behaviors depending on the chemical forms. It is 
important for better understanding the transfer of 129I from 
seawater to organisms to know the transfer rate coefficient of 
129I in each chemical form in seawater. We exprimentally 
obtained the transfer rate coefficients of I- and IO3

- for a green 
and a brown alga by using 125I tracer and  report the results 
here. 

Materials and method 
A green alga (Ulva prolifera) and brawn alga (Sargassum 

horneri (Turner) C. Agardh) were exposed to 125I- or 125IO3
- in a 

closed cultivation system. A part of the alga was sequentially 
sampled, and measured for 125I concntration. The concentration 
of 125I- and 125IO3

- in seawater in the system was monitored 
during the experiment period. 

Results 
Concentration of 125I in the samples of both algae exposed 

to 125I-  or 125IO3
- was alomostly saturated within 2 d with the 

higher maximum 125I concentration in the samples exposed to 
125I- than that exposed to 125IO3

-. Since the concentrations of 
125I- and 125IO3

- in seawater were more or less changed with 
time during the experiment period excluding 125IO3

- exposure 
to the green alga, the results were analyzed with a 
compartment model. The transfer rate coefficients of 125I- from 
seawater to the seaweeds were generally larger than those of  
125IO3

-, while those of both 125I-  and 125IO3
- for the brawn alga 

were greater than corresponding values for the green alga. 
This study was performed under a contract with the 

government of Aomori Prefecture, Japan. 
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The Ediacaran-Cambrian transition in South China is 

characterised by high productivity, leading to widespread 
deposition of phosphorite deposits and black shales associated 
with anoxia / euxinia. Trace metal enrichments suggest that 
euxinia was a relatively localised phenomenon, while Mo 
isotopes indicate further that the global extent of anoxic 
seafloor reached its modern day low point during this 
transition. The apparently contradictory appearance of euxinia 
at the same time as global ocean oxygenation, consistent with 
the appearance of the first motile and complex metazoans, 
resists simple explanation, and implies complex redox 
distributions along the Yangtze Platform margins. In this 
study, new and published nitrogen isotope compositions of 
Ediacaran-Cambrian transition (560-520 Ma) strata will be 
presented. δ15N values are seen to be consistent within a 
section but highly variable between sections which implies that 
the source of nutrient ‘fixed’ nitrogen was strongly controlled 
by basin palaeogeography. The development of euxinia on 
margins and intra-platform basins is seen to be dependent upon 
open access to the more oxygenated parts of the ocean due to 
upwelling and/or transgression. In South China, nascent animal 
ecosystems developed on the margins of these more anoxic, 
and largely deeper marine realms.   
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During the process of heap bioleaching, heat is generated 

through oxidation of sulfide minerals. Heaps can be self-
heating, resulting in temperature increases when heat is 
trapped by the surrounding mineral matrix [1]. Ore mineralogy 
and sulfide mineral grade and liberation play key roles in self-
heating heaps. 

A dynamically controlled insulated column, charged with 
ore known to generate ‘hot’ heaps was used to simulate this 
phenomenon. Data from a temperature probe located in the 
center of the ore sample relayed changes in temperature to the 
external column jacket via computer control. Microbial cells in 
column effluent were monitored. Ancillary tests targeted the 
effects of heat on microorganisms, such as iron(II) or sulfur 
oxidation kinetics. The column data were compared with data 
from a test heap furnished with temperature probes. 

Initially, heat generation was slow, the rise in temperature 
trailing behind increases in planktonic cell numbers and 
solution redox potential. The temperature remained stable for a 
period of 28 days before rising rapidly to more than 80 °C. At 
the elevated temperatures cell numbers dropped and microbial 
Fe(II) oxidation ceased. After 7 days at more than 80 °C the 
column was cooled to room temperature. Cell numbers 
increased immediately, with the population present in the PLS 
providing inoculum for further growth. The results are 
discussed with reference to microbial succession, activity and 
heat tolerance, and comparisons made to available industrial 
data.  

 
[1] Watling et al. (2010) Environ. Technol. 31, 915–933.  
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The aim of this study is to characterize the speciation of Zr 

and Hf in supercritical chloride fluids, and to evaluate 
concentration of these metals and Zr/Hf ratio in equilibrium 
with baddeleyite (Zr,Hf)O2 and zircon (Zr,Hf)SiO4. For this 
purpose we chose to study the solubility of baddeleyite  
(0.74 wt.% Hf) as a function of HCl (to 1.5 m) and NaCl (to  
3 m) concentration. The solubility experiments were performed 
at t = 450, P = 0.5 – 1 kbar using gold-lined Ti alloy 
autoclaves. Solid phase (several baddeleyite crystals ~ 1 mm in 
size) was placed in small gold containers, which were mounted 
in the upper part of autoclave. At the end of the experiment  
(~ 1-2 months), autoclaves were quenched in running water, 
opened, experimental solutions were extracted and the walls of 
the autoclaves were washed with EDTA solution in 2 M HCl. 
The obtained solutions (experimental + washing) were 
analyzed for Zr and Hf with ICP-MS and ACP-AES. 

It was found that the concentdration of both Zr and Hf 
increased sharply with increase in the concentration of HCl 
and NaCl. The solubility of baddeleyite in 0.5 m HCl + 3 m 
NaCl was as high as 4 ppm and 70 ppb for Zr and Hf, 
respectively (P = 1 kbar). As follows from the experimental 
data, ZrOHCl3°, HfOHCl3°, and HfCl4° are predominant 
complexes in pure HCl solutions. Addition of NaCl results in 
the formation of NaZrOHCl4°, NaHfOHCl4°, and NaHfCl5° (as 
was suggested in [1]). These complexes probably are 
analogues of outer-sphere zircono-silicate clusters formed in 
alkaline Na-Si solutions (c.f. [2]). Decrease of pressure results 
in decrease of both Zr and Hf concentration that reflects strong 
hydratation of these metals. The Zr/Hf concentration ratio in 
fluid decreased with increrase of fluid acidity which is 
generally in agreement with the hard-soft acid-base theory and 
can stand for separation of these metals in geological systems. 

 
The research was supported by RFBR grant 14-05-91750 

_AF_a. 
 
[1] Shikina N. et al. (2015) Petrology, № 1, 93-101. Wilke M. 
et al. (2012) Earth Planet. Sci. Lett. 349-350, 15-25. 

2874



 Goldschmidt2015 Abstracts  

 2875 

Effect of high-CO2 environment on 
growth and shell structure of juvenile 

Pacific oyster Crassostrea gigas 
during a mesocosm experiment 
J. SHIM1*, H. HWANG2, J. KWON1 AND T. LEE3 

1National Fisheries Research and Development Institute, Busan, 
Republic of Korea (*correspondence: jshim@korea.kr) 

2Seodaemun Museum of Natural History, Seoul, Republic of 
Korea 

3Pusan National University, Busan, Republic of Korea 
(tlee@pusan.ac.kr) 

 
High-CO2 ocean induced by uptake of anthropogenic 

carbon dioxide threatens the viability of calcifying and young 
marine organisms due to decrease of calcification and increase 
of environmental stress. The Pacific oyster Crassostrea gigas 
provides the largest mass production among industries of 
coastal shellfish aquaculture in Korea, with annual production 
of about 2.8×105 ton and 200 billion KW in 2011. The 
survival and growth of juvenile oysters are the keystone for an 
abundant harvest in oyster industry and has serious 
consequences on one of important marine food resources.  

To discover effects of ocean acidification on marine 
invertebrates, we compared growth and shell structure of 
Pacific oyster Crassostrea gigas reared in different pH 
conditions. We set up artificial mesocosm facilities that were 
made with frames and polypropylene film at the most 
important oyster spawning area of Korea on Nulcha Island, 
located at Nakdong River estuary, from April to May 2013 
(about 50 days). During this mesocosm experiment, mean 
pHNBS values (±SD) of controlled environments (M1, M2) 
were 7.71±0.28 and 7.72±0.28, respectively, while that of 
reference was 8.20±0.12. Juvenile oysters, with mean (±SD) 
shell length and weight of 29.21±6.30 mm and 4.08±2.36 g 
(n=90), respectively, were detached from shells of scallop (a 
device for settling spat), and exposed to three mesocosm 
treatments. The mean growth rates of oyster weight and shell 
length were significantly different (ANOVA, p=0.01). The 
weight and length growth rate of reference (19.5±17.6 mg day-

1 and 0.143±0.121 mm day-1) were higher than those of low pH 
controlled (M1: 13.5±14.3 mg day-1 and 0.100±0.076 mm day-1, 
M2: 14.9±14.6 mg day-1 and 0.124±0.133 mm day-1). These 
results indicate that high-CO2 ocean can seriously affect 
population and production of oyster and thus, shellfish 
aquaculture industry in the near future.  
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Geochemical modeling of the origin of high-µ (HIMU), 

focal zone (FOZO), and prevalent mantle (PREMA) was 
conducted taking into account the compositional diversity of 
subducted oceanic crust. We classified MORBs into two 
groups. One is moderately differentiate MORB with high 
frequency (common MORB) and the other is highly 
differentiated MORB with low frequency (differentiated 
MORB). Chemical compositions of these types of MORBs are 
estimated and their isotopic evolution after 1.0, 1.5 and 2.0 Gyr 
are calculated. The results suggest that the common MORBs 
without chemical modification at subduction zones could 
evolve to have isotopic signatures of PREMA after ca.  
1-2 Gyr. It follows that subduction modification is unnecessary 
for the production of PREMA and suggests the importance of 
recycling of “dry” MORB. In contrast, intensively hydrated 
common MORB can produce the FOZO isotopic signatures by 
dehydration at subduction zones. Thus, the FOZO-PREMA 
isotopic array can be explained by the recycling of common 
MORB that release various amounts of water beneath 
subduction zones, which is consistent with the common 
occurrence of ocean island basalts (OIB) on the PREMA-
FOZO array. For the production of HIMU isotopic signature, 
strong dehydration is required. Furthermore, for the production 
of the bend of the OIB isotopic array on the 208Pb/204Pb-
206Pb/204Pb plot, continuous dehydration from low to high 
pressure might be a necessary. Difference in dehydration 
pressure changes nature of released liquid from aqueous fluid 
to supercritical liquid, producing the bend of the OIB isotopic 
array on the 208Pb/204Pb-206Pb/204Pb plot. In addition, only the 
strongly dehydrated differentiated MORBs can produce 
extreme HIMU isotopic signature. This may explain the rare 
occurrence of the HIMU basalts because the differentiated 
MORB occur less frequently compared to the common 
MORB. 
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Neodymium (Nd) and hafnium (Hf) isotopic ratios are 
indispensable tracers in geochemistry. In this contribution, we 
present a routinely applicable method for the single-stage 
isolation of Nd and Hf from geological samples, a fit-for-
purpose procedure for multi-collector ICP-mass spectrometric 
(MC-ICP-MS) analysis. 

Sample digestion: ~100 mg of rock powder was dissolved 
with HF, HNO3, and HClO4. After evaporation, sample was re-
dissolved in 1 mL 0.2 M HCl. After centrifuging, 0.1 mL 
sample solution was loaded onto the separation column; thus 
10 mg sample was used for separation. 

Chemical separation: The chemical separation technique is 
a one-step ion chromatography based on the modification of 
previously described techniques using Ln-spec resins from 
Eichrom Technologies (USA) [1, 2, 3, and 4]. Ln-spec resin 
was packed into the column (a resin volume of 1 mL with a 
reservoir of ~8 mL). After sample solution loading, major ions 
and the other LREEs were subsequently eluted with 0.2 M HCl 
and the Nd fraction was then eluted (collected). 6 M HCl was 
brought onto the column to elute Sm and HREE. Mixed acid  
(2 M HCl-0.1 M HF) eluted Ti, Nb, Ta and Zr. Finally, the Hf 
fraction was eluted (collected) with mixed acid (2 M HCl- 
0.2 M HF). The Nd and Hf fractions were evaporated to 
dryness and finally taken up in 1 mL of 0.3 M HNO3. Neptune 
Plus MC-ICP-MS was used with a desolvator for isotopic 
measurement. The usefulness of our procedure was assessed 
by analyzing of USGS and GSJ standard rock samples. All 
results obtained using our analytical protocol agreed well with 
the reference values. Compared to previously reported 
procedures, this method reduces costs and laboratory time 
without compromising accuracy or precision of subsequent 
MC-ICP-MS analyses. 

 
[1] Münker et al. (2001) G-cube, GC000183. [2] Shinjo et al. 
(2010) J Mineral Petrol Sci, 105, 297-302. [3] Scher and 
Delaney (2010) Chem Geol, 269, 329-338. [4] Huang et al. 
(2012) JAAS, 27, 1560-1567. 
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In the forearc region of SW Japan along the Nankai trench, 

are distributed voluminous volcano-plutonic igneous 
complexes formed in the middle Miocene time. The igneous 
activities were related to the subduction of young hence hot 
Shikoku Basin of the Philippine Sea plate, immediately after 
the opening of the Japan Sea and clockwise rotation of SW 
Japan. Distribution of the igneous rocks is up to 800 km along 
arc, 150 km across arc directions. Across arc variation of the 
lithology have been pointed out [1], and most of the 
lithological variation were observed in Kii peninsula. We thus 
present the summary of geochemical and geochronological 
data of the middle Miocene felsic igneous rocks of the Kii 
peninsula, and discuss origin of the magmatism. 

In the order of the distance from the Nankai trench, 
tholeiitic basaltic igneous complex, S-type granitic plutons and 
volcano-plutonic complexes including large scale caldera 
bearing bodies, I-type granitic plutons, and mafic to felsic 
volcanic rocks (Setouchi volcanic rocks) are distributed. 
Generation of S-type felsic rocks can be explained by melting 
of sediment above the subducting hot Shikoku Basin, with 
possible additional heat source by the injection of tholeiitic 
basaltic magma [2]. Origin of the Setouchi volcanic rocks were 
usually ascribed to the the melting of subducting Shikoku 
Basin slab. High-Mg andesite were formed by the interaction 
of slab melt with mantle wedge peridotite [3]. Rhyolitic rocks 
are usually with depleted-HREE signature, thus they were 
proposed to be derived from melting of subducted sediment in 
the mantle depth [2]. 

We analyzed U-Pb zircon ages of representative felsic 
rocks by LA-ICPMS technique. Most of data are well 
concentrated within the range of 15.5 to 14.5 Ma. Since the 
origin of the Setouchi volcanic rocks, farthest from the trench, 
were related to the melting of slab, Shikoku Basin subducted 
farther than 100 km within ca. 1 Ma. 
 
[1] Nakada and Takahashi (1979) J. Geol. Soc. Jpn., 85, 571-
582. Kimura et al. (2005) Bull. Geol. Soc. Amer., 117, 969-
986. [2] Shinjoe et al. (2007) J. Geol. Soc. Jpn., 113, 310-325. 
[3] Tastumi (2006) Annu. Rev. Earth. Planet. Sci., 34, 467–99 
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Osaka Basin is a large reservoir of groundwater resources, 

which can be used for various applications as industrial and 
domestic purposes. The uptake of groundwater has been 
strictly regulated in the center of Osaka Basin since 1960’s to 
avoid geogenic disasters such as land subsidence. However, 
the uptake of groundwater has been a threat again due to 
increasing consumption of groundwater for private water 
supplies since 2000s. Depths of private wells for industries, 
hospitals, etc., are mostly from 100 to 300m from the ground 
surface, where the shrinking clay layers severely occurred. 
Because those groundwaters have not been used for long time, 
present water chemistry is not well documented.  

In this study, groundwaters mainly sampled from the wells 
between 100 and 300m depths were studied for the stable 
hydrogen and oxygen isotope ratios and major chemical 
components to estimate the origins of groundwaters. 
Combining the results of this study and previous studies, three-
dimensional mapping of groundwater geochemistry in the 
whole basin down to 1500m depth was drawn to discuss the 
groundwater flow system of the basin and the effect of the land 
subsidence to the present groundwater geochemistry. This 
study was successful to visualize the groundwater chemistry as 
three-dimensional maps, which clearly show the following 
features of groundwater chemistry. 

In the western plain of Uemachi plateau, of which altitude 
is below sea level, the stable isotope ratios of groundwaters 
shallower than 100m depth (δ2H: -40‰~, δ18O: -5‰~) are 
larger than those of local meteoric water (δ2H: -45‰~-40‰, 
δ18O: -7‰~-6‰), due to mixing with seawater from the 
western coast. While, the stable isotope ratios of the 
groundwater were low (δ2H: ~-55‰, δ18O: ~-8‰) in the 
deeper aquifers than 100m depth. Lower isotope ratios of the 
groundwaters than those of local meteoric water suggested that 
the groundwater contained squeezed pore water from the 
overlying clay layers. It would be the evidence of excessive 
usage of groundwater when the land subsidence actively 
occurred. 
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Multiphase reactions of OH radicals are among the most 
important pathways of chemical aging of organic aerosols in 
the atmosphere. Reactive uptake of OH by organic compounds 
has been observed in a number of studies, but the kinetics of 
mass transport and chemical reaction are still not fully 
understood. Here we apply the kinetic multilayer model of 
gas− particle interactions (KM-GAP) to experimental data 
from OH exposure studies of levoglucosan and abietic acid, 
which serve as surrogates and molecular markers of biomass 
burning aerosol (BBA). The model accounts for gas-phase 
diffusion within a cylindrical coated wall flow tube, reversible 
adsorption of OH, surface-bulk exchange, bulk diffusion, and 
chemical reactions at the surface and in the bulk of the 
condensed phase. The nonlinear dependence of OH uptake 
coefficients on reactant concentrations and time can be 
reproduced by KM-GAP. We find that the bulk diffusion 
coefficient of the organic molecules is approximately 10−16 cm2 
s−1, reflecting an amorphous semisolid state of the organic 
substrates. The OH uptake is governed by reaction at or near 
the surface and can be kinetically limited by surface-bulk 
exchange or bulk diffusion of the organic reactants. Estimates 
of the chemical half-life of levoglucosan in 200 nm particles in 
a biomass burning plume increase from 1 day at high relative 
humidity to 1 week under dry conditions. In BBA particles 
transported to the free troposphere, the chemical half-life of 
levoglucosan can exceed 1 month due to slow bulk diffusion in 
a glassy matrix at low temperature. The fi ndings demonstrate 
that multiphase chemical aging of condensed-phase organic 
material by OH depends strongly on environmental conditions 
such as RH and temperature. This has important implications 
for source apportionment studies but also for the evolution of 
organic aerosol in the atmosphere in general, and as such for 
aerosol radiative properties and aerosol cloud formation 
potential. 
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The sources of diamonds and their mineral inclusions 
provide an important constraint on the timing and scale of 
geologic processes occurring in mantle lithospheric keels and 
the delivery of fluids to the base of the lithospheric mantle. 
The 93 Myr old Type I Orapa kimberlite, erupted through the 
Mogondi Metamorphic Belt of the western Kaapvaal or 
Zimbabwe cratons, has exceptionally high diamond grade and 
contains gem-quality macrodiamonds, fibrous cuboid/coated 
diamonds, and polycrystalline diamonds. Sm-Nd ages on 
eclogitic silicate inclusions [1] and Re-Os on eclogitic sulfide 
inclusions in gem macrodiamonds (this study) give ages that 
range from Mesoproterozoic to Neoarchean - essentially in 
concert with diamond ages from the Jwaneng kimberlite in a 
similar geologic setting 370 km to the south [2]. Re-Os data for 
both Orapa and Jwaneng fall into four age clusters (1.0, 1.5, 
2.0, and 2.9 Ga) of which 2.9 Ga and 2.0 Ga are the best 
represented. Since eclogitic compositions dominate the 
population, 187Re/188Os (5 to 600)  and 187Os/188Os (0.72 to 9) 
are extremely high. Initial 187Os/188Os, though imprecise, are 
also extemely high (0.65 to 1.1) and must derive from 
precursors with high Re/Os such as those with basaltic 
compositions. Such elevated initial Os isotopic compositions 
for sulfide inclusions are typical of other localites (e.g. [3] [4]) 
derived from craton edges. 

An integrated model of diamond formation and craton 
evolution would have 2.9 Ga diamond formation result from 
micro-continent collision and westward-dipping subduction 
within the Kaapvaal-Zimbabwe craton system whereas at  
2.0 Ga diamond formation results from eastward-dipping 
subduction placing sublithospheric Bushveld magmatism in a 
back-arc setting. Elevated initial Os isotopic compositions of 
sulfides likely record a prehistory in Archean-Proterozoic 
oceanic lithosphere that could be older by 300 Myr or more. 
 
[1] Richardson et al. (1990) Nature 346 54-56. [2] Richardson 
et al. (2004) Lithos 77 143–154. [3] Aulbach et al. (2009) 
CMP 157 525–540. [4] Smit et al. (2010) GCA 74 3292–3306. 

2881



 Goldschmidt2015 Abstracts  

 2882 

Characterisation of quenched 
carbonate-silicate melts by 

vibrational spectroscopy, XAFS and 
HEXRD: Structure and Y, Sr, Zr 

speciation 
A. SHIRYAEV1, V. MURZIN2, A. VELIGZHANIN2,  
A. AVERIN1, O. SAFONOV3, Y. ZUBAVICHUS2,  
K. SHABLINSKAYA1, J. POHLENZ4, S. BELIN5,  

O. MATHON6 AND M. WILKE4 
1Institute of Physical Chemistry and Electrochemistry RAS, 

Moscow, RU, shiryaev@phyche.ac.ru,  
2National Research Centre “Kurchatov Institute”, Moscow, 

RU,  
3Institute of Experimental Mineralogy RAS, Chernogolovka, 

RU,  
4Helmholtz Centre German Research Centre for Geosciences, 

Potsdam, DE,  
5Synchrotron SOLEIL, Gif-sur-Yvette, FR,  
6ESRF, Grenoble, FR 
 

Carbonatite and carbonate-silicate melts show very distinct 
physical properties compared to silicate melts, i.e. lower 
density and viscosity and very high electrical conductivity. 
These properties are a consequence of differences in their 
structural properties. There are two poorly understood key 
aspects of the evolution of carbonate-silicate systems: (1) 
transitions between carbonate-rich and silicate-rich varieties 
with increasing temperature during partial melting and (2) the 
possibility of liquid immiscibility between carbonate and 
silicate melts. 

Melting experiments at 1500˚C/5.0 GPa and 
1700˚C/5.5GPa were performed on mixtures CaCO3 + CaSiO3  
with 10, 20, 30 and 50 wt.% of the carbonate component to 
trace the structural changes accompanying variable 
carbonate/silicate ratio in melts. Minor SrCO3, Y2O3, ZrO2 and 
Nb2O5 were added to investigate local environment of the trace 
elements in the quenched melts. The quenched samples were 
characterized by electron microprobe (EMP), IR and Raman 
microscopy, EXAFS at Sr, Y, Zr K-edges and pair distribution 
function (PDF) analysis.  

EMP mapping of the quenched samples shows 
homogeneous distribution of Sr and Y on the micron scale. IR 
and Raman reveal presence of silicate glass and disordered and 
fine-crystalline carbonates. The ν1 (CO3)2- band is downshifted 
from pure calcite, indicating distorted environment. XAFS 
shows a complete decomposition of SrCO3, ZrO2 and Y2O3 in 
the melts. Higher PT conditions modify the Sr local 
coordination from “carbonate-like” to more “silicate-like”. The 
quench kinetics, however, may also play a role. The ratio 
CaSiO3/CaCO3 does not affect the Sr coordination, but likely 
modifies the Y environment. Carbonate-rich compositions 
favor cubic coordination of Y in the melts. The Zr environment 
closely resembles Zr in silicate glass. 
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Iron’s limited bioavailablity in the ocean results from the 
rapid hydrolysis and precipitation of dissolved iron (Fe) as 
stable Fe oxyhydroxides. Little is known about the interations 
between diatoms and particulate-bound Fe, despite the ability 
of diatoms to survive for extended periods of time in Fe-
limited regions of the ocean, and the dominance of diverse Fe 
particulates in the operationally-defined “dissolved” fraction of 
Fe in these regions. In previous work conducted by our lab, the 
pennate diatom Phaeodactylum tricornutum was observed to 
utilize Fe from highly insoluble Fe oxides just as efficiently as 
Fe from more soluble mineral and chelated Fe species. To 
isolate the effect of abiotic dissolution and dissolution 
mediated by small organics on this observation, we conducted 
culture experiments in defined, low-Fe Aquil media with 
dialysis bags impermable to Fe colloids but permeable to 
highly bioavailable but highly unstable Fe hydrolysis products 
and typical Fe chelates. We found that laboratory cultures of 
the highly Fe-efficient P. tricornutum required close contact 
with both hematite (representing highly insoluble Fe oxides) 
and basalt (representing more soluble Fe silicates) to use them 
as an Fe source. Diffusion limitation was ruled out with 
consistent mixing of the cultures and the quick equilibrium of 
the dialysis bags. Since particulate-bound Fe promoted better 
growth than the control (no Fe added) only when the particles 
were allowed to come in close contact with the diatom surface, 
there is likely some degree of biological control on Fe mineral 
solubility that is independent of the bulk concentration of 
organic ligands, as these compounds were not added and 
would have passed freely through the dialysis membrane. An 
overview of similar experiments with natural aerosols sourced 
in Patagonia will also be presented, with a focus on the effect 
of the heterogenous minerology of these colloids. The role of 
reductive dissolution by the diatom as a mechanism for this 
observation will be discussed, given X-ray spectroscopy-based 
evidence of speciation changes in colloids that were in contact 
with P. tricornutum.   
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The cycling of material through the Earth's deep interior 

and surface environment couples mantle oxidation state to the 
evolution of the oceans and atmosphere. A major uncertainty 
in this exchange is the flux of oxidised material from the 
Earth's surface back into the mantle. We present measurements 
of Fe3+/∑Fe on a suite of 64 mid-ocean ridge basalt glasses 
sampling long- and short-wavelength heterogeneity in the 
Iceland plume. These basalts exhibit positive correlations 
between Fe3+/∑Fe and isotopic tracers of ancient crustal 
recycling, indicating that subducted oceanic crust locally 
oxidises the mantle. The Fe2O3 concentration inferred for the 
enriched Icelandic source is consistent with the recycled 
material having experienced seafloor-hydrosphere interaction, 
oxidising the crust and generating a return flux of oxygen into 
the mantle. 

Oxidation of the seafloor during hydrothermal circulation 
has probably only been efficient since global surface 
oxygenation generated appreciable sulfate concentrations in 
the oceans. Estimates of the age of the enriched component in 
the Icelandic source place it at older than 400 Ma, consistent 
with the requirement for oxic conditions to have been present 
in the deep ocean at the time of the source's formation. The 
present-day eruption of oxidised basalts from the Iceland 
plume may therefore represent closure of the global oxygen 
cycle, as oxygen sequestered into the solid Earth by subduction 
is returned to the surface environment. 
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The subcratonic lithospheric mantle underneath an 

Archean crust is the potential site for the storage of the 
residues of Hadean to Archean partial melting, of the partial 
melts and of their fractional crystallization products. The 
(subducted) melts and cumulates are brought to the Earth’s 
surface as eclogite and garnet pyroxenite xenoliths. Many are 
interpreted in broad terms as seafloor altered basalts and 
gabbros. A more detailed reconstruction is possible as shown 
by Jacob et al. (2003) for quartz eclogites from Roberts Victor 
(Kaapvaal craton). These authors found by the presence of 
positive Eu anomalies, δ18O values different to the Earth and 
close geochemical similarities with the plutonic section of 
ODP hole 735B  that these rocks were originally cpx+plag 
cumulates. We will show for corundum eclogite xenoliths from 
the Bellsbank diamond mine in South Africa that kyanite and 
corundum bearing eclogites with their positive Eu-anomalies 
and low REE abundances and flat middle to heavy REE 
patterns were originally low pressure cumulates of mostly 
olivine and plagioclase (= troctolites) with intriguing 
similarities with modern day analogues from the plutonic 
MOR section, including LREE depletion like in N-MORB’s. 
They were also partially melted after eclogitisation. The 
minimum age of partial melting is indicated by 87Sr/86Sr 
isotope ratios of 0.7007 in two clinopyroxenes which 
corresponds to 3.2 Ga with the bulk Earth evolution as 
reference line.  
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We present the results of  investigation of organic matter in 
Fe-Mn nodules (the main sources and features of 
transformation) and correlation between organic matter (OM) 
and main ore elements. 

Kara Sea is a marginal Arctic shelf-sea with intense 
discharge of the Ob and Yenisei rivers and high sedimentation 
rate. More than 50 samples of Fe-Mn nodules were collected in 
October, 2013 along the North-East continental margin of the 
Kara Sea from depths of 50–100 m. In this part of the sea 
nodules were found for the first time. The recovered samples 
are divided into three major morphological types: tabular, 
discoidal and cup-shaped. Surface colour is independent of 
nodule size or shape and varies from light orange (Fe 
oxyhydroxides) to black (Mn oxides). Diameter of the samples 
varies from 5 to 15 cm.  

A content of total organic carbon (TOC) analized in 16 
bulk samples strongly varies from nodule to nodule. Its mean 
value of 0.66 % is comparable with sediments of the Kara Sea, 
substantially higher than in deep-sea polymetallic nodules (av. 
0.1%) and quite similar to ferromanganese concretions from 
the Black Sea (av. 0.7%) [1]. 

Analysis of distribution and group composition of n-
alkanes C12 – C33 revealed  various sources of OM in the 
studied samples: significant input either terrigenous or the 
marine autochthonous components. Organic matter of Fe-Mn 
nodules was found to be immature and low-biodegraded. For 
the first time we demonstrate a correlation between the 
dominant source of OM and Mn/Fe ratio. In Mn-rich samples 
this ratio is about 2.5 and the main source of OM appears to be 
terrestrial. Conversely, in the Fe-rich samples OM is mostly of 
marine origin. 

 
This study was supported by the Grant of President of 

Russia МК-5786.2014.5. 
 
[1] Baturin G.N. et al. (2011) Oceanology 51, № 1, 148-156. 
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Most simple models of chemical bonding describe a 

limited range of behaviour.  The valence shell electron pair 
repulsion (VSEPR) model, for example, predicts the bonding 
geometry incident to atoms with lone electron pairs [1]. 
However, it is only valid for covalent bonds.  The polar 
covalence model [2] predicts many bond energies well, but 
does not address bonding geometry.  The bond-valence model 
[3] addresses only bond lengths. 

We are creating a new bonding model, the Valence 
Multipole Model, for predicting full structures.  Here, bond 
valence is treated as a vector quantity, and a multipole 
expansion of the bond valence incident to each atom is used to 
describe the geometry.  Within this context, we are examining 
both bonding geometries and bond energies. 

Using a large number of experimental and calculated 
structures and bond energies, for systems in which two single 
bonds are incident to O, S, and Se atoms, we have shown that 
bond energies and bonding geometries (as described by 
valence dipole moments) are highly related.   The connection 
can be readily explained by combining concepts from all three 
aforementioned bonding models, including the lone-pair bond-
weakening effect described in Sanderson’s polar covalence 
model. 

 
[1] Gillespie & Hargittai (1991) The VSEPR Model of 
Molecular Geometry, Boston, Allyn and Bacon.  [2] Sanderson 
(1983) Polar Covalence, New York, Academic Press.  [3] 
Brown (2002)  The Chemical Bond in Inorganic Chemistry:  
The Bond-Valence Model, New York, OUP. 
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The structure and chemistry of gold grains represents the 

dynamic balance between the dissolution and reprecipitation, 
i.e., cycling, of gold. Under near-surface environmental 
conditions, these processes are catalysed by the biosphere and 
result in the formation of nanometer- to micrometer-size 
particles including colloids, bacteriomorphic and isotropic 
structures. Accumulation of these secondary gold structures 
can contribute to the ‘growth’ of grains while dispersion can 
result in the loss of gold to the surrounding environment. 
Using an experimental system to represent a simplified 
weathering environment, we have demonstrated that gold 
grains can be liberated from a gold-bearing, polymetalic 
sulphide via oxidation catalysed by an acidic, iron-oxidising 
bacterial consortium. These ‘synthesized’ grains contained 
characteristic structures that were similar to gold grains 
obtained from a natural weathering environment. Secondary 
gold particles occurred on the surface of all grains and were 
closely associated with topographical concavities filled with 
clay-size minerals and residual organic material. 
Bacteriomorphic structures represented the (bio)geochemical 
process of electrum dissolution that intuitively formed soluble 
gold thiosulphate complexes through leaching. However, the 
close association of colloids and octahderal platelets indicated 
that reprecipitation processes also occurred and conterbalanced 
the loss of gold from the surface of the grain. The bacterial 
contribution to the weathering of primary, gold sources can 
lead to the release of gold grains and highlights the potential 
for how gold can be mobilised under near-surface 
environments. Implications of grain structure and the 
biogeochemistry involved in creating various textures on gold 
grain surfaces can be applied to mineral exploration, 
specifically in reducing the nugget effect in geochemical 
exploration surveys. The comparison of these nanophase 
particles demonstrates the link between biogeochemical 
weathering of primary gold sources, transportation and the 
formation of secondary gold enrichment. 
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We review and further investigate the use of Hg as a proxy 
for volcanism, using six distal and two proximal sections in 
relation to the Deccan volcanic center, straddling the KTB: (a) 
Europe (Stevns Klint, Gubbio, Padriciano), (b) India 
(Meghalaya, Jhilmili) and (c) South America (Bajada del 
Jagüel, Cabra Corral, Poty Quarry). Complete sections display 
strong negative δ13C excursions at the KTB, while in near-
complete sections, gradual fall of δ13C values predates the 
KTB. Volcanogenic CO2 enrichment of the atmosphere during 
the KTB transition led to large negative δ13C excursions. O-
isotope signals recorded a warming event predating the KTB, 
likely related to Deccan phase 2, followed by strong cooling at 
the KTB, probably related to high amounts of SO2 released to 
atmosphere by the Deccan phase 2 and accumulated in the 
KTB transition. Warming events in the early Danian are, 
perhaps, related to early eruptions of Deccan phase 3. Almost 
all sections exhibit three Hg spikes. The one which predates 
the KTB and the spike that coincides with the KTB layer are 
likely related to Deccan phase 2. A third spike, probably 
related to the Deccan phase 3, is present in the early Danian in 
almost all sections. δ202Hg values for the KTB layer at Stevns 
Klint, Gubbio and Jagüel Formation (˗1 to ˗2 ‰) lie within the 
range for volcanogenic Hg. Most of the analyzed samples 
show small (but significantly higher than analytical precision 
of 0.04‰) positive Δ201Hg, in favor of long-term atmospheric 
transport prior to deposition. 
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We present δ34S and Δ33S values for disulfides of the 
Chokier Formation, Belgium (Upper Carboniferous) 
investigating changing environmental conditions during its 
deposition. The Chokier Formation consists of laminated silty 
mudstones in the lower section and carbonate-rich mudstones 
and laminated mudstones in the upper one. Total sulfur (TS) 
contents vary from 0.1 and 6.3 wt%, total organic carbon 
(TOC) from 0.4 to 6.4 wt%, and total inorganic carbon (TIC) 
from 0.0 to 8.0 wt%. There is a stratigraphical change in the 
core section at 26.6 m depth. TS and TOC contents are higher 
in the upper than in the lower part of the formation. TIC is 
generally low (mean TIC = 0.42 wt%) with locally higher 
values > 1 wt% in the upper section. Iron speciation indicates 
euxinic conditions throughout the entire profile. The mean δ34S 
is -24.6‰ in the upper and -9.7‰ in the lower section. Δ33S 
values are positive in the upper (mean Δ33S = 0.040‰) and 
negative in the lower part (mean Δ33S = -0.029‰). 

In a δ34S vs Δ33S plot, samples from the upper part plot in 
the field with negative δ34S and positive Δ33S, which is 
assigned to microbial sulfate reduction (MSR) and microbial 
sulfur disproportionation (MSD). Samples from the lower part 
have both negative δ34S and Δ33S values. We assume that their 
isotopic compositions is located on a mixing curve indicating 
the mixing of two sulfur sources: (1) a mixture of MSR and/or 
MSD, and (2) (nearly) quantitatively reduced sulfate. Sulfate is 
quantitatively reduced when the sulfate reduction rate exceeds 
the sulfate supply.  

We infer that the two different sulfur signatures indicate 
different depositional regimes, specifically a shift in the 
position of the chemocline. The sediments of the lower section 
were deposited under a stagnant water column that restricted 
the exchange at the sediment/water boundary, hence limiting 
the sulfate supply. The chemocline was displaced downward 
by well-mixed water masses during the deposition of the upper 
section enabling an unrestricted exchange of sulfate between 
seawater and sediment. 
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There are three types of zircons in igneous rocks. 

Autocrystic zircons belong to the host rock and their 
crystallisation age is used to date the emplacement/final 
crystallization age of the magma. Xenocrystic zircons are from 
extra-magmatic sources including crustal source materials that 
underwent partial melting. The third type, antecrystic zircons 
are related to preceding magmatic pulses in the entire thermal 
and crystallization history of the magmatic system that in some 
tectonomagmatic settings can be sustained for >=107 yrs. 
Therefore, antecrysts may show only subtle age and/or 
compositional differences from autocrysts. In volcanic 
systems, several checks are available to distinguish antecrysts 
from autocrysts, in particular, stratigraphic constraints and 
‘double-dating’ approaches. However, such constraints are 
rarely available in the plutonic realm and analytical errors 
associated with spot dating techniques (LA-ICP-MS or 
SHRIMP) generate sufficiently large age uncertainties that 
distinction of the two types based on age is impossible.  

Here, we combine zircon morphological, textural and  
compositional information to help identify antecrystic zircons 
in plutonic rocks. In a study of 24 granitic rocks from 
Queensland, we observed multi-modal distributions in zircon 
morphology as recorded by length-to-width ratios. U-Pb ages 
and cathodoluminescence indicate resorbed zircon cores with 
ages similar to the emplacement age and these are interpreted 
as antecrystic. Comparing compositional parameters (Th/U, U, 
Zr/Hf, Ce/Ce*, Eu/Eu*, and Ti temperature of zircon - TTiz) 
between zircon rims and cores reveal normal and reverse 
compositional zoning patterns in zircons from each granite.  

We also calculated TTiz, assuming a magma Ti activity of 
1, and zircon saturation temperature (TZrsat) determined from 
the whole-rock composition. Their differences identify zircons 
that can be interpreted as autocrystic when TZrsat > TTiz (Zr-
saturated magmatic conditions), and antecrystic when 
TTiz > TZrsat (Zr-undersaturated conditions). A limitation of this 
approach is potential underestimation of the proportion of 
antecrysts because both geothermometers provide only 
minimum temperature estimates. Our approach reveals that the 
presence of antecrystic zircons in granitic rocks is significant 
and supports models for the incremental assembly of plutons. 
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Major and trace element compositions of amphibole in 

igneous environments can reflect evolving magma 
composition. In this study, we use arfvedsonite 
(NaNa2(Fe2+)4(Fe3+)Si8O22(OH,F)2) [1], a sodic member of the 
amphibole group, from the Strange Lake REE-enriched 
peralkaline granitic pluton to gain insights into the nature of 
the magma. This 1240 Ma old pluton [2] consists of two main 
intrusive facies, an early hypersolvus granite, which occurs as 
separate northern and southern intrusions in the centre of the 
pluton, and a more evolved subsolvus granite that surrounds 
them. In the hypersolvus granite, which contains a  a single 
alkali feldspar (perthite), the arfvedsonite is a late interstitial 
phase, whereas in the subsolvus granite, it forms phenocrysts 
in a matrix containing two alkali feldspars.  Arfvedsonite in the 
southern and northern hypersolvus intrusions, on average, 
contains 330 and 560 ppm REE, respectively, whereas in the 
subsolvus granite the average REE content is only 100 ppm. 
Chondrite-normalised REE profiles emphasise the wide range 
of REE content of the arfvedsonite. The profiles are flat for the 
LREE, and display strong HREE enrichment (crystal chemical 
effects). Low Ca2+, high REE3+ and high Na+ contents in the 
arfvedsonite of the northern hypersolvus granite relative to the 
southern hypersolvus granite indicate progressive enrichment 
in the REE through the coupled substitution of 2 Ca2+ ↔ Na+ + 
REE3+ in the octahedral B-site [3]. Ti4+ behaves similarly to the 
REE through substitution into the tetrahedral T-site for Al3+. 
This inferred evolution of the hypersolvus granite from south 
to north is supported by an increase in incompatible elements, 
such as the LREE and HFSE in the bulk rock. Arfvedsonite in 
the subsolvus granite has low Ca2+, low REE3+, high Na+ and 
low Ti4+ values. This compositional anomaly is due to early 
crystallization (phenocrysts) from a correspondingly larger 
volume of magma relative to the hypersolvus arfvedsonite 
(interstitial), despite the more evolved nature of the subsolvus 
granite. 

 
[1] Hawthorne, F.C., et al. (2012) American Mineralogist, 

97: 2031-2048 [2] Miller, R.R. et al. (1997) Precambrian 
Research, 81: 67-72. [3] Botazzi P. et al. (1999) Contrib 
Mineral Petrol 137: 36-45.  
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There is increasing interest in the use of magnetite as a 

geochemical proxy to interpret ore forming processes in 
magmatic systems. However, in order to utilise magnetite as a 
petrogenetic indicator, a comprehensive understanding of how 
different factors affect magnetite chemistry is required. 
Magnetite-melt partitioning of a large number of elements has 
been investigated experimentally as a function of oxygen 
fugacity (fO2) and temperature (T) in an andesitic bulk-
chemical composition. In this bulk system, at constant T, there 
are strong increases in the magnetite-melt partitioning of the 
divalent cations (Mg2+, Mn2+, Co2+, Ni2+, Zn2+ and Cu2+)  with 
increasing fO2 between 0 and 3 log units above the fayalite-
magnetite-quartz (FMQ) buffer.  This is attributed to a 
coupling between magnetite crystallisation and melt 
composition. 

Traditionally, melt structure has been invoked to explain 
the partitioning of divalent cations [1]. At constant T, with 
increasing fO2 the proportion of magnetite increases, which 
results in a decrease in FeOmelt. This leads to an increase in the 
degree of melt polymerisation. It has been suggested that more 
polymerised melts contain fewer potential sites onto which 
divalent cations can partition [2], offering a possible 
explanation for the magnetite-melt partitioning behaviour. 

However, a more rigorous justification of magnetite-melt 
partitioning with increasing fO2 can be derived in terms of 
thermodynamic principles, without the need to call upon an 
explanation in terms of melt structure. The presence of 
magnetite-rich spinel in equilibrium with melt over a range of 
fO2 implies a reciprocal relationship between a(Fe2+O) and 
a(Fe3+O1.5) in the melt. We show that this relationship accounts 
for the observed dependence of magnetite-melt partitioning of 
divalent cations with fO2. 

 
[1] Kohn & Schofield (1994) Chem. Geol. 117, 73-87. [2] 
Toplis & Corgne (2002) CMP 144, 22-37.  
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Alternative adsorbents for treatment of Cr(VI)-

contaminated waters are usually desciribed in terms of their 
sorption capacity [1]. However, it is essential to reduce Cr(VI) 
to Cr(III) during the remediation and therefore knowing the 
reductive potential of the adsorbent is of great importance. A 
novel approach to study the reduction of Cr(VI) during 
biosorption process was tested based on a fact that lighter 
isotopes react preferentially during Cr(VI) reduction and the 
53Cr/52Cr shifts in water indicates the extent of the reduction 
[2].  

Three biomaterials were studied: (i) brewers draff, (ii) 
grape waste and (iii) technical grade humic acids. Batch 
experiments were performed using synthetic solution prepared 
by dissolving K2Cr2O7 in 0.01 M NaNO3.  Three different pH 
of the synthetic solution (3, 4.5, 6) were tested. Both the 
aqueous and solid phase were used for Cr isotope analysis. The 
dried biomass was decomposed in HNO3 by pressurized 
microwave digestion using the microwave oven (CEM 
Discover, USA). Chromium isotope analysis was performed on 
a doublefocusing multicollector inductively coupled plasma 
mass spectrometer (Neptune, Thermo, Germany). The δ53Cr 
values of remaining Cr(VI) were modeled using the Rayleigh 
kinetic fractionation model [3]. 

The Cr(VI) biosorption process was accompanied with 
heavier Cr isotopes enrichment in the remaining Cr(VI) 
fraction. A significant fractionation of Cr stable isotopes was 
observed with no significant pH effect; δ53Cr of the remaining 
fraction ranged from 0.2‰ to 1.9‰ while δ53Cr of the product 
(sorbed Cr) ranged from -1.2‰ to -2.8‰. The Rayleigh 
fractionation model fitted well the measured data and Cr 
isotope analysis provides thus an efficient tool to quantify 
Cr(VI) reduction by the biomaterials. In general, the 
sorption/reduction potential of the three studied biomaterials 
decreased in the following order: grape waste > humic acids > 
brewers draff. 

 
[1] Levankumar et al. (2009) J. Hazard. Mater. 161, 709-713. 
[2] Ellis et al. (2002) Science 295, 2060–2062. [3] Basu et 
al.(2012) Environ. Sci. Technol. 46, 5353-5360. 
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The Granja Granulite Complex (GGC), exposed in the 

Médio Coreaú Domain (NW Ceará, Brasil), represents a 
segment of the Paleoproterozoic basement intensely reworked 
during the Neoproterozoic Brasiliano Orogeny. It consists of 
migmatitic paragneisses enclosing discontinuous lenses of 
meta-igneous granulites. The age of the migmatitic / granulitic 
metamorphic event is reasonably well constrained at  
ca. 600 Ma by U-Pb and Ar-Ar data [1]. 

The Granja paragneisses are strongly foliated rocks 
characterized by an anastomosing alternance of dark garnet-
biotite-sillimanite-rich mesosomes and quartz-feldspathic 
leucosomes. Field evidence show that the stromatic layering 
was developed during the Brasiliano D2 and D3 tectonic events 
and subsequently overprinted by a late penetrative S4 mylonitic 
foliation correlated to the dextral NE-SW trending Granja 
Shear Zone. 

During Brasiliano collision tectonics, the Granja 
paragneisses underwent granulite-facies metamorphism and 
anatexis involving four main stages: a prograde metamorphic 
stage (M1), a peak metamorphic stage (M2), a post-peak 
decompression stage (M3) and a retrogression stage (M4), 
documenting a clockwise PT evolutionary path. 

Partial melting conditions appear to have been reached 
during M1, through the muscovite dehydration reaction, 
continued during the metamorphic peak (M2) as a result of 
fluid-absent incongruent melting of biotite (P ≈  8-‐10 kbar; T ≈ 
800-850°C) and persisted during most of the post-peak 
decompression stage (M3). The retrograde cooling path (M4) is 
coeval with D4 shearing and was accompanied by intense 
dynamic recrystallization of the leucosomes. 

 
Funding: A.J.F. Silva PhD Grant SFRH/BD/85292/2012 and 
GeoBioTec research unit UIDGEO040352013 by FCT 
(Portugal). Metamorphic Evolution of the Granja Complex 
(SPU N°11294909-6, FUNCAP, Ceará, Brasil). 

  
[1] Santos et al. (2009) Geological Society, London, Special 
Publications, 323, 271–281. 
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The Late Pliensbachian is currently regarded as a generic 

cool interval in the Pliensbachian Stage. We belive that there is 
compelling evidence that short lived extreme warming events - 
hot snaps - conditioned organic matter production and 
deposition in the Lusitanian Basin.  

We suggest that the basin-wide black shale events 
observed in the early Late Pliensbachian series of this basin, 
corresponding to widespread mucilage and microbial 
outbreaks, are contemporaneous of a worldwide organic matter 
preservation interval and were driven by extreme climate 
warming coupled with high oceanic productivity and 
intermittently stratified epeiric seas. Regionally, these hot 
snaps promoted the rapid but short-lived expansion of Tethyan 
ammonites into Boreal domains or led to decrease benthic 
diversity. Ensuing cooling during the Margaritatus Chronozone 
was accompanied by southwards influx of northwards 
ammonite fauna or radiation of cyst forming dinoflagellates.  

Worldwide preservation of organic matter during the Late 
Pliensbachian may have resulted in decreased atmospheric CO2 
levels through geological storage of carbon, triggering and/or 
amplifying the Spinatum Chronozone icehouse event. This 
may have contributed to the occurrence of permafrost and/or 
methane gas hydrates in locations easily disturbed by the 
subsequent Early Toarcian warming, or/and volcanic activity 
driven by crustal unloading due to deglaciation. 

 
We wish to acknowledge the industry and government partners 
of the Basin and Reservoir Lab and the consortium Source 
Rock and Geochemistry of the Central Atlantic Margins for 
their kind support. 
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The Upper Sinemurian–Lower Pliensbachian Água de 

Madeiros Formation of the Lusitanian Basin (Portugal) is 
characterized by the pervasive occurrence of organic rich 
facies (e.g. [1]). In this study, we have examined more than 20 
samples of this unit from the S. Pedro de Moel composite 
section (central Portugal), aiming to provide a more 
comprehensive view of the paleoceanographic conditions 
leading to the deposition of the organic-rich intervals. The 
samples were examined in polished thin sections using a JEOL 
8200 Superprobe set in backscatter mode at the Robert M. 
Mackay Electron Microprobe Laboratory (Dalhousie 
University). More than 100 pyrite framboid size were 
measured per sample (e.g. [2]). 

In the studied section of S. Pedro de Moel, pyrite 
framboids range from 0.05 to more than 15 μm. To evaluate 
the redox conditions we used the upper envelope defined by 
the Q3 and compared our results with the boundaries proposed 
from pyrite petrographic criteria to distinguish a spectrum of 
oxygen-related facies (e.g. [3]). The data suggest these 
organic-rich facies were deposited under a strongly oxygen 
deficient depositional system, sometimes with a euxinic water 
column. 
 

We wish to acknowledge the industry and government 
partners of the Basin and Reservoir Lab and the consortium 
Source Rock and Geochemistry of the Central Atlantic 
Margins for their kind support. 
 

[1] Duarte et al. (2012) J Petrol Geol 35, 105–126 [2] 
Wignall et al. (2010) Glob Planet Change 71, 109–123 [3] 
Wilkin et al. (1996) Geochim Cosmochim Acta 60, 3897–3912 
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The compositional sedimentary variation of the Jurassic 

Iroquois and Mohican formations of the Scotian Basin 
(Canada) was evaluated in 9 wells (566 cutting samples) using 
a Thermo Scientific Niton xl3t goldd+ XRF analyser and the 
SandClass geochemical compositional classification based in 
major elements [1]. 

Our data shows that these two formations present a large 
inter and intra unit compositional variation, even between 
closely related wells. It is clear that these units represent very 
dynamic depositional systems with apparent lateral facies 
variability. 

 
We wish to acknowledge the industry and government partners 
of the Basin and Reservoir Lab and the consortium Source 
Rock and Geochemistry of the Central Atlantic Margins for 
their kind support. 

 
[1] Herron, M.M. (1988) J Sed Petrol 58, 820–829 
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The Cretaceous – Paleocene (K-T) transition witnessed one 
of the big five extinctions of the Phanerozoic Eon. The K-T 
biologic crisis has been intensively studied due to the almost 
complete disappearance of large animals on land (i.e. 
dinosaurs) and the extinction of nearly 75% of marine species 
[1]. During the K-T transition marine calcifying planktic 
communities were highly impacted; with net losses of 
planktonic foraminifer genera and species reaching 92% and 
97% respectively. Between 73% and 88% of calcareous 
nannoplankton genera and species were also wiped out [2]. 
The loss of primary producers, especially the loss of marine 
calcifying nannoplankton, seems to have ultimately affected 
the marine C cycle, as suggested by a pronounce C-isotope 
negative anomaly displayed by carbonates spanning the K-T 
transition [3]. The marine C cycle is closely linked to the 
marine Ca cycle as both are partially controlled by marine 
carbonate deposition and burial [4]. The marine Ca-isotope 
cycle is mainly controlled by imbalances between the main Ca-
isotope input (continental weathering) and Ca-isotope out put 
(carbonate burial). The large affection of marine calcifying 
organisms along the K-T transition allows hypothesizing 
important coupled perturbations in the marine Ca- and C-
isotope cycles paralleling the biologic crisis. In this work Ca- 
and C-isotope compositions of marine carbonates spanning the 
K-T transition at ODP site 149A (Blake Nose) are reported and 
used to investigate potential perturbations of the marine Ca-
cycle. A positive δ44/40Ca(NIST-SMR915a) isotope excursion from a 
background of +0.5‰ in  upper Cretaceous carbonates to a 
maximum of +1.4‰ in the lower Danian carbonates is 
observed. This δ44/40Ca positive excursion partially parallels a 
negative excursion on the carbonate δ13C values. The evolution 
and duration of the Ca- and C-isotope anomalies are 
interpreted as reflecting a major perturbation of the marine 
carbonate budget resulting form ocean acidification during a 
period of the rapid and massive volcanic CO2 outgassing.  
 
[1] Jablonski, D, Chaloner, W. G. Phil. Tran. Bio. Sci. 344,11-
17. [2] Thierstein, H.R., Geol. Soc. Am. Spec. Pap. 190, 385–
399. [3] Zachos, J.C., Arthur, M.A., Paleocanography 1, 5–26. 
[4] Fantle, M.S., Am, Jour. Sci. 310, 194-230.  
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Sulfur isotope fractionation during microbial sulfate 

reduction has been widely used to probe the elemental cycling 
in present and past ecosystems. However, little is known about 
sub-cellular mechanisms by which environmental factors affect 
microbial isotope fractionation, fundamentally limiting our 
ability to generate the interpretation of sulfur isotope 
signatures based on microbial physiology. Here we present the 
isotopic composition of intracellular sulfur metabolites and 
provide a direct means of probing the isotope fractionation 
mechanism at sub-cellular levels. With lactate as an electron 
donor, D. multivorans and D. alaskensis show 34S enrichment 
in the intracellular sulfate relative to the extracellular sulfate. 
Interestingly, the larger the magnitude of overall isotope effect, 
the greater the enrichment of 34SO4

2- in the cell. This reflects 
the isotope mass-balance principle when a stronger sulfur 
isotope effect is not accompanied by a more reversible sulfate 
transport. Our results also confirm that a strong preference for 
light sulfur isotopes during dissimilatory sulfate reduction is 
driven by intracellular enzymatic reactions rather than sulfate 
transport across the cell membrane. Although extremely small 
quantities of other sulfur metabolites (e.g. APS, sulfite, and 
thiosulfate) make the isotopic measurement without the 
interference from contaminant sulfur challenging, APS 
recovered from D. alaskensis cells is isotopically lighter than 
intracellular sulfate. This observation may necessitate the 
sulfur isotope fractionation between sulfate and APS, which 
has been assumed to be zero. 
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An increasing body of petrologic observations 
demonstrates a high level of isotopic and often compositional 
mixing and homogeneity of melts in voluminous deposits of 
low and high silica rhyolites. This melt homogeneity 
characterizes large ~103 km3 volumes of crystal-poor rhyolites 
derived from, or emplaced into, isotopically-diverse, often 
low-δ18O source rocks. Isotopically-diverse zircons [1] [3] and 
other crystals retain memory of segregation of diverse magma 
batches and suggests that these large volumes of magma are 
generated in ~103 years, within IDTIMS geochronologic 
uncertainty [1] and mineral-diffusive timescales. Highly 
efficient mixing of diverse magmas across caldera at the large 
horizontal distances of many km requires convection and 
exceptionally effective mixing mechanism. Thermal 
convection in cooling and crystallizing magma layers is 
sluggish [2] and tends to separate layers into isolated spatially 
stacked cells. We present new results of numerical modeling of 
mixing by compositional convection during melting of silicic 
rocks by superheated rhyolite, in addition to ref. 3. We use 
simple FEM code implementing bilinear elements for velocity 
and a penalty method for pressure elimination. Mass transfer is 
modeled with a dense Lagrange markers grid. Correctness of 
the calculations is provided by the proper resolution of up to  
2 cm for the composition field in expense of the total 
computation magma domain size (typical thickness 7-10 m). 
We observe high effectiveness of mixing by many orders of 
magnitude more intensive convection which is not limited by 
the slow conductive heat loss through the surrounding rocks. 
Mixing occurs via stochastic trajectories of numerical magma 
particles in the set of convective cells of several meters size 
rotating in the opposite directions. We characterize mixing by 
mapping the horizontal shift of the material particles from the 
initial position and Lyapunov exponent. Convective melting 
was compared numerically with mixing in the cylindrical (2D) 
cell with a rotating smooth rod lacking spotty vorticity 
distribution. Pure shear Poiselle flow transforms inclusions 
into highly-sheared, thread-like structures as in an obsidian 
flow. The computed 3-10 cm average particle size distribution 
is similar to melted enclaves in mixed rocks observed in the 
field. Further homogenization on the smaller scales proceeds 
via molecular diffusion on cooling timescales, while residual 
elemental heterogeneities are due to late stage melting and 
crystallization of minerals.   
 
[1] Wotzlaw et al., Geology, 2014, 42: 807. [2] Brandies and 
Marsh, 1989, Nature, 339:613. [3] Bindeman and Simakin, 
Geosphere, 2014, 10: 930.  
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Although ocean magmatism in the Canary Islands is 

chiefly moderately to strongly alkaline, some differentiates of 
the basaltic magmas are silica oversaturated, containing 
igneous modal quartz. This is the case of the Tindaya trachyte 
dome, emplaced 18 Ma ago in the basaltic, Tetir volcano in 
northern Fuerteventura. Lavas from this volcano show 
bimodality in composition (Daly gap), as they comprise basalts 
and trachytes with almost no intermediate types (Figure 1). 
The joint study of those volcanic compositions and shallow 
intrusions cropping out near them, have allowed us to propose 
a model for explaining both features mentioned above. This 
model connects crystallization processes taking place in the 
shallow feeding magma chambers of the Tetir volcano with the 
observed volcanic compositions and takes into account the 
effects of fO2 and volatile concentration in the fractionating 
mineral assemblage, which results in a different degree of 
silica saturation in the residual liquids. 

 
Figure 1: Total alkalis – silica diagram for basaltic and 

trachytic rocks of the Tetir volcano, northern Fuerteventura. 
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The genesis of iron-oxide apatite (IOA) and iron-oxide 

copper gold deposits (IOCG) is controversial, with few 
observational data able to distinguish among working 
hypotheses that invoke meteoric fluid, magmatic-hydrothermal 
fluid, and immiscible melts. In this study, we use high-
precision Fe and O isotope data and high-resolution trace 
element (e.g., Ti, V, Mn, Al) data of individual magnetite 
grains from the world-class Cretaceous aged Los Colorados 
(LC) IOA deposit in the Chilean Iron Belt to elucidate the 
origin of IOA and IOCG deposits. Values of δ56Fe range from 
0.08‰ to 0.26‰, which are within the global range of ~0.06‰ 
to 0.5‰ for magnetite formed at magmatic conditions. Values 
of δ18O for magnetite and actinolite are 2.04‰ and 6.08‰, 
respectively, consistent with magmatic values; Δ18O 
(actinolite-magnetite) yields minimum temperatures of ~600-
670ºC. The concentrations of Ti, V, Al, and Mn are enriched in 
magnetite cores and decrease systematically from core to rim. 
Plotting [Al + Mn] vs. [Ti + V] indicates that magnetite cores 
are consistent with magmatic and/or magmatic-hydrothermal 
(i.e., porphyry) magnetites. Decreasing Al, Mn, Ti, V is 
consistent with a cooling trend from porphyry to Kiruna to 
IOCG systems. The sum of the data from LC is consistent with 
the following new genetic model that fully explains IOA and 
IOCG systems: 1) magnetite cores crystallize directly from 
silicate melt; 2) these magnetite crystals serve as nucleation 
sites for aqueous fluid that exsolves and scavenges inter alia 
Fe, P, S, Cu, Au from silicate melt; 3) the magnetite-fluid 
suspension is less dense that the surrounding magma, allowing 
ascent; 4) as this suspension ascends, magnetite grows in 
equilibrium with the fluid and takes on a magmatic-
hydrothermal character (i.e., lower Al, Mn, Ti, V); 5) during 
ascent, magnetite, apatite and actinolite are deposited to form 
IOA deposits; 6) the further ascending fluid transports Fe, Cu 
and Au, as well as S, toward the surface where metal-oxides 
and metal-sulfides precipitate to form IOCG deposits. This 
model is globally applicable and explains the observed 
temporal and spatial relationship between magmatism and 
formation of IOA and IOCG deposits. 
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Provenance determination in archives of eolian dust 

requires the characterization of potential source areas (PSA), 
which is most reliably done using radiogenic isotope 
fingerprinting. While aerosols collected over continents may 
be influenced by contributions from variable upwind sources, 
deflatable material in soils is likely representative of local 
dusts originating from the bedrock. In this study, we present 
Sr, Nd and Pb isotopes in fine fractions of North African soils 
from the Sahara and Sahel, which are regions responsible for 
nearly half of global dust emissions [1]. The deflatable silt-clay 
(<60 μm) phases of the soils were obtained by settling in 
water. Sr and Nd isotopes in these phases show a wide range in 
compositions, generally overlapping published data on 
carbonate-free bulk soils [2]. Soils from Algeria, Morocco and 
Tunisia have lower 87Sr/86Sr than in [2] but similar εNd 
indicating the presence of fine carbonates. Pb isotopic 
compositions of the soils (except from the Algerian plain) fall 
on a single linear array in Pb isotope space but show a large 
scatter in εNd vs. 206Pb/204Pb, ruling out simple binary mixing 
between old and young rocks. By and large, spatial 
distributions of both Nd and Pb reflect the local lithology and 
geological age. Soils from Tunisia and Morocco lie within the 
young Atlas Orogen and exhibit less radiogenic lead. 
Conversely, unradiogenic εNd is found in soils from Mali, Niger 
and the Algerian plain, located in sedimentary basins on the 
older parts of the West African Craton. Soils from the Hoggar 
Plateau and Mali have more radiogenic Pb, similar to those 
reported for bulk soils from the Bodélé Depression, Chad [3]. 
Differences in isotopic compositions hint that soils in Mali and 
Niger are less likely downwind accumulations of Bodélé dust 
within the Harmattan belt. This dataset will prove 
indispensable in defining dust-emission sources from the 
Sahara and Sahel at the present day as well as in paleo-dust 
records from marine sedimentary cores. 
 
[1] Prospero et al. (2002) Rev. Geophys. 40, 1002, 
doi:10.1029/ 2000RG0000952  [2] Scheuvens et al. (2013) 
Earth Sci. Rev. 116, 170–194 [3] Abouchami et al. (2013) 
Earth Planet. Sci. Lett. 380, 112–123 
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Northern Indian Ocean acts as a natural laboratory to study 

the biogeochemstry of trace elements as it has all the 
ingradients to influence their distribution. It recieves large 
amount of fresh water and sediments from the Ganga, 
Brahmaputra, Indus, Irrawady and Salween rivers and aeolian 
dust from surrounding arid landmasses which supply various 
trace elements to the water column. Presence of oxygen 
minimum zone (OMZ) in intermediate water columns of the 
two adjoing basins of the northern Indian Ocean, the Arabian 
Sea and the Bay of Bengal (BoB) influences the internal 
cycling of many of the trace elemetns. Reducing condition 
prevailing near the sediment-water interface in these basins 
acts as sink/source for redox sensitive elements. As a part of 
international GEOTRACES programme systematic clean 
sampling has been carried out in the Indian Ocean to study the 
biogeochemistry of trace elements. 

A suite of trace elemental and isotope measurements has 
been carried out in the water columns of northern Indian 
Ocean. Concentrations of dissolved U, Re and Mo (redox 
sensitive elements) display abslolutely conservative behaviour 
in the water columns even in the OMZ with very low oxygen. 
Mo isotope composition is conservative in the northern Indian 
Ocean including the OMZ of the Arabian Sea except in the 
northern shelf region of the Bay of Bengal where δ98Mo of 
seawater is significantly lighter compared to that of the Open 
Ocean. This indicates release of lihgter Mo from Fe-Mn oxy-
hydroxide coated on the sediments brought by the Ganga-
Brahmaputra in the OMZ of BoB.  

Dissolved iron (DFe) has been measured in 24 full water 
columns of the Indian Ocean including the OMZ of both 
Arabian Sea and Bay of Bengal using flow injection system. 
DFe displays surface minima and sub-surface maxima in 
OMZ.. Both OMZs have elevated DFe indicating its 
remineralisation from sinking particles in oxygen defficient 
condition. DFe is also being released from the shelf region of 
BoB. This study demonstrate large scale recycling of trace 
elments and isotopes in the Indian Ocean. 
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In the last decade, our lab has developed three new 

methods for past temperature assessment of both marine and 
continental environments based on specific organic 
biomarkers. The TEX86 palaeothermometer is based on 
membrane lipids (i.e. isoprenoidal tetraethers) of 
Thaumarchaeota residing in the water column of the ocean and 
lakes. Palaeothermometry based on the distribution of 
branched tetraethers, likely derived from the membrane lipids 
of bacteria, is currently widely applied in lakes, coastal marine 
sediments and loss deposits to reconstruct past continental 
temperatures. The distribution of long-chain diols, derived 
from eustigmatophyte algae, shows potential for reconstruction 
of past sea surface temperature, and, potentially, lake 
temperature. These three organic proxies have in common that 
there discovery was based upon observations from the field 
without a proper biological validation. In this overview 
presentation I will describe what it takes to fully develop a 
reliable proxy and discuss the potential limitations and 
prospects of these organic proxies.  
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The north eastern Black sea region of Turkey, known as 

Eatern Pontides, belonging to the Alpin metallogenic province 
have numerous skarn, porphyry, epithermal and massive 
sulfide type depoits. The aim of this study is to investigate the 
mineralization characteristics of the Eğrikar  skarn deposit 
located in the NE Black Sea region of Turkey. The Fe skarn 
deposit at Egrikar is represented by exoskarn zone and hosted 
by Late Cretaceous carbonate rocks comprised of limestone, 
adjacent to the Eocene (?) granitoid. The prograde textures 
include lattice, cluster, spots, and mossiness, and the retrograde 
textures are brecciated. The mineral paragenesis of Eğrikar 
skarn deposit is consist of diopside, granat, epidote, actinolite, 
tremolite, quartz, magnetite, and hematite, with less amount of 
chalcopyrite, pyrite, gold and native copper.  

In the mineral assemblages, both pyrite and magnetite were 
formed in the first and the second phase; and chalcopyrite 
occurs after these. Hematite mainly appears as results of 
magnetite and pyrite alteration following second phase, and 
with less oftenly alteration of mafic minerals. Magnetite is 
generally massive and sporadically banded with some 
martitization. Pyroxene occurs as gang mineral close to the 
granitoid between endoskarn and exoskarn zone. There are less 
amount of garnet, epidote, quartz and amphibole along with 
pyroxene occurrences from endoskarn to exoskarn zone. 

The observed anhydrous minerals such as garnet  
(andradite) and clinopyroxene (diopside) are indicative of 
prograde stage, and the presence of hydrous minerals such as 
epidote and amphibole show that retrograde stage was 
developed later. Microthermometric data on quartz from 
exoskarn zone shows that the skarnization took place at 120°-
380°C temperatures. The magnetite mineralization are 
characterized by homogenization temperatures of 290 to 380°C 
and  with salinity range of 3.4 to 7.6 wt% NaCI equivalent.  

The type of garnet and clinopyroxene, the abundance of 
magnetite with minor pyrite suggest that the Fe skarn deposit  
at Egrikar formed under oxidized conditions. 

2907



 Goldschmidt2015 Abstracts  

 2908 

Investigation of geochemical and 
isotopic characteristics of volkanic 

rocks in Kalinçam, Tonya-Trabzon, 
NE Turkey   

F. SİPAHİ*1, A. KAYGUSUZ1, İ. AKPİNAR1 AND  
Ç. S. EKER1 

1Gümüşhane University, Geological Engineering, Department, 
Gümüşhane, Turkey 

 
The volcanic rocks around Kalınçam (Tonya, Trabzon) and 

in the Eastern Black Sea Region is of Late Cretaceous age. 
Basalts, andesites and their pyroclastics forming the Çatak 
Formation at the basement have vesicular, microgranular 
porphyric, cavity and breccia textures (1).  Plagioclase is mostly 
found in basalt as mineralogical components, whereas in 
andesite, plagioclase and at lesser amouts of amphibole 
minerals are seen. Over these comes microgranular porphyrytic 
and hyalo porphyrytic- textured dacite, rhyodacite and 
pyroclastics of Kızılkaya Formation and they mainly 
composed of plagioclase, quartz and hornblende minerals. The 
andesite and pyroclasts of subsequent Çağlayan Formation 
have hyalo-microlitic-porphyrytic textures and consist of only 
plagioclase and hornblende. 

The volcanic rocks have calc-alkali characteristics and they 
reflect geochemical features of subduction related rocks, owing 
to their high LILE and low HFSE contents and high 
LILE/HFSE ratios. The negative anomalies of Nb, Sr, P and Ti 
in volcanics are characteristics of island arc volcanics (2 and 3)..  
This also points out fractionation of hornblende, Fe-Ti oxides 
and apatite minerals during initial magma formation processes 
of volcanics. The Chondrite normalized NTE patterns 
(LaN/LuN=3.11-13.10) of  Kalınçam volcanics indicate a 
moderate enrichment pointing the similar source.  The  

87Sr/86Sr(i) values changes between 0.70752 and 0.70779, and 
yet the values of 143Nd/144Nd(i) changes between 0.512318 and  
0.512656.  

All data support the idea that Kalınçam volcanics might 
have formed by a fractional crystallization process from a 
subducting source enriched with fluids.  
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Association of soil mineral particles could significantly 

change the sorption capacity of their individual components. 
We studied this phenomena using batch Cd, Cu, Pb and Zn 
sorption experiments on two soils with contrasting 
characteristics. Their sorption properties were characterized by 
XRD and FTIRS analyses, as well as sorption curve 
evaluation. Using TEM-EDS, submicron sized smectite 
particles were found to be associated to tiny ferryhidrite and 
goethite patches in the acidic forest soil, whereas the alkaline 
meadow soil could be characterized by goethite and smectite 
particles attached to large carbonate grains. 

Point analyses and elemental maps carried out on such 
associations showed that significant metal separation may 
occur at particle level. This is primarily obvious for Cu and Pb, 
which are preferentially sorbed by iron oxides over clay 
mineral particles. This is more pronounced in competitive 
situation. Highest affinity to clay minerals was found for Zn 
and it may be also characteristic for Cd in acid conditions, 
while decrease in available sorption sites and increase in pH 
may result in enhanced precipitation for these latter metals. 

These results suggest that estimation of the role of soil 
components can not be carried out when only the bulk soil is 
studied. 

 
This study was financially supported by the Hungarian 

Scientific Research Fund (OTKA K105009). 
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Steranes, the molecular fossil of eukaryotic organisms, are 

exceedingly scarce in the pre-Ediacarian Neoproterozoic. Only 
the ~740 Ma Chuar Group of the Grand Canyon in Arizona has 
yielded clearly indigenous steranes so far [1]. However the 
distribution of steranes in the Chuar Group is unique with a 
predominance of the C27 sterane approaching 100%, a pattern 
never observed again in the geological record. But it remains 
unclear whether this unusual distribution is global and 
representative of the evolutionary state of mid-Neoproterozoic 
Eukaryotes or, conversely, the signal of an unusual local 
ecology. 

Here we present exceptionally well preserved indigenous 
steranes from the Buldya Group of the Officer Basin in 
Western Australia, aged 725-820 Ma [2]. In this time period, 
the Officer Basin was presumably located in the north of the 
supercontinent Rodinia, distant from the Chuar Group of 
thousands of kilometers. The group mostly consists of finely 
laminated dolomites, mudstones and sandstones deposited in a 
shallow marine to subaerial environment. The samples show 
fine sedimentological features and some are barely 
consolidated despite their age. Maturity indicators based on 
sterane and hopane isomer ratios and other organic compounds 
place the sediment in the immature range of petroleum 
generation. The biomarkers are probably the best preserved 
hydrocarbons of Precambrian age that are currently known. 
The sterane distribution reveals the same strong C27 sterane 
predominance observed in the Chuar Group, suggesting this is 
a global and time diagnostic signal that represents the state of 
eukaryote evolution in the mid-Neoproterozoic. 

 
[1] Summons et al. (1988) Geochimica et Cosmochimica Acta 
52, 2625-2637. [2] Grey et al. (2005) Geological Survey of 
Western Australia Report 93, 89p. 
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The distribution of ions and charge at solid-water 

interfaces plays an essential role in a wide range of processes 
in biology, geology and technology. While theoretical models 
of the solid-electrolyte interface date back to the early 20th 
century, experimental techniques largely rely on macroscopic 
averaging and therefore lack the spatial resolution to test key 
predictions. Using recent advances in high-resolution Atomic 
Force Microscopy (AFM) we reveal, with atomic level 
precision, the ordered adsorption of common cations in natural 
environments to heterogeneous gibbsite:silica-electrolyte 
interfaces. Complemented by density functional theory, our 
experiments produce a detailed picture of the formation of 
surface phases by templated adsorption of cations, anions and 
water, stabilized by hydrogen bonding. In particular, we 
demonstrate the sequential build-up of the Stern layer by 
consecutive adsorption of hydrated Ca2+ and Cl- ions upon 
increasing the bulk concentration of CaCl2 [1]. Complementary 
measurements on natural kaolinite and montmorillonite 
nanoparticles display strong charge heterogeneity on the basal 
planes suggesting that common assumptions regarding the 
chemical homogeneity may not be appropriate.  

 
[1] Siretanu et al. (2014) Scientific Reports, 4, 4956. 
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Characterization of a black substance seeping from 
fractured bedrock in a subterranean tunnel revealed a 
manganese and calcium bearing substance highly enriched in 
rare earth elements (REE). This tunnel is dry and at shallow 
depth and was built to convert the former Ytterby mine, into a 
fuel deposit for the Swedish Armed Forces. To keep the tunnel 
dry, groundwater level is kept below its natural level which has 
resulted in oxidizing conditions in a previously dysoxic or 
anoxic environment. The deposition of the substance therefore 
occurs in a dark and moist environment which was exposed to 
changing redox conditions.  

Geochemical analysis show that the substance is enriched 
in REEs with concentrations one to two orders of magnitude 
higher than in the surrounding rocks. X-ray diffraction spectra 
indicate that the main component is birnessite. SEM revealed 
an internal lamination of these Mn-oxides implying an iterative 
change in production. Previous results show that REE 
occurrences in Ytterby are localized within pegmatites in the 
mine. It is thus suggested that Mn colloids, suspended in the 
local groundwater, work as metal traps and contribute to the 
mobility of the REEs. The black substance is suspected to act 
as a sink for these metals in the Ytterby mine area. 

The influence of microorganisms on the accumulation of 
Mn-oxides appears to be important. The occurrence of the C31 
to C35 extended side chain hopanoids among the identified 
biomarkers provides evidence of bacterial presence in the 
depositional environment.  The abiotic vs biotic origin of the 
precipitated manganese was investigated by electron 
paramagnetic resonance spectroscopy. The substance is 
composed of  two or more components, with one part having a 
biogenic signature. Ongoing investigations of the microbial 
communities and the REE accumulation processes include 
δ13C analysis of the extracted lipids, DNA deep sequencing, 
quantitative PCR and sequential leaching. 
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Based on their mutual chemical similarity, the sediments of 
the Upper Freshwater Molasse (Obere Süßwasser Molasse, 
OSM) are considered to be the major precursor material of 
tektites of the Central European Tektite strewn field 
(moldavites). The chemical differences between OSM 
sediments and moldavites have been evidenced and discussed. 
The explanations include (i) addition of components 
chemically distinct from OSM, (ii) changes to element ratios as 
a consequence of mass conversion to plasma and condensation 
to glass, and (iii) differences in volatility and/or condensation 
temperature of the elements.  

In this study,  a wide range of sediment types was analyzed 
including residual karst-type sediments, and data for a large 
range of elements were collected. Since the moldavites have 
extremely low contents of volatile compounds (e.g., H2O, CO2 
or Corg), all sediment chemical data were recalculated to 
volatile-free compositions. The comparison of these 
recalculated sediment data and those of moldavites 
underscores earlier observations – enrichments in Cs, Ba, K2O, 
and Rb, and depletions in many other elements including, e.g., 
transition metals, P, As, Sb, Mo in moldavites compared to 
OSM materials. These differences cannot be explained by a 
single process or factor. 

New model of moldavite formation includes several 
consecutive steps: i. the parent mixture (OSM as dominant 
source) contains also minor admixture of organic matter and 
soils; ii. part of the ejected matter is converted to plasma, 
another part is directly melted on decompression; iii. following 
the decompression the separated vapor phase disintegrates 
glass to small droplets, some elements are partially lost (e.g., 
Fe, Cu, Zn) because of their volatily or volatily of their 
compounds like carbonyls; iv. large ions such as Cs+, Ba2+, K+, 
Rb+ from the plasma portion condense on the droplets; v. the 
droplets coalesce to larger tektite bodies and are reshaped by 
further glass flow. 
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There are numerous experimental data on the conditions of 

diamond formation in the field of its thermodynamic 
metastability. It is also known that the “post-growth periods” 
contribute significantly to diversity of natural diamond 
crystals. Study of the structure and phase composition of 
contact areas of diamond crystals with host rock indicates the 
possibility of preservation of rudiments reflecting the 
conditions and composition of the parental system.  

We studied micro-sized diamond, diamond-like, and 
carbon-bearing polycluster phases, the high concentration of 
which was registered in carbonate-silicate films at the contact 
of diamond crystals with kimberlite. The surfaces of diamond 
contact with kimberlite were studied in 34 samples (Mir and 
Udachnaya pipes, Yakutia; Rudenko collection). Morphology 
and composition of contact phases were investigated by the 
scanning electron microscopy (CARL ZEISS LEO 1430 VP) 
equipped with an energy-dispersive spectrometer. The 
chemical composition of the most abundant micro-sized phases 
and their distribution over the contact surface was analyzed on 
an electron microprobe. Raman spectra were obtained on a 
Micro-Raman RENISHAW (532 nm, 785 nm) spectrometer 
for better identification of the phases. The carbonate-silicate 
films of the contact are characterized by the high content of 
microdiamonds and diamond-like phases with different 
morphology: diamond-like overgrowths on diamond crystals, 
diamond relics of crushing with various degrees of 
crystallinity, partly structured phases, individual polycluster 
particles with a clear volumetric texture, amorphous phases 
with a strong dispersion, round aggregates, and “moustache”. 
Raman spectra showed the presence of sp3 and sp2 hybridized 
carbon phases at various combinations of magnitudes at 1325-
1600 cm-1. Raman spectra of diamond crystals at the contact 
zones reveals a shift of diamond peak which can be explained 
by mechanical stress.  

The studied carbon phases, as well as carbonate-silicate 
phases of contact films on diamond crystals most likely 
participated in overgrowth and recrystallization of diamond 
crystals in the post-growth period during the interaction with 
evolving kimberlite melt by the cluster, rather than the atomic 
mechanism. 
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It has become widely accepted that many phase transitions 

do not follow nucleation pathways as envisaged by the 
Classical Nucleation Theory. Many substances can traverse 
intermediate states before arriving at the stable phase. The 
apparent ubiquity of multi-step nucleation has made the 
inverse question relevant: does multistep nucleation always 
dominate single-step pathways? Here we provide an explicit 
example of the classical nucleation mechanism for a system 
known to exhibit the characteristics of multi-step nucleation. 
Molecular resolution atomic force microscopy imaging of the 
two-dimensional nucleation of glucose isomerase demonstrates 
that the interior of subcritical clusters is in the same state as the 
crystalline bulk phase. Our data show that despite having all 
the characteristics typically associated with rich phase 
behavior, glucose isomerase 2D crystals are formed entirely 
classically.  

 
These observations illustrate the resurfacing importance of 

the classical nucleation theory by re-validating some of the key 
assumptions that have been recently questioned. 
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Monitoring of organics in surface water, transferred into 
the world's oceans, allows to evaluate organic compounds 
balance changing as a result of global warming and the 
permafrost thawing [1-3]. Low content of organic compounds 
requires special approaches. Authors have applied a method of 
water distillation followed by the solid-phase extraction (SPE) 
of a distillate on polymeric sorbents. Extracted from water 
oxigen-containing organic compounds were modified for the 
subsequent analysis by GC-MS or HPLC-MS. The table shows 
the results of acids content (ppb) in surface water of the 
subarctic zone of Western Siberia. 

Acid 
water sample  

lake 1 river 1 river 2 river 3 

Lactic 3,1 0,7 2,3 2,5 
Benzoic  1,8 1,2 3,3 1,7 

Salicylic  5,7 – – – 
C12:0 0,6 0,1 0,1 0,1 

C14:0 0,9 0,2 0,4 0,6 
C15:0 0,6 5,6 1,3 1,3 
С16:1 – – 0,9 0,9 

C16:0 2,0 4,6 0,9 1,4 
С18:1 0,4 – 1,3 0,7 

C18:0 1,8 9,0 0,6 1,0 
Table: Acid content (ppb) in some water samples 

 
A combination of distillation and SPE allows to detect 

small amounts of organic compounds in the water samples 
(including ice and snow) with RSD of about 20-30%. 

 
[1] Guggenberger & Kaiser (2003) Geoderma 113, 293–310. 
[2] Zsolnay (2003) Geoderma 113, 187– 209. [3] Delpla et al. 
(2009) Environ. Int. 35, 1225–1233. 
 

2916



 Goldschmidt2015 Abstracts  

 2917 

Phosphorus dynamics in coastal 
marine sediments: New insights in the 

role of Fe-P phases 
C. P. SLOMP1*, M. EGGER1, N. DIJKSTRA1, T. JILBERT12,  

T. BEHRENDS1, D. C. REED13 AND P. KRAAL1 
1Faculty of Geosciences, Utrecht University, Utrecht, The 

Netherlands (*correspondence: c.p.slomp@uu.nl) 
2Department of Environmental Sciences, University of 

Helsinki, Helsinki, Finland 
3School of the Environment, Washington State University, 

Vancouver, WA, USA 
 

Phosphorus (P) is a key and often limiting nutrient for 
phytoplankton in the marine environment. Increased 
availability of P can contribute to elevated productivity and the 
development of low oxygen zones in coastal systems. 
Phosphorus associated with Fe-oxides is traditionally thought 
to play a key role as both a temporary and permanent sink for 
P in such areas. 

Here, we summarize recent findings for sediments from the 
Baltic and Black Sea demonstrating that Fe(II)-phosphates 
should also be considered as a potential temporary and 
permanent sink for P in coastal marine environments. First, we 
show how the operational SEDEX extraction procedure for 
phosphorus in sediments [1] can be complemented with micro-
XRF, XANES, SEM and XRD analyses to identify and 
quantify Fe(II)-P phases in marine sediments. Second, we 
discuss various mechanisms that contribute to formation of 
Fe(II)-P phases in surface sediments. In the Baltic Proper, for 
example, basin-scale variations in oxygen conditions and 
productivity over the past century are suggested to drive 
changes in Fe-oxide and reactive P input to deep basin 
sediments and control Fe(II)-P formation and burial. In the 
Bothnian Sea, in contrast, changes in organic matter input on a 
decadal time scale are suggested to act as the key driver of 
Fe(II)-P formation. In this setting, vivianite is formed below a 
shallow sulfate methane transition zone (SMTZ) in the upper 
10 cm of the sediment. The Fe(II)-P acts as a major burial sink 
for P in the Bothnian Sea and its burial may provide a negative 
feedback on further eutrophication. Finally, we discuss the 
enigmatic results of SEDEX extractions [2] and XANES 
suggesting the presence of Fe-P phases in highly-sulphidic 
surface sediments of the Black Sea. 

 
[1] Ruttenberg (1992) Limnol Oceanogr 37, 1460-1482. [2] 
Dijkstra et al. (2014) PloSONE 9(7): e101139.  
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Diamonds are sensitive probes of mantle metasomatism, 
where diamond isotopic and impurity compositions allow 
constraints to be placed on the movement of volatile-bearing 
fluids/melts between both different mantle domains (e.g. 
convecting asthenosphere and lithospheric mantle), and Earth’s 
crust and mantle. The metasomatic formation of diamonds can 
additionally record lithospheric modification events and 
provide assessments of the volatile inventory present in 
migrating mantle metasomatic fluids/melts. Here we present a 
case study of diamond-forming metasomatism in the Karelian 
mantle lithosphere, from a suite of diamond xenocrysts and 
several diamondiferous eclogite xenoliths from the Lahtojoki 
kimberlite (Finland). 

Xenocrystic and xenolith-derived diamonds show 
remarkably consistent and overlapping δ13C values between –3 
and -7‰ (n = 67; st. dev. < 1‰), and N contents between 100 
and 1830 atomic ppm. We interpret the close similarity of the 
two populations to indicate a common origin. The diamond 
δ13C values clearly indicate a mantle carbon source, whereas 
the elevated N contents require an enriched source possibly 
derived from K-rich metasomatized cratonic mantle or 
subducted crustal material (e.g. the eclogitic xenoliths). The 
eclogite xenoliths have characteristics (Eu anomalies, elevated 
Al2O3 contents) that suggest crustal protoliths, but initial garnet 
δ18O results overlap with mantle values.  

If the diamonds have mantle carbon but separate nitrogen 
sources, then the volatile components involved in the diamond 
formation are decoupled. P-T calculations for the xenoliths 
show eclogite residence near the base of the Karelian 
lithospheric mantle, such that the eclogites would be 
susceptible to interaction with ascending asthenosphere-
derived C-bearing fluids/melts. Metasomatism of the eclogitic 
cratonic mantle by such fluids/melts may have facilitated 
precipitation of diamond where nitrogen is scavenged from 
host mantle lithosphere, ultimately producing diamonds with a 
mixed volatile heritage. 
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The production of fertilizers and pesticides consumes high 
levels of energy from fossil fuels, emits large amounts CO2, 
increases ground- and surface water pollution and soil 
degradation around the world.  Part of the problem is a lack of 
fundamental understanding about mineral-derived nutrient 
dynamics in forests to maintain high, but sustainable, 
production of high quality wood products. The goal of this 
study was to investigate the physical and chemical alterations 
of mineral particles and microbe-mineral interactions in the 
rhizosphere of various conifers. Controlled column growth 
experiments were set up in the laboratory with plants, 
symbiotic fungi and limited amounts of Ca, Mg and K and 
mineral samples were also collected from a field experiments 
at two sites to achieve the goals of the project. 

The overall results have shown that symbiotic fungi can 
promote chemical dissolution as well as applying physical 
forces to produce fungi diameter, channel shaped branching 
features and that they take up base cation nutrients during the 
dissolution process. On the other hand, based on laboratory 
testing, abiotic processes can also contribute to similarly sized 
and shaped channels on mica surfaces because it is soft, easily 
scratched by sharp and hard objects such as sand grains. Base 
cation limitations under forest ecosystems did not promote 
dense fungal colonization of the minerals in the buried mesh 
bags, which contradicts laboratory studies. The column 
experiments confirmed that the presence of trees decreased 
drainage water pH by 2 units, thus acidified the systems and 
increased weathering rates compared to controls without trees. 
However, the weathering rates remained low in all treatments. 
Microscopic chemical analyzes of mineral cross sections 
indicated a slight depletion of cations below the formed 
“biolayer” and fungal hypahe but these changes were not 
significantly different from the analyzed controls.  

The results supports that symbiotic relationship between 
higher plants, fungi and bacteria can facilitate increased uptake 
of limiting nutrients from mineral sources in the rhizosphere 
implying that mineral amendments can be utilized to aid 
sustainable forest management if they are supplied in sufficient 
amounts and composition.  
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The volcanic islands of the Saronic Gulf (Greece) are 

regarded as the westernmost part of the presently active South 
Aegean arc. There are, however, a few small-scaled volcanic 
deposits located further north-west, on the mainland between 
Athens and Corinth, whose emplacement ages coincide with 
the main periods of volcanic activity in the Saronic Gulf. All 
outcrops of these Crommyonia lavas occur along important 
extensional faults and are spatially confined to a ca. 3.6-4.0 Ma 
western and a ca. 2.7 Ma eastern group [1]. We carried out a 
detailed geochemical and petrographic study of 30 samples 
collected from multiple outcrops of both the eastern and 
western group in order to investigate the relation of these 
Crommyonia volcanic deposits to the coeval Saronic Gulf arc 
volcanics. 

Whole rock major and trace element concentrations of the 
Crommyonia lavas (66-72 wt.% SiO2) plot at the more evolved 
end of the differentiation trend defined by the Saronic Gulf 
volcanic deposits (47-68 wt. % SiO2). The radiogenic isotope 
geochemistry of these high-K rhyodacites to rhyolites also 
supports a higher degree of crustal 
differentiation/contamination as they have similar to higher Sr-
Pb isotope ratios, and a similar to lower Nd-Hf isotopic 
composition, than the Saronic Gulf deposits. A petrogenesis 
for the Crommyonia lavas as further evolved Saronic Gulf 
magmas can, however, not be reconciled with field 
observations and petrography. 

The nearly total lack of enclaves in the Crommyonia 
deposits is in sharp contrast to the up to 10 vol% of mafic 
enclaves present in the Saronic Gulf volcanics, which is 
interpreted to reflect magma mixing due to mafic 
replenishments of more felsic magma chambers. And although 
the major mineral constituents of the Crommyonia rocks are 
similar to the modal mineralogy of the Saronic Gulf lavas 
(feldspar - amphibole - biotite - quartz) they are clearly 
distinguished by the presence of cm-sized K-feldspar crystals 
and occasional muscovite, garnet, monazite/xenotime and 
sillimanite.  

We therefore propose that Pliocene volcanic activity in the 
Crommyonia area resulted from crustal anatexis due to 
asthenospheric upwelling, which was facilitated by (1) crustal-
scale extensional tectonics and (2) the position above the 
western edge of the subducted African lithosphere. 

 
[1] Pe-Piper & Hatzipanagiotou (1997) Geol. Mag. 134 55-66. 
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Lavas erupted in intraplate basaltic volcanic fields, 

wherein single magma batches ascend quickly to the surface, 
are widely regarded as comparatively simple ‘windows’ into 
mantle compositions and behaviour. Recent studies, however, 
have revealed complex geochemical trends in many of these 
fields, both within individual volcanic sequences and across 
whole fields, with much of this heterogeneity attributed to 
multiple mantle sources.  

The Auckland Volcanic Field (AVF), New Zealand, is a 
dormant monogenetic field containing 53 volcanic centres with 
compositions ranging from subalkalic basalt to nephelinite. 
Recent interpretations of extensive isotopic and major and 
trace element data from bulk rock seek to explain this 
geochemical range through the melting of three source 
endmembers: metasomatised lithospheric mantle, eclogitic 
veins, and fertile asthenospheric mantle. 

In this study, glassy, olivine-hosted melt inclusions (MIs) 
from ‘endmember’ whole rock compositions are used to 
constrain the volatile components related to changes in source 
chemistry. In particular, the alkalic and subalkalic magmas, 
most recently erupted in the AVF from Rangitoto Volcano, are 
ideal for this study due to the abundance of fresh, glassy 
material and the diversity of compositions available.  

Volatile data from FTIR analyses of MIs indicate that the 
subalkalic magmas from Rangitoto best represent the 
postulated metasomatised lithospheric mantle source. These 
magmas contain up to 1.5 wt% H2O and CO2 concentrations up 
to 2100 ppm, as opposed to H2O contents up to ~1 wt% and 
CO2 concentrations up to 2600 ppm in the alkalic magmas. 
Crystallisation depths for subalkalic magmas cluster at  
~9-11 km and at ~5 km and may indicate ponding at these 
depths. H2O/Ce ratios from high pressure melt inclusions range 
up to ~600 for subalkalic magmas and ~140 for alkalic 
magmas. Subalkalic values are double that typically observed 
in MORB or OIB magmas (< 300 H2O/Ce) but below that of 
most arc basalts (>~ 600 H2O/Ce), consistent with a partially 
metasomatised lithospheric mantle source. 
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Mixed-habit diamonds from the eastern Zimbabwe craton 
have octahedral sectors enriched in nitrogen, and cuboid 
sectors with hydrogen-containing defects (as VN3H; [1]).  The 
high nitrogen and hydrogen content, and mixed 
crystallographic state of these diamonds provide the 
opportunity to evaluate C-N-H bearing fluids and diamond 
growth mechanisms in the lithospheric keel. 

Octahedral sectors are free of any inclusions. Cuboid 
sectors in these diamonds trap CH4-rich fluid inclusions 
(Raman peaks at 2917 cm-1) associated with graphite; and also 
have  δ13C and N content co-variations suggestive of  Rayleigh 
fractionation from oxidised source fluids.  

SIMS traverses for δ13C-δ15N in the suite support a mixing 
trend from more CH4-rich sources to later rim growth from 
more CO3-/CO2-rich sources. Calculated diamond source fluid 
compositions are between δ15N +4 and + 8 ‰ (using ∆15Ndiam-

fluid of -4.9 ‰; not redox dependent; [2]), requiring that both 
CH4-rich and CO3-/CO2-rich fluids have a recycled 
metasedimentary component as could occur with subduction of 
eclogite.  

Subduction fluids in equilibrium with an eclogitic bulk 
composition will be H2O-rich and contain CO2, CH4 and 
CH3CH2COO- [3]. When such a fluid cools down, either 
isobarically, or through upwards percolation, it loses carbon 
solubility leading to diamond precipitation [4]. The lithosphere 
has a limited ability to act as either a source or sink of O2 [4], 
and thus diamond precipitation by cooling can occur without 
carbon reduction or oxidation. Precipitation of diamond from 
mixed C-H-O fluids could proceed according to: CO2+ CH4 ⇔ 
2C + 2H2O [5]. This model can reconcile trapped reduced CH4 
inclusions with oxidised growth suggested by the δ13C-N data.   
 
[1] Goss et al., 2014. Journal of Physics: Condensed Matter, 
26, 145801 [2] Petts et al., 2015. Chemical Geology, submitted 
[3] Sverjensky et al., 2014. Nature Geoscience, 7, 909-913 [4] 
Luth and Stachel, 2014. Contributions to Mineralogy and 
Petrology, 168, 1083. [5] Deines, 1980. Geochimica et 
Cosmochimia Acta, 44, 943-961. 
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Constraining the thermal evolution of the deep crust in the 

Pamir-Tibet orogen is a critical step towards linking Cenozoic 
plate dynamics, magmatism, and mountain building in the 
region. Extensive research accomplishments during the past 3 
decades now allow detailed reconstruction of Miocene 
exhumation, uplift and magmatism across the orogen. 
Nevertheless, earlier processes related to heating and 
compression along the Eurasian margin are still largely 
obscured. This is due to the scarcity of well-preserved 
assemblages across the plateau region and the general 
difficulty in resolving early petrological records. In contrast to 
Tibet, the Pamir provides extensive exposure of Cenozoic 
deep-crustal rocks [1]. In this study, we explore the early 
thermal history of these rocks using garnet Lu-Hf 
geochronology and thermometry, and rutile U-Pb dating and 
Zr-in-rutile thermometry. 

Garnet growth first occurred in the South Pamir at  
ca. 37.0 Ma – shortly after the 44-40 Ma break-off of the 
Indian Plate to the south [2]– and spread to the Central Pamir 
during the following 10.4 Myr [3]. At 26.6 Ma, the deep crust 
was heated beyond 750 °C regionally, and was ductile and 
partially molten, aiding the switch to ductile thinning at  
22-20 Ma. Rutile U-Pb thermochronology records cooling of 
the deep crust to c. 500 °C at 9.0 Ma at an average rate of  
30 K Myr-1. The history uncovered here confirms a long-lived 
thermal history of the Pamir deep crust [4], and advocates a 
causal link between slab break-off and the heating and ductile 
thinning of the subduction hanging wall. 
 
[1] Schmidt et al. (2013) EPSL 312, 411-421; [2] Negredo et 
al. (2007) EPSL 259, 212-225; [3] Smit et al. (2014) Geology 
42, 1047-1050; [4] Ducea et al. (2003) Geology 31, 849-852. 
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The intermediate redox species of sulfur are vital for early 

diagenetic processes involving sulfur, iron, and carbon. 
Intermediate sulfur species serve as substrates for the microbial 
oxidation, reduction, and disproportionation of sulfur. 
However, preserving and quantifying these intermediates has 
been particularly difficult due in large part to the rapid 
chemical and biologic rates of reactions. We have developed a 
methodology using the fluorescent compound bromobimane 
that preserves sulfur intermediates. Using an Ultra 
Performance Liquid Chromatographer (UPLC) connected to a 
Time of Flight Mass Spectrometer (TofMS), we were able to 
rapidly separate, quantify, and perform compound specific 
isotope analysis (CSIA) for sulfur intermediates. Our 
methodology provided quantification for samples containing 
millimolar to nanomolar concentrations of sulfur, with 
detection limits of femtomoles. We applied our methods to 
pure cultures of sulfur oxidizing (Sulfurovum lithotrophicum 
and Thiobacillus thioparus) and reducing bacteria 
(Desulfococcus multivorans and Desulfovibrio desulfuricans), 
as well as co-cultures of these bacteria to elucidate important 
sulfur intermediates. This methodology proved to be very 
effective in stable isotope probing (SIP) experiments where 34S 
and 33S labeled substrates were provided to pure cultures and 
sediment incubations. We have collected individual fractions 
from the LC in order to obtain high precision CSIA on a Multi-
Collector Inductively Coupled Plasma Mass Spectrometer 
(MC-ICPMS) for natural abundance sulfur isotope 
fractionation.  
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Icy systems are dominated by bacterial life; and yet little is 

known about the direct role of individual microorganisms in 
biogeochemical cycling from these environments and the 
effect on downstream aquatic ecosystems. Nutrient transfer 
from cryoconite is important, as glacial surface melt volumes 
will increase as a response to climate warming. Here we 
present a detailed investigation of microbial diversity, granule 
structure, and metabolic activity including single cell activity 
in cryoconite samples collected from the McMurdo Dry 
Valleys, Antarctica. Granules were analyzed by powder x-ray 
diffraction, step-wise thermogravimetric analysis, and 
reflection confocal laser scanning microscopy (CLSM). CLSM 
in combination with specific fluorescent stains enumerated and 
confirmed the association of microbial populations with 
sediment surfaces and the presence of biofilm. Carbon fixation 
and ammonia assimilation rates were determined at the single-
cell level for Oscillatoriales and Bacteroidetes populations 
using Halogen In Situ Hybridization-Secondary Ion Mass 
Spectroscopy (HISH-nanoSIMS). 13C fixation and 15N uptake 
rates were calculated, and the successive uptake of released 
fixed carbon compounds by heterotrophic Bacteroidetes sp. 
was quantified. Collectively, these data indicate that cryoconite 
sediments are important reservoirs of organic carbon and 
nutrients for microbial activity and nutrient cycling on glacial 
surfaces.  
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Since their introduction into the environment from 

atmospheric nuclear weapons tests in the 1950s, artificial 
radionuclides have proven to be useful global tracers of water 
circulation and ventilation of the deep ocean. Skillful 
applications of radionuclide tracers are favored by strong, 
rapidly time varying sources and accurate knowledge of their 
input functions, conditions that are satisfied by discharges 
from the Sellafield, UK and La Hague, France nuclear fuel 
reprocessing plants and the 2011 Fukushima, Japan nuclear 
reactor accident. Discharges of 129I and 137Cs from European 
reprocessing plants are transported through the Nordic Seas 
and Arctic Ocean and are then injected into Denmark Strait 
Overflow Water south of Greenland which flows equatorward 
and supplies the deep waters of the North Atlantic. During the 
past 35 y, time series measurements along this northern arm of 
the global overturning circulation have revealed that 
radioactive tracers from the North Sea take about 10 years to 
reach the North Pole, an additional 5 years to return to the 
Nordic and Labrador Seas and a further 8 years to reach deep 
ocean locations off Bermuda.  

The Fukushima nuclear reactor accident resulted in the 
discharge of large quantities of radioactivity into the western 
North Pacific that was transported northeastward towards 
North America by the Kuroshio Current. A Canadian 
monitoring program was established for the detection of 134Cs 
and 137Cs on an oceanographic section (Line P) extending  
1500 km westward from Victoria, British Columbia. The initial 
arrival of the Fukushima signal on Line P occurred in June, 
2012 and by June, 2013 the Fukushima signal had spread along 
the entire length of Line P onto the Canadian continental shelf. 
By August, 2014, the Fukushima-derived 137Cs signal on Line 
P of 3 Bq/m3 was twice as great as the prevailing fallout signal. 
These 137Cs concentrations are far too low to be a threat to the 
environment or human health, but they are providing well 
constrained estimates of water circulation time scales and 
mixing rates in the eastern North Pacific. 
 

2926



 Goldschmidt2015 Abstracts  

 2927 

High-temperature kinetics of chlorite, 
biotite and illite 

MEGAN M. SMITH1* AND SUSAN A. CARROLL1 
1Lawrence Livermore National Laboratory; 7000 East Ave. L-

231; Livermorem, CA, 94550, USA  
(*correspondence: megan@llnl.gov) 
 

Sheet silicates can comprise up to half of the mineral phase 
volume in some geothermal reservoirs targeted for stimulation, 
yet very few kinetic data are currently available for these 
minerals at geothermally relevant temperatures (≥100 °C). The 
reactivity of such phases is of special interest in geothermal 
fractures, where out-of-equilibrium fluid contacts minerals 
exposed at the fracture-wallrock interface. The lack of high-
temperature kinetic data hampers our ability to confidently 
predict the extent and impact of geochemical alteration within 
fracture pathways and   partially-filled veins, upon fracture-
propping asperities, and on fluid exchange between 
fracture/matrix rock.   
 Suites of kinetic experiments have been conducted over pH 
ranges of 2.5 to 10, and temperatures from 100 to 280 °C for 
dissolution of three phyllosilicate minerals: chlorite (Mg-rich 
variety), biotite (Mg,Fe-containing variety), and illite. 
Individual rate expressions have been derived from these data 
and from combined datasets including available lower-
temperature rate measurements. Among the three systems, we 
note that extrapolations of sub-100 °C rates often overpredict 
rates at higher geothermal temperatures. The conventional 
parabolic kinetic rate expression can be applied to these 
mineral reactions, although the magnitude of rate increase 
associated with increased levels of H+ and/or OH- is reduced 
depending on the likelihood of aluminum- or magnesium-
hydroxide phase formation, respectively. Shifts in “neutral” 
fluid pH at elevated temperature also tend to dampen the 
dependence of rate with acid pH observed at lower 
temperatures. Solution chemistry modeling indicates that fluid 
saturation likely affects chlorite and biotite dissolution rates at 
T ≥ 100 °C, although   the data are not sufficient to fully 
describe the nature of the reaction affinity term. For the case of 
illite, fluid saturation may impact measured rates but it is of 
secondary importance to likely concurrent precipitation of 
other aluminosilicate phases. Variability in rates collected from 
differently substituted mineral varieties and among different 
laboratories must be considered when formulating kinetic rate 
expressions.  
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The majority of boreal and temperature tree species form a 

mutualistc relationship with ectomycorrhizal fungi. Almost all 
root tips of these trees are covered with fungal tissues: the 
ectomycorrhizae. In fact, the fungal symbiont form the main 
interface between plant and soil, with fungal hyphae extending 
from the tree root into the soil matrix. The most explorative 
types of mycorrhizal fungi can extend dm’s from the root 
surface, where they can bridge different soil layers. 

In this presentation I review the role of ectomycorrhizal 
fungi in three key soil processes: mineral weathering, Fe and 
Al transport and organic matter dynamics. Generally these 
processes are studied seperatedly, but in fact these processes 
are strongly interconnected. 

The ability to enhance mineral dissolution is well 
established in laboratory settings, but their contribution to field 
scale weathering remains controversial. Recent work [1] in a 
natural vegetation gradient in Norway indicate a small 
contribution of fungi to apatite weathering in the deeper soil 
layers, in the top layers fungal activity retards apatite 
dissolution. This appears to be linked to the fungal interactions 
with soil organic matter, producing high molecular weight 
organic acids that block active weathering sites. 

Several lines of evidence suggest a biotic upwards 
transport of Al and Fe in podzols from the mineral soil into the 
litter layer. In vitro and microcosm experiments [2] reveal that 
ectomycorhizal do transport Al, and that external mycelium, 
extending from roots into the litter layer, take up Al from the 
mineral soil, up to the litter layer. 

Polyvalent cations like Al3+ contribute to the formation of 
the organic supramolecule aggregates [3]. Release of these 
cations from the organic matter matrix by small molecular 
weight organic acids in the B horizon will mobilize organic 
matter, and could be the driving factor of E horizon 
development. 
 
[1] Smits et al., 2014. Plant and Soil 385: 217-228 [2] Smits et 
al. 2009. SBB 41: 491-497 [3] Clarholm et al., 2015. SBB 84: 
168-176 
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Juvenile crust is formed when continents are broken apart. 

This is thought to be caused by uniform stretching and thinning 
of the lithosphere [1]. For the last thirty years depth-dependent 
thinning has been proposed as an addition to this model to 
explain the anomalously shallow environment of deposition 
along many continental margins [2] [3]. A critical prediction of 
this modification is that the lower crust and sub-continental 
lithospheric mantle undergo a phase of increased heat flow, 
potentially accompanied by heating, during thinning of the 
lithospheric mantle. Here, we present rutile thermochronologic 
data from two exposures of attenuated lower continental crust 
(i. Ivrea Zone, Southern Alps; ii. Mauléon granulites, 
Pyranees) that we interpret as recording thermal pulses in the 
lower crust and the continental mantle, coincident with the 
onset of continental breakup. The temperature sensitivities of 
Pb, Zr, Hf, Nb and Ta diffusion [4—6] in rutile afford the 
opportunity to recover continuous thermal history information 
from the lower-crust. Rutile from the Ivrea Zone exhibit U-Pb 
and HFSE diffusion profiles that are consistent with reheating 
of the Adriatic margin to temperatures of ~730 °C over 
100,000 years at ~180 Ma. Such transient reheating was likely 
driven by refertilization of the lithospheric mantle by 
plagioclase peridotites. Rutile from the Mauléon granulites 
exhibit partial resetting of primary Variscan crystallization 
ages at ~130 Ma. Topologies of the U-Pb age profiles are 
consistent with reheating of the lower crust by 150—200 °C at 
the onset of continental necking. Combined with numerical 
experiments of extending continental lithosphere, these 
observations confirm that preferential removal of mantle 
lithosphere during continental thinning is an important 
component of the rifting process. 

 
[1] McKenzie, D., Earth Planet. Sci. Lett. 40, 25—32, 

1978; [2] Royden, L., and C.E. Keen., Earth Planet. Sci. Lett. 
51, 343—361, 1980; [3] Huismans, R.S. and Beaumont, C., 
Earth Planet Sci. Lett. 407, 148—162, 2014. [4.] Cherniak, D., 
Contrib. Min. Pet. 139, 198—207, 2000; [5.] Cherniak, D. et 
al. Contrib. Min. Pet. 261, 267—279, 2007; [6.] Marschall, H. 
R. et al. Earth Planet Sci. Lett. 375, 361—371, 2013. 
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 Geophysical processes impart characteristic thermal 

signatures to the lithosphere. Traditionally, the thermal 
evolution of the lithosphere is recovered through the 
interpolation of discrete temperature-time points, generated by 
assigning estimates of nominal closure temperatures to 
volume-averaged radiometric ages. Whilst informative, bulk 
thermochronology potentially fails to resolve short-lived 
(102—105 years) thermal events associated with important 
processes such as magmatism and fluid flow. Rather, the 
highest resolution record of thermal history information is 
captured by intracrystalline concentration profiles [1] [2]. With 
the advent of high-resolution microbeam techniques, such 
profiles can now be routinely measured on sub-micron spatial 
increments, affording the opportunity to invert for T(t) [3]. 
However, the success of this approach is contingent on 
verification that Fickian-type diffusion is the dominant 
transport mechanism. Here, using numerical models, we 
present an overview of the potential utility of this approach to 
recover continuous thermal history information from the U-Th-
Pb system in accessory phases. We also explore the potential 
to splice T(t) information obtained from trace element 
diffusion profiles with T(t) segments obtained from the U-Th-
Pb system. Focusing on rutile—a widely-used U-Pb 
thermochronometer and single-phase thermometer—we will 
test theoretical predictions with LA-ICPMS U-Pb and trace 
element depth profile data from lower-crustal metamorphic 
rutile. These data show that rutile speedometry provides an 
underutilised tool to trace transient thermal events in a 
temperature range directly relevant to the geological evolution 
of the lower crust. 
 

[1] Dodson (1986) Mat. Sci. Forum 7, 145-154; [2] 
Harrison et al. (2005) Rev. Min. Geochem. 58, 389-409; [3] 
Smye and Stockli (2014) Earth Planet. Sci. Letters 408, 171-
182. 
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Wadsleyite is the fourth most abundant silicate phase in the 

Earth (after bridgmanite, olivine, and ringwoodite) and may 
constitute as much as five times the mass of the planet’s crust. 
The minor-element chemistry of wadsleyite may thus affect 
that of mid ocean ridge basalts and both oceanic and 
continental crust. We have synthesized wadsleyite with 
coexisting pyroxene with two to three weight percent each of 
TiO2, Cr2O3, V2O3, CoO, NiO, and ZnO under hydrous 
conditions in separate experiments at 1300ºC and 15GPa. We 
have refined the crystal structures of the wadsleyites, analyzed 
the compositions by electron microprobe, and estimated 
vacancy contents from b/a cell-parameter ratios. Trivalent 
cations, Fe, Cr and V, show a strong preference for M3 over 
M1 and M2 and significant substitution up to 2.8% at the 
tetrahedral site. Overall, wadsleyite can incorporate much 
larger amounts of trivalent cations than can olivine. 
Tetravalent Ti substitutes up to 10 percent at the tetrahedral 
site with roughly half that amount at each of M1, M2, and M3. 
Divalent Ni, Co, and Zn show site preferences similar to those 
of Fe2+ with M1≈ M3 > M2 > T. Ti, Cr, and V have much 
greater solubilities in wadsleyite than in olivine and so may be 
enriched in a melt or an accessory phase if hydrous melting 
occurs on upward convection across the wadsleyite-olivine 
boundary. 
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Constraining the activity of trace components in silicate 

melts allows for predictions of partitioning behavior and 
volatility in natural igneous systems. In this study we measure 
the activity coefficient of the element Ag in silicate melt and 
its partitioning behavior between molten Fe metal and silicate 
melt. 

Silver solubility experiments were carried out to explore 
the effect of melt composition on the activity coefficient of 
silver (γAgO0.5) in silicate melt. A series of 21 experiments 
were done in graphite capsules at 1500 and 1650 °C and  
1.5 GPa in the CaO - MgO - Al2O3 - SiO2 system. A 
complementary set of 33 experiments investigating the 
partitioning behavior of Ag between silicate melt and molten 
Fe was also carried out at temperatures between 1560 and  
1900 °C  and 1.5 GPa in the CaO – MgO – FeO - Al2O3 - SiO2 
± Na2O system. To investigate the effect the presence of 
carbon in molten Fe metal has on partitioning, experiments 
were done in graphite capsules as well as capsules of MgO and 
SiO2.  

Based on the results of the solubility experiments we 
measured a variation in γAgO0.5 of over an order of magnitude, 
ranging from 1320 to 19600, over the investigated range of 
melt composition. Although γAgO0.5 shows no simple 
dependence on any particular oxide component, a strong direct 
correlation with the optical basicity [1] of the silicate melt in 
observed. Converting the solubility results to partition 
coefficients at infinite dilution in Fe metal using the 
relationship of Borisov et al. [2] yields a range in apparent 
DMet/Sil of 2.44 – 18.7 at an fO2 of ΔIW -2. These results are in 
excellent agreement with partitioning experiments run in 
carbon free systems.   

The measured DMet/Sil values from partitioning experiments 
done in graphite capsules are approximately 0.5 log units lower 
than those determined by solubility and in carbon free systems. 
This is attributed to the presence of carbon in the molten Fe 
metal, which significantly increases the γAg in the metal 
phase.   

 
[1] Duffy (1993) Geochim. Cosmochim. Acta 57, 3961-3970. 
[2] Borisov et al.  (1994) Geochim. Cosmochim. Acta 58, 705–
716. 
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Extensive groundwater monitoring was carried out prior to, 

during and after the injection of 175 tonnes of pure CO2 in 
January-March 2012 and 73 tonnes of 75% CO2-24%H2S-
1%H2-gas mixture during June-August 2012 into basaltic rocks 
at the CarbFix site at Hellisheiði, SW-Iceland. The CarbFix 
project assesses the feasibility of mineral storage of carbon in 
basalts. The gases were dissolved in water during injection into 
a permeable basalt formation located at 500-800 m depth with 
temperatures from 30 to 60°C. Once dissolved in water, the gas 
is no longer buoyant and the acidic gas-charged water 
accelerates metal release from the basalts and formation of C-
S-minerals. A drop in pH and increase in dissolved inorganic 
carbon (DIC) was observed in the first monitoring well, HN-
04, located ~70 m downstream from the injection well, about 
two weeks after the injections began. A significant peak never 
appeared in H2S concentrations. Chemical analysis show a 
rapid increase in Ca, Mg and Fe during the injections with a 
gradual decline in the following months. PHREEQC 
calculations indicate saturation of siderite about four weeks 
after the injections began and calcite saturation about three 
months after each injection. Pyrite is supersaturated prior to 
and during the mixed gas injection and in the following 
months, but mackinawite is at saturation during and after 
injection. In July 2013 the pump in well HN-04 broke down 
due to calcite precipitation. Preliminary mass balance 
calculations based on tracers co-injected with the pure CO2 
suggest that more than 90% of the CO2 was mineralised within 
a year [1] and H2S was mineralised even faster. This result 
suggests that the CarbFix method can change the time scale of 
mineral trapping considerably, and can readily co-mineralise 
injected C and S. 
 
[1] Stute et al. AGU Fall meeting 2014. 12/2014 
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C-S-H (Calcium-Silicate-Hydrate) is very likely the most 
widely synthesized material by mankind. As the main 
component of hydrated Portland cement, the binder phase in 
concrete, it is estimated that over 3 Gt of C-S-H are produced 
every year. For a synthetic phase this widely used, surprisingly 
large gaps in our scientific understanding still persist regarding 
its crystal structure, its compositional variability and its 
mechanism of nucleation and growth. 

Admittedly, C-S-H is not an easy phase to deal with. It 
usually shows to be nanocrystalline and fraught with 
irregularities such as defects, stacking faults, and broad solid 
solution series. Also in terms of nucleation and growth, our 
present day models are incomplete and often rely to heavily on 
classical models developed for crystalline materials. This while 
most of the collected evidence indicates that C-S-H follows a 
clearly different path to nucleation and growth, non-classical 
paths that have been explored before in the field of zeolite 
synthesis or, more recently, in geochemistry. 

This contribution collects and reviews literature and non-
published experimental data on C-S-H nucleation and growth 
and reinterprets them using non-classical nucleation and 
growth mechanisms.  

It is commonly known that C-S-H develops long-range 
order only over time, initially formed C-S-H being highly 
disordered. Moreover it is recently observed that C-S-H 
precipitates are limited in size. Rather then growing large 
crystals at the expense of smaller ones, a meshwork of small 
crystallites is preserved over long hydration times. 

Similarly, one of the more peculiar recent findings from 1H 
NMR spectroscopy is that C-S-H formed early on during 
cement hydration has a significantly lower density and higher 
water content than C-S-H formed at later stages. 

Combined, this may imply that surface energies and 
surface water adsorption (also called gel water) may play an 
important role in keeping the C-S-H phase in a “metastable” 
nanocrystalline and relatively low density state required to 
guarantee the performance and durability of concrete 
structures. 
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Injection of acids into carbonate formations can lead to 

unstable calcite dissolution fronts. For single phase aqueous 
flow this has been extensively studied, through experiments, 
theory and modelling, in the context of acid stimulation in the 
petroleum industry. Dissolution patterns, such as so-called 
wormholes (conduits of ~2mm diameter), are governed by the 
characteristic numbers for the convection to dispersion rates 
(Péclet number, Pe) and dissolution to diffusion rates 
(Dahmköhler number, Da). For well stimulation operations, Pe 
and Da numbers can be designed (injection rate; acid selection) 
to control the resulting dissolution patterns. 

In recent years the topic has received significant interest in 
the context of CO2 storage. Several groups have conducted 
core scale experiments and several of these have been 
succesfully modelled at core scale or pore scale. Most of the 
experiments were conducted in single phase mode, using 
carbonic acid. Wormhole formation is observed (depending on 
Pe, Da), and fully coupled flow-geochemical modelling 
(Reactive Transport Modelling) reproduces these results. 

The question arises how these results relate to actual CO2 
injection operations, where CO2 is injected  as supecritical 
phase, and not as carbonic acid, i.e. not the acid is injected, but 
the acid forming agent. This might make a substantial 
difference as recently shown in [1]. Furthermore, field-
application relevant length scales are not always accessible in 
experiments nor in fully coupled modelling due to too high 
numerical demands. Therefore an upscaling approach is 
needed for implementation of reactive transport and 
dissolution structure formation in  field scale modeling. 

We modelled core flood experiments in our in-house, fully 
coupled, reactive transport simulator, both for single phase and 
two-phase flow. We then formulated an upscaled description, 
based on existing models in the acid stimulation literature but 
generalised to the two-phase case. The upscaled approach was 
validated against the fully coupled approach, on the core scale. 
Then we applied the upscaled description to the field scale. 
This allowed us to semi-quantitatively predict the timing and 
spatial distribution of dissolution patterns, including their 
effect on well injectivity and CO2 distribution. 
 
[1] Ott & Oedai (2015), accepted for publication in 
Geophysical Research Letters. doi: 10.1002/2015GL063582 
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There is general agreement that the convecting mantle is 

compositionally and thermally heterogeneous on different 
spatial scales. Differences in potential temperature and 
composition of mantle domains affect magma production and 
cannot be easily distinguished from each other. This has led to 
radically different interpretations of the melting anomalies that 
produce ocean-island basalts (OIB), large igneous provinces 
(LIP) and supra-subduction zone (SSZ) mantle derived melts. 
The way to resolve this ambiguity is an independent estimation 
of temperature and composition of mantle sources of various 
types of magma. 

In this paper we report application of newly developed 
olivine-spinel-melt geothermometers based on partition of Al, 
Cr, Sc and Y for different primitive lavas of MORB, OIB, LIP, 
and SSZ. The results suggest significant variations of 
crystallization temperature for the same Fo of high magnesium 
olivines from different types of mantle-derived magmas: from 
the lowest (down to 1220oC) for MORB and SSZ to the highest 
(up to over 1500oC) for komatiites and Siberian meimechites. 
These results match predictions from Fe-Mg olivine-melt 
equilibrium and confirm the relatively low temperature of the 
mantle source of MORB and SSZ magmas, high H2O contents 
of SSZ magmas and higher temperatures in the mantle plumes. 

The established liquidus temperatures and compositions of 
primary melts allow estimating potential temperatures of their 
mantle sources. The highest potential temperatures (up 
to1650oC) are found for the largest LIPs: Siberian, North 
Atlantic and Caribbean. The sources of OIBs yield significant 
range of potential temperatures: 1400-1600oC, positively 
correlated with magma production rate. MORBs yield potential 
temperature between 1350-1400oC except those from ultra 
slow spreading ridges (e.g. Knipovich ridge), which display 
potential temperatures down to 1250 oC. Potential temperatures 
of SSZ mantle sources are typically within the range for 
MORB, supporting origin of SSZ primary melts by H2O 
fluxing of convecting mantle wedge. Exceptions are some 
boninites, which require higher temperature and plume related 
sources. 

The results strongly confirm standard mantle plume theory 
and prove external source of H2O in SSZ mantle. 
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We study the dissolution kinetics of albite crystals and 
isochemical glass samples in a flow-through cell. Samples of 
Amelia Courthouse albite are crystallographically fully ordered 
and were already used in a series of earlier dissolution studies 
(e.g., [1] [2]). Therefore, these albite samples provide a basis 
for a comparison with the structural endmember, i.e., albite 
glass that we generated by melting and quenching. 

Next, we conducted a series of dissolution experiments 
with one crystal and one glass sample in the same cell under 
identical conditions. Surface evolution of both materials were 
quantified over a series of time-steps in a long-term flow-
through experiment using atomic force microscopy (AFM) and 
vertical scanning interferometry (VSI). Surface maps of 
identical sample positions were collected after each reaction 
period. Masked surface sections provided a reference height. 
Height measurements of the reacting surface with respect to 
the masked surface section revealed information about the 
surface-normal retreat and, thus, the mean reaction rate. 
However, the reacting surfaces have different complex 
topographies and, thus, contributions to the overall rate are 
heterogeneously distributed. This study provides the 
prerequisite to investigate the heterogeneity of rate 
contributors using the concept of rate spectra (Filipescu et al., 
this volume). 

 
[1] Beig and Luttge (2006), GCA, 70, 1402–1420 [2] 
Arvidson, Beig and Luttge (2004), Am Mineral 89, 51–56 
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High-K mantle-derived magmatic rocks typically form in 

collisional to post-collisional stages of the orogenic cycle and 
are of particular interest as they carry information about the 
chemical and mineralogical conditions of the uppermost 
mantle. The numerous Late Miocene lamprophyre dykes from 
Kos, which are distinctive by their highly variable petrographic 
character, comprising amphibole- and mica-rich varieties, were 
emplaced above the eastern end of the active South Aegean 
subduction zone. 

The Sr, Nd and Pb isotopic compositions of the 
lamprophyres fall in narrow ranges (143Nd/144Nd = 0.51253–
0.51270; 87Sr/86Sr = 0.70393–0.70546, 206,207,208Pb/204Pb = 
18.60–18.95, 15.62–15.66, 38.43–38.86). Sr and Nd isotope 
ratios correlate negatively, extending from the undepleted end 
of the mantle array towards crustal values. The crust-like 
isotopic compositions are linked to the addition of subducted 
South-Eastern Mediterranean sediments, which dominate the 
Pb budget in all lamprophyres. The mantle endmember is 
chemically heterogeneous, including material strongly 
enriched in trace elements and showing high field strength 
element systematics typical of carbonatite mantle 
metasomatism (including Nb/Ta up to 31, high Nb/Zr, low 
Ti/Eu).  

Thus, there are two types of mantle metasomatism: (1) 
sediment-derived melts reacting with ambient mantle formed 
phlogopite-pyroxene-rich veins and (2) carbonatitic or 
carbonated low-SiO2 melts reacting with ambient mantle 
formed clinopyroxene- and amphibole-rich domains. These 
non-peridotitic regions later melt to different degree and mix to 
variable portions to from the wide chemical range observed in 
the Kos lamprophyres.  

Emplacement of the lamprophyres is related to sinistral 
transtension between the fast extending Eastern Aegean back-
arc basin and Western Anatolia, which may also have formed 
ruptures in the down-going slab, allowing the introduction of 
material from the convecting mantle into the supra-subduction 
zone mantle. 
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The upwelling area off North-West Africa is characterized 

by high export production, high nitrate and low oxygen 
concentration in bottom waters. The underlying sediment 
consists of sands that cover most of the continental shelf. Due 
to their permeability sands allow for fast advective porewater 
transport and can exhibit high rates of nitrogen (N) loss via 
denitrification, especially in anthropogenically eutrophied 
regions. However, N-loss from sands underlying upwelling 
and thus naturally eutrophied waters is poorly studied, and 
despite the favorable local conditions N-loss from the N-W 
African shelf is not well constrained. During 2 research cruises 
in April/May 2010/11, sediment was sampled at 16 stations 
along the N-W African shelf and potential denitrification was 
measured in sediment layers down to 8 cm depth using slurry 
incubations with 15N-labelled nitrate.  

Denitrification rates in sandy sediments were similar down 
to 8 cm depth suggesting efficient transport of nitrate into the 
sediment. Areal denitrification rates were calculated by 
integrating volumetric rates down to the nitrate penetration 
depth derived from porewater profiles. Areal rates were neither 
correlated with organic carbon content nor with bottom water 
nitrate. However, areal rates were strongly correlated with the 
sediment grain size (R2 0.91 p<0.0001). Grain size is a proxy 
for porewater advection as it determines sediment permeability 
and reflects the strength of prevailing bottom water currents 
that drive porewater flow.  

The found empirical relation between areal denitrification 
and grains size suggests that porewater advection is a main 
regulating parameter for benthic denitrification in sands and 
further allowed extrapolating rates to an area of 50,000 km2 
using detailed sediment maps. Denitrification from this region 
amounts to 800 kt per year (on average 3 mmol/m2/d) which is 
5 times higher than previous estimates based on diffusive 
porewater transport. Considering that 70% of the continental 
shelf is covered by sands, these sediments may significantly 
contribute to the global benthic N-loss. 
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Organoclays exhibit for ions or non-polar compounds 

selective sorption ability, which depends on loading and 
structure of organic cations [1]. Organoclays based on 
montmorillonite modified by different amount of 
hexadecyltrimethylammonium (HDTMA+) and 
hexadecylpyridinium (HDPy+) cations were studied 
experimentally and by classical molecular dynamics (MD) 
simulations using the LAMMPS package (ClayFF, OPLS-AA, 
and SPC/E water force fields). The surface coating by organic 
cations was characterized by X-ray photoelectron spectroscopy 
(XPS) and atomic distribution profiles obtained from MD 
simulations. Diffusion coefficients (DCs) of the selected ions 
(Cl-, I-, NO3

-, SeO3
2-, and NH4

+) at the organoclay surfaces and 
in their nanopores were calculated from MD and compared 
with the exprimental data. 

Figure 1: Montmorillonite surface covered by HDPy+ cations 
(bilayer arrangement) in a contact with NO3

- solution. (Blue 
balls - Na+ cations, orange balls - Cl- anions, red-blue 
sticks - NO3

- anions). 
 

The dependence of the calculated DCs on the different 
loading of the organic cations was observed from the MD 
simulations, in a correspondence with the experimental 
observations. 

 
[1] Yariv (2002) Organo-Clay Complexes and Interactions 39-
122, Marcel Dekker, New York, USA. 
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Monitoring the manganese concentration in shells of 

freshwater bivalves provides a unique way to obtain 
information about climate and environmental changes during 
periods that pre-date our instrumental data records. This 
approach, however, relies on a thorough understanding of how 
manganese is incorporated into the shell material – a point that 
remained controversial so far. Here we clarify this issue using 
state-of-the-art X-ray absorption and X-ray emission 
spectroscopy in combination with band structure calculations. 
We show that manganese is incorporated as high-spin Mn2+ 
and is coordinated by a CO3-octahedron. This, firstly, provides 
firm experimental evidence for manganese being located in the 
inorganic carbonate, thus supporting its use as climate proxy. 
Secondly, it indicates that the structure of the aragonitic host is 
locally altered such that manganese attains an octahedral, 
calcitic coordination. The latter modification at the atomic 
level enables the bivalve to substitute many orders of 
magnitude more manganese in its aragonitic shell than found 
in any geological or synthesized aragonite. 
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Mimetite Pb5(AsO4)3Cl and vanadinite Pb5(VO4)3Cl belong 

to the apatite supergroup. These minerals are isostructural with 
pyromorphite Pb5(PO4)3Cl and form with it a ternary system 
within the apatite group of P63/m symmetry. The crystal 
structure of mimetite and vanadinite can incorporate numerous 
admixtures. The most common anionic substitution in the 
nature is replacement of arsenic with phosphorus and 
vanadium. Results of laboratory experiments show that 
mimetite and vanadinite form continuous isomorphic series.  

Mimetite, vanadinite and other lead apatite characterize by 
high stability in the earth-surface environments. This is the 
main reason why synthetic apatite minerals are used to 
immobilization of heavy metal  appearing in contaminated 
soils and hazardous industrial wastes [1, 2]. Pyromorphite and 
mimetite very often are applied for this purpose. Therefore, the 
influence of vanadium’s substitution on the solubility of these 
minerals is so important to check.  

The solubility of the synthetic mimetite, vanadinite and 
their solid solutions was measured in dissolution experiments 
at 25°C and at pH values between 2.00 and 6.00. Solutions 
were periodically sampled and were stirred two times a week. 
All experiments were conducted in triplicate. Pb(II) and V(V) 
concentrations were measured using atomic absorption 
spectroscopy (AAS). The content of As(V) and Cl were 
determined by UV-Vis spectrophotometry. The preliminary 
results show that the solubility of mimetite-vanadinite solid 
solution series increases with decreasing pH.   

The project was financed with resources of the National 
Science Centre, Poland, granted based on decision no. DEC-
2013/09/N/ST10/00677. 

 
[1] Ma et. al (1993) Environ. Sci. Technol. 27, 1803-1810. [2] 
Twidwell et al. (1994) J. Hazard. Mater. 36, 69-80. 
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 In DR-A (Mont Terri URL, CH), synthetic porewater 
(NaCl-dominated, I = 0.36) containing tracers  was circulated 
through a borehole for 189 days, after which it was replaced 
with a higher-salinity solution (0.50 M NaCl + 0.56 M KCl) 
for an additional 540 days, with effects such as the back-
diffusion of Cs+, Ca2+, Mg2+ and Sr2+ to the borehole resulting 
from desorption and an increase in the out-diffusion of anions 
(I-, Br-) and also of 3H (Fig. 1). Modeling has been performed 
by several teams. CrunchFlowMC, which includes the 
calculation of the electrical double layer (EDL) on the charged 
clay surfaces causing anion exclusion and cation excess, 
together with species-specific diffusion (Nernst-Planck 
equation), was used here. A 1D radial diffusion model 
considered a single pore diffusion coefficient (Dp) for cations 
and 3H in the bulk porosity, and a smaller Dp for anions. Dp 
values in the EDL were smaller by ca. an order of magnitude 
except for Cs+, which needed a larger Dp. Calculations 
considered all species in a single run. The model reproduced 
well back-diffusion of cations due to desorption, and the 
increase in the out-diffusion of anions and 3H due to the 
decrease in EDL porosity with increase in ionic strength.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Relative concentrations in the borehole vs. time. 
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The Quaternary Campo Volcánico Cerro Gordo (CVCG) is 

located in the eastern part of the Trans-Mexican Volcanic Belt 
(TMVB), in the back-arc region, approximately 85 km to the 
north of the present volcanic front. A group of andesitic and 
basaltic-andesitic radial lava flows and domes constitute Cerro 
Gordo; another group consists of basaltic and basaltic-andesitic 
cinder cones. The volcanic structures follow NE-SW and NW-
SE alignments, suggesting the presence of a regional fault 
system. 

Major elements compositions indicate some rocks of a 
calc-alkaline nature and others alkaline. Trace element patterns 
for the larger part of the samples show clear LILE and Pb 
enrichments with respect to HFSE. Some basaltic andesites 
and basalts display a different element distribution. REE 
patterns exhibit enrichment of LREE with respect to HREE 
with a sub-horizontal arrangement of the latter. Isotopic results 
have the ranges: 87Sr/86Sr from 0.70390 to 0.70481 and 
epsilon-Nd from +1.26 to +3.46; within mantle array values 
but with a slight interaction of magmas with crust. In contrast, 
Pb isotopic values 206Pb/204Pb (18.67 to 18.76), 
207Pb/204Pb (15.58 to 15.61) and 208Pb/204Pb (38.42 to 
38.54) imply mixing between a MORB type end-member and a 
more radiogenic component, similar to the oceanic sediments 
from the Eastern Pacific. 

Results suggest that the magmas were generated in a back-
arc setting, within a depleted heterogeneous mantle which was 
affected by the ascent of enriched asthenospheric mantle along 
with the addition of some subduction-related components. A 
possible tectonic setting is the retreat of the subduction plate 
(slab) which took place during Upper Miocene to Quaternary 
times. 
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Pyrite is a major constituent of volcanogenic massive 

sulfide (VMS) deposits located in the Bathurst Mining Camp, 
Canada. Optical characterization of pyrite indicates significant 
textural and size variability. Pyrite is texturally categorized in 
two main groups: pre-metamorphism (primary: including 
framboidal, spongy core, colloform pyrite) and syn- , and post-
metamorphism (secondary: including ductile, brittle, and 
anealed pyrite). In situ LA-ICP-MS and imaging of texturally-
distinct pyrite shows compositional variations related to 
depositional conditions followed by superimposed 
metamorphism and deformation. High As (up to 7.3 wt % ) 
concentrations in pyrite from the BMC categorize them as 
arsenian pyrite. The highest As concentrations are commonly 
related to primary textures of pyrite, in which Tl, Hg, Sb, Pb, 
Cu, and Zn are enriched as well. On the other hand, secondary 
pyrites are chemically more variable and typically not carrying 
high concentrations of trace elements. LA-ICP-MS imaging 
pyrite demonstrates complex trace element zoning, including 
multiple trace element enrichment and depletion zones. As a 
result, it is likely indicative of  multi growth stages of pyrite 
during metamorphism and deformation. Pyrite of VMS 
deposits of the BMC host appreciable abundances of trace 
elements, allowing it to be used as a potential vectoring 
mineral in VMS exploration. For instance, the proximal pyrite 
in the altered footwall units of Heath Steele B Zone (Drill hole 
3409) exhibits systematically increasing volatile elements with 
decreasing distance from the ore horizon. Hence, we present 
this innovative approach as a potential complementary 
technique for VMS exploration. 
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Ferrous iron (FeII) is involved in many environmental 
geochemical processes and has a widespread occurrence in 
anaerobic conditions and in radioactive waste repositories. 
Through the corrosion process of steel canisters large amounts 
of FeII will be produced and released into the engineered 
barrier system. With respect to reduction reactions of redox 
sensitive contaminats, FeII bound to solid phases is much more 
reactive than dissolved FeII. Hence, the presence of high FeII 
concentrations could have a significant influence on the 
retention of redox-sensitive contaminants by clay minerals. In 
this study the uptake of FeII by several montmorillonites with 
low and high structural ferric iron (FeIII) was investigated by 
batch sorption experiments, surface complexation modelling, 
Mössbauer and X-ray absorption spectroscopy (XAS) under 
anoxic and electrochemically controlled reducing conditions 
[1,2]. Under anoxic conditions FeII sorption on FeIII-poor 
montmorillonites followed well the uptake of other divalent 
metals and could be successfully modelled with a non-
electrostatic surface complexation model. In contrast, the 
reaction of FeII with FeIII-rich montmorillonite yielded 
considerably higher sorption values, and the FeII uptake could 
be reproduced only after introducing an additional surface 
reaction involving an electron transfer to the surface-bound 
FeII. Sorption experiments under electrochemically reducing 
conditions were in agreement with the sorption on the FeIII-
poor montmorillonite. The oxidation state of sorbed and 
structural iron was probed by Mössbauer spectroscopy on 
samples prepared under anoxic conditions. Iron was mainly 
sorbed as FeII on FeIII-poor clays whereas on FeIII-rich clays, 
iron is predominantly oxidized to surface-bound FeIII and FeIII-
oxides. Upon sorption of FeII, part of structural iron in FeIII-
rich montmorillonite is reduced to FeII, which unambiguously 
evidences the role of structural FeIII as an e- acceptor. These 
results were supported by XAS measurements. This study 
highlights the importance of structural iron (i.e. oxidation state 
and availability) on the uptake of ferrous iron on clay minerals.  
 
[1] Soltermann et al. 2014, Environ. Sci. & Technol. 48, 8698-
705. [2] Soltermann et al. 2014, Environ. Sci. & Technol. 48, 
8688-97. 
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The long-term oceanographic observation program had 

been carried out at KOMO station (Korea deep-Ocean 
MOnitoring station: 131°20'W, 10°30'N) for 20 years 
(1994~2014) in the Eastern Equatorial Pacific in order to 
understand the interannual and interdecadal natural variability 
of oceanographic conditions. Physico-chemical water 
properties (e.g., temp., salinity, dissolved oxygen, Chl-a, 
nutrients, etc.) were measured using CTD casting once a year 
between July and August. Total particle fluxes were also 
measured using the sediment trap with monthly resolution in 
the selected years (1997 and 2003~2012). Based on our 
observation, the variation of oxygen minimum zone (OMZ) 
thickness seems to be linked with interannual variation of 
physical, biological, and chemical properties in the overlying 
water without any significant decadal shift. However, 
dissolved O2 levels in the deep-sea (below 2000m-deep) were 
significantly increased from 2003/2004. This rapid increment 
could be related with the regime shift after 1998/1999 El-
Niño/La-Niña events in the Pacific Ocean because drastic 
decrease in the depth-integrated Chl-a accompanied with the 
dominance of smaller sized primary producers appeared in 
2000. This shift also well corresponded with organic mass 
fluxes which were significantly lower in the early 2000s than 
in the late 1990s. This observation suggest that O2 levels in the 
deep-water column could be more strongly coupled with 
overlying water primary productions and organic matter inputs 
than those in the shallow water (including OMZ) which may 
also be significantly affected by physical processes (i.e., trade 
winds, current) in this region. 
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One of the key tools that have been widely used in 
geological investigation is dating of geological events. 
However, dating petroleum charge and residence time from 
analysis of crude-oil alone, is currently not feasible due to the 
lack of a practical method. Oil charge times and rates are two 
main parameters in controlling petroleum occurrence by 
defining volumes of trapped petroleum and the dynamics of 
trap reliability, as well as leakage phenomena [1]. This 
research aims to assess the feasibility of age dating 
methodologies using chemical proxies based on irradiation 
products of crude oils, caused by the natural gamma radiation 
dosage associated with reservoir rocks. As a case history, 120 
reservoir core samples from 4 wells in the Athabasca oil sands, 
were selected. Location of the samples was determined by 
considering a horizon with a high intensity spike in the gamma 
ray log that extends laterally across the area. The horizon will 
characterize sweet spots with high concentrations of major 
radioactive elements (U, Th, K) associated with reservoir 
features, such as shale intervals. Therefore, samples were 
collected above and below this zone at high resolution for 
further analysis. Basic geochemical analyses were conducted 
on the samples. We used extraction and a suite of quantitative 
liquid chromatography, gas chromatography-mass 
spectrometry methods to characterize the in situ oils. This will 
allow us to look into detailed compositional profiles of 
different compound classes and detect any general and local 
compositional variations within the reservoir relating to oil 
charge and large scale biodegradation impacts with depth and 
more locally, adjacent to the shale intervals. In order to assess 
the profiles of stable radiolysis proxies in the reservoir, the 
next step is to investigate possible variations in the oil 
chemistry associated with the variations in the concentrations 
of major radioactive isotopes of U, Th, K, and the decay 
systematics of these elements.  

We discuss the compositional variations seen in the 
reservoir petroleum column and summarise some of the 
challenges in carrying out such developmental studies. 
 
[1] Larter et al., (2012). Geo Convention, cseg.ca, 1-6.  
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The phytoplankton in melt ponds which are distinct 

features of summer Arctic sea ice provide an potential carbon 
source to marine ecosystems in the Arctic Ocean. Recently, 
global warming and thus sea ice changes might cause 
alterations in the spatial distribution as well as onset and 
termination of melt pond development. However, the 
ecological impacts of melt ponds according to these changes 
have rarely been studied in the Arctic Ocean. Using a 13C-15N 
dual stable isotope tracer technique, the carbon and nitrogen 
uptake rates of phytoplankton were measured at 36 total 
different melt ponds between 74-84 °N from three different 
cruises in 2005 (74-76 °N), 2008 (82-84 °N), and 2011  
(77-78 °N) in the Arctic Ocean. To understand physiology of 
phytoplankton in melt ponds, the biochemical compositions 
(proteins, lipids, and carbohydrates) of particulate organic 
matters were analyzed at 10 different melt ponds during the 
2011 cruise based on the methods of Lowry et al. (1951), 
Dubois et al. (1956), Blighr and Dyer (1959), and Marsh and 
Weinstein (1966). The average hourly carbon uptake rates of 
phytoplankton in melt ponds were 0.47 mg C m-3 h-1 (S.D. = ± 
0.58 mg C m-3 h-1), 0.09 mg C m-3 h-1 (S.D. = ± 0.11 mg C m-3 

h-1), and 0.18 mg C m-3 h-1 (S.D. = ± 0.31 mg C m-3 h-1) for 
2005, 2008, and 2011, respectively. The average hourly 
nitrogen uptake rates was highest in 2005 (mean ± S.D. = 0.27 
± 0.34 mg N m-3 h-1) whereas lowest in 2008 (mean ± S.D. = 
0.02 ± 0.02 mg N m-3 h-1). Both carbon and nitrogen uptake 
rates in melt ponds showed a decreasing trend with increasing 
latitude. The most dominant components of phytoplankton in 
melt ponds were proteins which ranged from 20 to 61% (mean 
± S.D. = 40 ± 13%), whereas the lowest contributions were 
carbohydrates ranging from 11 to 49% (mean ± S.D. = 25 ± 
12%). Lipid composition of primary producer ranged from 25 
to 46% (mean ± S.D. = 35 ± 8%). In comparison, the 
compositions of phytoplankton in adjacent water column 
ranged from 6 to 31% (mean ± S.D. = 15 ± 9%), from 37 to 
62% (mean ± S.D. = 49 ± 8%), and from 22 to 53% (mean ± 
S.D. = 36 ± 9%), for proteins, lipids, and carbohydrates, 
respectively. The protein contributions of phytoplankton in the 
melt ponds were higher than those in the water column, which 
implies that melt ponds have a better nitrogen condition for 
phytoplankton growth. 

2949



 Goldschmidt2015 Abstracts  

 2950 

The Proterozoic igneous rocks in 
western South Korea 

KYO-YOUNG SONG AND HYEONCHEOL KIM1 
1Korea Institute of Geoscience & Mineral Resources, Daejeon, 

Korea 
(correspondence: kysong@kigam.re.kr) 
 

The Neoproterozoic igneous rocks occur scattered along 
the western coastal region of the South Korea, with a NNE 
trend. These igneous rocks lie in between the Paleoproterozoic 
metamorphic rocks and meta-sedimentary rocks, and the 
Paleozoic meta-sedimentary rocks in the Hongseong, Dangjin 
and Hwaseong areas. This study is focusing on mainly 
geochemical characteristics of the Neoproterozoic igneous 
rocks and Paleoproterozoic meta-igneous rocks which 
including para-gneiss bearing limestone in the Dangjin area. 

The Neoproterozoic igneous rocks have the composition 
ranging from gabbro-diorite to granite-alkali granite in total 
alkali versus silica (TAS) diagram, and their SHRIMP zircon 
U-Pb ages range from 800±27 to 832±10 Ma. The whole-rock 
geochemistry analysis of these granitoids and basaltic rocks 
indicate that they are VAG + syn-COLG and tholeiitic basalt, 
respectively. 

The Paleoproterozoic granite gneisses and amphibolites 
show composition range from gabbro to granodiorite in TAS 
diagram. SHRIMP zircon U-Pb ages of these rocks range from 
1855.1±7.8 to 1868.6±7.8 Ma. The whole-rock geochemistry 
analysis of the amphibolites indicate that these rocks are 
within-plate basalt and MORB. 

The relationship between the Neoproterozoic and 
Paleoproterozoic meta-igneous rocks is still in great dispute. 
Considering parallel geological distribution of the 
Paleoproterozoic metamorphic rocks, the Neoproterozoic 
igneous rocks and the Paleozoic meta-sedimentary rocks along 
the western coastal region of the South Korea with a NNE 
trend from east to west, maybe there are big event between the 
Paleozoic and the Mesozoic Era. 
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The Ilan Plain, Taiwan is located at the southwest-most 

part of Okinawu trough which is a back arc basin spreading 
due to the Philippine Sea plate subducted into the Asian 
continent margin. There are many hot springs occurred in and 
around the Plain indicate that it has high geothermal gradient 
underneath this area. Recent measurements on the heat flows 
using direct bolehole and geothermometry methods also show 
the same results. The Ilan area, therefore, has the most 
potential geothermal energy in Taiwan, and has been assigned 
as the major national energy program by NSC on exploring 
and developing geothermal power in the future. Why does the 
Ilan have so high geothermal gradient? Based on the profiles of 
magnetotellurics (MT) to the depth 10 km, it shows that there 
are two thermal reservoirs underneath the deep with lower 
resistivity, and can be divided into the shallower and deeper 
ones. Meanwhile, the properties of seismic waves of micro-
seismicity show low values Vp and Vs with higher Vp/Vs ratio 
in the depth between 4 to 6 kilometers. It infers that the 
thermal fluids in the deeper reservoir may be from the magma 
intrusion, based on the lower resistivity and anomaly of 
seismic velocity. Geochemical data including helium, Oxygen 
and sulfur isotopic ratio of gases and precipitated minerals 
phases of hot springs also support the magmatic origin of 
thermal fluids in the Chingshui area. This study, thus, 
combines the data got from geophysical and geochemical 
results to propose that the high heat flow and geothermal 
gradient in the Ilan area is due to the magma intrusion which 
may be generated from the subducted Philippine Sea plate 
underneath the Asian continent margin. 
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A decade of research on the natural variations in mercury 
(Hg) stable isotope abundances has shown large variations 
across biogeochemical reservoirs. These variations result from 
the gradual separation of heavy/light or even/odd Hg isotopes 
during the numerous physicochemical processes that shuttle 
Hg across the Earth’s surface. As a result, a Hg isotopic 
measurement gives rise to multiple isotope fingerprints that 
may characterize its source, or code for the transformations 
that Hg has undergone in the past. 

The atmospheric cycle of Hg has been studied for over 
decades. Natural and anthropogenic Hg emissions are mainly 
in the gaseous Hg0 form. Hg0 is thought to have a long  
(6-12 months) half-life and travel far from its source before 
being deposited by dry and wet deposition pathways back to 
terrestrial and marine environments across the globe. Major 
uncertainties still exisit regarding the oxidants of Hg0, the 
exact nature of oxidized HgII forms, the presence of in-cloud 
photoreduction of HgII (back to Hg0), and the relative 
importance of dry and wet deposition. 

In this presentation we will review Hg isotope observations 
of atmospheric Hg. We will show how Hg isotopes may help 
answer the indicated outstanding questions on Hg cycling, and 
we will discuss opportunities for Hg isotope tracing of Hg 
emission sources. 
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Development of an Enhanced Geothermal System (EGS) 
requires stimulating fractures within a large volume of low 
permeability rock. EGS evaluation is done primarily by 
separate analyses of injectivity, temperatures, tracer returns, 
microseismicity, geochemical data, and reservoir modeling. 
Despite widespread use of isotopes for geothermal systems, 
few have been integrated rigorously into coupled thermal-
hydrological-chemical-mechanical (THMC) models. At 
Newberry Volcano (Oregon, USA) about 10 million liters of 
groundwater was injected in 2014 over a 3-week period into 
volcanic/intrusive rock to a depth of over 3000m. Initial 
temperatures of 220-330°C in the open borehole were lowered 
by ~150°C, at flow rates of ~7-8 kg/s. To evaluate the spatial 
extent of permeability changes associated with shear/tensile 
failure, fracture porosity, surface area, and aperture, combined 
with THMC modeling, we collected water and gas samples 
during a post-injection flowback and measured aqueous and 
gas geochemistry, Ca, Sr, O, H, and He isotopes. 
Multicomponent geothermometry using GeoT, empirical, and 
sulfate-water isotope geothermometers yielded water-rock 
interaction temperatures of 230-250°C, indicating reactions 
with feldspars, pyrite, quartz, calcite, and Fe-Mg silicates in 
fractures outside the borehole. Although injected groundwater 
has a Sr isotopic ratio close to the mean value in surface 
basalts, flowback waters show shifts toward more radiogenic 
pre-Newberry Miocene-Pliocene tuffs. Ca isotopic ratios show 
effects of calcite dissolution and precipitation. He R/Ra values 
in gas over 8, as well as increased Cl concentrations in 
flowback water, indicate mixing of injected groundwater with 
small amounts of magmatic-geothermal fluid. THMC models 
of the injection include mineral-water-gas isotopic systems 
using a thermodynamic-kinetic solid-solution approach 
developed for the TOUGHREACT code. Simulations show 
calcite precipitation adjacent to the wellbore, and dissolution in 
fractures away from the wellbore, consistent with the observed 
isotopic changes, providing independent constraints on fracture 
property evolution. 
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Recently measured Fe3+/ΣFe ratios in MORB show a very 
narrow range, from 0.15 to 0.18, which corresponds to an 
oxygen fugacity (fO2) close to the Fayalite-Magnetite-Quartz 
(FMQ) buffer [1] [2]. Since Fe3+ in an incompatible element (D 

Fe3+ min/liq ~ 0.1[3]), its content in glasses should correlate 
with partial melting degree. However, such a relationship has 
not been observed in MORB and this paradox is still a matter 
of debate [1] [2]. In order to better understand the role of Fe3+ 
during partial melting of a MORB-mantle source, we 
performed partial melting experiments of a spinel peridotite at 
1.5 GPa, between 1320 and 1450°C, over a range of fO2 

varying from FMQ-3 to FMQ+3. Changes in oxygen fugacity 
were achieved using different capsule materials. Fe3+ contents 
of the spinels and glasses have been obtained using X-ray 
Absorption Near Edge Structure (XANES) in full field mode 
(transmission mode), at Grenoble Synchrotron (France).  

Our results show that, at a given fO2, the Fe3+/ΣFe ratio in 
melts remains quite constant with partial melting degree. This 
is explained by a slight decrease of DFe3+ while partial melting 
increases. We also notice that increasing fO2 causes a decrease 
in DFe3+. The Fe3+ content of resulting melts is thus “buffered” 
to a very narrow range, as we observe for MORB. This 
observation is also confirmed by pMELT calculations at 
different fO2 conditions. We conclude that the Fe3+ content in 
MORB could be accounted for by a DFe3+ min/liq ranging from 
0.1 to 0.3 and a mantle source containing 0.1-0.5 wt% Fe2O3. 
There appears also be to a correlation between oxygen 
fugacity, i.e. increasing Fe3+ content of a system, and the 
degree of partial melting of peridotite. This is to some extent 
explained by FTIR measurements that reveal the presence of 
water in the most oxidized experiments (up to 900 ppm in 
glass). Comparison with a new set of dry experiments, 
however, shows that a significant effect on the melting degree 
comes from the presence of Fe3+ alone. 

 
[1] Bezos and Humler (2005), GCA 69, 711-725. [2] Cottrell 
and Kelley (2011), EPSL 305, 270-282. [3] Canil et al. (1994), 
EPSL 123, 205-220. 
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Olivine is the first phase to crystallise from primitive 
basaltic or ultramafic magmas on decompression and cooling. 
The uppermost zones (A1, A2) of komatiite flows contain 
randomly-oriented ‘spinifex’ olivines, indicative of rapid 
cooling and growth [1]. Fe-Mg partitioning between olivine 
and assumed komatiitic liquid typically shows departures from 
experimentally determined relations [2], extending towards 
higher KD

Fe-Mg. If such high values are a disequilibrium effect it 
would lead to erroneous calculation of parental magma 
composition, and thus eruption temperature.  

In order to investigate this possibility, we have performed 
experiments on two komatiite compositions, the classic 
Barberton Aluminium Undepleted Komatiite (AUK) sample 
49J, (32% MgO) and Munro AUK sample 422/95 (23% MgO). 
Fixed-temperature experiments to constrain phase equilibria at 
atmospheric pressure, between 1360°C and 1600°C at FMQ-
1.7 and FMQ+1.1 on 49J reveal a liquidus temperature (Tliq) of 
1605±4°C, ~ 50ºC lower than a previous estimate [3]. KD

Fe-Mg 

ranges between 0.320 and 0.295 at FMQ-1.7, with a slight 
negative dependence on temperature.  

To replicate the conditions that prevail during the 
quenching of komatiites in the upper chill zones, experiments 
with a constant cooling rate were performed at FMQ-1.7 on 
422/95 (Tliq = 1450°C) at 0, 0.5, 1.5, 2.5, 6.5 and 16°C/min. 
Olivine morphology changes from euhedral to tabular at low 
cooling rates, hopper at intermediate, and skeletal and chain 
structures at high rates. Concurrently, the KD

Fe-Mg increases 
monotonically from an equilibrium value of 0.305 to 0.376 at 
16°C/min, reflecting the inability of unwanted cations to 
diffuse away from the growing olivine, and confirming that the 
high KD

Fe-Mg in the spinifex olivine is due to rapid cooling. 
 
[1] Donaldson, C.H., 1976, CMP, 57, 187-213. [2] Toplis, M.J. 
2005. CMP, 149, 22-39. [3] Green, D.H., et al. 1975, Geology, 
3, 11-14. 
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External standardization using matrix-matched standards is 

a common approach used in most U-Pb zircon geochronology 
laser ablation inductively coupled plasma mass spectrometry 
(LA-ICPMS) analyses to correct for mass bias, instrumental 
drift, and laser induced elemental fractionation. When using 
this approach, the assumption is made that zircon reference 
materials and sample unknowns behave in an identical manner 
during the ablation process. Even with recommended strategies 
for increasing sensitivity, minimizing laser-induced elemental 
fractionation and decreasing the particle size of ablated 
materials, precision of LA-ICPMS zircon geochronology 
method has plateaued at ~2% (2s) for 206Pb/238U and ~1% (2s) 
for 207Pb/206Pb [1].   

U-Pb elemental fractionation during laser ablation analysis 
limits the precision and accuracy of LA-ICPMS U-Pb 
geochronology [2] [3]. Subtle differences in U-Pb fractionation 
behavior during laser ablation analysis have been identified for 
various zircon reference materials yet it is unclear how various 
data reduction software compare in handling the differences in 
U-Pb elemental fractionation between zircon standards and 
zircon unknowns. A set of zircon standards that demonstrate 
variable fractionation behavior was processed through 3 
commonly used data reduction programs in order to evaluate 
differences in the errors reported by each program. 

The effect of U-Pb elemental fractionation on precision 
and accuracy of LA-ICPMS U-Pb geochronology was an issue 
of interest to the late Professor Jan Košler. His productive 
research career highlighted fundamental problems in laser 
ablation and practical solutions to these issues.  
 
[1] Košler et al. (2013) Geostand. Geoanal. Res., 37, 243-259. 
[2] Košler et al. (2005) JAAS, 20, 402-409. [3] Košler et al. 
(2014) JAAS, 29, 832-840. 
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The multi isotopic approach has been used to characterize 

pollutant sources in environmental complex systems such as 
the atmosphere. Aerosol samples usually contain few 
micrograms per filter and manipulation increases the blank 
values, which is critical in these samples. A new procedure 
was developed in order to analyze Pb, Cu and Zn isotopes in a 
single aerosol membrane sample, which is digested with a 
mixture of  HF/HNO3 2:1; the solution is then dried and 
redissolved in HCl 7M. This solution is loaded through a 
column with AG MP-1 resin and the Pb fraction is eluated 
together with  the matrix, and it is further purified with AG1-
X8 a resin. The Cu fraction is collected and submitted to a 
second purification using AG MP-1 resin1-2. Zn is the last one 
eluted in this procedure and does not need further purification. 
To evaluate separation process and recovery elution curves 
were constructed for an aerosol sample and BCR-2 reference 
material. The metal concentrations were determined in a ICP-
MS (Thermo). Cu and Zn isotopic compositions were 
determined using a MC-ICP-MS Neptune (Thermo) and 
reference materials (BCR-1, BCR-2, BHVO-2 and AGV-1) 
were used to validate the analytical procedures. The Pb 
purification was previously validated. Pb, Cu and Zn showed 
recovery around 100%. The Zn and Cu isotopic compositions 
values were corrected by m-SSB and en-SSB, and errors were 
reported for 2σ. The BCR-1 values were δ66ZnJMC = 
+0.24±0.01 ‰ (n=3) and δ65CuNIST976 = +0.13±0.12 ‰ (n=2), 
while for BCR-2 showed δ66ZnJMC = +0.27±0.05 ‰ (n=10) and 
δ65CuNIST976 = +0.27±0.06 ‰ (n=2). The BHVO-2 presented 
δ66ZnJMC = +0.36±0.08 ‰ (n=6), and δ65CuNIST976 = +0.03±0.02 
‰ (n=2), and the AGV-1 showed δ66ZnJMC = +0.35±0.06 ‰ 
(n=4) and δ65CuNIST976 = -0.02±0.06 ‰ (n=2). The aerosol 
samples collected in São Paulo presented a δ66ZnJMC values 
ranging between -0.99 and +0.16 ‰. These results agree with 
the previous values published in the literature, and therefore 
validades the accuracy of the proposed analytical procedure.  
 
[1] Babinski et al. (2003) Journal Physics IV France 107, 87-
90. [2] Dong et al. (2013) Talanta 114, 103–9.  
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Crystallisation temperatures (T) for the EM1-like intraplate 

basalts in Payenia, Argentina, have been calculated using the 
Al-in-olivine geothermometer of Wan et al. [1]. The 
temperatures (1200-1260 °C) fall in the upper range 
determined for MORB [2] suggesting that the magmas 
originate from an asthenospheric mantle source with T similar 
to normal upper mantle. However, one sample representing a 
group with relatively low Nb/U has a larger range in T 
indicating mixing with a low-T mafic magma, which is 
interpreted to have a lithospheric origin. The studied low- and 
high-Nb/U samples were found to have similar fO2 (ΔQFM 
~0) in contrast to samples affected by slab fluids and melts 
which crystallized at higher fO2 (ΔQFM +1.3). 

Melt inclusions in two high Nb/U samples and one low 
Nb/U sample form common trends towards a component with 
higher K2O, TiO2, P2O5 and Cl and lower SiO2. Some 
inclusions from the low Nb/U sample deviate from this trend 
and have lower TiO2 and CaO and higher SiO2 like the whole 
rock compositions of the low Nb/U group. Laser ablation-ICP-
MS analyses of the inclusions show that the K-enrichment is 
accompanied by a strong enrichment in Cs, Rb, Th, U and Pb, 
also the elements with strongest enrichment in lamproites [3]. 
Compared to high-Nb/U melts, low Nb/U melts are also 
enriched in Ba, Sr and the HFSEs (Nb, Ta, Zr and Hf). Since 
the isotopic compositions of the high and low Nb/U lavas are 
completely overlapping, the lithospheric source of the low 
Nb/U melts could have been metasomatized shortly before 
melting by fluids and low-degree melts from the upwelling 
asthenosphere. 

 
[1] Wan et al. (2008) Am. Mineral. 93, 1142-1147. [2] Coogan 
et al. (2014) Chem. Geol. 368, 1-10. [3] Prelević et al. (2008) 
Geochim. Cosmochim. Acta 72, 2125-2156. 
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The use of state-of-the-art, in-situ synchrotron-based 

spectroscopic techniques has greatly advanced our 
understanding of biogeochemical reactivity and speciation of 
contaminants in natural, heterogeneous systems such as soils, 
sediments, particulates, and aquatic systems. These techniques 
enable one to make measurements at small spatial and rapid 
temporal scales and simulate natural environmental conditions. 
Undoubtedly, the molecular and nano- scale characterization of 
microenvironments and interfacial reactions will become 
increasingly significant in understanding the interactions 
between chemistry, physics, and biology in natural 
environments.  There are a number of areas dealing with soil 
and environmental biogeochemistry where the application of 
small scale synchrotron-based spectroscopic methods are 
resulting in major frontiers. Several of these research frontiers 
will be presented including the use of nano-scale carbon near 
edge X-ray absorption fine structure spectroscopy 
(CNEXAFS) coupled with scanning transmission X-ray 
microscopy (STXM) to determine functional group distribution 
and association of C in soils, quick X-ray absorption 
spectroscopy (Q-XAS) to study metal and metal(loid) sorption 
and redox reactivity at the mineral/water interface, and metal 
speciation of contaminated soils. 
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In the past, diamonds have been studied by Fourier 

Transform Infrared Spectroscopy (FTIR) using single point 
analyses or line scans. However, it has been recognised that 
many diamonds are intricately zoned in terms of nitrogen 
concentration and the associated defects. As a consequence, 
high resolution mapping provides a much more comprehensive 
insight into the growth histories of natural diamonds (e.g. [1]). 
FTIR maps of a range of diamonds, consisting of ~103 spectra 
each, were obtained using a Nicolet iN10 MX FTIR 
spectrometer. Processing of such large datasets requires 
specialised software. Hence, a program for spectral 
deconvolution was devised using Python 2.7.6 and the NumPy 
and SciPy [2] packages. The program allows in-depth analysis 
of the nitrogen aggregation state, the hydrogen related 3107 
cm-1 and the ~1360 cm-1 platelet peak (fig. 1). This will form 
the basis for the development of a new thermochronometer 
using platelet degradation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: High resolution FTIR maps of diamond Sese K 

1.58.8 (Zimbabwe, reprocessed data from [3]). 
 

[1] Howell et al. (2012), Diam. Relat. Mat. 29, 29-36. [2] Jones 
et al. (2001-2015), http://www.scipy.org. [3] Whittenbury 
(2014), unpubl. M.Sci. diss., Univ. of Bristol 

400 µm 
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22 diamond plates from 18 eclogite xenoliths of 

Nyurbinskaya pipe have been analysed (by SIMS) for C 
isotope composition and some plates were mapping (by FTIR) 
for N and H distribution. Inner structure of diamonds was 
revealed by CL. The δ13C profiles almost for all investigated 
diamonds are cross the plates from one site of rims to the 
opposite site of the crystals. Most samples have displayed an 
interrupted multistage growth with distinctive cores, 
intermediate and rim zones. In some crystals the cores show 
evidence for dissolution and intermediate growth zones are 
separated from the cores by zones with oscillatory growth. The 
diamonds have a wide range in δ13C from -15.2‰ up to 9.0‰ 
(± 0.4‰), and 30–1140 at. ppm in nitrogen contents. 

The changes in Δ13C=2–3‰ occur across the contacts 
between distinct zones. It is possible to state that carbon 
isotope ratios within the crystals cores usually exhibit low 
variation in Δ13C=1–2‰ and only in rare cases enhanced up to 
3.3‰. δ13C values are usually lower in the intermediate zones 
and lowering towards the rims up to 3‰ Δ13C. 

 High spatial resolution SIMS profiles establish that 
growth zones are primary with no evidence of diffusive 
relaxation. The markedly different CL, N and H concentrations 
and nitrogen aggregation states between major growth zones 
demonstrate that the eclogitic diamonds of Nurbinskaya pipe 
grew during multiple and interrupted growth events, probably 
from fluids enriched in K and H.  

Wide variations and anomalously high δ13C values in 
eclogitic diamonds combined with abundance of high δ18O 
values of garnet are evidence for crustal protolith of eclogites 
and/or indications for the multiple evolution of the mantle 
beneath the Nakynsky field that could be the result of intense 
metasomatic events in SCLM of the Siberian Platform.   
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Currently, there is an interest in quantifying changes of 

permeability and porosity as a result of physical and 
geochemical processes in hydrogeological systems. Such 
changes are also of interest during the long-term evolution of 
barrier and sealing systems in repositories for nuclear waste. 
Often, nonlinear processes are involved in such alterations like 
kinetically controlled mineral dissolution-precipitation and 
aqueous complexation. In this paper, we use the reactive 
transport code OpenGeoSys to investigate one of the 
benchmark problems by Xie et al. [1] and compare 
performance to the five investigated codes by [1], i.e., 
CrunchFlow, HP1, MIN3P, PFlotran, and TOUGHREACT. 
The benchmark problems by [1] account for e.g., in- and 
decrease of porosity and permeability through mineral 
dissolution and precipitation, respectively. Additonally, 
sensitivity analysis on the chosen problem with a method like 
the CSM plot [2] to identify critical parameters is performed. 

 
[1] Xie et al. (2014) Comp. Geosci. [2] Bolado-Lavin et al. 
(2009) J Reliab. Eng. & Syst. Safety 
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Magma chambers are fundamental features of the Earth’s 

crust. Their lifestyle - internal dynamics and longevity - have 
profound implications for the crustal heat and fluid fluxes as 
well as for the eruptive behavior. We developed a simple one-
dimensional numerical model of cooling and crystallization of 
a horizontal melt sheet emplaced into the cold crust. The 
model incorporates convective and conductive cooling coupled 
with crystallization evolution, which is further linked to 
gravitational settling of crystals in the magma. We have 
employed this model to study the solidification behavior of a 
melt sheet as a function of the sheet thickness and melt 
viscosity. In highly viscous (granitic) magmas the 
solidification regime ranges from zoned symmetrical evolution 
to homogeneous but rapidly freezing systems as a function of 
the sheet thickness. Simulation results indicate that sills with 
the thickness on the order of meters develop both-sided 
solidification fronts while the sill’s interior remains stagnant. 
By contrast, kilometer-sized granitic plutons establish rapid 
convection, which keeps their crystal content homogeneous 
and facilitates effective heat dissipation from the crystallizing 
magma. The crystallinity increases gradually until the effective 
viscosity of the magma terminates the convection regime and 
further crystallization proceeds by propagation of solidification 
fronts. Characteristic times for convection regime positively 
scale with the magma chamber size: the larger the magma 
body, the longer the convection, followed by accelerated 
solidification of the crystal mush. As a result, large magma 
batches may crystallize to chemically and texturally 
homogeneous plutons. Additional processes operate in more 
fluids (basaltic) magmas: crystals are efficiently dragged by 
gravitation forces from the upper solidification front and 
accumulate on the lower front. With increasing chamber size 
the crystal accumulation becomes dominant mechanism by 
which the lower solidification front grows. The effect of 
chamber size overrides the opposing effect of viscosity and 
makes crystal accumulation important even in highly viscous 
magmas. Our results suggest a new typology of magma 
chambers and allow us to identify the principal processes 
operating during the solidification of magma chambers mainly 
as a function of the chamber size and melt viscosity. 
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The evolution of sulfidic conditions in the 

Palaeoproterozoic ferruginous oceans was not only an 
inhibitive stage for biological evolution, as euxinic bottom 
waters would have sequestered bioessential metals into 
sedimentary pyrite, but it was also vital for base metal 
deposits. The disappearance of Banded Iron Formations (BIFs) 
~1.8 Gyr ago was closely followed by the advent of 
sedimentary ‘exhalative’ (SEDEX) Zn-Pb deposits in black 
shales. Previous assertions that the cessation of BIF deposition 
reflected deep oceanic oxygenation [1], or widespread anoxic 
sulfidic (euxinic) conditions [2], have been disputed with 
evidence for co-existence of ferruginous and euxinic 
conditions from the Neoarchean to the Neoproterozoic [3]. 
There is an emerging model of euxinia along continental 
margins [4] and localised sub-basins, while the deep oceans 
remained ferruginous [3]. Such euxinic environments were 
critical for the formation of exhalative deposits, largely known 
from ~1.64 Ga. 

Here we present evidence for intermittent euxinia in shales 
deposited in a marine shelf environment in the ~1.78 Ga 
Tawallah Group in the basal McArthur Basin in northern 
Australia, which also contain evidence for earlier SEDEX 
mineralization. Additionally, oxidised facies overlying the 
shales add weight to a stratified redox model for near shore 
environments in the Palaeoproterozoic ocean [4]. These 
findings imply shallow euxinia may have been widespread 
from at least 1.8 Ga. 
 
[1] Holland (2005) Econ. Geol. 100, 1489-1509. [2] Canfield 
(1998) Nature 396, 450-453. [3] Planavsky et al. (2011) 
Nature 477, 448-452. [4] Poulton et al. (2010) Nature Geo. 3, 
486-490. 
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Eutrophication affects the composition of organic matter in 
coastal sediments. Evaluating the sources of autochthonous 
and allochthonous organic matter decomposed by sediment 
bacteria and how these vary across seasons and with nutrient 
loading can provide insight to carbon cycling and fate in 
coastal habitats. To test the effects of nutrient availability and 
seasonality on bacterial assimilation of carbon from 
autochthonous and allochthonous sources, we conducted stable 
isotope probing experiments with sediment cores from two salt 
marsh tidal creeks that are part of a long-term nutrient 
enrichment experiment within the Plum Island Ecosystem-
Long Term Ecological Research site (MA, USA). One creek is 
fertilized while the second creek has low, ambient nutrient 
concentrations. Seasonally (spring – fall), 13C-labeled sodium 
bicarbonate was added to the water column overlying 
experimental cores and traced into benthic microalgae and 
bacteria over 48 hours using compound specific isotope 
analysis of phospholipid fatty acids. During the summer only, 
13C-enriched Spartina alterniflora detritus was added to a 
parallel set of sediment cores and the 13C label was traced into 
microbial phospholipids over one week. In these experiments, 
microalgae and S. alterniflora represented autochthonous and 
allochthonous organic matter substrates to bacteria, 
respectively.   

In the 13C-sodium bicarbonate experiments, the label was 
incorporated into algal and bacterial lipids within 4h. The rate 
and extent of label uptake into algal lipids were greatest in 
spring and lowest in fall but did not vary with nutrient 
fertilization. In contrast, the efficiency of 13C transfer from 
algae to bacteria was higher in the summer and fall and in 
sediments from the low nutrient creek. In the 13C-S. 
alterniflora experiment, the label was assimilated by bacteria 
within 8 h and the extent of incorporation increased throughout 
the experiment but was not affected by nutrient fertilization. 
Overall, our results indicate that carbon exchange between 
benthic algae and bacteria varied seasonally but was 
independent of nitrogen fertilization and that bacteria depend 
on carbon from autochthonous and allochthonous sources.  
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To increase our understanding of the origin and processing 
of prebiotic organic matter (OM), and of the relationship 
between the unequilibrated asteroidal and cometary carriers of 
OM, we are focusing on a highly organic, ultracarbonaceous 
interplanetary dust particle (IDP), "L2006-14" [1-3]. It is 
composed of ~50 wt% C and has a typical chondritic 
anhydrous mineral assemblage. We previously analysed three 
fragments of this IDP by SEM-EDX, IR spectrosopy, Raman 
spectroscopy, Nano-SIMS and Xe mass spectrometry [4]. The 
fragments show extreme bulk D enrichments (δD 4000-6200 ± 
300 ‰), as also observed by [2] [3], moderately high bulk 15N, 
numerous D and 15N hotspots and a large concentration (~7000 
ppm) of presolar oxides and silicates; almost all plotting as 
Group 4 (supernova) grains. The IR spectra show that the IDP 
is N-rich and has very similar functional chemistry to three N-
rich ultracarbonaceous Antarctic micrometeorites (UCAMMs) 
[5,6]; sharing N-H, weak aliphatic C-H, aromatic C=C/C=N 
and C-N bands, although they differ in that L2006-14 has 
stronger C=O functionality, which could indicate more pristine 
organics (e.g. [7]), and an absence of C≡N and OH bands.  

We will perform detailed analyses of the mineralogy and 
functional chemistry of pristine and post-SIMS sections of this 
IDP; by electron energy loss spectroscopy in the 
monochromated Nion "HERMES" scanning transmission 
electron microscope, with <15 meV energy resolution.  

 
[1] Thomas et al. (1993), LPSC 24, 1425–1426. [2] Messenger 
(2000), Nature 404, 968–971. [3] Starkey & Franchi (2013), 
GCA 105, 73–91. [4] Spring et al. (2014) Meteorit. Planet. Sci. 
Suppl. 5439. [5] Dartois et al. (2013) Icarus 224, 243–252. [6] 
Yabuta et al. (2012) LPSC, 43, 2239. [7] Vollmer et al. (2014), 
PNAS 111, 15338–15343. 
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In the absence of plate tectonics, geochemical signatures of 
lunar rocks may directly provide insights into early 
differentiation processes on the Moon. The concept of a global 
lunar magma ocean (LMO) is the most accepted hypothesis 
explaining lunar silicate differentiation. A key challenge to this 
concept is that LMO crystallization (e.g., [1]) and Sr-Nd 
isotopic closure of lunar crustal rocks, also including 
anorthosites that formed as LMO flotation cumulates, may 
postdate Moon formation by up to 150 Myr. 

In support of the LMO hypothesis, a multitude of studies 
found that primary LMO cumulates can well explain 
compositions of low- and high-Ti mare basalts, for instance 
their characteristic trace element and radiogenic Nd and Hf 
isotope compositions (e.g. [1-3]). Further, the highly 
fractionated U/W and Th/W in KREEP (the residual LMO 
liquid), indicate that W was less incompatible than on Earth, a 
vestige of the much more reducing nature of the Moon [3]. 

Here we discuss our recent findings and potential end 
member scenarios that may reconcile the pros and cons of the 
LMO hypothesis. Either 1) the Moon is younger than 
previously thought, 2) the LMO was no global lunar feature 
and the accessible lunar samples provide a biased and 
incomplete picture, 3) tidal heating by the early Earth and 
cumulate overturn significantly prolonged LMO 
crystallization, or 4) KREEP formation, the 146Sm-142Nd mantle 
isochron, and anorthosite ages do not date LMO solidification 
but instead reflect a young, global thermal perturbation that did 
not erase the elemental properties of previously formed LMO 
products. Possibly, the recently discovered small 182W excesses 
in lunar rocks [4] and excesses and deficits in 182W abundances 
in old terrestrial rocks [5] may place the Moon-forming giant 
impact event within the first 60 Myr of solar system history, 
when 182Hf was still extant, thus excluding scenario 1). 

 
[1] Sprung et al. (2013) EPSL 380, 77-87. [2] Münker (2010) 
GCA 74, 7340-7361. [3] Fonseca et al. (2014) EPSL 404, 1-13. 
[4] Kruijer et al. (in press) Nature. [5] Walker et al. (2015) 
LPSC abstract 1857. 
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Precipitation in pores 
ANDREW G. STACK1 

1Oak Ridge National Laboratory; stackag@ornl.gov 
 

Mineral precipitation and dissolution in the subsurface, 
particularly any pore-size dependence will determine how 
porosity and permeability evolve in response to system 
perturbations.  This in turn will affect contaminant and fluid 
transport. In this talk I will review the competing theories for 
the pore size distribution in which precipitation prefentially 
prefers.  Our recent efforts to measure precipitation in nano- 
and micropores using X-ray scattering will also be presented. 
Initially, some of our efforts to understand calcium carbonate 
precipitation in an idealized material, controlled pore glass 
(CPG), will be discussed.  CPG is a nanoporous amorphous 
silica that contains a single distribution of pores ~8 nm in 
diameter along with intergranular spaces some tens of 
micrometers in diameter. Small Angle X-ray Scattering was 
used to determine the pore-size dependence of the precipitation 
and composition and crystallinity of the precipitate measured 
using TEM-EDS and X-ray pair distribution function analysis.  
Secondly, results on the precipitation of barite (BaSO4) in 
columns containing glass beads tens of micrometers in 
diameter will be presented, measured using X-ray computed 
microtomography.  The implications of the different behaviors 
on these systems will be discussed in light of the competing 
theories that predict the pore size dependence of how 
precipitation proceeds.   Lastly, some results using small angle 
neutron scattering to examine precipitation in rocks themselves 
will be presented. 

2968



 Goldschmidt2015 Abstracts  

 2969 

Discrimination of different quartz 
sources in a Rhine sediment based on 

IR spectra 
R. STALDER 

University Innsbruck, roland.stalder@uibk.ac.at 
 

Infrared spectra of 60 detrital quartz grains from the 500-
1000µm fraction of a quartz-rich fluvial sediment from 
Rhöndorf/Middle Rhine were analyzed by IR spectroscopy and 
evaluated with respect to their OH-defect concentration. Prior 
to analysis, all measured grains were manually oriented 
parallel to the crystallographic c-axis and prepared as double 
polished sections. IR measurements were performed with 
polarized radiation parallel to both main refractive indices and 
the spectrum measured parallel to ne was subtracted to the 
spectrum measured parallel no in order to minimize the 
contribution of fluid inclusions.  

OH-defect contents show a polymodal distribution with 
maxima around 10, 20 and 50 wt ppm water, reflecting the 
provenance from different major sources. Furthermore, IR 
spectra of many crystals reveal a significant contribution of Li-
specific and B-specific OH defects, pointing to granitic 
pegmatites (or hydrothermal quartzes) in the source region. 
Approximately 20% of all grains from the 500-1000µm 
fraction turned out to be lithic fragments (mostly quartzites) 
consisting of more fine-grained quartz crystals that are 
generally poor in OH-defects. If these crystals are not counted 
for the 500-1000µm fraction, quartz grains with very low OH-
defect contents (corresponding to < 5 wt ppm water) are very 
rare.  

In the next step it will be tested, whether OH-defect 
contents can be related to other parameters such as grain shape 
and grain size. In addition, quartz grains from rocks from the 
upstream source area will be analyzed and compared to the 
detrital grains, in order to identify distinct provenance regions. 
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A FTIR and Raman spectroscopic 
study on sedimentary apatites from 
the PC-C boundary: A case study on 

Central and South Asian 
phosphorites 
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M. DIETZEL 

Institute of Applied Geosciences, Graz University of 
Technology, Rechbauerstrasse 12, 8010 Graz, Austria 
(*correspondence: j.stammeier@tugraz.at) 

 
The Precambrian-Cambrian (PC-C) boundary is marked by 

unique environmental and evolutionary changes. Concomitant 
with these changes is the widespread formation of phosphate 
deposits in Central and South Asia. The most abundant mineral 
in sedimentary phosphorites is carbonate fluorapatite (CFA), 
which is either formed by (1) direct precipitation, or indirectly 
through (2) microbial mediation or (3) replacement of 
carbonates. Previous studies have proven FTIR and Raman 
spectroscopy to be powerful tools in analysing magmatic, 
biogenic or synthetic apatites. Published FTIR and Raman data 
of sedimentary apatite however are sparse.  

We present a new spectroscopic study on three types of 
sedimentary apatite that represent different depositional facies: 
(1) phos-stromatolith, (2) phosphatic concretion and (3) 
phosphatic grainstone, all covering the PC-C boundary 
interval. This study aims to shed light on the individual 
formation and/or alteration conditions of the distinct apatite 
deposits to improve our fundamental understanding of both 
modern and ancient phosphogenesis. Therefore, mineralogical 
and (micro-) structural features, crystallinity indices and 
chemical signatures like C/P ratios are used to evaluate how 
differences in the depositional environment influence 
sedimentary apatite formation.  

 
Financial support by DFG-FG 736 and NAWI Graz is 

kindly acknowledged. 

2970



 Goldschmidt2015 Abstracts  

 2971 

In situ hyperspectral Raman imaging 
of the sintering process of kaolinite-

bearing clay 
K. STANGE1 AND T. GEISLER1,* 

1Steinmann-Institut, Rheinische Friedrich-Wilhelms-
Universität, D-53115 Bonn, Germany (*correspondence: 
tgeisler@uni-bonn.de) 

 
The phase transition of kaolinite to mullite is a well-

studied process, because of its significance in the ceramic 
industry. The dehydroxylation reaction of kaolinite and the 
formation of mullite have previously been studied by thermal 
analyses and ex situ experiments [1]. Ex situ experiments, 
however, deliver mineralogical and textural information only 
after the sample has been cooled down to room temperature. 

 In the present study, hyperspectral Raman spectroscopic 
imaging has been utilized to in situ study the sintering process 
of kaolinite green bodies containing 35 vol.% of K-feldspar 
and 18 vol.% quartz, as determined by X-ray diffraction and 
Rietveld analysis. The clay was progressively fired at various 
temperature steps in air atmosphere in a Linkam heating stage 
from RT to 1300°C. Confocal micro-Raman spectra were 
recorded with a Horiba Scientific HR800 Raman spectrometer 
equipped with a 2 W Nd:YAG laser (532.09 nm) and an 
electron-multiplier CCD detector. A 600 grooves/mm grating 
was used, covering a wavenumber range from 100 to 1750 cm-

1 in a single window. With this grating the spectral resolution 
was 3.5 cm-1. Fast hyperspectral Raman images were recorded 
with a 1 µm pixel size using a 50 times LWD objective (N.A. 
= 0.8). The counting times varied between 0.1 to 0.5 s per 
pixel, which resulted in imaging times between about 5 to  
25 min for a 50 x 50 µm-sized image.  

Below 800°C the kaolinite breaks down to a dehydroxy-
lated disordered metakaolin phase. Between 800 and 900°C K-
feldpar, quartz, and the metakaolin react to form an Al-Si 
spinell phase that is stable up to the maximum temperature of 
1300°C. The reaction could be followed at the grain scale. In 
addition, corundum and a silicate melt formed  at temperature 
above 1000°C.  

Our preliniary data are encouraging and suggest that in situ 
hyperspectral Raman imaging is a useful method for the in situ 
research of the phase transitions and recrystallization processes 
at grain boundaries that take place during the thermal treatment 
of ceramic precursor materials. 
 
[1] Gasparini et al. (2013) Applied Clay Science 80-81, 417-425. 
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2Department of Earth & Planetary Sciences, University of 
California, Davis, One Shields Ave., Davis, CA, USA 

3Interdisciplinary Center for Inductively-Coupled Plasma Mass 
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Iron isotopes show systematic changes in igneous rocks 

that have been ascribed to fractional crystallization, partial 
melting, as well as, diffusion effects. Layered mafic intrusions, 
such as the Paleoproterozoic Bushveld Complex, are ideally 
suited to investigate stable isotope fractionation arising 
principally by fractional crystallization. The upper 2.1km of 
the Bushveld Complex (Upper and Upper Main Zone, UUMZ) 
crystallized from a basaltic magma produced by a major 
recharge event, building up a sequence of Fe-rich-gabbroic 
cumulate rocks that display systematic variations in 
mineralogy and mineral compositions consistent with 
fractional crystallization of a tholeiitic magma. Here, we 
present iron isotope measurements of bulk cumulate rocks, 
including (olivine) gabbros and gabbronorites, anorthosites and 
oxide-rich cumulates from the Bierkraal drill core of the 
UUMZ of the western limb. For a subset of the sample suite, 
pyroxene, olivine, magnetite, ilmenite and plagioclase 
separates were prepared and analyzed as well. Iron was 
chemically separated from its matrix and analyzed for δ56Fe 
(relative to IRMM-014) with a Nu plasma MC-ICPMS at the 
University of California, Davis, using (pseudo-) high 
resolution and sample-standard bracketing. The  δ56Fe values 
of Bushveld cumulates span a range from 0.03 to 0.27 with the 
highest values corresponding to anorthosites and magnetite-
rich cumulates, whereas most pyroxene-rich rocks have δ56Fe 
values between 0.05 and 0.12. Preliminary results for mineral 
separates yield δ56Fe values of 0.17 to 0.49 for magnetite, -
0.02 to -0.28 for ilmenite, 0.00 to 0.13 for clinopyroxene, -0.02 
to 0.12 for orthopyroxene, ~0.02 for olivine and ~0.40 for 
plagioclase, consistent with positive mineral – melt 
fractionation factors for magnetite and plagioclase, and near-
zero to negative for pyroxenes, olivine and ilmenite.  
Consequently, variations in bulk rock δ56Fe correlate strongly 
with modal mineralogy masking potentially systemative 
changes in δ56Fe arising from fractionation crystallization. We 
present a forward model for the liquid line of decent of the 
Bushveld Complex that accounts for these observations. 
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How do calcium carbonates form in 
microemulsions? 

TOMASZ M. STAWSKI1, LIANE G. BENNING12,  
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1School of Earth and Environment, University of Leeds, UK 
(t.m.stawski@leeds.ac.uk, l.g.benning@leeds) 
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3Department of Physics, University of York, UK (teresa. 
roncal-herrero@york.ac.uk, roland.kroger@york.ac.uk) 

 

Calcium carbonates, the most ubiquitous and functional 
biominerals in nature are formed in microorganisms through 
directed precipitation. The chemistry of these reactions 
underpins a vast array of Earth system processes, including the 
global C cycle. Being able to elucidate and mimic such 
biomineralization mechanisms, would not only increase our 
knowledge about important processes supporting a vast array 
of marine planktonic life forms, but would also provide us with 
a powerful tool to nanoengineer complex (bio)inorganic 
materials. We mimicked such processes through the use of 
water-in-oil microemulsions/micelles as they provide the 
reaction environments confined by polar-nonpolar interfaces. 
They offers ideal conditions for synthesis of nanoparticles of 
low polydispersity and well-defined shapes. Such micelle 
systems act as perfect bioinspired nanoreactors, in which 
reagents are dissolved in water nanodroplets, and react with 
each other upon droplet collisions.  

We followed the development of a CaCO3 precursor phase 
forming through a slow, but progressive agglomeration of the 
initially stable highly supersaturated ion-carrying 
microemulsion nanodroplets (Ø < 10 nm) into large spherical 
aggregates (Ø >250 nm). We characterised this reaction by 
time-resolved, in situ SAXS and showed that the aggregates 
formed at the expense of the precursor ion-carrying water 
nanodroplets. The high stability of the aggregates led us to a 
hypothesis that they contained only liquid-like precursor 
CaCO3 entities. Complementing this data with liquid-cell TEM 
characterisation allowed us to confirm that these liquid phase 
aggregates remained stable until intentional destabilization of 
the microemulsion interface lead to the very rapid 
transformation of their contents into solid and crystalline 
CaCO3 phases. This demonstrates that biomineralization of 
CaCO3 can be controlled in confinement by external chemical 
triggers, rather than depend only on supersaturation of ions in 
solution. 
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and in situ SAXS data from evolving 
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The formation of inorganic solid phases from solution 
usually follows a series of complex stages. The fact that the 
emergent species are often nanoparticulate in nature and 
metastable, necessitates their characterisation at sub-100 nm 
length-scales, and as in situ as possible. In this context, 
solution-based small-angle X-ray scattering (SAXS) 
constitutes one of the most versatile tools in studying 
precipitation reactions. Based on CaSO4 system we 
demonstrate that highly complex scattering data collected in a 
time-resolved manner permit the extraction of detailed, cross-
correlated information about structures and interactions 
between newly formed and evolving species in solution.  

The SAXS pattern of the CaSO4 nucleation and growth 
process showed that the very first stage involved the formation 
of well-defined primary particles of about <3 nm in size 
followed by their arrangement into domains. This was 
evidenced by the emergence of the structure factor contribution 
that gradually appeared in the scattering data. As the system 
developed further, these domains “collapsed”, and the 
scattering patterns became gradually dominated by 
contributions from large aggregates composed of the original 
primary particles. In a next stage, this was followed by the 
growth of the primary particles within these new aggregates. 
This stage also corresponded with the crystallisation of these 
aggregates to gypsum, as evidenced by simultaneously 
collected the wide-angle diffraction data.   

Our results indicate, that CaSO4 precipitation is driven by 
the instant nucleation and aggregation of well-defined 
structural units that nucleate and grow prior to gypsum 
formation. 
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REE determination in olivine by LA-
ICP-MS: An analytical strategy and 

applications 
C. V. STEAD*, E. L. TOMLINSON, B. S. KAMBER AND  
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(*correspondence: steadcv@tcd.ie) 
 

Olivine is the most abundant mineral in the upper mantle, 
making up approximately 90% down to a depth of 410 km and 
it is one of the first crystals to form in crystalizing mafic 
magmas on both sides of the thermal divide. It also occurs as 
an inclusion in diamonds and in meteorites. Thus olivine offers 
huge, untapped potential for improving our understanding of 
magmatic and metasomatic processes, for example in 
addressing the long-standing question over the origins of the 
sinusoidal rare earth element (REE) patterns seen in some 
harzburgitic garnets. To date, there have been relatively few 
studies of trace elements in olivine, in particular data is lacking 
for REEs. The scarcity of REE data reflects the analytical 
difficulty associated with analysing concentrations in the low 
ppb range and of excluding the effects of LREE contamination 
[1].  

We have developed an analytical procedure for 
determinaton of REE in olivine by LA-ICP-MS. Using this 
method we have achieved limits of determination at sub-ppb 
levels and accuracies of ~5%. Natural partition coefficients 
calculated using our determined olivine compositions agree 
with experimental [2] and theoretical [1] values, indicating that 
the measured REE are structurally bound in the olivine crystal 
lattice, rather than being present as micro-inclusions. 

We investigate the global range of REE contents in olivine 
using samples from mantle, metamorphic and magmatic 
settings as well as meteoritic olivine, and discuss the observed 
trends. The olivines show uniformly low and restricted LREE 
abudances, while the HREE vary from low concentrations in 
meteoritic samples, through variably enriched peridotitic 
olivine to high HREEs in magmatic olivines. Compiling this 
REE data for olivine aids the constraining of global REE 
abundances and enrichment patterns. 

 
[1] Lee et al. (2007) Geochim. Et Cosmochim. Acta, 71, 481-
496. [2] McDade, et al. (2003) Phys. Earth Planet. Int. 139, 
129–147. 
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Few aspects of the long-term (~2 Myr) Early Triassic 
recovery interval following the end-Permian mass extinction, 
the largest extinction in Earth's history, are completely 
understood.  Previous studies suggest that the Early Triassic 
marine realm was characterized by intervals of lethally hot 
temperatures, widespread anoxia, and carbon cycle 
perturbations. The marine sulfur cycle can provide further 
insights into environmental conditions during this time-period. 
Marine carbonates contain a reliable proxy for seawater sulfate 
δ34S termed carbonate-associated-sulfate (CAS) and when 
analyzed in conjunction with pyrite (a sulfide mineral), 
insights into the two major pools of sulfur in the marine realm 
are provided.   

In this study, we present a new sulfur isotope dataset of 
CAS (δ34SCAS) and pyrite (δ34Spyr) for the Neo-Tethyan Mud 
section (Spiti Valley, Himachal Pradesh, India). The Mud 
section is biostratigraphically well constrained and analyzed 
for sulfur isotopes in marine carbonate samples from the 
Griesbachian to the earliest Spathian. This provides a window 
of ~1.5 Myr after the end-Permian extinction in which to 
evaluate changes in the marine sulfur cycle for the southern 
Neo-Tethys. We isolated CAS from powdered whole rock 
samples through repeated NaCl leaching steps to remove 
soluble sulfur species and subsequently dissolved the 
carbonate matrix to release CAS.  Pyrite was extracted through 
the chromium-reduction method from the remaining residue of 
the CAS extraction.  

Results are evaluated in the context of global sea-surface 
temperature and carbon isotope curves. Previously published 
δ34SCAS datasets from the eastern Paleo-Tethys (South China) 
for the same time interval allow for an assessment of δ34SCAS 
trends across the entire Tethys ocean.   
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Continental extension between North America and 

Greenland started about 130 Ma ago. Final break-up occurred 
during the Paleocene and Eocene together with the 
emplacement of thick volcanic series on the continental 
margins from apart the Davis Strait. In order to further 
understand the geodynamics of this process, we report ages 
(39Ar-40Ar and K-Ar) and geochemical compositions (major 
and trace element concentrations and Pb, Hf, Sr, Nd isotopes) 
on ~100 basaltic samples from the Svartenhuk West Greenland 
volcanic margin (~71°N). Our data show that >1 km of 
subaerial lava flows were emplaced in less than ~2 m.y. The 
wide range of geochemical compositions, from picritic and 
tholeiitic basalts to alkaline basalts ((La/Yb)N=0.9-15.4), 
suggests variations of melting conditions or/and the 
involvement of several mantle sources during that short period 
of time. Pb, Hf, Sr and Nd isotopic features of relatively 
uncontaminated lavas also display a rather large diversity (-
14.8-<εNd<8.9; -23.2<εHf<16.3; ~16.1<206Pb/204Pb<~19.3; 
~36.7<208Pb/204Pb<~38.8;  0.70306<87Sr/86Sr<0.71202), that 
can be accounted for by a binary mixture of Icelandic plume 
and “C”-like mantle source materials. Our data indicates that 
the tholeiitic basalts from the main magmatic phase resulted 
from rather high degrees of mantle melting (10-20%) at  
~3 GPa and 1300-1450°C. Earlier and latter alkaline lavas 
derived from <10% mantle melting at deeper levels.  
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An overview of some of the continuum approaches for 
modeling reactive transport across multiple scales in the Earth 
and Environmental sciences will be presented.  Above the 
molecular scale, the pore scale is the first in which continuum 
methods are employed.  Here fluid flow is described with the 
Navier-Stokes or Stokes equations, making possible the direct 
resolution of  interfaces (reactive and non-reactive) and the 
flow field within individual pores.  The potential for partial or 
complete diffusion control of reaction rates and the geometric 
reactive surface area are rigorously accounted for when the 
voxel resolution and numerical discretization are sufficiently 
fine. There is now an increased interest in Brinkman 
formulations to capture the transition from Stokes to Darcy 
flow, although reactive transport formulations that bridge the 
gap between the true pore scale and the micro-continuum scale 
are only now beginning to be developed.  Micro-continuum 
modeling is another approach for the next scale up that 
neglects anything but the largest interfaces, relying instead on 
volume averaging of properties (permeability, diffusivity, 
porosity, and mineralogy) taken from high resolution 
microscopic and spectroscopic imaging.  The next scale (1-
1000m) is probably the most familiar to reactive transport 
modelers, with flow described by Darcy’s Law and mineral 
reactivity represented with upscaled reactive surface area that 
may or may not have a rigorous geometric basis. 

While the approaches mentioned above are typically 
applied to subsurface flow and transport, the presence of 
surface water flow and vegetation at the Earth’s surface, as 
well as potentially complex topography, make modeling of 
reactive transport at the watershed scale a significant 
challenge.  Particularly in this context, there is interest now in 
developing true multi-scale models that capture catchment 
scale behavior without loss of process fidelity or of spatial and 
temporal resolution of biogeochemical hotspots.  While 
Reduced Order Models are a viable option for geochemical 
cycling at the catchment scale, we are pursuing high resolution 
approaches based on high performance computing.  This is part 
of a larger effort to build “Virtual Ecosystems” based on 
community code. 
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Microorganisms interact with complex organic matter 

through the intermediate of extracellular enzymes, which 
convert large biomolecules into oligomers or monomers small 
enough to be taken up via membrane transport proteins. The 
response of extracellular enzymes to increasing temperatures 
and decreasing seawater pH will therefore depend to an 
important degree on the physical/chemical effect of those 
changing conditions on extracellular enzymes, and on changes 
in the set of enzymes that are expressed under changing 
conditions. While environmental enzyme activities have been 
the subject of considerable study (including the response of 
enzyme activities to increasing CO2), these studies are largely 
instrumental: they collapse large classes of enzymes, and 
typically only examine maximum potential hydrolysis rates of 
model compounds. In this talk, I will describe how a closer 
examination of the biochemistry of extracellular enzymes in 
aquatic environments can lead to a more detailed, mechanistic 
understanding of microbe-organic matter interactions. For 
instance, I will describe a technique to evaluate the substrate 
specificity of aquatic peptidases in situ, which may be used to 
evaluate how changing pH may change the fraction of organic 
matter that is labile to extracellular peptidases. Finally, I will 
suggest how an improved mechanistic understanding of 
microbial extracellular enzymes can be used to create better 
predictive models of organic carbon remineralization / 
preservation rates under changing environmental conditions. 

2979



 Goldschmidt2015 Abstracts  

 2980 

Molecular structure of NaOH 
solutions at high P and T: Insights 

from in situ Raman spectroscopy and 
ab initio molecular dynamics 

simulations 
JOHANNES STEFANSKI12, CHRISTIAN SCHMIDT2 AND  

SANDRO JAHN23 

1Freie Universität Berlin, Institut für Geologische 
Wissenschaften, Arbeitsbereich Mineralogie-Petrologie, 
Malteserstraße 74-100, 12249 Berlin, Germany  

2Deutsches GeoForschungsZentrum GFZ, Sektion 3.3, 
Telegrafenberg, 14473 Potsdam, Germany  

3Institut für Geologie und Mineralogie, Universität zu Köln, 
Greinstr. 4-6, 50939 Köln, Germany 

 
Sodium rich peralkaline fluids occur in several processes 

in the Earth’s crust, e.g. late stage hydrothermal reactions in 
peralkaline agpaitic igneous rocks involve NaOH as an 
essential component [1]. Moreover, aqueous NaOH solutions 
at elevated temperature are indispensable in today’s chemical 
industry, e.g. in the aluminium production (Bayer process). 
Addition of NaOH causes substantial changes in the water 
structure, which are reflected in the Raman spectrum [2] but 
are not completely understood, particularly at high pressure, P, 
and temperature, T. Here, we investigated structural and 
vibrational properties of 5.5 and 27 molal sodium hydroxide 
solutions. The solutions were contained in a hydrothermal 
diamond anvil cell and analysed by in situ Raman 
spectroscopy from ambient conditions up to 0.8 GPa and 700 
°C. Ab initio molecular dynamics simulations were used for the 
interpretation of the experimental spectra. From the 
simulations, power spectra of the hydrogen velocity auto-
correlation function and ab initio Raman spectra [3] were 
derived. The mode-projection approach [4] was employed to 
decompose normal modes of water and the stretching mode of 
hydroxide ion. The simulated frequency spectra agree with the 
experimentally obtained Raman spectra and show the same 
changes with P and T. At near ambient conditions, addition of 
NaOH results in rapid destruction of the water network, which 
confirms earlier studies [5]. At high T, the H3O2

– concentration 
has by far the largest impact on the Raman spectra. The 
hydrogen bonding distance decreases with increasing P and T 
because of the proton-transfer between water and the 
hydroxide ion, which is crucial for Raman spectroscopic 
analyses using the O–H stretching band as standard. Further 
observed structural changes with P and T include increasing 
coordination of Na+ and changes in the connectivity.  
 
[1] Sørensen (1997) Min. Mag. 61, 485-498. [2] Walrafen, 
Douglas (2006) J. Chem. Phys. 124, 114504. [3] Putrino, 
Parrinello (2002) Phys. Rev. Lett. 88, 176401.  
[4] Spiekermann et al. (2012) J. Chem. Phys. 136, 154501. 
[5] Chen et al. (2002) J. Am. Chem. Soc. 124, 8534-8535. 
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Among the major goals of geothermal geochemistry is to 

identify the source of the geothermal fluids and the processes 
influencing their chemical composition. However, such can be 
difficult given that geothermal systems are characterized by 
many phases (vapor, liquid and solid) and components.  Stable 
isotope systematics has been among the major tools in tracing 
the source and reactions of various components in geothermal 
fluids.  Commonly, this is based on identifying the variable 
end-member components in the system and mixing ratios, or 
alternatively, comparing temperature dependence of isotope 
fractionation of given reactions with the measured isotope 
systematics.  Isotopes of a given element fractionates upon 
reactions with key reactions in geothermal systems being 
aqueous speciation, vapor-water partitioning and water-rock 
interactions, these depending on solution composition, 
temperature and pressure.  In turn, the key processes affecting 
geochemical composition in geothermal fluids include water-
rock interaction, boiling and condensation, oxidation and 
mixing between various types of fluids.  In order to study the 
effects of various reactions and processes affecting isotope 
systematics of geothermal fluids, isotope geochemical models 
were developed by combining aqueous speciation, gas-water 
partitioning and water-rock modelling together with isotope 
fractionation and isotope mass action equations.  Using these 
geochemical models, isotope systematics for vapor, liquid and 
solid phases can be simulated upon processes like boiling, 
progressive water-rock interaction and mixing.  Examples of 
such modelling will be given for sulfur and carbon in 
geothermal systems and these compared with data on isotopic 
systemic of natural geothermal fluids.  Based on these models 
it is concluded that the key factors controlling, for example 
sulfur and carbon  isotope systematics of geothermal fluids, are 
two, the isotope composition of the source material and isotope 
fractionation associated with aqueous and vapor speciation and 
how these changes as a function of processes occurring in the 
system including boiling and fluid-rock interaction. 
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The speciation of iron(III) in hydrothermal solution was 

studied experimentally and theoretically using density-
functional-theory calculations.  UV-Vis spectrophotometric 
measurements were made on iron(III) solutions as a function 
of pH and chlorine concentrations at 25-200°C together with 
solubility and potentiometric measurements at 25°C. For the 
UV-Vis measurements, the strong ligand-to-metal charge 
transitions at wavelengths below 400 nm were used to obtain 
number of absorbing species, molar absorptivities (ε), and 
equilibrium formation constants using principle component 
analysis of the spectra. For the solubility and potentiometric 
measurements, the measured iron concentrations and pH 
values were fitted to a given speciation model including 
hydrolysis and chloro complexation.  Density-functional-
theory calculations of the ground state geometries were further 
conducted to constrain the iron(III) speciation.  In acid chloride 
free solutions Fe3+, occupying octahedral coordination, 
hydrolysis to form FeOH2+, Fe(OH)2

+, Fe(OH)3(aq) and 
Fe(OH)4

- with increasing pH.  With increasing chloride 
concentration and temperature and acid pH values, iron(III) 
chloride complexes become increasingly important forming 
FeCl2+, FeCl2

+, FeCl3(aq) and FeCl4
- with increasing chlorine 

concentration.  The progressive addition of Cl- to the Fe3+ ion 
lead to complex geometry changes from octahedral to 
tetrahedral coordination of the FeCl4

- ion.  The equilibrium 
formation constants derived here together with literature values 
were subsequently used to demonstrate the aqueous speciation 
of iron in hydrothermal solutions as a function of temperature, 
fluid composition (pH and Cl concentration) and redox state.  
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Re-Os and the Permo-Triassic mass 
extinction, Hovea-3, Perth Basin, 

western Australia 
H. J. STEIN123, G. YANG1, K. GRICE3, S. V. GEORGIEV1 

AND J. L. HANNAH12 
1AIRIE Program, Colorado State University, USA 
2CEED Centre of Excellence, University of Oslo, Norway 
3WA-OIGC, Curtin University, Perth, Western Australia 
 

Re-Os isotope geochemistry on a well-studied onshore 
section in the Perth Basin helps define the global reach of 
marine-terrestrial poisoning leading to the greatest Phanerozoic 
mass extinction. The lowermost Kockatea Shale (Hovea 
Member) from drill hole Hovea-3, debatably [1], may contain 
the complete sedimentological and biological record from 
latest Permian into earliest Triassic [2]. The Hovea Member 
contains an upper Sapropelic Interval (algal, finely laminated 
shale-limestone, pyritic, no bioturbation) and a lower 
Inertinitic Interval (charcoal, wood debris, siltstone-shale, 
variably bioturbated). The boundary between Intervals, 
designated as the Permo-Triassic (P-Tr) division, is visually 
subtle, but chemically and biologically abrupt and without 
transition (e.g., the C33 alkylcyclohexane is only present in the 
Early Triassic [1]). Our 6-cm core section (1981.25-1981.31m) 
is positioned just 30 cm below the P-Tr boundary.   

We report the first radiometric age for this shallow marine 
section. Using all analyses, a 7-point Model 3 isochron age of 
~252 Ma (±~1%, MSWD=11) places the core section at the P-
Tr boundary. A slightly older 5-point Model 1 age of ~255 Ma 
(±<0.5%, MSWD=2.3) is possible if two points are eliminated 
without reason. A remarkable <2 cm interval within this 6-cm 
core records a 10-fold increase in Re and a jump in 187Re/188Os 
to nearly 2500. The background single digit ppb Re and abrupt 
increases in Re and 187Re/188Os are reminiscent of those in 
latest Permian shales from East Greenland and the mid-
Norwegian shelf; this combination argues for warm and acidic 
seawater in the latest Permian [3]. Significantly, the Boreal 
section was deposited in an open but nascent seaway, whereas 
the Hovea-3 section developed on the margin of the restricted 
Tethyan Sea. Continued work on Hovea-3 will determine the 
extent and severity of Re intoxication, whereas our work thus 
far captures a remarkable poisoning and cleansing of seawater 
within the span of a few mm of sediment. Our Re-Os data 
indicate the globally delicate and transient state of latest 
Permian seawater punctuated by variable metal input and/or 
redox drawdown.   

 
Support - CHRONOS and ARC Discovery Dora projects. 
 
[1] Grice et al 2005 EPSL 236:315-321; [2] Thomas and 

Barber 2004 APPEA Jour 44:59-92; [3] Georgiev et al 2011 
EPSL 310:389-400. 
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Lithium isotopes are a promising weathering tracer for 

abiotic processes as isotope fractionation is mainly controlled 
by silicate weathering depending on the weathering rate. The 
well-investigated Susquehanna Shale Hills Critical Zone 
Obersvatory (USA) provides an ideal field laborartory to 
explore Li isotopes as proxy for shale weathering. It is a first-
order catchment in a temperate climate within a tectonically 
quiescent setting with soil formation initiated after the last 
glacial maximum. Chemical weathering is limited by 
dissolution kinetics and realized through several reaction fronts 
occurring at various depths (20 m ~ carbonate dissolution,  
5-6 m ~ plagioclase dissolution and <2 m ~ clay mineral 
dissolution and transformation) [1].  
Despite significate depletion of Li, bulk soils from different 
horizons and locations reveal largely homogeneous Li isotope 
signature, which is close to those of bulk bedrocks with δ7Li 
value around 1.5‰. In contrast groundwater, soil water and 
stream water are significantly enriched in isotopically heavy Li 
and show spatial and temporal variations. Deep groundwater 
shows the highest Li concentrations (5 to 6 ppb) together with 
δ7Li values between 16 to 24‰. Groundwater from medium to 
shallow depth reveals very variable Li concentration (0.3 to  
5 ppb) and isotope composition with δ7Li values between 14 
and 39‰ suggesting different water passways at different 
times in the year. The stream exhibits less varibility with lower 
values δ7Li (25 to 30‰) at the headwater which is dominated 
by surface run-off compared to the outlet (30 to 35‰). Micro-
sized particles removed from the system as suspended load are 
tested as missing reservoir for isotopically light Li. This study 
will give important constraints on weathering mechanisms 
together with water pathways in shale. 

 
[1] Brantley et al. (2013) ESPL 38, 1280-1298. 
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We present a study from a acidic natural forest soil (Chaux 

Forest, Eastern France), where reducing redox conditions due 
to seasonal waterlogging lead to the dissolution of Fe-
oxyhydroxides, and to the release of REE to soil water. 
Seasonal waterlogging is a widely known phenomenon in 
wetland soils. 

 

 
Figure 1: PAAS-normalized REE patterns of soil waters 

with enrichment of the middle REE. 
 

The soil waters were sampled in piezometer tubes of 0.5 
and 1 m depth at 3 different dates in winter in order to limit the 
influence of biological activity (December 2010 and 2012, 
Februrary 2011), and filtered at 0.45 µm. The distribution 
patterns of the REE were typically enriched in the middle REE 
(MREE, Figure 1). A detailed analysis of the data showed that 
this MREE enrichment was related to a competition between 
Al and the heavy REE (HREE). This is in agreement with the 
study of Marsac et al. 2012 [1] who showed, based on 
modeling and laboratory experiments, that Al3+  competes with 
the HREE for binding sites on humic acids. Our study is to our 
knowledge the first one to describe this competition under 
natural field conditions, and may therefore furnish useful 
information on the environmental behavior of anthropogenic 
REE under similar conditions. 

 
[1] Marsac et al., 2012. GCA 89, 1–9. 
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The depletion method [1] with e.g. Zr as conservative 

element is frequently used to estimate mass loss of more easily 
weathered elements in soil profiles. It quantifies field 
weathering rates that otherwise often relies on modeling of 
slow processes that are difficult to validate [2]. Although the 
principle of the depletion method is straightforward, the 
methodology involves expert judgements that introduce 
uncertainties. For example, the reference depth below which 
the weathering per definition ceases needs to be defined. An 
interfering factor is also the natural stochastic variation of the 
chemical measurements, particularly for Zr that is present in 
low concentrations. The lack of a standardized methodology 
make synthesis of published results difficult. In this study an 
objective approach is applied to determine the reference depth 
and to cope with stochastic variation. A set of intensively 
sampled forest soil profiles developed in non-stratified glacial 
till were used in the evaluation. Estimates were made of total 
weathering rates, weathering intensity by depth and the depth 
of the weathering front for Ca, Mg Na, and K. The importance 
of the choice of reference depth varied among the profiles. 
When using least-square fitted segmented models to quantify 
chemical gradients of Ca, Mg Na, K and Zr in the profiles, 
more robust outcomes were obtained. The correlation between 
weathering rates estimated by the depletion method and by 
process oriented modeling were higher for Ca and Mg than for 
K and Na. 

 
[1] Brimhall & Dietrich (1987) Geoch. Cosmoch. Acta 51, 
567-587. [2] Stendahl et al. (2013) Geoderma 211-212, 65-74. 
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Pyrite with high As content is a common mineral occurring 
in a range of environments. The physical and chemical controls 
on stability of pyrite, arsenian pyrite and arsenopyrite (the 
FeS2-FeAsS system) are currently poorly understood. In this 
study we attempt to constrain solubility limits of arsenic in 
pyrite from textures and data in ore deposits. Arsenian pyrite 
(2-4 wt.% As) from the Konkera gold deposit (Burkina Faso) 
has textures indicating decomposition to low As pyrite and 
arsenopyrite during low grade metamorphism. The textures 
were probably formed when a reaction front propagated 
through the arsenian pyrite leaving a fine grained aggregate of 
low-As pyrite (<0.2 wt.% As), arsenopyrite and gold. 
Microprobe measurements suggest that the reaction was 
isochemical. The textures can be interpreted as a dissolution-
precipitation process resulting in decomposition of a 
metastable arsenian pyrite to a stable assemblage. 
Metamorphosed sulfide deposits tend to contain an assemblage 
of low As pyrite and arsenopyrite pyrite but high As pyrite 
(>2wt% As) is most common in deposits in unmetamorphosed 
hydrothermal deposits where arsenopyrite is a rare phase (e.g. 
Carlin trend, USA). The combined dataset suggests that the 
equilibrium solubility of As in pyrite is in the range of  
0.2-1 wt.%, and higher concentrations represent a metastable 
solid solution which can un-mix to low-As pyrite and 
arsenopyrite during low grade metamorphism. Metastability of 
hydrothermal arsenian pyrite is possibly related to rapid pyrite 
growth and may be controlled by surface processes.  
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The lithosphere of the Karelian Craton preserves 
information on several Paleoproterozoic intraplate magmatic 
events. The ca. 2.45 Ga event covers layered intrusions, mafic 
dyke swarms, and volcanics that vary in composition from 
komatiites to basaltic andesites. Dykes studied in the northern 
part of the craton include three geochemical types.  

High-Mg olivine gabbronorites of 2450±12 Ma  
characterized by MgO 16-18 wt.%, [La/Sm]n=2.4-3.5, 
[Gd/Yb]n=1.6-2.1, Nb/Nb*=0.18-0.27, εNd(2450) = -1.7. Low-
Mg gabbronorites and diorites of 2452±3 Ma characterized by 
MgO 7.3-3.6 wt.%, [La/Sm]n=2.3-2.7, [Gd/Yb]n=1.3-1.5, 
Nb/Nb*=0.21-0.32, εNd(2450) values of -1.1 to -1.2. In addition 
to these well known for the 2.45 Ga event low-Ti high-Si high-
Mg (SHMB) magmatic rocks we found high-Ti dolerites that 
vary in age from 2446±7 Ma to 2456±5 Ma and characterized 
by MgO < 7wt.%, [La/Sm]n=1.4-1.6, [Gd/Yb]n=1.3-1.4, 
Nb/Nb*=0.70-0.91, and positive εNd(2450) values of +1.6 to 
+1.8.  

This data indicate that melts with distinct geochemical 
characteristics have crystallized simultaneously, within 
measurement error. The occurrence of high-Ti melts among ca. 
2.45 Ga mantle melts in the eastern Fennoscandia indicates a 
similarity with Phanerozoic CFB. New geochronological and 
isotopic data imply that duration of intraplate magmatic events 
of the Early Precambrian was probably the same as in 
Phanerozoic, and mantle plumes operated during several 
millions of years.  

 
The work was supported by RFBR, grant 14-05-00432. 
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In polluted aquifers, spontaneous reduction of toxic, 

soluble Cr(VI) to largely insoluble, non-toxic Cr (III) may 
occur, depending on the availability of reductive agents. The 
reduction of Cr(VI) is associated with an isotope fractionation, 
with the product, Cr(III), becoming isotopically lighter. Seven 
industrial sites in the Czech Republic (Central Europe) and one 
in the northeastern U.S. were selected to study possible self-
attenuation of Cr-polluted groundwaters. Cr-rich groundwaters 
at five Czech sites originated from electroplating (Loucna nad 
Desnou, Zlate Hory, Letnany, Site B, and Bruntal). Chromium 
pollution at site Trutnov was caused by leather processing, at 
site Hradek nad Nisou resulted from production of Cr(III) salts. 
At the eighth study site (confidential upon request by owner; 
Connecticut, U.S.A.), Cr from electroplating was released to 
the environment in a dissolved form, but also by washdown of 
deposited aerosols. Direct sampling of the Cr in the industrial 
operations showed that δ53Cr(VI) of the pollution source was 
low, < 1 ‰ [1]. δ53Cr(VI) of the groundwaters was nearly 
always higher than the pollution source. At the Czech sites, 
δ53Cr(VI) of the groundwaters ranged between 0.5 and 6.0 ‰, 
peaking at about 3 ‰. In contrast, at the U.S. site, δ53Cr(VI) of 
the groundwaters was lower, ranging between 0.5 and 2.5 ‰. 
It appears that spontaneous removal of the toxic form of Cr 
from the groundwaters was under way in both countries. 
Higher δ53Cr values of the residual Cr(VI) in Czech 
groundwaters may indicate a greater degree of Cr(VI) 
reduction, compared to the U.S. site. 
 
[1] Novak M. et al. (2014) Environ Sci Technol. 48, 11, 6089-
6096. 
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The Mediterranean basin receives large amounts of 

airborne mineral dust emitted from regions located in the 
Sahara-Sahel-Chad dust corridor, which effects the climate, 
human health and both terrestrial and aquatic ecosystems. We 
will report a two-year study (2012-14) of the multi-elemental 
monitoring and elemental enrichment, the occurrence 
persistent organic pollutants, such polychlorinated biphenyls 
(PCBs) and organochlorine pesticides (OCPs), and the 
bacterial composition of fine particles during African dust 
events on the Island of Crete (Greece). Twenty-four hour 
sampling sessions have been conducted in a semi-rural area 
(35o 18’N, 25o 45’E) and PM10 and PM2.5 samples have been 
collected.  

Forty-seven (47) major and trace elements were 
simultaneously determined in each sample by ICP-MS. Forty-
eight (48) PCB congeners and the ten (10) most common 
OCPs were determined by GC-NCI/MS. Bacterial composition 
and diversity was studied by Illumina amplicon sequencing (by 
targeting the V3-V4 hyper-variable regions of the 16S rRNA 
gene using primers U341F and 805R). The results of the 
elemental composition and enrichment, of the PCBs and OCPs 
occurrence, and of the bacterial composition and diversity of 
the collected atmospheric samples will be presented in detail. 
The average chemicals’ concentration and composition, and 
the bacterial community composition and diversity of fine 
particles, will be discussed in view of their relationship with 
events affected and not affected by African dust. 
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The aim of this research was to study the isotope U-Pb age 
of zircon and rutile and Sm-Nd (rock forming and sulphide 
minerals) in Kandalaksha anorthosite massif. In marginal zone 
firstly have been obtained the presence of sulphide 
mineralization with PGE [1]. 

Kandalaksha massif  is located in the N-E part of Baltic 
shield and consists of three parts. Marginal zone (mesocratic 
metanorite) lies at the base of the massif. Main zone is 
composed of leucocratic metagabbro. The upper zone is 
alteration of mataanorthosite and leucocratic metagabbro. All 
rocks were subjected to granulate metamorphism. 

Two fractions of single zircons from anorthosite of the 
massif gave U-Pb age 2450± 3 Ma. Leucocratic gabbro-norite 
were dated by U-Pb on single zircon, with age up to  
2230±10 Ma. This age is the time of granulite metamorphism 
according to data of [2]. Two fractions of rutile have been 
analyzed by U-Pb method and reflect age of 1700 ± 10 Ma. It 
is known that the closure temperature of U-Pb system rutile 
400-450°C [3], thus cooling of the massif to these temperatures 
was about  
1.7 Ga. These data suggested two stages of metamorphic 
transformations of the massif. 

Three stages of metamorphism are distinguished by Sm-Nd 
investigation. Isotope Sm-Nd dating on Cpx and WR gives the 
age of  2311 Ma which considered as high pressure granulite 
metamorphism. Moreover Cpx-Pl Sm-Nd data gave 1908 Ma 
of low pressure granulite metamorphism. New Sm-Nd 
measurements of Grt-Rt yielded  the age 1687 Ma of the last 
metamorphic alterations in Kandalaksha anorthosite massif. 
Model Sm-Nd TDM ages of the leucocratic gabbro-norite are 
2.79 Ga with positive εNd (+0.32). It means that the source of 
gabbro-norite was primary (juvenile) mantle reservoir. 

 
All investigations are devoted to memory of academician 

PAS F. MItrofanov. 
The studies are contribution by RFBR OFI-M 13-05-

12055, 13-05-00493, Presidium program 5 (PRAN5), and 
IGCP-SIDA 599.  
 
[1] Chashchin,Petrov (2013) Geol. Ore. Dep. 55. 5. 415-442. 
[2] Mitrofanov, Nerovich (2003) Petrology. 11. 4. 381-390. [3] 
Mezger et.al. (1989) EPSL. 96. 106-118. 
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Peripheral stream environments, riparian, vadose, and 
hyporheic areas, are known to be biogeochemically active 
zones which support organic carbon oxidation as well as 
anaerobic redox reactions such as denitrification, metal 
reduction, and methanogenesis.  Gaseous end products of 
anaerobic metabolism such as methane (CH4) and nitrous 
oxide are commonly oversaturated in surface waters, 
suggesting that anaerobic processes are important even in 
highly oxygenated streams.  However, the relative contribution 
of anaerobic metabolism to overall carbon cycling in streams is 
unknown. 

We approached this question by examining the 
stoichiometry of oxgyen (O2) and carbon dioxide (CO2) in 
stream surface waters.  Aerobic metabolism consumes O2 and 
produce CO2, or vice versa, in approximately equal amounts.  
Severe deviations from predictable CO2:O2 ratios in stream 
waters suggest CO2 production is uncoupled from O2 
consumption, which occurs in the presence of anaerobic 
metabolism. 

In three separate datasets covering hundreds of sampling 
locations throughout the United States, CO2:O2 ratio was 
routinely elevated, suggesting a prevalence of CO2 production 
uncoupled from aerobic metabolism.  This outcome persisted 
whether or not samples potentially supersaturated in calcite 
(CaCO3) were included, suggesting that CaCO3 precipitation 
was not the main driver of CO2:O2 imbalances.  Furthermore, 
methane (CH4) was oversaturated in nearly every sample 
collected, indicating recent mixing between oxic and anoxic 
waters in the streams.  In all, > 90 percent of sample locations 
had elevated CO2:O2 ratios.  Such sites spanned regions, 
stream sizes, and seasons.  Mass balance calculations of the 
CO2:O2 ratio suggested that > 50 percent of the CO2 in stream 
waters arose from anaerobic metabolism. 

If correct, our interpretation indicates that a substantial 
proportion of CO2 evaded from streams must be produced in 
anoxic peripheral areas.  Likewise, stream connectivity to such 
peripheral zones may be an important control on stream carbon 
and nutrient cycling. 
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The Fe(II)-bearing secondary mineral phases siderite and 

magnetite form under anoxic nuclear respository conditions at 
the surface of corroding steel containers. Due to their redox 
reactivity, they control the retention of critical, long-lived 
radionuclides like Se, Tc and Pu [1-3]. Here we show their 
interaction with another radionuclide of high safety concern, 
Np, which is more soluble and hence mobile at its oxic, 
pentavalent redox state in comparison to its reduced, 
tetravalent oxidation state. The Np(V) reactions at the 
mineral/water interface were investigated by macroscopic 
batch experiments and at the molecular level by in situ 
vibrational (ATR FT-IR) and X-ray absorption spectroscopies 
(XAS). For magnetite, we could distinguish four different 
processes, the fast formation of a Np(V) inner-sphere sorption 
complex, followed by the surface reduction of Np(V) to 
Np(IV), which forms a tridentate Np(IV) inner-sphere sorption 
complex, and the precipitation of poorly ordered and/or nano-
sized NpO2-like particles. The Np(IV) inner-sphere sorption 
complex prevails at lower pH (<6) and at shorter reaction time, 
while the precipitate prevails at higher pH (>7) and longer 
reaction time. In the siderite system, we observed neither the 
formation of Np(V) nor of Np(IV) sorption complexes at the 
mineral surface, but only the formation of NpO2 nanoparticles, 
pointing towards a redox reaction already in solution. 
Independent of the mechanism, retention of Np(V) by the two 
minerals was strong; even at high pH and in presence of 
carbonate – conditions where the retention of Np by the clay 
barrier becomes weak – the log Rd values remain above 3.5. 

 
[1] A. C. Scheinost et al., J. Contam. Hydrol. 102, 228-245 
(2008). [2] R. Kirsch et al., Environ. Sci. Technol. 45, 7267–
7274 (2011). [3] T. Kobayashi, A. C. Scheinost, D. Fellhauer, 
X. Gaona, M. Altmaier, Radiochim. Acta 101, 323-332 (2013). 
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Belemnites (Belemnitida) were a common group of stem-

decabrachian coleoids of the latest Triassic – Cretaceous [1]. 
Stable isotope (δ13C, δ18O) and element ratios of belemnite 
rostrum calcite have frequently been used to reconstruct 
environmental conditions of the Jurassic and Cretaceous 
periods. The largely unknown habitats of belemnites [2] [3], 
metabolism induced vital effects and diagenetic overprint 
affect geochemical signatures derived from belemnite calcite. 
The validity of the usually applied diagenesis screening 
methods (trace elements, cathodoluminescence microscopy 
(CL)) has, however, been doubted (e.g. [4]). 

To overcome the difficulties of these screening methods, 
we applied electron backscatter diffraction (EBSD) to 
belemnite rostra in addition to CL and trace element 
concentrations. We visualize and record different grades of 
recrystallization with EBSD maps and an assessment of the 
degree of calcite crystal co-orientation. EBSD data of 
belemnite rostra of different preservation states are compared 
with  CL and geochemical proxies (δ13C, δ18O, element ratios) 
in order to test the applicability of these methods for an 
indication of recrystallization. 

We show interspecies as well as intraspecimen differences 
in the state of preservation, resulting from varying responses of 
belemnite microstructures to diagenesis. Organic matter is 
shown to be an important factor for the preservation of 
belemnites. The comparison of EBSD and CL data shows that 
the CL-patterns of belemnites are in part of primary and in part 
of secondary, diagenetic, origin. 

These new findings demonstrate, that  EBSD is a feasible 
tool for screening diagenesis induced recrystallization of 
belemnite rostra. Our results also confirm CL-microscopy as a 
screening method by identifying typical CL-patterns of well-
preserved belemnites. The implications of these results for 
geochemical studies of belemnite rostra are discussed. 

 
[1] Fuchs et al. (2013) Palaeontology 56, 1081-1106 [2] 

Mutterlose et al. (2010) EPSL 298, 286-298 [3] Stevens et al. 
(2014) Lethaia 47, 512-523 [4] Li et al. (2013) Palaeo3 388, 
98-108 
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Desferrioxamine B (DFOB) is an hydroxamate siderophore 

secreted by micro-organisms in response to Fe stress. DFOB 
shows considerable affinity not only for Fe(III) [KFe

(III)
HDFOB

+ = 
1032.0] [1] but also for Cr(III) [KCr

(III)
HDFOB

+ = 1033.0] [2]. Thus, 
in Cr(III) contaminated soils and sediments, DFOB may figure 
prominently in the mobilisation of Cr(III). Furthermore, the 
ubiquitous presence of fulvic acid may influence DFOB 
activity. The experimental objective was to determine the 
mechanisms and rates of Cr(III) desorption and Fe(III) release 
from Cr(III)-treated synthetic goethite as influenced by DFOB, 
by SRFA (Suwannee River), and by the two organic 
compounds in combination.  

Our data show (i) Fe(III) release from Cr(III)-treated 
goethite is significantly lower than that from untreated 
synthetic goethite; (ii) the presence of either DFOB or SRFA 
alone increased the solubilisation of both Cr(III) and Fe(III); 
(iii) DFOB together with SRFA act synergistically to mobilise 
Cr(III) and Fe(III). We propose a model whereby adsorbed 
SRFA lowers the goethite surface charge thus increasing 
DFOB surface excess and its subsequent chelation of Fe(III) 
and Cr(III). This model is supported by FTIR data which show 
that, during complexation of Fe(III) and Cr(III) by DFOB at 
the goethite surface, the Fe(III) and Cr(III) share the 
hydroxamate group. Frequency bands of hydroxamate C=O, 
1568 cm-1 Fe-DFOB and 1600 cm-1 Cr-DFOB were observed. 
This study elucidates the role of DFOB and SRFA on 
desorption of Cr(III) and dissolution of Fe(III) in Cr(III) 
contaminated environments.   

 
[1] Kruft et al. (2013) Journal of Inorganic Biochemistry 129, 
150-161. [2] Duckworth et al. (2014) Environ. Sci. Processes 
Impacts 16, 1348-1359.    
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Dissolved neodymium (Nd) isotopes (expressed as εNd) 
have been widely used as a water mass tracer to reconstruct 
paleo ocean circulation. However, the marine geochemical 
cycle of Nd is not well understood. Unclear input mechanisms, 
scarcity of available data, and observed decoupling between 
dissolved εNd and Nd concentration patterns ([Nd]) are only a 
few of the unresolved issues.  

Here we address these issues and present an unprecedented 
data set on particulate Nd isotope and concentration data from 
five stations along the Dutch GEOTRACES transect GA02 in 
the western North and equatorial Atlantic Ocean in 2010. 
Particulates were collected with in-situ pumps on 0.8 µm 
Supor filters and subjected to a total digestion.  

The particulates collected near Irminger and Labrador 
Basin show a provenance from the nearby land masses in their 
Nd isotope composition: Very negative values (εNd ≈-20) are 
observed in the Labrador Basin, which is surrounded by old 
continental rocks. More positive values of up to εNd ≈-4 are 
found east of Greenland probably derived from the Nansen 
Fjord Formation’s basaltic rocks. In these two areas the 
particulate εNd is offset from dissolved Nd isotopes by up to 
7.7 ε-units. Further downstream of the flow path of the North 
Atlantic Deep Water, dissolved and particulate Nd isotopic 
compositions seem to merge and become indistinguishable 
south of Bermuda (BATS station). This suggests that 
particulate and dissolved fractions exchange with increasing 
distance from source regions. Neodymium concentrations in 
particulates [pNd] are low (KD<5%) and invariant. However, 
most stations show a significant increase in [pNd] close to the 
seafloor, where [pNd] nearly matches [dNd].  

Our new data set provides invaluable information towards 
addressing unresolved questions in seawater Nd geochemistry 
as it constitutes the first regional data set on combined Nd 
concentrations and isotopes in particulate and dissolved 
samples. 
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Many if not most aquatic systems are significantly 

impacted by groundwater discharge and hyporheic flow.  A 
considerable research effort is today directed at the 
quantification of water and associated (bio)geochemical fluxes 
across the sediment-water interface to streams, lakes and the 
coast. A wide range of geophysical, geochemical and 
modelling approaches are used. Powerful integrative tools to 
determine fluxes on ‘large’ scale are radiochemical tracers 
such as radon. The application of such tracers to understanding 
sediment-water fluxes on meter-scale and ecosystem-scale will 
be illustrated on mangrove systems and coastal lagoons along 
the Mediterranean coastline, and limitations – in particular 
their inability to distinguish groundwater (‘new’ water) and 
hyporheic flow (‘old’ water) – will be discussed. 

In tropical mangrove forests, tidal pumping of water 
through animal burrows, a major contributor to sediment-water 
fluxes, has been documented on both single-burrow and 
whole-of-forest scale. In Mediterranean coastal lagoons, 
groundwater discharge and wind-driven hyporheic exchange 
have been documented on a similar range of scales, suggesting 
that these processes may play a vital role in ecosystem 
functioning, on one hand through controlling lagoon salinity 
(‘new‘ water), on the other hand through remobilisation of 
nutrients and contaminants from lagoon sediments (‘old’ 
water). Although geochemical tracer signatures are often 
similar in groundwater and hyporheic  fluxes, when 
considering ‘downstream‘ ecological effects a separation of 
these fluxes will be required. 
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Phosphorus is a critical nutrient element controlling 
primary productivity in large areas of the surface ocean [1] [2]. 
In the offshore parts of the ocean atmospheric inputs are the 
most important source of externally supplied nutrients (P, N 
and Fe) and the major forms of P (and Fe) are minerals. 
However, these are generally poorly soluble in seawater and 
hence not directly bioavailable. The dominant form of P in 
dusts is soil-derived dust apatite, and to a lesser extent, P 
bound to iron minerals [3] [4]. Nenes et al. [5] found a clear 
increase in soluble P in samples which had been in contact 
with acid in the atmosphere.  

To experimentally validate this link, we carried out acid-
dust leaching experiments, under laboratory conditions 
designed to mimic the conditions in clouds and wet aerosols in 
the atmosphere. Our results show that apatite dissolves rapidly 
(~ minutes) under conditions relevant to atmospheric 
processes.  At increased H+ ion concentration a competitive 
dissolution between CaCO3 and apatite in dusts dominates the 
reactions, with the total amount of H+ consumed being 
controlled by the CaCO3 that is dissolved. We found a linear 
log-log relationship between the amount of H+ ions initially 
present and the amount of P liberated, which was controlled by 
the relative kinetics of calcite and apatite dissolution. At higher 
ionic strength (IS = 2M NaCl) there was ~10% more P 
desorbed into solution, while at higher IS of ammonium 
sulphate (2M) the increased dissolution was controlled by the 
number of H+ ions present.  The amount of P liberated from 
internally mixed calcite and apatite grains is lower than that 
released when apatite and calcite are externally mixed i.e., 
present on individual particles. Our results will be incorporated 
into a global aerosol model to predict the amount of P liberated 
by atmospheric acid processes globally. 

 
[1] Howarth R.W. 1988. Ann. Rev. Ecol. 19, 89-110 [2] Elser 
J.J., et al. 2007. Ecol. Lett. 10, 1135-1142 [3] Singer A., et al. 
2004. Atmos. Environ. 38, 1745-1753 [4] Eijsink L.M., et al. 
2000. Am. J. Sci. 300, 483-504 [5] Nenes A., et al. 2011. 
Atmos. Chem. Phys. 11, 6265-6272 
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It has been recognised that continuing carbon emissions 
and the resulting changes to carbonate chemistry and 
acidification of the oceans will affect the chemical speciation 
of trace metals, many of which are essential nutrients for 
marine biota. This study quantitatively assesses the resulting 
changes in chemical speciation of both organically complexed 
(dissolved organic matter, DOM) and inorganic species. We 
used a model widely applied for assessing trace metal 
speciation in freshwater environments, WHAM/Model VII, 
under the assumption that DOM binding properties in marine 
waters are analogous to those in terrestrial environments. 

Using fixed values for average metal (Fe, Al, Co, Ni, Cu, 
Zn, Cd and Pb) and DOM concentrations for the Atlantic 
Ocean and IPCC projections of ocean pH and pCO2 under  
4 Representative Concentration Pathways (RCPs) scenarios we 
calculated how speciation may evolve over time. Figure 1 
shows the evolution of the iron free ion concentration up to the 
year 2100, showing that higher CO2 emissions and thus 
decreasing pH will increase free Fe(III) activities. 

Figure 1. Calculated Fe(III) free ion concentrations under 
the evolving pH and pCO2 conditions predicted by the IPCC 
under four different emissions scenarios. 
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Here, we report on the in situ analyses of laser irradiation 

products obtained from olivine pellets. The experiments were 
conducted in order to simulate the effects of micrometeoroid 
impacts (space weathering) on airless planetary bodies in the 
framework of the BepiColombo mission. Space weathering is 
expected to be a major factor affecting the surface properties of 
the planet closest to the Sun, but the results are also of high 
importance for the interpretation for remote sensing and 
sample return data for other atmosphere-less planetary bodies 
(such as the Moon, Vesta, asteroids in general and comets) [1].   

A special focus is on processes effective in the MIR range 
of the onboard Mercury Radiometer and Thermal Infrared 
Spectrometer (MERTIS). This device will allow to determine 
the mineralogy of the surface of Mercury directly at high 
spatial resolution in the wavelength range from 7 to 14 µm [2]. 
We will present a systematic correlated  FIB/TEM, micro-
Raman and FTIR study of a series of synthetic and natural 
(San Carlos) olivine irradiated using a 1064 nm Nd:YAG laser 
under Mercury conditions. Recondensing vapor was collected 
on a wafer and on in situ placed TEM grids. First TEM 
analyses of an irridiated synthetic forsterite grain show that 
ballistically ejected fragments remain crystalline, but have an 
amorphous envelope from quenched melt. Among condensed 
vapor, both crystalline and amorphous phases occur. FTIR 
studies of spots on the same pellet surface also indicate 
structural and thus spectral changes between 10 and 11.3 µm. 
Weakening of characteristic silicate bands and peak 
broadening may indicate the formation of amorphous phases, 
or gradual loss of a crystalline structure [3].  

Here, we will compare our TEM, FTIR and Raman data 
for the whole range of experiments with a further series of 
similar analyses of pyroxenes.   

 
[1]Domingue D. et al. (2014) Space Sci Rev (181) 121–214 
[2]Benkhoff et al. (2010) Planet Space Sci (58) 1-326. 
[3]Stojic et al. LPSC 2015 
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The carbon isotopic fractionation of marine phytoplankton 
during photosynthesis (ep) has been widely applied to 
reconstruct past atmospheric CO2.  We describe recent 
approaches which may improve confidence in pCO2 estimates 
based on alkenone (ep) reconstructions, and the emergence of 
new pCO2 estimates based on  (ep) reconstructions from 
diatoms.  

Temporal changes the significance of active carbon uptake 
for photosynthesis may affect ep and therefore the reliability of 
pCO2 records.  The significance of active carbon uptake in 
coccolithophorid cultures shows a logarithmic scaling with 
CO2 aq, suggesting that its effect on past ep-CO2 relationships 
could be modeled effectively using the ACTI-CO cellular 
model.    In addition, measurements of isotopic fractionation in 
fossil coccolith calcite, together with estimates of changing 
cellular calcification of coccoliths derived from coccolith 
thickness measurements, constrain the timing of cellular 
reallocation of HCO3- from calcification to photosynthesis.  
These data can provide independent evidence for past changes 
in the significance of active uptake on ep.  Because light limits 
reliance on active uptake, the significance of active carbon 
uptake to ep is likely exaggerated in laboratory culture 
experiments and some shallow photic zone materials where 
irradiance is much higher than in the deep chlorophyll 
maximum (DCM) where production of alkenones occur in the 
oligotrophic gyres.  

Recent work suggests that  ep may also be reliably 
determined on organic compounds entrapped in the opaline 
frustules produced by diatoms, for which specific cell 
geometeries can be isolated my microfiltering techniques.  Our 
new calibrations of physiological effects on diatom ep across a 
core top transect in the Southern Ocean allow us to relate the 
“b” slope to indicators readily measured in sediments, such as 
opal accumulation rate and frustule Zn content.  Diatom ep 
from the eastern equatorial  Pacific indicates a strong decline 
in CO2 over the last 12 Ma, in agreement with new alkenone 
pCO2 records.    
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The interaction of monodisperse fluorescent carboxylated 

polystyrene particles (25 nm and 1000 nm in diameter) and 
natural polydisperse clay particles mainly consisting of illite 
(~1000 nm; obtained from hydothermal altered natural 
fractured granite drill cores from Soultz-sous-Forêts; France) 
with a cut granite surface (Grimsel granodiorite; Switzerland, 
[1]) is investigated both experimentally and numerically 
focusing on the effect of residence time, colloid size, colloid 
type and concentration on particle retention. Long particle 
residence time are accomplished by stop-flow experiments 
between 1 h and 24 h. Additionally to the colloid experiments, 
conservative solute tracer (Amino-G) experiments are 
performed to characterize the flow and transport conditions. A 
cylindrical parallel plate type fracture flow cell (diameter 
38 mm; aperture 0.75 mm) has been designed for the transport 
experiments. The artificial fracture of flow cell is sandwich of 
acrylic glass and/or granite. At the flow cell’s outlet the 
breakthrough curves/residence time distributions are obtained 
continuously by means of fluorescence spectroscopy and by 
photon correlation spectroscopy (PCS)/ laser induced 
breakdown detection (LIBD) and single particle counting 
(SPC), respectively. All experiments are conducted at pH 5 
under low ionic strength (1 mM NaCl). For post mortem 
analysis of the granitic fracture surface fluorescence 
microscopy, scanning electron microscopy (SEM) and laser 
scanning microscopy (LSM) are applied to obtain information 
on the colloid deposition/attachment behavior and spatial 
distribution as a function of e.g. mineralogy and/or surface 
roughness [2]. Results show earlier first arrivals and more 
pronounced tailings in the measured breakthrough curves for 
the colloids compared to the conservative tracer. A positive 
correlation between residence time and particle retention is 
observed in all experiments. The experimental findings are 
corroborated by the 2-D and 3-D numerical simulations. 
 
[1] Schäfer, Huber, Seher, Missana, Alonso, Kumke, Eidner, 
Claret, Enzmann (2012) Appl. Geochem. 27(2), 390. [2] 
Darbha, Fischer, Luetzenkirchen, Schäfer (2012) ES&T 
46(17), 9378.  
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Constraining the source and thermal maturity of 
hydrocarbon gases (C1-5 alkanes) in petroleum systems is often 
accomplished using measurements of 13C/12C and D/H ratios 
and molecular compositions [1]. Though a key starting point, 
these measurements do not directly yield quantitative insights 
into a gas’s formational environment. Measurements of CH4 
clumped isotopologues appear, in many environments relevant 
to petroleum exploration, to reflect CH4 formation 
temperatures [2-5]. Consequently ‘clumped-isotope 
temperatures’ (TCI) have the potential to add new, quantitative 
constraints on gas formation conditions in hydrocarbon 
systems. First we will highlight and review the to-date 
measurements on samples from marine biogenic seeps (TCI=6-
16°C), mixed biogenic-thermogenic deposits (TCI=34-115°C), 
conventional and migrated gas accumulations (TCI=100-
220°C), and ‘unconventional’ shale-gas reservoirs (TCI =150-
205°C). 

Following initial work done in [3], we will then explore the 
meaning of these temperatures in the context of quantitative 
models of gas formation that combine basin thermal histories 
with oil/gas formation kinetics. Problematically, different 
kinetic models of thermogenic gas formation predict non-
overlapping temperature ranges for methane formation using 
the same thermal history and organic source type. For 
example, the published models examined (n=14) predict 
average methane formation temperatures from 155-230°C. 
This model disagreement demonstrates the potential for TCI 
measurements to add new insights to and independently test 
models of gas formation. Finally, we will incorporate TCI 
measurements into gas formation models and will demonstrate 
that TCI measurements add distinctive constraints to the 
thermal and petroleum generation histories of sedimentary 
basins.  
 
[1] Whiticar (1999) Chemical Geology; [2] Stolper et al. 
(2014) GCA; [3] Stolper et al. (2014) Science; [4] Ono et al. 
(2014) Analytical Chemistry; [5] Wang et al., (in press) 
Science. 
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Tektites are natural felsic glasses formed as a result of 
impact melting and subsequent quenching of distally ejected 
material upon hypervelocity impacts on Earth. Some tektites 
contain inclusions of lechatelierite (nearly pure SiO2 glass), 
generally thought to be relicts of melted quartz grains. This 
study exploits the presence of these inclusions to extract 
information about tektite thermal histories by investigating 
chemical diffusion between molten silica and surrounding 
peraluminous felsic melt in natural tektites and experiments.  

Concentration profiles across lechatelierite-host glass 
contacts in tektites indicate diffusion between the two melts at 
high temperature (T) prior to quenching. The profiles are 
typically a few 10’s of microns wide; they are strongly 
asymmetric, steepening closer to the lechatelierite (indicative 
of diffusion coefficients, D’s, that are strongly dependent on 
composition, decreasing with increasing SiO2 content); and 
they display evidence of multicomponent diffusion (e.g., uphill 
diffusion of K2O). 

In order to understand and interpret the concentration 
profiles observed in tektites, we performed high-T (1800-
2400˚C) melting experiments on mixtures of quartz plus tektite 
glass using an aerodynamic-levitation laser-heating apparatus. 
There are close similarities between the concentration profiles 
in the natural tektites and those in the experimental charges, 
including diffusion length scales, asymmetry, and the details of 
the shapes of the profiles for all analyzed oxides (including a 
maximum in the profiles of K2O indicating uphill diffusion).  

Concentration profiles of SiO2 and Al2O3 in the 
experiments and tektites are well fit by an effective binary 
diffusion model assuming plausible dependence of their D’s on 
SiO2. Additionally, seemingly complex concentration profiles 
(including the maximum in the K2O profiles) simplify 
considerably if chemical potential profiles (based on MELTS 
calculations) rather than concentration profiles are considered. 
The widths of the concentration profiles of all major elements 
in the experiments are proportional to the square root of time at 
a given T, allowing D’s and their T dependence to be extracted 
from the experimental data. This information is sufficient to set 
quantitative constraints on the time-T histories experienced by 
tektites on time scales of 100-102 seconds after impact melting. 
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The spatial variability in benthic particulate organic carbon 
(POC) mineralization kinetics, hence POC preservation 
efficiency, in marine sediments throughout the ocean is poorly 
defined. This creates considerable uncertainties when 
diagenetic models are used to estimate POC mineralization and 
preservation rates as well as the rates of corresponding redox 
transformations. In this communication, we present an 
empirical approach to predict these rates in bioturbated marine 
sediments at the global scale.  

We have derived a power law function that describes POC 
degradation with depth in the sediment. It requires only the 
rain rate of POC rate to the seafloor as the master variable. 
Using a diagenetic model, this function was found to be able to 
fit pairs of measured benthic O2 and NO3

- fluxes to within 50% 
at 132 out of 185 stations. It further provides realistic 
geochemical concentration-depth profiles, NO3

- penetration 
depths and apparent first-order POC mineralization rate 
constants. The model performs less well on the continental 
margin shelf due to the high heterogeneity there. When applied 
to globally resolved maps of rain rate, the model predicts a 
global POC burial rate of 107 ± 52 Tg yr-1 of C with a mean 
carbon preservation efficiency of 6.1%. The model also 
predicts a global denitrification rate of 182 ± 88 Tg yr-1 of N. 
These are in excellent agreement with previous estimates. 

The proposed function is conceptually simple, requires less 
parameterization than multi-G type models and is suitable for 
non-steady state applications. It provides a basis for more 
accurately simulating benthic nutrient fluxes and POC 
preservation and mineralization in Earth system models. 
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Accessory minerals hosting rare earth elements (REE; e.g. 

zircon, apatite, titanite, allanite) represent a low modal 
proportion of igneous rocks but often dominate the REE 
budget. They are therefore important in petrogenetic studies, 
and are also used widely to discriminate and constrain 
sandstone provenance. Apatite and titanite are ubiquitous 
minerals for which trace element partition coefficients are well 
known and have been shown to be sensitive to changes in 
magma composition. Recent trace element work has suggested 
that these minerals can be particularly informative in 
petrogenetic studies and may permit calculation of  the host 
rock chemistry.  

In this contribution, a variety of different-aged and 
geochemically distinct samples have been studied, including 
Archaean Tonalite-Trondhjemite-Granodiorite (TTG, Karelian 
Province), sanukitoids (Karelian Province) and Phanerozoic 
Basalt-Andesite-Dacite-Rhyolite (BADR, Guernsey Igneous 
Complex). These different compositional types have been 
genetically linked to distinct geodynamic scenarios that may 
track the onset and evolution of subduction-driven plate 
tectonics from the Archaean  (TTG) to opening of a mantle 
wedge at the Archaean-Proterozoic transition (sanukitoids) and 
“modern” plate tectonics (BADR). 

Careful electron imaging, and in-situ (LA-ICPMS and 
SIMS) analyses on apatite (as inclusions in zircon or in the 
matrix) and titanite show that these minerals give access to: (i) 
the crystallization history, and (ii) the whole-rock chemistry of 
their hosts. More importantly, their chemistries seems to 
discriminate the compositional magma shift through time 
(TTG=> Sanukitoid=> BADR). Finally, preserved apatite 
inclusions present in titanite and zircon offers a novel way to 
look at the sedimentary record as the surrounding minerals can 
be dated and their isotopic compositions analysed (Hf+O for 
zircon, or Nd+O  for titanite). Such combined data will allow 
unbiased sampling of secular magmatic records, which may 
provide a more accurate representation of the response of 
magma generation to changing geodynamics, such as the onset 
of deep subduction. 
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Extracellular UV-screening pigments gloeocapsin and 

scytonemin present in the EPS envelopes of freshwater and 
marine cyanobacteria were studied by different spectroscopy 
methods. The Raman spectral analysis and the UV-VIS light 
absorbance spectra of the extracellular pigment 
gloeocapsin  showed that it shared Raman and UV spectral 
signatures with parietin, a radiation-protective pigment present 
in lichens [1] [2]. Gloeocapsin occurs in several cyanobacterial 
species, mostly with exclusion of scytonemin [2], indicating 
that these pigments have evolved in cyanobacteria as separate 
protective strategies. Both gloeocapsin and scytonemin are 
widely and species-specifically distributed across different 
cyanobacterial taxa. The widespread occurrence of these 
pigments may suggest an early origin, while their detection by 
Raman Spectroscopy makes them potential biosignatures for 
cyanobacteria in the early Earth record and demonstrates the 
usefulness of non-destructive Raman spectroscopy analyses for 
the search of complex organics, including possible 
photosynthetic pigments, in early Earth and extraterrestrial 
samples [3] [4]. 

 
[1] Edwards et al., 2003 Mol. Struct. 648, 49-59 [2] Edwards et 
al., 2005 The Analyst 130, 917-923 [3] Lepot et al., 2014 
Geobiology 12, 424-450 [4] Javaux and Lepot, 2015 in 
Johnston & Poulton, Topics in Geobiology, Springer, in press. 
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Measurements in the world ocean point to a deoxygenation 
of the last 50 years with the focus on the tropical oxygen 
minimum zones (OMZ). Within the research initiative 
‘Climate – Biogeochemistry Interactions in the tropical Ocean’ 
the temporal-spatial scales of oxygen distribution and oxygen 
changes in the Eastern Tropical South Pacific (ETSP) and the 
Eastern Tropical North Atlantic (ETNA) are investigated. 
Although the ETNA is hypoxic while the ETSP is suboxic both 
areas show a deoxygenation trend. These deoxygenation trends 
are overlain by climate signals like the Pacific Decadal 
Oscillation, variability in the subtropical-tropical cells, El Nino 
events and variations in the equatorial wind field.  

In the equatorial regions the zonal current bands are 
important in resupplying oxygen to the OMZ. Mesoscale 
related oxygen changes are important on the poleward side of 
the tropical OMZ. Measurements of the oxygen distribution of 
eddies near the Peruvian shelf show a large expended low 
oxygen layer in anticyclonic eddies while in cyclonic eddies 
the low oxygen layer decreased [1]. Measurements of floats 
with oxygen sensors turned out to be a helpful tool to 
investigate the oxygen distribution as well as eddy structures in 
the ETNA and ETSP. Compared to the ETSP in the ETNA 
there are less eddies with a weaker vertical extend. Connected 
to the decrease in the oxygen since 1976 an increase in 
nutrients (nitrate, phosphate and silicate) could be observed in 
the upper ocean in some regions near the equator in the eastern 
Pacific [2]. 

Although a deoxygenation trend was observed for the past 
50 years, the influence of climate signals and local variations 
e.g. by eddies or wind changes need to be further investigated 
to improve prediction for future oxygen trends. 
 
[1] Stramma et al., (2013) Biogeosciences, 10, doi:10.5194/bg-
10-7293-2013. [2] Czeschel et al., (2014) Ocean Sci. Discuss., 
11, doi:10.5194/osd-11-2205-2014.  
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Arc magmas are more silicic and diverse than magmas 
from other geotectonic settings. While this diversity is clearly 
causally related to the subduction setting, there is no consensus 
whether silicic arc magmas are primary melts from a mantle 
modified by slab additions, or whether silicic melts form in the 
crust by differentiation of basaltic mantle melts. In order to 
distinguish among these models, we conducted a 
comprehensive geochemical study on basaltic to dacitic 
magmas in the central Mexican Volcanic Belt that erupted 
from monogenetic centers and two composite volcanoes 
(Popocatepetl, Nevado de Tolua). 

The systematic variation of melt SiO2 with Sr-Nd-Hf-Pb-O 
isotope ratios precludes fractional crystallization to drive melt 
silica increase, and points to the integration of silicic crustal 
components. However, as olivines phenocrysts from basaltic to 
andesitic magmas combine high δ18O = +5.3-6.6‰ 
(corresponding to δ18O = +6.3-8.5‰ of host melt) with high 
3He/4He = 7-8 Ra, this crustal component must be derived from 
slab, and not from the crustal basement. The high Ni (up to 
5400 ppm Ni) and compositional diversity of the olivines point 
to arc magmas formation through mixing of primary basaltic to 
dacitic mantle melts from olivine-free silica-deficient and 
silica-excess secondary pyroxenite lithologies that formed by 
infiltration of silicic components from slab. Sr-Nd-Pb-Hf 
isotope ratios and trace elements systematics of arc output and 
subduction input show that the mantle is infiltrated by slab 
diapirs of eroded granodioritic fore-arc crust (dominant), 
supplemented by AOC-derived fluids, rare slab melts, and a 
minor enriched component, possibly made of recycled 
intraplate seamounts. While the primary arc magmas inherit 
the trace element diversity of these components, their high 
silica content can be linked to the strong silicic flux of the 
granodioritic slab diapirs to the mantle sources. Overall, there 
is no need for significant melt differentiation in the 45 km 
thick continental basement. 
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During IODP Expedition 341 a cross-margin transect was 
drilled on the NE Pacific continental margin in southern 
Alaska. Sites U1417 and U1418 are a distal and a proximal 
record on the Surveyor Fan and provide a sedimentary record 
reaching back to the late Miocene and early Pleistocene, 
respectively. From distal to proximal, the sulfate penetration 
depth into the sediments shallows. At U1417 there is a gap 
between the deepest sulfate penetration and the methanogenic 
zone, while at U1418, a distinct sulfate-methane transition 
zone (SMTZ) is apparent at about 75 m depth below seafloor. 

The upper section of Site U1417 indicates continuous 
sulfate reduction by organic matter degradation in the upper 
200 m due to its typical convex-up curvature [1]. In the deeper 
section at about 650 m below seafloor, however, an SMTZ 
suggests that anaerobic oxidation of methane leads to the 
depletion of upward diffusing sulfate, likely derived from a 
deep aquifer that exists at the sediment-basalt contact. In 
contrast, the more linear sulfate profile at Site U1418 appears 
to reflect a more focused sulfate consumption driven by an 
upward methane flux from below at rates substantially higher 
than those for sulfate reduction of sedimentary organic matter.  

Combined sulfate sulfur and oxygen isotope values, in part 
with extreme isotope enrichments, support the notion of 
progressive sulfate reduction. 

Strontium (Sr) isotope geochemistry is directly linked to 
sulfate via barite dissolution. At Site U1417, the distinct 
increase in Sr concentration below the SMTZ indicates 
together with an increase in barium the dissolution of barite as 
pore water becomes undersatured with respect to sulfate. The 
same process can be observed below the much shallower 
SMTZ of Site U1418 where again the dissolution of barite 
leads to more seawater like Sr isotope values in the pore water. 
 
[1] Borowski, et al. (1996) Geology 24, 655-658. 
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The secondary mineralization at Leadhills-Wanlockhead in 

SW Scotland is a globally-exceptional mineral assemblage that 
includes over 100 mineral species [1]. It reflects unusual 
conditions of formation and circumstances of subsequent 
preservation.  The secondary mineral assemblages contain a 
high-resolution record information on atmospheric and water 
table conditions.  In an effort to develop a genetic model of 
secondary Pb mineralization we are determining the 
paragenetic sequence and the fluid compositions and physical 
conditions of the secondary mineralization. This is hampered 
by the difficulty in dating secondary assemblage.  We have 
discovered that vanadinite (Pb4(VO4)3Cl) contains significant 
U levels (10-30 ppm) that make it amenable to (U+Th)/He and 
(U+Th)/Ne dating.  The extremely low He concentrations 
require complete diffusional loss.  However, significant 
concentrations of excess 21Ne have been measured in all 
samples. Using the average U content measured in multiple 
aliquots of vanadinite from the same sample, (U+Th)/Ne ages 
range from 3 to 5 Ma.  This coincides with the onset of 
northern hemisphere glaciation, and it is tempting to conclude 
that the environmental conditions necessary to precipitate and 
preserve such an exceptional secondary mineral assemblage.  
Ongoing work is aimed at assessing the extent of diffusional 
loss of 21Ne from vanadinite, and improving the precision of 
Ne isotope determinations. 
 
[1] Temple (1956), Trans. Roy. Soc. Ed. 63, 85-115. 
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Cyanobacterial carbon excretion is crucial to carbon 
cycling in many microbial communities, but the nature and 
bioavailability of the carbon excreted is dependent on 
physiological function, which is often unknown.  
Cyanobacteria are the dominant primary producers in 
hypersaline mats and there is large reservoir of carbon in the 
extracellular matrix, but the nature and flux is understudied. 
We examined the macromolecular composition of the matrix 
of microbial mats from Elkhorn Slough in Monterey Bay, 
California. Metaproteomics revealed extracellular proteins of 
cyanobacterial origin that suggested cyanobacterial 
degradation of extracellular polymeric substances (EPS).  In a 
cyanobacterial isolate from Elkhorn Slough (ESFC-1), we 
found further evidence for active, light-regulated degradation 
of EPS. We next used high-resolution imaging mass 
spectrometry (NanoSIMS) and found active uptake of EPS-
carbon and EPS-nitrogen by this mat primary producer, ESFC-
1. Based on these findings, we propose that mat Cyanobacteria 
store and recycle organic material from the mat extracellular 
matrix. Cyanobacteria are such a large percentage of the 
biomass in the mats, that their re-uptake of organic C and N 
has the potential to re-define carbon availability and turnover 
in these systems. This work has implications for cyanobacterial 
adaptation to dynamic environments like microbial mats, 
where uptake of carbon in variable forms may be necessary to 
persist.   

 
Work at LLNL was performed under the auspices of the 

U.S. Department of Energy at Lawrence Livermore National 
Laboratory under contract DE-AC52-07NA27344. 

3012



 Goldschmidt2015 Abstracts  

 3013 

Experimental constraints on Fe 
isotope fractionation in a carbonatite 

melt system 
MARIA STUFF*, JAN A. SCHUESSLER AND MAX WILKE 

GFZ German Research Centre for Geosciences, 
Telegrafenberg, 14473 Potsdam, Germany 
(*correspondence: maria.stuff@gfz-potsdam.de) 
 
Carbonatite magmatism provides a highly efficient 

mechanism for transport from mantle to crust, thus allowing 
for insights into the chemistry and dynamics of the Earth’s 
mantle [1]. Iron isotope data from natural carbonatite rocks 
show the largest variability found in igneous rock to date [2]. 
As such, Fe stable isotopes are a promising tracer for 
interaction of carbonate and silicate magmas in the mantle, 
particularly because Fe isotope fractionation is controlled by 
oxidation state and bonding environment [3]. Interpretation of 
data from natural carbonatite rocks [2] is still hampered for 
two main reasons: 1) The partitioning behavior of Fe between 
immiscible silicate melt  and carbonate melt is largely 
unknown and 2) the Fe isotope fractionation between these 
compartments are to date assessed by theoretical calculations 
only [4] and lack experimental constraints.  

We present results from equilibration experiments between 
silicate and carbonate melts at 1200°C and 0.7 GPa in an 
internally heated gas pressure vessel at intrinsic redox 
conditions. The silicate melt quenched to a glass whereas the 
carbonate melt formed finegrained quench crystals. The 
silicate and carbonate run products were seperated chemically 
by sequential extraction and mechanically by picking.  
Fe isotope compositions were then analysed by solution  
MC-ICP-MS. 

Our first experimental results demonstrate, that in an alkali 
rich  carbonatite  system Fe is partitioned in nearly equal 
shares between silicate and carbonate 
 immiscible melts. The Fe isotopes show a remarkable 
fractionation of Δ56Fesil.melt‒carb.melt = 0.41 ±0.07 ‰. Thus, 
experimental results predict distinct Fe isotope signatures in 
carbonatites. These findings provide experimental support for a 
previously published model [2] for carbonatite genesis and 
evolution, where extremely negative δ56Fe values in 
carbonatite rocks are produced by crystal fractionation and 
liquid immiscibility. 

 
[1] Jones et al. (2013) Rev. Mineral. Geochem. 75, 289-322. 
[2] Johnson et al. (2010) Miner. Petrol. 98, 91-110.  
[3] Beard & Johnson (2004) Rev. Mineral. Geochem. 55, 319-
357. [4] Polyakov & Mineev (2000) Geochim. Cosmochim. 
Acta 64, 849-865.  
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Isotopic heterogeneities in bulk meteorites have been 

reported for various elements, including Mo and Ba, 
suggesting incomplete mixing of at least some nucleosynthetic 
components in the early solar system. Here, we present the first 
results obtained in a coupled search of nucleosynthetic and 
stable Pt isotope anomalies in chondrites, to better constrain 
the nature and origin of such isotopic heterogeneities.  

Platinum is a highly siderophile element with six stable 
isotopes of very different abundances: 190Pt (0.01%), 192Pt 
(0.78%), 194Pt (32.97%), 195Pt (33.83%), 196Pt (25.24%), and 
198Pt (7.16%). Precise Pt isotope measurements are hindered by 
various isobaric interferences (190Os, 192Os, 196Hg, 198Hg) and 
potential peak tailing effects (191Ir, 193Ir). Since the low 
abundance 192Pt is the only Pt isotope that is almost exclusively 
formed by slow neutron capture (s-process) during 
nucleosynthesis, it is imperative that samples are carefully 
purified prior to isotopic analyses to ensure reliable 
determination of nucleosynthetic Pt isotope anomalies. The 
method for high-precision stable Pt isotope measurements 
utilizes a Pt double spike with enriched 198Pt and 196Pt [1]. 

To separate Pt from the chondritic sample matrix, and in 
particular from Os and Ir, we modified and optimized chemical 
purification procedures described in earlier studies [2] [3]. To 
date, both spiked and non-spiked Pt isotope measurements 
were carried out on the IRMM-010 Pt standard reference 
material and two ordinary chondrites from North West Africa 
(NWA). 

Our preliminary analyses document an essentially identical 
stable δ198/194Pt for the chondrites (NWA-1 δ198/194Pt = –0.04‰; 
NWA-2  δ198/194Pt = +0.02‰; n = 6, ±0.07‰ 2SE) relative to 
IRMM-010 Pt (δ198/194Pt = 0). The first analyses of 
nucleosynthetic Pt isotope anomalies returned patterns that are 
not in accord with modelling results of purely nucleosynthetic 
Pt isotope effects, potentially due to exposure of the samples to 
cosmic rays. Additional isotopic measurements on various 
ordinary and carbonaceous chondrites are in preparation to 
confirm these initial results. 

 
[1] Creech et al. (2013) J. Anal. At. Spectrom. 28, 853-865. [2] 
Rehkämper et al. (1997) Talanta 44, 663-672. [3] Creech et al. 
(2014) Chem. Geol. 363, 293-300. 
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The prevalent formation of non-crystalline U(IV) species 

in the subsurface and their enhanced susceptibility to re-
oxidation and remobilization as compared to crystalline 
uraninite raise concerns about the long-term sustainability of 
the bioremediation of U-contaminated sites. A proposed model 
showed that abiotic U(VI) reduction with biogenic 
mackinawite is the major mechanism of U reduction and 
sequestration following bioremediation at the Old Rifle field 
site in Colorado [1]. In contrast, a separate study, relying on U 
isotopic fractionation during acetate amendment at the same 
site, showed that biological reduction was the principal U 
immobilization pathway [2]. The focus of the present study 
was to resolve this discrepancy. 

In particular, the main goal of this study was to tackle the 
remaining uncertainty concerning the formation mechanism of 
non-crystalline U(IV) in the environment. This question was 
probed using controlled laboratory biofilm systems (biotic, 
abiotic and mixed biotic-abiotic) and a combination of U 
isotope fractionation and X-ray Absorption Spectroscopy 
(XAS). Regardless of the mechanism of U reduction, the 
presence of a biofilm resulted in the formation of non-
crystalline U(IV). Furthermore, biotic U reduction is the most 
effective way to immobilize and reduce U. However, the 
mixed system resembled an abiotic system most closely: (i) the 
U(IV) solid phase lacked a typical biotic isotope signature [3] 
and  (ii) elemental sulfur was detected which indicates the 
oxidation of sulfide coupled to U(VI) reduction. The 
predominance of abiotic U reduction in our systems is due to 
the lack of available aqueous U(VI) species for direct 
enzymatic reduction. In contrast, the presence of bicarbonate 
boosts the aqueous U(VI) species allowing biotic U reduction 
to outcompete the abiotic processes.  

 
[1] Bargar et al. 2013, PNAS, v110, p 4506-4511 [2] Bopp et 
al. 2010, ES&T, v44, p5927-5933 [3] Stylo et al. 2015, PNAS, 
accepted 
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Engineered remediation of U could occur via chemical 

reactions (abiotic pathways) and/or microbial processes (biotic 
pathways). The role of direct enzymatic activity in remediation 
processes remains unresolved due to the inability to 
discriminate biotic from abiotic redox transformations of U in 
sediments. In the present study, we show that the isotopic 
signature generated by microbial reduction of U(VI), i.e., the 
accumulation of the heavy 238U isotope in the formed U(IV) 
phase, is readily distinguishable from that originating from 
abiotic uranium reduction. The latter exhibits either no U 
isotope fractionation (in the case of reduction by mackinawite, 
peat or aqueous S(-II)) or significant enrichment of the light 
235U isotope in the formed U(IV) phase (in the case of 
reduction by magnetite, green rust or aqueous Fe(II)). Thus, 
based on our experiments, biotic U and abiotic U reduction 
tend to fractionate U in opposite directions [1]. 

We explored possible mechanistic explanations for these 
findings. The isotopic signature associated with biotic 
reduction could be due to a kinetic effect or to near-
equilibrium fractionation. This is because, for uranium, the 
nuclear field shift dominates equilibrium isotope fractionation 
and results in the preferential accumulation of the heavy 
isotope in the reduced valence state [2]. The lack of isotope 
fractionation for sulfide- or organic-mediated reduction may be 
attributed to direct two-electron transfer from organic matter or 
S(-II) to U(VI). 

Regardless of the mechanistic underpinnings, these 
uranium isotopic signatures could be utilized to constrain the 
contribution of biotic U reduction in remediation studies. For 
example, direct enzymatic reduction likely contributes 
substantially to U immobilization at the U-contaminated site in 
Rifle (Colorado, USA) based on the reported accumulation of 
the 235U isotope in the groundwater during remediation [3]. 
 
[1]Stylo, M. et al., Uranium Isotope Fingerprint Biotic 
Reduction. Proc. Natl. Acad. Sci. U.S.A accepted. 
[2]Schauble, E. A. Geochim. Cosmochim. Acta 2007, 71, 
2170-2189. [3]Bopp, C. J. et al., Environ. Sci. Technol. 2010, 
44, 5927-5933. 
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We present here the dissolution kinetics of inorganic, 

benthic foraminiferal, and coccolith calcite, as well as high-Mg 
calcite from the soft coral Rhythismia fulvum in seawater.  
Dissolution rate measurements were conducted using a novel 
13C-based tracer measurement, which traces mass loss via 
isotopic enrichment in a closed system of calcite and seawater.  
Inorganic calcite dissolution rates are highly nonlinear with 
respect to saturation state (1-Ω), and imply multiple 
dissolution mechanisms. Our work validates early 
characterizations of highly nonlinear dissolution rates, and also 
agree with far-from-equilibrium rate determinations.  
Dissolution rates of biogenic materials are also highly 
nonlinear, and appear to be well-normalized by reactive 
surface area as determined by Kr-BET.  The high-Mg coral 
dissolution rates must be evaluated independently, since the 
solubility of high-Mg calcite is unconstrained.  These biogenic 
dissolution rates provide a new constraint on the sensitivities 
of these minerals to saturation state, both in the deep ocean 
water column and in the surface ocean as saturation state is 
decreasing due to ocean acidification.    

Finally, we present a mechanistic experiment on calcite 
dissolution in seawater, and show the kinetics to be limited by 
hydration of aqueous carbon dioxide, across a wide range of 
undersaturations.  Experiments in the presence of carbonic 
anhydrase increase dissolution rates across all 
undersaturations, by as much as a factor of 700.  At high 
carbonic anhyrdase concentrations, the dissolution rate is 
shown to be essentially linearly dependent on carbonic acid 
concentration.  This work provides a greater fundamental 
understanding of the nature of calcite dissolution. 
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A key challenge in constraining the solidification processes 

in magma oceans is determining the ability of individual 
crystals to decouple from vigorous thermal convection and 
settle out or float. In this contribution, we discuss how direct 
numerical simulations of crystal motion in magmatic flow can 
shed light on the geophysical and geochemical conditions 
under which crystals settling and flotation is possible in 
magma oceans. Our approach complements earlier studies by 
explicitly linking the thermal, petrological, and fluid 
dynamical evolution of a magma ocean and by focusing 
specifically on the effect of increasing crystal fraction on 
differentiation. We show that efficient crystal settling is only 
possible under special conditions and depends sensitively on 
the extent of early melting and the size of the planet. 
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The early environment before the origin of Earth's life 

remains poorly understood due to lack of geological records 
during Hadean era (>4.0 Ga). Serpentinite–hosted hot 
spring/hydrothermal systems are considered to have been 
widespread in Hadean Earth and a potential site for abiotic 
organic synthesis (e.g., [1]). Previous field studies revealed 
that saturated hydrocarbons are common in serpentinite–hosted 
systems, regardless on–land or seafloor setting (e.g., [2] [5]). 
However, production mechanisms of these hydrocarbons are 
still poorly constrained, as well as their chemical and isotopic 
signatures. Here, we report chemical and isotopis study of 
hydrocarbons for on–land serpentinite–hosted system; Hakuba 
Happo hot spring in Japan. The spring waters from two wells 
of Hakuba Happo were around 50°C and high pH (~10.5). The 
main gas components were N2, H2 and CH4 [6]. Saturated 
hydrocarbons from C2 to C5 were detected in both wells. 
Hydrocarbons in two wells showed different carbon isotopic 
trends from C1 to C5.  One showed isotopic decreasing trend 
with increasing carbon number which is similar to the seafloor 
serpentinite–hosted hydrothermal field Lost City [3]. We have 
conducted the intramolecular stable carbon isotopic analysis of 
propane and discuss the process of hydrocarbon generation in 
serpentinite–hosted systems. 

 
[1] Russell et al (2010) Geobiology 8, 355–371. [2] Charlou et al 
(2002) Chem. Geol. 191, 345–359. [3] Proskurowski et al (2008) 
Science 319, 604–607. [4] Etiope et al (2011) EPSL 310, 96–104. 
[5] Szponar et al (2013) Icarus 224, 286–296. [6] Suda et al 
(2014) EPSL 386, 112–125. 
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Large temperature gradient existing from Earth’s core to 

crust induces vigorous convections in the liquid metallic outer 
core and solid mantle, which is a prominent source of the 
Earth’s dynamics and thermal evolution. The electrical and 
thermal conductivities of core are basic physical parameters for 
knowing the dynamics inside the Earth. However, in spite of a 
large body of research, the conductivity of iron and iron alloys 
under Earth’s core conditions is still highly controversial. 
Although sulfur (S) is traditionally listed as one of the most 
likely elements in the Earth’s core in addittion to iron and 
nickel [1], the effect of sulfur on the iron conductivity is 
completely unknown. 

In this study, we measured high-pressure and high-
temperature electrical resistivity (the reciprocal of electrical 
conductivity) of iron-sulfur (Fe-S) alloy in a laser-heated 
diamond anvil cell (DAC). Our electrical resistivity 
measurements were performed at 21 and 45 GPa and at 
temperatures up to 2200 K where is above the eutectic 
temperature of the Fe-S sample we used. Thus we obtained the 
resistivity of solid Fe and liquid Fe-S mixture, and estimated 
impurity resistivity of S on iron comparing the reported values 
of the resistivity of iron [2]. We found the impurity resistivity 
of S is greater than that of silicon determined by similar DAC 
experiments [2] [3], indicating that the presence of sulfur in the 
core reduces the electrical and thermal conductivity of core 
much more than silicon. Since Martian meteorite geochemistry 
suggested sulfur-rich core of Mars [4], the obtained impurity 
resistivity of S on iron would have important implications for 
heat transport not only in the Earth’s core but also in the 
Martian core.  

 
[1] Poirier (1994) Phys. Earth and Planet. Inter. 85, 319-337, 
[2] Gomi et al. (2013) Phys. Earth Planet. Inter. 224, 88-103,  
[3] Seagle et al. (2013) Geophys. Res. Lett. 40, 
doi:10.1002/2013GL057930, [4] Sanloup et al. (1999)  Phys. 
Earth Planet. Inter. 112, 43-54. 
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Abiotic peptide synthesis is one of key steps in prebiotic 

chemistry. Peptides are building block of proteins and also 
play a role as a catalyst to form other biomolecules (e.g., [1]). 
Although varieties of mechanisms for abiotic peptide synthesis 
in terrestrial environments have been proposed, extraterrestrial 
contribution, that is, cometary and asteroidal impacts has 
attracted little attention. Considering that the frequency of the 
extraterrestrial impacts on the early Earth was greater than 
present day and comets and chondrites contain amino acids 
(e.g., [2] [3]), extraterrestrial impacts could be a candidate for 
peptide synthesis. In order to examine the feasibility of abiotic 
peptide synthesis by comet impacts, we conducted shock 
experiments on frozen mixtures of amino acid, water ice and 
silicate (forsterite) at cryogenic condition (77 K). 

In the experiments, the frozen amino acid mixture was 
sealed into a capsule and put into a container filled with liquid 
nitrogen to be kept at 77 K during the shock experiments.  A 
vertical propellant gun was used to give impact shock. The 
amounts of remaining amino acid and synthesized peptides in 
the recovered shocked samples were analyzed with gas 
chromatographs after the extraction and the derivatization. 

The results showed that amino acid was oligomerized into 
peptides up to tripeptide by impact shock. Furthermore, the 
yield of linear dipeptide was much higher than that of cyclic 
diketopiperazine. These results were contrasting to the results 
of shock experiments at room temperature, in which they 
resulted in the formation of comparable amount of cyclic 
peptides to linear peptides [4]. These results indicate that the 
cryogenic condition at impact shock is a key for the formation 
of linear peptide. Linear peptides are more useful than cyclic 
peptides for further elongation of peptide chain. Thus, comet 
impacts might have played an important role in chemical 
evolution by delivering linear peptides to the early Earth. 

 
 [1] Barbier et al. (1993) J. Mol. Evol. 37, 554-558. [2] Elsila 
et al. (2009) Meteorit. Planet. Sci. 44, 1323-1330. [3] Burton 
et al. (2012) Chem. Soc. Rev. 41, 5459–5472. [4] Blank et al. 
(2001) Orig. Life Evol. Biosph. 31, 15-51. 
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Huge tsunami induced by the Pacific Coast of Tohoku 

Earthquake on 11th March 2011 had devastating effect on 
shallow marine ecosystems in northern Japan. Nevertheless, a 
lack of pre-event data often hamper investigations focusing on 
the impact of the tsunami on ecosystems, as comparisons 
between pre- and post-event conditions are rarely possible. 
Here we investigated the impact of the tsunami on the coastal 
environment based on trace element analysis of the bivalve 
shell, in which time series environmental information was 
recorded with its incremental growth. On September 2011, live 
specimens of the Mediterranean mussel Mytilus 
galloprovincialis were collected from intertidal zone of 
Otsuchi Bay where was seriously affected by the tsunami. 
Shells were cut along the maximum growth axis, and the cut 
surface was polished. We analyzed trace element composition 
on the shell cross section along the growth direction using LA-
ICP-MS. To establish an age model, we also observed micro 
growth patterns on the etched shell sections. Obtained data 
were assigned to the age model. Growth periods of analyzed 
shell portion approximately corresponded to one year from the 
date of sample collection.  

Before the tsunami, shell Mn/Ca ratio was at a low level 
(<0.006 mmol/mol). Shell Mn/Ca ratio started to increase just 
after the tsunami, reaching up to 0.06 mmol/mol on 23rd 
March, then decreased to 0.001 mmol/mol till the end of April 
2011. Since then, the shell Mn/Ca ratio was 0.03 mmol/mol or 
below, but the average Mn/Ca was higher than that before the 
tsunami. This increase of shell Mn/Ca ratio occurred 
synchronously with the tsunami and high Mn/Ca ratio 
continued for half a year after the tsunami. Increased shell 
Mn/Ca ratio just after the tsunami was likely attributed to 
suspended terrestrial soil and seafloor sediment in the water 
column caused by the huge tsunami waves. This study revealed 
that the tsunami drastically altered the coastal water 
composition for 40 days, and effect of the tsunami continued 
for at least half a year. 
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Methane CH4 have been proposed as a potential 
greenhouse gas to greatly warm early Earth and Mars 
atmospheres, but no abiotic process has been shown to supply 
methane at a rate high enough to withstand rapid destruction 
by UV photochemistry. Previous studies based on constant-
pressure P calculations [1] [2] have revealed that chondritic 
impactors would produce CH4 only at temperatures T below 
~1000K at planetary atmospheric P, requiring  catalysts for 
CH4 formation. However, catalyst availability is unknown.  

If gas source is impact-induced vapor plumes, 
neverertheless, they follow isentropes as they expand. Because 
isentropes have high P at high T, CH4 is more stable during the 
early stage of expansion than constant-P models predict. Thus, 
impact-induced vapor may produce a significant amount of 
CH4 without catalytic reactions.  

In order to explore this possibility quantitatively, we 
theoretically assessed the molecular composition within 
impact-induced vapor that cools adiabatically. We calculated 
the equilibirum molecular compositions of gas and condensed 
phase in equilibrium with CI chondritic composition along 
isentropes (3.5 – 6 kJ/K/kg), covering impact velocities from  
7 km/s on Mars to 25 km/s on Earth. Details of the calculations 
are given in [3].  

Calculations show that the CH4 stability does not change 
drastically along each isentrope. If CH4 is stable in expanding 
vapor, it tends to be stable from the beginning through the end 
of the expansion. Thus, no catalysit is required for CH4 
formation. The CH4 stability depends more on entropy in 
impact vapor. Higher entropy, resulting from higher impact 
velocities and high target impedance, leads to lower CH4 
stability, and lower entropy leads to higher CH4 stability. More 
specifically, 100’s ppm to a few % of CH4 is stable in a wide T 
range including typical quenching T of carbon-bearing gases 
under impact conditions for Mars and ocean-covered Earth. 
Thus, impact vapor from such conditions would release a large 
amount of CH4. Thus, impact-generated atmospheres, which 
may have appeared on early Mars and Earth, may have been 
rich in CH4. This may have contributed greatly to greenhouse 
effect on these planetary atmospheres.  
 
[1] Hashimoto G.L, et al. (2007) J Geophys Res.,112, E05010. 
[2] Schaefer L. & Fegley B (2010), Icarus 208, 438-448. [3] 
Kuwahara, H. and S. Sugita (2015), Icarus, in review.  
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Understanding the detailed behaviour of redox-sensitive 
elements and their isotope ratios is key for quantifying the 
processes of rock weathering. The importance of this research 
field is exemplified by the vital function of several transition 
metals (Zn, Mn, Mo, Ni, Co, and Cr) which, at higher 
concentrations, can have toxic effects on cells. In general, 
metal loss occurs through leaching to groundwater and/or plant 
uptake, while immobilisation of metals occurs via adsorption 
and precipitation. Near Chhindwara, India, a sub-recent 
basaltic weathering profile is exposed that offers in-depth 
insights into the early to intermediate stages of weathering and 
consequently the elemental behaviour of transition metals 
during soil formation. Here we use combined high-precision 
geochemistry and quantitative mineralogy to show that 
phyllosilicate development governs the release of Cu, Zn, Co, 
Cr, and Ni. In addition, the simultaneous formation of oxides 
influences the accumulation of these metals. In view of 
moderatly coupled Mn and Cr behaviour, it was expected that 
this profile would yield evidence for Cr isotope fractionation. 
However, our new Cr isotope data show minimal fractionation 
throughout the profile (with values similar to the igneous 
protolith). These results suggest that weathering intensity and 
extensive Mn oxide formation may be the key factors for 
Cr(VI) formation and Cr isotope fractionation. It would follow 
that tropical environments and/or very specific soil 
types/horizons may exert a strong control on riverine Cr 
isotope compositions and dominate the global flux of Cr to the 
hydrosphere. Regardless, the release of transition metals 
during phyllosilicate formation supports the idea that transition 
metals can fingerprint oxygenation events throughout Earth’s 
history. For example, the release of Ni and Co in the profile 
and changes in the release of these metals from land may 
indicate enhanced subaerial oxidation in the Precambrian.  

 
The research leading to these results has received funding 

from the People Programme (Marie Curie Actions) of the 
European Union's Seventh Framework Programme FP7/2007-
2013/ under REA grant agreement n° [608069].  
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The palaeotopography reconstruction has been worth on 

understanding tectonic evolution, stratigraphic distribution and 
petroleum exploration. The low-temperature 
thermochronology, such as fission track and (U-Th)/He dating, 
has highlight the potential for quantitative constraining on 
exhumation and palaeotopography reconstruction. The 
Huangling massif, with the ancient metamorphic layer exposed 
in its core and sedimentary layer around the core, is a key area 
to reveal the tectonic evolution of South China. Integrating 
fission-track and (U-Th)/He data, the exhumation and 
paleotopograph evolution of the Huangling massif since 
Mesozoic were revealed. Exhumation rate shows a fluctuation 
feature. It experienced two rapid exhumation stages and two 
relatively stable stages. Based on current topography, 
exhumation thickness, balanced effectand paleo-sea level, 
palaeotopographies in Huangling massif on late Triassic, early 
Cretaceous, late Cretaceous and Oligocene were reconstructed. 
The results show the average elevation decline from ~2100 m 
in late Triassic to ~650 m at present, including two dramatic 
uplift stages. The first rapid uplift and erosion during 
cretaceous (~140-80Ma) have much relationship with the 
extruding between the Qinling-Dabie orogeny and middle 
Yangtze Block. The second rapid uplift and exhumation since 
Oligocene (40~30-0Ma) was a remote response of the 
Himalayan movement and controlled by the collision between 
Indian and Eurasia plate. 

3025



 Goldschmidt2015 Abstracts  

 3026 

The interplay of regolith evolution 
and watershed hydrodynamics in a 

first-order watershed.  
PAMELA L. SULLIVAN1, SCOTT HYNEK2, XIN GU2, 
KAMINI SINGHA3, TIM WHITE2, NICOLE WEST2,  

HYOJIN KIM2, BRIAN CLARKE2, CHRISTOPHER J. DUFFY4 
AND SUSAN  L. BRANTLEY2 

1Department of Geography, University of Kansas, Lawrence, 
KS, USA, plsullivan@ku.edu 

2Earth and Environmental Systems Institute, Pennsylvania 
State University, University Park, PA, USA; 
sah376@psu.edu, xug102@psu.edu, 
tswhite@essc.psu.edu, nxw157@psu.edu, hxk31@psu.edu, 
clarkeba99@gmail.com, sxb7@psu.edu 

3Department of Geology and Geological Engeineering, 
Colorado School of the Mines, Golden, CO, USA 
ksingha@mines.edu 

4Department of Civil Engineering Pennsylvania State 
University, University Park, PA, USA; cxd11@psu.edu 

 
The thickness, porosity and permeability of regolith and 

the underlying fresh bedrock act in concert to govern the 
groundwater (GW) table position and solute fluxes. To 
quantitatively model hydrogeologic systems in low-
permeability upland systems that are actively eroding, it is 
imperative that we are able to predict the distribution of 
regolith on the landscape. Here we measure GW chemistry and 
relate it to patterns of deep weathering to develop conceptual 
models of fluid flow and regolith formation at the first-order 
shale-dominated catchment, Susquehanna Shale Hills Critical 
Zone Observatory. 

SSHCZO provides an ideal platform to investigate deep 
weathering reactions and their relationship to the GW table and 
GW geochemistry. Here we have observed that the oxidation 
of pyrite and carbonate comprise the deepest reaction fronts 
and are coincident with the GW table under the ridges. 
Depletion in carbonate is superimposed on stratigraphically-
controlled variations in protolith carbonate content. At the 
ridges, the position of the GW table sets these reaction fronts 
but under the valley, a more complex system of GW flow and 
composition cause dissolution and precipitation of carbonate 
and drive pyrite oxidation below the regional GW table. Loss 
of GW represents a flux of weathering elements leaving the 
catchment undetected by stream water monitoring. These GW 
fluxes comprise a component of regolith formation that must 
be understood in the context of quantitative models related to 
regolith-controlled fluxes.  

 

3026



 Goldschmidt2015 Abstracts  

 3027 

Across-arc noble gas and halogen 
variation of volcanic rocks from the 

Izu-Ogasawara subduction zone 
H. SUMINO1*, R. BURGESS2, L. JEPSON2, D. CHAVRIT2,  

A. SHIMIZU3, S. MACHIDA4 AND C. J. BALLENTINE5 
1GCRC, Univ. Tokyo, Tokyo 113-0033, Japan 

(*correspondence: sumino@eqchem.s.u-tokyo.ac.jp) 
2SEAES, Univ. Manchester, Manchester M13 9PL, UK 

3TIRI, Tokyo 135-0064, Japan 
4SCSE, Waseda Univ., Tokyo 169-8555, Japan 
5Dept. Earth Sciences, Univ. Oxford, Oxford OX1 3AN, UK 
 

Halogens and noble gases with seawater and sedimentary 
pore-fluid signatures were discovered in exhumed mantle 
wedge peridotites and eclogites from the Sanbagawa-
metamorphic belt, southwest Japan [1] [2]. These findings 
along with seawater-derived heavy noble gases in the 
convecting mantle [3] provide observations that allow us to 
investigate the processes that control the return of volatile and 
highly incompatible elements into the mantle. To verify 
whether and how such subduction fluids may modify the 
composition of the mantle beneath subduction zones, we have 
determined the noble gas and halogen compositions of olivines 
in arc lavas from the northern Izu-Ogasawara subduction zone 
and IODP sediments and basalts recovered from the 
northwestern margin of the Pacific plate.  

The MORB-like 3He/4He ratios in samples from the 
volcanic front and rear-arc show no systematic variation across 
the arc, indicating the contribution of radiogenic 4He from 
subductions fluids is negligible compared to that observed in 
the Sanbagawa samples [1] [2]. In contrast, the 40Ar/36Ar ratios 
(299-620) are close to the atmospheric value (296) and 
significantly lower than the MORB source (up to 32,000 [3]). 
Systematically higher 40Ar/36Ar ratios in the rear arc than in the 
volcanic front, and a comparison with those of subducting 
materials, suggest that subduction of seawater-derived Ar 
significantly affects the noble gas composition of the magma-
generation region. Although the halogen compositions of most 
of the olivines are close to that of the MORB source, some 
rear-arc samples show a significant contribution from pore-
fluid-derived halogens. The results suggest that halogen-poor 
fluid associated with atmospheric noble gases may be 
predominantly released from the subducting slab beneath the 
arc, whilst halogen-rich fluid is released at greater depths and 
is a significant contributor to the magmas of some rear-arc 
volcanoes. 
 
[1] Sumino et al. (2010) EPSL 294, 163. [2] Sumino et al. 
(2011) Mineral. Mag. 75, 1963. [3] Holland & Ballentine 
(2006) Nature 441, 186.  
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Global energy demand continues to rise, and in the near 
term, fossil fuels remain a major component of energy 
supply.  To meet demand, hydrocarbon exploration has moved 
into extraordinarily challenging environments, including ultra-
deep water basins with limited calibration data, onshore basins 
with complex histories, and resources that are difficult to 
develop, e.g. unconventional gases and liquids, shallow gas in 
deep water, heavy oil, and accumulations with high 
concentrations of CO2, and H2S.  In these environments, 
petroleum systems analysis plays a major role in exploration 
success, and novel geochemical tools are a critical element of 
effective petroleum systems analysis.  Key questions asked of 
the petroleum systems analyst are: is there a robust petroleum 
system; will the fluids be oil or gas; and why was this well 
unsuccessful?   During the 1980’s and 1990’s, efforts to 
answer these questions led to new geochemical tools for 
quantitative petroleum systems analysis, e.g. molecular and 
isotopic geochemistry of oils and gases [1] [2], and fluid 
inclusions in diagenetic minerals [3]. This talk explores current 
petroleum systems issues in ultra-deep water systems and 
complex onshore basins, and illustrates the challenges and 
opportunities they provide for emerging breakthroughs in 
geochemistry, e.g. new isotopic systems [4] [5], novel 
hydrocarbon tracers [6], and tools to extract information from 
traditionally underutilized samples [7]. 

 
[1] Chung et al (1988), Chemical Geology 71, 97-103. [2] 
Whiticar (1994), AAPG Memoir 60, 261-283, [3] Goldstein 
and Reynolds (1994), SEPM Short Course 31, [4] Selby and 
Creaser (2005), Science 308, 1293-1295, [5] Stolper et al 
(2014), Science 27, 1464-1467, [6] Sherwood-Lollar and 
Ballentine (2009) Nat Geosc. 2, 43-547, [7] Valentine et al 
(2010) Nat Geosc. 3, 345-348. 
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Oil can be generated and accumulated in shale, but the 

problem of lower oily limits for shale is difficult to solve. In 
this paper, small angle X-ray scattering (SAXS) was used to 
analyze the distribution of nanometers-cale pores and the lower 
oily limits. Different lithofacies core samples were collected 
from Es4

s shale in Dongying sag for comparison study, which 
are source rocks with large reserves of shale oil and gas. 

The results showed that the relative content of clay 
minerals presented a good linear relationship with micro 
mesoporous and large mesoporous. With the relative content of 
clay minerals increasing, the volume percentages of micro 
mesoporous (2~10nm) increased and the volume percentages 
of large mesoporous (25~50nm) decreased.  

The same samples were eluted with acetone for taking 
away the oil accumulated. After the elution test, the 
distribution of pore size changed, especially in the range of 
micro mesoporous. The peak shape of micro mesoporous 
became higher than before, which indicated oil accumulation. 
Meanwhile, the volume percentages of micro mesoporous in 
samples with higher content of clay minerals and samples with 
higher content of carbonate showed the biggest growth in 
5~6nm and 7~8nm, respectively. Therefore, it is indicated that 
shale oil can accumulate in the micro mesoporous, and the 
lower oily limits in shale was the range of 5~6nm. 
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The high field strength elements (HFSE) Ti, Zr, Hf, Nb, 

and Ta) are relatively immobile and have been widely used to 
study the evolution of the mantle and crust. A key parameter to 
understanding HFSE fractionation in the mantle is their 
partition coefficients in mantle minerals. Based on the 
published experimental mineral-melt partitioning data and the 
lattice strain model [1], we developed new parameterized 
models for HFSE partitioning between clinopyroxene and 
basaltic melt and between olivine and basaltic melt. Similar to 
our recent models for REE partitioning in mantle minerals 
(olivine, clinopyroxene, low-Ca pyroxene, and garnet) and 
HFSE partitioning in low-Ca pyroxene [2-5], the two new 
models show that temperature and mineral composition are the 
dominant factors controlling HFSE partitioning between 
clinopyroxuene and basaltic melt and between olivine and 
basaltic melt. Our olivine and clinopyroxene partitioning 
models also reproduce the measured olivine-clinopyroxene and 
orthopyroxene-clinopyroxene HFSE partition coefficients in 
well-equilibrated mantle peridotite xenoliths reported in the 
literature. This demonstrates the internal consistency of our 
parameterized lattice strain models for HFSE partitioning in 
olivine, clinopyroxene and low-Ca pyroxene. Using the new 
HFSE partitioning models, we assessed the fractionation of 
HFSE during adiabatic mantle melting and subsolidus re-
equilibration in mantle peridotites. We found that (1) the 
variation of Zr/Hf in global primitive MORB is consistent with 
2 – 15% melting of the depleted mantle, whereas the variation 
of Nb/Ta in MORB requires heterogeneity in the mantle source 
or perhaps disequilibrium mantle melting; (2) HFSE in 
clinopyroxene from residual mantle peridotites are less 
sensitive to temperature variation during subsolidus cooling 
and may better record magmatic processes.  

 
[1] Blundy & Wood (1994) Nature 372, 452-454. [2] Sun & 
Liang (2012) CMP 163, 807-823. [3] Yao et al. (2012) CMP 
164, 261-280. [4] Sun & Liang (2013a) GCA 119, 340-358. [5] 
Sun & Liang (2013b) Chem. Geol. 358, 23-36. 
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Carbon recycle is a key factor that controls the climate of 

the Earth. Concentrations of atmospheric carbon dioxide 
fluctuated dramatically in the Earth’s history, ranging from 
percent levels to parts per million levels, which is responsible 
to major climate changes. Most of the Earth’s C is stored in the 
mantle. Therefore, the “extra” carbon dioxide comes from the 
mantle and is produced by degassing of mantle-derived 
magmas: plume related basalts (e.g., large igneous province 
and ocean island basalt, OIB), mid-ocean ridge basalt (MORB) 
and arc volcanic rocks. Both carbon abundance, speciation and 
storage in major reservoirs of the Earth mantle are of critical 
importance to C recycle and climate. Diamond is the hardest 
and thus the least compressible natural mineral so far 
recognized. Experiment and modeling results show that it is 
denser than silicate minerals and melts in the Earth’s mantle at 
depths above the 660-km discontinuity, but becomes less dense 
deeper inside the Earth [1] [2]. Meanwhile, diamond is one of 
the earliest minerals formed in the solar nebula prior to the 
formation of the Earth and other planets [3], which has very 
high melting temperatures of ~5000 K [4]. It is the dominant 
carbon species at depths below 170 km in the Earth’s mantle 
under current mantle oxygen fugacities [5]. Therefore, 
diamond should have accumulated at the bottom of the upper 
mantle, which was oxidized to carbonate later on. This layer is 
essential for mantle plume induced fluctuations in atmospheric 
carbon dioxide concentrations and climate changes. Methane is 
another very important greenhouse gas, which emits abruptly 
during deglaciation. It is another key factor, in addition to CO2 
that controls the climate [6] [7]. 

 
[1] Agee, C.B., 1998. Phys Earth Planet In 107, 63-74. [2] 
Tse, J.S., Holzapfel, W.B., 2008. J. Appl. Phys. 104. [3] 
Hazen, R.M.et al., 2013. RMG 75, 79-107. [4] Oganov, A.R., 
et al., 2013.RMG 75, 47-77. [5] Stagno, V., et al., 2013. Nature 
493, 84-+. [6] Yu et al., 2010, EST, 4122-4128 [7] Yang et al., 
2013, Sci. Rep. 10.1038/srep02732. 
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Predicting the conditions in which a compound adopts a 

metastable structure when it crystallizes out of solution is an 
unsolved and fundamental problem in materials synthesis, and 
one which if understood and harnessed, could enable the 
rational design of synthesis pathways toward or away from 
metastable structures. Crystallization of metastable phases is 
particularly accessible via low-temperature solution-based 
routes, such as chimie-douce and hydrothermal synthesis, but 
while the chemistry of the solution plays a crucial role in 
governing which polymorph forms, how it does so is poorly 
understood. Here, we demonstrate an ab initio technique to 
quantify thermodynamic parameters of surfaces and bulks in 
equilibrium with an aqueous environment, enabling the 
calculation of nucleation barriers of competing polymorphs as 
a function of solution chemistry, thereby predicting the 
solution conditions governing polymorph selection. We apply 
this approach to resolve the long-standing ‘Calcite-Aragonite 
Problem’ – the observation that calcium carbonate precipitates 
as the metastable aragonite polymorph in marine 
environments, rather than the stable phase calcite – which is of 
tremendous relevance to biomineralization, carbon 
sequestration, paleogeochemistry, and the vulnerability of 
marine life to ocean acidification. We identify a direct 
relationship between the calcite surface energy and solution 
Mg/Ca ion concentrations, showing that the calcite nucleation 
barrier surpasses that of metastable aragonite in solutions with 
Mg/Ca ratios consistent with modern seawater, allowing 
aragonite to dominate the kinetics of nucleation. Our ability to 
quantify how solution parameters distinguish between 
polymorphs marks an important step towards the ab initio 
prediction of materials synthesis pathways in solution.  

 Log10 Steady-State Nucleation Rates of Calcium 
Carbonate Polymorphs (Color) at 25°C. Nucleation of Mg-
calcite with increasing seawater Mg/Ca ratios inhibit calcite 
nucleation, while aragonite can still precipitate. Nucleation 
inhibition of Mg-Calcite is more sensitive to its increase in 
surface energy than to its reduction of bulk driving force from 
increased solubility. Example Calcite and Aragonite 
Nucleation Rates at σ = [Ca!!]!"[CO!

!!]!"/K!"!"#$%&' = 20  
and given Mg/Ca ratios.  

 
[1] Sun, Wenhao, et al. "Nucleation of metastable aragonite 
CaCO3 in seawater."Proceedings of the National Academy of 
Sciences 112.11 (2015): 3199-3204. 
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Oxygen isotope ratios (δ18O) of biogenic apatite have been 

widely used to reconstruct palaeotemperatures in the distant 
past. The development of secondary ion mass spectrometry 
(SIMS) enables in situ δ18O analyses on single microfossil 
elements, but requires a calibration employing reference 
materials (RMs) with a matrix that is “similar” to the samples. 
We investigated several gem-quality apatites to evaluate their 
potential as RMs by using both gas source isotope ratio mass 
spectrometry and SIMS. Compared to the oxygen isotope 
composition of bio-apatite ranging from 9-25‰ VSMOW, all 
gem-like apatites investigated here have lower δ18O values of 
between 6-11‰ VSMOW due to their magmatic origin. We 
have found large variations in δ18O for gem-like apatites both 
between crystals from a single deposit as well as within 
individual crystals. Durango apatite has an inter-crystal δ18O 
range of 4.9‰ (N=9). Madagascar 1st Mine apatite and Ipria 
apatite have inter-crystal δ18O ranges of 3.5‰ (N=9) and 2.9‰ 
(N=8), respectively. Madagascar Green apatite and South 
Africa Blue apatite have the smaller inter-crystal δ18O ranges 
of 1‰ (N=8) and 0.9 (N=6). Durango apatite, which has been 
previously used as a RM for SIMS analyses, is the most 
heterogeneous in δ18O with an intra-crystal variation in δ18O 
up to 2‰. Due to the large intra-crystal variation observed in 
δ18O, Durango apatite cannot be considered as a suitable 
reference material, and data calibrated to Durango apatite 
should be treated with caution. 
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The kinetics of Fe(II) oxidation by nanomolar 

concentrations of Cu(II) under both oxygenated and 
deoxygenated conditions at circumneutral pH (6.5-8.0) and 
varying NaCl  concentrations (0-0.7 M) have been 
investigated. In the absence of 2O , oxidation of Fe(II) by 
Cu(II) followed second-order kinetics with the rate of 
oxidation increasing with increasing pH and chloride 
concentration. In the presence of 2O , while the rate of Fe(II) 
oxidation by both 2O  and Cu(II) still increased rapidly with 
increasing pH, the effect of chloride was reversed with a faster 
overall removal of Fe(II) observed in the absence of chloride. 
Even though Fe(II) reacts slowly with Cu(II) in the absence of 
chloride, rapid re-formation of Cu(II) renders Cu(II) a more 
effective oxidant under this condition. Formation of Cu(I) and 
its concomitant transformation indicated that Cu(I) is a product 
in the oxidation of Fe(II) by Cu(II). A simple kinetic model has 
been developed which adequately describes the oxidation of 
Fe(II) by Cu(II) over a range of experimental conditions. 
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Results 

We present multi-element data on coals of Jurassic age 
from Iqe Coalfield, in Qinghai Province, China. The coals are 
all highly enriched in Ga, Rb, Cs, and REY. The average 
contents of Ga, Rb, Cs, and REY reach to 28.6, 128.6, 16.5, 
and 240.1 ppm, respectively. Their average contents of these 
elements are 4.8, 10.9, 15, and 3.5 times higher than those of 
world coals, respectively (Table 1). Major elements are 
dominated by SiO2 (23.84%), Al2O3 (12.52%), K2O (1.01%) 
and Fe2O3 (0.95%). 

 Ga Rb Cs REY 
AVE 28.6 128.6 16.5 240.1 

World[1] 6 10.9 1.1 68.61 

CC 4.8 10.9 15 3.5 
Note: CC (concentration coefficient)= AVE/World 
Table 1: Concentration of Ga, Rb, Cs and REY in Iqe coal 
(ppm; on whole-coal basis) 
 
Discussion 

Kaolinite, quartz, muscovite, siderite, dolomite, rutile and 
brookite were recognised in the XRD and Siroquant patterns. 
Relative positive correlations between Al2O3 and Rb, Cs, Ga 
may indicate that clay minerals (mainly kaolinite) may be the 
hosted or absorbed minerals. Ga and Rb+Cs, Rb and Cs have 
very good positive correlations, which indicate that they may 
have genetic relationships, however, Ga and Rb+Cs have very 
weak or no genetic relationships with REY 

 
[1]Ketris &Yudovich(2009)Int. J. Coal Geol. 78, 135-148. 
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Perfluorinated alkylated substances (PFASs) are a broad 
class of extremely persistent organic contaminants that have 
been produced in large quantities since the 1950s and are now 
ubiquitously detectable in wildlife and humans globally. These 
compounds have been associated with severe immunotoxicity 
in children and a variety of metabolic and developmental 
disorders. Concerns about human and ecological health have 
prompted global regulations of the most prevalent PFASs and 
replacement by shorter and longer chained compounds with 
poor understanding of their timescales of cycling in the 
environment and propensity for accumulation in marine food 
webs.  Here we present results from a global ocean general 
circulation model (MITgcm) forced with loading from 
wastewater and rivers from the onset of chemical production to 
present-day. We use this analysis to quantify changes in PFAS 
concentrations in the North Atlantic Ocean and compare 
modelling results to measured concentrations in pilot whales 
from the Faroe Islands between the early 1990s and 2013.  
Changes in composition of individual PFASs in pilot whales 
are used to understand the timescales of response of marine 
food webs to changes in chemical production.  Preliminary 
results indicate a heterogeneous spatial distribution of PFASs 
in the ocean and relatively faster declines in pilot whale 
concentrations than expected based on estimates of persistence 
and half-lives from previous work. Implications of our findings 
for future exposure risks from these compounds will be 
discussed. 
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Humic substances (HS) are ubiquitosly present in natural 

systems and readily bind to positively charged iron (Fe) 
mineral surfaces. Furthermore, HS can act as electron shuttles 
during microbially mediated reduction of Fe(III) minerals like 
ferrihydrite, goethite and hematite [1]. However, to the best of 
our knowledge there are no published studies investigating if 
HS can also reduce the highly crystalline, mixed valent Fe(II), 
Fe(III) mineral magnetite (Fe3O4). Despite the fairly negative 
standard redox potential of magnetite, -314 mV,  magnetite can 
undergo both oxidation and reduction reactions [2]. The aim of 
the current study is to investigate whether magnetite can be 
reduced by HS and/or if HS can be reduced by magnetite.  

Previous studies have shown that magnetite reactivity 
depends on Fe(II)/Fe(III) ratios [3] as well particle size [4]. 
Therefore, the magnetite synthezised for this study had  
varying Fe(II)/Fe(III) stoichiometry and particle sizes ranging 
from a few nm up to hundreds of nm and included biotic or 
abiotic routes routes of synthesis. The fate of magnetite in the 
presence of HS was followed using a combination of the 
spectrophotometric ferrozine analysis, magnetic suceptibility 
measurements, Mössbauer spectroscopy and XRD. Preliminary 
results indicate that certain types of magnetite are reduced by 
reduced HS over a timeperiod of a few days. Hence, HS may 
play an important role in cycling Fe present as magnetite and 
thereby influence the biogeochemical cycles of other elements 
bound to the surface of magnetite. 

 
[1] Bauer & Kappler (2009), Environmental Science & 
Technology 43, 4902-4908. [2] Byrne, Klugelein, Pearce, 
Rosso, Appel, Kappler (2015), Science 347, 1473-1476. [3] 
Gorski, Nurmi, Tratnyek, Hofstetter & Scherer (2010), 
Environmental Science & Technology 44, 55-60. [4] Swindle, 
Madden, Cozzarelli & Benamara (2014), Environmental 
Science & Technology 48, 11413-11420.  
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Platinum (Pt), palladium (Pd), thallium (Tl), rare earth 

elements (REEs), gold (Au), silver (Ag), and antimony (Sb), 
are all chemicals that are essential for global economic growth. 
Modern technology relies on these chemicals for the 
production of various industrial goods. However, their use 
releases pollutants into the environment, thus posing a threat to 
human health. 

We review information on the application of selected trace 
metals in new technologies to produce industrial goods and the 
environmental emissions of these metals that result. 

The impacts of these chemicals on human health are 
assessed in the context of their linkage to infectious diseases. 
The consequent environmental damage and political and 
economic implications of using these chemicals are also 
presented. 

To reduce environmental emissions and human health 
impacts, more efficient and cost-effective approaches are 
needed in mining and production processes. It is suggested that 
recycling and waste management can be improved 
significantly in many regions of the world to lessen the 
environmental impact of using these metals while contributing 
to a better economic situation. 
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Reliable reconstructions of tropical temperatures are 

critical to understanding the dynamics of the warm intervals of 
the Middle Miocene and Pliocene though some sea surface 
temperature (SST) proxies have shown substantial 
disagreement.  Here, TEX86 and Uk’37 records were developed 
from twenty DSDP and ODP sites in the Atlantic, Pacific and 
Indian Oceans to investigate how the offset between the two 
organic proxies varies in a variety of tropical oceanographic 
settings.  TEX86

H SST estimates throughout the studied interval 
from 14 to 2.5 Ma were, on average, 3.5°C	  cooler	   than	  Uk’37 
SST estimates (a difference slightly greater than the combined 
analytical and calibration errors of the proxies) though there 
was large variability between sites, with some Eastern 
Equatorial  Pacific sites (ODP Sites 848 and 849) showing 
offsets exceeding 10°C. Previous work [1] has suggested that 
offsets might be explained by differences in depth habitat, and 
thus the environmental temperature, of the Thaumarcheota 
thought to produce the majority of glycerol dialkyl glycerol 
tetraethers (GDGTs) found in the open ocean.  This hypothesis 
is tested by combining newly developed SST records with 
further analysis of the trace element composition of associated 
carbonate and previously published shifts in planktic 
foraminiferal assemblages.   In particular, the influence of 
upwelling is investigated as a principal control on TEX86

H-
Uk’37 SST offsets throughout the interval.   
 
[1] Seki, Osamu, et al. "Paleoceanographic changes in the 
Eastern Equatorial Pacific over the last 10 Myr." 
Paleoceanography 27.3 (2012). 
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The permanent contamination of atmospheric compartment 

by many semi-volatile organic compounds (SVOC) arouses 
new societal questions about the extent of exposure of Humans 
to mixtures at low doses and health risks that result. Air 
emissions are regulated and controlled for classified industries, 
however all emissions in the gaseous state by passive 
volatilization are still poorly documented today.  

The aim of our study was to characterize indirect emissions 
of some SVOC (phthalates, PAHs, PBDEs and PCBs,) on 
underground railway zone, on motorway and on waste 
treatment sites (sewage, treatment of hazardous waste, 
destruction of vehicles); and determine the climatic factors 
controlling their emissions. The objective is to evaluate the 
impact of these sites on the air quality and to better know the 
potential health risk resulting for local communities. 

This study is based on the implementation of active and 
passive air samplers.To characterize the contamination of air 
by passive volatilization, air sampling campaigns are made in 
cold and warm period, and compared to reference sites (intra- 
or extra-urban). To evaluate the contribution of volatilization 
to eliminate SVOCs in wastewater traitement plant sites, 
sampling of wastewater, effluent ans sludge were also carried.  

Results show a ubiquity of all molecules, phthalates being 
the first contaminants from the ambient air, with 
concentrations ranging from 5 to more than 150 ng/m3. The 
concentrations of phthalates are higher in cold period in 
confined areas (135 ng/m3) and higher in open areas in warm 
period (158 ng/m3). This can be explained by the increased of 
volatilization under gaseous state in high temperatures. 

Comparison with reference sites shows that sites such as 
sewage systems, waste treatment sites and transport may be 
vectors of contamination of the surrounding air. 
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Fluids discharging from fractures deep in the Precambrian 
crust have δ18O – δ2H signatures displaced above the Global 
Meteoric Water Line (GMWL), indicative of pervasive water-
rock interaction. For a series of saline fracture fluids from a 
mine in Timmins, Ontario at 2.4 km depth, noble gas-derived 
residence times of more than a billion years were determined 
[1]. We present δ18O – δ2H data for the same fluids and also 
for new fracture fluids from the deepest level of the mine  
(~3 km).  δ18O – δ2H signatures from the 3 km level are the 
most elevated above the GMWL ever reported for free-flowing 
fluids, comparable only to large “vug” fluid-inclusions [2]. At 
two new sites in Sudbury, fluids have comparable signatures to 
those analysed by [1]. We examine the mechanisms of water-
rock reaction that could have caused such elevated signatures 
and model the fluid evolution. 

Significant variations in δ18O with relatively little 
displacement in δ2H are observed (e.g. δ2H=-30.9‰; δ18O=-
17.5‰). Recent analytical advances enable the measurement 
of the stable isotopes of heavy elements such as Sr. We use 
high precision DS-TIMS and report variations in δ88Sr from 
+0.36 ± 0.01‰ to +0.54 ± 0.01‰ for fracture fluids from all 
three sites, and a site-wide δ18O – δ88Sr trend. As the stable 
isotopes of Sr are strongly fractionated during carbonate 
precipitation (e.g. [3]), we pair δ18O with δ88Sr to show that the 
fluids are dominated primarily by secondary carbonate 
(calcite) precipitation. The lighter isotopes of Sr preferentially 
partition into calcite, driving the waters to isotopically heavier 
values during calcite precipitation. This shows that new 
developments in non-traditional stable isotopes can be paired 
with traditional analyses to better understand fluid-rock 
interactions and secondary mineral precipitation.  
 
[1] Holland et al. (2013) Nature 497 (7449): 367-360 [2] Guha 
and Kanwar (1987) Geological Association of Canada 33 95-
101 [3] Fietzke & Eisenhauer (2006) Geochem. Geophys. 
Geosyst. 7, Q08009. 
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Carbon dioxide concentration in the atmosphere has 
steadily increased since the industrial revolution due to burning 
of fossil fuel and will increase the acidity of ocean waters, 
which directly threaten calcifying marine organisms such as 
reef-building scleractinian corals. Model-based study indicated 
that ocean acidification limits temperature-induced poleward 
expansion of coral habitats around Japan [1]. We examined 
how the different pCO2 levels (past, present, and future) can 
influence skeletal growth of temperate Acropora coral species 
under the different temperature setting using a precise pCO2-
controlled tank system [2]. This system was used to generate 
six different pCO2 levels: (i) pre-industrial, ~300 μatm, (ii) 
present-day pCO2, ~400 μatm, and at four near-future 
conditions, (iii) ~550 μatm, (iv) ~750 μatm, (v) ~1000 μatm 
and (vi) ~1200 μatm at two temperature conditions. Our results 
suggested a negative influence of higher pCO2 levels on 
skeletal growth of temperate Acropora corals.  
 
[1] Yara, Y., Vogt, M., Fujii, M., Yamano, H., Hauri, C., 
Steinacher, M., Gruber, N., and Yamanaka, Y. (2012) 
Biogeosciences, 9, 4955-4968. [2]  Ohki, S., Irie, T., Inoue, M., 
Shinmen, K., Kawahata, H., Nakamura, T., Kato, A., Nojiri, Y., 
Suzuki, A., Sakai, K., and van Woesik, R. (2013) 
Biogeosciences, 10, 6807-6814. 
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Slab-melting is one of the most important processes for 
formation of granite. The detailed mechanism of slab-melting, 
however, is not revealed; for example proportions of melting 
components in subducted oceanic crust. Oxygen isotope ratio 
is an important tool to understand the mechanism of slab-
melting because the components in oceanic crust have different 
oxygen isotope ratios. Oxygen isotope ratios from olivine in 
adakites are reported by [1], however, it is suspected that 
reaction with the mantle changed the initial value or that some 
of adakites are not actually slab melts. 

The Taitao granite in Chile is ideal for determining the 
oxygen isotope ratio of initial slab-melts, because the 
granitoids were generated by modern (ca. 4-5 Ma [2]) slab-
melting beneath relatively thin crust (<30 km) without an 
overlying mantle wedge [3]. We analyzed 132 spots for δ18O  
in magmatic zircon rims from five granitic plutons using an 
IMS-1280 SIMS. The zircon δ18O value from the Seno 
Hoppner pluton (5.4 ± 0.5‰) is consistent with mantle-
equilibrated zircons (5.3 ± 0.6‰ [4]), while those from the 
other four plutons are relatively high (from 5.6 to 7.2‰). We 
also analyzed whole rock oxygen isotope ratios of 11 rocks 
exposed around the granites. δ18O values from sedimentary 
rocks (from 7.9 to 11.3‰) and altered basalt (from 8.0 to 
8.3‰) suggest that the mildly elevated zircon δ18O values were 
caused by (1) contamination of granitic magmas by 
sedimentary rocks or (2) higher proportion of altered basalt as 
protolith of the Taitao granitoid. In any case, our results 
indicate that granites formed by slab-melting have similar or 
slightly higher δ18O compared to the average mantle value. 
 
[1] Bindeman et al. (2005), EPSL, 235, 480-496. [2] Anma et 
al. (2009), Lithos, 113, 246-258. [3] Behrmann et al., (1994), 
Geol Rundsch, 83, 832-852. [4] Valley et al. (1998), Contrib. 
Mineral. Petrol, 133, 1-11. 
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Fluids such as those in subduction zones are a key 
component of the long-term geochemical cycles of the 
elements. Indeed, the long-term habitability of Earth, and 
possibly a deep biosphere, depends on these fluids. Yet 
remarkably little is known about them. Experimental and 
theoretical studies of mineral solubility and aqueous speciation 
[1] [2], and fluid inclusions in ultrahigh pressure rocks and 
diamonds [3], indicate that these fluids are much more 
complex than previously thought. Traditional models of 
CHON fluids [4] are completely inadequate. Real fluids in the 
upper mantle exist in a silicate environment and contain large 
amounts of dissolved silica, neutral species, ions, and metal 
complexes in various degrees of polymerization [2] [5]. A 
more comprehensive approach to fluid speciation in the upper 
mantle is needed. 

In order to model ions, HCl must be included as a chemical 
component in deep fluids. This increases the variance of even a 
simple system such as diamond + fluid. It enables 
consideration of reactions involving scores of aqueous ions and 
metal complexes in upper mantle fluids. In turn these ionic 
species couple the model fluid chemistry to its silicate rock 
environment. Here the new Deep Earth Water (DEW) model 
[6] was used to calculate equilibrium constants for 
incorporation in data files for aqueous speciation and chemical 
mass transfer calculations that model fluid-rock interactions in 
subduction zones. Predictions include the following [7]: the 
disappearance of metastable equilibrium in aqueous C-species 
above about 3.0 GPa leading to complete chemical equilibrium 
between aqueous inorganic (bicarbonate and carbonate) and 
organic C-species (e.g. formate, acetate, and propionate); the 
variable speciation of N in deep fluids ensuring efficient 
degassing of N from subduction zones on Earth; highly 
variable S/C ratios as a function of temperature in subduction 
zone fluids leading to variation in the relative importance of 
these elements in the oxidation of the mantle wedges; and 
precipitation of diamond or graphite by pH drop at constant 
redox conditions. 

 
[1] Facq et al. (2014) GCA, 132, 375-390; [2] Kessel et al. 
(2005), EPSL 237(3); 873-892; Dvir et al. (2011), Contrib. 
Mineral Petrol. 161(6): 829-844;; [3] Frezzotti et al. (2011), 
Nature Geo., 4, 703-706; [4] Zhang & Duan (2009), GCA 73, 
2089-2102. [5] Manning et al. (2010), EPSL 292, 325-336. [6] 
Sverjensky et al. (2014) GCA, 129, 125-145; [7] Sverjensky et 
al., Nature Geo., 4, 703-706; Mikhail and Sverjensky, Nature 
Geo., 7, 816-819; 
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Ooids are spherical grains coated by layers of calcite or 

aragonite crystals which are cemented together to form 
sedimentary rocks and are common in the geological record.  
Although the processes where by ooids actually form is still 
speculative, the geochemistry has been used to interpret aspect 
of the ocean chemistry during which the ooids formed.  For 
example, parameters such as carbonate associated sulphate 
(CAS) or nitrate (CAN) have been proposed to reflect oceanic 
values at the time of formation.  Recent work using genetic 
markers [1] has determined that ooids contain both sulphate 
reducing and denitrying bacteria.  These bacteria contribute 
towards the maturation of the ooid. In order to investigate the 
implications upon the CAS and CAN, we leached crushed and 
cleaned ooids in DIW and analysed the leachate for the δ15N 
and δ18O of the nitrate and δ34S of the sulphate.  We also 
analysed the water for alkalinity, pH, δ13C of the dissolved 
inorganic carbon and major and minor element geochemistry. 
These analyses revealed not only positive δ15N and δ18O 
values, signatures of denitrification but also negative δ34S 
values suggesting the oxidation of H2S.  Elemental analyses of 
the leachate suggested the phases might be contained in 
amorphous calcium carbonate (ACC) with a high Mg content.  
Clearly microbial processes are taking place within the ooid 
contributing geochemical signature. 
 
[1] Diaz, M.R., Van Norstrand, J.D., Eberli, G.P., Piggot, 
A.M., Zhou, J. and Klaus, J.S. (2014) Geobiology, 12, 231-
249. 
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The first measurements of Δ47 in carbonates were carried 

out with CO2 produced by the reaction of carbonates with 
phosphoric acid at 25oC in a sealed reaction vessel (SV). Later, 
various workers carried out the reaction at higher temperatures 
(75 to 90oC) using either a common acid bath (CAB) or a drip 
method.  Although these higher temperatures are used in order 
to speed up the reaction and ensure complete yield, a 
correction is needed in order to compare data generated at the 
different temperatures with the data generated at 25oC.  This 
value has been reported to be between 0.08 and 0.09‰ when 
comparing 90oC to 25oC.  However, a further factor to consider 
is nature of the reaction method.  In the CAB, the CO2 is 
continuously removed as the sample reacts, while in the SV it 
remains in contact with the acid for hours to days.  Hence it 
would be expected that the CO2 has a significantly greater 
periods of time to equilibrate with the H2O present in the acid 
and that produced in the reaction.  In attempts to determine the 
fractionation associated with the different reaction 
temperatures, some studies have combined data produced at 
low temperature using the SV with data generated at high 
temperature using the CAB.  We consider that this confounds 
the understanding of the processes leading to the fractionation 
and the determination of its magnitude.  Here we present 
fractionation factors measured on different minerals at a range 
of temperature for both the CAB and the SV.  These show that 
the CAB shows larger differences as a function of temperature 
than the SV and that different minerals show different changes 
in Δ47 as a function of temperature. 
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A large number of modern, varietal mineral studies of 

sedimentary provenance rely on the distribution of U-Pb age 
populations of detrital zircon as the primary dataset. It has 
become apparent, however, that U-Pb zircon ages may be 
biased by natural processes (e.g., variable zircon fertility of 
bedrock sources, hydraulic sorting and grain recycling through 
multiple episodes of erosion-transport-deposition); insufficient 
unit sampling; and laboratory procedures (e.g., loss and 
breakage of grains during sample processing, rejection of 
discordant ages). While procedures for sampling and analysis 
continue to improve with a greater understanding of sources of 
these biases, the effects of biases in nature are best addressed 
by expanding varietal studies of detrital minerals to consider 
more than U-Pb zircon ages alone. 

To illustrate this approach, we have examined the detrital 
mineralogy of samples of Early Cretaceous and Late Jurassic 
sandstones from the deepwater Flemish Pass and Orphan 
basins of the Grand Banks of Newfoundland.  Systematic and 
quantitative analysis of the abundances, sizes and shapes of the 
minerals in epoxy mounts of riffled, grain separates of the 
sandstone samples were made by automated scanning electron 
microscopy using the Mineral Liberation Analyzer, followed 
by backscattered electron and cathodoluminescence imaging of 
representative grains. Discrete, inclusion-free domains in the 
grains were analyzed by LA–(multicollector)– ICPMS for U-
Pb age in zircon and rutile, Hf-isotopes in zircon, and Pb-
isotopes in tourmaline and feldspar. 

U-Pb zircon ages suggest that the major detrital sources are 
Dunnage-Gander zone (450 Ma) and Avalon arc (630 Ma) 
granites, with Grenville (1120 Ma) and Trans-Hudsonian 
(1800 Ma) gneisses. However, the Hf-isotope zircon, U-Pb 
rutile and Pb-isotope tourmaline and feldspar data suggest that 
only the Silurian zircon are first-cycle grains, and bedock 
sources not seen by the zircon record also contributed 
significant detritus to the sandstones. 
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Bentonite from the Jelšovy Potok in Slovakia, rich in 

montmorillonite phase, was used in the experiments. After the 
initial preparation of the material the smectite was modified 
with long-chain quaternary ammonium salts such as dodecyl 
trimethyl ammonium bromide (DDTMA), didodecyl dimethyl 
ammonium bromide (DDDDMA), hexadecyl trimethyl 
ammonium bromide (HDTMA) and dihexadecyl dimethyl 
ammonium bromide (DHDDMA) in amounts of 0.5, 1.0, 1.5 
and 2.0 of smectite cation exchange capacity (CEC). This 
modification leads to the formation of organo-mineral 
complexes characterized by positively-charged surfaces and 
sorption capacities for anions. 

The experiments were conducted in order to delineate the 
effects of molybdate concentration, pH, contact time and the 
adsorbant dose on the sorption efficiency. Additionally, a test 
aimed at determining whether the presence of the WO4

2- ions 
affects the efficiency of MoO4

2- sorption has been performed. 
The number and length of hydrocarbon chains substituted 

in organic surfactants affect the synthesis of organo-smectite 
and Mo(VI) sorption efficiency. The longer the carbon chain 
(HDTMA, DHDDMA), the more effective the sorption. 
Double carbon chains in DDDMA and DHDDMA surfactants 
improve the sorption properties of organo-smectites. The 
results show that WO4

2- ions are adsorbed more than MoO4
2- 

ions on smectite and organo-smectites. Molybdates sorption 
process is most efficient at pH 3-8. The increasing 
concentration of molybdates improves the sorption. The 
adsorption ability of Mo(VI) was based on the smectite’s high 
specific surface area (79.66 m2/g), cation exchange capacity 
(104 meq/100 g) and the total (0.109 cm3/g) micropore (0.035 
cm3/g) and mesopore (0.036 cm3/g) volumes of the smectite’s 
adsorbents. Studies show that ion exchange and the 
chemisorption mechanism were involved in the adsorption 
process. 

 
This research was financed by the National Science 

Centre, Poland Grant No. 2014/13/N/ST10/04945. 
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Carbonaceous aerosols are a major fraction of particulate 

matter (PM) in the atmosphere and contribute substantially to 
climate and health effects. For mitigation of emissions, a 
detailed knowledge of sources and formation processes are 
necessary, which is a difficult task. A differentiation of fossil 
from non-fossil emissions is provided by analysis of the long-
lived radioisotope 14C (radiocarbon, half-life 5730 years), as 
fossil material does not contain 14C anymore because of its age, 
whereas non-fossil material is on the contemporary 14C level. 
This unique property qualifies 14C as a powerful tool of source 
apportionment of carbonaceous aerosols. 

Carbonaceous aerosols are often differentiated into organic 
carbon (OC) and elemental carbon (EC) according to their 
physical and chemical properties. For 14C source 
apportionment, it is necessary to separate both fractions from 
each other efficiently in order to omit biases [1]. With this 
technique, traffic and wood-burning contributions were 
quantified for winter-smog conditions at 16 sites in 
Switzerland for 2008-2012 [2]. Such conditions typically stand 
out by PM concentrations above the Swiss pollution standard. 
14C analysis revealed that ~70% of OC and ~45% of EC 
originated from wood burning at this time, which is higher 
than expected. During extreme haze episodes in China in 
January 2013, when PM concentrations exceeded even those 
for the winter-smog conditions in Switzerland by up to an 
order of magnitude, EC was mainly emitted by coal burning 
and traffic (~75%), whereas the remaining ~25% was 
exclusively attributed to biomass combustion [3]. In this work, 
we will present further examples and implementations for air 
quality improvement. 

 
[1] Zhang et al. (2012), Atmos. Chem. Phys. 12, 10841-10856. 
[2] Zotter et al. (2014), Atmos. Chem. Phys., 14, 13551-13570. 
[3] Zhang et al. (2015), Atmos. Chem. Phys. 15, 1299-1312.  
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Many of the Mesoarchaean supracrustal belts of SW 
Greenland host leucocratic amphibolites of intermediate 
composition with volcaniclastic features. These rocks are 
commonly associated with basaltic amphibolites with pillow 
lava structures supporting eruption in an oceanic environment. 
The geochemical composition of these Mesoarchaean andesites 
share many characteristics with andesites found in modern 
subduction zone settings. 

Here we present new bulk-rock Lu-Hf isotope data for 
basalts and andesites from the Qussuk supracrustal belt and 
discuss these in the context of previously published Lu-Hf 
isotope data from andesites of the Fiskenæsset region. Trace 
element modelling reveals that simple assimilation in 
combination with fractional crystallisation is not capable of 
producing the geochemical compositions of these andesitic 
rocks. Instead, their petrogenesis requires large degrees of 
magma mixing involving mafic tholeiitic and felsic TTG-type 
endmembers.  

We argue that because modern andesites also show 
evidence for large degrees of mixing between mafic and felsic 
melts (as seen from their melt-inclusions and phenocryst 
assemblages), and because there is also independent structural 
evidence for horizontal tectonics in the Archaean crust of SW 
Greenland, it appears very likely that some form of plate 
tectonics was in operation by at least the Mesoarchaean. 

However, one remaining enigmatic feature of the 
Mesoarchaean andesites of SW Greenland is that many have 
near-chrondritic initial Hf-isotope compositions. This may 
either represent a conincidence controlled by the mixing 
components or could alternatively indicate the presence of 
Eoarchaean or even Hadean crust with near-chondritic Hf-
isotope composition that contributed as a source to the 
Mesoarchaean andesites. We note that near-chondritic isotope 
values have also been reported for TTG-type orthogneisses 
from this region and thus they may share a common origin. 
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Submarine groundwater discharge (SGD) has been 
recognized as an important exchange pathway between 
hydrologic reservoirs due to substantial fluxes and its impact 
on ecology and biogeochemical cycles of the coastal oceans. In 
the southern Baltic Sea off Poland- the end-members of the 
system, namely the seawater and groundwater, are 
characterized with significantly different concentrations of 
chemical constituents. The mixing of groundwater and 
seawater occurs already in the sediment and consequently, a 
salinity gradient is formed. Thus, concentration 
changes/variations of selected water components in pore water 
samples is been observed according to a conservative or not-
conservative trend. It has been established that groundwater is 
a source of  NH4

+, PO4
3-‐, Cd, Co, Cr, Mn, Zn, and both 

dissolved inorganic carbon (DIC) and dissolved organic carbon 
(DOC) while it acts as a diluting factor for Hg, Ni, Cu, NO3

- 
and NO2

- in seawater. Estimates regarding volume of 
groundwater discharged to the Baltic Sea are proved to be 
around 1% of the river run-off. However, locally, as in the Bay 
of Puck, the contributions of groundwater to the fresh water 
discharge were significant. The estimated loads of dissolved 
inorganic nitrogen (DIN) -49.9 ± 18.0 t yr−1 and  PO4

3-‐ -56.3 ± 
5.5 t yr−1 into the Bay of Puck via SGD were significant in 
comparison with loads delivered to the bay from other, well-
recognized sources. The groundwater discharge was also a 
substantial source of metals (Cd, Co, Cr Mn, Zn) in 
comparison with rivers. The carbon specific flux into the Bay 
of Puck was estimated at 850 mg  
m-2 yr-1 while DIC and DOC fluxes via SGD to the Baltic Sea 
were projected at 283.6±66.7 kt yr-1 and 25.5±4.2 kt yr-1. The 
SGD derived carbon load to the Baltic Sea is an important 
component of the carbon budget, which gives the sea a firmly 
heterotrophic status. 
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Current geochemical models assume that sulfuric acid 
(H2SO4) dissolution via sulfide oxidation is negligible on 
global scales because of trace/minor sulfide contents in the 
lithosphere. The assumption is often that much of the sulfate 
(SO4) flux comes from non-sulfide sources (e.g., dissolution of 
marine-origin gypsum/anhydrite). However, recent 
geochemical studies indicate that previous estimates on 
sulfide-derived SO4 fluxes used in elemental cycle models are 
significantly underestimated. Generally, the reported sulfide-
derived SO4 fluxes appear to span a large range of ~15 to 
almost 100% in aquatic systems when compared to other SO4 
fluxes from dissolution of evaporites and atmospheric wet/dry 
deposition. Therefore, sulfide weathering may have important 
implications on how we understand the Earth’s climate and the 
evolution of biogeochemical sulfur cycle over geological time 
scales. Despite this importance, there are still only a small 
number of studies that attempt to quantify sulfide-derived SO4 
fluxes in global riverine systems. It is also uncertain to what 
extent environmental factors (e.g., physical erosion, bedrock 
sulfide content) and climate influence these fluxes in aquatic 
environments. 

The Rio Grande watershed (New Mexico, USA) will be 
used as an example to discuss current understanding and 
remaining questions related to the importance of sulfide-
derived SO4 in the riverine sulfate budget. The Rio Grande 
surface water and groundwater samples were collected 
seasonally (from 2009 to 2011) and analyzed for their major 
element chemistries and the δ34S and δ18O of dissolved SO4. 
The observed variation of δ34S (-4 to +8 ‰) and δ18O (-2 to  
+7 ‰) in the Rio Grande mainly resulted from mixing between 
sulfide- and sulfate-derived SO4 of volcanic and sedimentary 
origin. The S isotope mass balance suggests that the average 
sulfide-derived SO4 flux usually accounted for 83-94 % (±10-
20 %) of the sulfate source in the Upper Rio Grande and 
decreased to 45-51 % in the Middle Rio Grande. Major factors 
controlling sulfide-derived SO4 fluxes were snow melt, 
recycling of surficial sulfate-rich salts, and elevated bedrock 
sulfide contents in volcanic and some sedimentary terrains in 
the Rio Grande basin. 
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Laser Ablation (LA) is of great potential regarding the 
understanding of Ca isotopes variations in modern and fossil 
tooth enamel (~ 40 wt.% Ca), because this technique enables 
increased spatial resolution and is almost non-destructive. 

We developed a strategy based on matrix-matched 
(including hardness and Sr content) sample/standard 
bracketing using an Excite 193 nm Excimer Photon Machines 
LA system coupled to a Neptune plus MC-ICPMS. 

A series of 5 crystalline igneous apatites and 6 modern 
tooth enamel samples were first micro-sampled using 
micromill device, producing holes of about 400 µm of 
diameter. High precision δ44/42Ca solution mode analyses were 
proceeded according to procedure described in [2]. We then 
sintered by means of SPS technique bone ash SRM1400 
standard, and two synthetic apatites (doped or not with Sr) 
using the method described in [3]. The Ca isotope 
compositions in LA mode were obtained using rasters along 
600x85 µm profiles and bracketed with SRM1400. Typical 
sensitivity was ~ 5 V on 44Ca and each profile generated 60 
integrations in average.  

The δ44/42Ca isotopic values ranged evenly between - 0.60 
and + 0.60 ‰ (amu). We obtained a very good agreement 
between solution and LA modes, i.e. δ44/42CaLA vs δ44/42CaSolution 
slope of 0.950 ± 0.047 (R2 = 0.979) and null offset at origin 
(0.010 ± 0.020). For all samples, residual values to the 1:1 
slope were ≤ 0.1 ‰ (amu). An unexplained but constant 
0.13 ‰ offset occurred when considering δ43/42Ca suggesting 
an uncorrected LA isobaric interference on 43Ca.  

We also noticed that the doubly charged Sr interference 
correction is of crucial importance for accurate matching 
between solution and laser measurements. In solution mode, Sr 
is chemically discarded leading to typical 43.5/44 ratios of 10-5 
to 10-6. In LA, this ratio can exceed 10-3. We show that the 
87Sr/86Sr value used for correction is of importance, and that 
optimized residuals to the 1:1 slope are obtained using a Sr 
correction that takes into account a mass fractionation factor 
for doubly charged Sr distinct from that of Ca. 

[1] DePaolo (2004) Reviews in Mineralogy and Geochemistry
55, 255-288. [2] Tacail et al. (2014) JAAS 29, 529. [3] Balter
& Lécuyer (2004) GCA 68, 423-432.
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The asteroid explorer Hayabusa2 began a 6-year round trip 
to return surface samples of a near-Earth carbonaceous-type 
asteroid 1999 JU3.  Hayabusa2 will arrive at 1999 JU3 in mid-
2018, and fully investigate and sample the asteroid at three 
locations during its 18-month stay.  The samples from 1999 
JU3 will be delivered to the Earth in December 2020. 

The characteristics of the Hayabusa2 sample container [1] 
leads to classification of returned samples into three categories; 
(1) mm-sized coarse grains separately stored separately in 
three chambers, (2) <100 μm-sized fine particles that may be 
mixed in the sample container, and (3) volatiles released in the 
sealed container.  Coarse grains should represent the material 
properties at different locations, and petrologic and 
mineralogical studies of them will provide important 
constraints on understanding the history of the asteroid and the 
solar system.  Fine particles will provide insights into the 
global average surface feature and surface geologic processes 
such as space weathering and regolith formation.  Volatile 
components will be an important analysis target to investigate 
the origin and evolution of organic matter and water in the 
solar system. 

Curation work of the returned samples will be first done at 
the JAXA Curation Facility, which will be the initial sample 
preparatory work for subsequent studies (phase 1 curation).  
The curation work for a fraction of the samples will be done in 
collaboration with institutes outside JAXA for detailed and 
thorough analysis (phase 2 curation).  A different fraction of 
samples will be investigated by the Initial Analysis team in the 
Hayabusa2 project to accomplish the scientific goal of the 
mission [1].  Three categories of samples will be analyzed by 
multiple analysis teams focusing on non-destructive analyses 
of grains, elemental and isotopic analyses of grains, petrology 
and mineralogy of coarse and fine particles, chemistry and 
isotopes of volatiles, and chemistry of insoluble and soluble 
organic materials.  A team to integrate all the results and link 
to remote-sensing data is also important, which can be done 
only for return samples.  
 
[1] Tachibana S. et al. (2014) Geochem. J. 48, 571-587. 
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Neodymium isotopic ratios (εNd) have been used as a tracer 

of water mass and continental inputs to the ocean. To further 
evaluate the faithfulness of this tracer and better constrain 
areas strongly affected by local/regional continental inputs, we 
have updated a global seawater εNd database (Lacan et al., 
2012) and combined it with present-day water mass tracers 
including temperature, salinity, concentration of silica, 
phosphate, nitrate and oxygen of WOA09, δ13C values of 
dissolved inorganic carbon (Schmittner et al., 2013), and 
natural seawater 14C values of GLODAP database (Key et al., 
2004). In addition, we compiled εNd data of sedimentary 
oxyhydroxide coatings, foraminiferal tests, deep-sea corals and 
fish teeth/debris from the Holocene period (≤10ka).  

For water masses at water depth ≥ 1500m, multi-scatter 
plots between seawater εNd values and other water mass tracers 
present clear correlations, attesting that a primary control of 
seawater εNd values is large-scale deep water mixing. 
Noticeable exceptions are found in the northern northwest 
Atlantic where local/regional sources have highly contrasted 
Nd isotopic signatures. At 600-1500m water depths, the 
correlations become loose and virtually disappear for 0-200m. 
The surface seawater Nd concentration tends to be higher at 
stations within 1,000 km from the continents, reflecting 
contribution from local sources. Archive εNd data generally 
agree with seawater values expected from the multi-scatter 
plots. However, the relationships are more scattered, in 
particular for oxyhydroxide coatings. In spite of these 
complications, both seawater and archive εNd values clearly 
show latitudinal gradients at water depths ≥ 600m in the 
Atlantic and Pacific, confirming the usefulness of Nd isotopes 
to distinguish northern and southern source intermediate and 
deep water masses.  

 
NEOSYMPA members: T. Arsouze, G. Bayon, A. Bory, C. 
Colin, J-C. Dutay, N. Frank, A. T. Gourlan, C. Jeandel, F. 
Lacan, L. Meynadier, P. Montagna, E. Pucéat, M. Roy-
Barman, K. Tachikawa, C. Waelbroeck 
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Seismic observations of the deep Earth reveal the presence 
of two large low shear velocity provinces (LLSVPs) that are 
typically inferred to be dense chemically-distinct material, as 
well as discontinuities that are typically linked to the post-
perovskite (pPv) phase transition. Several possible origins of 
chemically-dense material have been proposed, including 
recycling of mid-ocean ridge basalt (MORB), primordial 
differentiation events, crystallisation of a basal magma ocean, 
or some combination of these creating a basal melange (BAM; 
Tackley 2012 Earth Sci. Rev.). Each of these possibilities 
would result in a different composition hence different 
mineralogy. In order to constrain this we have been running 
calculations of thermo-chemical mantle evolution over  
4.5 billion years that include a self-consistent treatment of 
mineralogy based on free-energy minimization using the code 
Perple_X (Connolly, 2005 EPSL). This provides a framework 
to evaluate the influence of composition and mineralogy on the 
resulting thermo-chemical structures, and allows viable 
compositions to be constrained by comparison of resulting 
seismic structures to seismic tomographic models and other 
seismological observations. The numerical models also include 
melting-induced differentiation, plate tectonics induced by 
plastic yielding, core cooling and compressibility. Already-
published results (Nakagawa et al., 2009 GCubed, 2010 PEPI, 
2012 GCubed) already indicate the importance of exact MORB 
composition on the amount of MORB segregating above the 
CMB, which in turn influences mantle thermal structure and 
the evolution of the core and geodynamo. New results 
additionally include primordial material and will be reported 
here. By running O(1000s) calculations we are able to 
systematically constrain the possible combinations of 
composition and other physical properties that result in 
present-day structures that give a statistically good match to 
tomographic structures, as well as other observations such as 
the occurrence of the pPv phase transition.   
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Large amounts of fluids are released at high-pressure 

conditions from subducting slabs due to breakdown of hydrous 
minerals. Channelized flow of these fluids induces the 
formation of HP-vein systems within the slab allowing high 
fluid fluxes over larger distances. Fluid-rock interaction along 
the flow structures can lead to significant mobilization and 
transport of trace elements. A well-preserved example of such 
a vein system is located in the Pouébo Eclogite Mélange 
(PEM) in the NE part of New Caledonia. The PEM consists of 
exhumed fragments of a HP/LT metamorphic belt that reached 
eclogite-facies peak conditions at c. 44 Ma [1] [2].  

The studied vein-wall rock association comprises 
individual, m-long, cm-thick HP-veins with a grt-qtz-phg 
assemblage and omp-rich metasomatic reaction selvages  
(3-5 cm). These gradually pass into an amph-omp-ep rich host 
rock with inclusion-rich grt porphyroblasts. 
Geothermobarometry reveals 1.9-2.2 GPa (Grt-Cpx-Phe) and 
540±15 °C (Zr-in-rutile) for all zones. Rb-Sr mineral isochrons 
constrain vein formation ages to c. 38-41 Ma. 

A network of dm-long, narrow (<0.5 cm) grt-qtz-phg veins 
cross-cutting the host rock characterizes a local in-situ 
drainage system for fluids towards the larger transport veins. 
Garnet trace-element zoning indicates that this drainage 
network formed by progressive, temperature increase related 
dehydration reactions, e.g. involving lawsonite breakdown. 
Profiles of Li-concentrations and δ7Li isotopic data sampled 
perpendicular to the vein, combined with major and trace 
element mass-balance calculations, show that dehydration and 
eclogitisation of the selvage occurred by diffusive element 
transport towards the large vein. We propose that short lived, 
high fluxes of external fluids formed and passed through the 
transport veins. Following the concept of porosity waves [3], a 
high fluid pressure (Pf) head formed the transport vein while 
the low Pf tail of such waves induced drainage of the wall-rock 
system through the dehydration-vein network. 
 
[1] Clarke et al. (1997), Journal of Petrology 38, 843-876. [2] 
Spandler et al. (2005), Tectonics 24, TC3003. [3] Connolly & 
Podladchikov (2015), Geofluids 15, 269-292. 
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Stabillity of Co and Ni chloride complexes was studied 
using a home-maid Ti optical cell equiped with sapphire 
windows and connected to a Carry 4000 spectrophotometer by 
silica glass fiber optic. Measurements of spectra were 
performed up to 450 °C, 1 kbar in acidic solutions (m(HCl) = 
0.15) and NaCl concentration range from 0.03 to 3 m. The 
spectra of Co and Ni were recorded in separate experimental 
series in the visible wavelength region (350 – 800 nm), the 
concentration of Co and Ni in the experimental solutions was 
0.03m and 0.01m, respectively. In the experimantal wavelength 
range the optical absorbance of the experimental solutions fall 
within the 0 – 3.5 unit interval. The primary experimental data 
reduction was performed with the OptimS computer code, 
which is a part of the HCh software package [1]. This program 
optimizes the Gibbs energy and molar absorbance of aqueous 
species for a series of experimental solutions studied at 
constant pressure and temperature. 

It was found that at near- and supercritical temperature 
(350 – 450 °C), the effect of pressure on the apparent molar 
absorption coefficient (εapp) of Ni solutions is much more 
strongly pronounced than that for Co. In both systems the 
number of absorbing species decreases from 5 at 300 °C to 3 at 
t > 350 °C. In high-temperature solutions the set of complexes 
MeCl2°, MeCl3

-, and MeCl4
2- gives the best fit to the 

experimental data in both systems. The stepwise stability 
constant of MeCl4

2- is found to be independent of temperature 
within the experimental uncertainty, whereas MeCl3

- stepwise 
stability constant increases by ~ 1.5 – 2 log units when 
temperature increases from 350 to 450 °C. Using the calculated 
stability constants, a thermodynamic model for Ni and Co-Cl 
complexation is developed within the framework of the HKF 
model. 

 
Research was supported by RFBR, grant 13-05-00638_a. 
 

[1] Shvarov Yu. (2015) Applied Geochem. 55, 17-27. 
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Meteorites residing on the surface of Mars have been 

found by the MSL and MER rovers [1]. Although only iron 
meteorites have been identified to date, it is likely that stony 
meteorites, which are ultramafic in composition, may also be 
found on the martian surface. It has been suggested that 
putative autotrophic organisms could metabolise gases and 
minerals associated with ultramafic rocks deep within the 
martian subsurface [2]. ‘Samples’ from this habitat could be 
brought to the surface via several geological mechanisms [3] 
[4], where geochemically similar meteorites could then act as 
mini-ecosystems or lifeboats for these organisms.  

For our study, we investigated the habitability of several 
stony meteorites from the Nullarbor Plain, Australia. We used 
portable instrumentation relevant to current and future Mars 
missions (XRD, Raman spectroscopy) to evaluate and 
characterise the biopreservation potential of weathering 
products that form within fissures in meteorites. This material 
consists of >75 wt.% Mg-calcite with minor amounts of 
gypsum, goethite, quartz (aolian), and smectite. SEM imaging 
revealed that the weathered interiors of meteorites (in 
particular Mg-calcite), were commonly colonised by 5–10 µm 
thick biofilms of local environmental microorgansims, 
displaying several morphologically distinct species. This is 
relevant because carbonates adsorb water from the atmosphere 
and have the potential to preserve molecular biosignatures for 
millions of years [5].  

Most importantly, unlike Martian rocks, meteorites have 
been extensively studied on Earth, and as such are chemicaly 
very well defined. This makes meteorites a standard on the 
surface of Mars with which to best judge and compare possible 
biosignatures. 

 
[1] J.W. Ashley et al. (2011), J Geophys Res 116, E00F20. [2] 
J.R. Michalski et al. (2013), Nat Geosci 6(2), 133-138.  [3] 
K.J. Kossacki & W.J. Markiewicz (2004), Icarus 171(2), 272-
283. [4] S. Byrne et al. (2009), Science 325(5948), 1674-1676. 
[5] A.J.  Blyth et al. (2010), Chem Geol 279(3-4), 101-105.  
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Photoreaction contributes to the formation and removal 
processes of oxalic acid that is a major component of organic 
aerosols. Oxalic acid is formed by photooxidation of high 
molecular weight organic aerosols via glyoxylic acid, and 
decomposed into carbon dioxide. In addition, our previous 
study showed that oxalic acid forms insoluble metal-oxalate 
complex [1], which suggested that global cooling effect of 
oxalic acid is lower than previously estimated, since metal-
oxalate complex does not work as cloud condensation nuclei. 
On the other hand, interaction between oxalic acid and metal 
ion may affect photoreactivity. In this study, speciation of 
oxalic acid and measurement of reaction rate constant for 
photoreaction were also conducted to evaluate the effect of 
formation of metal-oxalate complex on the hygroscopicity of 
oxalic acid and stability of oxalate species in aerosols 

Size fractionated aerosol samples were collected at 
Higashi-Hiroshima in winter, spring, and summer. Speciation 
analysis of oxalic acid was conducted by X-ray absorption fine 
structure (XAFS) spectroscopy for zinc (Zn), lead (Pb), and 
calcium (Ca). Photoreaction experiments under UV exposure 
was conducted for oxalic acid and glyoxylic acid. Oxalic and 
glyoxylic acids were measured by Total Organic Carbon 
(TOC) Analyzer and redox titration using KMnO4, respectively. 

Speciation analyses showed that the ratio of metal-oxalate 
complexes to total oxalic acid was more than 80%, showing 
that the cooling effect of oxalic acid can be smaller than 
previously estimated.  As a result of photolysis experiments, 
half-life time decreased in the order of oxalic acid > Mg 
complex > Zn complex, showing that photoreactivity of oxalic 
acid was decreased due to the decrease of quantum yield by 
forming metal-oxalate complexes. In contrast, photoreactivity 
of glyoxylic acid was increased in the presence of Zn. These 
results suggested that formation of metal-oxalate complex 
increase the stability of oxalic acid species in the aerosols due 
to the decrease of its photolysis reaction rate and also the 
increase of the formation rate of oxalic acid from gloyxylic 
acid. 
 
[1] T. Furukawa and Y. Takahashi, Atmos. Chem. Phys., 11 
(2011) 4289-4301. 
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Nickel, Copper, and Zinc play important roles as a 

micronutrient for organisms and as geochemical tracers in the 
ocean. Dissolved Ni, Cu, and Zn have concentrations of 
0.01−10 nmol/kg in seawater and their distributions exhibit a 
nutrient type for Ni and Zn, a nutrient-scavenging hybrid type 
for Cu. To elucidate the biogeochemical cycling of their metals 
in the ocean, it is useful to determine the profiles of their 
isotopes in the ocean, because isotopic fractionation occurs 
during various biogeochemical processes. However, precise 
isotopic analysis of Ni, Cu, and Zn in seawater has been 
impaired by the low concentrations of Ni, Cu, and Zn and 
interferences from co-existing elements that induce analytical 
errors on isotopic measurements using MC-ICP-MS. We have 
developed a novel pre-treatment method for determining the 
isotopic composition of dissolved Ni, Cu and Zn in seawater. 
First, a seawater sample was passed through a column 
containing ethylenediaminetriacetic acid chelating resin 
(NOBIAS Chelate-PA1, Hitachi High Technologies) [1]. 
Dissolved Ni, Cu, and Zn were quantitatively concentrated, 
and alkali and alkali earth elements were effectively removed. 
Pre-concentrated Ni, Cu, and Zn fraction was passed through a 
column containing anion exchange resin (AG MP-1M, Bio-
Rad) to separate Ni, Cu, and Zn from each other. Then, the Ni 
fraction from the anion exchange column was passed through a 
NOBIAS Chelate-PA1 resin column again to remove Na, Mg, 
and SO4. 
 
[1] Takano, Tanimizu, Hirata & Sohrin (2013), Anal. Chim. 
Acta 784, 33-41.  
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Comparison between infrared observations of evolved stars 

and interstellar medium (ISM) have shown that the abundance 
of crystalline silicates around evolved stars is much higher 
than that in the ISM [1]. This discrepancy is explained by 
amorphization of crystalline silicates in the diffuse ISM by 
interaction between dust and low energy (<1MeV) cosmic rays 
or light ions accelerated by shockwaves from SNe [2]. 
Surfaces of presolar grains may preserve the structures formed 
by irradiation in the ISM, and presolar corundum grains with 
either rough and smooth surfaces were identified from acid 
residues of priitive meteorites [3] [4]. The different surface 
roughness may reflect the difference in energy, flux, or dose of 
implanted ions.  

Irradiation experiments of 20-40 keV H2
+ and 10-50 keV 

He+, and 4 keV He+ were peformed at The Wakasa Wan 
Energy Research Center and at Institute of Low Temperature 
Science, respectively. Wafers of single crystal corundum and 
~1µm sized corundum grains were used as targets for 
irradiation. Irradiation doses were 1016-18 ions/cm2.  During 
irradiation, the beam current density was kept at ~10 mA/cm2.  

The irradiated surfaces of the corundum wafers were 
observed with field-emission secondary electron microprobe 
(FE-SEM, JSM 7001F).  An ultrathin section was extracted 
from some of the irradiated wafers using focused ion beam 
(FIB, FEI Quanta 200 3DS) and analyzed with transmission 
electron microprobe (TEM, HITACHI H8000K). The crystal 
structures of the very surface regions of the wafers did not 
change much from the original structure. The partly damaged 
structures were observed at 100-200 nm from the surfaces of 
the wafers, which is consistent with the estimated distributions 
of implanted ions and recoiled atoms [5].  
 

[1] Kemper F. et al. (2005), ApJ, 633, 534. [2] Jones A. P. 
et al. (1994), ApJ, 433, 797. [3] Takigawa A. et al. (2014), 
GCA, 124, 309. [4] Takigawa et al. (2014), LPS XXXXV, 
abstract 1465. [5] Ziegler J. F. 2013, The Stopping Range of 
Ions in Matter, ver.2013 
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The driving question behind the study of submarine natural 

gas hydrates (NGH), which has implication for energy and 
climate sciences, is how much exists? Because gas hydrates are 
enriched in both δ18O (3.5‰) and δD (21‰) and depleted in 
Cl-, pore water chemical analyses provide the best tools for 
constraining NGH pore volume occupancy. 31 NGH 
occurrences were identified at Site U1445 of IODP Expedition 
353 by infrared scanning for thermal anomalies >3.5°C below 
background temperatures within whole cores on the catwalk, 
or the presence of soupy structures in split cores. Pore water 
was collected from all 31 occurrences, by squeezing or Rhizon 
sampling, then analyzed for Cl- concentrations. The Cl- values 
fell between 400 μM and 104 μM which corresponds to 31% - 
84% NGH pore space occupancy,  assuming a Cl- baseline of 
546 μM; however, the Cl- background at U1445 exhibited a 
strong decreasing trend with depth. Dilution of Cl- can occur 
as a result of hydrate dissociation or hydrous silica 
dehydration. To better understand the Cl- depth profile, the 
local hydrologic regime, and to more accurately constrain 
hydrate occurrence, 114 down-core interstitial water samples, 
including routine shipboard splits and hydrate-bearing splits, 
were analyzed for their δ18O and δD values.  

We report our values in ‰ relative to VSMOW. δ18O 
values range from 0.1 to -2.12, while δD values range from 
6.31 to -13.38. Hydrate bearing samples show expected 
enrichments in 18O and D. An inverse relationship between 
δ18O and δD  is exhibited below 400 m, and is characteristic of 
mineral dehydration. The geothermal gradient  at this site is 
50°C/km, which means our termination depth of 660mbsf is 
well above the thermal boundary for clay mineral dewatering. 
This suggests that advection is likely delivering  Cl- depleted 
waters and methane to charge the NGH stability zone at this 
site. Discrete excursions to heavier waters concomitant with 
deceases in Cl- concentrations reflect hydrate dissociation 
within the cores upon recovery. A plot of δD vs δ18O reveals a 
slope consistent with fractionation during active hydrate 
formation, and further, the isotope data support far more 
abundant NGH occurrence in the upper 300 meters than the 31 
occurrences detected by shipboard visual identification. We 
therefore conclude an advection-driven hydrologic regime with 
abundant gas hydrate occurrence and active hydrate formation 
occurring in the uppermost 300 m.  
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Reactive transport modelling (RTM) is becoming more 

recognized as a tool in the oil and gas industry. This is mainly 
due to increasing importance of subsurface projects involving 
production and injection of more reactive fluids and gases, for 
example storage of CO2 and H2S, enhanced oil recovery 
(EOR), and water flooding. Several years ago, the in-house 
Shell reservoir simulator MoReS was coupled to PHREEQC. 
This enhances development and deployment of RTM at 
elevated pressure (P) and temperature (T) conditions 
encountered in subsurface reservoirs. OLI Stream Analyzer 
(OLI) is currently the standard tool in Shell for computing 
chemical reactions and phase partitioning of solids, fluids, and 
gases in wells and downstream applications (production 
chemistry). The aim of this work is to develop a PHREEQC 
geochemical database, consistent with OLI, to enable 
consistent integrated modelling. 

We used OLI to compute the equilibrium constant (K) as a 
function of temperature (P=1 bar) for approximately 500 
geochemical reactions. The results were fitted to a polynomial 
expression that PHREEQC uses to compute the T-dependence 
of K. The results were validated by computing K using the 
Helgeson-Kirkham-Flowers (HKF) model. Parameters for P-
dependency were directly mapped. The activity model is part 
of the Mixed Solvent Electrolyte (MSE) framework in OLI, 
based on long-range, mid-range, and short-range interactions. 
Activity model parameters were directly mapped and the 
source code of PHREEQC was modified accordingly. 
Simulations with PHREEQC were run using the converted 
geochemical database. All operations described above were 
carried out using a MATLAB script.  

Saturation indices (SIs) and molar amounts of various 
species were computed using OLI and PHREEQC in a wide 
P,T, and salinity range. The results demonstrate that the 
geochemical  database conversion was carried out properly. 
The developed workflow enables implementation of new 
experimental results into the PHREEQC geochemical 
database. This will enhance deployment of RTM technology in 
the oil and gas industry. 
 

3064



 Goldschmidt2015 Abstracts  

 3065 

Weathering of Pb-Zn-bearing 
minerals in a neutral mine drainage 
setting, Gunnerside Gill, Yorkshire, 

UK 
C. TAME1*, K. A. HUDSON-EDWARDS1 AND  

H. A. B. POTTER2 

1Department of Earth and Planetary Sciences, Birkbeck, 
University of London, Malet St., London WC1E 7HX, UK 
(*correspondence: rockology@hotmail.com, k.hudson-
edwards@bbk.ac.uk) 

2Environment Agency England & Wales, c/o Institute for 
Research on Environment and Sustainability, Newcastle 
University, Newcastle upon Tyne, NE1 7RU, UK 
(hugh.potter@environmentagency.gov.uk) 

 
Numerous areas throughout the world are affected by 

circum-neutral pH, low Fe drainage with high concentrations 
of Zn, Pb and Cd arising from discharges from, and weathering 
of, mine wastes. Gunnerside Gill, a small upland tributary in 
the headwaters of the River Swale in Yorkshire, is such a site 
affected by historic lead and zinc mining in the Northern 
Pennines, UK. Concentratinos of Pb, Zn and Cd exceed 
background levels in waters of both Gunnerside Gill and the 
River Swale. The aim of the study is to determine the controls 
on Pb and Zn mobility from the mine tailings and river bank 
sediments using column leaching experiments and aqueous 
field data. Ten tailings and sediment samples were recovered 
from the length of Gunnerside Gill starting from near its 
headwaters down to the convergence with the River Swale. 
The samples were characterised using XRD, EMPA, BCR 
sequential extractions and total metal extractions. Four of these 
samples were then used to model 10 years of weathering by 
undertaking a column leaching experiment.  

The original tailings and river bank sediment minerals are 
mixtures of Pb- and Zn-bearing sulphides, carbonates and Fe-
Mn oxyhydroxides. Weathering of these minerals in the 
column experiments results in an early ‘wash out’ of Pb, Zn, 
Cd, Mn and S, which generally decline over time. The Zn and 
Cd show similar trends, but after the initial washout and 
decline the concentrations of Pb and Mn in one column 
gradually increase, suggesting that Pb cycling is related to the 
redox cycling of Mn oxyhydroxides. The results of the study 
will be used to determine the influence of climate change and 
potential changes in the surrounding geochemical environment 
on Pb and Zn mobility. 
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The straightforward but unexpected relationship presented 

here relates crustal thickness and magma type in the Izu-
Ogasawara (Bonin) Oceanic arc. Volcanoes along the 
Ogasawara segment of the arc are underlain by thin crust (16-
21 km)—in contrast to those along the Izu segment, where the 
crust is ~35 km thick. Interestingly, andesite magmas are 
dominant products from the former volcanoes and mostly 
basaltic lavas erupt from the latter. Moreover, andesite 
magmas have been similarly dominant in the Oligocene Izu-
Ogasawara-Mariana arc, when the arc was immature and their 
crust must have been thin. Why and how do volcanoes on the 
thin crust erupt andesite magmas? An introductory petrology 
textbook might answer this question by suggesting that, under 
decreasing pressure and hydrous conditions, the liquidus field 
of forsterite expands relative to that of enstatite, with the result 
that, at some point, enstatite melts incongruently to produce 
primary andesite melt. According to the hypothesis presented 
here, however, rising mantle diapirs stall near the base of the 
oceanic crust at depths controlled by the thickness of the 
overlying crust. Where the crust is thin, as along the 
Ogasawara segment of the arc, pressures are relatively low, 
and magmas produced in the mantle wedge tend to be 
andesitic. Where the crust is thick, as along the Izu segment, 
pressures are greater, and only basaltic magmas tend to be 
produced. Implications of this hypothesis include the 
following: (1) A “stockpile” of continental crust (andesitic 
magma) was produced during the Archean and Proterozoic, 
when most crust was thin. (2) Most andesite magmas erupted 
on continental crust could be recycled from “primary” andesite 
originally produced in oceanic arcs. The rate of continental 
crust accumulation would therefore have been greatest early in 
Earth’s history, soon after subduction was initiated.  
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Precious corals living in the deep oceans produce calcite 
skeletons, while their growth rate is significantly smaller than 
aragonitic skeletal growth of reef-building corals in the surface 
oceans. The skeletal composition of precious corals includes a 
possibility to provide deep-sea conditions, such as temperature, 
salinity and pH. However, the biomineralisation mechanism 
and factors controlling the chemical compositions of precious 
coral skeletons are still poorly understood. We present 
preliminary data on geochemical analyses of precious corals to 
better understand biomineralisation and controlling factors of 
trace element incorporation into the skeletons, potentially 
linking with deep-sea environments. 

After cutting perpendicular to the growth axis, two-
dimensional mapping of magnesium (Mg/Ca) and sulfur 
(S/Ca) distribution in the cross section of precious skeleton 
collected from the Pacific Ocean was obtained by electron 
probe microanalyzer. Distribution pattern of Mg/Ca clearly 
showed concentric banding with the center of cross section 
having significantly higher Mg/Ca ratio. Sulfur distribution 
also had banding patterns, although higher S/Ca bands are 
consistent with lower Mg/Ca bands. 

We also plan to measure Mg/Ca, Sr/Ca amd Ba/Ca ratios 
together with other trace element contents, such as B/Ca, F/Ca 
and Cl/Ca in the skeleton using laser ablation-ICP-MS [1] and 
NanoSIMS [2] to assess how trace elements are incorporated 
into the skeletons. 

 
[1] Oda et al. (2006) Geochemistry 40, 231-238. [2] Sano et al. 
(2005) Anal. Sci. 21, 1091-1097. 
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In protoplanetary disks, the gravitational interactions 

among planetesimals increase the eccentricities of their orbits. 
When the relative velocity between a planetesimal and the disk 
gas exceeds the speed of sound of the gas, a bow shock is 
produced. It is proposed that planetesimals perturbed by Jovian 
mean-motion resonances are the promising source of shock 
waves that form chondrules in chondritic meteorites because 
the shocks give short-time-scale heating of dust grains, which 
is appropriate for the formation of chondrules [1]. In the 
previous studies on planetesimal excitation, however, the 
velocities obtained were at most 8 kms-1 in the asteroid belt, 
which is insufficient to account for the ubiquitous existence of 
chondrules. Recently we reexamined the effect of Jovian 
resonances, taking into account the secular resonance in the 
asteroid belt caused by the gravity of the gas disk [2]. We 
found that the velocities relative to the gas disk of 
planetesimals exceed 12 kms-1 and the heating region is 
restricted to a relatively narrowband (1.5-3.5 AU). Our results 
suggest that chondrules were produced effectively in the 
asteroid region. 

 The planetesimal shocks also lead to heating of the 
planetesimal itself. Because of the strong shock heating, icy 
planetesimals with radius larger than 100 km suffers a 
significant evaporation even outside the snow line [3]. The 
evaporation reduces the mass of the planetesimal. The 
evaporation time is much shorter than the disk lifetime of 106 

yr. The evaporated vapor from the planetesimal surface 
recondenses as it cools and form a large amount of icy fine 
grains. During the evaporation, the silicate dusts are also 
expected to be released from the planetesimal surface by the 
strong flow of the disk gas. This process provides a large 
amount of chondrule precursors. The planetesimal bow shocks 
also leads to chemical reactions among evaporated molecules. 
There is a possibility that we can diagnose the shock heating 
and evaporation of icy planetesimals in the protoplanetary 
disks, using observations of lines of molecules evaporated 
from the planetesimals.  
 
[1] Weidenschilling et al. (1998), Sci. 279, 681. [2] Nagasawa 
et al. (2014) ApJL, 794:L7. [3] Tanaka et al.(2013) ApJ, 764, 
120. 
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Measurement of 238U–230Th radioactive disequilibria shows 
potential for determining eruption ages younger than ca. 0.4 
Ma. For the determination, it requires analyses of multiple 
phases by isochron methods, of which samples are assumed to 
have been homogeneous in 230Th/232Th at the time of eruption. 
Acid-leaching treatment can be useful for obtaining a wide 
range of (238U/232Th) from groundmass if no preferential 
fractionation among 238U, 232Th, and 230Th occurs during 
leaching. In this study, we assessed the presence and extent of 
preferential fractionation between 238U, 232Th, and 230Th by acid 
leaching for various types of basaltic samples (basanite, 
alkaline basalt, olivine tholeiite, and quartz tholeiite) with 
eruption ages sufficiently old (>0.5 Ma) to achieve 230Th–238U 
secular equilibria. 

Acid leaching of these samples results in 230Th–238U and 
234U–238U radioactive disequilibria for both leachates and 
residues. These radioactive disequilibria can be explained by 
redistribution of 234Th (parent of 234U) and 230Th between acid-
soluble and acid-resistant phases due to α-recoil. The number 
of 230Th atoms redistributed by α-recoil can be calculated by 
using a mass conservation equation for 234U atoms and by the 
relative amount of recoiled 230Th and 234Th, the latter 
proportional to the kinetic energy of the recoiled nuclide. 
When the fraction of daughter nuclide 234U remaining in either 
the residue or leachate, after α-recoil redistribution of 238U, is 
large enough (>95%), the corrected (230Th/238U) values of 
leachate and residue show radioactive equilibria. 

This result demonstrates that preferential fractionation 
between U and Th does not occur during acid leaching for 
basaltic samples if there is no selective etching of the α-recoil 
track. It implies that acid-leaching can be used in conjunction 
with the 238U–230Th internal isochron method for dating young 
volcanic rocks by evaluating the degree of the α-recoil 
redistribution of 234U. 
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Two spectrometric methods were used for rare earth 

elements concentration assessment of Mocs meteorite: a 
quadrupole and a high-resolution, sector field inductively 
coupled mass spectrometer, both in single detector 
configuration. Mocs meteorite REE composition data was 
determined using these methods, but also a comparison of the 
two instruments was performed. Allende meteorite reference 
material was used for method validation, together with a multi-
element standard solution for calibration purposes. Samples 
were mineralized following a custom protocol derived from the 
literature [1]: the sample was finely grounded, then treated in a 
multi-step procedure. A mix of hydrofluoric acid, nitric acid 
and perchloric acid was used to mineralize the sample, that 
was finally dissolved in nitric acid and diluted accordingly, 
before being measured directly by ICP-MS instruments. Mocs 
samples were available from Museum of Mineralogy, Babeș-
Bolyai University Cluj-Napoca and Allende meteorite 
reference sample (split 7, position 17) was provided by 
Smithsonian Institution [2]. 
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Smithsonian Contributions to the Earth Sciences; 27. 
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The two biggest δ13Ccarb positive excursions in the earth’s 

history happened in 2.2 – 2.06Ga and 800 – 550Ma. They are 
associated with Snowball Earth and Great Oxidation Event and 
breakup of Supercontinent (KenorLand/ Rodinia). The 
Ailiankate Group in the Tiekelike Block, southwestern margin 
of the Tarim Craton, China, had been deemed as a 
Paleoproterozoic stratum. In our study, 20 samples of 
carbonates (>420m strata) from the Ailiankate Group in Pishan 
area, Xinjiang, yield δ13Ccarb values ranging -1.18 – 6.21‰ (V-
PDB), and δ18O values ranging 17.04 – 20.39 ‰ (V-SMOW). 
It shows that a clear positive δ13Ccarb excursion characterize the 
Great Oxidation Events. Combined new obtained detrital 
zircon LA-ICP-MS U-Pb age (<750Ma), the obvious positive 
δ13Ccarb excursions of the Ailiankate Group validate its age 
ranging in the Neoproterozoic bracket of ca. 750 – 550 Ga. 
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Emerging contaminants (ECs) are a category of newly 

identified contaminants met partial or all properties of 
Persistent Organic Pollutants (POPs),  and thus has drawn a 
great deal of attention. Bohai Sea is one of the most polluted 
coastal water in China, and riverine discharge is the major 
source/pathway for most pollutants. In this study, water 
samples from 40 rivers around the Bohai Sea were collected in 
August, 2013. Water were filtrated through 0.7 μm glass filter 
and extracted by liquid-liquid extraction. Both particulate and 
dissolved phases were analyzed for 21 flame retardants, 17 
pesticides and 16 organophosphorus compounds.  

For chlorinated and brominated flame retardants, most 
compounds were below the detection limits, whereas 
Dechlorane Plus (DP, range: 0.25~426.8, geomean: 13.6 ng/L), 
Decabromodiphenyl ether (0.23-10456, 7.40 ng/L), Deca- 
bromodiphenyl ethane (0.04-4650, 0.72 ng/L) and anti-Cl11-
Dechlorane Plus (0.020-15.3, 0.54 ng/L) were the predominant 
compounds, and they dominantly presented in the particulate 
phase. However, most of the current-used pesticides (CUPs) 
and historical-use pesticides (HUPs) were presented in the 
dissolved phase. Dicofol (0.006-31.6, 2.4 ng/L), Endosulfan 
Sulfate (0.04-28, 2.2 ng/L) and Chlorpyrifos (0.34-30.7,  
1.7 ng/L) were the predominant CUPs. HCHs (0.32-29.3,  
2.0 ng/L) were widely detected in all rivers and β-HCH (0.17-
19.3 1.2 ng/L) was the dominant species. For OPs, the 
dominant compound was tri(1-chloro-2-propyl) phosphate 
(TCPP) (5-921ng L-1, 186 ng L-1), followed by three 
chlorinated alkyl phosphates (tri(2-choroethyl) phosphate 
(TCEP) (1.3~418 ng L-1, 88 ng L-1), triethyl phosphate 
(TEP)(BDL~350 ng L-1, 42 ng L-1), and tri-iso-butyl phosphate 
(TiBP)( 0.2~218 ng L-1, 13 ng L-1).  Combined with the 
hydrological data, the fluxes of these emerging organic 
pollutants are estimated. 
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The silicon element, only second in abundance to oxygen 
in Earth’s crust, is one of the most dominant constituents in 
silicates. However, there are many unexplained observations 
about Si isotope distributions in Earth’s surface systems (i.e., 
in soil, water or plants) (Opfergelt and Delmelle, 2012). For 
example, the deduced Si isotope equilibrium fractionation 
factors by Rayleigh model at ambient temperature between 
clay and the solution Δ30Siclay-solution = -1.5 ‰ (Georg et al., 
2007) and -2.05‰ (Hughes et al., 2013) obviously disagree 
with common sense, which dictates that stiffer chemical bonds 
will enrich heavier isotopes, i.e., the precipitated minerals will 
preferentially incorporate heavy isotopes relative to aqueous 
H4SiO4 due to their shorter Si-O bonds. Another similar case 
is the fractionation between quartz and solution. Most field 
observations suggested that solution will be enriched with 
heavier Si isotope compared to quartz (e.g., Douthitt, 1982; 
Basile-Doelsch et al., 2005), conflicting to the fact that quartz 
is the one with much shorter Si-O bonds than aqueous H4SiO4 
(ca. 1.610Å vs. 1.639Å).  

 Those strange Si isotope behaviors can be explained by 
knowing basic Si isotope fractionation parameters related to 
equilibrium and kinetic processes of Si cycling in surface 
systems. This study will focuse on providing the most 
important Si kinetic isotope fractionation (KIE) factors 
associated with the formation of amorphous quartz and other 
secondary minerals in hydrolysis, polymerization, co-
precipitation and adsorption processes. Previous studies (e.g., 
Geilert et al., 2014) probably could not distinguish the above 
processes and assigned their net fractionation results to a single 
cause. The lacking of Si KIE factor has limited further 
investigation of Si isotope distributions at surface systems. For 
natural Si weathering processes, hydrolysis, polymerization, 
co-precipitation and adsorption processes are happened 
simultaneously in one system. Therefore, without the 
knowledge of KIE of these coupled or competing pathways, 
we cannot quantitatively evaluate the net Si isotope 
fractionation during such complicated process and cannot 
discover the dominant driving forces of isotope fractionation. 
With the basic KIE factors provided here, Si isotope method 
can be significantly improved for the investigation of Si 
isotope variations in natural environments. 
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The bulk continental crust has a negative Eu anomaly 
based on observations of crustal samples[1,2]. Such Eu depletion 
in the crust likely results from lower crustal recycling. Based 
on the observed positive Eu anomalies in primitive mid-ocean 
ridge basalts (MORB) from the East Pacific Rise, Niu and 
O’Hara[3] suggested that the MORB mantle may host the Eu 
that is missing from the continental crust. 

We determined high precision Eu/Eu* for 72 primitive 
MORB glasses (MgO > 8.5%) from the Pacific, Indian and 
Atlantic mid-ocean ridges. The mean Eu/Eu* of 46 MORB 
glasses with MgO ≥ 9 wt.% is 1.025 ± 0.025 (2 σm), thus the 
upper mantle, as sampled by MORB, is unlikely to possess a 
positive Eu anomaly that compensates the Eu deficit in the 
continental crust. Primitive MORB samples show both positive 
and negative Eu anomalies, with no correlation between 
Eu/Eu* and MgO contents. Modeling Sm-Eu-Gd fractionation 
during spinel peridotite partial melting suggests that the weak 
positive and negative Eu anomalies seen in primitive MORBs 
may result from greater incompatibility and faster diffusivity 
of Eu (II) relative to Sm and Gd during generation of early vs. 
late melt fractions, respectively.  

The MORB source mantle and continental crust do not 
appear to be complementary reservoirs with respect to Eu, and 
a third reservoir is required for mass balance in the bulk 
silicate Earth. The mantle source of ocean island basalts (OIB) 
may contain recycled lower continental crust as suggested by 
(1) significant positive Eu anomalies in the bulk primitive OIB 
samples, and (2) an anti-correlation between Eu/Eu* and 
206Pb/204Pb for OIB locality averages.  These observations 
suggest a dynamically unstable, dense lower continental crust 
that founders to the bottom of the mantle. 

 
[1] Rudnick and Gao (2014) in: Holland, H.D., Turekian, 

K.K. (Eds.), Treatise on Geochemistry (Second Edition). 
Elsevier, Oxford, pp. 1-51 [2] Tang et al (under review in 
Geology) [3] Niu and O’Hara (2009) Lithos 112, 1-17 
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There has been extensive debate about Proterozoic marine 
redox evolution over the past two decades. The Animikie 
Basin in the Lake Superior region has played a central role in 
shaping in this conversation. To further develop our 
understanding of the Animike basin and of Proterozoic redox 
evolution, we carried out a multi-proxy geochemical and 
isotopic study of previously unanalyzed drill cores from the 
Stambaugh Formation in the Iron River-Crystal Falls district of 
Upper Michigan. Based on previous tectonic reconstructions 
and sedimentary models, this district contains the deepest 
water facies of the Animikie Basin. Within the Stambaugh, we 
have identified highly variable redox conditions—including 
ferruginous, euxinic, and at least short-lived suboxic and oxic 
marine conditions. Mineralogy and trace and major element 
evidence supports deposition under ferruginous conditions 
while coupled Mn enrichments and Mo isotope values provide 
evidence for suboxic to oxic conditions. We propose that this 
large redox variability is characteristic of the Proterozoic 
oceans broadly, and that these oceans lacked a strong redox 
buffer, in contrasts with very iron-rich Archean oceans and 
very oxygen-rich Phanerozoic oceans. The hallmark of 
Proterozoic oceans thus may not be a single redox structure, 
but instead short-term redox variability and the lack of a strong 
redox buffer.  
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After the Industrial Revolution, various heavy metal 
elements have been emitted to the environment via 
atmosphere. Our group has been investigated to reconstruct 
temporal and special emission profiles of heavy elements in 
the Western Pacific region (e.g. [1]). There are many 
developing countries in this region, but the environmental 
impact of heavy metal emission has not been quantitatively 
evaluated.  Here, we estimate historical heavy element 
emission recorded in the Western Pacific from a peat-rich pond 
in Hokkaido, Japan. The pond is located in a very remote area 
(the most northwest part of Japan).  Therefore from natural 
source dominant background information to anthropogenic 
input increase can be evaluated.  

Core samples were collected from Otadomari, Rishiri-
Island in Hokkaido. Sliced and dried samples were powdered 
and then heavy element concentrations and their isotope ratios 
were determined by ICP-MS after appropriate chemical 
purification. 

From 210Pb dating, the core sample records several hundred 
years’ historical input of heavy metals, from well before the 
Industrial Revolution. Their Pb isotopic data shows 
anthropogenic Pb input increases after the middle of 18th 
century. Their Pb isotopic trend was shifted from the Pb 
isotopic value of background volcanic ash from the active 
volcano in the island, to the recent Japanese anthropogenic Pb 
isotope ratios. In the presentation, we will show the 
concentration and isotopic trend of other heavy elements, and 
their mutual trend will be compared. 

 
[1] M. Inoue and M. Tanimizu, Sci. Total Environ., 406, 123-
130 (2008).  
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The role of Saharan Air Layer (SAL), characterized by an 
extremely hot, dry and dust-laden layer of the atmosphere, in 
tropical storm formation and intensification remains an open 
scientific question. The Hurricane and Severe Storm Sentinel 
(HS3) mission is designed to address the question through the 
substantial measurements over three hurricane seasons using 
two Global Hawks unmanned aircrafts that are equipped with a 
set of instruments geared toward environmental measurements 
and understandings of storm inner-core structure and 
processes. The National Aeronautics and Space Administration 
(NASA) Unified WRF (NU-WRF) is an observational driven 
regional modeling system that represents chemistry, aerosol, 
cloud, precipitation and land processes at satellite-resolved 
spatial scales. The Goddard Chemistry Aerosol Radiation and 
Transport (GOCART) module has fully been coupled with the 
Goddard microphysics and radiation schemes in NU-WRF that 
allows investigations of the direct and indirect aerosol effects 
in the climate/weather system. The NU-WRF has been 
employed to simulate a SAL event during the HS3 campaign 
period (August 24 and 25, 2013) to probe the role of dust 
aerosols in tropical storm development. This presentation will 
compare the simulation results to the HS3 measurements, and 
discuss the linkage between Saharan dust and tropical storm 
over the Atlantic Ocean. 
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Kimberlite and carbonatite magmas intruding cratonic 
lithosphere are considered the deepest probes into Earth’s 
mantle. In this setting their co-existence is commonly 
interpreted to represent a primary melting sequence of 
carbonated peridotite at >150 km depths, possibly as deep as 
the transition zone. The carbon involved in this magmatism is 
thought to be either of primordial origin or derived from 
recycled oceanic crust. 

To better understand carbon fluxes beneath cratons and 
their role in the deep carbon cycle, we have studied kimberlite 
dyke swarms and associated carbonatite intrusions of the North 
Atlantic craton in West Greenland. Our new Nd-Hf-Pb isotope 
data suggest that both magma types were derived from a 
common convective upper mantle source. Moreover, the 
absence of hallmark recycled oceanic crust signatures such as 
highly radiogenic Pb and decoupled Nd-Hf isotope systematics 
are indicative of a primordial mantle origin of the carbon 
involved in Greenland kimberlite and carbonatite magmatism. 
Based on phase relationships and geochemistry, including 
carbon isotopes, we identify Greenland kimberlites as near-
primary melts (-6 to -4‰ δ13C). The intrusive carbonatites (-4 
to -2‰ δ13C), however, represent mixtures of cumulus crystals 
and liquid. The kimberlites and carbonatites appear to be 
linked by a two-stage fractionation process that commenced at 
uppermost mantle depths. First, liquidus olivine+phlogopite 
were removed from kimberlitic carbonate-silicate melts at 
high-T, leading to residual carbonate-rich melt fractions. 
Second, upon continued ascent into the cratonic crust and 
cooling, these carbonate-rich melts precipitated 
calcite+dolomite along with minor olivine+magnetite. 
Rayleigh carbon isotope fractionation modelling suggests that 
70-to-90 vol% of mantle-derived carbonate involved in this 
deep magmatism is now captured in the intrusive carbonatite 
bodies. Thus, it appears that CO2 outgassing associated with 
kimberlite and carbonatite magmatic activity is volumetrically 
insignificant compared to global basaltic magmatism, and that 
carbonatite intrusions represent a major cache of primordial 
mantle carbon. 
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The timing and duration of volatile exsolution repsonsible 

for porphyry-style copper mineralisation are ultimately 
controlled by the dynamics within the long-lived magmatic 
systems that supply the metals and ore-forming fluids. Volatile 
saturation occurs in response to changes in pressure, 
temperature and crystallinity of the source magma. We 
examine the temporally constrained relationships between 
mineralisation and magma dynamics at depth in one of the 
world’s youngest exposed porphyry systems, the Koloula 
Poprhyry Prospect, Solomon Islands.  

Geological relationships and high precision ID-TIMS U-Pb 
zircon dating constrain assembly of the shallow level pluton to 
<150 kyr. Mineralising poprhyry intrusions followed within ca. 
50 kyr. Discrete mineralising intrusive events are separated by 
34 ± 24 kyr, also constraining the duration of the first, ore-
forming hydrothermal event. Dates define both protracted 
zircon crystallisation at depth and rapid recycling to the crustal 
level of porphyries.  

We apply a multifaceted approach combining: textural 
analysis of zircons; U-Pb geochronology; Ti-in zircon 
thermometry; and geochemical modelling of zircon dissolution 
rates and magma crystallinity-temperature relationships for 
suitable approximations of conditions in the underlying 
plutonic system. Results show that magmas resided in a highly 
crystallised (>50%), volatile saturated, immobile state for 
extended periods at depth preceeding porphyry formation. 
Liberated mobile melt fractions that transported the requisite 
components for mineralisation to shallow levels were transient, 
existing for <10–20 kyr. 

Intrusion of andesitic magmatism under the highly 
crystallised silicic pluton provided the energy for thermal 
rejuvenation. Porphyry formation was likely promoted by 
rejuvenation following the addition and percolation of hot 
volatiles, during low fluxes of andesitic magma; rather than 
extensive magma mixing, which occurred during high fluxes.  
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Magma generation beneath intracontinental basaltic 
volcanic fields have been thought to be a simple process 
involving a single, homogeneous source and distinct melting 
degrees. During the last decade however it became clear that 
complex melting, mixing and fractionation processes may take 
place during the genesis of intracontinental basaltic magmas 
[1]. This implies that single melting models may not be 
appropriate to explain the genesis of such magmas. 

We suggest that a melting column model assuming step-
by-step dynamic melting would be a good estimation of how 
mantle melts in intracontinental settings. This model makes it 
possible to assume source heterogeneities, mainly caused by 
eclogite/pyroxenites formed from subducted oceanic crust. 

If the shallowest part of the melting column reaches the 
stability of spinel instead of garnet, then lithospheric thickness 
can be estimated by the means of trace element geochemistry. 
As the lithosphere becomes thinner, the garnet signature of the 
basalts decrease, which can be quantified by a step melting 
column model. The spinel-garnet transition takes place at  
~2,5 GPa at 1350-1400 °C [2], which limits the determination 
of lithospheric thickness to melting columns with pf values 
between ~2,8-2,2 GPa. To reduce the effect of arbitrariness 
during parameterization (mainly source concentration), inverse 
modelling can be carried out to estimate the melting degree 
and the concentrations of trace elements in the source. For 
inversion, we used source concentration ratio method for non-
modal dynamic melting. 

To test our model, we calculated lithospheric thicknesses 
for four Neogene-Quarternary basaltic volcanic fields from the 
Pannonian Basin, East Central Europe. Our results indicate a 
slightly thicker lithosphere compared to previous, major 
element based calculations [3]. 

 
[1] McGee et al. (2013) J. Petrol. 54, 2125-2153. [2] Klemme 
& O’Neill (2000), CMP 138 237– 248. [3] Harangi et al. 
(2014), Int J Earth Sci., DOI 10.1007/s00531-014-1105-7. 
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High-enthalpy geothermal systems and epithermal Au 

deposits are genetically linked to active volcanism and shallow 
magmatic reservoirs, overlying hydrothermal circulation cells, 
and structural meshes that permit vertical migration of fluids. 
In the Andean Cordillera of Southern Chile (37-46ºS), the 
volcanic and hydrothermal activity is controlled by the  
1,200 km long NNE-trending intra-arc dextral strike-slip fault 
Liquiñe-Ofqui Fault System (LOFS), with second-order intra-
arc anisotropies of overall NE-SW (extensional) and NW-SE 
(compressional) orientation. Although it has been recognized 
that volcanism in this segment is controlled by the regional-
scale tectonic stress field, the structural controls on magma 
degassing and metal fluxing remains poorly constrained. 
Furthermore, this segment is characterized by a relative 
paucity of occurrence of hydrothermal ore deposits, compared 
with the northern and central part of the Chilean Andes (~19-
34ºS).  

The goal of the study is to test the structural and tectonic 
controls on the source and transport of volatile components, 
noble and base metals and metalloids in geothermal fluids 
from active systems along this segment. For this purpose, we 
coupled the major and trace element geochemical data of 
goethermal fuids and volcanic fumarole condensates with 
isotopic ratios of noble gases (He, Ar) and stable isotopes of C 
and N isotopes of 25 thermal manifestations occurring along 
extensional and compressional structures of the LOFS.  

The helium isotopic ratios, defined as R/Ra, range between 
3.5 and 7.5 in the studied segment. Concentrations of Cu, As, 
Zn and Pd are significant in thermal springs along NWN-
oriented systems (8.5 ppb, 3900 ppb, 210 ppb and 2 ppb 
respectively), showing that, increased metal budgets in this 
segment correlate with structures that also control the 
occurrence of high-enthalpgy geothermal reservoirs.  
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Fluoride complexes are difficult to study by traditional 
solubility method, because many elements are not form solid 
fluorides , or they are easy hydrolyzed. So, we developed a 
method to study the stability of fluoride complexes of metals 
and metalloids, based on increasing the fluorite solubility with 
the addition of these elements in the system. Experimental 
study of fluorite solubility in acidic solutions in the system 
CaF2-HCl-HF-H2O gave good agreement with the 
thermodynamic calculations to 250°C. This method was 
applied to study fluoride complexes of the third group 
elements: Ga, B. Fluoride complexes of this elements was 
research only at low temperature. Gallium fluoride complexes 
was researched [1] at 20°C and boron fluoride complexes was 
researched at 25-80°C [2]. Adding of gallium and boron in the 
solution increases the solubility of fluorite, wich can be 
determine by weight loss method. Fluorite solubility was 
researched in acid solutions with variable concentrations of 
B(OH)3 to study the stability of boron fluoride complexes. 
Stability of gallium fluoride complexes was researched in the 
same way using Ga(ClO4)3. Program OptimA was used for 
calculating the Gibbs free energies from the experimental data 
[3]. pK values of the reactions (1), (2) for GaF2

+ at 88, 155, 
200, 250°С are 10.06±0.1, 17.09±0.1  19.29±0.1  and for 
B(OH)F3

-  at 80, 155, 210°С are 13.6±0.02, 13.99±0.02, 
15.00±0.03, respectively. 

 
GaF2

+ = Ga3+  + 2F-     (1) 
B(OH)F3

-  + 2H2O = B(OH)º3 +3F- + 2H+ (2) 
 
This work was supported by RFBR projects 12-05-00957, 

15-05-08110. 
 

[1] Kleiner, K.E., Gridchina, G.I., (1960) Russian Journal of 
Inorganic Chemistry 5, 96–99 [2] Ryss, I.G, Chemistry of 
fluorine and its inorganic compounds. Moscow, Goschimizdat, 
(1956) (In Russian) [3] Shvarov, Yu.V. (2015). Appl. 
Geochem. 55, 17-27. 
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Peralkaline to nearly peralkaline welded pyroclastic rocks 
usually displays prominent basal vithophiric facies and 
evidence of early postdepositional rheomorphism. This 
question, important for correct understanding of these types of 
pyroclastic volcanic rocks, is poorly constrained in terms of 
viscosity and evolving of rheomorphism during loss of fluids 
during cooling. A well-known unit, the Nuraxi formation of 
Sulcis [1] in SW Sardinia island has been carefully sampled 
and physically and chemically studied (XRF major element 
chemistry, EMPA mineral chemistry, TDA-TG, environmental 
SEM-EDS-FEI, gravimetric density). Also, since 
devetrification early encompasses cooling (as in the sequence 
defined in [2]) , XRD mineralogy of matrix was studied. 
Finally, Hot-Stage Microscopy (HSM) has been used to study 
the behavior of microcores of rock and synthetic glass 
cylinders obtained by melting of previously powdered rock. 
The experimental results have been compared with the 
theoretical ones defined by the model of [3]. Analyses on dry 
materials determined that deformation started well over 
1100ºC (higher than expected natural temperatures of rhyolitic 
flows). An amount around 1-2 wt% of water would reduce 
viscosity under 108 Pa·s inside the 700 - 850ºC range, thus 
enabling the rhyolitic glass to flow. Also, the macroscopical 
features of this unit agree with devetrification and chemo-
mineralogical patterns. 
 
[1] Gimeno, D. et al 2003. Journal of Non Crystalline Solids, 
323 (1-3) pp: 91-96. [2] Gimeno, D. Journal of Non 
Crystalline Solids, 323 (1-3) pp: 84-90. [3] Giordano,D. et al 
2008. Earth and Planetary Science Letters, 271, 121-134. 
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The isotopic composition of tracers such as O and Si in 
sedimentary rocks have been used as proxies to reconstruct 
oceanic temperature throughout the Earth’s history. However, 
great controversies still remain, notably regarding possible 
variations of the isotopic composition of the ocean through 
time, or the preservation of isotopic signatures after deposition 
of sedimentary rocks [1-4]. Direct O isotope measurements of 
kerogens preserved in Archean cherts have the potential to 
provide crucial pieces of information to this ongoing debate. 
However, such in situ analyses have been hampered by the 
lack of standards to correct for instrumental mass fractionation 
(IMF) inherent to ion probe analysis. 

We have set up a protocol to perform such measurements. 
Analyses were carried out with the Cameca ims-1280 HR ion 
probe using a ~10 nA Cs+ beam. Isotopes of 16O and 18O were 
first collected in multicollection, followed by 12C1H, 16O, 28Si, 
32S and 56Fe16O in order to identify contamination by residual 
silica, sulfurs, chromites or Fe-oxides. The Blind Canyon coal, 
which contains 80.7 wt.% C, 5.8 wt.% H, 11.6 wt.% O and less 
than 5 wt.% ash (http://web.anl.gov/PCS/), and for which δ18O 
has been measured by fluorination, was used as our primary 
standard. Repeated ion probe analyses yielded homogeneous 
δ18O values that corresponded to an IMF of ~33 ± 1.3‰ (2SE, 
n = 28). Once corrected for IMF, analyses of a coal from the 
Blanzy basin (France) and of Baltic amber (both used as δ13C 
standards [5]) yielded δ18O values of 10.1 ± 1.1‰ (2SE, n = 5) 
and 13.9 ± 0.6‰ (2SE, n = 3), respectively, which are typical 
of δ18O values measured in these types of materials [6-7]. 
Kerogens extracted from 45 Myr to 3.4 Gyr old cherts have the 
potential to record evolution of the O isotope composition of 
seawater through geological time. The results of their ongoing 
analysis will be presented at the meeting. 

 
Acknowledgments: This research is supported by the ERC 

Grant No. 290861 – PaleoNanoLife. 
 

[1] Knauth & Lowe (1978) EPSL 41, 209-222. [2] Kasting et 
al. (2006) EPSL 252, 82-93 [3] Robert & Chaussidon (2006) 
Nature 443, 969-972. [4] Jaffres et al. (2007) Earth Sci. Rev. 
83, 83-122. [5] Sangély et al. (2005) Chem. Geol. 223, 179-
195. [6] Smith et al. (1982) Org. Geochem. 3, 111-131. [7] 
Nissenbaum et al. (2005) Naturwissenschaften 92, 26-29. 
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The serpentinized source and extractability of heavy metals 

in a tropical climate has been investigated from four 
serpentinized-ultramafic massifs in Peninsular Malaysia. 
Petrographic observations confirmed serpentine with primary 
mineral trails and a predominance of opaque minerals in all 
samples. Mineralogical studies by X-ray diffraction analysis 
confirmed Cr-spinel, chromite, magnetite and clinochlore. X-
ray fluorescence revealed < 45% SiO2 and low CaO and 
Al2O3 contents. All serpentinite rocks yielded significant 
geochemical quantities of chromium, nickel and cobalt. 
Similarly, 15 serpentinite derived soils yielded exceptional 
enrichments of Cr, Ni and Co, concentrated 72, 17 and 21 
times that of global soil averages respectively, and 120, 15 and 
21 times Malaysian soil reference values for heavy metals 
respectively. Hence, the soils may be classified as heavily 
contaminated by ANZECC/NHMRC [1] and G.L.C guidelines 
[2]. Nevertheless, despite  expectations, surface fluvial waters 
flowing over extensive serpentinite massifs contained low 
levels of these metals, indicating very minimal influence of 
regional mafic geology on flowing surface water metal quality, 
in unspeciated metal terms. Mineralogical findings from soil 
division by modified seven steps selective sequential 
extraction [3], yielded insights to speciation, and explained the 
strong association of Cr, Ni and Co with resistant mineral-
bearing phases in these soils. Results are discussed in terms of 
variability between metals and potentially higher ingress in 
seep verses fluvial waters. 

Figure 1. The line charts of extracted cobalt from 7 
fractions of two serpentine soil samples  
 
[1] ANZECC/NHMRC. (1992). [2] Great London Council. 
(2001). [3] Silveira, M.L. et al. (2006) Chemosphere 64 (11): 
1929-1938. 
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The oxygen content of the world’s deep ocean basins 
increased significantly in the Late Neoproterozoic (e.g. [1]). 
The trigger of this fundamental change in sea water redox state 
[2], and its link to animal evolution [3], are subject to 
competing hypotheses. A common view holds that atmospheric 
oxygen initially built up through increased supply by 
photosynthesis accompanied by decreased rates of organic 
carbon oxidation (e.g. [4]). The alternative view suggests that 
the ocean was oxygenated through the introduction of ‘filter-
feeding’ by sponges [2] [5] which reduced levels of dissolved 
and fine particulate organic matter.  

In the well-preserved cherts and siliceous shales from the 
Ediacaran-Cambrian Lijiatuo section (South China) we used 
stable isotopes of silicon to distinguish between inorganic and 
biogenic Si precipitation in chert. The results indicate that the 
abundance of sponges increased over the Precambrian-
Cambrian boundary. Cerium anomalies and the concentrations 
of phosphorus and barium further reveal that ocean 
oxygenation occurred simultaneously. The potential 
widespread colonisation of the continental slopes by siliceous 
sponges thus exhibit that ‘ecosystem engineering’ by sponges 
led to rising oxygen concentrations in deeper ocean basins and 
as a consequence to the foundation of the Phanerozoic marine 
ecosystem. 

 
[1] Scott, C. et al. (2008), Nature 452, 456–459. [2] Lenton, T. 
M. et al. (2014), Nat. Geosci. 7, 257–265. [3] Mills, D.B. & 
Canfield, D.E. (2014), BioEssays 36, 1145–1155. [4] Des 
Marais, D.J. et al. (1992), Nature 359, 605–609. [5] Erwin, 
D.H. & Tweedt, S. (2012), Evol. Ecol. 26, 417–433.  
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Zeolites nucleation understanding has been blurred by the 
successful usage of gel synthesis. Though since about 40 years 
zeolites have been known to be synthesized from homogenous 
liquids. The industrial successes of gel synthesis of ZSM-5 and 
silicalite has inhibited research of zeolites from full 
homogenous liquids.  

Recently, hydrated silicates ionic liquids (HSIL) have been 
used to synthesize zeolites.[1] They are hyperbasic media, with 
a number of water limited to coordination of ions.  

With such silicated systems all stages of nucleation occur 
in very slow motion. Therefore, crystallization of  zeolites can 
be investigated with all the tools related to homogeneous 
liquids. NMR has been successfully used to monitor all the 
steps of silicalite from sols.  

In this presentation, a general model of nucleation will be 
exposed, unifying zeolite crystallization with all other 
nucleation schemes, from organic molecules to proteins and 
other inorganic crystals. Zeolites from HSIL and from sols 
allow to unfold, in slow motion all stages of nucleation. At 
crystallization formation of an anisotropic lattice of connecting 
interactions, generally called bonds, is differentiated. Such 
differentiation between weak bonds and strong bonds allows to 
unify molecular and covalent crystallization schemes. The 
timing of each stage leads to move continuously from classical 
nucleation theory to two-step nucleation schemes. 
 
[1] Van Tendeloo L, Haouas M, Martens JA, Kirschhock CEA, 
Breynaert E, Taulelle F: Zeolite synthesis in hydrated silicate ionic 
liquids. Faraday Discussions 2015, DOI 10.1039/C4FD00234B. [2] 
Petry DP, Haouas M, Wong SCC, Aerts A, Kirschhock CEA, Martens 
JA, Gaskell SJ, Anderson MW, Taulelle F: Connectivity Analysis of 
the Clear Sol Precursor of Silicalite: Are Nanoparticles 
Aggregated Oligomers or Silica Particles? J Phys Chem C 2009, 
113:20827–20836. 
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Since the pioneering work of G. Rossman and D. Bell in 

the late 80s [e.g., 1], on OH in Nominally Anhydrous Minerals 
(NAMs) from the mantle, the ‘water budget’ and distribution 
within the Earth’s interior has become a major topic for debate.   
Eclogite and peridotite mantle xenoliths derived from 
kimberlites, are the host rocks for diamonds, and are composed 
of similar minerals to those identified as inclusions within 
diamonds; but the important question remains; are the 
diamond-forming fluids also responsible for the crystallization 
of the diverse suite of mineral inclusions within the diamonds - 
are they syngenetic?  Even the use of diamondiferous eclogites 
[2], with different ages between the host versus the secondary 
diamonds [3-4], presents ambiguities.  However, the mineral 
inclusions in diamonds, olivine, pyroxene, and garnet, are the 
best representatives of the upper-mantle, and their volatile 
contents shed light on the long-held assumption of syngenesis 
between diamonds and their inclusions. We present a detailed 
data-set on water contents for a chemically diverse set of 
mineral inclusions in diamonds from the Siberian Craton.  This 
study was reinforced by recent detection of water in ultra-deep 
ringwoodite diamond inclusions (DIs) [5]. Preliminary results 
demonstrate that based on partition coefficients for carbonatitic 
melts, an olivine in equilibrium with this melt should have  
~50 ppm water, in direct contrast to the <1 to 25 ppm water 
measured in olivine DIs from Komsomolskaya and  
Sytykanskaya kimberlites.  This inconsistency suggests that 
either the inclusions formed from a different liquid/fluid 
composition, or the inclusions were not in equilibrium with a 
carbonatitic diamond-forming liquid.  In summary, 
hydrophilic-element contents of DIs are currently poorly 
constrained and demonstrate that olivine DIs from the SCLM 
may contain low-water contents compared to DIs in the deeper 
mantle.  Such results have the potential for a significant break-
through in understanding the origin of diamonds.  
 
[1] Bell, D. & G.Rossman, (1992) Science 55; [2] Snyder et al. 
(1995) Amer. Mineral. 80; [3] Taylor et al. (2000) Inter. Geol. 
Rev. 42; [4] Taylor et al. (2003) Amer. Mineral 88; [5] Pearson 
et al. (2014) Nature 507. 
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For 15 years rare earth element (REE) partitioning between 
zircon and garnet has facilitated the coupling of U–Pb ages to 
metamorphism, particularly in the granulite facies. The 
combination of in situ analysis and rapid data acquisition, 
particularly through combined techniques such as laser 
ablation split stream (LASS), means that complex terranes can 
be interrogated with increasing detail. However this detail 
provided by large datasets must also be combined with an 
understanding of the processes involved, for example the 
relative mobility of the REE, Ti, U and Pb within zircon grains 
that have withstood intense P–T conditions to varying degrees. 
Care must also be taken in identifying open system conditions, 
for example the presence or passage of partial melts that result 
in non-equilibrium, or very localised equilibrium, between the 
phases of interest. 

Visualisation of REE partition coefficients (DREE) becomes 
more complex with large datasets particularly when dealing 
with variably recrystallised zircon grains or multiple 
generations of garnet. Simple methods of visualising the 
important partitioning parameters enable direct links to be 
made between experimental and empirical datasets, and can 
possibly be used as thermometers for zircon growth and for the 
identification of thermal peaks. 

Investigation of DREE values in both long-lived high grade 
terranes (e.g. S. India), and complex polymetamorphic terranes 
(e.g. Enderby Land, E. Antarctica) provides an insight into 
how partitioning information can be interrogated consistently 
even when dealing with issues such as variably recrystallised 
zircon and melt migration. 
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One approach to limit the transport of uranium is to reduce 
U(VI)aq to U(IV)O2(s) with the common natural reductant 
Fe(II). The abiotic reduction of U(VI) by Fe(II) (in an anoxic, 
neutral pH environment) has been shown to be kinetically 
inhibited in the absence of a solid substrate. Mineral surfaces, 
such as those of schoepite [1] and iron oxides, catalyze U(VI) 
reduction by Fe(II) [2]. However these surface-mediated redox 
processes are not well understood. 

The reduction of U(VI) by Fe(II) in suspensions with 
isostructural semiconducting Fe- and insulating Al-
(oxyhydr)oxides was specifically investigated to understand 
the effect of the electronic properties of the minerals on their 
catalytic efficiency. A combination of experiments with 
quantum-mechanical atomistic modeling including kinetic 
Marcus theory was applied to characterize the structure, 
thermodynamics, and reaction mechanisms between 
actinide/metal complexes and  mineral surfaces. Experimental 
results continue to show that U(VI) reduction to U(IV)/U(V) 
by Fe(II) is catalyzed in the presence solids. The catalytic 
abilities of the isostructural Fe- and Al-(oxyhydr)oxide 
substrates differ; U(VI) reduction by Fe(II) is more than ten 
times faster in the presence of semiconducting Fe (hydr)oxides 
than in the presence of insulating Al (hydr)oxides. Ab initio 
calculations on periodic surfaces show the semiconducting Fe 
oxide surface offers charge-transfer pathways, where the 
mineral acts as a medium through which electrons can be 
moved through, that can significantly contribute to the Fe 
oxides’ enhanced catalytic abilities.  

Previously, there have been little to no quantitative data on 
the thermodynamics and kinetics of redox reactions in the 
presence of insulating and semiconducting surfaces. To 
describe the kinetics of mineral-catalyzed redox reactions ab 
initio electron transfer calculations are being applied for the 
first time to these ternary, coadsorbed systems. This alternative 
method provides significant insight into the kinetics and 
thermodynamics for charge-transfer pathways on mineral 
surfaces influencing the migration of radionuclides/metals.  
 
[1] Taylor et al. (2015) GCA 156, 154-172. [2] Liger et al. 
(1999) GCA 63, 2939-2955. 
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The formation of new crust at mid-ocean ridges is the 

foundation step of plate tectonics and the major mechanism for 
the transfer of heat and mass from the interior of Earth. The 
intrusion of magmas into the ocean crust leads to hydrothermal 
circulation and the consequent seawater-basalt exchanges 
provide important controls on the composition of seawater. 
Thermal, chemical and biological exchanges occur over a 
range of temperatures and may continue for the lifetime of the 
ocean crust until the lithosphere is returned to the mantle by 
subduction. However, the location and extent of hydrothermal 
exchanges remain poorly understood, partly because of a lack 
of detailed knowledge of the magmatic processes that construct 
new crust. Deep ocean drilling is imperative to ground-truth 
remote geophysical observations, numerical models, and 
concepts of developed from ophiolites. 

Ocean Drilling Program Hole 1256D is the first borehole 
prepared for deep drilling of igneous rocks, and the only hole 
to sample an intact section down to gabbros of upper oceanic 
crust formed at a fast spreading rate. Site 1256 resides on 
Cocos crust formed 15 million years-ago during an episode of 
superfast spreading (>200 mm/yr) of the East Pacific Rise. 
Drilling at Site 1256 successfully tested predictions from 
multi-channel seismic experiments at active ocean ridges that 
the depths to magma chambers decrease with spreading rate. 
Beneath 250 m of sediments, Hole 1256D samples ~800 m of 
lavas, ~350 m of sheeted dikes, the lowermost ~90 m 
recrystallized to granoblastic textures, and a >115 m-thick 
dike-gabbro transition zone of gabbro sills intruded into 
recrystallized dikes. Detailed petrology and geochemistry 
coupled with wireline logging reveal multiple phases of 
magmatic and hydrothermal activity during the accretion of the 
Site 1256 crust and its movement onto the ridge flank. 
Hydrothermal fluids were channeled along igneous boundaries 
such as flow margins or intrusive contacts However, estimated 
hydrothermal fluid fluxes are insufficient to extract sufficent 
heat to solidify the lower crust at Site 1256. Hole 1256D is 
open to its full depth and awaiting deepening into the cumulate 
gabbros. 
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We present results from a textural and geochemical study 

conducted on hypoabissal rocks belonging to the Capo 
Marargiu Volcanic District (CMVD; Sardinia, Italy). These 
calcalkaline rocks represent the shallow crystallization region 
(∼200 MPa) of a volcanic edifice built up during the Oligo-
Miocene subduction-related magmatism of Sardinia.  

The stratigraphy of CMVD consists of: (i) andesitic domes, 
(ii) andesitic lava flows, domes, dikes, and (iii) welded 
ignimbrites. The andesitic domes at the base of the 
stratigraphic sequence are intruded by metre-sized dikes of 
“low porphyritic basalts” (LPB; ∼20 vol.%  of phenocrysts) 
that, in turn host decimetre-sized enclaves of “high porphyritic 
basalts” (HPB; ∼50 vol.% of phenocrysts)  

HPB and LPB exhibit phase assemblages of Plg + Cpx + 
Amph + Mt + Ol and Plg + Cpx + Mt ± Amph ± Ol, 
respectively. HPB also show Mg-rich compositions (∼10 wt.% 
MgO) with respect to LPB (∼5 wt.% MgO). In general, 
clinopyroxene phenocrysts are normally zoned, with Mg#90-70. 
Plagioclase shows An96-50 core-to-rim compositions. 
Amphibole megacrysts (up to 2 cm in length) of Mg-
hastingsite have oxidized reaction rims. Olivine is replaced by 
secondary hydrous minerals due to the exsolution of volatiles 
at the final stage of crystallization.  

Results from mineral-melt equilibrium modelling suggest 
that HPB formed during the solidification of an ascending 
primitive magma (Mg#57) and testify to the early evolutionary 
stage of a dome-forming process before the extrusion of more 
differentiated andesitic-to-dacitic products.  
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The 2.76 Ga old Mount Roe Basalt paleosols (MR#1 and 

MR#2), recognized within the Fortescue Group, Western 
Australia, represent some of the oldest certified examples of 
Archean paleoweathering profiles. The loss of Fe in these 
reference paleosols has been considered as strong evidence for 
low oxygen in the Late Archean atmosphere. However, the 
robustness of such interpretations suffers both from the 
scarcity of paleosol exposures and the superposition of post-
weathering alteration over primary soil profiles. Here we 
report new exposures of the MR#1 paleosol as well as a 
number of new basalt-derived paleosol occurrences distributed 
in the Mount Roe Basalt and the 2.73 Ga old Kylena 
Formations of the Fortescue Group. We show that all these 
paleosols were strongly affected by post-weathering reductive 
alteration that resulted in significant depletion of iron. 
Particular care is therefore required when bulk chemical 
profiles of iron in such paleosols are used as atmospheric 
paleobarometers. In contrast, the detailed characterization of 
mineral assemblages is critical to discriminate between 
pedogenic and post-weathering processes. We discovered early 
lithologic units, locally preserved within the hydrothermally-
altered paleosols, with distinct chemical and mineralogic 
compositions: (i) 13C-depleted carbonaceous-rich, diaspore - 
pyrophyllite boudins likely inherited from the bauxitisation of 
the parent basalt and (ii) Fe-sericite associated with authigenic 
sphene and containing early relics of sulfate-bearing iron-rich 
smectite or berthierine. We argue that smectite relics constitute 
a part of the primary pedogenic mineral assemblage formed in 
the presence of significant atmospheric oxygen, while 
berthierine and sphene formed during diagenesis through the 
circulation of reductive fluids. 
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The Mineiro belt is dominated by diachronic variation of 
granitoid rocks akin to accretionary arcs (2.36-2.00 Ga). We 
present new and compiled data (U-Pb-Hf zircon, Nd-Sr and 
geochemistry) for the Ritápolis batholith (RB) compared to the 
Alto Maranhão batholith (AMB) for addressing their tectonic 
role in the crustal growth. RB rocks preserve local igneous 
banding, show tonalitic to granitic compositions, and contain 
xenoliths of amphibolite, gabbro and diorite. Coeval granitic 
dikes crosscut the 2128±2 Ma Brumano diorite. Two U-Pb 
zircon crystallization ages are 2149±10 and 2123±33 Ma. 
Hence the build-up of the RB probably lasted ca. 26 m.y. 
These two samples yield 87Sr/86Sr(2.1Ga) ratios ≤0.703. Two εHf(t) 
values (concordant analyses) for the 2.15 Ga sample are  
positive (+1.0; +2.4) and the Hf zircon TDM model ages are 
2.5 and 2.6 Ga. Previous Sm-Nd TDM ages are: 3.6 to 2.5 Ga; 
the εNd(2.1Ga) values are: (-3.2 to -7.7); and 87Sr/86Sr 
(2.1Ga) are: 0.761 - 0.732. RB discloses peraluminous to 
slightly metaluminous signatures. The distinguished gaps 
between the high- and low K2O samples may be explained by 
coeval rocks derived from coupled but distinct magma sources. 
The high K2O group yields strong negative Eu anomalies that 
are consistent with evolved calc-alkaline rocks; this group 
shows low fractionated patterns in spider diagram with 
enriched ratios in less incompatible elements (Nd, Sm, Dy, Y, 
Yb, Lu). We conclude the RB was formed in a continental arc, 
though a Paleoproterozoic juvenile source is envisaged. AMB 
is a high-Al TTG suite (2.12-2.13 Ga) with commingled 
dioritic enclaves. The samples display slightly negative to 
positive Eu anomalies. The εNd(2.1Ga) values (-1.0; +0.9) and 
Sm-Nd TDM ages (2.4-2.3 Ga) indicate the AMB formed in an 
oceanic arc through derivation from a Paleoproterozoic 
metasomatised, tholeiitic source. These batholiths (RB and 
AMB) mark the ultimate accretionary stage of the Mineiro 
belt. 
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The Au-(U) and pyrite-bearing conglomerates of the 
Jacobina Basin, NE portion of the São Francisco Craton, 
Brazil, have several features that resemble the Witwatersrand 
deposits. There is a debate about the sources of mineralization 
in Jacobina Basin, which includes models of hydrothermal 
input and paleoplacer, wherein the latter points that the most 
probable source would be the volcanogenic massive sulfides 
(VMS) deposits of the 3.3 Ga Mundo Novo Greenstone Belt. 

In order to bring further insights about the sources of the 
Jacobina mineralization, and test the hypothesis of a VMS-
derived detrital particles, we carried out in-situ multiple sulfur 
isotopes analysis (32S, 33S, 34S, 36S) by SHRIMP-SI on pyrite 
grains of several minerallized conglomerate beds, as well as 
two samples of the VMS pyrites. 

Detrital pyrite occurs in conglomerates as rounded 
inclusion-rich and massive grains, which commonly have an 
euhedral overgrowth of late pyrite. The detrital grains display a 
narrow range of δ34S (-6.2 to +5.6‰), besides Mass-
Dependent (MDF-S) and Mass-Independent-Fractionation 
(MIF-S) signatures, with ∆33S ranging between -0.14 to 
+0.70‰ and ∆36S between -0.83 and +0.50‰. The VMS 
samples have close to zero δ34S values (+0.8 to +1.95‰), and 
show cleary MIF-S anomalies with ∆33S ranging between -1.2 
to -0.90‰, and ∆36S between -0.50 and +1.50‰. 

According to these data, the VMS is not the source for 
detrital pyrites of Jacobina. The detrital pyrites have grains 
with MDF-S signatures and also with atmospheric sulfur 
contributions, which carry small positive MIF-S (S0 species). 
Nevertheless, the sulfides from VMS have isotopic 
compositions compatible with hydrothermal sulfate reduction, 
with negative MIF-S values. The isotopic signatures of detrital 
pyrites may reflect contributions from a magmatic-
hydrothermal provenance area (MDF-S), as a Paleoarchean 
Au-enriched magmatic arc [1], besides a sedimentary source 
(MIF-S), which could be an external or intrabasinal 
environment. 

 
[1] Teles et al (2015) Precambrian Research 256, 289-313. 
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The chemistry of near-surface pore waters is commonly 
studied in coastal marshes, especially with respect to 
microbially induced redox reactions and cycling of 
contaminants. However, deeper groundwaters and more 
specifically, terrestrially derived groundwater discharge as a 
source of fresh water to coastal marshes has been largely 
understudied. A series of radon and geophysical surveys have 
indicated the presence of fresh groundwater fluxes in 
interdistributary channels of the lower Mississippi River, 
specifically in Bayou Fortier of Lac des Allemands and Myrtle 
Grove [1].  

Lac des Allemands is a fresh, interdistributary lake, 
whereas Myrtle Grove displays a range of salinities over the 
}15 km transect that ends at Barataria Bay. Seasonal 
geochemical sampling of groundwater and surface water 
indicates high spatial and temporal variation of trace metal 
concentrations (i.e. V, As, Fe, Mn) at both sites.  In surface 
waters, major ions generally shift from bicarbonate-rich to 
chloride-rich with distance from the river, suggesting mixing 
of river-sourced water and saline water occurs. In 
groundwaters of Myrtle Grove, sulfide, sulfate, and DOC 
covary suggesting that microbially driven sulfate reduction 
occurs in the marsh. Lac des Allemands lacks a marine sulfate 
source but displays variable Fe and As redox states. Trace 
metal concentrations at both sites vary as a function of redox 
and sorption reactions. Additionally, 10-20 cm short cores 
were taken in April and September 2014 to sample pore water 
changes with depth and determine the effects of sulfate and 
iron reduction with seasonal changes and fluctuating water 
levels. 
 
[1] Kim et al. Ocean Sciences Meeting [Conference]. Hawaii, 
USA. 25 Feb 2014. 

3096



 Goldschmidt2015 Abstracts  

 3097 

Sulfur oxidation and 
biomineralization processes in sulfidic 

ice ecosystems 
TEMPLETON, A. S.1*, LAU, G.1, COSMIDIS, J.1,  

TRIVEDI, C.2, SPEAR, J.2 AND GRASBY, S.3 
1Department of Geological Sciences, University of Colorado, 

Boulder, CO, USA (*alexis.templeton@colorado.edu) 
2Department of Civil and Environmental Engineering, 

Colorado School of Mines, Golden, CO, USA 
3Natural Resources Canada, Geological Survey of Canada 

Geological Survey, Calgary, Canada 
 

Microbial S oxidation is a common process in 
hydrothermal systems, sulfidic springs and suboxic zones.  In 
addition, we have recently interrogated a unique microbial 
habitat generated by the formation and thawing of ices that 
contain mM levels of sulfide, giving rise to the precipitation of 
km-scale deposits of elemental sulfur in the Canadian High 
Arctic.  

We will discuss recent field and laboratory observations of 
elemental sulfur (bio)mineralization in association with pure 
cultures and complex consortia of S-cycling microorganisms 
detected at Borup Fiord Pass on Ellesmere Island.  In 
particular, we will discuss new observations on the exsolution, 
oxidation, mineralization and preservation of S derived from 
sulfidic ices and cold spring fluids.   

Our investigations integrate a combination of aqueous 
geochemistry, voltammetry, Raman and FTIR spectroscopy, 
FE-SEM, sulfur K-edge X-ray absorption spectroscopy and 
16S rRNA high-throughput sequencing to identify the 
interrelationships between microbial community dynamics and 
fluid/ice geochemistry as well as to determine the controls on 
sulfur speciation, including biologically-mediated extracellular 
sulfur mineralization.  

We will also explore how the sulfidic ice biogeochemical 
system is interconnected with the subsurface environment, and 
how biosignatures of such S dominated ecosystems can be 
recognized on Earth or other icy bodies. 
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The extensive global survey of Pb concentrations and 
isotopic compositions by Rosman and Bollhoefer [1] [2] 
enabled the authors to describe specific geographic regions on 
the basis of 206Pb/207Pb and 208Pb/207Pb isotope abundance 
ratios. Rosman and Bollhoefer identified the long range 
transport of Pb from China and Russia in addition to lead 
derived from lead additives added to fuel as contributors to 
atmospheric lead in the western US and Europe. Molybdenum 
might also be used to trace anthropogenic emissions to the 
atmosphere because of its use in many industrial activities 
including MoS2 added to diesel fuels, as a catalyst in 
hydrocarbon production, and because of emissions from coal-
fired power plants. Lane et al., [3] measured the isotopic 
composition of Mo sampled from the air in Calgary, Canada 
and found δ98/95Mo values ranged from -0.18 ‰ to +0.94 ‰.  
This variation in δ98/95Mo values suggested that Mo isotope 
abundances could be used to determine the sources of Mo in 
the air.  To explore this opportunity, we have begun to measure 
Mo concentrations and δ98/95Mo values  from the archive of air 
samples studied in [1] [2].  Early results reveal variation in Mo 
concentrations among samples collected from different 
geographical locations and resolvable seasonal variations at a 
given location (e.g. 0.6 ng/m3 from January to March and  
0.4 ng/m3 from June to August in Calgary, Canada). Seasonal 
trends are seen in δ98/95Mo values for some locations (~1.5 ‰), 
however there does not appear to be evidence for distinct 
regional isotope compositions. 

 
[1] Rosman, K. and Bollhoefer, A. (2000) Geochmicia et 
Cosmochimica Acta, 64, 3251-3262. [2] Rosman, K. and 
Bollhoefer, A. (2001) Geochmicia et Cosmochimica Acta, 65, 
1727-1740. [3] Lane, S., Proemse, B.C., Tennant, A., and 
Wieser, M.E. (2013) Analytical and Bioanalytical Chemistry, 
01, 405-414. 
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Rivers transport and process large amounts of carbon from 
terrestrial sources. The typical supersaturation of dissolved 
CO2 in river water fuels considerable emissions to the 
atmosphere. A recent global analysis arrived at an estimate of 
1.8 Pg yr-1 [1] and emphasized the important role of inland 
waters in the continental carbon cycle [2].  

To improve such estimates a detailed analysis of factors 
governing the seasonality and spatial trends of aquatic CO2 
emissions is required. We analyzed by-weekly data collected 
over the last 40 years on major Swiss Rivers. The time-series 
allowed assessing the temporal and spatial variability of 
organic and inorganic carbon and the partial pressure carbon 
dioxide (pCO2) in the upper Rhone and the Rhine River and 
some major tributaries. The regular seasonal oscillations in 
pCO2 often spanned ranges from close to equilibrium to  
> 1000 ppm. Concentrations of dissolved CO2 increased along 
the flow path. Monitoring stations along the main rivers 
allowed calculating C mass balances and C export from 
terrestrial systems. The different sub basins showed large 
contrasts in population density and land-use which facilitated 
the identification of environmental factors governing the 
transport of carbon and the emission of CO2 in these river 
systems for the period 1974 to 2013.  

 
[1] Raymond P.A. et al. (2013) Nature, 503, 355-359 [2] 

Wehrli B. (2013) Nature, 503, 346-347. 
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In recent decades due to rapid industrialization and 

urbanization there has been significant concern regarding 
urban soil pollution. For years the issue of soil pollution with 
heavy metals has been topical for urban sites and Yerevan in 
particular.   

Totally, over the studied period  1356 (Ao horizon, 5 cm) 
topsoil samples were collected and  total concentrations of Pb, 
Cu, Zn, Ni, Cr, Hg, As, Mo, Fe, Mn, V, Ba, Co and Ti 
determined according to  EPA standard method 6200 and 
employing a portable XRF X-5000 (Olympus Innov-X, USA). 
To identify the relationships of heavy metals in urban soil and 
their origin, principal component analysis (PCA) and a cluster 
analysis (CA) were performed using SPSS 20. Geochemical 
mapping was done to determine a spatial distribution pattern of 
heavy metals. The software used was ArcGIS 10.1. Potential 
ecological risk (PER) was assessed by the method of Potential 
Ecological Risk Index [1]. 

Mean concentrations of Ti, Fe, Mn, Co, Ba and As were 
close or equal (0.9-1.1 times) to the local background values 
(LBV), Cr, Ni, Mo, V- higher (1.5-2.0 times). Cu, Zn, Hg, Pb 
were significantly high vs LBV (correspondingly 2.6; 3.3; 6.8 
and 22.9 times). Only Pb, Zn and Cr mean concentrations 
exceeded ( by 1.7; 1.2 and 1.4 times, respectively) maximum 
acceptable concentrations approved by the RA Governement. 

PCA and CA results suggest that Fe, Ti, Co, V and Mn  be 
of natural origin. Concentrations of all other  studied elements 
were more or less influenced by anthropogenic activities. The 
PER was estimated for Hg, As, Pb, Cu, Ni, Cr and Zn. A single 
element PER (Ei) mean values of Cr, Zn, Ni, Cu and As posed 
a lower ecological risk. Hg and Pb Ei mean values belong 
accordingly to a considerable PER (114.3) and high PER 
(270.1) levels. The integrated PER (RI) values for 14.2% of 
samples was below 300 (low to moderate ecological risk). 
78.8% of samples have RI values varying 300 to 600 (a 
considerable PER). 7.0% of samples have RI values higher  
than 600 (a very high PER). The most intense anomalies of 
such a level are located in the industrial part of Yerevan.  
 
[1] Ogunkunle et al. (2013) Pol. J. Envir. Stud. 22, 487-193. 
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Although global warming accelerates the retreat of glaciers 
and polar ice caps, and increases the meltwater input into the 
oceans, rather little is known about the distribution of Rare 
Earths and Yttrium (REY) in polar glacial meltwaters and 
glacial-fed rivers.  

In this study, REY concentrations were determined in  
200 nm-filtered glacial-fed river waters, in the respective filter 
residues (particulate fraction) and in ambient sediments 
(including a cryoconite sample from a meltwater pond on the 
surface of the Greenland Ice Sheet, GRIS) from the 
Kangerlussuaq area, West-Greenland. We also provide the first 
data for truly dissolved REY concentrations in polar glacial-
fed rivers from a 10 KDa-ultrafiltered sample from the Watson 
River. 

Shale-normalized (“SN”) REY patterns of the particulate 
fraction and ambient sediments (including cryoconite) show 
positive EuSN anomalies, which are similar to REYSN patterns 
of local Archean basement gneisses. This rules out Asian dust 
as a possible source of these aluminosilicates, but suggests that 
local Archean basement is eroded and transported by ice, water 
and wind to the depositional sites in front of and onto the 
GRIS.  

The 200 nm-filtered glacial-fed rivers show very unusual 
REYSN patterns in comparison to tropical, temperate and boreal 
rivers, and are significant enriched in light REY relative to 
heavy REY. The truly dissolved 10 KDa-ultrafiltered sample 
from the Watson River shows much lower REY concentrations 
than the 200 nm-filtrate from the same river, suggesting that 
>99% of La and >78% of Yb are associated with nanoparticles 
and colloids.  

Although the REYSN patterns of the 200 nm-filtrates are 
rather similar to those of the respective particulate fraction and 
ambient sediments, they lack any EuSN anomalies, suggesting 
that in contrast to the particulate fraction and ambient 
sediments, the nanoparticles and colloids in the 200 nm-
filtrates of the glacial-fed rivers are remobilized atmospheric 
dust from greater depth in the GRIS. Most of this dust 
originated from eastern Asia, shows REY distributions similar 
to Post-Archean upper continental crust, and as such lacks any 
EuSN anomalies. 
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FeS mackinawite, the first condensed iron-sulphide phase 

in water, has a key role in the “iron-sulfur world” theory [1]. 
FeS has been postulated to be the catalytic driving force behind 
the formation of the first simple organic molecules in deep 
ocean hydrotermal vents. Thus, in order to properly account 
for the effects of the aqueous environment in the prebiotic 
reactions, it is crucial to achieve a detailed understanding of 
the mineral/solvent interactions. Despite its geochemical 
importance, and in contrast to the most common FeS2 
pyrite/water system [2] [3], our knowledge of the FeS/water 
interface remains limited [4]. 

Computer simulations can provide important insights into 
the chemical and physical properties of interfacial water. In 
this work, we employ classical molecular dynamics 
simulations to unravel the interplay between the most stable 
(001) mackinawite termination and water (Figure 1). We report 
the adsorption structures and energies at different solvent 
coverages, together with the water density profiles with respect 
to the distance from the surface. We compare the scenarios 
emerging both from ambient and extreme aqueous conditions, 
the latter typical of hydrotermal vents. Finally, we discuss the 
significant changes at the interface induced by the 
consideration of a more realistic defective substrate. 

 
[1] Wachtershauser G., (1988) Microbiol. Rev., 52, 452. [2] de 
Leeuw N. H. et al., (2000) J. Phys. Chem. B, 104, 7969-7976. 
[3] Guevremont J. M. et al., (1998) Langmuir, 14, 1361-1366. 
[4] Wittekindt C. et al., (2012) J. Chem. Phys., 137, 054710. 

Figure 1: 
FeS/water interface 
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Deep and intermediate waters formed in the Labrador Sea, 

Nordic Seas and North Atlantic Ocean have strongly affected 
the Atlantic Meridional Overturning Circulation (AMOC), 
which has been responsible for the ventilation of the entire 
Atlantic Ocean and which has also exerted control on global 
climate.  

In this study we reconstruct past intermediate and deep 
water mass mixing and erosional inputs in the Nordic Seas and 
the North Atlantic Ocean from neodymium (Nd), lead (Pb) and 
strontium (Sr) isotope compositions of seawater-derived 
ferromanganese coatings on bulk sediment particles, as well as 
from the detrital fraction serving as an indicator for changes in 
sediment input sources over the past 3 million years. Data were 
obtained from ODP/IODP sites in the Nordic Seas on the 
Svalbard shelf (Site 986) and on the Vøring Plateau (Site 644), 
and in the North Atlantic Ocean on the Rockall Plateau (Site 
982). At the two sites in the Nordic Seas we observe a very 
strong influence of changes in local erosional inputs on the 
water mass compositions linked to the onset of Northern 
Hemisphere Glaciation (NHG). These Nordic Seas sites have 
most of the time been influenced by Norwegian Sea Deep 
Water and Arctic Intermediate Water, whereas the Rockall 
Plateau Site has been dominated by overflow waters from the 
Nordic Seas and the Labrador Sea. Furthermore, we were able 
to identify periods of distinct changes of the Atlantic inflow 
into the Nordic Seas. Between 2.2 and 1.5 Ma a warmer 
climate and moderate glacial conditions prevailed resulting in 
enhanced inflow of warm Atlantic waters reflected by similar 
Nd isotope compositions of deep waters at all sites. In contrast, 
at the beginning of the MPT at 1.5 – 1.2 Ma a significant 
reduction of the Atlantic inflow occurred, expressed by 
markedly distinct deep water Nd isotope compositions in the 
Nordic Seas and the North Atlantic Ocean. 
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The Marie Curie Initial Training Network »Isotopic Tools 

as Novel Sensors of Earth Surfaces resources – IsoNose« is an 
alliance of eight international partners from science and 
industry, comprising 12 PhD students and 2 postdocs 

In the last 15 years advances in novel mass-spectrometric 
methods have opened opportunities to identify “isotopic 
fingerprints” of virtually all metals and to make use of the 
complete information contained in these fingerprints. While 
the feasibility of these new tools has been demonstrated by 
now, the derivation of robust geologic and environmental 
information from their application requires substantial 
additional efforts. 

IsoNose will focus on three major Earth surface resources: 
soil, water and metal resources. Novel stable isotope 
techniques will disclose the processes generating (e.g. 
weathering, mineral ore formation) and destroying (e.g. 
erosion, pollution) these resources. Within this field the 
following questions will be addressed and answered: (1) How 
do novel stable isotope signatures characterize weathering 
processes? (2) How do novel stable isotope signatures trace 
water transport? (3) How to use novel stable isotope as 
environmental tracers? (4) How to use novel stable isotope for 
detecting and exploring metal ores?  (5) How to improve 
analytical capabilities and develop robust routine applications 
for novel stable isotopes? 
 

Acknowledgement: The research leading to these results 
has received funding from the People Programme (Marie 
Curie Actions) of the European Union's Seventh Framework 
Programme FP7/2007-2013/ under REA grant agreement n° 
[608069]. 
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The native silver samples from hydrothermal base and 

noble metal deposits have been measured for Ag isotopic 
composition using MC-ICPMS applying Ag standard 
bracketing and Pd standard for mass bias correction [1]. The 
range of ε107Ag  (natural shift in the 107Ag/109Ag ratio relative 
to Ag standard NIST SRM 978a) in native silver samples from 
these deposits vary from -4.6 to +3.3. The most negative 
values were obtained for native silver from Cu-Mo porphyry 
Sorskoye and Ag epithermal Imiter deposits, with recognized 
predominantly mantle source of ore metals [2]. The most 
positive values were encountered for the sediment-hosted 
Nochnoye Ag-Pb-Zn deposit in clastic metasediments, and 
Broken Hill polymetallic Sedimentary Exhalative deposit, the 
latter with confirmed crustal source of ore metals [3]. The 
Volcanic Hosted Massive Sulphide deposit Teutonic Bore 
(ε107Ag = -1.1) occupies an intermediate position, close to the 
bulk silicate Earth value of -2.2±0.7 for ε107Ag [4]. Thus, the 
source reservoirs (mantle vs crustal) seem to influence the 
isotopic composition of Ag, possibly due to lower temperature 
redox changes associated with crustal processes. Possible 
mechanism of isotopic fractionation includes the nuclear 
volume shift [5] due to the retraction in Ag+ nuclear volume as 
a result of s-electron removal (Ag0 → Ag+ transition). The Ag 
isotope systematics may constitute a new promising tool for 
mineral deposits studies, especially these related with Au-Ag 
alloys. 

Figure 1. Isotopic composition of Ag (s ε107Ag) in different 
deposits types. Our data are compiled with data from  
rodingite-hosted Karabash and VHMS Kidd Krick deposits [6].  
 
[1] Schönbächler et al. (2007) IJMSIP, 183-191. [2] Levresse 
et al. (2005) SGA proceedings, 23-26. [3] Raveggi et al. (2015) 
Ore Geol Rev 65, 228-244. [5] Shauble (2207) GCA 71, 2170-
2189.  
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Precambrian Banded Iron Formations (BIF) have been 
extensively studied to reconstruct the redox conditions of the 
early oceans, and may have been linked to the evolution of 
specific microbial metabolisms [1] [2]. 

Here we present the first results of mineralogical and 
geochemical analysis performed on fresh core samples that 
were collected during the drilling campaign of the Bikoula Iron 
Ore Project. The Bikoula BIF are a virtually unstudied iron 
formation outcropping in the early Archean Ntem complex, 
southern Cameroon. They occur in a ~3.1 Ga greenstone belt 
sequence that has been affected by amphibolite- to granulite-
facies metamorphism [3]. At the mesoscopic scale, BIF 
samples show a conspicuous banding in spite of high-grade 
metamorphism. The mineralogy consists of quartz, magnetite, 
orthopyroxene, clinopyroxene and minor sulfides. Such an 
assemblage is typical of iron formations having undergone 
high-grade metamorphism [4].  

Geochemical data show elevated Al2O3 (0.76 – 7.52 %) 
and TiO2 (0.11 – 0.88 %) as well as a positive correlation 
between these components. This suggests that the protolith was 
not a pure chemical sediment but was contaminated by 
variable amounts of silicate detritus. Despite the high-grade 
metamorphism, PAAS-normalized REY patterns show that 
some of the samples have preserved seawater-like features (La 
and Y anomalies, and superchondritic Y/Ho ratios). Europium 
anomalies vary from strongly positive to negative, indicating 
that the REE in the Bikoula BIF may have been derived by 
mixing of hydrothermal and continental contributions [5] [6]. 
 
[1] Konhauser et al. (2009) Nature 458, 750-753. [2] 
Bontognali et al. (2013) Precambrian Research 226, 116-124. 
[3] Tchameni et al. (2004) Journal of the Cameroon Academy 
of Sciences 4 (3), 213-224. [4] Klein (2005) American 
Mineralogist 90, 1473-1499. [5] Arora et al. (1995) Economic 
Geology 90, 2040-2057. [6] Klein & Ladeira (2004) Economic 
Geology 99, 1233-1244.  
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Oxygen and carbon stable isotope compositions of 
carbonates are widely used to provide information on their 
conditions of precipitation. Some carbonates resulting from an 
eukaryotic biological activity have been shown to lead to 
isotopic characteristics that differ from those expected for 
isotope equilibrium with their environment. The origin of this 
difference remains poorly understood and is referred to as the 
“vital effect”. Very little is known on the effect that bacterial 
communities precipitating carbonates produce on their δ13C 

and δ
18O. We performed an isotope study of carbonate 

precipitation by Sporosarcina pasteurii, a bacterial model of 
carbonatogen metabolisms. Its ureolytic activity produces 
ammonia (thus increasing the pH) and dissolved inorganic 
carbon that precipitates as solid carbonates. We realized four 
biomineralisation experiments with bacteria in variable 
physiological states. δ18OCaCO3 results showed values up to 
20‰ lower than what is expected for carbonate precipitation in 
equilibrium with water and we identified a 5‰ variability in 
the δ13C recorded by carbonates. A close-box modelling taking 
into account C-isotopic reactions on the one hand, and the 
addition of carbonic anhydrase in our experimental setup on 
the other hand, allowed us to identify that δ13CCaCO3 and 
δ18OCaCO3 signals respectively, were directly correlated to 
metabolic activity. Our study evidences a bacterial vital effect 
on oxygen and carbon isotopes in bacterial carbonates, which 
controlling mechanisms may be also occurring in other 
biologically mediated carbonates. 
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Introduction 
The effects of impurities (e.g. H2S and SO2) on geological 

storage of CO2 are uncertain. Oxidation of these impurities 
leads to the formation of sulfuric acid and a decrease in pH of 
the formation water. We investigate the effect of added H2SO4 
on the reactivity of the reservoir (limestone) and cap (marl) 
rocks of the Hontomin site (Spain). The increased acidity may 
induce a decrease in the solubility of CO2, an increase in 
carbonate mineral dissolution and additional precipitation of 
gypsum. 

Methodology 
Flow-through column experiments filled with crushed 

limestone or marl were conducted under subcritical CO2 
conditions (P = pCO2 = 10 bar and 60 ºC). As the Hontomin 
groundwater is in equilibrium with respect to gypsum, we 
evaluate the effect that an addition of 3 % S (as H2SO4) with 
respect to the dissolved CO2 exerts on the reactivity of the 
rocks. The CrunchFlow numerical code is used to perform 1D 
reactive transport simulations of the experiments. 

Results and discussion 
In the P-pCO2 and T of this study, calcite dissolution 

fostered gypsum precipitation. The addition of H2SO4 lowered 
the pH in the injected solution by 1.5 pH units with respect to 
the pH of 3.5 of the H2SO4-free brine. A comparison between 
the reactivity of the rocks reacted in H2SO4-free and H2SO4-
rich brine shows that calcite dissolution and gypsum 
precipitation in both rocks were larger in the H2SO4-rich brine. 
As a consequence, a higher increase in porosity was observed, 
even with the larger gypsum precipitation. 
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δ34S and δ18O analyses of carbonate associated sulfate 

(CAS) and mineralogical evidence illustrate a complex 
microbial ecosystem within the phosphate-rich interval of the 
Miocene Monterey Formation. All δ34S and δ18O are below 
Miocene seawater values (~+22‰, VCDT and ~+12‰, 
VSMOW). δ34S values range from +12.2‰ to +18.5‰ and 
δ18O range from +2.7‰ to +17.7‰, demonstrating a positive 
linear correlation. δ34S of insoluble sediments (combined 
pyrite and organic sulfur), used as a proxy for bacterially 
generated H2S, range from 5.6‰ to 8.4‰. Sulfate reducing 
bacteria (SRB) drive the residual seawater sulfate pool to 
higher δ34S values and generate low δ34S H2S (~14‰ lower 
than seawater sulfate). Initially, H2S from SRB and Fe2+ 
produced by iron-reducing bacteria (FeRB) generated small 
amounts of pyrite until all available Fe3+ was consumed. With 
no available Fe2+, H2S reduced from sulfate by SRB diffused 
upward to the oxic-suboxic zone boundary where sulfide 
oxidizing bacteria (SOB) used molecular oxygen to re-oxidize 
H2S to sulfate that retains the low δ34S of the H2S. Total sulfate 
δ18O values produced by re-oxidation of H2S record a mixture 
of the sulfate pool higher δ18O and lower δ18O of sulfate from 
oxidized H2S. Observed δ34S and δ18O lower than seawater 
sulfate illustrate that the δ34S versus δ18O line defines a mixing 
line between the endmembers: total reduced sulfur δ34S 
combined with fractionated atmospheric δ18O [1], and Miocene 
seawater sulfate δ34S and δ18O. This interpretation is supported 
by low CaCO3 and high phosphate concentrations, whereby 
SOB promote decreasing seawater pH by production of a small 
amount of sulfuric acid, which inhibits the precipitation of 
CaCO3 while promoting preservation of phosphate [2]. These 
results demonstrate that the phosphate-rich interval of the 
Monterey Formation records a complex suite of FeRB, SRB, 
and SOB, illustrated by δ34S and δ18O analyses of CAS. 
 
[1] Ziegler (2008) AGU Fall Meeting Abstracts, P53D-03 [2] 
Nathan and Sass (1981) Chem. Geol. 34, 103-111 
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The Toarcian Oceanic Anoxic Event (T-OAE; ~183 Ma) is 
associated with one of the largest carbon cycle perturbations 
over ~300 Ka recorded in the isotopic composition of organic 
carbon (δ13Corg) and carbonate carbon (δ13Ccarb) of the 
Phanerozoic. It is thought that the eruption of the Karoo-Ferrar 
Large Igneous Province (~183 – 180 Ma) triggered an 
amplified greenhouse effect through the release of atmospheric 
greenhouse gases from mantle sources and intruding into 
organic-rich sedimentary deposits. Increasing ocean 
temperatures also may have destabilized reserves of biogenic 
methane clathrate within the seafloor, thus amplifying the 
warming. 

In order to test whether or not enhanced silicate weathering 
rates may have acted as a negative feedback to increasing 
global temperatures by the drawdown atmospheric carbon 
dioxide [1] [2], we turn to the Re-Os isotopic system and 
reconstruct the initial 187Os/188Os composition of organic 
matter from an organic-rich mudrock succession that spans the 
T-OAE from western North America. The T-OAE interval is 
characterized by more radiogenic 187Os/188Os values 
(187Os/188Os = ~0.6), whereas the pre- and post-T-OAE 
intervals are characterized by less radiogenic values 
(187Os/188Os = ~0.25 and ~0.4, respectively). We interpret this 
osmium isotope excursion as a function of the relative 
contribution of  continental-derived osmium to the oceans. 
These data show a similar trend to a record from England [3]. 
Therefore, we suggest that on short timescales (~104 –  
105 years), silicate weathering rates may control atmospheric 
carbon dioxide concentrations. Furthermore, our results cast 
doubt into the assertion that the Re-Os record from England [3] 
was controlled by localized processes due to basinal restriction 
in Europe [4]. Our data indicate similar  187Os/188Os  profiles 
for the T-OAE interval from two distinct locations during the 
Early Jurassic.. 

 
[1] Walker et al. (1981)  J. Geophy Res 86, C10. [2] Berner et 
al. (1983) Am. J. Sci. 283. [3] Cohen et al. (2004) Geol. 32, 2. 
[4] McArthur et al. (2008) Paleoceanography 23, PA4217. 
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Sediment diagenesis generates solute fluxes across the 
sediment-water interface which can strongly impact 
biogeochemistry of the overlying the water column. The 
reductive dissolution of iron (hydr)oxides is an important 
diagenetic process for the top 20 cm of sediment in the Loire 
estuary, and probably supplies dissolved phosphate and trace 
metals to the river. High-resolution two-dimension 
determination of dissolved phosphorus and iron in porewater 
by a combined DET-gel/colorimetry technique (200 µm x  
200 µm) [1] shows a high vertical and lateral heterogeneity in 
the surface sediment. Based on the Savitzky Golay filter 
approach, an original 2D numeric model suitably calculate the 
first order derivative (providing the flux) and the second order 
derivative (providing the production rate) of the measured 2D 
concentration. The subsequent sampling of the adjacent 
reactive solid phase at a resolution of 10mm allows to estimate 
the standing stock. The resulting 2D patterns of stocks and 
productions highlight in an unprecedented way the importance 
of bioirrigation and labile organic carbon patchiness on iron 
cycling and phosphorus mobilization in estuarine sediment and 
intertidal mudflats.  

 
These research was part of RS2E project founded by 

Région Pays de la Loire.  
 

[1] Simultaneous 2D Imaging of Dissolved Iron and Reactive 
Phosphorus in Sediment Porewaters by Thin-Film and 
Hyperspectral Methods, Cesbron et al. (2014), Environmental 
Science & Technology 48, 2816-2826 
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The SRX beamline at NSLS-II: X-ray 
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The National Synchrotron Light Source II is a synchro-tron 

radiation source of extremely low emittance, ideally suited for 
experiments in need of coherent radiation. It provides an ideal 
platform for sub-micrometer focused beam instruments. The 
Sub-micrometer Resolution X-ray spectro-scopy beamline 
(SRX) has been developed specifically as an X-ray 
fluorescence analytical probe utilizing Kirkpatrick-Baez (KB) 
focusing mirrors. The scientific emphasis is the study of 
complex systems with chemical heterogeneity at sub-
micrometer and sub-100nm length scales. The beamline design 
provides X-ray spectroscopy capabilities in the energy range 
from 4.65keV to 23keV. The SRX beamline is one branch of a 
canted sector at NSLS-II, with a second undulator planned as a 
future upgrade to serve as an independent light source for 
another beamline, the X-ray fluorescence nanoprobe (XFN). 
The XFN design envisions a complemen-tary beamline to SRX 
that will access lower X-ray energies (2-15 keV) and will 
utilize Fresnel zone plate optics. SRX uses two sets of KB 
mirror optics for focusing, a high photon flux set that will 
deliver more than 1013 phot/sec in a sub-micron sized spot and 
a high spatial resolution set that will deliver a focal spot size of 
less than 100nm but at a lower flux of approximately  
1011 phot/sec. A highly customized horizon-tally deflecting 
double crystal monochromator was chosen to provide 
maximum beam stability while simultaneously providing very 
high spectral and spatial resolution. The energy range covered 
by the SRX beamline will allow for X-ray absorption 
spectroscopy experiments starting at the K-absorption edge of 
titanium and extending through the K-edge of rhodium. The 
photon flux SRX delivers in a submicron-spot, ultimately 
combined with the use of new energy dispersive detectors like 
the MAIA, will open new possibilities for spectroscopic 
analysis of major and trace elements in natural and synthetic 
materials, X-ray fluorescence imaging of their distribution both 
in two and three dimensions utilizing tomographic methods, 
and, concurrent micro-diffraction measurements. Diffraction 
imaging experiments will be developed as well. An 
introduction to the storage ring NSLS-II and a detailed 
description of the SRX beamline, including results from 
commissioning and first experiments will be presented. 
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Multi-isotopic dating of West Eifel 
xenoliths 

M. M. THIEMENS1* AND P. SPRUNG1 
1Inst. für Geologie und Mineralogie, Universität zu Köln, 

Germany (*m.thiemens@uni-koeln.de) 
 

Analysis of mantle xenoliths from continental intraplate 
volcanic fields such as the Quaternary West Eifel can provide 
valuable insights into the composition and evolution of 
regional continental lithospheric mantle. The Dreiser Weiher 
(DW) locality of the West Eifel volcanic field hosts a variety 
of peridotite nodules, including hydrous and anhydrous 
lherzolites. Neodymium model ages of anhydrous lherzolite. 
nodules record a Palaeoproterozoic depletion age. 

A second partial melting event in the early Cambrian was 
inferred from linear arrays on Rb-Sr and Sm-Nd isochron 
diagrams obtained for anhydrous lherzolite nodules. 
Correlating isotopic signatures of xenoliths with signatures 
within the European lower crust, a Variscan episode of fluid 
metasomatism was inferred. Textural and Sr-Nd isotopic 
observations in DW xenoliths further mark two episodes of 
melt infiltration: one likely of early Cretaceous age and a 
second vein-producing event probably related to the 
quarternary volcanism in the West Eifel. 

We present the first internal mineral isochron study for 
Eifel xenoliths using the Rb-Sr, Sm-Nd, and Lu-Hf systems in 
a study of an anhydrous lherzolite from the DW locality. 
Hand-picked mineral separates were digested at low pressure 
and purified for analysis on a Neptune MC-ICP-MS. 
Preliminary Lu-Hf data imply resetting of Lu-Hf systematics 
after 200 Ma. This Lu-Hf age constraint coincides with the two 
youngest metasomatic episodes inferred and may date to the 
older of the two, having been obtained from a vein-free 
lherzolite. 

We discuss the age data obtained from our Rb-Sr, Sm-Nd, 
and Lu-Hf isochrons and possible implications for the 
lithospheric mantle modifying events, as well as potentially 
distinct responses of the different dating tools to these events. 
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We present a method to measure with a high precision both 
strontium isotopic (87Sr/86Sr) and Sr/Ca ratios in carbonate 
samples by Laser Ablation MC-ICPMS. The main interest in 
using laser ablation is to increase the  spatial resolution of  
isotopic and Sr/Ca ratios and determine their relative variations 
along samples. To check strontium ratio accuracy during 
ablation measurements two carbonates with different isotopic 
signatures were used. One is the JCT (tridacna powder),  a 
modern biocarbonate with a sea water signature at 0.70915. 
The other one is an in-house standard and corresponds to a 
Triassic coral with a strontium signature at 0.70770. To 
calibrate the ratio Sr/Ca we use the JCP standard (porites 
powder at 8.84 mmol/mol) and to check the accuracy of the 
strontium concentration, we use also the JCT standard (at 1.67 
mmol/mol). We applied this method to a comparative exercise 
between analyses via solution and via laser ablation, on a well 
dated speleothem collected in an underground aqueduct from 
Paris, France. The Sr/Ca ratio shows a marked increase for the 
younger levels since the years 1850 while the 87Sr/86Sr isotopic 
composition falls from ca 0.70825 to ca 0.7080 in the same 
period.  This can be connected with the increasing urbanization 
since the years 1850, with a waterproofing of the surface, and a 
longer residence time of the water within the underground 
system. 
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When looking at glacial-interglacial time scales, the 
Southern Ocean becomes the most important factor in 
modulating climate changes as it represents the main leakage 
of CO2 [1]. This CO2-exchange between the ocean and the 
atmosphere is mainly controlled by variations in the efficiency 
of the biological pump, which depends on ocean’s vertical 
mixing, remineralisation of nutrients and CO2 and 
accumulation of organic matter in the abyss. The 
reconstruction of paleofluxes of export production, 
oxygenation state and nutrient upwelling can give insight into 
past ocean behaviour [2] [3]. New sediment cores from the 
Southern Indian Ocean increase the temporal and spatial 
resolution of existing records, which until now mainly focus on 
the Atlantic Sector of the Southern Ocean. Our highly resolved 
sediment cores will be used for many different analyses: 
Sediment accumulation rates will be corrected for 
redistribution by 230Th normalization. Proxies for opal and 
carbonate fluxes, iron supply, biogenic barium, organic tracers 
and redox sensitive trace metals will sum up to a sound picture 
of past Southern Ocean dynamics. First results are in good 
agreement with previous studies from the Southern Ocean [4] 
and allow for further comparisons in order to lead to a better 
understanding of past atmospheric CO2-changes. 

 
[1] Sigman and Boyle (2000) Nature 407, 859-869. [2] 
Anderson et al. (2009) Science 323, 1443-1448. [3] Martinez-
Garcia et al. (2014) Science 343, 1347-1350. [4] Jaccard et al. 
(2013) Science 339, 1419-1423. 
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Introduction 
Organic ligands are ubiquitous in aquatic environments 

and promote Hg(II) solubility by competing with binding sites 
at particulate surfaces [1]. Once Hg(II) is bound to a bacterial 
surface (i.e., membrane),   it can be internalized through an 
energy-dependent process, leading to Hg(II) accumulation and 
enhanced biosorption.  The object of this study was to 
determine the impact of cell metabolism on Hg(II) biosorption 
in the presence of competing ligands with high Hg(II) affinities 
(e.g., cysteine and EDTA). In controlled lab studies, 50 nM 
and 500 nM total Hg(II) with and without organic ligands was 
exposed to metabolizing and non-metabolizing E. coli for 3 
hours prior to measuring surface adsorbed and intracellular 
Hg(II). Hg LIII-edge XANES and EXAFS spectra of Hg(II) 
bound to cells under conditions used in sorption experiments 
were collected to directly link sorption results with Hg(II) 
coordination environment. 

Main Results 
For non-metabolizing cells, high concentrations (0.1 mM 

and 1 mM) of cysteine and EDTA decreased the extent of 
Hg(II) biosorption compared to a control with no organic 
ligand. Using a previously documented membrane wash 
protocol to measure intracellular Hg [2,3], we determine all 
Hg(II) is located at the membrane of non-metabolizing cells 
regardless of the presence of organic ligand. In metabolizing 
cells, however, both EDTA and cysteine enhance the sorption 
of Hg(II). Most notably, nearly 100% of Hg(II) remaining in 
solution after the  exposure period of metabolizing cells to  
0.1 mM cysteine is sorbed to the cells, compared ~ 70% sorbed 
Hg(II) in the absence of organic ligand. Our membrane wash 
results for metabolizing cells suggest that all Hg(II) in the 
presence of 0.1 mM cysteine is located inside the cytoplasm, 
compared to a majority bound to the membrane in its absence. 
XANES and EXAFS spectra of Hg(II) bound to non-
metabolizing cells for all experimental conditions as well as 
metabolizing cells without organic ligand are identical and 
reveal Hg(II) is bound to 2–4 thiol groups, on average. 
However, Hg(II) bound to metabolizing cells in the presence of 
cysteine appears to be solely 4-fold coordinated to thiols. 

Significance 
We show that organic ligands with high Hg(II) affinities 

promote Hg(II) sorption and internalization by metabolizing 
bacteria, which is linked to 4-fold Hg-thiol coordination in 
cells. Hence, organic ligands have promising applications for 
enhanced Hg(II) biosorption in microbial remediation.  

 
[1] Ravichandran (2004) Chemosphere 55, 319-331. [2] 
Schaefer & Morel (2009) Nat Geosci 2, 123-126. [3] Thomas, 
Tong & Gaillard (2014) Metallomics 6, 2213-2222. 
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Majoritic garnet is one of the major phases in the Earth’s 

mantle transition zone, which according to recent results on 
hydrous ringwoodite and wadsleyite may contribute 
significantly to heat transfer in the Earth’s interior. Here, a 
series of majoritic garnet samples with varying proportions of 
Si, Fe, Al, Cr and H2O (100-2200 wt ppm) was synthesized at 
conditions of 18-19 GPa and 1500-1800°C. Optical absorption 
measurements were carried out on 10 µm to 25 µm thick clear 
doubly polished single-crystals of majoritic garnet loaded in 
resistively heated diamond-anvil cells with argon as pressure 
medium. UV-Vis-IR spectra, recorded at room conditions and 
at simultaneous high pressure and high temperature up to  
1000 K, were used to calculate thermal radiative conductivites. 
The absorption spectra of majoritic garnet at ambient 
conditions reveal OH bands with maxima between ~3100 cm-1 
and ~3630 cm-1 and bands at 5580 cm-1, 7160 cm-1, 10400 cm-

1, 14700 cm-1, 19100 cm-1 and 23500 cm-1. With increasing 
pressure bands shift to higher frequencies and the absorption 
coefficient increases. The average thermal conductivity at 
transition zone conditions was determined to be 0.6 W/m/K. 
Here we will discuss absorption band assignment and the 
effect of pressure, temperature, iron and hydration on thermal 
radiative conductivities of majoritic garnet.  
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High-Resolution 3D seismic imaging 
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Seismic imaging of volcanic complex is by far one of the 
most challenging target of marine seismic surveys: 1/ 3D 
seismic acquisition and imaging process are required to 
properly focus reflections whereas 2D seismic imaging is 
unreachable because of 3D diffractions. 2/ Seismic imaging is 
highly sensitive to the structures dips where volcanoes often 
display dips greater than 15°. 3/ Strong impedance contrasts, 
linked to the alternation of volcanoclastic and in place volcanic 
rocks required an optimal control of seismic amplitudes. 

In spite of these limitations, the volcanic complex of Utu 
Uli located on the northern edge of the Futuna ridge was 
tentatively surveyed, as it hosts remarkable features such as 
well preserved structures, interbedded relatively continuous 
volcaniclastic deposits, pillow lavas and a unique hydrothermal 
Mn(-Ni) deposit. The High-Resolution 3D survey allowed to 
successfully image the internal structure of this complex of 
volcanoes up to several hundred metres thick. The 21-km² 
seismic survey was shot using a dual streamers - dual source 
(single air gun) with a 110 Hz dominant frequency [1]. The 
dense and homogenous coverage of the area by 180 seismic 
lines during 9 days of acquisition allows to take advantage of 
3D imaging techniques. The resulting seismic volume has a 
vertical resolution lower than 3 metres and a horizontal 
resolution lower than 25 metres. The first seismic attributes 
extracted from the 3D processed data display high amplitude 
contrasts related to high reflectivity seismic facies. The main 
seismic units observed on the 3D seismic volume likely 
correspond to: (i) layered pyroclastic-fall deposits and (ii) 
shallow intrusions and/or interbedded pillow lavas. 
Interistingly, magmatic bodies occur just beneath and/or 
surround the most altered and mineralized zone of the Utu Uli 
Mn-Ni deposit and thus might be a credible heat source of the 
hydrothermal system. 

 
[1] Thomas et al. (2012) Near Surf. Geophys., 10(4), 291-301. 
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Organic, Fe-rich flocs are common in surface waters of 

freshwater wetlands and are often found to be highly enriched 
in trace metal(loid)s.1 Recently, flocs collected from 
streambeds of the naturally As-enriched peatland Gola di Lago 
(Switzerland) were shown to contain ferrihydrite and 
nanocrystalline lepidocrocite to which both As(III) and As(V) 
were bound in binuclear surface complexes.2 Owing to their 
density, these flocs tend to settle under low-flow conditions 
and thus may become buried and subjected to reducing 
conditions over time. Speciation changes of floc As induced by 
sulfate-reducing conditions may either inhibit or enhance the 
mobility of As due to the formation of, for example, As 
sulfides or thioarsenic species. Here, we spiked As-rich flocs 
containing ≤35 wt.% Corg and ≤22 wt.% Fe with 5 mM 
bisulfide (molar S(-II)/As and S(-II)/Fe ratios = 290-720 and 
0.73-1.55, respectively) at pH 7 and investigated changes in 
the solid- and aqueous-phase speciation of As, Fe, and S over 
one week using a combination of X-ray absorption 
spectroscopy, electron microscopy, as well as HPLC-UV and 
IC-ICP-MS analyses. Our results show that solid-phase Fe 
mineral transformations were dominated by mackinawite (FeS) 
formation, with a preferential transformation of ferrihydrite 
over lepidocrocite. Arsenic released from the solid phase was 
dependent on the molar S(-II)/Fe ratio, with highest As 
releases found for molar S(-II)/Fe ratios >1. Up to 34% of 
dissolved As was present as thioarsenates. Solid-phase As was 
primarily associated with mackinawite and lepidocrocite, with 
evidence of some As sulfide precipitation. Sulfur speciation 
analyses revealed that elemental S and polysulfides were 
almost exclusively associated with the solid phase, whilst 
oxidized S species detected in solution comprised thiosulfate 
and sulfate. In summary, our results imply an enhanced As 
mobility under sulfate-reducing conditions, despite the 
presence of residual Fe(III)-(oxyhydr)oxides and the formation 
of Fe and As sulfides. 
 
[1] Plach et al. (2011) Environ. Sci. Technol. 45, 2157-2164. 
[2] ThomasArrigo et al. (2014) Environ. Sci. Technol. 48, 
13218-13228. 
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The Nulliak supracrustal assemblage represents the oldest 

suite of volcano-sedimentary rocks preserved in the Saglek-
Hebron segment of the North Atlantic craton (1). The different 
lithologies and their field relationships have been studied in 
detail in the werstern limb of the Nulliak Island (58°18'30.1"N, 
62°35'48.4"W). The lithological assemblage includes well 
layered meta iron-formation (magnetite + quartz + Fe-
pyroxene ± sulfides), quartzites intercalated with garnet-
bearing hornblendite and charnokite as well as intruding  K-
rich granitoids. The latter is locally intruded by ultramafic pods 
preserving fresh Ol + Opx ± Cpx in granoblastic texture. 

We report U-Pb dating of zircons extracted from the 
quartzite (n=80) and analysed using a secondary ion mass 
spectrometer (Cameca IMS 1280) at CRPG (Nancy). We 
measured a maximum sub-concordant age of 3846.1 ± 2.8 Ma 
(MSWD = 1.8) and a minimum age of 3568.8 ± 3.8 (MSWD = 
5.6). High-P tonalite samples preserved a sub-concordant 
maximum age of 3328.7 ± 5.3 Ma (MSWD = 1.8). A later 
stage of partial melting is recorded by K-rich granitoids 
concordant age ranging from 2250 to 2750 Ma) as well as 
leucosomes cross cutting the amphibolite (2699±53 Ma). 

Metamorphic temperature were also calculated for 
magmatic, recrystallized (garnet-biotite, garnet-hornblende) or 
exsolved (clinopyroxene-orthopyroxene) mineral pairs. A 
coherent cooling history can be reconstructed from the initial 
metamorphic temperature of nearly 980°C (preserved in the 
iron-formation) to the last T equilibration event at about 
600°C, which likely postdates the partial melting of the 
amphibolite (2699 Ma). 

 
[1] Ermanovics and Kranendonk (1998). Bull. of the 
Geological Survey of Canada, Vol. 497.  
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Some of the largest Phanerozoic carbon isotopic 
excursions are recorded in Early Triassic sediments, deposited 
during the aftermath of the end-Permian mass extinction. 
Among them, a global Smithian negative carbonate carbon 
isotope (δ13Ccarb) excursion has been identified, followed by an 
abrupt increase across the Smithian-Spathian boundary  
(~250.8 Myr ago). This chemostratigraphic evolution is 
associated with palaeontological evidence indicating a major 
collapse in terrestrial and marine ecosystems during the late 
Smithian. It is commonly assumed that Smithian-Spathian 
isotopic variations and biodiversity patterns are intimately 
linked through major perturbations of the exogenic carbon 
reservoir. We present paired carbon isotope measurements 
from peritidal to deep subtidal settings from the eastern 
Panthalassa Thaynes Group (Utah, southwestern USA). They 
allow us to evaluate the extent to which the observed isotopic 
perturbations reflect changes in the Early Triassic global 
carbon cycle and oceanic chemistry during the biotic recovery. 
The δ13Ccarb variations obtained here reproduce the previously 
observed Smithian δ13Ccarb negative excursion but we argue 
that these variations are better explained by authigenic 
carbonate formation during early diagenetic processes. The 
δ13C signal of the bulk organic matter is however invariant 
across the Smithian-Spathian boundary. We therefore suggest 
that the observed δ13Ccarb signal does not reflect secular 
evolution of the exogenic carbon cycle during the Smithian-
Spathian transition but changes in physico-chemical conditions 
at the sediment-water interface. 
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The crystallinity of iron minerals can determine the impact 

iron has on ecosystem functions. Soil iron serves three broad 
categorical functions in terrestrial ecosystems: (1) as a 
structural component of the soil matrix and as a cementing 
bridge in soil aggregates; (2) as a sorbent retaining P, C and 
trace elements; and (3) as a host to electron-transfer reactions 
including acting as a terminal electron acceptor during 
anaerobic soil respiration. The degree of Fe phase crystallinity 
has great significance because it is typically inversely related 
to mineral surface area and by extension adsorptive (2) and 
electron transfer (3) reactivity. 

As a consequence of pedogenic processes, we 
hypothesized that Fe phase crystallinity would increase with 
soil depth, yielding an greater abundance of short-range-
ordered Fe phases in the surface horizons where iron likely 
plays a larger role in ecosystem function. We tested this 
hypothesis using a well characterized profile of alternating Fe 
enriched and Fe depleted microsites (intercalated light 
(yellow/white) and dark (red) stripes) at the Calhoun Critical 
Zone Observatory (CZO) in South Carolina, USA. We 
sampled these microsites from 56 to 183 cm depth, and also 
sample the surface (0-15 cm) and subsurface horizons  
(15-56 cm), which were more homogeneous in terms of Fe 
abundance. We characterized these redoxmorphic features via 
total elemental analysis, X-ray diffraction (XRD) and 57Fe 
Mössbauer spectroscopy (MBS). Concentrations of Si, Al, Ca, 
and Mn did not differ between Fe-enriched and Fe-depleted 
zones, which contained 2.6 - 6.1% and 1.5 - 2.3% Fe, 
respectively. The Mössbauer spectra clearly indicate hematite 
and goethite in the Fe-enriched spectra, with crystallinity 
increasing with depth, in support of our hypothesis. The Fe-
depleted microsites contained Fe primarly in clay minerals 
(e.g., kaolinte and other layered silicates), but became enriched 
in Fe (oxyhydr)oxides closer to the surface. This variation in 
Fe phase crystallinity within similar redoxomorphic features 
suggests the role of surface processes (i.e., vegetation) can 
influence soil development well below the typical rooting 
zone. 
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Considering the entirety of Earth’s history, the ocean has 
dominantly been in an anoxic, non-sulphidic state, with the 
water column containing dissolved Fe (ferruginous). Despite 
the significance of such conditions, the cycling of nutrients in 
ferruginous settings remains poorly understood. Phosphorus is 
thought to be the ultimate limiting nutrient on geological 
timescales. Therefore it is essential to constrain the behaviour 
of P under ferruginous conditions in order to evaluate feedback 
mechanisms associated with P stimulation of primary 
productivity, organic carbon burial and oxygen production. 

The modern Lake La Cruz (Spain) is a meromictic 
sinkhole and its Fe-rich, sulphide-poor, anoxic hypo-
monimolimnion is an ideal system to assess the nature of Fe 
and P cycling on the ancient Earth. Following the collection of 
water column, pore water and sediment samples, we have 
examined the partitioning of Fe and P between key phases, 
with an aim to constrain how authigenic mineral formation 
affects P bioavailability. Utilising these data, we will present 
new insight into the geochemical controls on P cycling under 
ferruginous conditions, ultimately improving understanding of 
the associated feedback mechanisms that controlled the 
chemical nature of the biosphere during these dominant 
periods of Earth history. 
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U-Pb dating by laser ablation magnetic-SF-ICPMS of 100 
titanite grains collected from the Nalunaq Gold Mine, South 
Greenland yields concordia ages of 1766+/-8 Ma (Wetherill); 
1763+/-8 Ma (Tera-Wasserburg) (MSWD=2.2), and a weighed 
mean 206Pb/238U age of 1768+/-9 Ma (2SE; MSWD=0.7) 
and 207Pb/206Pb age of 1762+/-8 Ma (2SE; MSWD=1.9). 
Internal precision (2SE) of single 206Pb/238Pb and 
207Pb/206Pb titanite ages is 1-5 %. The titanites were 
collected from a calcite-rich skarn alteration zone hosted in 
metabasalt. The alteration zone consists of pockets of coarse-
grained calcite and clinopyroxene with a 2-3 cm alteration halo 
of clinopyroxene, plagioclase, spinel, quartz, chalcopyrite, 
pyrrhotite, ilmenite and titanite. The age of the titanite 
compares to the weighted mean U-Pb zircon age of 1762 +/-9 
Ma (MSWD=0.6; N=6; unpubl. analyses obtained by SHRIMP 
at Curtin Univ., Australia) of an adjacent pegmatite, thus 
linking the processes leading to skarn alteration to the 
formation of the pegmatite, which in turn has implications on 
the mineralization processes in the area.  

Analyses were obtained at 25 µm laser spot size on 
mounted grains. Ages were calculated through Iolite [1] using 
the VizualAge DRS [2] or the UcomPbine DRS [3]. The small 
proportion of common Pb included into the titanites was 
corrected using measured 204Pb. The analyses were performed 
using the A1772 titanite (pers. comm. Yann LaHaye, GTK, 
Finland) or the GJ-1 zircon as external standard matrixes, 
bracketing the titanites and known-unknown reference 
materials (viz. Harvard 91500 and GJ-1 zircons; A1772 and 
Seiland titanites; pers. comm. Jan Kosler). The known-
unknowns yield acceptable concordia and mean ages, e.g. 
1065+/-8 Ma (MSWD=3.5) for 91500 Harvard zircon and 
2617+/-11 Ma (MSWD=2.7) for the A1772, thus suggesting a 
robust analysis procedure and produced data set. Further dating 
of the titanite by ID-TIMS and MC-ICPMS are being 
conducted and will be presented at the conference. 

 
[1] Paton et al. (2011) JAAS 26, 2508-2518. [2] Petrus & 
Kamber (2012) GGR 36, 247–270. [3] Chew et al. (2014) 
Chemical Geology 363, 185-199 
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On timescales of decades-to-centuries, accelerated 

weathering of carbonate rocks may increase the land–ocean 
alkalinity flux, counteracting ocean acidification. Historical 
land use change and recent experimental evidence show that 
trees and their symbiotic root-associated mycorrhizal fungi, are 
key players in weathering biogeochemical cycles. Here we 
report the effect of the evolutionary advancement of trees and 
their mycorrhizal partnerships in intensifying carbonate 
mineral weathering within forests. 

In a 2-year field-experiment at the UK's national pinetum, 
we buried rock grains from four carbonates (chalk, oolite, 
marble and dolomite) and an acid volcanic rock, under 65 
mature trees from a range of species that form arbuscular (AM) 
or ectomycorrhizal (EM) fungal partnerships. Throughout the 
study, carbonate dissolution under EM trees was 12 times as 
fast as that of volcanic rocks. 

During the first 3 months, chalk, oolite, and marble 
weathered significantly faster under EM angiosperm tree 
species than under AM trees, an effect linked to rhizosphere 
acidification by EM trees. Weathering peaked after 6 months 
for tree-mycorrhiza combinations especially within EM forest 
soils, confirming the important role of EM fungi in initial 
mineral dissolution and nutrient mobilisation.  

Fungal hyphae preferentially colonised chalk and volcanic 
rock grains which were both relatively rich in the plant-growth 
limiting nutrient, phosphorus, compared to the other minerals. 
In the volcanic silicate, phosphorus was preferentially removed 
from the rock grains, especially in EM forests. Contrastingly, 
carbonates showed net phosphorus accumulation, most likely 
of biological origin.  

Our analyses suggest that EM tree species substantially 
increase carbonate weathering, so that strategic planting of key 
taxa  on carbonate-rich terrain could help slow rates of 
localized anthropogenic ocean acidification. 
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The behaviour of technetium at ultra-trace (< 10-10 M) 
concentrations in sediment columns was investigated using 
99mTc γ-camera imaging. Experiments were representative of 
the subsurface at the Sellafield nuclear facility in Cumbria, 
UK, where 99Tc is mobile in groundwaters [1]. The focus was 
on bioreduction as a potential treatment option for mobile 99Tc. 
Technetium-99m at ultra-dilute concentrations (5 x 10-10 M) 
was added to flowing sediment columns (4.63 x 10-6 ms-1) at 
intervals during acetate stimulated reduction and subsequent 
re-oxidation with the radionuclide imaged using a gamma 
camera at the Manchester Royal Infirmary. During imaging, 
99mTc was retained in Fe(III) reducing areas in the sediment 
and Tc retention was commensurate with increasing sediment 
0.5 N HCl extractable Fe(II)/Fe(III) ratios [2]. Retention of Tc 
was presumably due to reduction of  Tc(VII) to Tc(IV) and 
subsequent sorption of Tc(IV) to the sediment, even at ultra-
dilute concentrations below the theoretical solubility limit of 
hydrous TcO2 (~ 10-8 mol l-1). In oxic columns 99mTc behaved 
as a conservative tracer and gave information on porosity and 
flow dynamics. These results demonstrate the potential for 
biostimulation to immobilise ultra-trace concentrations of 99Tc 
in the presence of biogenic Fe(II) in sediments over fast 
(minutes) timescales [3]. Ongoing experiments are also 
investigating the rate of column re-oxidation with oxygenated 
water and nitrate and preliminary results will be presented.  

  
[1] Stamper et al. (2013) Sellafield Ltd, Technical report: 

LQTD000032. [2] Lear et al. (2010). Environ. Sci. Technol. 
44, 156-162. [3] Burke et al. (2010) Appl. Geochem. 25, 233-
241.  
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Compound-specific isotope analysis (CSIA) has been 
successfully employed as a site-assessment tool in monitored 
natural attenuation (MNA) of chlorinated solvents. MNA is 
increasingly accepted as a remediation strategy relying mostly 
on reductive dechlorination as key transformation process. 
Chemical reduction capable of complete dechlorination may be 
also significant for MNA, but the lack of clear degradation 
indicators hampers its consideration for MNA. Indeed, 
chemical reduction is sometimes confused with stalling 
reductive dechlorination. For this reason, the potential use of 
carbon CSIA to detect and quantify chemical reduction will be 
evaluated by means of reactive transport modeling of 
hypothetical hydrogeological conditions. 

The model was applied both to advective flow conditions 
in aquifers and to diffusion-controlled transport in low-
permeability layers. Back-diffusion from low-permeability 
layers causes contaminant persistence long after DNAPLs are 
dissolved or removed, and it increasingly becomes a concern in  
site remediation work. At some polluted locations, back-
diffusion from clays and rock matrices is expected to release 
contaminants at concentrations above the maximum 
contaminant levels for decades after DNAPL source removal 
[1, 2]. Chemical reduction and biodegradation of chloroethenes 
in low-permeability zones might mitigate pollutants release. 
The model enables predicting concentration and isotope ratio 
patterns within and at the surface of the clay layer as well as in 
the aquifer. Isotope fractionation due to sorption and diffusion 
is also included in the model. Such fractionation is particularly 
relevant in modeling the fate of contaminants in low-
permeability layers. 
 We present the model background, as well as different 
virtual model experiments based on a literature compilation of 
model parameter values. Initial model results show that impact 
of physical processes on isotope patterns might interfere with 
degradation process assessment.  

 
[1] Liu & Ball (2002), Ground Water, 40, 175-184. [2] 

Parker, Chapman & Guilbeault (2008), Journal of 
Contaminant Hydrology, 102, 86-104. 
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Introduction 
Conventionally a TOC=0.5% is widely used as the 

minimum threshold for effective hydrocarbon expulsion, and 
that for the unconventional resources (e.g. shale gas and tight 
oil) is set at 2.0%. It is proposed that due to the heterogeneities 
of source rocks (layering structure) and the way TOC is 
classically measured, the currently adopted TOC thresholds 
may underestimate hydrocarbon resources. To investigate the 
heterogeneity effect of TOC, a series of artificial core plugs 
were made as alternating illite and organic-bearing bands with 
the organic-bearing band having different TOC contents of 
0.05%, 0.20%, 0.50%, 1.0% and 2.0%, respectively. Pyrolysis 
experiments were conducted on the plugs under a constant 
temperature of 350℃ for 72 hours (EasyRo=~1.10%) in a 
closed alloy reactor. 

Discussion of Results 
Pervasive microfractures were observed after pyrolysis, 

which are induced by hydrocarbon expulsion. The fluorescence 
intensities diminish away from the organic band. The oil 
stained in the organic-bearing band is heavier than that in the 
adjacent illite bands. Oil generated in the organic-rich band 
with TOC of 0.5%, equivalent to a bulk TOC of 0.25%, can 
still generate and expel oil into the adjacent illite bands. This 
indicates that source rocks with bulk TOC of 0.25% still can be 
effective source rocks as long as heterogeneities are present. 
Such low TOC values are usually overlooked in resource 
evaluation. 

3128



 Goldschmidt2015 Abstracts  

 3129 

Oxygen isotope composition of 
MORBs from the northern EPR (5-

15°N) and MAR (26°S) 
LIYAN TIAN12* AND ZHENGRONG WANG3 

1Sanya Institute of Deep-sea Science and Engineering, CAS, 
62 Fenghuang Road, Sanya City 572000, China 
(*correspondence:lytian@sidsse.ac.cn) 

2DTM, Carnegie Institution for Science, Washington DC 
20015, USA 

3City college of New York, CUNY, New York, NY 10031,   
USA (zwang1@ccny.cuny.edu) 
 
Geochemical variations of mid-ocean ridge basalts 

(MORBs) have long been attributed to the presence of 
compostionally distinct mantle and crustal components in their 
sources. The oxygen isotope composition of MORBs could be 
a valuable tracer of subducted crustal materials [1] since 
18O/16O ratios are strongly fractioned during low-temperature 
water-rock interactions (e.g. seafloor alteration). Here, we 
present results of oxygen isotope compositions from 72 
volcanic lavas sampled at both ridge axes and off-axis 
seamounts in the northern East Pacific Rise (EPR; 5-15°N) and 
Mid-Atlantic Ridge (MAR; 26°S). The chemical compositions 
of these lavas range from normal-MORB to enriched-MORB, 
and 18O/16O ratios of hand-picked fresh glasses from these 
lavas were measured using laser-fluorination technique, with a 
typical precision of ±0.08‰(1σ).  

Our results show that the EPR and MAR samples have 
similar average δ18OSMOW values (5.53±0.12‰ vs. 
5.53±0.08‰, 1σ), which are comparable to results from 
previous survey of global MORBs (5.52±0.11‰) [1]. In our 
samples,  δ18OSMOW values of EPR glasses span 0.64‰ (from 
5.08‰ to 5.72‰), while those of the MAR glasses cover a 
smaller range of 0.34‰ (from 5.33‰ to 5.67‰). The δ18O 
data of off-axis seamount samples are more scattered 
compared with those of the axial ones. Two andesitic glasses 
from EPR show unusually lower δ18O values (5.08‰ and 
5.27‰ respectively) and exhibit excess Cl addition 
([Cl]>3000ppm), probably indicating an assimilation of 
seawater-derived component (e.g., saline brines or altered 
oceanic crust). Moreover, the δ18O values of the EPR and 
MAR glasses lack statistically-significant correlations with 
their other geochemical indicies, including highly/moderately 
incompatible element ratios (e.g., K2O/TiO2, La/Sm) and 
radiogenic isotope ratios (e.g., 87Sr/86Sr, 143Nd/144Nd), drawing 
a complex picture of how different mantle and/or crustal 
components interplay with each other. 
 
[1] Cooper et al. (2009), Geochem. Geophys. Geosyst. 10, 
doi:10.1029/2009GC002728. 
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Globally, soil organic matter is a large and important 

carbon pool. The stability of this pool is controlled by a range 
of biological and environmental factors. One important 
environmental factor in this respect is the interaction between 
organic matter and soil mineral surfaces (e.g. iron oxide and 
clay surfaces). These interactions may fractionate the complex 
mixture of soil organic matter and influence why some 
fractions are more recalcitrant than others. Consequently, it is 
important to study adsorption of organic matter on soil 
minerals in order to understand the interaction mechanisms and 
their consequences for organic matter decomposition and 
sequestration. 

In our study we used in-situ infrared spectroscopy to study 
the interactions between dissolved organic matter and 
ferrihydrite and goethite mineral surfaces. The organic matter 
was water-extracted from organic forests soils, thus herein we 
have studied the more labile fraction of soil organic matter. We 
investigated the adsorption behavior at different time scales by 
conducting a series of systematic experiments at pH values 
from 4 to 9 and at different organic matter concentrations. IR 
spectra were collected as a function of time at fixed 
predetermined pH values, at a sub-minute time resolution. Two 
advanced chemometric tools — two-dimensional correlation 
spectroscopy and multivariate curve resolution — were applied 
to decompose the IR spectral data sets into spectral 
components displaying different adsorption kinetics. In 
addition to the IR spectra, the concentrations of dissolved 
organic matter and iron were monitored. 

Results will be presented showing that composition of the 
surface layers changes with time, pH and organic matter-to-
mineral ratios. Depending on these factors, the organic matter 
selectively and sequentially adsorbed on the iron oxide 
surfaces. Thus, the major compound classes of the organic 
matter displayed different adsorption kinetics and pH 
dependent adsorption behaviour. The present study will 
contribute to the molecular scale insights about adsorption 
mechanism occruring at natural organic matter-mineral 
interfaces and give a new perspective on how these reactions 
determine SOM degradation  
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Monitoring and characterizing airborne particulate matter 

(PM) has been an important research area due to PM’s impact 
on health, visibility reduction, material damage and ground 
water pollution. In regard to road dust, suspension and re-
suspension with the contribution of non-exhaust PM to total 
traffic emissions are expected to increase as a result of 
predicted climate scenarios.  

The passive sampling method Sigma-2 collects coarse 
particles on an acceptor surface, which is suitable for single-
particle analysis via optical microscopy (TLM=transmitted-
light microscopy) and scanning electron microscopy (SEM). 
The TLM analysis allows for the determination of a number 
settling rate of the “total” atmospheric particle load (dp 2.5- 
80 µm, geometric equivalent diameter), used for the 
calculation of the total ambient aerosol mass concentration 
(VDI 2119, 2013). Furthermore it allows for the differentiation 
by particle type (e.g., opaque vs. transparent) and particle size 
(dp 2.5-10 µm, dp 10-80 µm), used for the calculation of the 
size-fractionated mass concentration of these particles. Results 
from this method provide information on the distribution ratio 
of different particle sizes over a given period and sampling site 
and permit distinction between, and first estimation of, 
anthropogenic and natural particles in the study area. The 
anthropogenic (opaque) particle fraction shows for our 
sampling sites the maximum concentration of PM in the 10 to 
20 µm size interval. This is typical for sampling locations 
under the direct influence of road traffic. 

3131



 Goldschmidt2015 Abstracts  

 3132 

Stabilization of copper and arsenic in 
contaminated soils using zero-valent 
iron – evaluation of long-term effects 

C. TIBERG12*, J. P. GUSTAFSSON1, J. KUMPIENE3,  
M. MENCH4 AND D. BERGGREN KLEJA12 

1Swedish University of Agricultural Sciences, Dep. of Soil and 
Environment, Uppsala, Sweden (* corresponence: 
charlotta.tiberg@slu.se) 

2Swedish Geotechnical Institute, Stockholm, Sweden 
3Luleå University of Technology, Waste Science and 

Technology, Luleå, Sweden  
4UMR BIOGECO INRA 1202, University of Bordeaux, 

Ecology of Communities, Pessac, France 
 
Immobilization of trace elements in contaminated soils by 

amorphous iron (hydr)oxides (HFO) has been suggested as a 
remediation method. Results from stabilization with zero-
valent-iron (ZVI) are promising for some elements, but 
questions about the long-term performance of the stabilization 
remain unanswered. To quantify the extent of immobilization 
and to predict possible remobilization of contaminants on long 
timescales detailed knowledge about immobilization 
mechanisms is needed. This study aimed at assessing the long-
term effect of  ZVI amendments on the solubility of arsenic 
(As) and copper (Cu), and exploring the immobilization 
mechanism(s). 

Samples from control and ZVI-treated plots in two field 
experiments (both with sandy soils) were investigated; one Cu-
contaminated soil, (a wood preservative site, ZVI added 6 
years prior to sampling), and one As-contaminated soil, (an 
agricultural field nearby an As(III) smelter, ZVI added 15 
years before sampling). Batch experiments were made in the 
pH range from 4 to 8, and contaminant solubility was predicted 
with Visual MINTEQ. The bonding mechanisms of As and Cu 
were studied with EXAFS spectroscopy. 

The solubility of Cu in the ZVI-treated soil was 7 times 
lower than in the untreated soil at soil pH (ca. 6.5), despite 
higher Cu concentration in the treated soil. The solubility was 
predicted well by the model. EXAFS results and modelling 
show that Cu was mainly bound to organic matter in the 
untreated soil, but that sorption to HFO predominates at pH > 6 
in the ZVI-treated soil. Sorption of As was less pH-dependent 
but sensitive to the competition with phosphate.  

We conclude that ZVI remained “reactive” during long 
periods (6-15 years), that the pH value is crucial for Cu 
stabilization, and that competition with phosphate is important 
for As. 
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Abundant massive pyroxenites and dunites occur among 
harzburgites in the Herbeira massif of the Cabo Ortegal 
complex as part of the Variscan suture in Spain [1]. The 
formation and evolution of this assemblage have never been 
comprehensively understood due to a particularly complex 
tectonothermal history [2] [3]. Our new whole-rock and in situ 
geochemical data suggest that it constitutes the rare occurrence 
of a boninitic signature in ancient pyroxenites, recording a 
multi-stage metamorphic and metasomatic evolution during 
subduction and exhumation. 

Depletion of high-field strength elements and the major-
element composition of these spinel websterites and 
clinopyroxenites (e.g. high Ca, low Al and Ti) suggest that 
they originated from fractional crystallization and segregation 
of high-Ca boninites. Variations in heavy rare earth elements 
content and Mg-number (0.83-0.90) point to interaction of 
these melts with host mantle, producing dunites, dunitic 
flames-bearing pyroxenites and subordinate orthopyroxenites. 
The lithological heterogeneities produced controlled 
subsequent melt percolation and deformation during intrusion 
of these rocks into the Devonian subduction zone. 
Development of sheath folds overprinted high-temperature 
boudinage during the prograde metamorphism peaked at 16.5-
20 kbar and ~800°C, which led to syn- to late-kinematic 
development of garnet around spinel. Spoon-shaped to strongly 
enriched rare earth element patterns were produced by various 
degrees of chromatographic re-equilibration with in situ partial 
melts produced at peak metamorphism, as evidenced by the 
existence of garnet-bearing mafic dykes. Abundant base-metal 
sulphides and euhedral to subhedral low-Ti magnesio-
hornblende after diopside (and Al- to Cr-rich spinel) 
crystallized during retrograde metamorphism. Further fluid-
mobile elements enrichment occurred during this hydration 
episode. 

 
[1] Girardeau et al. (1989), Nature, 245, 1231-1233. [2] 
Ábalos et al. (2003), Tectonics, 22, 1006-1027. [3] Santos et 
al. (2002), Journal of Petrology, 45, 17-43. 
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The southern Kermadec arc is a rare example where the 
effects of subducting an oceanic large igneous province, the 
Hikurangi Plateau (HP), on arc volcanism and element transfer 
can be studied. The volcanoes Rumble II East (arc front) and 
West (backarc) are located above the subducting HP, forming a 
~23 km arc - backarc transect. Rumble II East rocks are mainly 
basaltic and include a clinopyroxenite of near Moho and a 
gabbro of mid crustal origin. Two of the Rumble II East lavas 
show low Th/Yb and 206Pb/204Pb, but high Ba/Th and 
143Nd/144Nd values, suggesting a geochemically depleted 
source. Most Rumble II East rocks, however, have elevated 
Th/Yb and 206Pb/204Pb values, but low Ba/Th and 
143Nd/144Nd isotopic compositions. Of note, the 
clinopyroxenite has a HIMU-type Pb, but low Nd isotopic 
composition, suggesting a hybrid subducting sediment - HP 
crustal signature. As some lavas have higher 206Pb/204Pb 
values than subducting sediments, input from the HP and its 
HIMU-type seamounts plus subducted sediments can explain 
the observed geochemical compositions. We therefore propose 
that the clinopyroxenite represents a lower crustal/upper 
mantle endmember beneath Rumble II East that has interacted 
with ascending melts. By contrast, Rumble II West lavas are 
generally more silica-rich and have low Ba/Th and 
206Pb/204Pb values, low to elevated 143Nd/144Nd values and 
elevated Th/Yb. These characteristics suggest some sediment 
input into a less depleted mantle wedge consistent with the 
location of Rumble II West behind the arc front. The low Pb 
and high Nd isotopic ratios do not require input from a 
Hikurangi component. Although lavas from both Rumble II 
volcanoes have generally overlapping Cu, Mo and S, bulk rock 
contents are similar to other Kermadec arc basalts and 
andesites. Elevated S, Cr and Ni, but low Cu contents in the 
clinopyroxenite suggest the presence of sulphides in olivine 
and pyroxenes. Elevated S and Cu contents in the gabbro, 
however, indicate minor Cu-bearing sulphides. Interaction of 
‘wet’ ascending arc melts with sulphide-bearing crustal rocks 
may therefore produce S-rich and thus chalcophile element-
rich magmas beneath arc volcanoes. 
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Determining temporal variations in the nature and timing 
of diamond formation is an important step in understanding the 
workings of the Earth’s deep carbon cycle. To this end we 
report the first successful TIMS Sm-Nd dating study of 
extremely small (2-110 µg) individual silicate inclusions from 
diamonds. The Nd and Sm isotope ratios were analysed using 
Faraday cup amplifiers equipped with new 1013 Ω resistors that 
have 10 fold higher signal to noise ratios compared to 
conventional 1011 Ω amplifiers, resulting in higher precision. 

20 eclogitic garnet and clinopyroxene inclusions from 
diamonds from Orapa and Letlhakane, Botswana, were 
measured for Sm-Nd and Rb-Sr isotopes. Inclusions were 
grouped for isochron determinations based on similar diamond 
growth zone morphology, nitrogen content and aggregation, 
inclusion trace element content and Sr isotope ratios. Nd TCHUR 

model ages of individual inclusions gave ages of <0.2 Ga,  
0.7 Ga, ~1.0 Ga, and ~1.5 Ga (Orapa) and <0.35 Ga, ~0.9 Ga, 
~2.1 Ga, and 2.7 Ga (Letlhakane), showing multiple diamond 
growth events in both diamond mines. Isochrons give similar 
ages  (116±85 Ma, 224±35 Ma, 987±75 Ma, 1555±320 Ma, 
2144±35 Ma) with initial ratios close to CHUR (Orapa: ƐNd 
+0.2 to +2.3; Letlhakane: ƐNd -1.3 to +0.8). The older ages of 
1.0, 1.5, and 2.1 Ga ages confirm Sm-Nd ages obtained on 
pooled silicate inclusions [1] and Re-Os ages on sulphides [2] 
from Botswana. These ages can be directly linked to regional 
tectono-magmatic events.  

Three studied diamonds record episodic growth with 
inclusions in different growth zones. Two Orapa diamonds had 
age differences of 0.8 Ga and 1.45 Ga between intermediate 
zones and rims. A Letlhakane diamond had a larger age 
difference with a 2.1 Ga intermediate zone and 0.2 Ga rim. 
Despite large age differences, the variation in δ13C of these 
three diamonds was limited (<1.5‰), suggesting that δ13C did 
not change markedly over time on a local scale in the sub-
continental lithospheric mantle (SCLM). This successful study 
demonstrates it will be possible to determine the detailed δ13C 
history with time in the SCLM worldwide.  
 
[1] Richardson et al. (1999) Proc 7th Int Kimberlite Conf 2, 
709-713. [2] Richardson et al. (2004) Lithos 77, 143-154.  
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Chemical weathering mediates Earth’s carbon cycle and 
hence global climate over geological time-scales. Ca and Mg 
from silicate minerals are released to the solute phase during 
dissolution with carbonic acid and subsequenty buried as 
marine carbonate. This mechanism has provided the climatic 
feedback that has maintained Earth’s climate equable over 
geological history. Quantitative models of contemporary 
silicate weathering processes coupled to estimates of modern 
day carbon fluxes associated with silicate weathering are 
therefore fundamental to understanding Earth’s carbon cycle, 
and the feedbacks between the carbon cycle, climate and 
chemical weathering. 

Estimating the Ca and Mg released from silicate 
weathering is not straightforward because their fluxes are 
dominated by carbonate weathering. Instead, contemporary 
silicate weathering fluxes are typically quantified based on Na 
and K fluxes in river waters because these elements are 
considered to be derived from silicate weathering (after 
correction for salt dissolution and rainfall inputs). Silicate Ca 
fluxes are based on the product of the Na flux and an average 
Ca/Na ratio of silicate rocks. This relies on the assumption that 
Na and K are predominantly released by silicate mineral 
dissolution. 

However, it has been proposed that Na-Ca exchange 
reactions with clay on mineral surfaces could account for 80% 
of the Na in rivers waters. At present, none of the methods to 
estimate silicate weathering fluxes and associated CO2 
consumption account for cation-exchange reactions largely 
because physical and chemical weathering were assumed to be 
steady state processes implying that cation exchange has no net 
influence on weathering fluxes.   

In tandem, there are numerous reports of stable isotope 
fractionation of the elements Mg and Li that are inferred to be 
induced by clay minerals.  At present it is not clear whether 
this fractionation is associated with mineral surfaces 
(exchange) or structural incorporation into the clays.  Here we 
will report Mg and Li isotope analyses on dissolved, 
exchangeable and structural Mg and Li from a series of large 
river systems to determine whether Mg and Li isotopes are 
fractionated by exchange processes and in turn whether they 
can help quantify the significance of exchange processes on 
controlling the chemistry of natural waters, and the apparent 
proportions of carbonate to silicate weathering. 
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Introduction 
Expectations regarding structural deformation of asteroidal 

meteorites have typically revolved around impact-induced 
shock metamorphism or the gravity-driven axial compression 
of cumulates at the base of magma chambers. Recent structural 
analyses [1], however, of several olivine-rich diogenites 
(harzburgites) reveal solid-state plastic deformation not 
attributable to either scenario and propose dynamic mantle 
movements in the parent body, assumed to be the asteroid 4 
Vesta. In this study we examine the microstructures and the 
chemistry of pyroxene and olivine in the complex olivine-rich 
diogenite NWA 5480, consisting of a dunitic zone A and a 
harzburgitic zone B, to gain further insight into its complex 
history. Analytical methods include scanning electron 
microscopy (SEM),  electron backscattered diffraction 
(EBSD), electron probe microanalysis (EPMA) and 
transmission electron microscopy (TEM). 

Results 
A coarse-grained, poikilitic texture was observed in the 

pyroxene that also displayed relatively wide augite exsolution 
lamellae. Four populations of olivine were established 
involving several morphologies and grain sizes, yet at least 
three of the four olivine populations showed little or no 
chemical deviation. No shock effects were observed.   

Conclusions 
Together with the reported solid-state plastic deformation 

[2] these results attest to polyphase deformation and heating 
events as well as relatively slow crystallisation and sub-solidus 
cooling rates. Observations suggest that impact events alone 
are unlikely to generate and sustain the thermal and 
deformation conditions required to achieve all of the observed 
features. The proposed dynamic mantle movements [2] in the 
Vestan interior offer a means of heat transport to the system 
likely sufficient to provide a thermal environment inducive to 
slow cooling as well as generate the incremental stress fields 
required for the polyphase plastic deformation observed in the 
olivine. 

 
[1] Tkalcec & Brenker (2014) MAPS, 49, Nr 7, 1202–1213; [2] 
Tkalcec et al. (2013) Nature Geosci., 6, 93-97.  
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Introduction: 
Zagami, a geochemically-enriched shergottite, is the only 

Martian meteorite that consists of multiple lithologies with 
distinct initial Sr isotopic compositions [1-5]. The Sr isotopic 
variability suggests that Zagami has sampled more than two 
geochemical source reservoirs, which may include as-yet-
unidentified ancient Martian crustal component. We report 
preliminary results of Pb isotope analyses of Zagami sawn dust 
that is expected to reflect a mixture of the multiple Zagami 
lithologies. 

Experiment:  
We performed a 5-step sequential acid leaching experiment 

after the method of [6]. We employed 30 mg of the Zagami 
sawn dust and obtained five leachates and the residue. Pb 
isotopic compositions and trace element abundances of the 
leachates and residue were determined by TIMS and ICP-MS, 
respectively. 

Results and Discussion:  
The residue exhibits a LREE-depleted pattern similar to 

Zagami pyroxene. A mass balance calculation based on the 
ICP-MS results indicates that the residue accounts for only 2% 
Pb in the whole Zagami sawn dust; i.e., the rest of 98% Pb was 
removed by the leaching experiment. These results strongly 
suggest that the Pb isotopic composition of the residue contain 
neither terrestrial nor Martian surface component but represent 
that of Zagami magma source(s). The Pb isotopic composition 
of the sawn-dust residue is distinctly more radiogenic than that 
of the coarse-grained lithology of Zagami [7]. This indicates 
that at least one of the other Zagami lithologies has more 
radiogenic Pb than the coarse-grained lithology. Our 
preliminary results, combined with the previous Sr isotope 
studies [2-5], suggest that multiple magmatic sources were 
involved in the Zagami petrogenesis, due most likely to the 
magma mixing and/or crustal assimilation.  

 
[1] Niihara et al. 2012 MAPS 75, #5075. [2] Nyquist et al. 
1995. LSPC. 26, 1065-1066. [3] Nyquist et al. 2006. MAPS. 
41, A135. [4] Nyquist et al. 2010. MAPS 45, A154. [5] 
Misawa et al. MAPS. 75, #5190  [6] Moriwaki et al. 2014 
LPSC 45, #1773. [7] Borg et al. 2005 GCA. 69, 5819-5830. 
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Biomolecules produced by organisms are well known to 
affect the nucleation, growth and aggregation of CaCO3 
minerals. In this process, the biomolecules often get 
incorporated within the precipitating CaCO3 phase, leading to 
more stable and resilient mineral structures and textures. Such 
biomineralisation processes have been studied for several 
decades, but the mechanisms by which the organic molecules 
control CaCO3 crystallisation rates, polymorph selection and 
stability are still not fully understood. In particular, little is 
known about their impact on the initial stages of CaCO3 
formation, which is often preceeded by a metastable 
amorphous precursor phase (ACC).  

This study focusses on the role of biomolecules in the 
mineralisation processes of CaCO3 from the ACC precursor. 
Synchrotron radiation pair distribution function (PDF) was 
combined with time-resolved UV-Vis spectrophotometry, X-
ray photoelectron spectroscopy (XPS), thermal gravimetric 
analysis (TGA), differential scanning calorimetry (DSC) and 
electron microscropy to quantify changes in the ACC atomic 
scale structure, composition and stability as a function of 
biomolecule type (i.e., amino acids, carboxylic acid and 
polysacharides) and concentration in solution. Also, ACC 
crystallisation was monitored to assess the impact of the 
organic molecules on polymorph selection, transformation rate, 
morphology and size. The addition of an organic acid, such as 
citric acid, considerably prolongs ACC lifetime, increases its 
thermal stability and promotes the formation of calcite with 
spherulitic crystal shapes different from the pure system [1]. In 
contrast, single unit amino acids (e.g.,  aspartic acid, glutamic 
acid and glycine) promote the formation of vaterite but have 
less effect on ACC stability, composition and structure, despite 
being detected on the ACC surface [2]. 

 
[1] Tobler et al. (2015) Adv. Funct. Mat. 25, 3081-3090 [2] 
Tobler et al. (2014) Proc. Earth Planet. Sci. 10, 143. 
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The Cogne magnetite deposit (Val d’Aosta, Italy) is hosted 

by a serpentinite unit, which is part of the ophiolitic complexes 
of the Piemonte Zone, NW Alps. With a tonnage of 1.9 · 106  
tons at 37% Fe average grade, it is among the largest known 
serpentinite-hosted magnetite deposits in the world. The origin 
of the Cogne magnetite has long been debated, also because its 
composition, which is characterized by only trace amounts of 
Cr, Ti and V, is unusual for ultramafic-hosted magnetite. In 
this preliminary study we explore the possibility that the 
Cogne deposit is a fossil, metamorphosed, seafloor 
hydrothermal system, a hypothesis that is corroborated by the 
comparison of the magnetite compositional data with those for 
worldwide magnetite of different origins. Our new 
petrographic and chemical data on the magnetite-rich mineral 
assemblages and their host rocks allow us to propose the 
following sequence of events: (i) an early seafloor 
serpentinization process, marked by replacement of peridotite 
minerals with lizardite and minor magnetite, forming typical 
mesh textures and bastites; (ii) a subsequent hydrothermal 
metasomatic event, which is responsible for the deposition 
under static conditions of abundant magnetite and formation of 
diopside (± chlorite)-rich lithologies; (iii) prograde subduction 
metamorphism, responsible for the replacement of lizardite and 
part of the magnetite by antigorite and the subsequent 
stabilization of olivine at the expense of antigorite. The above 
sequence would be consistent with a subseafloor hydrothermal 
origin of the Cogne deposit during the oceanic stage of the 
Piemonte Zone. Thermodynamic modeling of metamorphic 
and hydrothermal systems, as well as oxygen isotope and trace 
elements analyses are being carried out to further constrain the 
conditions of formation of magnetite. The suggested link 
between magnetite and seafloor hydrothermal activity might 
contribute to our understanding of some reported magnetic 
anomalies in modern oceanic environments. 
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It is possible that the distribution behaviors of redox-
sensitive elements between water and authigenic minerals can 
provide information on the oxidation state of the element in the 
coexistent water during the deposition of the mineral.  For 
example, our previous study [1] showed that barite-selenium 
oxyanion system can be used as a redox indicator for oxic-
suboxic boundary because the selenate/selenite 
(Se(VI)/Se(IV)) ratio in barite was primarily correlated with 
that of the ratio in water. If the method can be applied to other 
redox sensitive elements coprecipitated with barite, one barite 
particle can provide more detailed redox information on the 
environment.  Thus, in this study, we focus on arsenic 
oxyanion as a coprecipitated trace elements because arsenic 
(As) is dissolved in water as arsenite (As(III)) or arsenate 
(As(V)) ion under suboxic and anoxic conditions, respectively.  
If barite can incorporate both As(III) and As(V) as well as 
Se(IV) and Se(VI), the As(V)/As(III) ratio recorded in barite 
may possibly reflect the ratio in water, which consequently 
indicates more accurate redox information whether barite 
precipitated under oxic, suboxic, or anoxic redox 
environments. 

Coprecipitation experiments of As with barite were 
conducted to investigate the influence of the oxidation state on 
its immobilization into barite based on the speciation of As in 
barite and water phases by As K-edge XANES and HPLC-
ICP-MS, respectively.  The results showed that both As(III) 
and As(V) can be incorporated into barite to preserve their 
initial species in water.  Natural barite samples collected in 
Tamagawa Hot Springs (Akita Prefecture in Japan), where the 
headwater was very acidic (pH 1.2) with high As 
concentrations (1000 μg/L), were also analyzed by micro-XRF 
and XANES to investigate the applicability of barite-arsenic 
system as a redox indicator in natural systems.  The results 
showed that As in natural barite can be detected by the micro-
XRF-XAFS technique, and the presence of As in barite reflects 
the As(V)/As(III) ratio in depositional water, suggesting that 
barite-arsenic oxyanion system can work as a redox indicator 
to estimate Eh range where barite precipitated. 
[1] K. Tokunaga, Y. Yokoyama, and Y. Takahashi, Geochem. 
Geophys. Geosystems 14 (2013) 4826-4834. 
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Trace amounts of water stored in olivine as hydroxyl-
bearing point defects has a disproportionately large influence 
on many key physical properties of the upper mantle. The 
relative stability of these different hydrous defects is controlled 
by a variety of thermodynamic properties; such as temperature, 
pressure, fugacities of oxygen and water and activities of silica 
and co-substituting trace cations (e.g., Ti, Cr3+, Fe3+). All of 
these properties vary substantially within the upper mantle, yet 
how they influence the stability of individual hydrous defects 
and therefore the bulk water storage capacity has not been 
firmly established. We present the results of a series of 
‘hydroxylation’ experiments, whose premise is to impose a 
defect population in natural olivine crystals under high 
temperature conditions, before exploiting the rapid diffusion of 
hydrogen to decorate the imposed defect population with water 
at much lower temperatures and 15 kb pressure.  

Crystallographically-orientated cubes of San Carlos olivine 
(Fo90) were annealed at temperatures from 1050-1400 °C at 
atmospheric pressure, at oxygen fugacities from FMQ-3 to 
FMQ+2 and in the presence of enstatite or mg-wüstite powders 
(high and low silica activity respectively). Annealed and un-
annealed cubes were then hydroxylated together under water-
saturated conditions at 800-900 °C, 15 kb and with similar 
ranges in oxygen fugacity and silica activity. 

Infra-red spectra of hydroxylated olivines reveal the four 
defect sites characteristic of upper mantle olivine. Differences 
between the equilibrium defect structure of olivine crystallised 
from the buffer and the hydroxylated cube indicate succesful 
preservation of the defects imposed during the high-
temperature anneal during hydroxylation. The different silica 
activity buffers have negligable impact on the hydrous defect 
structure of the olivine cubes, reflecting the slow diffusivity of 
silicon vacancies at 800-900ºC. Increasing oxygen fugacity 
from FMQ-3 to FMQ+2 in the high temperature anneal results  
in a factor of 4 increase in water content, accomodated by an 
increase in the availability of Fe3+- and possibly Cr3+-related 
defect sites. Increasing temperature from 1050 to 1400 °C in 
the annealing stage at FMQ+2 results in an increase in water 
by a factor of 2.3.           
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REE are frequently associated with carbonatites.  The 

reason for this enrichment is unclear given that the REE 
preferentially partition into silicate rather than carbonatite 
melts during melt immiscibility.  Fractional crystallisation may 
therefore be important in controlling the REE budget of 
carbonate melts. 

Apatite [Ca5(PO4)3(OH, F, Cl)] is a common accessory 
phase within carbonatites. The capacity of apatite to sequester 
geochemically important major and minor trace elements, 
through the substitution of Ca sized ions into the crystal lattice, 
makes it a potentially significant reservoir of REE. Despite its 
petrogenetic importance, limited experimental data exists on 
trace element partitioning between apatite and carbonatite 
melts [1, 2]. 

Trace-element doped synthetic (F- and Cl-) apatites were 
crystallised in equilibrium with carbonatite melt as function of 
temperature (1150-1350 °C), pressure (10-30 kbar) and melt 
compostion. Partition coefficients (Dapatite/melt) for Li, Be, Al, 
Sc, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, As, Rb, Sr, Y, Zr, Nb, Sb, 
Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, 
Hf, Ta, Pb, Th and U were determined by LA-ICP-MS. All 
trace elements investigated are incompatible in apatite. The 
partitioning of trivalent cations (REE and Y3+) were fit by a 
lattice strain model enabling the prediction of partitioning and 
derivation of a general equation relating partitioning to P and 
T. 

The partitioning behaviour of REEs into apatite must vary 
with the activity of the charge compensating species within the 
melt. For example, the silica concentration of apatite has been 
proven to correlate with REE incorporation [2]. The 
substitution mechanism has been explored by varying the 
activities of Si, monovalent cations, and oxy-anions. 

 
[1] Klemme & Dalphé (2003) Am. Mineral. 88, 639-646. [2] 
Hammouda et al. (2010) Geochim. Cosmochim. Acta 74, 7220-
7235.  
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Radiogenic noble gases, (NG), 4He*, 21Ne* and 40Ar*, are 

produced in rocks by the decay of the parent isotopes, U, Th, 
K, and associating nuclear reactions and partially migrate into 
pore waters.  During hydrocarbon (HC) production NG 
partition into HC phases, in where their abundances are high 
and therefore “frozen”. This allows Time between ground 
water Recharge and HC Production (TRP) to be estimated.  

Applying 4He*/40ArAIR chronometer to data presented in 
[1], the average TRPs of HC fields, situated in different 
geological settings, i.e., ancient plates, young plates, and 
mobile belts, approach 400, 175 and 40 Ma, respectively; these 
time intervals are comparable with the mean age of HC-
bearing rocks in these settings, thus presenting evidence on 
chronology of HC production processes.   

High contributions of radiogenic NG could result in too 
long TRPs, indicating external sources of NG.  Thus, TRP ≈ 
1.5 Ga, obtained for samples from some HC fields in Alberta, 
Canada, greatly exceed the stratigraphic ages of the reservoir 
rocks, below 400 Ma; this was interpreted [2] as indication of 
radiogenic NG flux from the crystalline basement.   

Rather short TRPs for samples with low contributions of 
4He* can be translated into the CH4 production rates.  Thus, RP 
≈ 20 Kyr, including ground water migration time as well as 
time of methane generation and uplift, was derived for samples 
from the Chonan gas field, Kanto district, Japan [3]. 
Multiplying the 4He* production rate in rocks (having average 
upper-crust U and Th concentrations), 6.3 × 10-13 cc STP 4He 
g-1 year-1, on the observed ratio of CH4 / 4He* ≈ 2 × 106 gives 
the CH4 production ≥ 1.2×10-6 cc CH4/(g of organic bearing 
rock × year), in accord with independent estimates.   

Radiogenic NG chronometers allow estimate the formation 
time scale; an interval  ≈ 10 Ma, was derived for samples with 
(almost) identical ratios of 21Ne*/21Ne AIR and 40Ar*/ 40ArAIR in 
different segments of the Magnus oilfield [4].  These and other 
examples show validity of NG time scales extracted from HC.  
 
[1] Prasolov (1990) The isotope geochemistry and origin of 
natural gases. Nedra, Leningrad, pp. 283 (in Russian). [2] 
Hiyagon and Kennedy (1992) GCA 56, 1569-1589. [3] Wakita 
et al. (1990) Appl. Geochem. 5, 263-268. [4] Ballentine et al. 
(1996) GCA 60, 831-849. 
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The U-Pb system of hydrous silica potentially provides age 

constraints on near-surface, low temperature processes, such as 
fluid migration during weathering or hydrothermal activity. 
Reliable application of the opal geochronometer requires an 
understanding of the processes that could cause complications 
for its U-Pb systematics. Silica can experience a complex 
structural evolution from amorphous to cryptocrystalline states 
(opal to chalcedony).  

We studied a natural sample of petrified wood from the 
Siebengebirge, Germany, where uraniferous opal was replaced 
by chalcedony. The petrified wood occurs within quartzous 
sand and gravels of Upper Oligocene stratigraphic age. The 
sediments were covered by an extended trachyte tuff around  
25 Ma and document a protracted history of silica indurations. 
Results from ionprobe and LA-ICPMS opal U-Pb 
measurements indicate that the dominant silicification event 
clearly postdates active volcanism and clastic sedimentation by 
about ~8 Myr. Fluorescence microscopy and Raman analyses 
revealed that some domains of Siebengebirge wood opal-CT 
are characterized by well-preserved tracheid cell structures and 
thus represent the texturally oldest silica generation. At a later 
stage, the early wood opal was partially transformed to 
chalcedony. Across the reaction front between both silica 
domains the inherited wood structure fades out and secondary 
µm-sized inclusions accumulated and pertruded as inclusion 
trails into the opal matrix. Carnotite and likely vanadinite (U- 
and Pb-vanadates, respectively) were identified as the primary 
inclusion phases. LA-ICPMS U-Pb analyses of the uraniferous, 
tracheid-textured wood opal returned a highly dispersed 
pattern within time-resolved spot segments. Measured isotopic 
ratios spread close to the concordia with apparent 206Pb-238U 
ages spanning from 10 to 200 Ma. The pattern suggests a 
heterogeneous redistribution of radiogenic lead (and less 
pronounced of uranium) within the analytical volumes. 
Probable hot spots are the secondary vanadate phases that 
readily recognized along a replacement front. 
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The resurgent granitic Shellenbarger pluton of the Mid-
Cretaceous Minarets caldera is located in the Ritter Range 
Pendant of the Sierra Nevada magmatic arc. Based on new 
field and structural maping, supported by anisotropy of 
magnetic susceptibility (AMS) data and LA-ICP-MS dating, 
we have refined the evolution of the Minarets caldera as 
follows: (1) pre-collapse Plinian eruption at ~101 Ma; (2) 
caldera collapse; (3) ductile transpressional shearing; (4) 
magma resurgence (100 Ma, U-Pb on zircons); and (5) post-
caldera volcanic activity (~96.7 Ma). After emplacement, the 
granitic magma was overprinted by ~NNE–SSW horizontal 
shortening as evidenced by ~WNW–ESE hypersolidus 
magmatic and postmagmatic AMS foliations.  

Similar ~NNE–SSW to ~NE–SW horizontal shortening is 
documented in several Late Cretaceous syntectonic plutons of 
the central Sierra Nevada, but they record variable stretching 
directions: subvertical in older ~102–86 Ma plutons and 
moderate to horizontal in younger ~87–86 Ma plutons. This is 
corroborated by our AMS data from the ~88–86 Ma Cathedral 
Peak Granodiorite which exhibits steep to moderately plunging 
magnetic lineations (in contrast to steep mesoscopic 
lineations). Thus the Cathedral Peak Granodiorite may 
potentially preserve a key information on the nature of Late 
Cretaceous regional strains in the Sierra Nevada. The 
Cretaceous Sierra Nevada arc was constructed during overall 
dextral transpression, however, we propose that a significant 
change in the deformation regime occurred at ~87–86 Ma, 
documented by the change in lineation orientation.  

We suggest that the older plutons were emplaced during 
pure shear-dominated transpression, whereas the younger 
plutons record a switch to wrench-dominated transpression. 
Such kinematic switch is explained as reflecting increased 
relative convergence obliquity of the Farallon Plate subducting 
beneath North American Plate. Moreover, the deformation 
switch overlaps with termination of Cretaceous high-magma-
flux event, one episode of cyclic magmatism along the North 
American active continental margin.  
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continental lithospheric mantle 
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Mantle xenoliths provide a valuable record of the long-
term evolution of the mantle. Their mineralogy tells us that the 
subcratonic lithospheric mantle (SCLM) formed by partial 
melting of a fertile lherzolite source. A highly depleted nature 
of average SCLM is also required to explain the PT conditions, 
chemistry of garnets, the low heat flow into the Moho, and the 
unradiogenic Os-isotope composition. Many xenoliths also 
show evidence that multiple episodes of metasomatism 
followed original depletion, but several aspects of SCLM 
formation remain poorly understood: including the depth of 
partial melting and the nature of metasomatism. 

To date, much geochemical work has focused on the REE 
composition of garnet, the dominant host of incompatible trace 
elements in clinopyroxene-free mantle lithologies. Many 
harzburgitic garnets from the SCLM are enriched in MREE, 
giving rise to unusual sinusoidal chondrite-normalised REE 
patterns. The sinusoidal REE patterns are widely attributed to 
metasomatic enrichment. Various mechanisms have been 
proposed to explain the REE patterns, which apparently do not 
obey the lattice strain predictions. Explanations include limited 
equilibrium between pre-existing garnet and metasomatic 
carbonatite melt [1] [2], metasomatism by ascending silicate 
melts that have undergone garnet crystallisation [3], and multi-
stage processes involving melting in the garnet then spinel 
stability fields followed by metasomatic re-enrichment [4]. 

We present new REE data for individual minerals from a 
variety of SCLM xenoliths. Importantly, this includes data for 
olivine, orthopyroxene, and spinel crystals as well as garnet. 
The data were obtained by LA-ICP-MS. We will discuss the 
results in the context of understanding sinusoidal REE patterns 
in harzburgitic garnet. This study offers a new perspective on 
mantle metasomatism, furthermore, this approach offers the 
ability to investigate garnet-free lithologies and so can provide 
better constraints on the extent of cryptic metasomatism in the 
mantle and on the global abundance of REEs in the SCLM. 
 
[1] Griffin et al. (1999) Contrib. Min. Pet., 134, 232-250, [2] 
Wang et al. (2000) Contrib. Min. Pet. 139, 720-733, [3] 
Burgess and Harte (2004), J. Pet, 45, 609-634, [4] Stachel et 
al. (1998) Earth Planet. Sci. Lett., 159, 1-12. 
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The Italian peninsula hosts numerous active and potentially 
high-risk volcanoes, therefore understanding their dynamics is 
fundamental for volcanic hazard assessment. Here we present a 
study on the active volcanic system of Ischia, whose products 
have a potassic affinity with a subduction-related signature. 

Volcanic rocks are characterised by a continuous transition 
from trachy-basalt to trachyte and minor phonolite. 
Geochemical and radiogenic isotope (Sr, Nd, Pb, Hf) data are 
consistent with a closed-system, two-step crystal fractionation 
process: the first step, drives magma composition from trachy-
basalt to moderately differentiated trachyte; the second step 
drives the magma composition to the more differentiated 
products (trachyte and minor phonolite) determining very low 
Sr (a few ppm) and high Rb (>500 ppm) contents due to 
extreme plagioclase and K-feldspar fractionation.  

A number of these highly differentiated trachytes have, 
along with high Rb/Sr, anomalously high Sr isotope 
composition that cannot be justified by assimilation of crustal 
material. 

This characteristic could be explained by 87Sr in-growth in 
a long-lived magma chamber. To explore this hypothesis we 
carefully screened a number of evolved samples on which we 
analysed feldspar-glass pairs through Rb-Sr isotope dilution 
method. The extremely low diffusion coefficients of Sr in 
feldspars makes them perfect candidates to estimate the timing 
of crystallisation and, by inference, the magma residence time. 
The calculated crystallisation times are here discussed in terms 
of magma chamber dynamics.  
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Noble-gas geochemistry is known to change in response to 

the terrigenic fluid emission triggered by major seismic events, 
as observed, for instance, in the recent case of the Tohoku-Oki 
earthquake occurred in 2011 [1]. Therefore, characterizing the 
terrigenic fluid emission in tectonically active regions is a 
prerequisite to understand future geochemical changes. 

Here we report the results of the noble-gas and carbon 
isotope measurements conducted in water and sediment 
porewater samples collected along the Nankai Trough during 
JAMSTEC RV Natsushima cruises NT13-08 and NT14-07 
using the ROV HyperDolphin. 

Sediment cores acquired at active cold seeps at the splay 
fault offshore Kumano are characterized by the presence of 
crustal He. The respective He concentration gradients are 
highly variable within a few tens of meters indicating the 
presence of preferential pathways for the fluid release. 
Sediment cores collected at shallower water depths show 
relatively low He concentration gradients and high 3He/4He 
ratios suggesting the presence of mantle He. 

The fluid transport dynamics in the investigated area are 
discussed in the light of the new insights provided by the 
spatial distribution of the fluxes and the isotope signature of 
terrigenic He provided by the present study. 

 
[1] Sano, Y., Hara, T., Takahata, N., Kawagucci, S., Honda, 
M., Nishio, Y., Tanikawa, W., Hasegawa, A., Hattori, K. 
(2014). Helium anomalies suggest a fluid pathway from mantle 
to trench during the 2011 Tohoku-Oki earthquake. Nat. 
Commun., 5. 
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The filament part of the bacterial flagellum is built up from 

thousands of flagellin subunits by a self-assembly process. 
Previous studies have shown that foreign proteins can be 
furnished with self-assembling ability by creating fusion 
constructs with the polymerizable flagellin protein. The central 
D3 domain of the flagellin is exposed on the filament surface 
and since it has no significant role in the construction and 
stabilization of the filament, it can be removed or replaced 
with suitable proteins without disturbing self-assembling 
ability. Our goal is to create iron- and magnetite-binding 
proteins and peptides which can form nanorods applicable as 
templates for the synthesis of highly regulated magnetic 
nanostuctures under ambient conditions. The concept of this 
project is to replace the D3 domain of flagellin with (1) 
magnetosome-associated proteins that are involved in crystal 
nucleation in magnetotactic bacteria and (2) oligopeptides with 
known magnetite-binding properties. 

Several types of flagellin-based fusion proteins were 
created, and then they were produced by flagellin-deficient 
Salmonella bacteria. The polymerization ability of the fusion 
constructs was checked in vivo and in vitro by electrophoresis 
and transmission electron microscopy. The swimming ability 
of the bacteria was observed by dark-field microscopy. 
Experiments are under progress to use the mutant filaments as 
templates for the formation of iron oxide nanostructures, both 
by nucleating magnetite on the periodically repeated 
recognition sites of the filament that have strong affinity to 
bind iron, and by capturing magnetite nanoparticles from 
solution. Magnetic nanostructures with elongated shapes can 
have special properties that can be used in many 
nanotechnological applications. 
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The concept of “recalcitrance” of natural organic matter 
(NOM) in soils and sediments is under intense scrutiny at 
present.  One leading hypothesis invokes mineral-NOM 
associations as a central mechanism for increasing the 
residence time of carbon in soils and sediments.  The goal of 
this presentation is to describe the chemical forms of 
particulate carbon delivered to marine sediments underlying 
oceanographic features with intense mineral formation.  As 
part of the US GEOTRACES Eastern Pacific Zonal Transect 
cruise, marine particles were collected by in situ filtration, 
shipboard filtration, and sediment coring along a transect from 
the Peruvian Coast to the central South Pacific. The transect 
crossed two major oceanographic features hosting strong 
geochemical gradients where iron-bearing mineral formation 
was observed: (1) the Peruvian Oxygen Minimum Zone 
(OMZ); and (2) the East Pacific Rise mid-ocean ridge 
hydrothermal plume at 15oS.  Bulk carbon X-ray absorption 
near edge structure (XANES) spectra were collected for 16 
sediment samples.  The morphology and carbon chemistry of 
individual sediment particles were described using scanning 
transmission X-ray microscopy and carbon XANES.  
Complementary data describing the bulk chemical composition 
of particles, as well as particle-specific mineralogy will be 
used to determine whether iron-bearing minerals such as 
oxyhydroxides and secondary phyllosilicates affect the 
chemistry and delivery of carbon to marine sediments 
underlying OMZ and hydrothermal plumes.  
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Sphalerite (Zn, Fe)S is one of  the main components of 
ores of hydrothermal and magmatic origin. The purpose of this 
work is to characterize distribution pattern and possible 
concentration range of these elements in synthetic sphalerite 
using EPMA and LA-ICP-MS. ZnS crystals were grown using 
the gas transport method with  NH4Cl as a transport agent. A 
mixture of the starting materials were ZnS or ZnS with  
3-5 wt% FeS. Initial phases were powdered and loaded into a 
silica glass ampoule together with ~20 mg NH4Cl and small 
strip of noble metal (Au, Ag, Pd, or Pt) or CdS, ZnSe, Cd2S3 or 
In2S3. The loaded ampoules were placed into a horizontal tube 
furnace which was then heated and kept at the experimental 
temperature during 30-60 days. The temperature gradient in 
the furnace was 50-100 °C, and the temperature measured at 
the hot end of the ampoules was 850 °C. Several different 
sphalerites with various admixtures were synthesized. The first 
series of samples was Fe-free sphalerite. The distribution 
pattern of Cd, Mn, Au in ZnS is close to homogeneous. EPMA 
yields the following trace element concentrations: СMn = 
0.761±0.035; CCd = 0. 555±0.096; CAg = 0.061±0.035 wt.%. 
The second series of sphalerite contained up  to 0.03 formula 
units of Fe (1.73 wt.%). The concentration of Au, as measured 
by LA-ICP-MS, is 234 ± 34 ppm. The distribution of gold is 
homogeneous. In the presence of Ag2S sphalerite 
(Zn0,97,Fe0,02)S1,01 contains CAg= 343 ± 86 ppm, the distribution 
of Ag is  heterogeneous. The concentration of Au in sphalerite 
(Zn0,95,Fe0,03)S  sample, that contained admixture of Mn, In, Se, 
Cd (CMn= 0.240 ± 0.020, CIn=0.290 ± 0.011, CSe=0.126 ± 
0.040,  CCd=0.484 ± 0.060) was found to be as high as 0.3  wt. 
%. Thus, sphalerite can be considered as an effective 
concentrator of trace elements, including noble metals (Ag, 
Au). The concentration of gold and silver in sphalerite can 
reach 0.3 wt. % 
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One of the objectives of the GEOVIDE cruise 

(GEOTRACES GA01; May-June 2014) was to provide a better 
understanding on trace metals biogeochemical cycles in the 
North Atlantic. This region plays a key role on the Earth 
climate, as it represents a major overturning area of the 
Meridional Overturning Circulation (MOC). 

Among trace metals, iron is the most important one, since 
it is essential for phytoplankton growth. During GEOVIDE, 
sampling was undertaken at 31 stations including the West 
European Basin, Reykjanes ridge, Irminger Sea, Greenland 
margin and the Labrador Sea.  

Samples have been analyzed by Flow Injection Analysis 
(FIA) coupled with chemiluminescence detection using a 
commercially available resin, the Toyopearl  
AF-Chelate-650 M. First results will give the first insights on 
dissolved iron spatial distribution, sources and sinks in the 
North Atlantic. 
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For this work a Photon Machines Excite.193 laser ablation 

system with a two volume HelEx coupled with a Thermo 
Scientific Element XR ICP-MS were used. Laser frequency 
was set up at 10 Hz, spot size of 40 µm and fluence of  
4.74 J.cm-2. The ablation time was 90 s (30s for gas blank and 
60s for sample ablation). Nist 612 and 29Si were used as 
external and internal standard, respectively. Iolite 2.5 version 
(DRS-trace elements_IS) was used to reduce data [1] 

The results have reproduced, with good agreement, the 
91500 reference material values [2] as shown Figure 1. Results 
obtained for other trace elements (Y, Nb, Hf, Ta, Pb, Th and 
U) reproduced the reference values, considering the 
uncertainty of the reference material. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Comparison between obtained results and reference 
values for 91500 [2]. 

 
For the future, new data will be acquired on other minerals 

of interest. 
 
[1] Paton et al (2010) Geochemistry,Geophysics and 
Geosystems, 11, Q0AA06. [2] Wiedenbeck et al (1995) 
Geostandards Newsletter, 19, 1–23. 
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The magnitude of nitrogen (N) fluxes in urban stormwater 

runoff to water bodies in urban coastal systems is largely not 
known. We present case studies of N dynamics in urban 
stormwater runoff from residential neighborhoods located in 
Florida where most runoff is generated by excess rainfall 
during the wet season.  The outlet pipes draining the residential 
neighborhoods in Florida were instrumented with ISCO 
samplers, flow meters, and rain gauges. Stormwater runoff 
samples were collected following variable storm duration and 
frequencies during the wet seasons (June to September) that 
receives 60-70% of 125 cm of annual rainfall. Mean 
concentration of total N in stormwater runoff waters ranged 
from 1 to 3 mg L-1; of which, nitrate-N was <25% and organic 
N was >60% in most storm events; suggesting different 
processes controlling N release and transport during variable 
storm events. Stormwater samples were analyzed for N and 
oxygen (O) isotopes of nitrate along with hydrogen (H) and O 
in water to understand the sources of N and water. This 
presentation will discuss our ongoing research aimed at better 
understanding the sources, processes, and unraveling the 
unknowns and uncertainty of N transport from urban systems. 
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We propose a new model of crystallization in which the 
rates of nucleation and crystallization (crystal volume fraction) 
are assumed to be constant. From the scaling argument, it is 
shown that the growth rate is inversely proportional to time. 
The model yields a log-linear CSD as a solution to the 
population balance equation with the growth rate. The slope 
and intercept of CSD are controlled by the ratio of nucleation 
rate to crystallization rate: they increase with the ratio. Taking 
into account the composition change as a function of time 
corresponding to a change in temperature (cooling-induced 
crystallization) or pressure (decompression-induced 
crystallization), we calculate the core compositions of crystals 
and the zoning profile as function of crystal size. Calculated 
crystal compositions in the case of decompression-induced 
crystallization can successfully explain observed correlations 
between core compositions of plagioclase microlites and sizes 
in pumice from the Shinmoedake 2011 subplinian eruptions. 
Some of plagioclase microlites show zoning profiles that An 
content characteristically decreases from core to rim, which 
also can be explained by the model. The observed positive 
correlation between slopes (or intercept) of CSD and bulk 
density of pumice suggests that higher bulk densities of 
pumice expense longer times in the conduit in the subplinian 
eruptions. 
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The late Quaternary history of the Red Sea is characterized 

by sharp increases in sea surface salinity during glacial peaks 
in response globally low sea levels. These imposed an 
extremely weak current exchange between the Red Sea and the 
Indian Ocean through the Bab-el-Mandeb Straights, which 
given high evaporation rates has been suggested to result in 
temporal changes in stratification, productivity and subsurface 
oxygenation of the Red Sea. The combined effect of these 
perturbations is well dentified in extended aplanktonic zones 
centered at glacial peaks within Red Sea sediment cores. Yet 
the dynamics of the transient deglacial transition in the Red 
Sea are still not well understood.  

We report the finding of an organic carbon rich interval 
near the MIS6/5 transition in a sediment core from the northern 
sector of the Red Sea (KL23, 24o44.88’N 35o03.28’E, 702 m 
water depth). This interval is further characterized by a 
corresponding positive pertubation in U concentrations, and 
(234U/238U) ratios. 

These observations are coupled with δ13C values of 
foraminifer species sandwiching the studied interval [1], which 
display a depletion trend indicating an increase in primary 
production. Combined, the evidence suggests that an increase 
in primary and export production was closely associated with 
the initial rise of sealevels from their MIS6 low through 
Termination II.  

Here, we will discuss the oceanographic setting that 
allowed an increase in export production that overlaps with the 
aplanktonic zone in this core, in the context of 230Th excess 
values, sea level changes and paleo-circulation models of the 
Red Sea.  
 
[1] Geiselhart S., (1998) PhD dissertation, Universität 
Tübingen 
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The intriguing magmatic-hydrothermal system at the 

recent El Laco andesite volcano includes large stratabound and 
discordant bodies of magnetite that have been interpreted as 
the product of the crystallization of (sub-)volcanic iron oxide-
rich melts [1] [2]. Their emplacement was accompanied by the 
exsolution of large amounts of fluids that formed an early high 
temperature alkaline-calcic alteration superimposed by an 
steam-heated later event and that significantly modified the 
original mineralogy of the host andesitic rocks [3]. The 
mechanism of formation of these iron-oxide rich melts is 
unknown. We present systematic Sr-Nd geochemistry of the 
host andesite, the magnetite ore, and related hydrothermal 
alteration. These results shows that the mineralization has a 
well-defined crustal signature with εNd values as low as -5.4 
and Sr isotope ratios up to 0.70811. These values are well 
above those the host andesite (εNd: -5.5 to -4.1; 87Sr/86Sr: 
0.70743-0.70661) that is similar to that of the nearby 
volcanoes. They have also crustal signatures, something that is 
interpreted as due to the contamination with an underlying 
Paleozoic basement. The significantly more crustal signatures 
of the ore system strongly suggests that the iron oxide metls 
separated from a batch of a deep more contaminated andesite 
that does not crop out. Our interpretation is similar to that of 
[3, 4] and that the ultimate reason of the formation of the iron 
oxide-rich melts is the crustal contamination by silica-rich or 
P-Fe-bearing rocks, perhaps the late Palaeozoic banded iron 
rocks age that currently crop out  in the eastern Andes. 

 
[1] Henriquez, F. & Martin, R.F. (1978) Canadian Min. 16, 
581-589. [2] Naslund, H.R. et al. (2002). In: Hydrothermal 
Iron Oxide Copper-Gold & Related Deposits: A Global 
Perspective, vol. 2. PGC Publishing, Adelaide. [3] Tornos, F. 
et al. (2011). In: SGA Biennial Meeting Proceedings, 443-445. 
[4] Mungall, K.E. et al. (2014) Goldschmidt Conference, 
Sacramento, 1756. 
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In order to study hydrogeochemical characteristics of the 
Zarrin playa, brine samples from two 3 m deep manually 
drilled boreholes and eleven surface sediment samples were 
analyzed. Sedimentological studies were carried out on both 
surface sediments of different sedimentological playa zones 
and two subsurface sections recorded from the drilled 
boreholes. The data obtained from a recent study on the same 
playa brine, including eight 0.5 - 1.0 m deep boreholes were 
statistically analyzed. The results show a high correlation 
between the concentrations of Cl− and Na+, Ca2+ and K+ in 
the brine samples. Hydrochemical characteristics of the brine 
suggest a non-marine (neutral meteoric) type for the Zarrin 
playa. Also shown is a meaningful correlation between source 
rock lithologies, sedimentological characteristics of the playa 
and brine evolution for the evaporite mineralogy of a restricted 
playa. 
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Geochemical and mineralogical signatures recovered from 

sedimentary rocks underpin our current view of 
ocean/atmosphere redox through time. Sediments deposited 
under stable oxic or anoxic end members of the redox 
spectrum retain the most distinctive geochemical signatures. 
Most proxies, however, do not readily identify subtle redox 
fluctuations occurring over the time-integrated history of a 
sediment package. Here, merging chemical, crystallographic 
and sedimentological data, we propose a new crystallization 
mechanism for the Fe2+-Fe3+-silicate mineral glauconite. We 
show that the rate at which pore waters oscillate between oxic 
and anoxic states directly controls the glauconite 
crystallization rate, providing key environmental context for 
glauconite distribution in time and space. In addition, our 
model sheds new light on the widespread, facies-independent 
peak in glauconite production within the Cambrian Period, 
which we argue was a result of the elevated susceptibility of 
Cambrian marine water masses to frequent redox oscillation. 
This apex in glauconite production was perhaps the first time, 
but not the last, that the oceans crossed an oxygen threshold 
triggering redox oscillations that resonated through multiple 
biogeochemical cycles. Identifying a sedimentary fingerprint 
for fluctuations in dissolved oxygen content adds a critical new 
dimension to our view of redox evolution, helping to 
disentangle evolutionary pattern from environmental change. 
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Mg, Si and Li are among the most promising stable isotope 

proxies currently being developed with respect to providing a 
means of directly tracing weathering and oceanic elemental 
budgets.  Importantly, field, experimental and theoretical data 
indicate that clay minerals formed during continental 
weathering should show appreciable isotope fractionation for 
all three systems, and that this may permit the weathering 
process to be better quantified (e.g. [1-7]).  However, 
unequivocal Mg, Si and Li isotope fractionation factors for 
clay precipitation have not been established, in part, because 
the mechanisms that dominate in nature are not easily 
transferred to the laboratory. Given the challenge of replicating 
clay synthesis at Earth surface temperatures, previous synthesis 
strategies have involved controlled heating of a gel precursor 
to accelerate crystal growth [6] [8].  Despite the successful 
application of this strategy with respect to demonstrating 
isotopic fractionation of Li during hectorite synthesis [6] [8], 
the effect of high temperatures on nonequilibrium isotopic 
fractionation during precipitation is incompletely known and, 
as such, warrants further study. 

Here, we synthesise clay minerals at low-temperature as 
part of a larger effort to determine isotope fractionation factors 
for Mg, Si and Li, and, ultimately, to explore potential 
differences in fractionation factors as a function of T, pH and 
clay mineral precipitated. Building on previously established 
methods used in our laboratory, we employ a novel approach 
to synthesising clay minerals at low-temperature. More 
specifically, our experiments are designed to explore isotope 
(and element) partitioning during the two stages of clay 
formation: nucleation and crystal growth. This experimental 
work will contribute to a growing mechanistic basis that will 
allow Mg, Si and Li isotope fractionation during clay 
precipitation to be explored and quantified. 

[1] Wimpenny et al. (2014) GCA 128, 178-194. [2] Li et al. 
(2014) EPSL 394, 82-93. [3] Misra and Froelich (2012) 
Science 335, 818-823. [4] Tipper et al. (2012) EPSL 333, 35-
45. [5] Georg et al. (2009) GCA 73, 2229-2241. [6] Vigier et 
al. (2008) GCA 72, 780-792. [7] De La Rocha et al. (2000) 
GCA 64, 2467-2477. [8] Decarreau et al. (2012) GCA 85, 314-
325. 
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Submicron-sized organo-mineral associations are 

ubiquitous in natural porous media. Their size ranges from 
particles of a few nanometers up to the building units of soil 
microaggregates. Of particular relevance are associations with 
sizes smaller than 1µm, also referred to as environmental 
colloids or nanoparticles (<100nm). Due to their small size 
they stay in suspension at favorable conditions and spread by 
diffusion and advection. They serve as mobile geosorbents for 
nutrients, contaminants, biota and genetic elements, provide a 
substrate for microorganisms and may even act as terminal 
electron acceptors. Their formation under the prevailing 
conditions in natural systems is still only poorly understood. 
This is predominantly due to the fact natural porous systems 
are challenging to study due to their divers composition and 
the interactions with heterogeneous biogeochemical inter-faces 
in a physically structured setting. From experiments under 
defined conditions of increasing complexity, we learned that 
they build response to changes in biogeochemical conditions at 
anoxic-(sub)oxic interfaces or as a consequences of transient 
conditions following changes in boundary conditions. Three 
principal formation processes are discussed: Neo-formation 
from non-equilibrium solutions via heterogeneous nucleation 
or co-precipitation, and the (cumulative and alternating) 
sorption of organic substances to predominantly inorganic 
sorbents. In any case a variety of organics are present during 
build-up and the formation results in associates that vary in 
composition, properties, size and mobility. Yet, these 
differences ultimately imply that the associations may also 
serve different functions. The understanding of their role and 
functions in the ecosystems is thus dependent on the 
elucidation of the formation, an in depth spatial 
characterization of their composition and properties, and an 
assessment of the mobility. Such information will ultimately 
require the combination of complementary spectroscopic and 
imaging techniques that must operate not only at very small 
but overlapping scales with “provocative” experimental 
approaches that allow for the assessment of mobility (and 
reactivity). 
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There is active debate about how W isotope 
heterogeneities in the Archean mantle were produced. 
Observed 182W enrichments could have been generated by 
grainy late accretion, early Earth differentiation, or a 
combination of these processes. All 182W anomalies reported so 
far are positive and ≤15 ppm relative to modern terrestrial 
standards [1,2,3]. These observations may be difficult to 
reconcile with an early differentiation model, which requires 
the existence of a complementary 182W-poor reservoir. To 
further investigate W isotope variability among Archean rocks, 
we obtained W and Nd isotopic data for the 3.55 Ga komatiites 
from the Schapenburg Greenstone Remnant (Barberton GB, 
South Africa). 

All Schapenburg komatiites are characterized by well-
resolved 182W and 142Nd deficits, that average -7.8 ± 1.1 ppm 
(2SE,) and -4.9 ± 1.9 ppm (2SE) respectively, but positive 
initial ε143Nd of +2.3 ± 0.2 (2SE). The 182W deficit could 
reflect a contribution from core-derived materials or a mantle 
source that incorporated more late accreted materials than the 
present-day mantle. However, these interpretations are 
inconsistent with the highly siderophile element concentrations 
estimated for the mantle source of these komatiites, which are 
~3 times lower than those in the present-day mantle estimates 
[4]. Instead, the negative 182W anomalies were most likely 
produced by in situ radioactive decay of 182Hf in an early, 
chemically enriched mantle domain with low Hf/W. This 
domain may have resulted from crystallization of a magma 
ocean less than 60 Myr after Solar System formation. This 
early differentiation event may also account for the generation 
of the subchondritic Sm/Nd ratio, which over time translated 
into a 142Nd deficit. The apparent decoupling of the 142Nd and 
143Nd data requires that this early enriched reservoir 
experienced at least one subsequent depletion event, after 
146Sm became extinct. 

 
[1] Touboul et al., (2012) Science 335, 1065-1069. [2] Touboul 
et al. (2014) Chem. Geol. 383, 63-75. [3] Willbold et al., 
(2011) Nature 477, 195-199. [4] Puchtel et al. (2009) Chem. 
Geol. 262, 355–369. 
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Within the context of the clay barrier concept for 

underground nuclear waste storage, montmorillonite and 
bentonite have been widely used as reference materials for 
radionuclides (RN) retention studies. Associated modeling 
work aims at understanding and predicting the retention of RN 
in clay-rocks where clay minerals are assumed to be 
representative of the most reactive  phases. This “bottom-up” 
approach relies on a good confidence in the mechanistic 
understanding of adsorption processes on clay mineral 
surfaces, and in the understanding of the reactivity of 
associated mineral (or organic) phases.  

In the first part of the presentation, experimental and 
modeling works will be reviewed with a focus on divalent 
metals surface complexation on clay mineral surfaces, showing 
the limitations of current modeling approaches [1]. Missing 
information, which is necessary to model adsorption data in a 
mechanistic way, together with experimental features that cast 
doubt on the ability of surface complexation models to catch 
adequately the nature of divalent metal adsorption, will be 
highlighted. 

In the second part of the presentation, “bottom-up” 
modeling approaches and related uncertainties will be detailed 
for the prediction of divalent metals retention in clay-rocks. 
The example of Ni2+ retention [2] will be used to show how the 
chemical reactivity of non-clay mineral phases can lower or 
enhance RN retention through time-dependant processes taking 
place in laboratory experiments as well as in storage 
conditions. 
 
[1] Tournassat, C.; Grangeon, S.; Leroy, P.; Giffaut, E. Am. J. 
Sci. 2013, 313, 395–451. [2] Grangeon, S.; Vinsot, A.; 
Tournassat, C.; Lerouge, C.; Giffaut, E.; Heck, S.; Groschopf, 
N.; Denecke, M. A.; Wechner, S.; Schäfer, T. Appl. Geochem. 
2015, 52, 155–173. 
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Recently, halogens are revealed as one of the powerful 

tracers of water cycling in subduction zones (e.g., Sumino et 
al., 2010). However, little is known about the behavior of 
halogens during subduction processes and their fate in the 
earth’s mantle.  Therefore, we newly analyzed halogen 
concentrations in regional representative lavas obtained from 
13 volcanoes on the Quaternary volcanic front of the Southern 
Volcanic Zone (SVZ) of Andean arc in Chile by using the 
pyrohydrolysis method (Chai & Muramatsu 2007) combined 
with ICP-MS and IC. Particularly, we focus on fluorine that is 
least influenced by degassing on volcanism and report the first 
finding of decoupling of along-arc variation in fluorine and 
boron.  

The evolved rock samples from which apatite crystallized 
were excluded from further discussion. Compared to major and 
trace element data obtained from the same samples (Shinjoe et 
al., 2013), fluorine concentrations are not coupled with boron 
ones ones in spite of that they are clasified as fluid-mobile 
elements. This suggests that fluorine shows different behavior 
in the subduction zone magmatism The basaltic samples from 
Hudson and the other volcanoes in SSVZ have extremely 
higher fluorine concentration than those of Northern and 
Central SVZs. Similar anomalies are confirmed also with Nb, 
Ta and REE. The chemical characteristics suggest that the 
magma source of the SSVZ  derived from the mantle wedge 
metasomatized by phengite-bearing slab-derived melt. The 
previous studies also suggested that the mantle source of SSVZ 
basalt was contaminated by slab-derived melt (e.g., Kilian and 
Behrmann 2003). Thus the fluorine content becomes new 
sensitive indicator of slab-derived melt rather than 
dehydration-induced fluid in arc magmatism. 
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The application of silicon isotopes to understanding and 

quantifying geochemical sources and cycles has increased in 
recent years due to the ability to conduct high precision isotope 
measurements [1-3]. For instance, chemical weathering results 
in an enrichment in the lighter Si isotopes in neo-formed clay 
minerals when compared to the starting rock [1].  In agreement 
with this observation, the Si isotopic composition of granitoids 
derived from sedimentary lithologies are, on average, enriched 
in the lighter Si isotopes when compared to igneous-derived 
sources [3]. 

Here we focus on the Si isotope composition of zircon. 
Zircons are the only known samples available on Earth that 
allow us to directly study the Hadean (e.g., [4]); understanding 
the Si isotope systematics of zircons offers the potential to 
investigate ancient mantle composition and, also, the 
possibility of low-temperature fluid-induced chemical 
weathering during our planet’s earliest history. Preliminary  
observations indicate that mantle-derived zircon yield Si 
isotopic compositions resolvable from those of continental (I-
type) granitoids, however, this difference could be due to 
differentiation and/or the presence of varying mineral 
assemblages during crystal growth [2], rather than differences 
in source composition.  

  Therefore, we have experimentally investigated the 
magnitude of Si isotope fractionation between zircon and 
quartz. A series of experiments were conducted, based on the 3 
isotope exchange method [5], in which zircon and quartz 
progressively approached their equilibrium isotopic 
composition. Initial results yield calculated fractionations that 
are broadly consistent with those measured between zircon-
quartz pairs in natural samples, and reveal the potential that 
zircons hold to understanding the silicon cycle throughout 
Earth’s history. 

 
[1] Ziegler et al. (2005) Geology 33, 817–820. [2] Savage et al.  
(2011) GCA, 75, 6124-6139. [3] Savage et al.  (2012) GCA 92, 
184-202. [4] Trail et al. (2011) Nature 480, 79-82. [5] Shahar 
et al. (2011) GCA 75, 7688–7697. 
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After the Mariner 9 orbiter images, it was clear that Mars 

is a complex planet, with a wide diversity of landforms,  
underlying lithologies, and thus geochemistries. The known 
extent of Mars’ geochemical diversity has increased with every 
spacecraft capability deployed, and nearly every meteorite 
found. In the last years, the known diversity has inflated 
hugely from an onslaught of data from orbiters, rovers, and 
Mars meteorites found on Earth. 

Orbital gamma-ray geochemistry (GRS) confirmed that 
Mars is volatile-rich (H, K, Na), and that its ‘sediments’ 
include near-surface permafrost. Orbital sensing in ‘light’ 
wavelengths (e.g., TES, CRISM) constrains mineralogy to the 
meter-scale, which included discoveries of hematite (e.g., at 
Meridiani), serpentines and clays (e.g., Mawrth Vallis, Nili 
Fossae), and carbonates (e.g., Syrtis area).   

Landed spacecraft have further expanded Mars’ known 
diversitiy. Opportunity followed the hematite, and found acid-
altered sedimentary rocks rich in jarosite, and abundant 
diagenetic alterations. Spirit aimed for lake sediments and 
found basalts instead (distinct from martian meteorites), 
carbonate rocks, alkaline basaltic rocks, and nearly pure silica. 
Phoenix confirmed Mars’ permafrost, and showed that 
perchlorate is abundant in its soil. And Curiosity did find 
lacustrine sedimentary rocks, plus diagenetic phyllosilicates, 
abundant sulfate veins; it has not yet reached its target 
sediments (located from orbit) rich in clays and hematite.  

In contrast, the meteorites from Mars are all basaltic 
igneous rocks, except NWA 7034 (and its pairs) which is an 
impact breccia of igneous materials. The absence of martian 
sedimentary meteorites (and the rarity of ejecta) may mean that 
all but the most coherent rocks are pulverized by nearby 
impacts and do not leave Mars. Recent meteorite finds (NWA 
7034, 7635, 8159, 8649) have ballooned the known extent of 
martian igneous diversity. The martian basalts represent at 
least four distinct mantle reservoirs (plus crust), sampled over 
nearly the whole age of the planet (180 my to 2300 my, and 
even 4500 my by including ALH84001) as shown by their 
trace element and isotope geochemistries.  

At every point, it has been easy to assume we have a 
representative or complete selection of Mars’ geochemical 
diversity. I doubt this assumption is any better today that it has 
been before.  

3167



 Goldschmidt2015 Abstracts  

 3168 

Mineralogy of the Dillinger 
sandstone, Kimberley area, Gale 

Crater, Mars 
ALLAN TREIMAN1, D. BISH2, D. W. MING3, E. RAMPE3, 

MSL CHEMIN AND THE APXS TEAMS. 
1Lunar and Planetary Institute, Houston TX USA 

.treiman@lpi.usra.edu 
2Indiana University IN, USA. bish@indiana.edu 
3Johnson Space Center, Houston TX USA.  

douglas.w.ming@nasa.gov, elizabeth.b.rampe@nasa.gov  
 

MSL Curiosity investigated the Dillinger sandstone 
outcrop, in the Kimberley area of Gale Crater, as the 
centrepiece of a campaign to understand sediments beneath the 
‘Bradbury Rise’ unit on which Curiosity landed. A sample of 
the sandstone, “Windjana,” was drilled, sieved, and delivered 
to the CheMin X-ray diffraction instrument. In CheMin, Co-K 
X-rays pass through a sample (which is vibrated to granular 
flow), and collected with energy discrimination by a cooled 
CCD camera to produce a 2D diffraction pattern, which is 
integrated to yield a 1D pattern.  

The minerals in the Windjana sample are typical for 
slightly altered basalt: olivine (Fo50-70), augite (Wo42En38Fs20), 
pigeonite (Wo02En65Fs32), opx (En40Fs60), alkali feldspar, 
magnetite, and pyrrhotite. Alteration phases include 
phyllosilicates, amorphous material, anhydrite and akaganeite. 
Windjana is unusual in its large proportions of augite, alkali 
feldspar and magnetite (17%, 16%, & 13% mass). The feldspar 
is sanidine, Or80-100, based on its ‘b’ and ‘c’ cell parameters. 
The ‘a’ cell parameter in magnetite is somewhat lower than 
ideal stoichiometric, suggesting solid solution with maghemite. 
The bulk composition shows high K2O and FeOT but low Na2O 
(3.1%, 27.9%, & 1.0%). By mass balance, the amorphous 
component must contain significant K2O (>1.4%).  

The mineralogy suggests the Dillinger Ss must represent 
multiple basaltic sources, because sanidine-rich igneous rocks 
do not contain low-Ca pyroxenes (except as xenoliths). The 
augite and sanidine are likely to represent a potassic igneous 
rock (like trachybasalt), while the low-Ca pyroxenes could 
represent ‘tholeiitic’ rock like the source(s) of earlier analysed 
samples (John_Klein & Cumberland). Or, the alkali feldspar 
could be digenetic after original ‘tholeiitic’ basaltic sand. In 
either case, the magnetite, phyllosilicates and amorphous 
material would be ascribed to diagenesis in situ. 
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The Nakyn kimberlite field is located within the Markha 

terrain in the eastern part of the Siberian Craton, in the Vilui-
Markha deep fault zone. The field contains only four 
kimberlitic pipes; however all of them are diamondiferous 
including Nurbinskaya pipe - one of the most diamond-rich 
kimberlites of the Craton.  

The U-Pb age of zircons from Nurbinskaya and Malo-
Botuobinskaya pipes reveals two main peaks – 2.6-2.8 Ga and 
370-380 Ma. The youngest age interval correlates well with the 
age of kimberlites as previously determined by Rb-Sr 
technique [1].  

At the same time Lu-Hf model ages for the youngest 
population of zircons show consistent T(DM) model age of 2.2-
2.3 Ga and T(DM) crustal model age of 3.25-3.55 Ga. The values 
of εHf are fall in the narrow range from -31.1 to -35.9 which is 
extremely low for kimberlite zircons. These old model ages are 
also confirmed by similar U-Pb ages obtained for 4 grains at 
2.34 Ga and a single grain with age of  3.75 Ga. For the young 
population the average δ18O is 5.7%. 

Thus, using both U-Pb dating and Lu-Hf model ages the 
history of crustal evolution of the Markha terrain could be 
reconstracted. The oldes age interval 3.5-3.7 Ga is related to 
the first stage of crust formation. Then this primary crust was 
re-worked 2.6-2.8 Ga ago and again at the 2.3 Ga. The last 
event is probably related to the formation of the Markha terrain 
itself at 2.3-2.5 Ga [2]. The youngest U-Pb ages reflect the 
magmatic event just before and at the time of kimberlite 
eruption at the Nakyn field. 

 
[1] Agashev, Watanabe, Bydaev, Pokhilenko, Fomin, Maehara 
& Maeda (2001) Geology 29, 267-270 [2] Rosen & 
Fedorovsky (2001). Transactions of GIN RAS, 188 pp. (in 
Russian). 
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Understanding how fluids move through and alter low 

permeability rocks is crucial for understanding many 
geological processes. In natural rocks, fluids can infiltrate 
through grain boundaries and/or pre-existing fractures, playing 
an important role on the rate at which chemical alteration 
occurs. Permeability can also be generated by the chemical 
alteration itself. This is the case of coupled dissolution-
precipitation reactions, characterized by the generation of 
porosity that confers increased permeability to the 
rock/mineral.   

The porosity generation is dependent on two main factors: 
the molar volume changes between the parent and the product 
minerals, and their relative solubilities. Thus, the rate at which 
replacement reactions occur will depend on: the rate of 
dissolution, the rate of precipitation, and the characteristics of 
the new porosity (such as size and interconnectivity).  

These replacement reactions can occur both when molar 
volume increases or decreases are involved, and in both cases 
the development of reaction induced fracturing can also play 
an important role.  

The replacement of Carrara marble by calcium phosphates 
(ΔV ~ -14%) and by fluorite (ΔV ~ -34%) were used as model 
systems to explore replacement rates, porosity generation, and 
fluid preferred pathways at different fluid compositions.  

 
Acknowledgement: This work is funded within the Marie 

Curie EU initial training network FlowTrans.   
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Lakes and rivers provide important archives of terrestrial 
climate change. Our capacity to understand Earth’s 
environmental history is highly dependent on the accuracy of 
reconstructions of past climates. Unfortunately, while multiple 
methods for constraining marine temperature exist, 
quantitative terrestrial proxies are scarcer – tree rings, 
speleothems, and leaf margin analyses have all been used with 
varying degrees of accuracy. Clumped isotope thermometry 
has the potential to be a useful instrument for determining 
terrestrial climates: multiple studies have shown the fraction of 
13C—18O bonds in carbonates is inversely related to the 
temperature at which the rocks formed. We have been 
measuring the abundance of 13C18O16O in the CO2 produced by 
the dissolution of carbonate minerals in phosphoric acid in 
modern lake samples and comparing results to independently 
known estimates of lake water temperature. Sample types we 
have investigated include endogenic carbonates, freshwater 
gastropods, bivalves, microbialites, and ooids.  
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Low viscosity phonolitic magmas of a very narrow 

compositional range produce both effusive and explosive 
volcanism in the island of Tenerife (Spain). Fragmentation of 
low viscosity magma is still elusive and fragmentation models 
allow for explosive activity if the crystal content is larger than 
40 vol.% [1], or if the elastic moduli are lower than commonly 
assumed. Measurements of elastic moduli of phonolitic 
magmas may thus help to better constrain these eruptive styles. 
We investigated the variations of ultrasonic wave velocities of 
hydrous phonolite from Teide (Lavas Negras, 1150 B.P.) from 
550 °C to 100 °C. Measurements of compression and shear 
wave velocities (Vp and Vs) were carried out in a Paterson-
type internally-heated gas pressure apparatus at a pressure of 
250 MPa and frequency of 1 MHz. Vp and Vs were recorded 
every 20 to 50 °C at a cooling rate of 10 °C/min. In order to 
allow the sample and assembly to equilibrate to the new 
thermal condition, constant temperature was maintained for a 
minimum of 20 minutes prior to measurements. Vp and Vs 
decrease with increasing dissolved water content. Whereas the 
effect of dissolved water content in phonolitic glass appears to 
be very small, the effect of dissolved water content in super-
cooled liquid become significantly more pronounced and 
increases as temperature increases. In order to estimate the 
shear (μ) and the bulk (K) moduli, where μ =ρ Vs

 2 and K= 
ρ(Vp

 2 -4/3 Vs
 2), we measured the density of each sample after 

the experiments at room P-T using a gas pycnometer. The 
measured densities correspond well to densities calculated 
using existing models [2,3] at temperature corresponding to the 
transition from solid- to liquid-like behavior [4]. From the 
calculated densities and the measured seismic velocities, we 
calculated the bulk and shear moduli. Our results show that 
variations due to dissolved water content are more pronounced 
for the shear modulus than for the bulk modulus. 
 
[1] Giordano, Polacci, Papale, Dingwell & Romano (2004), 
EGU General Assembly Vienna. [2] Lange (1997), Contrib. 
Mineral. Petrol. 130, 1-11. [3] Ochs & Lange (1999), Science 
283, 1314-1317. [4] Giordano, Nichols & Dingwell (2005), J. 
Volcanol. Geotherm. Res. 142, 105-118. 
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The Island Park-Mount Jackson (IPMJ) series represents a 
suite of rhyolitic lavas erupted effusively between 
Yellowstone’s last explosive eruptions, the Mesa Falls Tuff at 
~1.2 Ma and the Lava Creek Tuff (LCT) at ~0.6 Ma. These 
lavas are still insufficiently studied and provide a unique 
window into processes acting on the magmatic reservoir prior 
to the subsequent super eruption. This study reports whole rock 
and mineral compositional analyses, δ18O for quartz and 
sanidine and Pb isotopes for sanidine coupled with Ar/Ar-
dating on sanidine and U-Pb dating on zircon. 

The studied lavas are high-silica rhyolites containing 
abundant sanidine and quartz with lesser amounts of 
plagioclase, Fe-Ti oxides and mafic minerals such as augite ± 
orthopyroxene and fayalite. Ar/Ar ages suggest that both 
rhyolite series overlap by ~66 ka and that volcanism occurs in 
unevenly distributed clusters over the entire area of the 
volcanic field. Mildly depleted δ18O values (δ18Omelt +4.8 to 
+5.5‰) for early postcaldera units suggest minor involvement 
of hydrothermally altered materials compared to the post-LCT 
record. Depletions in δ18O are accompanied by increased 
mineral variability and the occurrence of hydrous minerals 
such as amphibole and biotite, indicating an increased 
recycling component. The common occurrence of non-eruption 
Ar/Ar-ages in sanidines as well as the inter-crystal O isotopic 
variability require crystal entrainment on a timescale of months 
to years prior to eruption. 

Mafic minerals and plagioclase are rare as free phenocrysts 
but occur concentrated in glomerocrysts lacking sanidine and 
quartz. Compared to bulk compositions the lack of silicic 
components such as sanidine, quartz and melt results in more 
mafic “bulk” compositions of the glomerocrysts. These crystal-
rich aggregates are interpreted as cumulates remaining after 
late-stage extraction of liquid from a crystal-rich mush. 
Following extraction, quartz grew over timescales of  
~10,000 years which are in agreement with zircon 
geochronology studies. Combined our data suggests complex 
open system magma generation in a long-lived upper crustal 
mush zone with localized remelting during the IPMJ period. 
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In order to elucidate the effect of metasomatism on 
eclogite xenoliths, major element and trace element analyses 
were acquired on approximately the same spots on garnets and 
cpxs from two eclogite xenoliths entrained in the Jericho 
kimberlite pipe, Nunavut, Canada. Three patterns of 
metasomatism are recognized based on garnet texture and 
composition, the geochemical signatures of which are most 
easily identified in the Y-Zr diagram below.  

There are three apparent layers of geochemical variations 
that can be discerned from these arrays. Pattern 1 is interpreted 
to reflect interaction with kimberlite, Pattern 2 reflects new 
metasomatic garnet growth characterized by complex, fine-
scaled zoning, and Pattern 3 may represent ancient mantle 
metasomatism by a low Y and Zr fluid. Together with textural 
evaluation, the Y-Zr plot is a useful screen for elucidating 
primary from metasomatic garnet compositions in eclogite. 
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A unique isotopic composition with elevated 87Sr/86Sr, 
Δ7/4 and Δ8/4 in rocks from the Öræfajökull and Snæfell 
volcanoes in the Eastern Flank Zone (EFZ) has been ascribed 
to the presence of continental crust (CC) under SE Iceland [1]. 
We modeled a CC-contamination trend from Icelandic rift 
zone basalts in the Mid-Icelandic Belt, via Eastern Rift Zone 
(ERZ) tholeiites to EFZ basalts.  The most enriched basalts of 
the ERZ, Öræfajökull and Snæfell suites correspond to 1-2%, 
2-4% and 3-6% CC, respectively [1]. The unique Sr-Pb-Nd-O-
isotope composition of Öræfajökull is common to the entire 
compositional range from basalt to rhyolite [2], indicating CC-
contamination of primitive melts near the Moho, before 
fractional crystallization to generate evolved rocks [3] [4]. 
Plate reconstructions and crustal thickness variations indicate 
that CC-fragments belong to an extended Jan Mayen 
Microcontinent (JMM), separated from the outer Greenland 
shelf by spreading along  the Kolbeinsey Ridge [1].  Due to 
northwestward shift of the plate boundary relative to the plume 
axis, the rift zones in Iceland relocated at 24, 15, 7 and 2 Ma 
[5]. This enabled the JMM to remain near the eastern margin 
of the rift zones and become deeply buried under a growing 
lava pile. 

The dispersion of the CC component from Öræfajökull 
along the EFZ, and diagonally across the ERZ, supports a 
plume axis located 33 km west of the Öræfajökull summit [6].  
Dilution of the CC component in ERZ lavas, erupted from the 
highly productive Grimsvötn and Bárðarbunga fissure swarms, 
is caused by extensive mantle melting under these volcanic 
systems. The positioning of the plume axis under the 
northwestern part of Vatnajökull by several previous studies 
(reviewed in [6]) can be explained by extensive rifting, 
asthenospheric upwelling and melt production in the northern 
part of the ERZ, near the confluence with the Northern RZ. 
The elevated crustal thickness on the east side of Bárðarbunga 
and Grimsvötn [1] may also result from the high volcanic 
production rate. 
 
[1] Torsvik et al. (2015) PNAS 10.1073/pnas. 1423099112. [2] 
Prestvik et al. (2001) EPSL 190, 211-220. [3] Martin & 
Sigmarsson (2010) Lithos 116, 129-144. [4] Selbekk & 
Trønnes (2007) JVGR 160, 45-57. [5] Harðarson et al. (2008) 
Jökull 58, 161-178. [6] Shorttle et al. (2010) GGG 11, 
Q0AC05. 
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The addition of phosphate to U(VI)-contaminated shallow 

subsurface environments has been tested as a method of 
uranium immobilization primarily through the precipitation of 
sparingly soluble uranyl phosphate minerals. In the presence of 
phosphate and sediments, multiple mechanisms can control 
uranium mobility including adsorption of U(VI) onto mineral 
surfaces by ternary complexation1 and surface nucleation of 
uranyl phosphate precipitates.2 In this study, the transition 
between U(VI) phosphate adsorption and precipitation was 
investigated in the presence of various mineral surfaces, 
including goethite, montmorillonite, and sediments from 
Hanford, WA. U(VI) sorption isotherms on goethite and 
montmorillonite at pH 8 show a nucleation barrier to 
precipitation at elevated phosphate concentrations (100 or 
1000 µM PO4

3-). Solid-phase analysis by extended X-ray 
absorption fine structure spectroscopy (EXAFS) was used to 
characterize the structure of U(VI). Changes in the 
coordination number of the equatorial oxygen shell (U-Oeq) 
were observed with increasing uranium concentration prior to 
uranyl phosphate precipitation. Similar behavior was observed 
with both goethite and montmorillonite. No indication of a 
unique pre-nucleation cluster was found in the transition 
between U(VI) adsorption and precipitation by EXAFS or by 
laser induced fluorescence spectroscopy. Precipitate formation 
at the mineral surface was also examined using transmission 
electron microscopy. Results of this work will help to inform 
the design of phosphate-based uranium remediation strategies 
for soil and shallow groundwater systems. 

 
[1] Singh A., et al. (2012) Environ. Sci. Technol. 46, 6594–
6603. [2] Singh A., et al. (2010) Geochim. Cosmochim. Acta 
74, 6324–6343. 
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Three high-pressure (HP) mélange-like units have been 

recognized in the Yuli belt, which is probably the youngest 
blueschist belt of the world (Sandmann et al., 2013). The Yuli 
belt consists mainly of pelitic and psammitic schists. From 
north to south, the three HP units are Wanjung, Tamayen, and 
Chinshuichi, which comprise different and diverse rock types, 
including greenschist, chlorite schist, epidote amphibolite (± 
Fe-rich garnet), Mn-rich garnet epidote-blueschist, metagabbro 
(± omphacite), chlorite albitite, garnet chlorite-mica schist, 
glaucophane-bearing meta-plagiogranite (± omphacite, 
aegirine-augite), and serpentinite. Recent studies interpret the 
Tamayen and Chinshuichi areas as subduction-related 
mélanges (Tsai et al., 2013; Keyser et al., 2015). In order to 
constrain the protoliths of these metamafic-ultramafic rocks, 
representative samples from these three units (excluding 
serpentinite) were analyzed for major and trace element 
compositions by XRF and ICP-MS methods. Major element 
data reveal that Wanjung samples contain high Mg but almost 
no K, Tamayen samples contain high Mn and Fe, and 
Chinshuichi samples contain high Na and Si. In AFM 
diagrams, most of the studied mafic rocks are projected within 
the calc-alkaline field. In TiO2-MnO-P2O5 diagrams, Tamayen 
and Wanjung mafic rocks are plotted in the field of island arc 
tholeiite. In normalized multi-element diagrams, samples from 
each unit show multiple groups of patterns. Wanjung 
metagabbros show Eu positive anomalies and likely represent 
plagioclase-cumulate ultramafic protoliths. Most of the 
Tamayen blueschist (non-mafic) samples show Nb, Ta, and Ti 
negative anomalies in multi-element diagrams, and Ce and Eu 
negative anomalies in REE patterns, but greenschist and 
epidote-amphibolite samples do not show such features. 
Chinshuichi samples show similar trace element patterns as 
Tamayen but lack Ce and Eu negative anomalies. 
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While nanoscale zero-valent iron (nZVI) has the potential 

to be used as a permeable reactive barrier for the remediation 
of uranium-contaminated groundwaters, there remains some 
uncertainty regarding the processes of uranium immobilization 
and the nature of the precipitated phase(s). In this study the 
reduction of aqueous Ca-U(VI)-carbonate complexes by fresh, 
aged and corroded nZVI particles representing particles with 
three types of oxide shells were investigated at circumneutral 
pH. XAS, XPS and kinetic studies were applied to obtain 
information about the structural and chemical composition of 
the uranium–containing reaction products. Kinetic experiments 
demonstrated quick uranium removal by all types of 
nanoparticles with the uranium removal rate proportional to the 
extent of iron oxide layer formaton indicating that the first 
stage is sorption onto iron oxide (magnetite) surface sites, 
followed by reduction by the zero-valent iron core. The final 
oxidation state of uranium depended on the mass ratio between 
iron and uranium. At 1:1 mass ratio uranium formed nanosized 
uraninite particles, while surface U(V) complexes were formed 
at higher iron loadings. U(VI)CaCO3 complexes were reduced 
more slowly than binary U(VI)CO3 complexes. We observed 
that the formation of U(V) complexes occurred only in 
presence of carbonate, which can be attributed to the 
stabilisation of surface U(V) by carbonate. Based on U and Fe 
EXAFS results structures for the U(V) complexes were 
proposed. These results contribute to our understanding of 
uranium reduction by iron species which can assist in 
developing composite materials that are superior in the long 
term immobilization of uranium as well as predicting the fate 
of uranium in reducing subsurface environments. 
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The role of the productive East China Sea (ECS) in 

regulating the anthropogenic CO2 and effect of environmental 
changes on CO2 uptake changes are being revealed gradually. 
Here we report the synthesis of time-series data of the annual 
mean CO2 fluxes since 1950 based on both observations and 
model calculation. This assessment of annual CO2 uptake is 
more reliable and complete, compared to previous estimates, in 
terms of temporal and spatial coverage. Additionally, the CO2 

time-series exhibits distinct seasonal pattern and also reveals 
apparent inter-annual variations. The flux seasonality shows a 
strong sink in spring and a weak source in the period from late 
summer to mid fall. The weak sink status during warm periods 
in summer-fall is fairly sensitive to changes of pCO2 and may 
easily shift from a sink to a source due to environmental 
changes. Finally, the effects of the Changjiang river discharge 
(CRD) and the Kuroshio strength on the CO2 uptake have been 
discerned and future changes due to the CRD fluctuation are 
examined; i.e. how the CO2 uptake in the ECS is controlled by 
the CRD fluctuation and the Kuroshio strength, which, in turn, 
are influenced by climate change and anthropogenic forcing, 
has been investigated as well. 
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Knowing the mechanism of global water circulation and 

determination of total budget of water in earth’s interior is very 
important for investigating the evolutional history of our planet. 
It has been believed that water is carried into the deep Earth’s 
interior by hydrous minerals such as the dense hydrous 
magnesium silicates (DHMSs) which are also known as 
alphabet phases (phase A, superhydrous phase B, and phase D 
etc.) in the descending cold plate. 

Recently, we have theoretically predicted the high pressure 
phase of phase D and experimentally confirmed the existence 
of this new DHMS in lower mantle pressure conditions 
(Tsuchiya 2013, Nishi et al. 2014). This phase has 
MgSiO4H2 chemical composition and named as phase H. At 
the lower mantle pressure conditions, Al and H-bearing 
SiO2, d-AlOOH, e-FeOOH and phase H may be the candidate 
of the relevant hydrous phases in the subducting slabs. 
Interestingly, the crystal structure of these hydrous phases are 
almost same and similar to the CaCl2 type structure. This 
suggests that these hydrous phases may potentially be able to 
make the wide range of solid solution. Some experimental 
studies already reported that Al preferentially partitioned into 
phase H and the stability of phase H drastically increased by 
incorporation of Al (Nishi et al. 2014, Ohira et al. 2014).  In 
this study, we report the high pressure behaviors and the 
possibility of further phase transition of AlOOH and FeOOH 
using first principles calculation techniques in order to 
investigate the effect of Al and Fe on the stability of phase H. 
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Following the Great East Japan Earthquake and the 

accident at the Fukushima Daiichi Nuclear power station on 
11th March, 2011, geothermal energy came to be considered 
one of the most promising sources of renewable energy for the 
future in Japan. To understand the geological properties of a 
supercritical geothermal reservoir, we investigated a granite–
porphyry system as a natural analogue. Particularly, veinlet 
system (quartz veins, hydrothermal breccia veins and glassy 
veins) in granite-porphyry system provides important 
information on supercritical geofluids and their development. 
The glassy veins forms at 500-550 °C under lithostatic 
pressure condition, and then lithostatic pressure changes to 
hydrostatic pressure drastically. Connections between the 
lithostatic and hydrostatic pressure regimes were key to the 
formation of the hydrothermal breccia veins, and the granite–
porphyry system provides useful information for understanding 
supercritical geothermal reservoirs and EGS technology.  
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The shear wave splitting (VSH > VSV) was observed in the 
Earth’s uppermost lower mantle of Tonga-Kermadec slab 
region (Wookey and  Kendall, 2002). The lattice preferred 
orientation (LPO) of lower mantle minerals formed by 
dislocation creep is one of the possible candidates for the cause 
of the observed shear wave splitting. Thus, knowledge of 
deformation-induced LPO of bridgmanite is the most 
important factor to understand the observed seismic anisotropy 
in the lower mantle because bridgmanite is the most dominat 
mineral in the lower mantle.  

We carried out shear deformation experiments of 
bridgmanite under the lower mantle conditions (25 GPa and 
1600°C) employing the deformation-DIA (D-DIA) type multi-
anvil press with Kawai-type cell assembly (6-8 tpye). Dense 
bridgmanite aggregates, which were equigranular with typical 
grain size of ~15 μm and random crystallographic orientation, 
were used as starting materials. Both of the crystallographic 
orientations of the starting and the deformed samples were 
determined by 2D monochromatic X-ray diffraction pattern 
method. 

In the deformation experiment, the total strain and average 
strain rate were evaluated to be γ ~0.7 and γ!  ~2 × 10-4 /s, 
respectively, from the tilting angle of the strain marker. The 
observation of LPO of recovered sample suggested the 
dominant slip system of bridgmanite is the [001](100) under 
the uppermost lower mantle conditions. Shear wave 
anisotropies (VSH - VSV)/VSV) with the assumption of the vertical 
and horizontal mantle flow were calculated basaed on the LPO 
of deformed bridgmanite. The result shows that the VSH is ~ 1 
% larger than VSV in the case of horizontal flow, whereas VSV is 
larger than VSH in the case of vertical flow. It is clearly 
concluded that the observed shear wave anisotropy at the 
Tonga-Kermadec subduction zone is well explained by the 
LPO of bridgmanite yielded by horizontal flow. 
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The abundance of volatile elements in the mantle reveals 
critical information about the Earth’s origin and evolution such 
as the chemical constituents that built the Earth and material 
exchange between the mantle and exosphere. However, 
volatile element abundances in basalts are usually affected by 
extensive and variable degassing, complicating inferences 
about the mantle source volatile contents. Here we use 
combined CO2-He-Ne-Ar-Xe compositions in a suite of mid-
ocean ridge basalts (MORBs) from the equatorial Mid-Atlantic 
Ridge to investigate degassing processes. 

We find that equilibrium (solubility-controlled) degassing 
cannot simultaneously fit the measured CO2-He-Ne-Ar-Xe 
compositions in MORBs and kinetic (diffusive) fractionation is 
required to explain the data. We have therefore developed a 
degassing model [after 1] that explicitly accounts for diffusive 
fractionation between melt and bubbles. 

Our model allows us to simultaneously invert measured 
carbon and noble gas abundances for the concentrations in 
undegassed magmas. The model predicts that C/He in MORBs 
changes during disequilibrium degassing only by a factor of 
~2–3 due to the negating effects of solubility and diffusivity. 
Preliminarily, we find undegassed CO2 concentrations of 
~350–450 ppm and 3He concentrations of ~4–5×109 atoms/g in 
basalts with lithophile characterisitics similar to average 
MORB. We note that the 3He concentrations overlap the value 
of 5.7±1.1×109 atoms/g independently inferred from the 
average oceanic He flux [2]. Combined noble gas and carbon 
measurements coupled with our degassing model therefore 
allows for investigation of source volatile compositions of 
individual degassed MORBs. However, the obtained source 
concentrations are sensitive to model parameters such as 
volatile element solubilities and diffusivities, which may not 
be well constrained. Such models therefore also help identify 
the key physical parameters that should be the subject of 
further experimental study. 
 
[1] Gonnermann and Mukhopadhyay (2007) Nature 449, 
1037–1040. [2] Bianchi et al. (2010) EPSL 297, 379–386. 
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Mineralogical analyzes (DRX, Micro-Raman spectroscopy 

and FIB-TEM analyzes combined with FTIR spectroscopy) 
identified micrometric euhedral hematite and nanometric 
inclusions of mainly hematite and minor iron oxyhydroxides 
(goethite and/or ferrihydrite) in dolomitic banded iron 
formations of the 2.4 Ga Cauê Formation, Itabira Group, 
Brazil. The latter are well crystallized and precipitated 
probably from Fe- (Si-) bearing fluid inclusions. Usually, the 
iron hydroxide inclusions were then transformed to hematite, 
and only preserved, when silica traces -within or adsorbed on 
them- act as a protection against transformation into hematite. 
Curie balance analysis on whole rock reveals, besides 
hematite, a new magnetic mineral at temperatures from 690°C 
to 900°C. This is related to the thermal decomposition of 
dolomite, which allows the transformation of the encapsulated 
goethite and/or ferrihydrite into magnesioferrite or Mg-rich 
maghemite. Their origin is likely related to diagenetic 
processes, and they are not a residue resulting from the 
dissolution of dolomite in parent dolomitic itabirite protore, as 
observed for ferrihydrite present in altered itabirite[1]. 
 
[1] Spier, de Oliveira, Rosière & Ardisson (2008), Mineralium 
Deposita, 43, 229 – 254. 
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The Philippines is one of the world’s largest nickel sources 

from its weathered ultramafic laterites.  Aside from Ni (% 
occurrence), other trace elements were only recently analyzed 
(REE, Sc, Y) that are not included in ore payments. Some 
Mindoro laterites were examined by several sample 
preparation methodologies and  ICPMS.  The data show a 
strong correlation of Sc (8-68 ppm) with high Fe occurrence in 
laterites,  also observed elsewhere. Laterite samples also show 
relative depletion of heavy rare earth elements (HREE) – Dy to 
Lu, to light rare earth elements (LREE), but whether this is 
source related or weathering induced is not definitive.  The 
significance for Philippine economic geology is that the low-
grade, unmined iron-rich but nickel-poor laterites may actually 
host significant Sc that could add to the economic viability of 
these ores.  
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Microbial sulfate reduction is responsible the near-
quantitative anaerobic oxidation of biogenic and thermogenic 
methane in modern marine sediments, in a process known as 
sulfate-driven AOM. When sulfate is consumed through AOM, 
the sulfate concentration pore fluid profile is often linear from 
the overlying seawater to the sulfate-methane-transition zone 
indicating all sulfate is consumed through sulfate-driven AOM.  
This is enigmatic because there is often labile organic carbon 
within the sediments above the sulfate-methane transition 
zone, and the oxygen isotopes in the pore fluid sulfate often 
suggest that there is active sulfate reduction occurring within 
the overlying sediments.  

At Site U1385, drilled during IODP Expedition 339, high-
resolution sulfate concentration measurements in the pore 
fluids display non-steady-state behavior with two distinct 
zones of sulfate consumption; organiclastic sulfate reduction in 
the top of the sediments and sulfate-driven AOM deeper in the 
sediments with a hiatus in sulfate reduction in between. The 
sulfur and oxygen isotopes in the pore fluid sulfate support the 
idea that sulfite to sulfide reduction is the limiting step in 
microbial sulfate reduction, and that the isotope fractionation 
expressed in the residual pore water sulfate pool is inversely 
proportional to the net sulfate reduction rate.  The sulfur 
isotope composition of pyrite acquires one value in the 
uppermost sediments, which is overprinted by a second value 
in the deeper sediments, due either to iron release during 
anaerobic methane oxidation or iron diffusion from a higher 
zone of bacterial iron reduction.  We use a time-dependent 
numerical model to explore when methane was introduced into 
the sediment such that today we capture an evolving sulfate-
methane-transition zone that has yet to reach steady state.  
These results are useful in understanding the development of 
the enigmatic linear profiles often seen in sulfate-methane-
transition zones in modern marine sediments.  
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Carbon release from permafrost thaw and the microbial 
decomposition of previously frozen organic matter is 
considered one of the most likely positive feedbacks from 
terrestrial ecosystems to the climate system in a warmer world. 
Permafrost thaw can involve the gradual deepening of the 
seasonally thawed layer, but in certain landscape types also can 
occur via abrupt thermokarst development through the thaw of 
ground ice and subsequent subsidence that potentially affects 
the entire soil profile. Thermokarst leads to the formation of 
collapse scar wetlands as well as the evolution of thaw lake 
initiation, expansion, and drainage. We are using pan-arctic 
mapping of spatial data known to predispose landscapes to 
thermokarst along with land cover change studies to better 
understand the relevance of abrupt thaw to the overall 
permafrost C feedback. We estimate that thermokarst terrains 
cover 3.6 x 106 km2, or 20% of the northern permafrost 
domain. However, given disproportionally high soil organic 
carbon content, thermokarst terrains are estimated to store 
~30% of the total soil organic carbon stored in the upper 3 
meters of soil in the permafrost domain, and likely an even 
larger fraction when deeper carbon stocks are considered.  

Some of the highest CH4 emissions in the Arctic have been 
observed in thermokarst wetlands and thaw lakes. At the 
Alaska Peatland Experiment (APEX) sites, a significant 
fraction of CH4 is released from thermokarst wetlands via 
ebullition or bubbling.  Our results indicate that bubbles are 
mostly located in surface peat and contain modern C.  Rates of 
CH4 release through ebullition increase with the abundance of 
sedges, which dominate young thermokarst landforms. These 
and other empirical studies show that abrupt thaw can 
influence C emissions by stimulating the mineralization of 
previously thawed permafrost C at depth, but also influence 
emissions of more recently fixed C through land cover and 
aquatic vegetation change. We will report on our approach in 
using these process-level studies to parameterize a book-
keeping model to track the effects of thermokarst disturbance 
on CO2 and CH4 emissions at pan-arctic scales. 

3187



 Goldschmidt2015 Abstracts  

 3188 

Palagonitization of basalt glass in the 
flanks of mid-ocean ridges: 

Implications for the bioenergetics of 
oceanic intracrustal ecosystems 

ANDREAS TÜRKE1, WOLFGANG BACH1 AND  
KENTARO NAKAMURA2 

1Department of Geosciences and MARUM, University of 
Bremen, Germany (atuerke@uni-bremen.de) 

2Department of Systems Innovation, School of Engineering, 
The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, 
Tokyo, Japan  

 
When basalt glass is exposed to oxygenated aqueous 

solutions, rims of palagonite form along fractures at the 
expense of glass. The flanks of mid-ocean ridges are the 
largest reservoir of basalt glass on Earth, and the flow of 
oxygenated seawater fluxed through these flanks is  
>1016 kg/yr. Hence, a large amount of palagonite forms in this 
setting, but palagonitization is kinetically sluggish at the 
prevailing temperatures of < 25 °C, theorytically allowing 
chemolithoautotrophic microbes to catalyze oxidation 
reactions for catabolic energy gain. 

While the energy sources fuelling this putative microbial 
life in basalt are unknown, it has been suggested that steady-
state Fe oxidation in ridge flanks can support a microbial 
biomass production on the order of 1011 g C per year. Most of 
the Fe oxidation takes place within the first 10 Myrs of ridge 
flank evolution, but it is uncertain which energy sources 
chemolithoautotrophs may use in older crust. 

We present geochemical data on whole rock powders and 
highly oxidized palagonite rinds from drill cores, obtained 
during IODP Expedition 336 on the western flank of the Mid-
Atlantic Ridge 23°N.  

Radioactive elements are enriched in the palagonite 
relative to the fresh glass, reaching concentrations where 
radiolytic production of molecular hydrogen (H2) may be a 
significant energy source. We hypothesize that bioenergetics in 
ridge flank habitats undergo a transition in the principal energy 
carrier fuelling carbon fixation from Fe oxidation in very 
young crust to H2 consumption in old crust. We argue that 
thick rinds of palagonite in old crust protect the remaining 
fresh glass from alteration and thwart the oxidation of ferrous 
iron in the glass.  These palagonite rinds have accumulated 
enough U and K to release nanomolal quantities of H2 per year.  
Unless the H2 is swept away by rapid fluid flow (i.e. in young 
flanks), it may easily accumulate to levels high enough to 
support chemolithoautotrophic life.   
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John Reynolds was inspired to construct the first ultra high 

vacuum static mass spectrometer after attending a seminar in 
1950 given by Daniel Alpert co-inventer of the Bayard-Alpert 
ion gauge. Reynolds realised how the vacuum techniques 
described, for the manufacture of thermionic valves, could be 
adapted to mass spectrometry, eliminating the inefficient and 
wasteful loss of sample in the dynamic mass spectrometers 
then in use. In the 1960s Berkeley became the focus of this 
new technology and ideas; the discovery of extinct 129I was 
followed by the use of neutron activation to establish 129Xe-127I 
correlations and the idea of I-Xe dating.  Although xenon was 
the prime interest, the routine of measuring all five noble gases 
led to the 40Ar-39Ar dating method and the ability to identify 
and quantify theoretically the effects of disturbed K-Ar 
systematics. Interestingly the use of neutron activation to 
produce a ‘solid’ 39Ar spike for use in K-Ar dating had been 
suggested in a paper by Naughton in 1963 and recently this 
method, along with a 41K spike, has been proposed 
independently by Ken Farley as a way to measure accurate K-
Ar ages remotely on the surface of Mars. The production of 
37Ar from Ca is conveniently used in extraterrestrial samples to 
determine cosmic ray exposure ages. In principle this could be 
applied to terrestrial samples but within severe analytical 
constraints. The ability to analyse chlorine, bromine and iodine 
by way of neutron produced 38Ar, 80,82Kr and 128Xe is especially 
useful given the importance of saline fluids as a transport 
medium of various species, including noble gases, within the 
Earth’s crust. The argon-chlorine link can also provide a 
solution to the ‘excess’ 40Ar problem. Most recently 36Ar in 
sodalite in the Allende meteorite has provided further evidence 
of an extinct nuclide, 36Cl.  
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The last decade has seen concentrated geochemical and 

geophysical research effort in the Tonga-Kermadec arc – Lau 
back-arc subduction system. Detailed geochemical and 
geophysical studies on several individual volcanoes have 
placed new constraints on the composition of magma source 
regions as well as the systematics and timescales of partial 
melting, magma ascent aand differentiation and degassing. 
Complimentary studies in the Lau back-arc have provided new 
insights into mantle potential temperature, mantle flow and 
how melting systematics change with distance from the arc 
front. Both geochemical and geophysical data suggest that one 
compoonent of mantle flow is to the southsouthwest, parallel 
to the arc front. It is increasingly clear that the arc front and 
back-arc melting regimes overlap and are similar when the arc 
to back-arc spreading centre distance is < 80 km. In these 
regions, melting appears dominately fluid-fluxed. As this 
distance increases, slab-surface temeratures increase and the 
back-arc lavas become more MORB-like. In addition there is a 
change from fluid-fluxed to decompression melting and this 
seems to occur where seismic evidence suggests that the arc 
and back-arc melting regimes separate. In summary, our 
knowledge of this kay but complex subduction system has 
increased rapidly in the last decade. Future work could test and 
refine models for interaction of the arc and back-arc melting 
regimes and slab-surface temperatures. Proposed drilling, 
submersible and dredging legs afford the opportunity to 
constrain the temporal evolution of this arc and compare and 
contrast that with the evididence from the IBM arc for 
initiation at 52 Ma associated with a distincitive geochemical 
statigraphy of arc initiation. 
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The Chilean Southern Volcanic Zone (SVZ) is a natural 
laboratory for studying chemical diversity among arc lavas, 
because SVZ lavas cover a large compositional range and 
multiple physical subduction parameters vary along strike of 
the arc. New analyses combined with literature data from the 
SVZ, filtered to minimize the effects of crustal processing, 
demonstrate coherent systematics among major elements, trace 
elements, and isotope ratios that mimic those seen among 
global arcs. Correlations among SVZ data overlap the global 
range, encompassing the upper half of global arcs in Na and 
other incompatible elements. SVZ along-strike variations 
include northward enrichment of incompatible elements, REE 
ratios, and depletion of Sc and Ca. Nd and Sr isotopes, as well 
as the trace element ratios Zr/Nb and Th/U follow a different 
along-strike pattern, with an inflection at ~38 °S.  

Rear-arc volcanics provide an essential perspective on the 
origin of these variations. Rear-arc Sr, Nd, and Hf isotopes 
indicate a heterogeneous mantle, produced by mixing between 
Atlantic Mantle and EM1-type OIBs. SVZ arc-front variations 
mimic rear-arc trends. The signal from ambient wedge 
heterogeneity influences the ratios Zr/Nb and Th/U.   

The along-strike variability is not produced by increasing 
levels of baseline contamination, as these would require a 
contaminant with an implausible composition. Trace element 
ratios sensitive to slab contributions do not vary along strike, 
indicating a fairly constant slab flux. Along-strike 
compositional trends produced by variable slab temperatures 
are inconsistent with thermal models of the SVZ slab, when 
considered in the global context.  

Along-strike patterns are consistent with varying extents of 
melting of a heterogeneous mantle wedge and a generally 
constant slab flux. The trace element enrichment in the 
northern SVZ is consistent with lower extents of melting due 
to thick lithosphere and shallow slab dip. Quantitative 
modeling demonstrates the feasibility of generating these 
trends by a variable mantle thermal structure together with 
mantle enrichments similar to the Gough Island Basalts. 
Because the compositional systematics of the SVZ are a 
microcosm of the global systematics, these results bear on the 
mechanisms that generate compositional diversity among arcs 
worldwide. 
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As forest ecosystems generally grow on nutrient-poor 

soils, the challenge for forest management and wood 
production is to maintain a sustainable  level of nutrients. 
Nutrient budgets are a diagnostic tool that assesses forest 
sustainability by adding up nutrient inputs (atmospheric 
dissolved deposition and soil weathering) and outputs (losses 
in drainage water and by wood harvesting). Whereas Aeolian 
dust deposition (ADD) is recognized as a significant nutrient 
input in various ecosystems (eg. oceans and tropical forests), it 
is still not taken into acount in usual nutrient budgets of 
European forests. The aim of this study was to quantify ADD 
every four weeks and estimate its nutrient lability for four 
forest ecosystems in the northern part of France during two 
years.  The supplementary interception of ADD by forest 
canopy was evaluated from throughfall samples in two sites. 
The samples were subdivided into two samples to obtain (i) the 
total ADD and (ii) only the mineral part of ADD.We 
quantified (i) the total ADD, its mineral fraction and hardly 
soluble mineral fraction, and (ii) the fluxes of each nutrients 
(Ca, Mg, K, P) from their chemical composition.  

ADD in open field was equally composed of mineral and 
organic matter. Mineralogical analyses revealed a common 
basis of silicates (quartz, phyllosilicates, feldspars,...) for all 
the sites, associated with a set of various site-dependent 
minerals that appeared less frequently with lesser proportion 
(Fe-oxide, gypsum, amphibole, talc, gibbsite, calcite). These 
minerals likely indicate a regional origin of ADD. ADD rate in 
open field showed a seasonal pattern with high deposition from 
spring to autumn and low deposition in winter. The total dust 
deposition in open field was around 50 kg.ha-1.yr-1 including 
~5 kg.ha-1.yr-1 of labile mineral and 19 ± 3 kg.ha-1.yr-1 of hardly 
soluble mineral. Forest canopy induced a supplementary 
deposition of ~8 kg.ha-1.yr-1 of labile minreral.  

The nutrient deposition from ADD was less than 1 kg.ha-

1.yr-1 for each nutrient. It is the same magnitude as nutrient 
inputs by soil weathering and could be important especially for 
phosphorus, which is the limiting nutrient in most of terrestrial 
ecosystems.  Indeed, at one site, P input from ADD was of  
0.3 kg P.ha-1.yr-1, whereas dissolved deposition and weathering 
flux were of 0.1 and 0.2 kg P.ha-1.yr-1, respectively.  
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Isotopic methods accompanied by hydrogeochemical 

studies can reveal solute sources, distribution processes and 
possible hydraulic connections of mine waters. Moreover 
understanding the hydrological systems and long-term changes 
in water chemistry enables predicting the mine drainage 
quality and behavior in long run as well as choosing the 
adequate water treatment method for each site. 

Due to the predictable relationship between stable oxygen 
and hydrogen isotopes, they are widely used as natural tracers 
in water related studies. However, although they reveal the 
interaction of hydrological systems, they lack the 
hydrogeochemical information derived from the bedrock. The 
effect of the mineral composition of the bedrock on 
groundwater can be commonly seen not only in the chemical 
concentrations, but also in isotopic composition of waters. Due 
to differences in the isotopic compositions of different 
minerals and anthropogenic inputs, bedrock related isotopes 
(e.g. Sr and Pb) can be used to identify the solute sources and 
mixing processes in mine waters. These isotopes are released 
into mine waters due to natural weathering processes as well as 
mineral processing and can thus be used to distinguish ore-
related emissions from natural solute sources. In addition, in 
case of several solute sources and watersystems, the isotopes 
may help to understand water mixing processes.  

Although the isotopic method has been widely used in 
hydrological studies in Finland, the focus has not been in 
estimating the mining related emissions. Therefore the method 
is being tested in two mine sites in Finland. A set of isotopic 
data (S(SO4), Li, Sr, Pb, O, and H) will be combined with 
chemical information and physical parameters of water in 
order to assess the emission sources, migration and their 
reactions, mixing and dilution processes in watersystems. 
Special attention is given to the rates of processes that generate 
the contamination. The results obtained will be used for the 
prediction of chemical transformation and long-term impacts 
of mining at study site and its surroundings. 
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Mantle sources of Karoo flood basalts (~190–180 Ma) 
have been discussed for decades. Study of picritic lavas 
discovered by the Luenha River, central Mozambique, adds 
new constraints for these reservoirs. Luenha picrites can be 
associated with the extensive flood basalt plateau that was 
emplaced outside the developing Africa-Antarctica rift zone. 
They are characterised by high MgO (7—28 wt. %),  low TiO2 
(0.3—1.0 wt. %) and notably high  ΔNb values (0.4—0.6; 
representing enrichment of Nb relative to Zr and Y). Their 
generally flat REE patterns range from mildly LREE-depleted 
to LREE-enriched, and the initial Sr and Nd isotopic 
compositions from chondritic to enriched. Within-series 
geochemical variation indicates a general AFC evolution of the 
magma system. The least contaminated picrite sample 
represents the most Mg-rich and primitive composition 
described from the plateau-assemblage basalts of the Karoo 
province. 

High positive ΔNb values observed in Luenha picrites 
cannot be generated  by crustal or lamproitic contamination 
and are very likely to be inherited from the mantle source. 
Widespread Karoo plateau basalts also have positive ΔNb, 
whereas the Karoo rift-zone volcanics, including the 
uncontaminated DM-sourced ferropicrites, exhibit negative 
ΔNb values. Division of Karoo flood basalts into distinctive 
positive ΔNb and negative ΔNb subgroups resembles the 
dichotomy observed in the global MORB dataset and indicates 
different mantle sources for the rift-zone and plateau 
magmatism. The process that caused the relative Nb 
enrichment of the plateau reservoir remains unknown. Given 
the positive ΔNb character of the Karoo plateau-assemblage 
flood basalts, we suggest that an isotopically bulk Earth-like, 
Nb-undepleted, shallow reservoir of the Luenha picrites was a 
significant mantle source of the Karoo flood basalt magmatism 
outside the central rift-zone. 
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The area around Skjoldungen region in South East 
Greenland, part of the North Atlantic Craton, has preserved 
manifold metamorphic events since the late Archean, with the 
most penetrative overprint during the Skjoldungen Orogeny 
(2.7-2.8 Ga). Granitic melts form larger bodies in the basement 
or are emplaced as minor sheets within “supracrustal belts“ 
(SB) and in most cases granulite facies overprint seems to pre-
date the granite. U-Pb zircon ages overall suggest that the 
youngest granite intrusions (< ca. 2715 Ma) are undeformed, 
indicating that deformation occurred between 2.76 and  
2.71 Ga. 

Here we present Hf-Nd-isotope data for whole rocks and 
mineral from metamorphic and igneous rocks from one of the 
SB in the area, focusing on garnet-sillimanite schists. In low 
strain domains, this unit comprises undeformed leucocratic 
granite melt pockets. A combination of Lu-Hf garnet and U-Pb 
zircon geochronology dates peak metamorphic conditions to 
2742 ± 26 Ma, followed by a second tectono-metamorphic and 
magmatic period (~2710 Ma). Sm-Nd garnet ages (2678.9 ± 
4.8 Ma) can further constrain the metamorphic history, as 
opposed to Lu-Hf these rather reflect cooling ages. In support 
of this view, Ti in zircon thermometry of grains that have been 
U-Pb dated to 2701 ± 14 Ma yield temperatures of  780 ±  
20 °C, in general agreement with the lower TC of the Sm-Nd 
system compared to that of Lu-Hf [1].   

 
[1] Scherer et al. (2000) Geochim. et Cosmochim. Acta 64, 
3413-3432. 
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Strontium is non-essential in diet, substituting for Ca in 

enamel and bone bioapatite. Stable Sr isotopes (88Sr/86Sr) vary 
in the environment, with δ88/86Sr decreasing along the food 
chain as a result of plant nutrient uptake and biomineral 
formation [1]. This is in the same sense as δ44/42Ca [2] and 
opposite to that observed for δ26Mg [3]. 

We report δ88/86Sr in modern mammal and bird bones 
(n=56) from different feeding categories and ecosystems. 
δ88/86Sr (relative to NIST SRM-987) was analysed by TIMS 
using a 87Sr-84Sr double spike to ±0.02‰ (2σ). A trophic level 
spacing of ~0.18‰ is observed between mammal herbivores (-
0.30±0.17‰) and carnivores (-0.48±0.11‰). δ44/42Ca measured 
in the same bones [2] display a trophic level effect of ~0.4‰ 
and are strongly correlated with δ88/86Sr. In contrast, ant/termite 
feeders have the highest δ44/42Ca and δ88/86Sr (-0.11±0.10‰), 
potentially a proxy for insectivory. δ44/42Ca and δ88/86Sr 
together are promising tools for assessing trophic niches in 
extant and fossil vertebrates. 

While bone δ88/86Sr can be used to determine the animal´s 
diet, 87Sr/86Sr differentiates between sources of strontium and 
thus habitat. Extant birds of prey (sparrow hawk, kestrel, 
buzzard, long-eared owl) from around Ludwigshafen, 
Germany, have distinct δ88/86Sr (-0.29±0.08‰ to -0.49±0.05‰) 
which might reflect contrasting prey species. Similarly, 
87Sr/86Sr vary from 0.7087 to 0.7129, indicating that their 
hunting grounds differed. Combining δ88/86Sr with 87Sr/86Sr 
thus allows assessment of trophic and spatial niche 
partitioning, as well as predator-prey relationships, in ecology, 
archaeology, and palaeontology. 

 
[1] Knudson et al. (2010) J. Arch. Sci. 37, 2352-2364 [2] 
Broska et al. (2011) Min. Mag. 75(3), 585 [3] Martin et al. 
(2014) Geochim. Cosmochim. Acta 130, 12-20. 
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Reactive transport modelling is an invaluable tool for 
analyzing the effect of Carbon Capture, Utilization, and 
Storage (CCUS) on reservoir chemistry and flow properties. 
Nonetheless, effective simulation of target reservoirs and their 
seals often requires the integration and extrapolation of 
thermodynamic, kinetic, and hydrologic data from many 
disparate sources.  The validity, compatability, and accuracy of 
these data-model combinations are unfortunately often 
untestable due to the relative scarcity of appropriate 
parameterizations in the literature.  Here, we present 
hydrothermal flow-through experiments on K-feldspar-rich 
sandstone and dolomite core samples and utilize the reactive 
transport simulator PFLOTRAN1 to interpret and upscale the 
experimental results.  Using  laboratory and synchrotron X-
Ray Computed Tomography (XRCT) performed before and 
after the experiments, fluid chemistry samples obtained 
throughout the experiments, and a number of other 
characterization techniques, we monitor the coupled evolution 
of fluid chemistry and hydraulic properties with reaction 
progress.  We compare porosity and surface area changes 
measured at the full-core and pore scale as well as core-
averaged mineral reaction rates with literature 
parameterizations and fully coupled numerical experiments.  In 
general, literature parameterizations for mineral reaction rates 
can be made consistent with our experimental results if 
adjustments to mineral surface areas are made; however, the 
evolution of porosity, permeability, and surface area with 
reaction progress remains considerably more difficult to 
predict. 

 
[1] Hammond, G. E., Lichtner, P. C., Lu, C., & Mills, R. T. 
(2012). PFLOTRAN: Reactive flow & transport code for use 
on laptops to leadership-class supercomputers. Groundwater 
Reactive Transport Models, 142-160. 
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Molecular diffusion is an important physical exchange 

mechanism for solutes in water, in particular for gases 
dissolved in the pore water of lacustrine sediments. Noble 
gases are inert and therefore these concentrations are only 
controlled by physical processes. Thus noble gases are ideal 
tracers for gas transfer processes in aquatic systems. Many 
studies assume molecular diffusion of noble gas isotopes in 
water to be mass dependent and described in terms of the 
reciprocal of the square root of the ratio of their atomic masses 
[1]. This assumption has not been experimentally verified for 
the isotopes of  Ne, Ar, Kr and Xe. 

Therefore a laboratory study was conducted determining 
whether diffusion through immobilized water caused a 
fractionation of the isotope ratios of Ne, Ar, Kr and Xe [3]. 
Whereas Ar isotopes were mass dependently fractionated, Ne 
isotopes - in agreement with the molecular dynamics model [2] 
- hardly showed any fractionation. According results for Kr 
and Xe are currently evaluated.  

As a consequence of our laboratory result Ar isotopes were 
used to study the gas exchange and its dynamics in the 
sediment pore water of Lake Rotsee and Lake Lungern, two 
Swiss lakes characterised by methane bubbles formed in the 
sediment and frequently released via ebullition. In both lakes 
the ratio of Ar isotopes dissolved in the pore water was found 
to be fractionated relative to air saturated water indicating that 
diffusive exchange controls the gas partitioning between CH4 
bubbles and noble gases dissolved in the surrounding pore 
water. 

 
[1] Graham T. (1833) Philos. Mag. 2, 175–358. [2] Bourg et 
al. (2007) Geochim. Cosmochim. Ac. 71, 5583-5589. [3] 
Tyroller et al. (2014) Geochim. Cosmochim. Ac. 136, 60-66. 
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Growth zoning in magmatic crystals is an interesting but 
cryptic record of magma history [1]. Recent analytical 
advances have revealed that many large crystals in volcanic 
deposits, rather than being phenocrysts, are antecrysts whose 
growth occurred largely prior to eruption. The complex crystal 
zoning reflects processes in the magma plumbing system, 
including contamination, recharge and magma mixing [2]. 
Because events of recharge and magma mixing can trigger 
volcanic eruptions [3] [4], in situ analytical efforts continue 
into decoding the information locked in antecrysts.  

Here we show that laser ablation ICP-MS can be used to 
obtain high resolution quantitative maps of trace element 
distribution in antecrysts, unveiling magma histories at greater 
detail than traditional analytical methods. Maps can be 
obtained in as little time as 1 hour, can resolve complexities 
smaller than the laser beam diameter (< 10 µm) and remove 
less than 1 μm of thin section material. Therefore, it is feasible 
to ablate the identical map area many times with varying 
instrument parameters or analyte menus to get different levels 
of detail and chemical information. 

In the current study, LA-ICP-MS maps of clinopyroxene 
and amphibole antecrysts from Mount Etna basalts will be 
presented. These crystals define very sharp compositional 
zoning, highlighting events of mafic recharge as zones 
enriched in compatible metals such as Cr, Ni or Sc. A 
consistent feature of the antecrysts is oscillatory zoning in 
compatible elements, suggesting multiple mafic recharge 
events. This observation opens the question of why some 
recharge events were effective triggers of volcanic eruptions 
whereas others were not or were unable to drag crystals 
towards the surface. We propose that  maps of glomerocrysts 
or crystals from mushes disaggregated prior to eruption, may 
hold important information. 

When coupled with diffusion modelling, LA-ICP-MS trace 
element maps may eventually help to improve our 
understanding of processes in the magmatic environment and 
beyond. 

[1] Streck (2008) Rev. Mineral Geochem 69, 595-622. [2]
Davidson et al. (2007) Ann. Rev. Earth Planet Sci 35, 271-311.
[3] Reuby & Blundy (2007) Nature 461, 1269-1273. [4] Kent
et al. (2010) Nature Geoscience 3, 631-636.
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The martian meteorite Northwest Africa (NWA) 7034 and 
paired meteorites are polymict breccias, which likely represent 
the Noachian martian regolith [1-3]. NWA 7034 consists of 
various igneous clasts with basaltic, basaltic andesite, 
trachyandesite and Fe-, P-, Ti-rich compositions. These 
breccias also contains sedimentary and impact-derived 
components [1]. 

Here we describe a large impact melt clast (5 x 4.5 mm) 
that displays a unique vitrophyric texture [4]. It contains 
acicular elongated skeletal orthopyroxene and olivine crystals. 
Olivines are rare in NWA 7034 and were only found in melt 
clasts [1]. The pyroxenes show compositional zoning from 
En69Fs28Wo3 cores to En60Fs35Wo5 rims. The olivine grains 
have compositions of Fo55-63. The mesostasis is generally 
homogeneous with a basaltic composition. The disequilibrium 
composition and texture of the vitrophyre clast suggest very 
fast cooling. Its high Ni content (1020 ppm) indicates potential 
contamination by a chondritic impactor. The nickel content of 
the vitrophyre suggests a possible addition of 5.3-7.7% 
chondritic component. 

The bulk composition and the boundary between this 
vitrophyric clast and the host breccia suggest that NWA 7034 
was not the protolith of the vitrophyre. In addition, low 
concentrations of Zn and S imply that martian soil was not 
incorporated into the vitrophyre. We compared the bulk 
composition of this vitrophyric clast to igneous rocks analyzed 
on the martian surface and martian meteorites in order to 
understand if a known martian composition could have been 
the protolith. This vitrophyric clast has a bulk composition that 
is very similar to Humphrey, a primary basalt analyzed by the 
Spirit rover in the Gusev Crater.  

This vitrophyric clast demonstrates that the regolith breccia 
NWA 7034 and paired meteorites likely sample igneous 
compositions not previously identified in martian meteorites.  

[1] Santos et al. (2015), GCA 157, 56-85 [2] Cannon et al.
(2015) Icarus 252, 150-153 [3] Humayun et al. (2013), Nature
503, 513-516 [4] Udry et al. (2014) GCA 141,281-293
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Photochemical reaction of reducing atmosphere is a 

plausible source of simple organic compounds that could 
initiate prebiotic synthesis of complex organic molecules [1]. 
In contrast to the other possible sources like Miller-Urey-type 
lightning and delivery of organics by extraterrestrial impact, 
UV-photochemistry could be a steady input of prebiotic 
compounds everywhere on the surface of the Earth, thus has a 
potential to sustain further network of reactions in the ocean. 
Also, photolysis of H2O likely produce redox gradient or 
disequiliblium at the surface of the ocean or lake. Thus, UV 
induced photochemistry particularly at the interface between 
atmosphere and hydrosphere is worth considering as a driver 
for successive prebiotic reaction network. In order to predict 
the photochemical production qualitatively and quantitatively, 
we have conducted a series of laboratory experiments of CO2-
CO-H2O system. The results show that formic acid is 
effectively produced from CO and accumulated in a liquid 
phase, when photolyzing CO/CO2 atmosphere under the 
presence of liquid water. The result is contrast to previous 
experiment simulating only gas-phase photochemistry that 
indicated formaldehyde production [2] [3]. The final species 
and their production rate depend largely on redox state of the 
system and actinic flux particularly shorter than 200 nm. These 
results suggest that not only atmospheric composition but also 
hydrosphere and its redox state should be the key to control the 
fate of organic molecules supplied from early atmosphere into 
hydrosphere.    

 
[1] Chyba & Sagan (1992) Nature 355, 125-132. [2] Pinto et al. 
(1980) Science 210, 183-185. [3] Bar-Nun & Hartman (1978) 
OLEB 9, 93-101. 
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Most parts of the deep upper mantle and transition zone are 

characterized by the presence of spinel-structured phases that 
can incorporate Fe3+ and Fe2+. Information about their 
stabilities, as well as the behaviour of Fe3+ at high-P-T 
conditions is available for some endmember compositions. For 
example, the stability limit of magnetite lies at ~10 GPa, where 
it breaks down to Fe4O5 + Fe2O3 rather than transforming into a 
post-spinel structure [1]. Other spinel-structured phases like 
FeAl2O4 break down to their constituent oxides [2]. Based 
upon P-V-T data on MgFe2O4 and available thermodynamic 
data, [3] proposed a phase diagram of MgFe2O4 composition 
including a large stability field of its constituent oxides MgO + 
Fe2O3 at intermediate P and T, and assumed the stability of a 
hP-MgFe2O4 phase at pressures > 17 GPa. However, [3] never 
produced the hP-MgFe2O4 phase and reported no direct 
evidence for the existence of a MgO + Fe2O3 stability field at 
room T even up to 35 GPa.  

In order to determine the phase diagram of MgFe2O4 multi-
anvil experiments were performed at 8-18 GPa and 
temperatures of 900-1550 °C with either stoichiometric 
mixtures of MgO + Fe2O3 or pre-synthesised MgFe2O4. PtO2 
was added to insure high oxygen fugacities. The run products 
were analysed by microprobe and powder X-ray diffraction.   

Preliminary results confirm the breakdown of MgFe2O4 to 
MgO+ Fe2O3, but at lower pressure (ca. 7-9 GPa at 900-
1300°C) than proposed by [3]. At temperature >1300°C 
MgFe2O4 is stable up to 9 GPa, but breaks down to Fe2O3 + a 
new phase. At 18 GPa another new oxide phase Mg2Fe2O5 was 
detected which is isostructural with Fe4O5. This indicates that 
the phase relations in the MgFe2O4 system are more 
complicated than originally thought and further experiments 
are underway to constrain the high-pressure high-temperature 
phase relations. 
 
[1] Woodland et al. (2012) Am. Min. 97, 1808-1811 [2] 
Schollenbruch et al. (2010) Phys. Chem. Min. 37, 137-143 [3] 
Levy et al. (2004) Phys. Chem. Min. 31, 122-129 
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Belemnites are an important target for the study of Jurassic 

and Cretaceous palaeoenvironments, because their rostra are 
large and structured by growth bands, have calcification rates 
sufficient for assessing palaeoseasonality, and show a 
predictable pattern of zones most likely affected by diagenesis. 
In order to fully understand the meaning of geochemical 
proxies in the belemnite rostrum, effects of growth rate, crystal 
shape, metabolic effects and diagenesis have to be 
disentangled. 

Here, we report C and O isotope ratios and Mg/Ca, Sr/Ca 
and Mn/Ca ratios for four complete profiles through a single 
belemnite rostrum of Passaloteuthis bisulcata (Early Toarcian, 
~183 Myr). Through repeated sampling of the same growth 
bands in different locations of the rostrum, effects of 
biomineralization and diagenesis can be unravelled. In the 
studied specimen of P. bisulcata diagenesis – as usually 
observed – results in depletions of 13C, 18O and Sr and 
increasing Mn in the apical zone and the rim of the rostrum. 
Well-preserved calcite of the central part of the rostrum shows 
up to ~70 % enrichment of Mg and ~50 % enrichment of Sr – 
the high values interpreted to be dominantly affected by crystal 
morphology. Outside the central zone, samples with highest 
rate of calcite formation show Mg depletion of ~15 % and Sr 
enrichment of ~15 %. Metabolic controls on the Mg/Ca and 
Sr/Ca account for a residual variability of 6.8-11.3 mmol/mol 
and 1.39-1.72 mmol/mol, respectively. Neither of the above 
effects appear to influence C and O isotope ratios significantly 
and both isotopic systems show values reproducible within  
0.5 ‰ in single growth bands, whereas these isotope systems 
show systematic changes within the rostrum, ranging from 
+0.4 to +3.3 ‰ and -2.2 to -0.3 ‰, respectively. 

Our findings indicate that for C and O isotope studies any 
well-preserved part of the rostrum yields results representative 
for a given growth band. For element/Ca ratios, however, 
analyses should be conducted on transects close to the 
protoconch and avoiding the central ~4 mm of the rostrum to 
derive the most stable data and most complete time series. 
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We present experimental results on the differentiation of 

(near) primary, hydrous, calc-alkaline magmas by fractional 
crystallization under conditions of lower crustal magma 
reservoirs at convergent plate margins (pressures of 0.7 –  
1.0 GPa and temperatures from 1300 – 700°C). Experimental 
simulation of fractional crystallization is particularly suited to 
understand the major controls on phase relations and 
compositions of magmas differentiating in the lower crust. We 
investigate the mutual phase relations of the principal phases 
olivine, cpx, opx, garnet, amphibole, plagioclase and Fe-Ti-
oxides. Crystallization experiments at lower crustal conditions 
demonstrate that liquids at 0.7 to 1.0 GPa evolve from 
metaluminous to slightly peraluminous, corundum normative 
compositions. If high-Mg basalts and basaltic andesite in 
equilibrium with mantle peridotite are considered as the most 
common primary arc magmas from which lower crustal rocks 
fractionate, crystallization produces between 45 to 70% of 
ultramafic, olivine, clinopyroxene and amphibole dominated 
cumulates and residual andesite compositions that are typical 
for more evolved upper crustal magmas and rocks. Andesites 
at temperatures below 970°C fractionating amphibole, 
plagioclase, Fe-Ti-oxide and garnet (at 1.0 GPa) will drive the 
SiO2-content systematically from 57 to 78 wt% over a 
temperature interval of >250°C and only requires 50-60% 
additional crystallization. We use new partitioning data to 
model the trace element evolution of siliceous magmas, 
demonstrating that many plutonic and volcanic rocks 
worldwide are hallmarks of crystallization moderated by lower 
crustal processes. 
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In situ carbonation of ultramafic rock has been suggested 

as an option for long term sequestration of anthropogenic 
CO2[1]. It is in this respect critical to know whether the growth 
of carbonate minerals will clog pore space, and thus limit 
further transport of CO2 into the rock, or whether the carbonate 
growth will exert enough stress on the host rock to make it 
fracture, thus forming new fluid pathways.  

In this work, we utilize a novel modelling technique to 
combine the thermodynamics of carbonate precipitation and 
pore fluid flow with a discrete element model that describes 
brittle fracture formation. The thermodynamics is based on 
evaporation of water from a solution, thus gradually increasing 
the supersaturation with respect to carbonate minerals. The 
initial water chemistry in the simulations is based on analysed 
surface and mine waters from a sub-arctic serpentinized dunite 
in the Feragen Ultramafic Body (FUB) in eastern Norway. The 
evaporation leads to precipitation of hydrous magnesium 
carbonates, which generate crystallization pressures that may 
exceed the strength of the rock[2]. Our results are compared 
with observed fracture formation and carbonate infill in 
fractures in the FUB. 

We achieve an improved understanding of the evolutions 
of stress and damage, and the crack propagations induced by 
minerals precipitating from supersaturation. This improves our 
ability to determine whether industrial scale mineral 
carbonation is a viable option for long term storage of CO2. 
 
[1] Kelemen, P. B., and Matter, J. (2008), P. Natl. Acad. Sci. 
USA Vol. 105(45), pp. 17295 – 17300. [2] Beinlich, A., and 
Austrheim, H. (2012), In situ sequestration of atmospheric CO2 
at low temperature and surface cracking of serpentinized 
peridotite in mine shafts. Chem. Geol. 332, pp. 32 – 44. 
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Introduction 
Technetium is generated in large quantities as a fission 

product in making of nuclear weapons and by irradiation of 
235U-enriched fuel during production of commercial power. 
Environmental concerns have been raised because of the long 
half-life and high mobility of 99Tc in oxidizing subsurface 
environments. Even though reduced 99Tc(IV) is more 
immobile, the reoxidation of 99Tc(IV) by changing conditions 
is fast and results in a subsequent release of 99Tc into the 
environment. Incorporation and retention of 99Tc into Fe 
mineral is suggested to increase 99Tc removal and limit 99Tc 
reoxidation. 

Results and Discussion 
The results of mineral transformation tests using three 

synthesized Fe(oxy)hydroxide minerals [ferrihydrite, 
magnetite, and Fe(OH)2(s)] showed that Fe(OH)2(s) 
transformed easily to a mixture of magnetite, maghemite, and 
goethite even at room temperature (RT) and circumneutral pH 
conditions. The transformation product from ferrihydrite with 
99Tc(VII) bearing alkaline solutions was solely goethite 
mineral in most of the conditions. Transformation product 
from reacting magnetite with 99Tc(VII) bearing alkaline 
solutions was very limited and there were only small amounts 
of maghemite and goethite formed under high pH and 
temperature conditions. In addition, negligible 99Tc removal 
from solutions was found in the resultant slurry when 
magnetite or ferrihydrite was used without aqueous Fe(II) 
addition. 

Even though the most transformation products were found 
at high pH (~12) and temperature (75–80ºC) conditions, 
Fe(OH)2(s) can be used as an initial substrate for 99Tc removal 
due to its high reactivity. Removal of 99Tc from solution by 
Fe(OH)2(s) was fast and more than 95% of the initial  
99Tc (10-5 M) was removed from solution by the Fe(OH)2(s) 
transformation product, even without aqueous Fe(II) addition. 
Because Fe(OH)2(s) is oxidized to form magnetite (Fe3O4) by 
reacting with H2O even in anoxic condition, the presence of 
Fe(OH)2(s) can provide aqueous Fe(II) to reduce 99Tc(VII) to 
99Tc(IV).  In addition, because the final pH of a slurry mixed 
with 99Tc and Fe(OH)2(s) was fairly alkaline (pH = 9–11.5), 
99Tc removal was not considered to be from surface adsorption, 
but rather incorporation into transformed mineral product. 
Mineral transformation from Fe(OH)2(s) to a more stable Fe 
(oxy)hydroxide mineral can be used to effectively remove 
99Tc(VII) in alkaline pH conditions germane to off-gas 
scrubber secondary waste and Hanford low-activity waste 
streams. 
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Primitive melt inclusions in chrome spinel from the 
Ogasawara Archipelago comprise two discrete groups of high-
SiO2, MgO (high-Si) and low-SiO2, MgO (low-Si) boninitic 
suites with ultra-depleted dish- and V-shaped, and less 
depleted flat rare earth element (REE) patterns. The most 
magnesian melt inclusions of each geochemical type were used 
to estimate the genetic T-P conditions for primary boninites, 
that range from 1421 degC-0.85 GPa to 1345 degC-0.56 GPa 
for the 48-46 Ma high-Si and low-Si boninites, and  
1381 degC-0.85 GPa for the 45 Ma low-Si boninite. The T-P 
conditions for the low-Si boninites lie on an adiabatic melting 
path of depleted mid-ocean ridge basalt mantle (DMM) with a 
mantle potential T (MPT) of 1420 degC, which is in agreement 
with that of the primary proto-arc basalt (PAB) magma 
preceding boninites. However, this MPT contradicts the high 
temperatures for the high-Si boninite magma generation. This 
discrepancy can be reconciled if the depleted proto-boninite 
source already existed with the PAB source before the 
subduction began. With the rise of the PAB source, the 
refractory harzburgite ascended without melting, and hence 
retained its high temperature. At 48-46 Ma, introduction of 
slab fluids caused remelting of the high-T harzburgite and 
PAB residue, resulted in the high-Si and low-Si boninites, 
respectively.  

The presence of refractory high-Si boninite source is 
supported by the unradiogenic Os isotopic compositions of 
chrome spinel derived from high-Si boninite in Ogasawara and 
harzburgite drilled in the Izu Forearc, which experienced melt 
extraction in Proterozoic age. The Proterozoic depleted 
harzburgite megaliths at a depth of around 100 km are most 
likely recycled slab, which was subducted and stagnated in the 
transition zone below Rodinia, and was brought up to the base 
of the continental lithosphere with the ascent of the super 
plume either during the rifting of Rodinia, or later Gondwana, 
and was drifted away with the continental fragments and is 
now spread sporadically below the Pacific and Indian plates.  
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The last glacial-interglacial transition was marked by two 

rapid increases in atmospheric CO2, both of which were 
accompanied by rapid warming. The deep ocean is the most 
likely source for the release of this CO2 to the atmosphere 
during the last deglaciation, with sequestration of respired 
organic carbon in glacial deep-waters being the primary 
mechanism of carbon storage [1]. A counter balance to the 
organic carbon driven drawdown of CO2 is the removal of 
alkalinity and increase in surface ocean pCO2 through 
calcification by marine organisms (the carbonate counter-
pump). The role of the carbonate counter-pump during this 
period is poorly constrained, however a better understanding of 
deep-water carbonate saturation state could clarify the relative 
importance of dissolution and calcification of carbonate during 
deglaciation. Benthic foraminiferal B/Ca ratios have been 
shown to vary linearly with Δ[CO3

2-] providing a proxy for 
deep-water carbonate ion concentration [2]. This study 
examines the carbonate counter pump over the last 25,000yrs 
using Cibicidoides wuellerstorfi B/Ca records developed from 
7 cores (1620-3200m water-depth) in the Eastern Equatorial 
Pacific (EEP). From these cores we estimate changes in the 
depth of the lysocline over the last glacial-interglacial period 
with core TR163-23 (2730m; 0.41ºN, 92.16ºW) selected for 
high-resolution study of deglacial deep-water [CO3

2-]. While 
focus has previously been on changes in the Southern Ocean 
biological pump [3,4], the EEP is a large source of CO2 to the 
atmosphere and responsible for ~10% of global ocean 
productivity. An understanding of the carbonate counter-pump 
in the EEP is essential to understanding the role of the 
biological pump in the transfer of carbon between the deep and 
surface ocean during the last glacial-interglacial cycle. 
 
[1] Sigman and Boyle (2000) Nature 407,  859-869. [2] Yu 
and Elderfield (2007) EPSL 258, 73-86. [3] Matsumoto et al. 
(2014) Paleoceanography  29, 238-254. [4] Ziegler et al. 
(2013) Nature Geoscience 6, 457-461. 
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Multiple climate-sensitive stable isotope (O and C) and 

trace element/Ca profiles derived from the Dim Cave (~36°N, 
232m a.s.l.) speleothems provide continuous record of climatic 
changes and define the paleohydrological conditions for  
90–10 kyr BP. MC-ICP-MS U-series dating of the speleothem 
Dim-E3 revealed step-wise growth pattern that spans between 
~13 and ~90 kyr BP in the late Pleistocene, while fast-growth 
stalagmites Dim-E2 and Dim-E4 demonstrate growths 
collectively from ~10 to ~15 kyr BP. Changes in δ18O values  
(-3.3 to -6.6‰ VPDB) over glacial-interglacial timescales are 
interpreted as responses of Dim Cave to changes in the 
trajectories of winter westerly air masses, largely between 
northerly (European) track (less depleted) and southerly-
shifted track along the North African coast (more depleted). 
δ13C (-0.21 to -12.5‰ VPDB) time series are interpreted to 
reflect variations in soil organic matter composition and/or 
thickness, which have been strongly depleted during 
interglacials, suggesting active carbonic acid production in the 
soil. In contrast, active carbonic acid production decreased 
during glacial times where δ13C values primarily reflect 
carbonate rock values. ICP-MS trace element/Ca ratios (e.g. 
Mg/Ca, Sr/Ca, and U/Ca) exhibit significant temporal 
covariations and correlations with δ18O and δ13C. Chondrite-
normalised REY plots of the selected speleothem sub-samples 
revealed typical seawater origin for the meteoric waters 
precipitated, which is also supported by elevated Y/Ho ratios 
averaging around 68. Depending specifically on Y/Ca (and 
Zr/Ca) and growth rates of speleothem Dim-E3, it can be 
argued that at least three wet seasons (72–63 kyr, 51–40 kyr, 
and ~18–10 kyr) prevailed across coastal Turkish side of the 
Eastern Mediterranean. It is also notable that several Heinrich 
events are recorded in the Dim Cave and appear to indicate 
intensification of westerly wind flow (on northern track) 
during these cold spells.  
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Water in arc crust plays important role on volcanic 

activity, seismicity, rheology and geothermal energy of the arc 
system. Two competing mechanisms of fluid flow, brittle 
channeling flow and pervasive flow are expected within crustal 
conditions. However, the contribution of the two mechanisms 
for the supply of H2O fluid to arc crust are not well 
constrained. To investigate the budget of water within arc 
crust, crust-melt hydration reaction was investigated at Sor 
Rondane Mountains, East Antarctica. In the survey area, 
phlogopite-pargasite-peridotite is intruded by numerous 
granitic brittle dykes, and hydration reaction zones occur at the 
boundaries (Fig. 1). The reactions occur at 5 kbar, 700 °C, 
corresponding to middle crustal condition. The chemical 
profile and geometry of the reaction zones suggest that the 
hydration is not rate-limited by the supply of water from 
granitic melt, but by the chemical transfer of elements such as 
K and Ca. It is suggested that the 4wt% out of 6wt% of the 
water in the granitic melt was consumed by the hydration 
reaction, whereas the other 2wt% was expelled to out of the 
system. For the entire exposure, out of 2wt% of H2O in the 
crust, 0.5wt% of H2O was supplied though brittle granitic dyke 
intrusions, whereas 1.5wt% hydration had occurred prior to the 
dyke intrusion by pervasive flow. Based on these results, the 
water budget within the arc crust will be discussed. 

Fig. 1 Outcrop photograph showing that phlogopite-pargasite 
peridotite is intruded by numerous granitic dykes, forming 
reaction zones. Sor Rondane Mountains, East Antarctica. 
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The Great Oxidation Event (GOE) between ~2.4 to 2.3 Ga 
changed the redox state of Earth's atmosphere-ocean system 
and triggered the oxidative weathering of landmasses, possibly 
leading to enhanced discharges of sulphate and phosphate into 
the oceans. Modern sulphur metabolizing microbial 
communities are known to mediate redox-dependent P-cycling 
inducing phosphorite formation. Changes in Paleoproterozoic 
ocean chemistry might have created suitable habitats for a 
complex microbial ecosystem that triggered Earth’s first 
significant phosphogenic episode ~100-300 Ma after the GOE, 
particularly in settings with sharp redoxclines and abundant 
reactants and nutrients. It has been proposed that initial 
establishment of such microbial processes and corresponding 
habitats in the aftermath of the GOE caused the 
Paleoproterozoic phosphogenic episode. 

The ~2.0 Ga Zaonega Fm in NW Russia contains some of 
the best preserved Paleoproterozoic rocks that record this 
phosphogenic episode. Recently obtained drill cores from the 
upper part of the Zaonega Fm contain several mm to cm scale 
P-rich layers. These rocks are also exceptionally organic-rich 
and formed in a vent- or seep-influenced depositional setting 
contemporaneous with voluminous mafic volcanism. Here we 
present new C and S isotope data in order to assess models of 
phosphorite formation, either linked to global changes 
(weathering, changing sulphate reservoir) or basinal processes 
(magmatic activity, hydrocarbon seepage).  
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Objective 
Drained water from rock fill consisting of waste rock muck 

sometimes contains heavy metals or arsenic. To treat the waste 
rock muck by an environment-friendly and economical way, 
we should understand the water-rock interaction in the rock fill 
after rain. Thus, we have newly developed a dissolution test for 
rock, considering rain events. 

Method 
We conducted dissolution tests for a volcanic rock sample 

using a cylindrical column. Firstly, we crushed the sample to 
particles of 2mm to 20mm, and filled them into the columns. 
Secondly, we saturated the particles in the columns with pure 
water. One hour after, we collected drained water by gravity. 
Thirdly, after preservation periods of one, seven and 14 days, 
we processed the columns in two ways. In type-1 test, we 
collected pore water by centrifugation. In type-2 test, we re-
saturated the columns with pure water and collected re-drained 
water by gravity. Then, we analyzed collected water. 

Results and Discussions 
The concentration of the pore water (CP) and that of the 

re-drained water (CR) became higher as the preservation 
periods became longer (Fig.1). Additionally, the CR was 
higher than the concentration of the drained water and lower 
than CP. These results suggest CP become higher with time as 
a result of water-rock reaction, and pure water added for the re-
saturation is mixed with the pore water and re-drained. We 
guess this process occurs in rock fill at each rain event. 

Figure 1: Results of the dissolution tests. 
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The Moncorvo sinforme is located in the Central Iberian 
Zone (CIZ) of the Iberian Variscan Belt, a segment of the 
northen Gondwana margin. Felsic tuff beds have been 
identified in the Marão Formation, which is equivalent to the 
Armorican Formation and represent an acid volcanic event 
during the Lower Ordovician. These ash-fall tuff beds occurs 
as uniform layers, not thiker than 40 cm, interbeded with a 
sequence of iron rich quartzites and micro-conglomerates. The 
contact with the host rocks is sharp and concordant with the 
sedimentary sequence.  The tuffs are fine-grained and contain 
variable amount of recrystallised muscovite and sheared 
quartz. The ground mass is strongly devitrified and 
recristalized due to regional deformation, therefore shows a 
penetrative metamorphic foliation. Microprobe analyses 
confirmed the presence of sky-blue lazulite and tourmaline, 
where the first is interpreted as being of sedimentary origen 
with metamorphic recristalization and the sencond as a 
hydrothermal overprint. 

The felsic rocks are peraluminous (A/CNK>2.5) and have 
rhyolitic to rhyodacite composition. Their trace element 
patterns are characterized by a significant enrichment in 
incompatible elements (Y, Zr, Nb, Rb, Ba, Sr), where as their  
REE show moderate fractionation (CeN/YbN: 3.5-7.0), with a 
high LREE and a low HREE fractionations and a discrete 
negative Eu- anomaly. 

Despite the Marão Formation has been dated as Floian age, 
one of the zircon prisms, however, yields an ID-TIMS U-Pb 
age of 484.5 ± 3.0 Ma, which can be, in a preliminary stage, 
interpreted to date a magmatic event of Tremadocian age. The 
other oldest grains correspond to inherited zircons which are 
dominated by Neoproterozoic (546.9-685.4 Ma) components. 
The U-Pb age obtained in monazite crystal (317.3 Ma) is 
clearly younger and appear to date the Variscan metamorphic 
overprint, responsible for monazite resetting. 
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Oxygen isotope ratios of zircons from 5 felsic gneisses (ca. 
4.0 to 3.5 Ga) of the Acasta Gneiss Complex (AGC) [1] were 
measured with an ion microprobe, CAMECA IMS 1280-HR at 
Kochi Institute, JAMSTEC. A new kimberlite zircon standard: 
KC-KLV-Zrc1 from Kaalvallei, South Africa 
(d18O=5.43±0.14‰ VSMOW, 2SD, laser fluorination) was 
used as a running standard for SIMS analysis. 

The 4.0 to 3.5 Ga AGC zircons consistently have 
moderately elevated d18O values (6.0 to 6.8‰) with a few 
exceptions having mantle-like d18O values (Figure). No low 
d18O (<4.7‰) zircon (e.g., phase II in [2]) was recognized in 
our samples, indicating that production of low d18O magma 
was not major igneous process in this area after ca. 4.0 Ga. 

Constant d18O values of AGC zircons for 500 Myr, with a 
narrower range than Jack Hills detrital zircons (d18O=4.7 to 
7.5‰ [3]) or zircons from SW Greenland (mostly mantle-like 
or lower d18O values [4]), indicate that uncontaminated 
primitive magma in this region and time period was limited 
and that recycling of pre-existing crust with a small 
contribution of aqueous alteration products has consistently 
occurred after ca. 4.0 Ga. 

 
[1] Iizuka et al. (2007) Precam. Res. 153, 179-208. [2] 
Reimink et al. (2014) Nat. Geosci. 7, 529-533. [3] Cavosie et 
al. (2005) EPSL 235, 663-681. [4] Hiess et al. (2011) Contrib. 
Mineral. Pet. 161, 1027-1050. 
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We have characterized the occurrence, distribution 
patterns, physical, chemical, and mineralogical properties of 
hydrogenetic Fe-Mn crusts at more than 40 selected seamounts 
in the northwestern Pacific. We review the diversity in  
composition and growth history in space and time, based on 
the analysis and observation during  manned and unmanned 
submersibles, drills, deep-tow TV camera, as well as 
conventional dredge and corers.  

Most of the slopes, shoulders, and much of flat tops are 
covered with several cm to 10 cm thick crusts, but the 
thickness, metal contents, and microstructural properties are 
not always uniform over the seamounts. The microstratigraphic 
description of selected in-situ samples indicated the diversity 
in bulk composition and abundance of the deposits are due to 
integration during variable geological, physical and chemical 
depositional conditions. We emphasize that microstratigraphic 
description is essential and advantageous to mineral exploring, 
economic estimation, and developing feasible mining system 
in future, if supported by well-combined geological and 
oceanographic data. The results indicate a basically continuous 
and fairly constant metal accumulation history since about 20 
million years ago of the middle Miocene age to the present, 
and a broad areal distribution between 1km water depth to the 
abyths > 6km. 
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The surface geology and geomorphology of Mars indicates 

that it was once warm enough to maintain a large body of 
liquid water on its surface, though such a warm environment 
might have been transient. The transition to the present cold 
and dry Mars is closely linked to the history of surface water, 
yet the evolution of surficial water is poorly constrained.  

We have conducted in situ hydrogen isotope (D/H) 
analyses of quenched and impact glasses in three Martian 
meteorites (Yamato 980459, EETA79001, LAR 06319) by 
Cameca ims-6f at DTM following the methods of [1]. The 
hydrogen isotope analyses provide evidence for the existence 
of a distinct but ubiquitous water/ice reservoir (D/H = 2–3 
times Earth’s ocean water: SMOW) that lasted from at least the 
time when the meteorites crystallized (173–472 Ma) to the 
time they were ejected by impacts (0.7–3.3 Ma), but possibly 
much longer [2]. The origin of this reservoir appears to predate 
the current Martian atmospheric water (D/H = ~5–6×SMOW) 
and is unlikely to be a simple mixture of atmospheric and 
primordial water retained in the Martian mantle (D/H ≈SMOW 
[1]). Given the fact that this intermediate-D/H reservoir (2–
3×SMOW) is observed in a diverse range of Martian materials 
with different ages (SNC meteorites, ALH 84001, Curiosity 
surface data), we conclude that this intermediate-D/H reservoir 
is likely a global surficial feature that has remained relatively 
intact over geologic time. We propose that this reservoir 
represents either hydrated crust and/or ground ice interbedded 
within sediments. Our results corroborate the hypothesis that a 
buried cryosphere accounts for a large part of the initial water 
budget of Mars.  

 
[1] Usui et al. (2012) EPSL 357-358, 119-129. [2] Usui et al. 
(2015) EPSL 410, 140-151.  
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The WNW-ESE trending Paleoproterozoic Kandra 
Ophiolite Complex (KOC) is located in the southern part of the 
Neoarchaean Nellore Schist Belt (NSB) in Eastern Dharwar 
Craton (EDC), South India. The 18 km long KOC with 
maximum width of 5 km is constituted by (i) Northern dyke 
Complex (sheeted) traversed by plagiogranite [1] and (ii) 
Southern gabbro Complex. The present studies deal with the 
petrology and geochemistry of the troctolite and ultramafic that 
form part of southern gabbro Complex of KOC. Troctolite is 
mainly composed of olivine, cumulus plagioclase with 
subordinate augite; while ulvospinel, titanomagnetite and 
ilmenite are the accessory oxides. Ultramafic is chiefly 
composed of magnesio-hornblende, sub-ordinate chlorite and 
accessory ilmenite. Geochemically troctolite analysed SiO2 – 
43.1%, FeO – 10.44%, Fe2O3 – 5.56%, CaO- 7.96% and MgO- 
13.08%, while ultramafic analysed SiO2 - 28.6 %, FeO-6.84%, 
Fe2O3 - 6.88% and MgO- 26.84.  EPMA studies reveal that 
olivine in troctolite is hyalosiderite (Fo62) and plagioclase is 
bytownite (An71.21). Mafic magmas from the 1.85 Ga KOC 
show high LILE/HFSE, positive Ba and Pb anomalies and 
negative anomalies for Nb, Zr and Hf in spidergrams; 
suggesting a suprasubduction-zone setting [2]. In chondrite 
normalized REE diagram both troctolite and ultramafic show 
depleted REE patterns. However, troctolite with fractionated 
bytownite exhibits a low magnitude positive Eu anomaly, 
while the ultramafic exhibit a contrasting negative Eu 
anomaly, providing geochemical evidence for magmatic origin 
of the spatially co-existing mafic-ultramafic suite in the 
Paleoproterozoic KOC of SE India. 

[1] Sesha Sai (2009) Jour. Geol. Soc. India 74, 509-514. [2]
Vijaya Kumar et al. (2010) Tectonophysics 487, 22-32.
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Calcium (Ca) isotopes are ideal tracers of the evolution of 
the interiors of rocky planets and can help us explore the role 
of fractional crystallization and crystal segregation in the 
establishment of mantle reservoirs (e.g. terrestrial, lunar). Not 
only does Ca, a refractory lithophile element, allow us to 
circumvent any issues related to impact-induced volatilization 
(which fractionates more volatile isotopes (e.g. Zn [1]), Ca is 
also a major element and highly abundant in some samples, 
even those that are particularly depleted in trace elements 
commonly used to investigate planet interiors. 

Notably, Ca, along with many other elements (e.g. Mg, Fe; 
[2] [3]) has recently been shown to exhibit mass-dependent 
isotopic fractionation among co-existing minerals within 
terrestrial mantle xenoliths. Chen et al. (2014) [4] showed that 
δ44Ca values for bulk mantle xenolith samples vary from 0.81 
to 1.25 ± 0.10 ‰ (2sd) and that olivine and orthopyroxene in 
xenoliths are isotopically much heavier than co-existing 
clinopyroxene [4].  

Given these recent observations, we aim to investigate the 
mineral control on mass-dependent fractionation of Ca 
isotopes among mantle reservoirs in order to trace reservoir 
development and evolution. For this, we are investigating the 
Archean Guelb el Azib ultramafic-mafic-anorthosite (UMA) 
layered complex in the West African craton of Mauritania. 
This complex is composed of ultramafic cumulates, 
chromitites, gabbros, leucogabbros and highly calcic 
anorthosites metamorphosed under amphibolite and granulite 
grades. The previous petrological observations [5] will be 
coupled with a geochemical approach based on Ca isotopic 
analyses of mineral separate and whole-rock samples from the 
complex. Such analyses will provide a more detailed picture of 
how crystallization affected the isotopic evolution of this 
particular layered complex, which in turn will lend us a deeper 
understanding of general planetary interior evolution.  
 
[1] Paniello, R.C. et al. (2012). Nature Geoscience 490: 376-
379. [2] Liu, S.A. et al. (2011). EPSL 308: 131–140. [3] 
Macris et al. (2015). GCA 154: 168-185. [4] Chen et al. (2014). 
Goldschmidt 2014 Meeting, #3940:  [5] Berger et al. (2013). 
Precambrian Research 224: 612-628. 
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Insights into the origin of magmas 
from the adventive cones of Piton de 

la Fournaise volcano (La Réunion 
Island) 

M. VALER1*, P. SCHIANO1 AND P. BACHELERY1 
1Laboratoire Magmas et Volcans, Université Blaise Pascal - 

CNRS - IRD, OPGC, 5 rue Kessler, 63038 Clermont 
Ferrand, France (*correspondence: m.valer@opgc.univ-
bpclermont.fr) 

 
On the basis of their location and their chemical 

characteristics, the adventive cones of Piton de la Fournaise 
volcano (La Réunion Island) suggest that magmas could 
directly rise outside of the main active zone, from deeper 
levels than the current magma pathways. These magmas 
display unusual compositions compared to the historical lavas 
(e.g lower CaO/Al2O3) and they contain more magnesian 
olivines (Fo>85%). Such crystals are not at the equilibrium 
with their host lava, raising thus the question of the nature and 
origin of their parental magmas. Here, we study the 
composition of silicate melt inclusions trapped within these 
early-formed olivine crystals. The aim is to gain information 
on these preserved primitive liquids, uncontaminated and 
unaffected by the magmatic differentiation, to assess the 
chemical characteristics of the mantle source of the Réunion 
plume. The results show some very primitive compositions (up 
to 11.93 wt% MgO) relative to the lava ones, which seem to be 
at the origin of the main differentiation trends defined for the 
Piton de la Fournaise lavas. LA-ICPMS trace element analyses 
suggest that the magmas originate from a common chemical 
source, corresponding to either (1) a homogeneous mixed 
source between different enriched mantle components (HIMU, 
EM 1, EM 2), or (2) a primitive “undifferentiated” mantle 
source. The melt inclusions display key element ratios, very 
similar to the primitive mantle values, giving thus further 
support for the second hypothesis: a deep-seated source from a 
less differentiated mantle domain. 
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Maturity of Archean sandstones and 
ancient detrial zircons 

J. W. VALLEY1, M. J. SPICUZZA1, J. N. CAMMACK1,  
K. KITAJIMA1, N. T. KITA1 AND  

M. J. VAN KRANENDONK2 
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Hadean detrital zircons are often fully rounded by abrasion 
in Archean chemically mature quartz arenites. In younger 
rocks, super-maturity and rounding indicate long aeolian 
transport distances, long residence times, high energy 
environments, and reworking of multi-cycle sands. Does this 
apply to Archean sediments? 
     1030 detrital zircons were dated from basal sandstone of the 
ca 3.4 Ga Strelley Pool Fm at Unconformity Ridge, above the 
ABDP8 drill hole, Pilbara Craton. The sample is from ~2m 
above the ca 3.5 Ga Coonterunah Fm at one of the oldest 
known angular unconformities and weathered landsurfaces. 
Detrital-Qz grains are elevated and variable in δ18O 
(12.6±2.7‰VSMOW) suggesting hydrothermal alteration of a 
volcanic source before erosion. Syntaxial Qz-overgrowths are 
surrounded by micro-Qz cements. Detrital grains, including 
chromite, rutile, leucoxene, pyrite, and chert clasts are variably 
rounded. Some zircons have well-preserved crystal faces and 
edges, but 55% of dated grains are fully rounded. Pb-Pb ages 
were surveyed by IMS-1280 in a search for Hadean zircons 
counting 20s on 207Pb, 206Pb and 204Pb in multicollector mode 
after 30s presputtering. Model 207Pb/206Pb ages are surprisingly 
constant and average 3510 Ma with little scatter beyond 
analytical uncertainty. No older ages were found. Fully 
rounded zircons average 3509 Ma, identical to less rounded 
crystals. Ages are also identical to small suites of higher 
precision U-Pb analyses [Buick et al. 1995, Nature; Nelson 
2005 GSWA; Van Kranendonk et al. 2008 Pre-C Res]. The 
tight range of ages within 100 myr of deposition suggest a 
local source of zircons, dominantly Coonterunah rhyolites, and 
that Archean chemical weathering and aeolian abrasion were 
more aggressive than today due to CO2-rich atmosphere and 
absence of land plants. Continent-scale land masses are not 
required. 
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Deep roots of the fluid systems and 
oil-gas fields (isotope geochemical and 

geodynamic aspects) 
B. M. VALYAEV1 AND I. S. DREMIN1 
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Up to now the results of many dozens of publications on 

the use of carbon-helium isotope-geochemical data have been 
accumulated. We performed a multi-regional summarization of 
carbon-helium isotope-geochemical data related to the deep 
fluid-gas systems of volcanoes and hydrotherms. The summary 
of the data related to carbon-helium isotope-geochemical 
system for methane of oil-gas fields of regions of Russia, USA, 
China, Japan, New Zealand and other countries was made. 

The change in the ratio of the number of carbon atoms to 
the number of the atoms of light helium isotope (3He) for 
methane of oil-gas fields (109-1013) and for carbon dioxide in 
fluids of volcanoes, fumaroles and hydrotherms (109-1014) was 
similar. Like the carbon dioxide, the genesis of methane is also 
associated with deep crust-mantle processes, i.e. the recycling 
of crustal material was involved not only in the generation of 
water-carbon dioxide, but also in hydrocarbon fluids. The 
change of the oxidation state of carbon (CO2) recovered (CH4 
and higher molecular weight hydrocarbons), shows a decrease 
in the intensity of magmatic activity (the degree of partial 
melting of the matter).  

A variety of isotope-geochemical spots (characteristics) in 
the summary diagram for methane reflects the diversity of 
regional and local environments of the generation and 
transformation of deep hydrocarbon fluids in the formation of 
oil-gas fields. Diversity is also manifested in the specific trends 
in the relationship CCH4/3He on carbon-helium diagrams for 
different regions (Japan, California, New Zealand, Eastern 
China). Carbon-helium isotope-geochemical indicators and 
trends can be used to solve practical problems in oil-gas 
geology, including basing modeling. 

 
The study was supported by Russian Foundation for Basic 

Research (RFBR), grant №14-05-00869. 
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High-Al/Ti komatiites from the 
Archaean Nova Lima Group – multi-

stage melting in the Archaean 
mantle? 
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Archaean komatiites have in the past been suggested to 
have formed by hydrous melting of the mantle, as an 
alternative to dry extremely high-degree melts reflecting  
higher Archaean mantle temperatures. As the Archaean marks 
the potential transition from ‘stagnant-lid’ to modern-style 
plate tectonics around 3 Ga, komatiites are important to study 
mantle dynamics in the early Earth. 

High-Al/Ti komatiites from the 3.33 Ga Commondale 
greenstone inlier have been suggested to have formed from 
subduction-related hydrous remelting of a previously depleted 
mantle source. Here we present trace element and Os isotope 
data from the ~3 Ga Quebra Osso High-Al/Ti komatiites from 
the lowermost Nova Lima Group, Minas Gerais, Brazil. These 
subaquatically erupted komatiites show strong LREE depletion 
coupled with small positive and negative Eu anomalies. The 
samples are poorer in Highly Siderophile Elements (HSE) 
compared to other komatiite suites, and show a range of 
187Os/188Os from 0.1140 to 0.1476 and Re/Os below chondritic 
values, corresponding to γOs between -10.2 and +16.2 and 
initial γOs3Ga between -12.0 to +29.7. Highly siderophile 
element signatures are similar to those observed in the 3.26 Ga 
Weltevreden komatiites from the Barberton Greenstone Belt. 

While crustal contamination could conceivably account for 
the more radiogenic Os isotope compositions and fractionated 
HSE signatures, no corresponding LREE enrichment indicative 
of crustal influence is present. The lack of correlation of 
potentially disturbed indicative ratios such as Re/Os or La/Yb 
with L.O.I. rules out secondary stage alteration as the source of 
the isotope signatures as well. 

Thus, the Quebra Osso komatiites represent another 
occurence of high-Al/Ti komatiite worldwide, suggesting that 
multi-stage melting might have been a widespread process in 
the Archaean.  
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Are microbes better at 
thermodynamics than geochemists? 
PHILIPPE VAN CAPPELLEN* AND CHRISTINA SMEATON 
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The importance of microbial activity in low-temperature 

geochemistry is universally recognized. Microbes are 
dominant drivers of the biogeochemical cycling of carbon, 
nutrients and metals, they are involved in rock weathering, soil 
formation, and climate regulation. They assist us in the clean-
up of contaminated sites, treat our water supplies, regulate soil 
fertility, and produce unique chemical compounds, including 
nano-materials. In order to function, however, microbial cells 
must acquire substrates that provide them with the necessary 
chemical elements for biosynthesis and electrons for energy 
production. In the vast majority of environmental models, 
microbial activity is represented by mathematical expressions 
that can be traced back to the classical Monod equation (or the 
mathematically equivalent Michaelis-Menten equation). Model 
parameters, such as growth yields and half-saturation constants 
are usually treated as adjustable coefficients, whose values are 
assigned based on data determined in batch incubations. Here, 
observed trends in microbial activity are related to the 
thermodynamics of metabolic reactions and the mechanisms of 
cellular energy conservation. The focus is on microbial 
communities in subsurface environments, where anaerobic 
repiratory processes play a major role. We review the evidence 
that the thermodynamic properties of electron donors and 
acceptors explain the sequence of repiratory pathways 
according to energetic yields. Particular attention is given to 
the basic cost-benefit variable for microbial communities – the 
cellular growth yield. Results from retentostat experiments, 
designed to simulate the slow growth conditions typically 
encountered in the deeper subsurface, are used to illustrate the 
difference between theoretical and empirical growth yields. 
The results further provide evidence that – as a consequence of 
the Second Law – the majority of the energy dissipated by 
subsurface microbes serves to maintain cellular integrity, 
leaving little room for biomass growth.      
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zinc and its isotopes: The dominance 
of diatoms and the Southern Ocean 
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Zinc (Zn) is the most abundant trace metal in the 
phytoplankton that dominate vertical carbon export in the 
oceans, the diatoms [1]. But the strong relationship between 
the distributions of dissolved Zn and the silicon (Si) that makes 
up the hard parts of diatoms represents a long-standing puzzle. 
Zn is overwhelmingly co-located with phosphate in the organic 
matter of diatom cells, not with Si in opal [1], and is 
regenerated with phosphate in the upper ocean, not with Si in 
the deep [2]. The resolution of this apparent paradox is key 
both to an understanding of the global oceanic cycling of Zn, 
and to the rates and mechanisms by which biologically-
assimilated trace metals are returned to the photic zone.  

Here we compile new and published [3] data to show that 
oceanic dissolved Zn exhibits significant isotopic variation in 
the upper ocean that is consistent with vertical cycling. 
However, we suggest that the isotopically homogeneous global 
sub-thermocline Zn pool is set by diatom-dominated biological 
cycling in the Southern Ocean, and advected northwards in 
Antarctic-derived deep and intermediate water masses. The 
leads to a new view of the global oceanic cycling of this 
important  trace metal, one that is consistent with the unique 
physiology of Southern Ocean diatoms [1], the strong coupling 
of Zn and Si in the global deep ocean, and the emerging 
paradigm for global ocean nutrient dynamics (e.g. [4]). Our 
data and interpretation imply a small Zn pool that is 
biologically cycled in the upper ocean, but is to a great extent 
decoupled from the much larger Southern Ocean-dominated 
deep and intermediate pool. 
 
[1] Twining, B.S. & Baines, S.B. (2013) Ann. Rev. Mar. Sci. 5, 
191-215. [2] Twining, B.S. et al.  (2014) Limnol. Oceanogr. 
59, 689-704. [3] Conway, T.M. and John, S.G. (2014) Glob. 
Biogeochem. Cycles 28, 1111-1128. [4] Sarmiento, J.L. et al. 
(2003) Glob. Biogeochem. Cycles 21, B1S90, 
10,1029/2006GC002720.  
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Large changes in the state and seasonality of sea ice are 

expected for this century in both hemispheres. The impact of 
these changes on marine biogeochemical cycles and  
ecosystems is difficult to predict. Will the polar oceans be 
more or less biologically productive? Will they take up more 
or less carbon? At this stage, the answers to these key 
questions are not obvious. 

Marine biogeochemical cycles in the sea ice zone are 
characterized by specific processes that have been unravelled 
over the last 20 years or so. They involve active biological and 
chemical processes within the sea ice, the modulation of heat 
and gas exchanges by the ice cover; and the impact of growing 
and melting sea ice on the water column stratification and 
vertical exchanges in the water. 

To understand how sea ice influences marine 
biogeochemical cycles, the sea ice biogeochemical community 
focuses on: 

(i) the synthesis of existing data and the interpretation of 
robust large-scale patterns;  

(ii) the introduction of new representations of sea ice 
processes into large-scale models of the Earth System and the 
study of their impact;  

(iii) the evaluation of existing observation methods and the 
development of new ones. In this talk, I will review and 
synthesize recent research activities in these lines of thought. 
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south of Isua region, SW Greenland 
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The Eoarchean Itsaq gneiss complex (IGC) of southern 
West Greenland comprises ultramafic units, that have been 
proposed to represent remnants of mantle peridotites or 
cumulates, with ages of >3.8 Ga [1]. In this study we 
investigated in detail the petrology, major and trace element 
geochemistry and Hf-Nd isotope composition of pristine 
ultramafic rocks from the area south of the Isua Supracrustal 
Belt (ISB) to place constrains on their origin. Compositions of 
fresh olivine reveal that some samples with Fo#<89 clearly 
have a cumulate origin, but some samples with Fo# 89-92 and 
high Ni contents in olivine overlap compositions of younger 
mantle peridotites. In agreement with previous studies, some of 
the studied samples reveal similarities to modern mantle 
peridotites (e.g. Mg/Si vs. Al/Si, Ni and low CaO contents).  

REE abundances in the peridotites are near chondritic, but 
the samples are less LREE-depleted than modern peridotites 
(LaN/YbN from 0.31 to 1.37) similar in some cases to basalt 
cumulates reported from the ISB [2]. All samples exhibit small 
negative Nb-Ta anomalies, consitent with compositions of Isua 
basalts that are interpreted to have a subduction related 
origin.First Hf-Nd isotope analyses by MC-ICP-MS yielded 
positive εHf(3.85)from +1.5 to +6.0 and εNd(3.85) from +1.1 
to +4.7. 176Lu/177Hf range from 0.02675 to 0.06705 and 
147Sm/144Nd from 0.1883 to 0.2506. In εHf(t)-εNd(t) space, 
the initial εHf and εNd values overlap with those reported for 
tholeiitic metabasalts and TTGs of the Isua region [3], 
mirroring the characteristic decoupling of Hf-Nd isotope 
compositions in the Eoarchean mantle source of Isua rocks that 
is not found in younger rocks. Both Lu-Hf and Sm-Nd data 
plot on an errorchron close to the minimum age of 3.81 Ga as 
defined by crosscutting tonalites [1]. This pattern confirms 
only minor isotopic disturbance of both Hf and Nd isotope 
systems. 

 
[1] Friend, C.R.L., Bennett, V.C., Nutman, A.P. (2002): CMP, 
143, 71–92. [2] Szilas, Peter B. Kelemen a, Minik T. Rosing 
(2014); Gondwana Res.in Press. [3] Hoffmann, J.E., Münker, 
C., Polat A., Rosing M.T.,Schulz, T. (2011); GCA 
75(21),6610-6628  
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The Urumieh-Dokhtar Magmatic Arc (UDMA) is 

generally considered as the main magmatic arc related to the 
Cenozoic subduction of Arabia underneath Eurasia. The 
relationship of the less studied Alborz Magmatic Arc (AMA) 
to the UDMA is presently unclear. Because the AMA is 
located further north of the UDMA (thus in the region behind 
the arc), some researchers interpret the AMA as the ‘back-arc’ 
(e.g. [1] [2]). Therefore, volcanics of the Talysh Mountains in 
Azerbaijan (belonging to the AMA) are often interpreted as 
back-arc basin basalts, although they exhibit geochemical 
signatures of an arc. This research aims to contribute to the 
discussion on the tectonic setting of these volcanic rocks. We 
performed geochemical analyses to better understand the 
tectonic setting, and paleomagnetic measurements and Ar-Ar 
dating to obtain accurate age constraints.  
 
[1] Asiabanha &  Foden (2012) Lithos 148, 98-111 [2] Vincent 
et al. (2005) Geol. Soc. Am. Bull 117, 1513-1533 
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aeration of anaerobic (ground)water 
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Exfiltration of anaerobic Fe-rich groundwater into surface 
water plays an important role in controlling the transport of 
phosphate (P) from agricultural areas to the sea. Previous 
laboratory and field studies showed that Fe(II) oxidation upon 
aeration leads to effective immobilization of dissolved P 
during the initial stage of the Fe(II) oxidation process resulting 
in P-depleted water before Fe(II) is completely consumed [1] 
[2]. Although the removal of P was attributed to the 
precipitation of Fe hydroxyphosphates, the relationship 
between the kinetics of the reaction and the composition of the 
solution and the produced solids is still unclear. From a series 
of batch experiments with synthetic water and groundwater, in 
which we continuously measured the H+ production during the 
Fe(II) oxidation reaction, we gained new insights in Fe(II) 
oxidation kinetics and P/Fe stoichiometry of the Fe 
hydroxyphosphates as function of pH, the initial aqueous P/Fe 
ratio and reaction progress.  

In the presence of dissolved P, oxidation of Fe(II) led to 
the formation of Fe hydroxyphosphates whose P/Fe ratios 
remained constant throughout the reaction despite the change 
in P/Fe ratio in the solution. However, the P/Fe ratio of the 
solids varied depending on initial P/Fe ratio and pH value. 

Presence of dissolved P exerted influence on the rates of 
Fe(II) oxidation. In general, Fe(II) oxidation proceeded slower 
in the presence of dissolve P but consumption of P caused 
additional retardation. Although the dependency of the reaction 
rates on P concentration might be complicated, the progress of 
the reaction in our experiments could be described using a 
pseudo second-order rate law with first-order dependencies on 
P and Fe(II) concentrations.  

After P depletion, Fe(II) oxidation followed pseudo first 
order kinetics, however, the first-order rate constants after P 
depletion were lower compared to Fe(II) oxidation in a P free 
solution. This implies that the initially formed Fe 
hydroxyphosphate affects the kinetics of continuing Fe(II) 
oxidation after PO4 depletion. 

[1] Voegelin et al. (2013) GCA 117, 216-231. [2] Van der Grift 
et al. (2014) HESS 18, 4687-4702 
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Continental intraplate magmas often have trace element 

and isotopic signatures similar to mantle plume-related ocean 
island basalts. As an alternative to derivation from a mantle 
plume, an enriched reservoir can exist within the lithospheric 
mantle. Highly incompatible element enriched, Late 
Cretaceous (92-69 Ma) alkaline lamprophyres from the 
Western Province of New Zealand are investigated to test this 
hypothesis. Ages and orientations of these dikes indicate they 
mostly precede, but also postdate, opening of the Tasman Sea 
at 84 Ma. They are found to represent some of the earliest 
HIMU-like intraplate magmatism within a larger 
predominantly Cenozoic diffuse alkaline magmatic province 
(DAMP) that also spans Antarctica and eastern Australia. The 
composition of primitive low-silica (37-46 wt.% SiO2) melts 
corresponds to the melts derived from complex enriched 
lithospheric veins consisting of variable proportions of 
amphibole (+apatite +phlogopite +rutile +clinopyroxene) and 
peridotite. These assemblages occur as rare xenoliths and 
xenocrysts within the studied lamprophyres. Melts from 
amphibole-rich assemblages have relatively low HREE 
concentrations and provides an alternative to melting in the 
presence of garnet. Age-corrected Pb isotopes form broad 
positive correlations with Th/Pb and U/Pb. This corresponds to 
in-situ ingrowth of roughly 50-150 Ma prior to eruption. At 
this time the region was situated in a back-arc setting during 
episodic subduction along Gondwana’s eastern active margin. 
Subduction-related enrichment of the lithosphere is tentatively 
suggested. Limited contemporaneous alkaline intraplate 
magmatism on the outboard Eastern Province has more 
radiogenic 206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb and less 
radiogenic Nd and Hf isotopic compositions. This shows local 
variations within the DAMP region in the Cretaceous and 
corresponds to geographical compositional variations in the 
lithospheric mantle. 
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The onset of the earliest analogue of Mediterranean 
Outflow Water (MOW) is thought to start immediately after 
the extraordinary event of the Messinian Salinity Crisis at  
5.33 Ma. Indirect evidence from the Mediterranean basin 
suggests onset of water exchange through the corridor within a 
few precession cycles after the opening of the Strait of 
Gibraltar. However, previous studies dated the first evidence of 
bottom water current flow to ca. 4.2-4.5 Ma in the Gulf of 
Cádiz [1] [2], postdating the suggested onset of exchange by 
several 100 ka. As a result, timing of the onset and properties 
of the MOW are largely unknown during the Earliest Pliocene. 

Sediments over the tentatively defined Miocene-Pliocene 
(M-P) boundary, from recent IODP Site U1387C, show an 
immediate change from a quiet depositional environment 
characterised by precession-induced climate variations to 
sedimentation dominated by the presence of active bottom 
water flows. Winnowing and grain-size sorting of particles is 
evident in contouritic successions and bulk sediment Zr/Al 
ratios. Increasing down slope and along slope processes 
suggest flow strength enhancement about ten precession cycles 
after the M-P boundary. 

Authigenic Fe-Mn oxyhydroxide-derived Pb isotopic ratios 
(207Pb/206Pb and 208Pb/206Pb) extracted from bulk sediments 
suggest that the observed bottom water flows are related to 
MOW during the Early Pliocene. Isotopic compositions of  
North East (NE) Atlantic and Mediterranean water masses 
derived from Fe-Mn crusts are used for comparison to our new 
record [3,4]. The distinction between Mediterranean and NE 
Atlantic waters in this study indicates restricted exchanges 
through the Strait of Gibraltar just after the M-P boundary. 

 

[1] Stow et al (2012) IODP Prelim. Rep 339. [2] Iaccarino et 
al (1999) Mem. Soc. Geol. Ital 54, 109-131. [3] Abouchami et 
al (1999) GCA 63, 1489-1505. [4] Muiños et al (2008) G3, 9. 
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Mineral dust is a major source of micronutrients (e.g. Fe) 
in open oceans and HNLC zones. In the Southern Ocean in 
particular, the properties and impacts of current dust deposition 
are not well constrained.  

Here, several dust-bearing snow samples collected in the 
NE Antarctica coast are investigated in order to : (i) 
characterize the mineralogy, size, and morphology of dust by 
single particle analyses (automated-FEG-SEM-EDS and TEM-
SAED), (ii) trace  the origin and the relative contribution of 
natural and anthropogenic particles in dusts through elemental 
and multi-isotopic analyses (HR-ICP-MS and MC-ICP-MS) 
and (iii) quantify the Fe bioavailability in dusts (via 
extractions).  

Our first results show a fine size distribution (98% of 
particles < 5 µm, n=1550). A large fraction exhibits a Fe 
contribution, either from mineralogy or coating. While the 
mineralogy suggest a substantial contribution of proximal 
rocks, a high Pb enrichment factor (x7 relative to upper 
continental crust - UCC) indicates an anthropogenic 
contribution to the dust deposition.  

Overall, this study will improve our understanding of dust 
reaching the coast of NE-Antarctica, which  may represent a 
proxy for the dust material supplied to the Southern Ocean, by 
far the largest HNLC.  
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The West-African Cameroon Volcanic Line (CVL) 
displays alkaline volcanic activity since 40 Ma and represents 
with a length of 1600 km the largest presently active 
continental intraplate volcanic province. Its largest volcano, 
Mount Cameroon, rises to more than 4000 m height and is one 
of the most active subaerial volcanoes worldwide, having 
erupted 7 times within the 20th century. With almost half a 
million people living on or around Mount Cameroon, and the 
volcano lying close to both Cameroon´s only oil refinery and 
its deep water harbour, knowledge of eruption styles and 
trigger mechanisms is of both scientific and societal relevance.  

The cause for magmatism along the CVL is poorly 
constrained, and hypotheses vary between hotspot volcanism, 
lateral flow of Afar plume material, the presence of a ‘hotline’, 
decompression melting due to extension or shear-zone 
reactivation and/or lithosphere instabilities at craton or ocean-
continent boundaries [see overviews in 1, 2]. Nevertheless 
none of the previously proposed models that all focus on 
decompression or heating as a main cause, can convincingly 
explain all the unique characteristics - e.g. lack of age 
progression, volcanoes built on structural highs, occurrence 
across a continent-ocean divide - of the CVL [2].  

Therefore, we investigate if CVL magmatism can be 
related to the chemistry of the mantle source by studying the 
volcanics and their melt inclusions. Mt. Cameroon displays a 
wide range of lava compositions from picrite to basalt to 
basanite [e.g. 3], but the cinder cones and lava flows have not 
been systematically sampled. In this study, we systematically 
collected samples from all cinder cones and lava flows of the 
1959, 1982, 1999 and 2000 eruptions, as well as from several 
older lavas and cones. In addition to chemical variation 
between the lavas we see further variations between different 
cones of one eruption. With the help of melt inclusions we 
study the relationships between these compositions and try to 
constrain compositions of the primitive magmas. 
 
[1] Milelli et al. (2012), Earth Plan. Sci. Let. 335-336, 80-87. 
[2] Njome & de Wit (2014), Earth-Sci. Rev. 139, 168-194. [3] 
Suh et al. (2008), J. Volcanol. Geotherm. Res. 169, 1-33. 

3232



 Goldschmidt2015 Abstracts  

 3233 

Clumped isotopes in early Cretaceous 
belemnites: Alteration or vital 

effects? 
JUSTIN H. VAN DE VELDE1*, BENJAMIN H. PASSEY2, 

GREGORY D. PRICE1 AND STEPHEN T. GRIMES1 
1Centre for Research in Earth Science, Plymouth University, 

Plymouth PL4 8AA, UK 
*correspondence: justin.vandevelde@plymouth.ac.uk 
2Department of Earth and Planetary Science, Johns Hopkins 

University, Baltimore MD 21218, USA 
 

Belemnites are an attractive target for Mesozoic 
paleoclimate reconstructions using clumped isotopes, as they 
provide large amounts of calcite and have established 
techniques for assessing preservation. Conflicting evidence in 
ancient and modern carbonate-producing cephalopods suggest 
they may exhibit disequilibrium fractionation in their clumped 
isotope ratios. These apparent vital effects shift Δ47 to lower 
values (higher T), and can therefore be difficult to distinguish 
from partial recrystallization at elevated burial T without 
independent constraints on the extent of alteration. We analyze 
Valanginian (140 to 133 Ma) belemnites from  southern Spain 
(28 °N), southeastern France (34 °N), northeastern England 
(45 °N), and two sites in subarctic Russia (55 and 78 °N). 
Clumped isotope temperatures are reasonable at the highest-
latitude sites, but increasingly exceed plausible marine 
conditions at lower latitudes by up to 15-20 °C.  Using 
multiple geochemical and petrographic techniques, including 
elemental chemistry, cathodoluminescence (CL) and electron 
backscatter diffraction (EBSD), we find that alteration is 
limited and similar in most samples, regardless of sample site. 
We suggest that belemnites exhibit a vital effect in Δ47 that 
correlates with latitude, and is likely related to an 
environmental factor such as growth T. These efforts will be 
important for any future use of belemnites or other 
cephalopods in clumped isotope studies. 
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Community wells tapping deep (>150 m) aquifers have 
become the mainstay of efforts to reduce exposure to As of 
millions of villagers throughout the Bengal basin. A number of 
surveys have indicated that one sizeable area where these 
aquifers do not appear to be consistently low in As straddles 
the border of India and Bangladesh between 23.1-23.3o N - the 
approximate latitude of the district town of Jessore. Following 
a broader survey conducted in January 2015 on both sides of 
the border to target wells of interest, concentrations of As  
>50 ug/L were confirmed in a total of 10 wells whose screen 
depths spanning the 150-250 m range were verified with a 
downhole camera. Unlike a number deep high-As wells tested 
elsewhere in the basin, no sign of a shallow leak or faulty 
installation was detected in these wells. The dissolved 
inorganic carbon (DIC) in groundwater from these 10 wells 
was dated at NOSAMS and found to average 1.8+0.8 kyr 14C 
years without corrections. This is remarkably young compared 
to uncorrected DIC radiocarbon ages averaging ~10 kyr in the 
same depth range elsewhere in the Bengal basin. The striking 
absence of clay and silt layers reported in the sampled area on 
both sides of the India-Bangladesh border evidently favors 
much deeper penetration of relatively young groundwater. The 
extent to which this unusual circulation pattern is responsible 
for elevated As levels at depth remains to be established. 
Similarly, further investigation is needed to determine whether 
deep groundwater pumping in the area has played a role. What 
can be reported with more confidence than in the past because 
screen depths were verified is that elevated As levels can be 
found in groundwater of the Bengal basin in relatively young 
groundwater well below the level of the sealevel low-stand 
during the last glaciation. The implications of these findings, 
along with additional radiocarbon data, will be explored.  
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The oxidation of Mn(II) to form insoluble Mn(III, IV) 
oxides is an important process influencing the quality of 
drinking water and the biogeochemical cycles of major and 
trace elements.  Whereas abiotic Mn(II) oxidation by O2 
requires several months to years, recent evidence suggests that 
reactive intermediates like superoxide radical (·O2

-) can initiate 
Mn(II) oxidation in natural systems.1 Although Fenton-type 
reactions involving Fe(II) oxidation by O2 or H2O2 can oxidize 
other redox active elements (e.g. As(III), Sb(III)) via reactive 
intermediates (·O2

-, ·OH, Fe(IV)), Mn(II) oxidation in Fenton-
type systems has not been documented previously.   

We applied the Fe(0) electrocoagulation system, which is 
based on the electrolytic production of Fe(II) from Fe(0) 
electrodes, to investigate the co-oxidation of Fe(II) and Mn(II).  
EC experiments were carried out at varying Fe(II) production 
rates (IPR) in electrolytes containing O2 or H2O2 buffered at 
circumneutral pH with NaHCO3. We combined measurements 
of total and dissolved Mn and Fe throughout Fe(0) electrolysis 
with detailed structural analyses of the resulting nanoscale 
solid Mn and Fe phases using Mn and Fe K-edge X-ray 
absorption spectroscopy. Control experiments in homogeneous 
and heterogeneous (0.5 mM ferrihydrite) systems revealed 
negligible Mn(II) oxidation by O2 or H2O2 during the 90-min 
reaction time.  By contrast, at the end of the 90-min 
electrolysis, 0.5 mM Fe dosed via EC at an intermediate IPR 
value of 5 µM Fe/min removed roughly 32% and 40% of the 
initial 100 µM Mn(II) in the presence of O2 and H2O2, 
respectively.  This rapid Mn(II) removal of  
> 20 µM/h is significantly higher than typical rates of other 
abiotic Mn(II) oxidation pathways, such as Mn(II) oxidation 
catalyzed by photo-irradiated natural organic matter  
(8 µM/h).1  We show that limiting the accumulation of aqueous 
Fe(II), which competes with Mn(II) for the intermediate 
oxidants produced in Fenton-type reactions, is the key factor 
governing the efficiency of Fe(II)-catalyzed Mn(II) oxidation 
during EC.  

Our results help to elucidate a novel pathway of 
homogenous Fe(II)-catalyzed Mn(II) oxidation, which is 
essential to develop new methods of Mn(II) removal in 
technical systems and to predict the oxidation of Mn(II) and 
reactivity of Mn(III,IV) oxides in natural systems. 
 
[1]Nico, P.; Anastasio, C.; Zasoski, R., Rapid photo-oxidation 
of Mn(II) mediated by humic substances. Geochim Cosmochim 
Ac 2002, 66, (23), 4047-4056.  
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Dissolved manganese (Mn) is a bioessential element and 

its oxidised form is involved in the removal of trace elements 
in the ocean. Recently, a large number of Mn measurements 
have been obtained in the Atlantic ocean as part of the 
GEOTRACES programme. While these measurements give 
new insights into the main sources of Mn, the processes that 
redistribute Mn throughout the ocean are less clear. We added 
the first manganese module to the biogeochemical model 
PISCES (as part of a global general circulation model) to 
examine the cycling of Mn at the global scale. Mn sources 
include atmospheric dust deposition, rivers, low oxygen 
sediments and hydrothermal vents. Redox and adsorption 
processes in the water column are included in the model via a 
first-order equilibration equation between dissolved and 
oxidised Mn that depends on irradiance. The aggregation and 
settling of oxidised Mn is also included. While biological 
uptake probably plays an important role in the removal of Mn, 
this is not yet taken into account by the model. 

The modelled Mn distribution is compared with a global 
dataset of measurements, with a focus on the Atlantic Ocean. 
Important features that are present in the dataset are 
reproduced by the model (figure): (1) the relatively 
homogeneous distribution in the deep ocean, (2) the high Mn 
concentration in the ocean surface waters due to a combination 
of dissolution of Mn from deposited dust and photoreduction, 
and (3) the strong, locally enhanced Mn concentrations near 
the Mid-Atlantic Ridge that arise from hydrothermal sources of 
reactive Mn. 
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Complex geodynamical and geochemical processes at 

subduction zones modify the continental crust both by crustal 
addition by arc volcanism and erosion and recycling of 
continental material to the Earth's deep interior. It remains 
difficult to provide a quantitative history of the role of 
subduction in the evolution of continents since the Archean. 
Here we provide a combined geodynamical-geochemical study 
that addresses the long term role of subduction on continental 
formation and evolution. 

The modeling we use is based on Brandenburg et al., 2008, 
in which a first attempt was made to combine realistic 
geodynamical models, that satisfy basic constraints from 
geophysics (heatflow, plate velocities) and geochemistry (40Ar 
in the atmosphere and spread of HIMU-MORB-EM1 in 
multiple isotope systems), to understand the continental crust 
evolution. We found satisfactory agreement with the bulk 
continental crust composition (Rudnick and Gao, 2003) 
provided a change in 'dry' to 'wet' subduction was assumed 
around 2.5 Ga.  

Here we provide a discussion of the following 
improvements on these preliminary models: i) higher 
resolution dynamical models than previously used; ii) an 
improved quantification of the subduction zone filter based on 
Arc-Basalt-Simulator modeling of present-day subduction and 
that extrapolated to a warmer Earth (Kimura et al., 2009; 
Syracuse et al., 2010); iii) new tests of the predicted 
geochemical evolution using recent synchronous Pb-Pb age 
and Hf isotopes that lead to a better determinations of the Hf 
evolution of the mantle source; iv) quantification of the role of 
sediment recycling on the formation of EM2. 
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Bulk inner solar system reservoirs record positively 

correlated variability in mass-independent 54Cr and 26Mg*, the 
decay product of the short-lived 26Al radionuclide. This 
correlation is interpreted as reflecting progressive thermal 
processing of in-falling 26Al- and 54Cr-rich molecular cloud 
material [1]. Planetesimals formed in the outer solar system 
could have accreted a significant fraction of primordial and, 
hence, thermally unprocessed molecular cloud matter. This 
material reflects the nucleosynthetic make-up of the molecular 
cloud prior to the last addition of stellar-derived 26Al. 
Therefore, unlike inner solar system objects, the isotopic 
signature of the thermally unprocessed and 26Al-poor 
primordial molecular cloud matter is expected to show a 
decoupling between their 26Mg* and 54Cr compositions.  

To search for the signature of primordial molecular cloud 
material, we analyzed the magnesium and chromium isotope 
composition of metal-rich carbonaceous chondrites (CH, CB 
and CR) and their components, including 3 bulk samples, 13 
chondrules and 5 hydrated lithic clasts. Several observations 
suggest that metal-rich chondrites may have incorporated 
primordial molecular cloud material of possible outer solar 
system origin, including enrichment in 15N, high abundance of 
presolar grains and the presence of 26Al-poor CAIs. Our results 
show that CH, CB and CR chondrites and their components 
have a unique 26Mg* and 54Cr isotope signature, falling off the 
solar system correlation line. Our samples define an array 
extending from the composition of CM chondrites to that 
expected for thermally-unprocessed and 26Al-free molecular 
cloud material (μ54Cr=160 ppm, μ26Mg*=–16 ppm). This 
requires the presence of significant amount (25-50%) of 
primordial molecular cloud material in bulk metal-rich 
chondrites. Given that such high fractions of primordial 
molecular cloud material are expected to survive only in the 
outer solar system, we infer that, similarly to cometary bodies, 
metal-rich chondrites are samples of asteroids that accreted in 
the outer solar system. The lack of evidence for this material in 
other chondrite groups requires isolation from the outer solar 
system, possibly by the opening of disk gaps from the early 
formation of gas giants.  
 
[1] K.K. Larsen et al. (2011) Astrophys. J. 735, L37. 
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Clouds represent an important medium for chemical 
reactions in the atmosphere, where a multitude of reactions can 
take place and modify the chemical composition and thus 
ultimately the physical properties of aerosol particles after 
cloud dissipation.  

The Lagrange-type cloud experiment “Hill Cap Cloud 
Thuringia 2010” (HCCT-2010) was performed in 2010 at Mt. 
Schmücke, Germany, to study physical and chemical aerosol 
cloud interactions. A hill cap cloud served as a natural flow-
through reactor (Fig. 1) and air masses were characterized at 
an upwind, an in-cloud, and a downwind site by various 
offline- and online-instruments. 

  
A comprehensive analysis of meteorological parameters 

and inert tracers allowed for the identification of several cloud 
events where the air flow along the measurement sites was 
fully connected and representative air masses were sampled 
before, during, and after their passage through the hill-cap 
cloud. 

In this presentation some of the main results will be 
presented. These include indications of aerosol processing by 
chemical in-cloud mass production of sulfate and organics 
during cloud events, an increased hygroscopicity of aerosol 
particles after cloud passage, a direct observation of HO2 
depletion in cloud through heterogeneous loss processes, as 
well as an unexpectedly high importance of transition metal 
ion catalysed oxidation of SO2 during some events. 

Figure 1: Scheme of the campaign area 

3239



 Goldschmidt2015 Abstracts  

 3240 

A 500-year seasonally resolved δ18O 
and δ13C, layer thickness and aspect 

record from a speleothem in the Han-
sur-Lesse cave, Belgium 

MAÏTÉ VAN RAMPELBERGH1, SOPHIE VERHEYDEN12, 
EDWARD KEPPENS1 AND PHILIPPE CLAEYS1��� 

1Earth System Sciences, VUB, Pleinlaan,  B-1050, Brussels, 
Belgium 

2R B I N S, Jennerstraat 13, B-1000, Brussels, Belgium 
 
The top 56 cm of a fast growing (ca. 1 mm/y) seasonally 

laminated speleothem (Han-sur-Lesse, Belgium) are analysed 
for δO, δC, layer thickness and changes in calcite aspect. The 
record goes from 2001 to 1479 AD based on layer counting 
and 20 U/Th-ages. The proxies are seasonally biased and 
document drier and colder winters on multi-decadal scales. 
During such winters δC are higher, reflecting increased PCP, 
and layers are thinner and darker related to slower growth. 
Unusually dry and cold winters occur in 1565 to 1610, at 1730, 
1770 to 1800, 1810 to 1860, and 1880 to 1895, which agrees 
with historical and instrumental records. More relative climate 
variations, with the 4 proxies varying independently and less 
intense, occur from 1479 to1565, 1610 to 1730, and 1730 to 
1770. The winters during the first and last period are wetter 
(and warmer), but drier (and cooler) from 1610 to 1730. These 
interpretations correspond with warmer vs. colder periods 
respectively in historical data and reconstructions. Our 
interpretation of the seasonal δO and δC variations differs from 
that on the higher scale.    δO variations suggest a 2.5 °C 
seasonality in cave air temperature during the two relatively 
wetter (and warmer) winter periods, which corresponds to the 
seasonality observed today, while a 1.5 °C seasonality 
indicates colder summer temperatures during the drier and 
cooler interval from 1610 to 1730. Variations in seasonality of 
δC are driven by changes in PCP intensity.  
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About half of the IIE irons contain silicate inclusions [1]. 

They can be classified into five subgroups from primitive to 
differentiated [2]. The inclusions of Netschaëvo previously 
described in literature are chondritic clasts with preserved 
chondrules and belong to the most primitive subgroup [3]. This 
study focuses on two silicate inclusions of Netschaëvo, which 
present new features never described before, investigated with 
SEM/EDX, EPMA, Raman, and FIB-TEM. 

The inclusions are characterized by a porphyritic texture 
dominated by olivine and pyroxene clasts embedded in a 
quenched melt, which is partially crystallized in microlitic 
domains. Large olivine and pyroxene grains (20-200 µm) 
exhibit subrounded- to amoeboid-shaped compositionally 
homogeneous cores (Fa14.3±0.3 and Fs14.8±0.3Wo1.2±0.3, 

respectively) and locally hypidiomorphic overgrown and  
compositionally zoned rims (Fa25 to Fa34 and Fs22Wo1 to Fs35 
Wo14, respectively). Fine-grained olivine crystals in the melt 
are mostly hopper-shaped (Fa17 to Fa31). A TEM foil taken 
from the quenched melt, at the boundary between the silicate 
and metal host, was investigated with TEM and reveals 
dendritic Cl-apatite, elongated thin crystals of P-bearing 
olivine, and phase-separated glass droplets. 

 The investigated inclusions show textures produced by 
shock melting, rapid cooling, recrystallization, and silicate 
liquid immiscibility. The compositions of the cores of large 
olivine and pyroxene grains are consistent with those reported 
in the chondrule-bearing inclusions [2] indicating common 
precursor material. This suggests that Netschaëvo is likely an 
impact-melt breccia and that collisions played a major role in 
the formation of the IIE group. 

 
[1] Ruzicka (2014) Chemie der Erde 74, 3-48. [2] Mittlefehldt 
et al. (1998) Planetary Materials, 4.1-4.195. [3] Bild and 
Wasson (1977) Science 197, 58-62.  
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Dissolution and recrystallization phenomena are regularly 

observed in zeolite synthesis, e.g. zeolite P formation upon 
faujasite synthesis overrun. Zeolite framework dissolution and 
recrystallization in alkaline media are also exploited for post-
synthetic modifications, such as generation of mesopores, 
insertion of hetero-elements or crystal shape engineering, and 
for zeolite synthesis by interconversion of readily available 
framework types. A well-known example is the formation of 
chabazite (CHA) by exposure of faujasite (FAU) to KOH 
solution. [1] This contribution discusses the role of the 
connectivity of the starting framework used in this chabazite 
synthesis system. Gaining insight in chabazite formation and 
stability at high pH is essential application of chabazite as a 
cation-exchanger in hyperalkaline media. [2] [3] 

In this work different zeolite frameworks were contacted 
with pure KOH solution (1 M) at 85°C. The framework types 
employed as the aluminosilicate source were FAU, EMT, 
LTA, MAZ, HEU, and KFI. All starting frameworks were 
synthesized with a Si/Al ratio between 2.5 and 3.5, and 
exchanged into the Na-form. Samples were sacrificed at 
different times and the solids were analyzed by PXRD, SEM, 
TEM, 29Si and 27Al MAS NMR. The composition of the liquid 
phase was measured by ICP-AES. 

The main zeolite phase formed in each experiment was 
chabazite, however, the nature of the starting framework did 
affect the crystallinity and purity of the product. While FAU, 
EMT, LTA and HEU started to transform within few hours to 
days, KFI and MAZ did not fully transform within the 
timeframe of this study.  

These experimental observations provide more insight in 
zeolite nucleation and growth, indicating CHA as a stable 
zeolite in the KOH system. Since zeolites have been 
demonstrated to dissolve by release of composite building 
units (CBUs), the variation of product crystallinity observed 
for the reported framework transformations provide more 
insight in the potential role of CBUs for framework assembly.  
 
[1] Bourgogne M. et al. (1985) US Patent 4 503 024 [2] Van 
Tendeloo L. et al. (2015) Environ. Sci. Technol. 49, 
1729−1737 [3] Van Tendeloo L. et al. (2015) Environ. Sci. 
Technol. 49, 2358−2365 
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The debate over the processes of igneous accretion of 
gabbroic lower crust at submarine spreading centers is centered 
on two end-member hypotheses: Gabbro Glaciers versus 
Sheeted Sills.  In order to determine which of these two 
hypotheses is most applicable to a well-studied lower crustal 
section, we present data on plagioclase lattice preferred 
orientations (LPO) in the Wadi Khafifah section of the Samail 
ophiolite, Oman.  We observe no systematic change in the 
strength of the plagioclase LPO with height above the crust-
mantle transition, no preferred orientation of the plagioclase a-
axis lineation, and no systematic change in the obliquity of the 
plagioclase LPO with respect to the modal layering and 
macroscopic foliation evident in outcrop.  These observations 
are most consistent with the Sheeted Sills hypothesis, in which 
gabbros are crystallized in situ and fabrics are dominated by 
compaction and localized extension rather than by 
systematically increasing shear strain with increasing depth in 
a Gabbro Glacier.  Our data support the hypothesis of 
MacLeod and Yaouancq (2000) that the rotation of the 
outcrop-scale layering from sub-horizontal in the layered 
gabbros to sub-vertical near the sheeted dikes is due to rapid 
vertical melt migration through upper gabbros close to the 
axial magma chamber.   Comparison with plagioclase LPOs 
from slow spreading ridges suggests that there is a distinct 
difference in how stress is accommodated in the lower crust of 
fast and slow spreading ridges.   
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Novelty 
Two-dimensional gas chromatography with a time-of-

flight mass spectrometer (GCxGC-TOFMS) is a powerful 
instrument used to chemically characterise organic compounds 
[1]. Size-resolved characterisation and semi-quantification of 
ambient organic aerosol compounds were performed with a 
GCxGC-TOFMS for the first time in South Africa.  

Results and Discussion 
24-hour aerosol samples were collected for one year for 

three different size ranges at Welgegund – a regional 
atmospheric monitoring station situated approximately 100 km 
west from Johannesburg that is impacted by the major 
pollutant sources in the interior of South Africa (e.g. the 
megacity, NO2 hotspot) [2] [3]. A combined total of 1 056 
different organic compounds could be tentatively 
characterised. The largest number of organic compounds 
tentatively identified was PM2.5-1, while this size fraction also 
had the highest total number of normalised response factors. 
On average 52%, 26%, 6%, 13% and 3% of species tentatively 
identified were oxygenated species, hydrocarbons, halogenated 
compounds, N-containing compounds and S-containing 
compounds, respectively. Oxygenated compounds were the 
most abundant species. The major sources of organic 
compounds measured at Welgegund were considered to be 
biomass burning and aged air masses moving over the 
anthropogenically impacted source regions [2] [3].  

 
[1] Welthagen et al. (2003) J. Chromatogr. A 1019, 233-249. 
[2] Tiitta et al. (2014) Atmos. Chem. Phys. 14, 1909-1927. [3] 
Vakkari et al. (2014) Geophys. Res. Lett. 41, 2644–2651. 
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Extreme habitats support complex but poorly characterised 

microbial assemblages which can form accreted microbial 
mats or microbialites, widespread life forms of Early Earth. 

Here we report the hitherto unexplored communities of 
extant microbialites from caves in New South Wales and 
hypersaline lakes in South Australia based on 16S rRNA 
Illumina sequencing and assess their bioactive metabolite 
potential by sequencing of domains of the nonribosomal 
peptide synthetase (NRPS) and polyketide synthase (PKS) 
pathways. 

A wide array of microbial taxa harbouring a high 
percentage of unknown sequences has been unveiled, most 
notably Actinobacteria and Cyanobacteria. 

In the caves, the extremophile Chroococcidiopsis is a 
dominant cyanobacterial taxon and has previously been shown 
to possess a variety of biosynthetic pathways [1]. Most 
predominant groups share low similarities even to uncultured 
organisms and may comprise unknown taxa. 

From the salt lakes, a potentially new branch of halophilic 
Cyanobacteria outside of the Euhalothece cluster was found 
along an increasing salinity gradient and first culturing efforts 
are underway.  

Pathways of NRPS and PKS have been detected in almost 
all sites and in-depth sequencing results will be presented. 

Exploration and conservation of these environments is 
critical in times of climate change and anthropogenic 
alterations. The lack of awareness of these rich microbial 
assemblages jeopardises the chance to tap their full potential 
for bioactive compound production. 
 
[1] Shih et al. (2013) PNAS 110(3), 1053-1058 
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Continously exposed weathering profiles on Earth rarely 
exceed ~80 Ma, limiting the use of the isotopic composition of 
pedogenic minerals in paleoenvironmental reconstrutions. 
However, buried weathering profiles and detrital supergene 
minerals generated from the erosion of previously existing 
weathering profiles may record useful environmental 
information, if timing of mineral precipitation and independent 
environmental data ( δ18O, δD, etc.) can be extracted from the 
same phase. The combination of (U-Th)/He geochronology 
with SHRIMP-SI  δ18O analysis of supergene goethite provides 
a suitable tool for probing the environmental conditions 
prevaling at the surface of continents in the remote past. 

Massive indurated detrital goethite blocks from colluvium 
deposits in the Quadrilátero Ferrífero, Brazil, and the Flinders 
Ranges, South Australia, yield average (U-Th)/He ages of 271 
± 32 and 158 ± 14 Ma, respectively. These ages reveal that 
these minerals precipitated from weathering processes active in 
the interior of Pangaea and Gondwana. SHRIMP-SI analysis of 
ancient detrital goethite from the Quadrilátero Ferrífero 
yield δ18O signatures in the -24.2 ± 0.6 to -12.4 ± 0.3 ‰ range, 
while Flinders’ goethites yield  δ18O signatures ranging from -
15.1 ± 0.2 to -11.2 ± 0.2 ‰. These results represent some of 
the lightest isotopic compositions ever measured for any 
supergene goethite on Earth, with equivalent results (-13.2 and 
-15.5‰) only measured in goethites from Alaska. Independent 
studies suggest that supergene goethite may record the isotopic 
composition of local meteoric precipitation. If the isotopic 
compositions of the ancient detrital goethites from the 
Quadrilátero Ferrífero and the Flinders Ranges do indeed 
record the isotopic composition of precipitation, they reveal 
that rainfall in supercontinents must have been extremely 
fractionated and depleted in 18O. Given the distance from the 
sampling sites to the ancient oceans at the time, the extreme 
isotopically light rainfall could result from Rayleigh 
distillation as ocean-derived moisture reached the interior of 
supercontinents. Another possible explanation for the light 
isotopic compositions is the cold climates that may have 
persisted at the time. Either way, further combined (U-Th)/He 
geochronology and SHRIMP-SI analysis of supergene goethite 
may help in the reconstruction of paleoclimatic conditions 
prevailing at the Earth’s surface in the remote past. 
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Drastic release of methane into atmosphere might be 
happened in the history during the terminal period of Marinoan 
“snowball Earth” ice at ~635 M.y. ago. To prove this idea 
highly depleted δ13C in post-glacial cap dolostones was 
interpreted as a product of methane oxidation at the time of 
precipitation and coincide with the signature for rising 
temperature. Application of carbonate clumped isotope 
thermometry to these carbonates provides new constraints on 
their origin and diagenetic history. The extent of clumping, 
expressed as Δ47 in units of %, shows a systematic dependence 
on temperature [1]. This thermometer can be used to estimate 
the temperature of carbonate precipitation and the δ18O of the 
fluids (δ18OSMOW) from which carbonates grew. In our work by 
application of clumped isotope thermometry we analyzed 
different sets of carbonate sampes (cap dolomites, diamictites 
and stromatolite) from Mussoorie syncline, Lesser Himalaya of 
India which belongs to Blaini formation and corresponds to 
~635 M.y. ago. The cap samples examined in this study have 
Δ47 values ranging from 0.512‰ to 0.36‰, corresponding to 
temperatures of 115 to 320°C. In contrast to earlier studies, 
δ18O of fluid responsible for the carbonate precipitation 
estimated from using clumped-isotope technique, show 
variability from –16 to –30‰ and interpreted as later 
diagenetic imprints of glacial or meteoric water. The δ13C 
signature recorded ranges –1.4 to –2.4‰ and is in agreement 
with data from previous work [2]. We compared our Δ47, 
temperature and δ13C signatures from Blaini formation and 
Doushantuo formation cap dolostone from south China [3]. 
Our data provide sufficient indication of rapid consolidation 
process in low depleted δ18O environment during the time of 
Himalyan orogeny. Presentation will cover more results on 
some of the relative unaltered samples.  
 
[1] Ghosh, P. et al., Geochim. Cosmochim. Acta 70, 1439–
1456 (2006).  [2] Kaufman et al., Precambrian Research 147 
(2006) 156–185 [3] Bristow et al., 2011; Nature 10096 
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Eclogitic xenoliths from kimberlites, regularly diamond-

bearing, are often interpreted as having an origin as subducted 
oceanic crust [1]. The existence of diamonds in these rocks 
constrains equilibrium temperatures and pressures of some 
eclogites to the upper mantle. However the additional critical 
parameter controlling the stabilty of diamonds, oxygen 
fugacity (ƒO2), is unknown in eclogitic assemblages. 

A series of piston-cylinder experiments were conducted  
using model carbonate and kyanite bearing eclogite 
assemblages  to determine the ƒO2 of the limiting reaction for 
graphite vs. diamond:  

CaMg(CO3)2 + 2SiO2 = CaMgSi2O6 + 2C + 2O2 [2] 
as a function of pressure (P=3.5-6 GPa) and temperature 
(T=900-1300oC).  

The oxygen fugacity in experiments was determined using 
Fe-Ir alloy fO2 sensors [3] and a newly developed Fe-Pd-based 
redox sensor [4]. The experimental data allowed calibration of 
two redox reactions (involving garnet-clinopyroxene [5] and 
garnet-kyanite) as oxybarometers to determine fO2 of eclogitic 
assemblies. The accuracy of the ƒO2 thus calculated is highly 
dependant on precision of the garnet Fe3+/ΣFe measurements, 
which were obtained using the flank method [6] and the 
synchrotron based Fe K-edge XANES method [7].  

Both reactions were calibrated and used to estimate fO2 of 
kyanite and coesite bearing eclogite xenoliths from Udachnaya 
kimberlite pipe, Yakutia, Russia.  
 
[1] Jacob (2004), Lithos 77, 295-316. [2] Luth (1993) Science 
261, 66-68. [3] Woodland & O’Neill (1997) GCA, 61(20), 
4359-4366 [4] Vasilyev et al. (2014) IMA 2014 abstracts, 40 
[5] Stagno et al. (2015) CMP 169, 16. [6] Ho ̈fer, Brey (2007) 
Am.Min. 92, 873-885 [7] Berry et al. (2010) Chem.Geol. 278, 
31-37 
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Mid-proterozoic peralkaline granites and pegmatites at 

Strange Lake (Québec-Labrador, Canada) exhibit extreme 
enrichment in rare earth elements (REE). Concentration of the 
REE occurred magmatically due to separation of a fluoride 
melt that strongly fractionated the REE [1]. Here we show 
from fluid inclusion data that this concentration continued 
post-magmatically via hydrothermal fluids that mobilised REE 
from the fluoride source.  

Four types of aqueous inclusions are observed. From 
earliest to latest they are: aqueous inclusions associated with 1) 
melt inclusions (Type 1), 2) CH4 inclusions (Type 2), and 3) 
CO2 inclusions (Type 3), and late aqueous inclusions 
associated with mineral pseudomorphs (Type 4). The salinity 
decreases from 16-25 wt.% NaCl eq. in Type 1 and 2 
inclusions to 5-12 wt.% NaCl eq. in Type 3 inclusions; Type 4 
inclusions contain15-22 wt.% NaCl eq. All inclusions except 
Type 4 inclusions show signs of re-equilibration (‘implosive’ 
halos) and decrepitate, if heated above 140-150°C. 
Approximately 70-80% of inclusions homogenised before 
decrepitation (at 90-150°C). Some Type 2 inclusions 
homogenise at 150-300°C. CH4 inclusions homogenise to 
liquid at -70.5 to -95°C; partial homogenisation of CO2 
inclusions occurs in the range -10.2 to 29.6°C. In all aqueous 
inclusions there is a strong correlation between Ca and REE 
contents; REE content varies from <1 ppm to 300 ppm. Ca 
content does not correlate with that of Na. 

We propose that sub-solidus hydrothermal activity 
commenced with exsolution of a saline (23-25 wt.% NaCl eq.) 
aqueous fluid. This fluid mixed with a CH4 fluid at ~360°C 
and 1 kbar (calculated from the coexistence of CH4 with the 
aqueous fluid). Upon further (isobaric) cooling, CH4 gradually 
oxidised to CO2 and the salinity of the fluid decreased (down 
to ~5 wt.% equiv.NaCl), both due perhaps to mixing with an 
external fluid. When the temperature reached ~160°C there 
was massive fracturing. This led to boiling and increased 
salinity. REE mobilisation is interpreted to have resulted from 
long-term interaction of the exsolved brine with the 
crystallising fluoride melt, thereby explaining the strong 
correlation of REE with Ca in this  fluid and the resulting 
REE/Ca hydrothermal alteration. 
 

[1] Vasyukova, O.V and Williams-Jones, A.E., 2014. 
Geochimica et Cosmochimica Acta 139, 110-130. 
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In the last century, the worldwide industrialisation has 

increased the emission and accumulation of atmospheric 
contaminants, including several traces metals. However, even 
if the monitoring of these contaminants’ concentrations gives a 
first evaluation of air quality, it lacks the capacity to give 
indication about the source(s) of these contaminants. An 
isotope approach can help alleviate this difficulty. Lately, 
bioindicators (including moss and lichen) have shown their 
added value as passive samplers for monitoring atmospheric 
contaminants due to their ombrotrophic nature and their lack of 
protective membrane that allow them to concentrate elements 
to levels exceeding their physiological needs. 

A preliminary survey, using lead and osmium isotopes in 
lichens, has been conducted on a 1000km transect between two 
smelters in the Abitibi region (nickel production: Sudbury, 
Ontario; copper production: Rouyn-Noranda, Quebec).  

A plot of the 206Pb/207Pb ratio as a function of the distance 
from the smelters shows variations between 1.18 and 0.98. The 
most elevated ratio corresponds to the historical atmospheric 
Pb emissions in the region [1] while the lowest ratio is 
consistent with the Abitibi copper-ores [2] that are mainly 
treated at the Rouyn-Noranda smelter. 

A decrease in the 206Pb/207Pb ratio is observed at both 
Sudbury and Rouyn-Noranda, indicating a lead input from an 
anthropogenic source, probably the smelters. A difference in 
the observed ratio (1.13-0.98) between the two cities can be 
explained by the different ores treated at each smelter. A first 
approximation of the geographical influence of the Rouyn-
Noranda smelter yields a distance of 300 km. Preliminary 
osmium results show variable enrichment in lichens for this 
metal, and 187Os/188Os ratios typical of a mixture of aerosols 
derived from the continental crust and of mining origin. 
 
[1] Sturges and Barrie. (1987) Nature, 329, 144-146. [2] 
Deloule et al. (1989) Can. J. Earth Sci. 26, 2529-2540. 
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Elevated concentrations of manganese (Mn) have been 
observed in the groundwaters of West Bengal, India. As a 
neurotoxin Mn is known to cause a variety of adverse health 
effects, ranging from neuromuscular problems to the inhibition 
of neurological devlopment, particularly in children. The 
realization of this additional contaminant in the arsenic 
afflicted regions of southeast Asia poses serious implications 
with regards to human health. Hence, the current study aims to 
address three objectives pertaining to the geochemistry of Mn 
in Murshidabad: i)  the extent, occurrence, and overall 
distribution of groundwater Mn; ii) characterization of the 
DOM within the groundwater and the resultant effects that are 
imposed on dissolved Mn; and iii) the relationship between 
Mn, As, and various inorganic constituents and their impact on 
the subsequent release and accumulation of Mn.  

A total of 34 water samples were collected (29 tubewells, 4 
pond, 1 river) from six villages in Murshidabad. Three of these 
villages (Hariharpara, Beldanga, Naoda) contain reducing 
groundwaters (Mean Mn: 0.931±0.420mg/L),  while the 
remaining three (Nabagram, Kandi, Khidirpore) contain 
oxidizing groundwaters (Mean Mn: 0.739±0.333mg/L). 
Eighty-three percent (n=29) of the wells surveyed contain Mn 
levels that exceed the recommended WHO limit of 0.4 mg/L, 
with Mn persisting in circumneutral pH environments and 
under a broad range of ORP’s (-108<mV<156). Positive 
correlations are observed between dissolved Mn and Sr2+, Ca2+, 
Mg2+, total As, Al3+, and ΣS(-II), whereas inverse relations are 
observed with K+ and Cs+. DOC values varied slightly among 
the oxidizing (Mean DOC: 1.75±0.400mg/L) and reducing 
(Mean DOC: 1.85±0.389mg/L) aquifers, hosting a positive 
correlation with Mn in reducing environments and a negative 
correlation in oxidizing environments. The reducing aquifers 
are also high in As, indicating that the microbially mediated 
reductive dissolution of As-sorbed Mn mineral phases is 
probable. Fluorescence analyses, geochemical modeling of Mn 
speciation, and petrographic examination are being combined 
in this study for more insight into the mechanisms of Mn 
release.  
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The SIMS δ34S study of pyrite from the late Devonian 

shale-hosted volcanogenic massive sulfide deposit of Sotiel-
Migollas (Iberian Pyrite Belt) combined with the 87Sr/86Sr ratio 
of the intergrown carbonates [1] track the complex evolution 
of the seafloor hydrothermal system. SIMS δ34S of pyrite 
showing different textures exhibit a wide range in values from 
-35.8±4.6‰ in the primary framboidal morphologies to -
0.9±1.3‰ in the late recrystallized euhedral crystals. The 
87Sr/86Sr ratios vary between 0.70846 and 0.70983, being the 
less radiogenic values close to those of the coeval seawater, 
estimated by [2] in the 0.70750-0.70850 range. 

There is a strong linear correlation between these two 
isotope systems, with the most negative δ34S values of the 
pyrite being intergrown with carbonates with the lowest 
87Sr/86Sr ratios. Extremely 34S-depleted values can only be 
interpreted as reflecting the biogenic reduction of the seawater 
sulfate with a large isotopic fractionation in an open system 
[3]. This is consistent with a strontium seawater signature, 
suggesting that these samples correspond to the external parts 
of the exhalative system in contact with seawater and with 
bacterial sulfate reduction taking place on the seawater-
massive sulfides interface. In contrast, the other endmember is 
interpreted as reflecting the late maturation of the system 
inside the ore lens with input of deep sulfur -likely derived 
from TSR processes or leached from the basement- 
accompanied by 87Sr-enriched fluids. 

We propose a model for the growth of biogenic mounds on 
the seafloor with alternating carbonate-sulfide bands that were 
gradually buried by subsequent growth. The isotope signatures 
changed due to the later maturation of mound and the input of 
deep hydrothermal fluids. 

 
This study has been funded by the project CGL-2011-

23207. 
 
[1] Velasco-Acebes (2014) Master´s thesis, 49 pp. [2] 

Veizer et al. (1999) Chem. Geol. 161, 59-88. [3] Ohmoto 
(1996) Ore Geol. Rev. 10, 135-177. 
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Hydrogen peroxide (H2O2), being an important oxidant in 
the Earth's atmosphere, plays a crucial role in many 
atmospheric chemical cycles. The isotope anomaly (Δ17O) of 
H2O2 has been detected in rainwater [1] and laboratory 
experiments [2]. The Δ17O anomalous of H2O2 derived from 
the photochemical produced ozone that possess excess 17O [3]. 
Here we report results of laboratory experiments to measure 
the effect of  Δ17O in H2O2 formed from water vapor using a 
spark discharge in a helium continues flow system. The 
reaction was run into a glass reactor where water vapor was 
passed by bubbling helium flow (30 mL/min) through a water 
sample (1mL) at 100°C. The outflow from the reactor passed 
through a trap at liquid nitrogen temperature to collect the 
product of reaction. To investigate the variations of Δ17O in 
H2O2, molecular oxygen O2 was added to helium flow before it 
entered the reactor and was present at various concentrations at 
the reaction point. The oxygen isotopic composition of H2O2 

was analyzed using KMnO4 and MnO2 and was measured with 
a MAT-253 mass spectrometer running in continuous flow 
mode. Precision of analyses was tested using solutions of 
commercial H2O2 (standard deviation of 0.6 ‰ for δ18O, 0.3‰ 
for δ17O, and 0.05‰ for Δ17O). Laboratory experiments 
demonstrated that isotopic variations in produced H2O2 

depended on the concentrations of O2 and were found to be: (a) 
 Δ17O= 1.3-1.5‰ with the δ18O value insignificantly different 
from the initial δ18O value of water if the concentration of O2 
was very low  (in the range of ~10-6 % of the present 
atmospheric level (PAL)); (b)  Δ17O= 2.5-3.0‰ with enriched 
in both 18O and 17O by 20-30‰ compared to the initial water as 
the concentration of O2 increased to  ~0.001, 0.01, and 1% of 
PAL. Note that the content of H2O2 produced in the spark 
discharge was in range of (5-9)·10-5 mol/L and weakly 
correlated with the O2 concentrations at the reaction point. This 
study was supported by the Russian Foundation for Basic 
Research, grant # 15-05-00794  

 
[1] Savarino & Thiemens (1999) Atmos. Environ. 33, 3683-
3690. [2] Shaheen et al. (2010) PNAS 107, 20213–20218. [3] 
Thiemens & Heidenreich (1983) Science 219, 1073-1075. 
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The study of modern sedimentary microbial carbonate 
systems contributes to our knowledge of environmental 
conditions required for (i) the formation of microbial mats and 
microbialites and (ii) the development of their particular 
morphologies. Understanding the formation of specific 
morphologies of extant modern microbial mats and 
microbialites may facilitate interpretation of past microbial-
dominated systems. Relationships between environmental 
conditions and modern microbial mats were investigated in a 
hypersaline lagoon in Cuban and compared to Triassic 
microbial reefs. 

Our study site in south of Cayo Coco Island (Cuba) 
comprises a tropical, highly evaporative, marine-fed lagoonal 
network. Mineralization is driven here by changes in 
hydrological budget changes related to water-level fluctuations 
and evaporation/rainfalls. A detailed field mapping shows a 
wide range of macrofabrics influenced by inherited substrates 
(eolianites), hydrodynamic parameters (wind-driven waves, 
storms…), subsurface degasing mediated by mangrove roots 
and desiccation. These findings provide keys to the 
understanding of fossil microbialite morphologies in lagoonal 
settings. The Early Triassic Mineral Mountains area (Utah, 
USA) preserves diversified Smithian and Spathian microbial 
reefs and bioaccumulations that contain fenestral-microbialites 
and various benthic and pelagic organisms. New data acquired 
in this area facilitate deciphering of the relationships between 
depositional environments and the growth and distribution of 
microbial structures. Microbial constructions developed in 
peritidal to deep subtidal environments and are controlled by 
hydrodynamic changes, grain supply, accommodation and 
local ecosystem destabilizations. Comparison between fossil 
and modern systems questions the representativeness of major 
macrofabric diversity in microbial mats and microbialites 
throughout the geological record and provides a base from 
which to discuss the processes involved in preservation of 
microbial mat fabrics.  
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Wetlands are important sources and sinks of the 

greenhouse gas methane. The only known methane sink of 
biological nature is the oxidation by methanotrophic 
microorganisms. Although wetlands are under strong 
environmental pressure, impacts of environmental stressors on 
methane oxidation remain unclear. Human impacts cause 
strong misbalances in the availability of N and P, which can 
change methanotroph community composition and may alter 
their potential to oxidize methane.  

In this study, we determined how methanotrophs are 
affected by changes in environmental N:P stoichiometry. We 
show relations between N, P and methane oxidation in 
wetlands, and present experimental results on the effect of P on 
methanotroph growth and functioning. Species belonging to 
the alpha- and gammaproteobacteria were cultured at different 
P concentrations. Their growth characteristics, methane 
oxidation rates and expression of key proteins were compared. 
In line with field observations, growth and functioning of 
methanotrophic gammaproteobacteria were most sensitive to P 
limitation and excess, whereas methanotrophic 
alphaproteobacteria were most resilient.  
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The present study deciphers the groundwater solute 

chemistry and arsenic (As) enrichment in the shallow aquifers 
of three different tectono-morphic settings of the Brahmaputra 
river basin, India. These regions consist the northwestern part, 
northern part and southern part of the Brahmaputra basin 
which shows distinct geology and tectono-morphic provinces 
in the Himalayas orogenic belt. The northwestern and northern 
parts are located along the Eastern Himalayas and southern 
part situated close to Naga-thrust belt in Brahmaputra river 
basin. Therefore, the sediments provinces are different in these 
areas. More than 60 % of groundwater samples in northwestern 
part are enriched with As (maximum concentration  
0.13 mg/L), 65 % in northern part (maximum 0.17 mg/L), and 
92 % in southern part (maximum 0.45 mg/L) respectively, 
which draws a distinct difference from the northern part of 
Brahmaputra basin aquifers. Most groundwater solutes of 
northwestern and northern parts were derived from both 
silicate weathering and carbonate dissolution, while silicate 
weathering process dominates in aquifers of southern part. 
Groundwater samples from all regions are postoxic with mean 
pe values between Fe(III) and As(V)-As(III) reductive 
transition. Positive correlations of As with Fe, Mn and HCO3 

were observed in northwestern and northern parts aquifers. 
Therefore, reductive dissolution of (Fe-Mn)OOH and 
combined effect of pH dependent sorption and competitive ion 
exchange are the dominant mechanisms of As mobilization. 
While, the lack of a consistent correlation of As with a single 
component indicate that there is no single factor controlling the 
concentration of dissolved As in aquifers of southern part.  
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Let z = f(x,y). Then standard error propagation of z by first 
order Taylor expansion yields: 

where cov(x,y) is the ‘covariance of x and y’. Current practice 
in 40Ar/39Ar geochronology assumes that the third term of this 
equation can be safely neglected. For example, consider the 
40Ar/39Ar age equatin [ t=ln(1+RJ)/λ, where λ is the decay 
constant of 40K, R is the 40Ar*/39ArK, ratio and J is the 
irradiation parameter]. Then the age uncertainty is currently 
calculated as: 

 

 
which assumes that cov(R,J) = 0. This assumption cannot be 
correct because both R and J are calculated using the same 
mass fractionation corrections, detector calibrations, 
interference corrections and radioactive decay corrections. The 
analytical uncertainty associated with each of these factors 
results in correlated errors between R and J. Ignoring these 
error correlations affects both the precision and accuracy of the 
resulting 40Ar/39Ar ages. The problem of correlated errors crops 
up everywhere in the 40Ar/39Ar method. In fact, the covariant 
structure is deeply engrained into the very DNA of the method, 
which is based on five isotopes (36-40) of a single element 
(Ar). These isotopes are subjected to a constant sum constraint 
which makes them correlated by definition. Correlated errors 
are created during mass spectrometry, when the ion detector 
signals are extrapolated to 'time zero' and blank corrections are 
made. They occur as a result of mass fractionation corrections 
and detector inter-calibrations. They arise when accounting for 
the effect of radioactive decay on 39Ar and 37Ar, or whenever 
an interference correction is made. Error correlations occur 
when calculating J-factors to solve the age equation (see 
above), and when calculating the weighted mean of several 
40Ar/39Ar age analyses. Finally, error correlations are 
associated with the the systematic biases that occur as a result 
of the uncertainty in the 40K decay constant and the 
atmospheric 40Ar/36Ar ratio. Thus, the existence of correlated 
errors affects every aspect of the 40Ar/39Ar method. Ar-
Ar_Redux is a new and fully functional ‘one stop’ computer 
code for 40Ar/39Ar data reduction which propagates all the 
analytical uncertainties in matrix form and thus keeps track of 
all error correlations. 
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There is a lot to do on the Internet about the concept of 
'Big Data', in which huge online databases are 'mined' to reveal 
previously hidden trends and relationships in society. One 
could argue that sedimentary geology has entered a similar era 
of 'Big Data', as modern provenance studies routinely use 
multiple proxies to dozens of samples, resulting in large 
multivariate datasets comprising thousands of data points. Just 
like the Internet, sedimentary geology now requires specialised 
statistical tools to visualise and interpret such large datasets. 
These can be organised on three distinct levels of progressively 
higher order: 

1. A single sample: The most effective way to reveal the 
provenance information contained in a representative sample 
of detrital zircon U-Pb ages are probability density estimators 
such as histograms and kernel density estimates. The widely 
popular 'probability density plots' implemented in IsoPlot and 
AgeDisplay compound analytical uncertainty with geological 
scatter and are therefore invalid [1]. 

2. Several samples: Multi-panel diagrams comprising 
many detrital age distributions or compositional pie charts 
quickly become unwieldy and uninterpretable. For example, if 
there are N samples in a study, then the number of pairwise 
comparisons between samples increases quadratically as N(N-
1)/2. This is simply too much information for the human eye to 
process. To solve this problem, it is necessary to (a) express 
the 'distance' between two samples as a simple scalar and (b) 
combine all N(N-1)/2 such values in a single two-dimensional 
'map', grouping similar and pulling apart dissimilar samples. 
This can be easily achieved using simple statistics-based 
dissimilarity measures (e.g. the Kolmogorov-Smirnov statistic) 
and a standard statistical method called Multidimensional 
Scaling (MDS) [2]. 

3. Several methods: Suppose that we use four provenance 
proxies: bulk petrography, chemistry, heavy minerals and 
detrital geochronology.  This will result in four MDS maps, 
each of which likely show slightly different trends and 
patterns. To deal with such cases, it may be useful to use a 
related technique called 'three way multidimensional scaling'. 
This results in two graphical outputs: an MDS map, and a map 
with 'weights' showing to what extent the different provenance 
proxies influence the horizontal and vertical axis of the MDS 
map. Thus, detrital data can not only inform the user about the 
provenance of sediments, but also about the causal 
relationships between the mineralogy, geochronology and 
chemistry. 

 

[1] Vermeesch, 2012, Chem. Geol. v312, p190-194. [2] 
Vermeesch, 2013, Chem. Geol. v341, p140-146.  
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Podzols cover approximately 4% of the earth’s land 

surface. They can form rapidly and result from the 
combination of two main pedogenic processes: (1) weathering 
in the surface eluvial (E) horizon; (2) downward transfer of 
dissolved organic matter (OM) and mobile Al and Fe, and their 
accumulation deeper in the illuvial (B) horizon. Consequently, 
podzols offer a natural laboratory to study the impact of 
pedogenic processes on the REE behavior. Here we investigate 
whether REE can trace podzol formation, by assessing the 
REE signature along five pedons, aged from 120 to 530 years, 
in a Cambisol-Podzol chronosequence located in the Cox Bay 
of Vancouver Island (BC).  

Total REE content in topsoil decreases with increasing 
pedon age. In each pedon, it increases at depth. Total REE 
content is strongly correlated with the total reserve in bases, a 
weathering index (r = 0.896). Our results corroborate previous 
ones showing that weathering accounts for major REE loss 
from parent material. Furthermore, we observe a preferential 
removal of Medium-REE (MREE) in the surface E horizon. 
That specific signature has been proposed by several authors as 
a diagnostic fingerprint of the involvement of OM in the 
solubilization process.  

No systematic accumulation of REE is observed in the B 
illuvial horizons, wherever OM and Al/Fe oxides accumulate, 
despite of the well-known affinity of REE for these 
components. An explanation could be the transfer of aqueous 
REE-organic complexes to the groundwater. Mass balance 
calculation shows a similar evolution of chemical depletion 
values for REE and total Al and Si along the chronosequence. 
As a conclusion, we may question the efficience of REE to 
trace the podzolization process. 
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A review of yearly atmospheric pollutant lead 
concentrations (PbA) in North Western European cities shows 
a 100-300 PbA decrease between 1970s and 2000s. This 
decline is compared to (i) yearly averaged blood lead 
concentrations (PbB) reviewed from various countries where 
gasoline lead has been banned for at least 20 years and (ii) 
local PbB measured in France and Belgium as part of this 
investigation, in order to verify the relationship between PbA 
and PbB. Indeed, the phasing out of leaded gasoline offers a 
unique opportunity to investigate the fate of atmospheric 
pollutant lead within human and the role of blood as a proxy 
for both exogeneous and endogeneous sources of blood lead. 

As expected from the phasing out of leaded gasoline, the 
review of PbB shows a 3-6 times decrease in the past 30 years, 
20-100 times less than that of PbA suggesting another source 
of lead keeps contemporary PbB (as low as 1µg.dL) 100 times 
higher than the uncontaminated level of 0.016µg.dL. Food 
cannot be reasonably inferred as the "lost" source of lead to 
humans owing to controls compelled by European regulations 
that show lead intake from diet also drastically declined in the 
past 30 years. To investigate the origin of lead in today's blood 
we measured stable lead isotopes in French and Belgium 
population. 

Combined lead and corresponding isotope imprints in 
blood show a transient evolution and correlate to the age of 
both population. The isotopic shift is consistent with changes 
in atmospheric imprints of urban aerosols suggesting that PbB 
increase with age in contemporary subjects is due to the release 
of "older" lead from bone tissues during normal calcium 
homeostasis and osteoporosis. Endogeneous lead release could 
be identified owing to the decline of PbA exogeneous intake 
and may constitute a significant source exposure to 
contemporary urban inhabitants. 
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The Hf isotope record provides one of the best constraints 

on the evolution of the early silicate Earth. Extracting reliable 
Hf isotope data from the Earth’s oldest materials, however, is 
not always straightforward. Foremost among these is 
determining robust ages corresponding to the Hf isotope 
composition of a rock or zircon. This is particularly 
challenging for ancient gneisses which have been subjected to 
multiple tectonothermal events after their initial formation that 
may have introduced additional Hf components or, more 
commonly, affected the U-Pb zircon systematics. 

Compilation of the best-constrained Hf isotope data (i.e. 
unambiguous age constraints, uncompromised by multiple 
components or open-system behavior) yields a relatively 
simple Hf isotope record. The most radiogenic Hf isotope 
compositions in this record are ~ chondritic from 4.5 to  
~ 3.8 Ga and define a nearly linear evolution beginning with 
εHf = 0 at 3.8 Ga to εHf ~ +16 at present. We find no evidence 
for widespread mantle depletion—or extreme Hf isotopic 
heterogeneity—from the oldest samples.  

Clearly there was formation of zircon-bearing crust in the 
Hadean as evidenced by the Jack Hills zircon data (e.g., [1] 
[2]) and the oldest crustal rocks such as at Acasta (e.g., [3-5]). 
Based on the Hf isotope record, however, the volume of this 
crust was minor. Two other lines of evidence support this: lack 
of older crust or inherited Hadean zircon cores in the 
geological record (e.g., [6]); and lack of Hadean zircons in 
nearly all Archean sedimentary rocks. If zircon-bearing crust 
existed in large volumes prior to 4.0 Ga, it was removed from 
the surface of the Earth, virtually without a trace. 

Thus, the best constrained Hf isotope data show that the 
depleted mantle does not diverge from a CHUR-based silicate 
Earth until 3.8 Ga. This provides important limitations on the 
volume of stable crust that could have existed prior to 3.8 Ga. 

 
[1] Amelin et al. (1999) Nature 399, 252-255. [2] Kemp et al. 
(2010) EPSL 296, 45-56. [3] Amelin et al. (2000) GCA 64, 
4205-4225. [4] Iizuka et al. (2009) Chem Geol 259, 230-239. 
[5] Bauer et al. (2014) Fall AGU, V31A-4723. [6] Kemp et al. 
(2015) Precamb Res 261, 112-126. 
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In this study, we combine quantitative thermodynamically-
based mechanistic surface complexation models (SCMs) with 
a spectroscopic approach to distinguish the type of hexavalent 
chromium (Cr(VI)) surface sorption complexes onto soil 
components. The redox transformation of chromium during 
adsorption/desorption/precipitation is also studied. 

First, the adsorption of Cr(VI) was measured as a function 
of pH (3-10), ionic strength (0.001-0.1 M KNO3), sorbate 
concentration (10-4, 10-5 and 10-6 M Cr(VI)) and 
sorbate/sorbent ratio (50-500) on quartz, selected Fe- and Mn-
oxides, kaolinite and illite. Diffuse layer surface complexation 
model (DLM) stability constants were derived for each 
important Cr-surface complex using FITEQL 4.0. Surface 
complexation models provided by Visual MINTEQ 3.1 were 
used for further modeling. 

Subsequently, individual components were mixed to 
generate different multicomponent systems in order to simulate 
the behavior of Cr in natural soils. The influence of the major 
soil components on Cr adsorption was determined using the 
component additivity approach. 

The potential change of the oxidation state during the 
Cr(VI) adsorption was monitored by the surface 
characterization of soil components using X-ray photoelectron 
spectroscopy (XPS) and X-ray absorption spectroscopy (XAS). 
The fractions of Cr(III)/Cr(VI) were determined using XANES 
by linear combination fits with the standards. Additionaly, in 
order to confirm and support the modeling results, Fourier 
transform infrared spectroscopy (FTIR) was used to constrain 
the selection of suitable surface complexes including surface 
reactions. 

 
This study was supported by the project GAČR P210/15-

17224Y. 
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Olivine is the major constituent in the upper mantle, and 

the first phase to fractionate in mafic magmas. Hence, 
investigation of major, and especially minor and trace, 
elements can provide new insights into our understanding of 
mantle and magmatic processes, and can help to identify the 
types of rock present in the source during generation of the 
parental melts [1]. 

In this study, olivines in the type aillikites (ultramafic 
lamprophyres) from the Aillik Bay in Labrador, Canada, were 
analysed. The olivines range from euhedral to rounded, 
possibly abraded crystals, so that the proportion of phenocrysts 
and mantle xenocrysts is uncertain from petographic 
observations alone. Aillikites are classified in the IUGS 
scheme as inequigranular, porphyritic rocks with phenocrysts 
of olivine and phlogopite in a carbonate-rich groundmass [2]. 
Whole rock analyses of these aillikites (obtained in prior 
studies by Tappe et al.[3]) show a depletion in SiO2, Al2O3 and 
Na2O, and an enrichment in MgO, CaO and TiO2 [3]. Primary 
magma affinity is shown by high-Ni and high-Cr 
concentrations, and carbonatitic affinity is indicated by 
elevated K2O, and high CO2 and P2O5 values [4]. 

Our study provides data for major element concentrations 
using EPMA analysis (spots and maps), and focuses on 
determination of minor and trace element compositions, 
obtained by LA-ICP-MS (spot analyses) in fresh olivine 
crystals with different zoning patterns (normal, reversed and/or 
no zoning). Acquired precise trace element concentrations are 
compared with olivines from different mantle and igneous 
origins and applied to mantle and magma petrogenesis. 
 
[1] Foley et al. (2013) EPSL 363, 181-191. [2] Tappe et al. 
(2005) J. Petrology 46, 1893–1900. [3] Tappe et al. (2006) J. 
Petrology 47, 1261–1315. [4] Tappe et al. (2007) EPSL 256, 
433–454. 
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Coastal marshes perform essential ecosystem services, 

including nutrient filtering, soil organic matter storage, and 
storm surge abatement, and yet much is still unknown about 
their formation and fate under periods of rapid sea level rise. 
During the early Holocene, sea level rise in coastal Louisiana 
was one of the fundamental controls over marsh development 
and sustainability. Here, we investigate plant community 
composition and succession in early Holocene coastal 
Louisiana marshes using lignin phenol biomarkers, stable 
carbon isotopes, and plant macrofossils collected and analysed 
from peat layers recovered from coastal sediment cores. 
Benthic foraminiferal assemblages are analysed to reconstruct 
estuarine salinity gradients. New cores collected in southeast 
Louisiana contain a sedimentary record of an early Holocene 
transgressive sea-level sequence 14-25 m below present sea-
level: an immature paleosol overlain by basal peat that 
accumulated in an estuarine marsh, overlain by marine 
lagoonal muds. A re-established marsh peat is present 1-4 m 
above the initial transition to full marine conditions, indicating 
a sequence of marsh development, rapid sea-level rise, 
followed by further marsh development as the rate of relative 
sea-level rise decelerated.  

Plant community composition in coastal marshes was 
determined through cupric oxide oxidation and lignin-phenol 
and non-lignin-phenol abundances. Plant macrofossils. and 
microfaunal assemblages were further used to determine marsh 
type. Additionally, ratios of specific lignin-phenol biomarkers 
give information about the degradation state of soil organic 
matter and the specific source of stabilized organic matter 
within the peats. These results have important implications for 
reconstructing the response of coastal marshes and their plant 
communities to variable rates of sea-level rise, especially in 
today’s changing climate. 
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Banded Iron Formations (BIFs) are marine chemical 
sediments, and their occurrence is confined to the Precambrian. 
Pure BIFs, i.e., chemical sediments devoid of syn- and post-
depositional alterations, may serve as reliable archives for 
ancient seawater. Here we present a compilation of own and 
published rare earth and yttrium (REY) as well as Sm-Nd 
isotope data of pure Precambrian marine chemical sediments, 
reflecting the compositional changes of ancient seawater 
through Early Earth´s history. 

Chondrite-normalised Eu/Eu* ratios (subscript CN) of 
pure Precambrian marine chemical sediments closely follow 
their εNd(t) values and both reveal positive peaks, overlapping 
with abundant zircon age spectra published by [1]. Large 
positive EuCN anomalies and mantle-like εNd(t) values are 
observed in the Eoarchean, they decrease during the 
Mesoarchean until ~2.8 Ga, and display a conspicuous peak at 
~2.7 Ga and decrease again until ~2.5 Ga. The combination of 
these two proxies suggests enhanced REY contributions to 
Archean seawater from the Earth´s mantle (affecting the εNd(t) 
values) via high-temperature (>250 °C), black smoker-like 
hydrothermal fluids (increasing the EuCN/Eu*CN ratios) that had 
mobilized REY from seafloor basalts. These results indicate a 
relationship between the thermal state of the Early mantle, 
magmatic activity and BIF deposition via high-temperature 
hydrothermal emanations into Archean seawater. Using 
geochemical tools, our study corroborates the work of [2], 
proposing a link between BIF deposition and mantle plume 
events. Coupled εNd(t) - EuCN/Eu*CN systematics of pure BIFs, 
therefore, provide a reliable tool to track the thermal state of 
the Early Earth´s mantle and identify episodes of intense 
magmatic activity, triggering high-temperature, hydrothermal 
venting to the ancient oceans. 
 
[1] Condie & Aster (2010) Precamb. Res. 180, 227-236. 
[2] Isley & Abbott (1999) J. Geophys. Res. 104, 15461-15477. 
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Weathering and Surface Processes 
In acidic soil environments, the Al-hydroxylation process 

of 2:1 phyllosilicates is a major weathering process. The Al-
hydroxylation process is most often described as resulting from 
the adsorption of aluminium and its subsequent polymerization 
in the interlayer of swelling phyllosilicates. The sources of 
aluminium could be either soil solution or dissolution of 
swelling clay minerals itself (auto-aluminisation). Formation 
of these hydroxy-interlayered (HI) layers leads to a decrease of 
the cationic exchange capacity of the soil. 

Recently, the results obtained by X-ray diffraction profile 
modelling on different sub-fractions (<0.05, 0.05-0.1, 0.1-0.2, 
0.2-2 µm) from the surface horizon of a forest Aluminic 
Cambisol [1], show that the amount of HI layers decreases 
with the size of particles.  

In order to provide additional information on the impact of 
particle size on the mineral dissolution and formation 
mechanism of HI layers, an experimental auto-aluminisation 
study was undertaken. Three size fractions of K-saturated 
Santa Olalla vermiculite (0.1-0.2, 1-2 and 10-20 µm) were 
submitted to dissolution in flow-trough reactor in HCl at pH = 
3 and 25°C. The dissolution and the degree of mineral 
transformation as a function of time were followed from both 
the chemical analysis of solutions and solid characterization 
using X-ray diffraction and chemical analyses on final and two 
intermiadaries solid samples. 

The obtained results show that the rate of dissolution 
increase when the size particle decreases. The release of 
chemical elements from the K-vermiculite in solution leads to 
its transformation. The kinetics contributions of dissolution, 
fixation or exchange of nutritive cations (Mg2+, K+) or toxic 
(Al3+) are influenced by the size of particles.The general 
mineralogical transformations trends observed previously in 
natural media is reproduced in laboratory experiments. 
 
[1] Viennet et al., (2015) Geoderma 241–242, 75–86. 
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Garnet major element zoning records multiple growth–

resorption episodes in eclogite–amphibolite rocks of Pto 
Cabello, Venezuela. Repeated peak–trough progression in 
core-to-rim Mn concentration (Fig. 1) provides the best 
example of these growth–resorption features. Garnet growth–
resorption must record cycles of relative garnet stability 
(growth) then instability (dissolution) related to rapid changes 
in P, T and/or chemistry. Similar features occur in eclogitic 
garnets from Cuba [1] and California [2], suggesting that the 
processes responsible may be common in subduction zones. 
 

 
 
 
 
 
 
 
Fig. 1: Colour-contoured WDS raw x-ray count maps for Mn 
in the garnets. White stars = rutile, red = titanite inclusions. 
 

Titanite (Ttn) overgrows rutile (Rt) in the matrix of the 
eclogite–amphibolite rocks. Rt (high-P [3]) inclusions occur 
throughout the garnets, whereas Ttn (low-P [3]) inclusions 
occur exclusively in cores and immediately rimside of Mn 
peaks (Fig. 1). There is no evidence to suggest Ttn was stable 
anytime other than during early (prograde) garnet growth, and 
immediately following garnet resorption (dissolution) events. 

The observations are consistent with growth–resorption 
marking pressure pulses, possibly relating to ‘yo-yo’ tectonics 
[1], or to production–dissipation of fluid overpressure by 
metamorphic dehydration–seismicity cycles. Raman thermo-
barometry and O isotope work is planned to further explore 
context and drivers for garnet growth–resorption episodes. 

[1] García-Casco et al. (2002) J Metamorph Geol 20, 581–598. 
[2] Page et al. (2014) J Petrol 55, 103–131. [3] Ernst & Liu 
(1998) Am Mineral 83, 952–969. 
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The biological effects of mineral fibers in the generation of 
diseases as fibrosis, lung cancer and mesothelioma are an 
important topic in medicine . In particular, the role of these 
minerals in reactive oxygen species (ROS) generation was 
recognized [1]. This suggests that not only morphology and 
dimension of fibers are the carcinogenic factors, but that  other 
aspects such as the availability of metallic cations, structural 
defects and surface characteristics have to be considered, as 
well. 

This work aims to study the transformations that occur in 
mineral fibers (chrysotile, crocidolite and asbestiform erionite) 
in an “in-vitro” environment with respect to morphology, 
chemical composition and crystallinity. In contrast, previous 
studies have mainly focused on the modifications that happen 
at cellular or tissutal level.  
       Mineral modifications were studied both inside 
mesothelial and bronchoalveolar cells, in order to investigate 
differences in two biological environments that represent the 
first target of exogenous fibers. Investigations were carried out 
through high-resolution transmission electron microscopy, first 
on the non-interacted starting material and then after different 
interaction times with cell cultures. This showed 
transformations on the three levels of investigations 
(morphology, chemistry and crystallinity degree). 

Greater morphological and crystallinity modifications 
occurs in chrysotile, whereas higher chemical variation 
happens in asbestiform erionite, in particular for extra-
framework cations. Crocidolite shows to be the most resistant 
in the biological environment, loosing mainly non-tetrahedral 
coordinated cations. 
This approach will ultimately allow us to effectively model 
interaction dynamics and gather useful information for 
mineralogical, medical and biological applications.  
 
[1] Schoonen M.A.A. et al. “Mineral-Induced Formation of 
Reactive Oxygen Species”, Reviews in Mineralogy & 
Geochemistry, Vol. 64, pp. 179-221, 2006, MSA. 
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In the 1960s, the Berkeley group around John Reynolds 
developed the I-Xe dating method by stepwise heating of 
irradiated samples. They used three-isotope correlation 
diagrams to identify Xe derived from 129I, 244Pu and U, together 
with its carrier phases. Three-isotope correlation plots for other 
rare gases in meteorites later led to identify presolar grains 
(SiC, graphite) as carrier phases of Ne-E. 

After a few years of successful xenology, the game 
changer for cosmochronology was a spin-off of I-Xe, an 
abstract promising "trace-element determinations and K-Ar 
dating" by Merrihue. After his untimely death, the approach 
was upheld by Turner, and the dating method now called 
40Ar/39Ar came into existence. Initially, Merrihue & Turner 
[JGR 71 (1966) 2852] used correlation diagrams. Later, the 
age spectrum was perceived as a more immediate visualization 
and became very successful. The shift from isotope correlation 
diagrams to age spectra put all emphasis on a single isotope, 
39Ar. As graphics limit how much we extract from data, this 
curtailed Merrihue's intuition that rare gas isotopes (9 for Xe, 6 
for Kr, 5 for Ar) in irradiated samples reveal concentrations 
and carriers of trace elements such as I, Ba, Br, Cl, Ca and K. 
Even if Turner et al [EPSL 12 (1971) 19] proved that a lunar 
basalt had a reduced discordance after removal of mesostasis 
by hand-picking, few studies on terrestrial samples realized 
that carrier phases out of diffusive equilibrium can have 
different ages [Onstott et al, Chem. Geol. 90 (1990) 145], as 
38Ar and 37Ar as fingerprints of the chemically heterogeneous 
mineral generations are not taken into account by age spectra 
alone. 

The potential of halogen-derived 128Xe and 38Ar lies in the 
detection of heterochemical phases, which nowadays can be 
identified with imaging techniques (CL, BSE, EPMA). This 
forces the conclusion that discordance in K-Ar, just as in U-Pb 
and I-Xe, is due to mixed mineral generations [Hanchar & 
Villa, this session]. Indeed, intracrystalline age gradients in 
monomineralic samples give concordant age spectra [Hodges 
et al, Geology 22 (1994) 55]. Mixed mineral generations are 
typical in retrogressed rocks, in which replacement reactions 
resulted in petrologic disequilibrium unaccompanied by 
diffusive re-equilibration. Element maps can quantify their 
characteristic patchy textures. Mineral chronometers (micas, 
amphiboles, K-feldspar) showing secondary reactions also 
show Ca/Cl/K signatures that correlate with step ages. 
Correlation plots linked to EPMA successfully unravel ages of 
each mineral generation. 
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Pegmatites have been traditionnaly considered as the result 

of a strong fractionation of a granitic magma. Yet, pegmatite 
fields are not systematically found at a close distance of 
granitic bodies. Following this observation, an alternative 
model suggests that pegmatitic magma may be produced by 
low degree of partial melting of an enriched source. 

Mica holds great interest as a mineralogical indicator 
particularly in granitic and pegmatitic systems. Micas are 
ubiquitous as they play an important role during melting of 
cruystal sources and are present in both granite and pegmatite. 
Micas also consititute important repositories for major, trace 
and minor elements that do not enter into quartz and feldpars. 
In that sense micas coomposition constitute an  interesting tool 
to unravel the connection between source granite and 
pegmatite. In order to do so, the partitioning between micas 
and melt during partial melting and during magma 
crystallisation needs to be constrained. Using experimental 
approaches we constrained the behaviour of trace elements in 
micas, mostly focusing on the behaviour of Li, from source 
melting to crystallising magma. 

Partial melting experiments have been performed using 
muscovite rich (orthogneiss) and biotite-rich (paragneiss) 
sources at temperatures between 750 and 900 °C under both 
fluid-absent and fluid-present conditions for varying X(H2O) 
(H2O/(H2O+CO2)) and under controlled f(O2). Crystallisation 
experiments have been lead using two starting materials: a 
two-mica leucogranite and a Li-rich leucogranite; 
crystallisation temperatures ranged between 620 and 700 °C 
under variable f(O2) and variable X(H2O). 

Experimental products have been analysed and compared 
to a natural example of granite and pegmatite: the St Sylvestre 
leucogranitic Complex which is the host of the Mont 
d’Ambazac pegmatite field in the Western French Massif 
Central. Results show that highest concentration observed in 
pegmatite can hardly be obtained from fractionation of a 
granitic magma. A particularly enriched source seems required 
as well as a low degree of partial melting. 
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Can plastic deformation occur at crustal levels and form 
strained olivine in volcanic rocks? This is matter of debate and 
currently poorly constrained, although deformed olivine is 
abundant in volcanic rocks from various geodynamic settings. 
Magmatic deformation of olivine has been mostly ignored in 
favour of an upper mantle origin, but the petrological, 
chemical, and microstructural evidence keep driving the 
discussion towards the magmatic origin. 

To approach the topic, we present coupled geochemical, 
microXRD, and EBSD results for olivines in lavas from 
various localities of the Chilean Southern Volcanic Zone: 
Copahue, Callaqui, and Villarica volcanoes; and the Caburgua-
Huelemolle eruptive centers. These volcanic edifices lie above 
the Liquiñe-Ofqui Fault Zone, a major intra-arc dextral strike-
slip fault system that controls most volcanic activity in 
southern Chile. 

The studied lava samples contain up to 20 vol% olivine, 5-
20% of which are deformed crystals presenting undulose 
extinction, deformation bands, or rectangular subgrains. They 
have XRD patterns showing streaks or asterism (both 
attributed to strain), which give FWHMChi values up to 6º (<1º 
for undeformed grains). The core Fo content of all olivines 
varies strongly (Fo46-85), but no grains with Fo>85 have been 
found. This, coupled with their relative high CaO (>0.10 wt%) 
and low NiO (<0.20 wt%) content, supports the hypothesis of a 
magmatic origin (as opposed to mantle origin). This is further 
supported by the EBSD data: misorientations of 1-10º between 
subgrains imply significant rotation of sub-domains as a result 
of plastic deformation, but too low to be related to mantle 
flow.  

We propose two models: (1) Olivine was de facto 
deformed in the magma plumbing system; (2) Some, if not all 
deformed crystals derived from the upper mantle where they 
experienced plastic deformation, followed by extensive 
chemical reequilibration during storage in the crust but slower 
dislocation recovery at magmatic temperatures. Modeling of 
timing of chemical reequilibration versus timing of dislocation 
recovery will aid in discriminating between the two models. 
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Barite-rich solid solitions are assumed to play an important 

role in controlling Ra(aq) concentrations in various 
geochemical scenarios. This study is concerned with the effect 
of Sr on the retention of Ra. Effects of mixing in ternary 
(Ba,Sr,Ra)SO4 solid solutions were investigated with the aid of 
first principles based atomistic simulations.  The regular 
mixing interaction parameters increase from WBaRa = 2.4 to 
WBaSr = 8.4 and WSrRa = 20.0 kJ/mol [1]. Deviations from 
regular mixing in binary and ternary solid solutions were 
investigated with a generalized Ising model using the Monte 
Carlo method, and with the aid of ternary quasi-random 
structures. Small negative deviations in the excess enthalpy 
affect predominantly intermediate compositions at which 
ternary solid solutions are not stable. Therefore, the phase 
relations can be reliably modelled without introducing a 
ternary mixing parameter. The ternary solution decomposes at 
ambient temperatures into a nearly pure celestine and a 
(Ba,Ra)SO4 phase of variable composition. Our 
thermodynamic calculations with the GEM-Selector code 
showed that the mole fraction of RaSO4 in this phase could 
increase dramatically at high Sr/Ba ratios, even when the total 
amount of Ra in the system is small. This prediction is entirely 
consistent with our experimental data on re-crystallization of 
celestine in the presence of trace amounts of Ba and Ra. Our 
SEM-EDX investigation showed the formation of a tiny 
amount of idiomorphic crystals on the surface of celestine, 
which are simultaneously rich in Ba and Ra. These crystals 
remained stable for more than 200 days. As the activity of Ra2+ 
in the aqueous phase is linked to the large mole fraction of 
RaSO4 in the solid, it remains relatively high in a Sr-rich 
system. This negative effect on Ra retention is compensated, 
however, by a higher activity of the SO4

2- ion caused by a 
larger content of SrSO4 in the solid solution. 
 
[1] Vinograd et al. (2013) GCA.122, 398–417. 
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In the giant impact theory for lunar origin, the Moon forms 

from a circumterrestrial disk of silicate debris produced by the 
collision of a planetary-sized impactor with the early Earth [1].  
Recent accretion models [2] suggest that the final 10-60% of 
the lunar mass may be provided by the accretion of melt 
material spreading outward from the inner (Roche-interior) 
disk over the first ~102 years following the giant impact.  The 
chemical and thermal evolution of the inner disk material is 
thus expected to strongly influence the bulk chemical 
composition of the Moon. 

In a previous study [3] we explored the chemistry of the 
melt+vapor protolunar disk in order to examine the vapor 
pressure of the silicate magma and the chemistry of the 
protolunar disk atmosphere.  Here we combine a chemical 
model for the disk with lunar accretion simulations [2] and a 
thermal evolution model [4] in order to explore the chemistry 
of the accreting lunar material and implications for the bulk 
lunar composition.  A chemical equilibrium code [3] [5] [6] is 
used to determine the partial pressure of each species in 
equilibrium with a BSE-composition melt.  These vapor 
pressure results, along with the bulk elemental inventory of the 
disk, are used to estimate the relative fraction of each element 
in the melt vs. vapor phase as a function of the mass surface 
density and temperature of the disk. 

The coupled chemistry + lunar accretion + thermal model 
suggests that the temperature of the melt in the inner disk 
remains above estimated 50% condensation temperatures for 
the volatile elements Zn, Na, and K until the Moon has nearly 
completed its accretion [7].  We thus expect the portion of the 
lunar material derived from the inner disk to be depleted in 
these and similarly volatile elements, even in the absence of 
thermal escape. 
 
[1] Canup, R.M. (2004) ARAA 42, 41; [2] Salmon, J. & Canup, 
R. (2012) ApJ 760; [3] Visscher, C. & Fegley B., Jr. (2013) 
ApJL 757, L12; [4] Ward, W.R. (2012) ApJ 744, 140; [5] 
Schaefer, L. & Fegley, B., Jr. (2004) Icarus 169, 216; [6] 
Schaefer, L. & Fegley, B., Jr. (2012) ApJ 755, 41;  [7] Canup, 
R.M. et al. (2015) LPSC XLVI, 2304. 
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The biogeochemistry of mineral precipitation and 

dissolution is one of the most studied geomicrobiological 
processes. Baas Becking investigated details of this process 
over eight decades ago, but many principles remain elusive 
today. In recent years, several new approaches in 
biomineralization research have shed some new light; novel 
techniques include a plethora of molecular biological, 
analytical chemical and physical as well as microscopic 
methods. Systems under investigation range in scale from 
nanometer and millisecond for mineral nucleation to kilometer 
and millennia to epochs (and longer) for system development 
and preservation in the rock record. 

Here I review a few such approaches: some that are 
particularly unusual, for example, the use of geographic 
information systems (GIS) to understand geomicrobial 
processes on a biofilm scale; molecular observations using 
technologies developed for medical applications to estimate 
microbial contributions to diagenetic processes; or classic 
sedimentological techniques that build on potential 
mechanisms of mineral precipitation, often using 
multidisciplinary expertise. This review will focus on research 
carried out in organosedimentary systems called microbial 
mats. These sediment ecosystems are of particular interest as 
similarities in their meso-fabric in contemporary mats and 
those found in the rock record suggest a potential link between 
the earliest evidence of life and that present in certain 
contemporary, often “extreme” environments. In fact, some of 
these “extreme” environments may harbor geomicrobial 
ecosystems that represent the best analogs for Precambrian life 
known to date. Needless to say, it is critical to link 
multifaceted approaches to well-defined questions that address 
mineral precipitation and biomineralization in extant systems 
in an attempt to link the present to the past. 
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The application of nanoscale zero-valent iron (nZVI) is a 

fast developing alternative for environmental remediation [1]. 
However, detailed research on the behaviour of nZVI particles 
in soils is necessary for evaluating their efficiency and 
stability, especially in multi-element contaminated areas. 
Moreover, chemical stabilisation lower the risk of the 
metal(loid) uptake by plants. In this context, the processes at 
the soil-root interface (i.e., in the rhizosphere) significantly 
affect the behaviour of both the amendment and potential 
contaminants through the interaction with organic acids [2]. 

The study is focused on the investigation of nZVI effects 
on the mobility of metals when used in a contaminated soil and 
on the basic characteristics of the soil. The objective was to 
assess the stabilisation of metals particularly under simulated 
rhizosphere conditions by using various 
experimental/extraction methods. 

Particles of nZVI were mixed with the soil (1 wt.%) and 
left to equilibrate for 1 month at about 70% water holding 
capacity. A set of extraction methods was applied, including 
0.43 M HNO3, Milli-Q H2O, CaCl2, NaNO3 and “RHIZO” 
solution (a mix of acetic, lactic, citric, malic and formic acids 
simulating root exudates; [3]). 

The addition of nZVI increased the soil pH. A significant 
decrease in Zn concentration was observed upon the H2O 
extraction, while higher leachability of Pb was determined 
compared to non-amended soil. Upon contact with “RHIZO” 
solution the presence of nZVI significantly decreased the Zn 
and Pb concentrations. Positive effect of nZVI on the metal 
stabilisation is expected in the presence of root exudates.  
 
[1] Tosco et al. (2014) J. Clean. Prod. 77, 10-21. [2] Vítková 
et al. (2015) J. Hazard. Mater. 293, 7-14. [3] Feng et al. 
(2005) Chemosphere 59, 939-949. 
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The Chepelare shear zone is squeezed between the 

migmatic gneisses of the Arda lithotectonic unit. The zone 
includes different lithologies, that preserve high-pressure 
granulite facies mineral assemblages, interpreted as late 
metamorphic overprint products, after UHP metamorphism, 
during the Late Jurassic time. 

Mesocratic carbonate-free rocks with big garnet 
porphyroblasts (up to 1.5 cm) form a distinct (1-2 m-thick) 
level close to the southern part of the Marble quarry. The 
medium-grained homogeneous matrix of diopside-K-feldspar-
plagioclase(An62-98)-quartz is locally replaced by coarse-
grained parts with big garnet porphyroblasts that intergrowth 
with K-feldspar and diopside ± late amphibole. Garnet 
porphyroblasts often occur as clusters of smaller hypidioblastic 
grains with almandine-grossular dominated composition and 
strong variation of all compounds (Alm38-62, Grs22-48, Pyr4-10, 
Sps5-13). This variation is due to grossular content change at 
plagioclase breakdown and marks two garnet generations. K-
feldspar is Ab-rich (up to 12 mol%) and the amphibole from 
the intergrows refers to ferropargasite. Late fine-grained bands 
of chloritized biotite, margarite, K-feldspar, albite and 
deformed matrix minerals are extended at small angle towards 
the matrix foliation, and bend along the porphyroblasts. The 
accessory minerals comprise big titanite, epidote, allanite, 
zircon, apatite and pyrite. The observed variations in mineral 
composition and grain sizes reflect successively changed P-T 
and fluid regime conditions. 

The peak mineral assemblage of porphyroblastic garnet, 
clinopyroxene and K-feldspar was formed beyond the 
plagioclase stability field. The expense of plagioclase could 
explain the formation of grossular enriched garnet and high 
XAb in K-feldspar. At 1 GPa, the garnet-clinopyroxene 
thermometer [1] yields temperatures ranging from 740°C to 
810°С, which are similar to those obtained from Zr-in-titanite 
thermometry 730-820°С [2] 

The examined mineral assemblage of garnet-diopside-K-
feldspar marks high-pressure granulite facies, and it appears 
after another “dry” assemblage of plagioclase-diopside-K-
feldspar. 
 
[1] Krough Ravna (2000) JMG 18, 211-219. [2] Heyden et al. 
(2008) Contrib. Mineral. Petrol. 155, 529-540. 
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Elevated fluoride (F-) concentrations, from past activities 
including recycling of cryolite-containing materials, were 
found in the shallow alluvial aquifer beneath a former 
aluminum manufacturing facility located next to a large river 
in the northwestern United States. Extensive field and 
laboratory investigations, including subsurface stratigraphy, 
hydraulic testing, aquifer mineralogy, and hydrochemistry, 
provided the basis for developing a conceptual model for F- in 
groundwater and parametrizing a 3-dimensional reactive 
transport model using PHAST to assess the viability of natural 
attenuation for long-term protection of ground and surface 
water quality. Pre-conditioning simulations were performed to 
generate spatially distributed dissolved, adsorbed, and solid-
phase F- concentrations reflecting present-day conditions, and 
used as starting condition for predictive simulations to evaluate 
effectiveness of remedial alternatives. Long-term (2,000 year) 
simulation results indicate that fluorite and fluorapatite 
precipitation, sustained by dissolution of detrital calcic 
plagioclase in the sediments and sodium-calcium cation 
exchange on clays, and F- adsorption on aluminosilicate clays, 
effectively arrest the movement of F- in groundwater 
downgradient of source areas, resulting in an essentially 
immobile groundwater plume. Reactive transport modeling 
quantitatively demonstrated the effectiveness of natural 
processes in regulating F- concentrations in groundwater and 
provides support for continued protectiveness of surface water 
quality. 
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What is "metrology" and how is it important for isotope 

amount ratio measurements?  
While there are multiple types of metrology, the focus here 

will be on scientific or fundamental metrology. Scientific  
metrology is concerned with the definition of units of 
measurement, how those units of measurement are realized in 
practice and how the measurements can be linked and made 
traceable back to isotopic reference materials (iRMs) and 
ultimately the SI. In other words, it is the science that seeks to 
ensure that when an isotopically homogeneous sample is sent 
to different labs, they all report the same value for the analyte 
of interest, within their own stated uncertainty. Unfortunately, 
such an ideal scenario is often not the case, making it difficult 
if not impossible to compare highly precise but inaccurate 
isotopic data from one study or lab with similar data from 
another. 

The most direct traceability link available to research and 
bench scientists is the use of internationally recognized iRMs. 
All raw measured isotope amount ratios (hereafter referred to 
as isotope ratios) are biased during measurement or separation 
by amounts ranging from 0.1 % to as high as 10 %. As our 
ability to discern smaller and smaller isotope ratio differences 
increases, so must our ability to ensure comparable levels of 
accuracy in those measurements. 

This presentation will focus on recent advances in 
producing calibrated (absolute) isotopic ratios that are 
traceable to the SI and have levels of uncertainty lower than 
those possible using the "Atomic Weights" approach. These 
improvements are an outgrowth of techniques developed for 
absolute Si molar mass measurements of high purity silicon 
enriched in 28Si that supported an international effort to 
redefine the kilogram in terms of the Planck constant. 
Examples of the impact of these novel approaches for other Si 
iRMs will be presented. The extention and application of these 
novel approaches to other isotopic systems will be discussed.  
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Analysis of carbonaceous aerosols by elemental and 

organic carbon (EC/OC) analyzer can provide additional 
information in the form of OC fractions. These may improve 
characterization of organic aerosol [1].  

We compared two sets of PM1 aerosol data – summer (22.-
26.6. and 13.-31.7.2012) and winter (12.-29.1.2013) – 
measured at a Prague urban background site (50°7′36.47″N, 
14°23′5.51″E, 277 m ASL). We wanted to determine whether 
the OC fractions from EC/OC analyzer can indirectly provide 
also information on the chemical composition or in other 
respects improve aerosol characterisation. In addition to EC 
and OC, also concentrations of pyrolytic carbon (PC), OC 
fractions (temperature ranges – OC1: <200°C, OC2: 200-
300°C, OC3: 300-450°C and OC4: 450-650°C) and their share 
in organic aerosol (OCx/OC) were studied.  The study 
involved following data obtained by the Aerodyne aerosol 
mass spectrometer (AMS): Total organic mass (Org) and 
characteristic organic aerosol fragments m/z 43 (Org43), 44, 
57 and 60 and their share in organic mass named as f43 
(Org43/Org), f44, f57, f60. Furthermore, meteorology, trace 
gases concentrations, and resulting factors from ME-2 
(multilinear engine) PMF analyses of AMS organic aerosol 
were used in this comparison. 

We observed very low or insignificant correlations 
between specific OCx/OC and AMS fractions in summer. 
However, during winter we observed correlations that can 
associate individual OC fractions with different sources. Most 
volatile OC1/OC fraction correlated positively with f57 (0.46), 
f60 (0.35) and with wood burning org. aerosol factor (0.42), 
while anti-correlations were observed with f44 (-0.54) and O3 
(-0.36). Conversely, OC3/OC correlated with f44 (0.41) and O3 
(0.57) and anti-correlated with f43 (-0.45), SO2 (-0.42), CO (-
0.72), which indicated that it is a kind of oxidized background 
aerosol. Share of PC correlated with f43 (0.41), SO2 (0.52) and 
CO (0.63) which suggested it is a part of the carbonaceous 
aerosols associated with combustion. 

 
[1] Vodička et al. (2015), Sci. Total Environ., 518-519, 424-
433. Ack: CSF P209/11/1342. EU H2020: 654109 
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The oxidation of dissolved Fe(II) by O2 in water induces 
the precipitation of nanoparticulate Fe(III)-precipitates that 
profoundly impact the fate of co-transformed major and trace 
elements. Initially motivated by studies on As removal from 
groundwater and As dynamics in paddy fields, we started to 
investigate how phosphate, silicate and Ca affect the formation 
and structure of Fe(III)-precipitates [1-4]. 

Our results show that Fe(III)-precipitates formed by Fe(II) 
oxidation in near-neutral water over a wide range of conditions 
relevant for natural water resources can be described as 
mixtures of three types of precipitates (whose exact 
composition and structure itself depends on formation 
conditions): (i) amorphous (Ca-)Fe(III)-phosphate, (ii) poorly 
crystalline lepidocrocite, and (iii) ferrihydrite-type precipitates. 
During Fe(II) oxidation, only (Ca-)Fe(III)-phosphate 
precipitates as long as dissolved phosphate is present in 
solution. If the initial Fe(II) concentration is high enough to 
deplete dissolved phosphate, (Ca-)Fe(III)-phosphate formation 
is followed by the precipitation of ferrihydrite-type precipitates 
in silicate-containing solutions or poorly crystalline 
lepidocrocite in silicate-free solutions. In closed systems in 
which dissolved Fe(II) is completely oxidized, this 
precipitation sequence leads to the formation of nanoscale 
Fe(III)-precipitate particles whose heterogeneous internal 
composition and structure reflect the sequential formation of 
different precipitate types. This intra-particle heterogeneity 
should be taken into account when assessing the structure of 
Fe(III)-precipitates using bulk techniques, but also when 
investigating the reactivity of Fe(III)-precipitates and their 
impact on trace elements. 

These findings contribute to a better understanding of the 
effect of water chemistry on the structure and reactivity of 
Fe(III)-precipitates and serve as a basis for future work on the 
impact of Fe oxidation products on nutrient and contaminant 
dynamics at environmental redox interfaces and their effective 
use in water treatment or remediation. 

 
[1] Voegelin et al., Geochim. Cosmochim. Acta 74: 164, 2010. 
[2] Kaegi et al., Geochim. Cosmochim. Acta 74: 5798, 2010. 
[3] Voegelin et al., Geochim. Cosmochim. Acta 117: 216, 
2013. [4] Senn et al., in review. 
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The mobility of rare earth elements (REE) in natural 
aqueous solutions is of increasing interest due to their 
application in numerous high-tech and renewable energy 
technologies (e.g., wind turbines, electric vehicles) [1], as well 
as their critical role as tracers in Earth Sciences. Data for basic 
thermodynamic parameters for water-rock interactions are, 
however, sparse and partially inconsistent (e.g., [2]), even for 
carbonate minerals of the bastnasite group (REE(CO3)(OH,F)), 
which currently represent the most exploited REE ore [1]. 
Therefore, experiments were carried out to quantify these 
parameters. 

Pure hexagonal hydroxylbastnasite (REE(CO3)(OH)) was 
synthesized at hydrothermal conditions ([3]) and subsequently 
used as starting material for experiments in aqueous solutions. 
Closed system dissolution and precipitation experiments were 
performed in equilibrium with air (log(pCO2)=-3.34(1)) as well 
as with fixed amounts of dissolved inorganic carbon. Reaction 
progress was followed by measuring pH, and REE 
concentrations were quantified by ICP-MS at regular intervals.  

Experiments at 25 °C and selected concentrations of HCl 
and NaOH were run for up to 1.5 months until steady-state pH 
and Nd was observable.  The results from closed system 
experiments suggest that the solubility product (KSP) for 
hydroxylbastnasite-Nd (HB-Nd), corresponding to the reaction 
Nd(CO3)(OH)(HB-Nd) = Nd3+ + CO3

2- + OH-, has a value of 
log(KSP)= -23.83(40) at 25 °C. 
 
[1] Jordens et al. (2013), Miner. Eng. 41, 97-114. [2] Cetiner et 
al. (2005), Chem. Geol. 217, 147-169. [3] Vallina et al. (2014), 
Mineral. Mag. 78(6), 1391-1397. 
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Since the development of MC-ICPMS, transition metal 

isotopes have been widely used to characterize redox-driven 
processes in various processes, from the adsorption on organic 
and inorganic molecules in soils (Fe chelation on organic acids 
and siderophores, [1], Tl adsorption on ferromanganese or clay 
minerals [2]) to the study of sediments deposited during major 
anoxic events (U and Mo fractionation in black shales vs Mn 
crusts, [3], [4]).  

The objective of this study is to assess the evolution of the 
isotopic signature of several redox sensitive elements – U 
(δ238U, δ234U), Mo (δ97Mo) and Tl (ε205Tl) – in various U-ore 
deposits to evaluate the effects of temperature, crystal 
chemistry and Eh on isotopic fractionation. Uranium-ore 
samples from various deposit types (unconformity related, low 
temperature vein deposits) and temperature-driven ones 
(magmatic and volcanic related deposits) were examined.  

For deposits reflecting a variety of  redox conditions, 
δ97Mo and ε205Tl cover a wide range of isotopic compositions 
(δ97Mo from -17 to +6‰, ε205Tl from -17 to +9 ε-units). 
However, both δ97Mo and ε205Tl show negative and positive 
correlation, respectively, with δ238U, in agreement with the 
expected variations in fractionation from redox-controlled 
processes [5]. In contrast, deposits that reflect primarily 
differences in temperature of formation show no correlation 
among Mo or Tl isotopes and δ238U.  

Redox processes, including crystal chemistry to some 
degree, are thus the main drivers for δ97Mo, ε205Tl  and δ238U 
fractionation in U-ore deposits.  

 
[1] Brantley, S.L., et al. (2001) Geology 29, 535-538. [2] 
Nielsen, S. and Rehkämper, M. (2012) Handbook of Env Iso 
Geochem, 247-269. [3] Anbar, A.D. (2004) Rev Min Geochem 
55, 429-454. [4] Weyer, S., et al. (2008) Geochim Cosmochim 
Ac 72, 345-359. [5] Bigeleisen, J. (1996) J Am Chem Soc 118, 
3676-3680. 
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Eucrites are meteorites with basaltic compositions and 
textures that derive from the crust of a small differentiated 
asteroid, most probably 4-Vesta (e.g., [1]). These meteorites 
are generally assumed to be dry, because clear evidence for 
hydrous minerals such as in chondrites is lacking. However, 
evidence for fluid-mineral interactions in eucrites are difficult 
to discern. Petrographic observations indicate that Fe 
enrichment zones and fayalitic olivine veins crosscutting 
pyroxenes may be due to metasomatic overprints, but this is 
controversial [1-3]. Here we present SEM-EBSD and FIB-
TEM analyses of minerals in the eucrites Pasamonte and 
Juvinas in order to distinguish contrasting hypotheses. 
Although the origin of Pasamonte from 4-Vesta is still 
controversial [1], it may still serve as an analogue for 
processes on small asteroids. In case of a melt injection we 
may see a change in orientation across interfaces due to 
equilibration of the host with the melt. In contrast, a 
metasomatic or hydrous agent would not influence crystal 
orientations and contacts should be very sharp [4]. 

In EBSD patterns across Fe enrichment veins in pyroxenes 
of Pasamonte and Juvinas, the orientation of the host diopside 
is the same on either side of the vein. The same holds true for 
textural interfaces over fayalitic olivine – diopside veins in 
Juvinas. These sharp interfaces are even more compellingly 
demonstrated by nm-resolution STEM-EDX spectrum images 
over a diopside – olivine boundary in Pasamonte using an 
aberration-corrected FEI Titan G2 S/TEM. These extremely 
sharp contacts between the olivine vein and the diopside host 
in orientation maps and by FIB-TEM could therefore support 
the fluid-mineral interaction model. The main source of fluid 
was probably a nearby mass of volatile-rich carbonaceous 
chondrite matter that hit the asteroid at low enough velocity to 
remain mostly intact [3]. 
 
Acknowledgements: We thank T. McCoy and the Smithsonian 
meteorite curation facility for Juvinas section 439-2. 
 
[1] Barrat, J.A. et al. (2011), GCA 75, 3839. [2] Roszjar J. et 
al. (2011), MAPS 46 (11), 1754. [3] Warren, P. H. et al. 
(2014), GCA 141, 199. [4] Putnis A. (2009), in: RiM&G 30, 
87. 
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Liquid water and other volatile compounds like CH4, CO2, 
and O2 are playing key roles in planetary plate tectonics, 
regulation of surface temperatures, and continental erosion and 
weathering which are crucial for the origin and evolution of 
life. The only planet that we know of, that provides conditions 
to generate and sustain life, is the Earth. However, it is is still 
poorly understood how the rocky planets in our inner solar 
system acquired their volatile element budget including water. 

To constrain the origin and addition of moderately to 
highly volatile components to the rocky planets of the inner 
solar system we studied the variation of the isotopes of the 
moderately to highly volatile, chalcophile, and siderophile 
element Se and its abundance in meteorites as well as 
terrestrial and lunar materials. The Earth and the Moon are 
depleted in volatiles compared to CI chondrites, either due to 
the loss by outgassing during different stages of their 
formation or due to an incomplete accretion of solar nebular 
material. While evidence from isotope abundances argues for a 
dry accretion of the Earth and later replenishment of volatiles 
(“Late Veneer”), the Moon is supposed to have lost volatiles 
by outgassing after core formation. 

The δ82/76Se of several classes of meteorites is identical 
within the measurement uncertainty with a mean of -0.17 ± 
0.52‰, pointing to a quantitative condensation of Se from the 
solar nebular and/or the absence of any significant Se isotope 
frationation during this process. The Earth`s mantle has a 
δ82/76Se of 0.20 ± 0.43 ‰ and is therefore indistinguishable 
from the meteorite data. This could be explained by i) the 
absence of significant isotope fractionation during the 
segregation of Se into the core or ii) an overprint of the δ82/76Se 
mantle signature by Late Veneer material. We will also present 
the first δ82/76Se data of lunar mare basalts and soils which will 
be used to contribute to the understanding of lunar evaporation 
and condensation processes. 
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The first precise multicollector ICP-MS measurements in 

human blood [1] disclosed mass-dependent fractionation of 
several permil in the 56Fe/54Fe ratio between the human diet 
and the principle iron stores of the human body. I review the 
insight this potential biomarker has provided since then. 

A prerequisite for using isotope effects as a biomarker of 
human iron metabolism is the characterisation of the human 
diet. In a survey of the typical middle European “food basket” 
we found that vegetables fall within the range typical of 
strategy I plants (those plants that reduce iron in soils: −0.1 to 
−1.4‰ in δ56Fe), crop products and processed crop foods 
within the range typical of strategy II plants (those plants that 
complex Fe(III) in soils: −0.6 to +0.4‰), and animal products 
within the 54Fe-enriched range known for animal tissue and 
blood (−1.1 to −2.7‰). The representative composition of 
European vegetarian diet is −0.45‰, whereas that of 
omnivores is −0.82‰ for δ56Fe [2]. 

The light iron found in human blood results from 
incomplete uptake in the intestine, that presumably entails a 
reduction step with a reduction in δ56Fe  by -1.3 to- 2.3‰ [1] 
[3]. The extent of fractionation is emerging as a potential 
biomarker for uptake efficiency [4] [5]. After intestinal uptake, 
freshly absorbed iron is loaded onto transferrin and transported 
within the blood plasma to various organs and tissues. The 
measurement of Fe isotopes in blood plasma [6] is now 
shedding insight into the accompanying isotope effects when 
transferrin, the molecule transporting iron in plasma, transfers 
circulating iron into the bone marrow for erythropoiesis [7]. 
Finally, iron isotopes are emerging as indicators of iron 
shuttling in and out of body iron stores such as the liver [8]. 
This impressive detail provides an account of the development 
of a potentially very versatile biomarker.  

 
[1] Walczyk, T. & von Blanckenburg, F., Science 295, (2002) 
[2] von Blanckenburg, F. et al, J.Agric.Food Chem 61 (2013) 
[3] Jaouen, K. et al, EPSL 374 (2013) [4] Hotz, K. & Walczyk, 
T. J Biol Inorg Chem 18 (2013) [5] Van Heghe, L. et al., 
Metallomics 5 (2013) [6] von Blanckenburg, F. et al., 
Metallomics 6 (2014) [7] Albarède, F. et al., Metallomics 3 
(2011) [8] Hotz, K. et al, J. Biol. Inorg. Chem. 17 (2012) 
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Throughout the Quaternary, biogeochemical cycles at the 
Earth surface responded to large oscillations in temperature 
and precipitation. Such changes are recorded in sedimentary 
records and radiogenic isotope mass balances [1] [2]. In 
contrast, climate models combined with the dependence of 
silicate weathering rates on modern climate indicate minimal 
change in global weathering rates [3]. To resolve the extent to 
which the supply of dissolved elements to oceans was altered 
by glacial-interglacial oscillations, we present a new 
weathering proxy [4] that uses the ratio of cosmogenic 
beryllium-10, produced in the atmosphere, to the stable isotope 
beryllium-9, introduced into the oceans by the riverine silicate 
weathering flux. Using sedimentary Be records previously 
used for reconstructing changes in Earth’s magnetic field 
strength, we show that over multiple glacial-interglacial cycles, 
and over the last 2 Myr, shifts in global silicate weathering 
inputs are not detectable. Combining climate model 
simulations of the Last Glacial Maximum [5] with a new 
model for silicate weathering [6], we show how large regional 
variability in runoff between glacial and interglacial periods 
was insufficient to shift global weathering fluxes into the 
oceans. The observed and modeled stability explains why 
removal of atmospheric CO2 by silicate weathering has been 
balanced to within 2% of net CO2 degassing over the last 600 
kyr [7]. 

 
[1] Vance, D., et al. Nature 458 (2009). [2] Gourlan, A. T. et 
al., Quat. Sci. Rev. 29 (2010). [3] Munhoven, G. Global 
Planet. Change 33 (2002). [4] von Blanckenburg, F. & 
Bouchez, J. EPSL 387 (2014). [5] Braconnot, P. et al. Nature 
Climate Change 2 (2012). [6] Maher, K. & Chamberlain, C. P., 
Science 343 (2014). [7] Zeebe, R. E. & Caldeira, K., Nature 
Geosc. 1, (2008). 
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The detection of engineered CeO2-nanoparticles (NPs) in 

water, soils and sediments is very challenging due to the low 
concentrations of emitted CeO2-NP and the comparatively high 
background of Ce-containing minerals of similar size range. 
We here present different analytical methods, based on colloid 
extraction followed by  Field-Flow Fractionation (FFF) and 
single particle SP-ICP-MS analysis, for identification and 
quantification of engineered CeO2-NPs. Ce is evenly 
distributed over the size range of natural colloids. We found 
the 2:1 ratio of Ce:La to be present also in the colloidal size 
range. This elemental ratio can be utilised to distinguish 
natural Ce-NPs (ratio:2) from engineered (ratio 500 – 5000). 
SP-ICPMS offers the inspection of individual NPs for their Ce 
content. As long as Ce is not highly concentrated in particles < 
1 µm the SP-ICPMS pulse signals remain below the detection 
limit. In contrast, engineered CeO2-NPs > 30 nm appear as a 
spike and can be used to determine the concentration as well as 
the size of the CeO2-NPs. Our hypothesis was tested on CeO2-
NP-spiked natural colloid suspensions as well as colloidal 
extracts of a natural soil spiked with CeO2-NPs. With our 
current single-isotope method in sp-ICP-MS we are able to 
detect the addition of 5% Ce-NPs compared to the background 
concentration in all types of samples. Multiple isotope 
techniques extend our method by enabling the use of elemental 
ratios on single particle level and improving the detection 
limits considerably. 

3287



 Goldschmidt2015 Abstracts  

 3288 

High-precision zircon U-Pb dates 
obtained using new 1013 Ohm resistor 

current amplifiers by TIMS 
A. VON QUADT1*, Y. BURET1, S. LARGE1, A. TRINQUIER2 

AND I. PEYTCHEVA13 

1Department of Earth Sciences, Institute of Geochemistry and 
Petrology, ETH Zurich, Switzerland  
(*email: vonquadt@erdw.ethz.ch) 

2Thermo Fisher Scientific, Bremen, Germany 
3Bulgarian Academy of Science, Geological Institute, Sofia, 

Bulgaria. 
 

We tested the accuracy and precision of measuring small U 
and Pb ion beams on newly available 1013 Ohm resistors by 
Thermal Ionisation Mass Spectrometry (TIMS). The 
TritonPlus-RPQ at the IGP institute (ETH Zurich) is equipped 
with five new 1013 Ohm resistor current amplifiers to measure 
the 202-205-206-207-208Pb masses and one MasCom multiplier to 
measure the 204Pb in static multiple collection mode. After Pb 
analysis, and further heating of the same load, the 265-267-270UO2 
masses were also measured in static multiple collection mode, 
using three 1013 Ohm resistor current amplifiers. During 
analyses the vacuum of the TritonPlus-RPQ show values of 2.3 
x 10-8 (source), 1.9 x 10-9 (analyser) and 5 x 10-4 (fore 
vacuum). The gain calibration of the 1013 Ohm resistor current 
amplifiers was performed using the procedure after [1], with 
144Nd-146Nd being connected to 1011 Ohm resistor current 
amplifiers and 142-143-145-148-150Nd being connected to 1013 Ohm 
resistor current amplifiers [1] [2]. Standard deviations of the 
noise in all five new 1013 Ohm resistor current amplifiers were 
between 3.1 and 3.4 x 10-6 volts over a 10h period, with no 
shift occurring over this time.  

To test the new equipment, we selected the GJ1 zircon 
(600 Ma), two new standard zircons (38 Ma, 2.3 Ma) [3] and 
one synthetic solution (100 Ma, see www.earth-time.org) for 
our first application. All zircon samples were chemically 
abraded following the procedure of [4] and spiked with the 
ET2535 tracer solution and the obtained Pb and U 
measurements (static mode) were compared with the 
commonly used single jumping mode on the MasCom 
multiplier. This study illustrates the benefits of using high gain 
amplifiers to measure small ion beams over the more 
conventional peak-hopping techniques. 
 

 
[1] Trinquier, A. 2014 Application Note 30281. [2] Koornneef 
et al. (2014) Analytica Chimica Acta 819: 49-55. [3] Kennedy 
et al. (2014) The Canadian Mineralogist 52: 409-421. [4] 
Mattison (2005) Chemical Geology 220: 47-66. 
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Pyrite is known to attenuate dissolved arsenite, As(III), 
concentrations in anoxic environments via a surface-catalyzed 
reduction and precipitation of an “arsenopyrite-like” solid 
containing As(0) [1].  However, the exact role of the pyrite 
surface in the reduction mechanism is unknown. In this study, 
the redox behavior of As(III/V) on a pyrite microelectrode was 
described using amperometric techniques.  As(V) was found to 
be redox inactive over the Eh-pH conditions of the study.  
However, two peaks present in cyclic voltammograms for a 
pyrite μ-electrode + As(III) were ascribed to: 1) As(III) 
reduction to a surface-bound As(0) species, and 2) the reverse 
oxidation reaction.  Interestingly, As(III) redox reactions on 
pyrite occur at similar potentials to those on a platinum 
electrode, suggesting similar reaction kinetics/mechanism.  
Our results also show that the peak potential for As(III) 
reduction is pH dependent, suggesting that the reaction 
mechanism involves sorbed H+ on the pyrite surface.   

Batch reactions of pyrite with As(III) were conducted 
under a range of Eh-pH conditions.  Anodic stripping 
voltammetry and X-ray photoelectron spectroscopy (XPS) of 
the reacted pyrite confirm the presence of reduced As(0) on the 
surface of pyrite consistent with the voltammetric results.  
Thus, in this study we have linked fundamental 
electrochemical analyses  with spectroscopy of  surface redox 
products in order to better understand potential mechanism of 
As(III) reduction in anoxic envronments.   
 
[1] Bostick and Fendorf (2003) Geochimica et Cosmochimica 
Acta. 67(5): 909-921. 
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Forty-eight soil samples (DV01-48) were collected from 

the southeastern part of Drahany Upland repre-senting natural 
background and potentially contami-nated sites. All samples 
were homogenized and sieved. An X-ray fluorescence 
spectroscopy and a sequential extraction analyses (SEA) were 
used to specify amount and form of the heavy metals pre-sent. 
The lead, cuprum, arsenic and zinc were evalu-ated.  

The Index of Geoaccumulation[1] reported that the study 
area appears to be uncontaminated or moderately contaminated 
by heavy metals. The highest concentration was found in the 
soils from a military area (Pb-455 ppm; Cu-132 ppm; Zn-197 
ppm). These elevated values were presented in the soils from 
the firing line and the throw area for hand grenates, whereas 
the highest values of arsenic have been reported in the soils 
from natural background (24 ppm). 

The SEA results proved that lead and zinc are the most 
mobile in soils from a natural background, whereas the 
military area held only a residual frac-tion.  

Lead and zinc was readily mobile under reduction 
conditions of more than 50% its total content, whereas, in a 
military area, they appeared to be held as immobile from  
80% of its total content.  

Cuprum and arsenic have been held especially in residual 
fraction from 80% in natural background as well as in military 
area and they do not represent spreading these metals into the 
environment neither into the plants. 

 
[1] Turekian & Wedepohl (1965), Distributions of the 
elements in some major units of the earth‘s crust. Geol.Soc. 
Am. 175–192. 
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Biomethylation and subsequent volatilization of selenium 

(Se) provide a major natural source of atmospheric Se and 
thereby contribute to the global cycling of this essential trace 
element. Microorganisms such as microalgae may play an 
important role in the natural biomethylation and volatilization 
of Se but the underlying biochemical mechanisms that control 
the uptake and metabolism of Se as well as the volatilization of 
methylated Se compounds are still largely unknown. 

Therefore, we investigated Se methylation as a function of 
Se uptake and intracellular Se concentrations in the model 
green microalgae Chlamydomonas reinhardtii. We 
simultaneously quantified aqueous- and intracellular Se 
compounds over time in microcosm exposure experiments and 
used biochemically-based mathematical models to gain insight 
in the uptake and methylation mechanisms. 

C. reinhardtii internalized selenite a factor 10 more 
efficiently than selenate and different membrane-transporter 
systems were involved in the uptake of these Se species. Both 
exposure to selenite and selenate led to the synthesis of up to  
4 mM intracellular organo-Se compounds. Exposure to selenite 
induced a much higher uptake of Se compared to exposure to 
selenate and led to the formation of intracellular zerovalent Se 
(up to 81% of intracellular Se). Furthermore, C. reinhardtii 
produced volatile methyl-selenides (dimethyl selenide and 
dimethyl diselenide) with rates of up to 160 amole Se.cell-1.h-1, 
indicating that up to 81% of the accumulated intracellular Se 
could be volatilized. 

The kinetics of Se uptake, metabolism and methylation 
could be quantitatively described with biochemical models. 
The obtained model parameter values illustrate that 
intracellular selenate reduction may be the rate-limiting step 
for the production of methylated Se and that the methylation of 
Se as well as the formation of zerovalent Se become significant 
at intracellular Se concentrations exceeding 1 mM. Our results 
indicate that microalgae may internalize and methylate Se both 
rapidly and efficiently, which could have significant 
consequences for the environmental fate of Se and its global 
distribution at large. 
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There is the Kuznetsk Alatau Сaledonian terrane in the 
western part of the Central Asian orogenic belt. It is believed 
that its tectonic evolution took place mostly in the island-arc 
geodynamic environment and was accompanied by Early 
Paleozoic granitoid and mafic magmatism. There are many 
intrusive massifs (up to 40-60 km2) on the Eastern slope of the 
Kuznetsk Alatau within the Batenev Ridge, which are 
considered to be derivatives of a gabbro-monzodiorite 
formation. Subalkaline gabbroids, later monzodiorites, and 
monzonites are dominant in the composition of these massifs. 
They form homodrome high-K calc-alkaline magmatic series. 
Isotope U-Pb dating (SHRIMP-II) of zircons in these rocks 
that we carried out showed that these massifs were formed at ~ 
500–485 Ма. Some granitoid associations in the region have 
similar age. 

Studied rocks have similar HFSE distribution and ratio to 
island-arc basalts and just like them are characterized by Nb-
Ta and Zr-Hf spectrum minimums of subduction volcanites. 
Observed complementarity of geochemical spectrums indicates 
fractioning of melts in intermediate chambers. Unlike gabbro, 
monzonitoids are significantly enriched in Cs, Rb, Ba, U, Th, 
Sr, REE that might indicate influence of intraplate OIB-type 
magmatic source and less of continental crust. Variations in 
isotope composition of the rocks (εNd ~ +3,4…+3,9; εSr ~ 
+2…+11) suggest participation of heterogeneous matter in 
magma formation, they indicate possible mixing of mantle 
(PREMA+EM) and crust matter. Early Paleozoic granitoids 
and alkaline-mafic intrusions of the Kuznetsk Alatau have 
similar parameters, thus suggesting the same nature for 
parental magma sources at Cambrian-Ordovician stage of its 
geological evolution. The data obtained demonstrate 
possibility of gabbro-monzodiorite plutonic complexes to be 
formed under geodynamic settings where active continental 
margin was interacting with mantle plume. 

 
This study was supported by the Ministry of Education and 

Science of the Russian Federation and by the Program for 
Competitive Growth of Tomsk State University 2013–2020. 
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Among palladium tellurides there are known four minerals: 
kotulskite (PdTe), merenskyite (PdTe2), telluropalladinite 
(Pd9Te4), and keithconnite (Pd3-xTe). Pd-tellurides are 
generally found in Cu-Ni-PGE mineral deposits, associated 
with mafic and ultramafic igneous rocks. Kotulskite and 
merenskyite are the most abundant minerals of the system Pd-
Te, commonly found together among other platinum-group 
minerals and Cu-Ni-Fe sulphides. These minerals are also 
reported from porphyry copper systems, epithermal gold 
deposits or black shales. 

We have experimentally investigated palladium tellurides 
and studied the solubility of silver, tin and lead at 400°C. The 
evacuated silica tube method was applied for the purpose of 
this study. The experimental products were examined with X-
ray powder diffraction, reflected light and electron 
microscopy. The following binary phases were observed to be 
stable at 400°C: Pd13Te3, Pd20Te7, Pd7Te3, Pd9Te4, Pd3Te2, 
PdTe, and PdTe2. The mineral kotulskite (PdTe) forms an 
extensive solid solution dissolving up to 45 wt.% Pb; it can 
also dissolve up 20 wt.% Sn. Kotulskite does not dissolve Ag. 
The mineral keithconnite that we equate with the synthetic 
phase Pd20Te7 dissolves up to 3.5 wt.% Ag; it can also dissolve 
up to 9 wt.% Pb, and up to 4.6 wt.% Sn. Merenskyite (PdTe2) 
dissolves up to 4 wt.% Sn. Telluropalladinite (Pd9Te4) 
dissolves up to 4 wt.% Pb. The phase Pd13Te3 dissolves up to  
2 wt.% Ag. Lead and tin is substituted for tellurium in the 
crystal structure of palladium tellurides, whereas silver 
substitutes for palladium. 
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We report new results of magnetic tests performed on 
jaspers of the 3.25 Ga Fig Tree Group from Barb4 drill core 
(Barberton Scientific Drilling Project – South Africa). Thermal 
demagnetization of IRM (isothermal remanent magnetization), 
achieved at the University of Cergy-Pontoise in France, shows 
that our jaspers contain pyrrhotite or geigrite (Curie 
temperature (CT) is ~320°c), magnetite or maghemite (CT is 
~580°c), and more importantly hematite (CT is ~680°c). 
Demagnetization of NRM (natural remanent magnetization), 
performed at the University of Johannesburg in South Africa, 
indicates that all specimens (~60 oriented cores) have high 
NRM values (in order of 10-3 and 10-4 A/m), but only respond 
to “cleaning”, and thermal treatments below 500°c; specimen 
heating above this step results in erratic behavior, i.e., 
systematic increase, and change in plot trajectory of remanence 
values. This observation is in contrast of what one would 
expect from rocks containing hematite. It, however, seems to 
agree with results of frequency dependent MS (magnetic 
susceptibility) achieved at the Council for Geoscience at 
Pretoria in South Africa, which suggest that most hematite 
grains in our jaspers are too fine in size and magnetic domain 
(i.e., <0.03µm) to carry magnetic remanence. These grains are 
rather superparamagnetic as their MS decrease with increasing 
frequency (MS is ~2.04 x10-3, ~2.02 x10-3, and ~1.99 x10-3 for 
frequency of 976, 3904, and 15616 Hz respectively). 
Furthermore, test of temperature dependent MS, also achieved 
at the Council for Geoscience, demonstrates that the fraction of 
ferromagnetic hematite of our jaspers is not transformed to a 
new magnetite or maghemite phase as consequence of heating 
(curve peak at run ~580°c), and that new, strongly magnetized 
pyrrhotite or geigrite phase forms during subsequent cooling 
(curve peak at run ~320°c).  
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Δ47 data [1] indicate that 13C-18O clumping in carbonate 
groups of bioapatites (Ca5(PO4,CO3)3(OH,F)) may follow the 
Ghosh calibration [2] of the clumped isotope thermometer 
established for synthetic calcite. Eagle [3] used this T- Δ47 
relationship to reconstruct body temperatures of extinct 
vertebrates such as dinosaurs. 

Here we refine a previous calibration for bioapatite and 
extend the studied temperature range to 2 to 37 °C. The 
conventional acid digestion technique that is commonly used 
for clumped isotope analysis of carbonates was modified and 
the reaction temperature was raised to 110 °C. Beside of this, 
we investigated the influence of the pre-treatment of sample 
material on Δ47 data. Teeth of a greenland shark, ragged tooth 
sharks that lived under controlled conditions, crocodiles, an 
african elephant, and modern humans were analyzed for their 
clumped isotopic compositions. Distinct Δ47 values were 
determined for dentine and enamel. Finally, the calibration 
based on enamel seems to exhibit a similar temperature 
sensitivity like the T-Δ47 relationship of Wacker [4]. 

For calibration under well defined abiotic conditions, 
carbonate-bearing hydroxyapatite was synthesized at different 
temperatures (10-60 °C) following two different experimental 
approaches: (1) Mixing experiments of two different solutions 
modified after Lécuyer[5], and (2) Recrystallization of calcium 
carbonate powders in aqueous phosphate/bicarbonate bearing 
solutions containing different alkali salts. Tentative results 
indicate that the Δ47 values determined using material prepared 
after the (2) approach at 60°C support the calibration data 
obtained for the bioapatites, thereby extending the range of the 
calibration curve. We currently investigate whether A and B 
type substitution of the carbonate group has an influence on the 
Δ47 values. 
 
[1]Eagle et al. (2010), PNAS 107 ; [2]Ghosh et al. (2006), GCA 
70 ; [3]Eagle et al. (2011), Science 333; [4]Wacker et al. 
(2014), GCA 141; [5]Lécuyer et al. (2010), GCA 74. 
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The fraction of the Moon made from Earth at the time of 
the moon-forming impact and the amount of impactor it 
contains are major questions concerning the origin of the 
Earth-Moon system. Earth’s mantle and the Moon are 
distinctive in their FeO contents and some trace element ratios 
but identical in their isotopes of O, Si, W, Ti and Cr.  The latter 
observations imply that Earth and Moon are made from exactly 
the same material but the former imply the opposite. We have 
made a large number of accretionary models of the Earth using 
experimental metal-silicate partition coefficients and combined 
these with impactors of different size and oxidation state. The 
most important constraints on accretion and impact turn out to 
be the similarity of Hf/W and ε182W in Earth and Moon. We 
find that the isotopic and chemical constraints are most readily 
met if the Moon was comprised of ~95% of a more oxidized 
Earth's mantle, this being the mantle at the time of impact. The 
impactor itself was reduced and ~15% Earth mass. After 
addition of  ~15% ME of impactor, the Earth underwent a small 
amount of post-impact core formation.  

The overall process reproduces the current chemical and 
isotopic compositions of Earth and Moon. The partitioning of 
W between metal and silicate is highly dependent upon the 
mantle’s FeO content, and this means that the more oxidized 
Moon cannot have received any significant metal from either 
impactor or proto-Earth because this would have resulted in a 
lower Hf/W than in Earth’s mantle. The lower Nb/Ta ratio of 
the silicate Earth reflects a larger contribution from the 
impactor, as do the respective FeO contents.  The lower Ni and 
Co contents of the lunar mantle are, however, consistent with a 
small amount of secondary S-rich core formation in the Moon.  
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Isotopic dating of intrusions and hydrothermal alteration 
from porphyry copper deposits worldwide is rarely able to 
constrain the duration of ore formation with a resolution better 
than one million years. Zircon U/Pb dating of intrusions that 
host and cross-cut ore grade mineralization at the supergiant 
Grasberg deposit, located in Papua, Indonesia, provides a 
constraint on the maximum duration of hydrothermal fluid 
flow. Porphyry copper-type mineralization is hosted in the 
Grasberg Igneous Complex (GIC), which comprises three 
pulses of magmatism: the Dalam Phase, the Main Grasberg 
Intrusion (MGI), and the Kali Dikes. Main phase copper 
mineralization initiated following intrusion of the MGI 
(3.07±0.05 Ma, n=107) and predates the Late Kali Dike 
(2.99±0.05 Ma, n=90). Based on these ages the Grasberg 
deposit formed in less than 180 k.y, and perhaps less than  
80 k.y. The oldest intrusion dated in the Ertsberg-Grasberg 
district is the Wanagon Sill (3.43±0.07 Ma, n=52) and the 
youngest intrusion is a dike cutting the Ertsberg pluton 
(2.71±0.07 Ma, n=32). These data constrain the duration of 
magmatism in the district to less than 900k.y. 

Apatite and zircon (U-Th)/He (aHe and ZHe) ages provide 
additional insight into the low-temperature thermal history 
associated with ore formation. Samples were collected from a 
vertical profile in the Kali Dikes spanning 2 km. Near-surface 
samples cooled almost immediately following crystallization 
(3.1±0.2 Ma zHe age), whereas samples at 2 km depth cooled 
more slowly (2.1±0.3 Ma zHe age). Throughout the vertical 
profile aHe ages are less 0.6 m.y. younger than the than the 
zHe ages. Based on these ages the calculated cooling rate from 
750-180°C was 150°C/10 k.y. near the surface, 11°C/10 k.y. at 
1 km depth, and 4°C/k.y. at 2 km depth. The cooling rate from 
180-70°C was 11°C/k.y.  Collectively these results indicate 
Grasberg ore formation occurred immediately following MGI 
emplacement, was short-lived, and the system rapidly cooled. 
The high cooling rates to temperatures below 70°C at 2 km 
depth indicate the wall rock was cold and preclude the 
presence of a 2 km tall volcanic structure over the orebody. 
High cooling rates and steep thermal gradients along the edges 
of the stock would cause rapid deep-seated crystallization of 
quartz and feldspars. This led to the formation of copper-rich 
fluid bubbles in mobile magma that rose to collect beneath a 
cupola before ascending to form the Grasberg orebody. 
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Reaction features are well-known in mantle-derived 

xenoliths brought to the surface by alkaline volcanism and they 
have been extensively studied for elucidating mantle 
metasomatism or post-entrainment processes. However, 
carbonate-bearing textures are less common. This contribution 
presents a detailed mineralogical and chemical investigation of 
cross-cutting carbonated veinlets and reaction zones in 
xenoliths from the Devès area (French Massif Central), with 
focus on the Mont Coupet occurrence.  

The xenoliths show no infiltration of the host basanitic 
magma. The veinlets (4µm - 200µm) form a dense 
interconnected network along grain boundaries or cross-cutting 
minerals. Contacts with the peridotite primary minerals are 
sharp except where the veinlet is part of glass-bearing silicate 
and spinel resorption zones. The thicker veinlets contain 
carbonate-filled vesicles, enclosed in a glassy silicate matrix. 
The vesicles show an internally lining of apatite, which also 
fills a second network of thin veinlets.  

The carbonate is a calcite with 1.6-1.9 MgO wt. %. In the 
silicate matrix, secondary clinopyroxenes are Al2O3- (up to  
12 wt. %), Cr2O3- (1 wt. %) and TiO2- (up to 2 wt %) rich 
compared to primary ones and their composition is unrelated to 
any influence of the enclosing magma. Moreover, they have 
equilibrated at higher pressure. The glasses are Si-
oversaturated with a trachy-andesitic to dacitic composition 
depending on the site. Their composition is not unlike that of 
glasses produced by carbonatite metasomatism [1]. However, 
other percolating agents, e.g. a CO2-rich silicate liquid, two 
distinct silicate and carbonated liquids, etc. may be envisaged 
and will be discussed.  

 
[1] Coltorti, Beccaluva, Bonadiman, Salvini & Siena (2000), 
Earth Planet. Sci. Letters, 183, 303-320. 
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Knowledge of trace element partition coefficients is 

crucial, e.g. for our understanding of global element cycles. 
Although a great number of experimental studies on mineral-
melt partitioning have been performed in the past, the 
influence of melt structure on the partitioning coefficient has at 
most been considered empirically. One of the major challenges 
is the lack of reliable structure models for typical melts at the 
relevant P/T conditions. First-principles molecular dynamics 
simulations are predictive and provide a unique approach to 
structure and thermodynamic properties of both minerals and 
melts. In this study, we explore a molecular scale simulation 
approach to investigate the influence of melt structure and 
predict partitioning by means of atomistic computer 
simulations only. We use first principles molecular dynamics 
to investigate several geochemically important trace elements 
(e.g. Y, Sc, Zr). To predict the free energy change of the 
exchange reaction when an element X is distributed between 
the two phases, the method of thermodynamic integration is 
employed. Here we use an alchemical transmutation by which 
the identity (here expressed by its pseudopotential parameters) 
of a major element (e.g. Al) is gradually changed from 100% 
Al to 100% X. However, depending on the site on witch the 
partitioning takes place, it is often necessary to perform 
coupled substitutions to maintain charge balance e.g. Y3+ + 
Al3+ à Ca2+ + Si4+. We choose two different melt pairs for our 
starting compositions. A granitic and basaltic melt (low and 
high NBO/T) as well as two titanite melts with varying alkali 
contents. After the melt pairs are equilibrated at 3000 K and 
ambient pressure, we perform the thermodynamic integration 
and compare the free energy of the exchange reaction. We will 
discuss the potential of the method in terms of quantitative 
predictions and compare our results to experimental findings. 
We will also discuss the effect of coupled substitutions and 
how to ensure to reach geochemical equilibrium during these 
types of simulations. Potentially, this new tool may allow us to 
make predictions for almost any composition and condition 
available to computer simulations, e.g. fluid–mineral element 
distribution in subduction zones and their P/T dependence. 
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One of the main challenges in the modeling of dissolution 

processes is the matching of time and length scales in 
computational and experimental studies. Due to limited 
computational resources, important properties on a molecular 
level have to be omitted in modern kinetic Monte Carlo (kMC) 
approaches that are able to predict both overall dissolution 
rates and structural features of dissolving crystalline surfaces 
by using a proper parametrization [1]. 

Figure 
1: 

Dissolution modeling as a multiscale challenge. 
 

In this contribution we focus on the way how to 
parametrize modern kMC dissolution studies by proposing 
fitting functions that are integrated into the dissolution event 
rates. These functions are based on insights from molecular 
scale and allow to introduce solvent based properties like the 
pH to fast kMC models that do not simulate the solvent itself. 
Since the approach pays respect to different surface site 
geometries, it is able to indicate the impact of solvent 
properties on both the overall dissolution rate as well as the 
etch pit forming mechanisms. 

Eventually, a well proven parametrization scheme for 
mesoscale dissolution modeling may possibly help to simulate 
the dissolution of materials in conditions and settings that are 
difficult to manage in the laboratory. 

 
[1] Kurganskaya & Luttge (2013), J. Phys. Chem. C 117, 
24894 – 24906. 
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Sea-level highstands of the last interglacial provide 
important clues to the rates and magnitude of possible sea level 
change, such as that which will result from today’s global 
warming.  The height of sea level at these highstands has been 
a controversial issue for many years, with relative sea level 
(RSL) measurements differing significantly from location to 
location.  A major component of these differences are the 
regional changes of sea level induced by melting of different 
ice-sheets, and due to deformation of the lithosphere caused by 
resulting changes in crustal loading.  

The western North Atlantic-Caribbean region has been the 
focus of much past work on Quaternary interglacial sea level 
and is known for RSLs appearing significantly different from 
one another and from other regions. It is also a region in which 
isostatic effects such as the collapse of the glacial forebulge 
play a major role.   

Here we present a compilation of published RSL data 
across the whole western North Atlantic-Caribbean region, 
focused on MIS5, and augment it with freshly acquired 
speleothem data from Bermuda. These latter data provide new 
information regarding the height of sea level and the timing of 
the 5a and 5c highstands, indicating RSL above modern at this 
location.  We consider how consistent all MIS5a and 5c sea-
level data can be, and suggest a best estimate for global sea-
level change at the MIS5a and 5c highstands. 
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Understanding the formation and stabilisation of the Earths 
first continents requires the input from a number of different 
techniques. Over the past decade the Re-Os chronometer has 
become a fundamental tool for dating partial melting events of 
the sub-continental lithospheric mantle. Accurately dating the 
time of partial melting beneath cratons is of great importance 
to our understanding of the history of formation and 
stabilisation of such terranes. Through the implementation of 
the Re-Os chronometer it has become evident that the Re-Os 
system is controlled by small, distinct mineral phases and that 
the information from such minerals provides greater insight 
into the partial melting history of the depleted mantle. Due to 
the nature of such minerals, and their potential formation 
during primary partial melting or from secondary re-
enrichment, it is essential that the petrological information of 
the minerals is accurately assessed prior to dating and 
subsequent interpretation. 

A single cratonic peridotite from the Bultfontein kimberlite 
pipe, South Africa, provides us with a unique opportunity to 
investigate Re-Os and HSE systematics at variable scales. We 
will present Re-Os and HSE data at the whole-rock, sulphide 
and sub-microscopic mineral scale. Utilising a new and novel 
technique for the extraction of sub-micron sized minerals for 
analysis, we will show how the Re-Os system is highly diverse 
at the micron scale. This heterogeneity becomes a large 
contributing factor at the whole-rock scale and highlights the 
importance of detailed study of peridotites prior to 
interpretation of results. Most importantly, through the 
combination of results from natural samples and experiments, 
we will show that an Archean age does not always correspond 
to ancient partial melting events and that as such, should not be 
used to infer the age of lithosphere stabilisation. 
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Naturally reduced zones (NRZs) have been found under 

many floodplains and are considered to be biogeochemical 
hotspots, distinguished by elevated organic matter content, 
reduced mineral precipitates, distinct microbial activities, and 
elevated contaminant concentrations (e.g. uranium) [1] [2]. 
Identifying the location of NRZs within floodplain sediments 
is challenging, since conventional wellbore data are spatially 
limited and the distribution of NRZs is often heterogeneous. In 
this study, we developed an innovative methodology for 
probabilistic mapping of NRZs using induced polarization (IP) 
imaging data and lithological logs. Measurements were 
collected at the Department of Energy (DOE) field site near 
Rifle, Colorado (USA). Inversion of surface time-domain-
induced polarization (TDIP) measurements yielded 3D images 
of electrical resistivity and polarization properties of 
subsurface sediments [3]. Comparison of complex resistivity 
images to co-located wellbore data found NRZs to exhibit a 
distinct distribution of resistivity and polarization. To estimate 
the spatial distribution of NRZs, we developed a Bayesian 
hierarchical model to integrate TDIP and wellbore datasets in a 
probabilistic manner. Validation results showed the approach 
to be successful in delineating spatially heterogeneous 
interfaces and NRZs and thus provide a minimally invasive 
means for parameterizing a hydro-biogeochemical model at the 
dimensions of a floodplain (here 5-hectares). In the Rifle 
floodplain, the NRZs were primarily associated with fine-
grained sediments and clustered primarily along the active 
river margin, suggesting both depositional and hydrological 
controls on the location of such biogeochemical hotspots. 
 
[1] Campbell KM, et al. (2012) Applied Geochemistry 
27(8):1499-1511; [2] Qafoku NP et al. (2014) Applied 
Geochemistry, 42, 77-85; [3] Flores Orozco A et al. (2011), 
Journal of Geophysical Research 116, G03001. 
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The vertical flux of organic particles from surface waters is 

a key factor determining the dynamics and export of CO2 in the 
ocean.  We show that the sinking trajectory of organic particles 
in anticyclonic  mesoscale eddies is deflected normal to the 
horizontal mean flow, at an angle set by ratio of particle 
sinking speed and the residual horizontal (ageostrophic) 
velocity. This results in a “wine-glass effect” where particles 
sink downwards in a curve towards the centre of the eddy. We 
show that the curve of the wine glass becomes less pronounced 
with increasing particle-sinking rate, thus the steepness of the 
wine glass increases with particle size. This is the first 
demonstration that the ratio between individual particle settling 
speed and ageostrophic forcing sculpts sub-surface particle 
concentrations in the ocean. The wine glass effect is likely to 
concentrate biogeochemical processes within eddies, 
particularly particle degradation and remineralization. It will 
also mediate up to a 7 X local increase in vertical carbon fluxes 
via aggregation-mediated flux increases driven by local 
concentration peaks.  
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Calcareous foraminiferal shells are used as an archive to 
trace the temporal changes of the local seawater radiogenic Nd 
isotopic composition related with changes of the paleoclimate 
and water mass distribution. Since Nd concentrations of 
cleaned foraminiferal shells are on the order of several ppm, 
several milligrams of foraminifera samples are required for Nd 
isotope analysis. Lowering the sample size limits for Nd 
isotope analysis may expand the applicability of this approach 
to foraminifera-poor samples.  

In this study, we demonstrate a refined technique to 
measure radiogenic Nd isotope ratios of ng to sub-ng sized Nd 
samples together with the low-blank Nd separation chemistry. 
Isotope ratios of Nd are measured on Thermo Triton TIMS at 
Kochi Core Center using total evaporation normalization 
method (Wakaki et al., 2007).  

The 143Nd/144Nd ratios of the isotopic reference reagent 
JNdi-1, measured at sample sizes of 0.5, 1 and 2 ng of Nd, all 
agreed with the reference value with 2SD reproducibility of 
100 ppm (n = 8), 60 ppm (n = 9) and 40 ppm (n = 8), 
respectively. Two GSJ reference rocks, JB-2 (basalt) and JCp-
1 (coral), were analysed with small sample aliquots, containing 
0.5 and 1.2 ng of Nd. The ε143Nd values of JB-2 and JCp-1 
were -9.1 ± 0.7 (n = 9) and -8.0 ± 0.7 (n = 7), respectively. 
These results agreed perfectly with the values obtained by 
measurements of JB-2 and JCp-1 with large sample sizes, -
9.22 ± 0.05 and -7.9 ± 0.2, respectively, and demonstrates the 
precision and accuracy of our technique. 

Using this technique, we compared the Nd isotopic 
compositions of subsurface-dwelling planktonic foraminifera, 
Globorotalia tumida, with mixed speices of benthic 
foraminifera both collected from a Quaternary sediment core 
from the West Caroline Basin (western equatorial Pacific 
Ocean) with the water depth of 3855 m. The ε143Nd values of 
the planktonic and benthic forams are -4.0 ± 0.5 and -3.3 ± 0.7, 
respectively, and are indistinguishable. Our result supports the 
idea that the forams acquire most of their Nd from the bottom 
water after deposition onto the seafloor and thus the Nd 
isotopic composition of the forams are reflecting that of the 
bottom water (Tachikawa et al., 2014). 
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The stable isotopic variation of Sr among igneous rocks 
has been reported by Charlier et al. (2012). They suggested 
that the variation of 88Sr/86Sr ratio was caused by plagioclase 
fractionation during high temperature magmatic differentiation 
processes. Their suggestion, however, was based on a dataset 
of various igneous rocks with different origins. The correlation 
between magmatic differentiation and Sr stable isotopic 
fractionation have not yet investigated directly. In this study, 
we report stable Sr isotopic variation within a single granitic 
pluton derived from a single parental magma to test the 
hypothesis that Sr isotopic fractionation is caused by magmatic 
differentiation. 

The Tadamigawa granite, distributes in the northeastern 
part of Japan, varies in composition from granodiorite to quartz 
monzonite. It intrudes into the Jurassic sedimentary complex 
of the Ashio belt with U-Pb zircon ages of 101.5 ± 3.5 and 
106.1 ± 1.1 Ma. 24 samples of the Tadamigawa granite (SiO2 = 
59.6 – 76.1 wt%) were analyzed. Samples were decomposed 
with a mixture of HF, HNO3 and HClO4. Sr was separated by 
extraction chromatography using Sr Spec resin (Eichrom). 
Stable isotopic composition of Sr was analyzed by double 
spike TIMS technique using 84Sr-86Sr double spike with 
Thermo TRITON TIMS at Kochi Core Center. The results are 
expressed with relative to NBS987 as δ88Sr = 
[(88Sr/86Sr)sample/(88Sr/86Sr)NBS987−1]×103. The reproducibility of 
δ88Sr was ± 0.02 during this study. 

Major and minor whole-rock chemical composition of the 
Tadamigawa granite shows clear trend on the Harker’s 
diagram. Most of the samples are plotted on a Rb-Sr whole-
rock isochron of 96.4 ± 2.5 Ma. These results show that the 
Tadamigawa granitic pluton was formed by differentiation of a 
single parental magma. The δ88Sr of the Tadamigawa granite 
shows large variation from +0.27 to -0.41. The δ88Sr value 
systematically decreases with decreasing Sr and Ca 
concentrations. Our results clearly show that the Sr stable 
isotopic fractionation occured in the magma chamber during 
magmatic differentiation process. Plagioclase is likely to be the 
phase that continuously removed “heavy Sr” from the evolving 
magma.  
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Titania AS has been extracting ilmenite from deposits 
within the Aana-Sire anothosite masif for almost 100 years. 
The Telnes operation  was opened in 1964.  Tailings were 
deposited in the Jossing fjord and the Dungadjup until 1994; 
they have since been placed in a landbased tailings pond  
(45 Mton).  The tailings pond is an upstream flow through.  
Since emplacement, the mining company has struggled to 
control the nickel discharge from the tailings to below permit 
limits.  Nickel leaching rates vary with the spigoting point.    

Eight small upsteam column tests (200 gr samples) and 
two larger humidity cell tests (6 kg samples) were run to 
evaluate nickel leaching from tailings under a controlled 
setting.  Upstream columns were run for 20-40 days (100- 
400 ml/day flow rate) with either sulfuric acid discharge water 
(SADW; waste water in the ilmenite processing) or deionized 
water (DIW).  The larger columns ran for approximately 7 
months, one liter SADW or DIW added every 7 days.  
Analysis included mineralogy by SEM, Surface area analysis, 
sequential chemical extraction (SCE), acid base accounting, 
pH dependents tests and water analysis of the leachate.   

Soil pH is above 9, neutralizing potential around 18- 
22 CaCO3t/kt and acid potential around 2.5 CaCO3t/kt eq. 
Plagioclase An60-70, the main mineral, constitutes 50 wt.%, 
ilmentite 20 wt.%, Mg-biotite 11 wt.%; cummingtonite, 
chlorite, and anthopylite, approx. 4 wt.% each.  Nickel content 
is 250 ppm; pentlandite and millerite are the main nickle 
sulfide minerals.  SCE indicates some nickel may be bound in 
olivine.   There is a steady release of nickel using DIW; 
however, SADW leaches 10-100 times more nickel.  
Approximately 60% of nickel was extracted within 60 days of 
the humidity cell leaching.  Upstream flow was far less 
effective in leaching nickel.  High oxygen content is needed 
for the nickel leaching. 

SADW has a pH of 1.6 with 1.3 mg/l Ni, 0.3 mg/l Cu,  
0.1 mg/l Co, and 1.3 mg/l Cr.  Plagioclase is efficient in 
increasing pH to about 3, resulting in chromium being 
retained; copper has relatively low concentration; nickel and 
cobalt leaches well and is available in concentrations suitable 
for solvent extraction/electrowinning extraction.   
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The timing of obduction of the Shetland ophiolite is 

constrained to c.484±4 Ma by U-Pb in metamorphic zircon [1], 
coeval with the onset of Caledonian orogenesis. The timing of 
peak metamorphism within the immediate footwall is 
constrained using Lu-Hf garnet geochronology to 458±7 Ma, 
indicating that the current contact between the two units is a 
later tectonic break [2], and that crustal thickening within the 
footwall is coincident with timing of peak metamorphism in 
the Caledonides of Scotland and Ireland. 

A Lu-Hf isochron age of 478.6±1.4 Ma from diffusionally 
zoned garnets in the footwall of the Shetland ophiolite on the 
island of Fetlar appears to relate to the timing of ophiolite 
obduction. However, the estimated stratigraphic thickness of 
7km of the Shetland ophiolite could not create sufficient 
overburden to produce such high-grade garnets. Further, peak 
Grampian metamorphism is tightly constrained within 
Scotland, Ireland, and other parts of Shetland [3] as 
significantly later, at c.470±4 Ma.  

Two explanations for such an old Lu-Hf garnet age are 
explored: 1) due to the close proximity to the base of the 
ophiolite, the age may relate to the way in which heat 
propagates through the crust at the onset of orogenesis, or 2) 
the preferential retention of radiogenic Hf in diffusionally 
zoned garnets [4] may lead to an anti-clockwise rotation of the 
isochron, and hence an apparently old age.  

 
[1] Crowley & Strachan (2015) JGSL [2] Cutts et al. (2011) 
JGSL 168, 1265-1284 [3] Walker et al. Submitted, JGSL [4] 
Bloch et al. (2015) CMP, 169:12 
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Knowledge about the ability of corals to control their 
internal calcifying pH (pHcf) derives from indirect 
determinations by measuring the skeletal boron isotopic 
composition (δ11B). Skeletal δ11B is a proxy for the internal 
pHcf and clearly showed that pHcf must be elevated at the site 
of calcification (e.g., [1]). Culturing experiments simulating 
ocean acidification revealed a linear relationship between 
external seawater pH (pHsw) and skeletal δ11B although the 
internal pHcf decreased less than the pHsw [2]. Direct 
measurements of pH up-regulation in corals at the site of 
calcification are limited to two studies on tropical corals [2] 
[3]. We hypothesize that profound spatial variations in pH 
regulation and growth within a single coral polyp exist. Our 
high resolution skeletal δ11B measurements for both cold-water 
and tropical corals suggested strong spatial heterogeneity in 
pHcf. Hence, we still miss a basic physiological understanding 
of pH regulation in corals, under different pHsw conditions 
considering the likely high spatial variations within a single 
individual. We used microsensors to investigate the internal 
pH regulation in tropical and cold-water corals considering 
both spatial differences along the coral polyp and different 
pHsw. We link these data to the high resolution skeletal δ11B of 
the corals and their skeletal growth which allows for a better 
understanding of their highly complex regulation mechanisms.   

 
[1] McCulloch, M., Falter, J., Trotter, J. & Montagna, P. 
(2012) Nat. Clim. Chang. 2, 623–627. [2] Venn, A. A. et al. 
(2013) Proc. Natl. Acad. Sci. U. S. A. 110, 1634–1639. [3] Al-
Horani, F. A., Al-Moghrabi, S. M. & de Beer, D. (2003) Mar. 
Biol. 142, 419–426. 
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The Labrador Sea is one of the few oceanic regions where 

the deep ocean exchanges gases such as oxygen and carbon 
dioxide (CO2) directly with the atmosphere. This gas 
exchange, driven by wintertime deep convection is the ocean's 
"deep breathing" and the Labrador Sea can be viewed as a 
“lung” in the Earth System. Gas uptake and redistribution 
processes ("breathing and circulation") are expected to respond 
to and feedback on climate change, as the high latitude 
warming surrounding the Labrador Sea increases stratification 
via surface warming and/or enhanced freshwater input. As part 
of the Canadian-led “Ventilation, Interactions and Transport 
Across the Labrador Sea” (VITALS) project, we are 
establishing novel time-series measurements of multiple gases, 
with differing exchange characteristics, in the Central Labrador 
Sea. Time-series data will be used to examine the exchange of 
gases during deep convection events, differentiate the roles of 
physical, chemical and biological processes on gases fluxes 
and redistribution, and determine the impacts of stratification, 
re-stratification and lateral exchange on the “breathing” 
process. Data will be presented of dissolved oxygen time-
series within the upper 200m, collected with optodes deployed 
on GEOMAR’s K1 mooring (56.5◦N 52.7◦W) since August 
2014. The presentation will highlight the design of a unique 
multi-sensor, profiling mooring (“SeaCycler”), equipped with 
multiple biogeochemical sensors including multiple oxygen 
and pCO2 sensors. The SeaCycler mooring will be deployed in 
September 2015 and will allow for unique testing of dissolved 
gas sensors and approaches to profiling of dissolved gases with 
sensors in cold waters. 
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Determination of low concentrations 
of calcium and iron in fluid inclusions 

by laser ablation dynamic reaction 
cell or medium resolution ICP-MS 
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Clausiusstrasse 25, 8092 Zurich, Switzerland, 
(*correspondence: waelle@erdw.ethz.ch) 

 
Plasma based interferences are a severe issue for 

determining low concentration of calcium and iron (e.g. a few 
µg/g or lower) by LA-ICP-MS in small features like fluid 
inclusions. To get rid of those interferences to achieve lower 
detection limits, either enhanced mass resolution or chemical 
resolution can be used to separate analyte ions from 
interferences. Sector field instruments can use a higher mass 
resolution to distinguish between an interfering ion and the 
analyte ion. Whereas a resolution of 4000 is required to 
separate 40Ar16O+ from 56Fe+, a separation of 40Ca+ and 40Ar+ 
is beyond the scope of those instruments. On the other hand, 
chemical resolution by e.g. a dynamic reaction cell (DRC), can 
reduce the contribution of 40Ar+ on the major isotope of 
calcium and 40Ar16O+ on the major isotope of iron heavily, 
providing lower detection limits for these elements [1]. 
However, using a DRC has the risk of introducing new 
interferences undermining the multi-elemental possibility of 
the method. 

Since the occurrence of suitable fluid inclusions for LA-
ICP-MS is limited and they contain a limited amount of 
material, the multi-element capability of an optimized method 
for calcium and iron determination is important. In this study, 
the suitability of using a DRC with a quadrupole or higher 
resolution on a sector field ICP-MS for fluid inclusion analyses 
for lower iron and calcium detection limits while maintaining 
the multi-element capability of the method was investigated. 
The detection limit for calcium and iron could be lowered with 
the e.g. DRC by an order of magnitude while keeping the 
sensitivity on most of the other elements. Only elements with a 
high ionization potential like sulphur and chlorine suffered 
from a severe depression in the DRC. 

 
[1] Günther et al. (2001) J. Anal. At. Spectom. 16, 1085-1090. 
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1LBEG, Stilleweg 2, 30655 Hannover, Germany 
2Flinders University, Adelaide, SA 5002, Australia 
3Amphos 21, 08019 Barcelona, Spain 
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5University of Western Australia, Crawley, 6009, Australia 
 

Bentonite clays are regarded a promising material for 
engineered barrier systems for the encapsulation of radioactive 
waste because of their low hydraulic permeability, swelling 
potential, ability to self-heal cracks in contact with water and 
their sorption potential. For more than a decade, Swedish 
Nuclear Fuel and Waste Management Co. SKB have been 
conducting long term field scale experiments at the Äspö Hard 
Rock Laboratory in Sweden. In 2006, the “Alternative Buffer 
Material” project [1] was launched to investigate a range of 
different bentonite clays and their performance as potential 
buffers under in-situ conditions. Over a duration of 28 months 
data was recorded on the modifications to chemistry and 
mineralogy of the clays, while in contact with the host rock 
and ambient groundwater and while exposed to elevated 
temperatures as expected during encapsulation of radioactive 
waste. Following the test, a reactive diffusive transport model 
was developed. Its aim was to (i) provide a process-based 
description of the physical and geochemical processes 
controlling the chemical evolution of bentonite porewaters at 
the in-situ scale; (ii) to quantify the influence of groundwater 
on the chemical evolution of the different clays with time and 
(iii) to test it for the available field data set collected during the 
trial. Results suggest that contact to active groundwater 
circulation together with temperature dependent diffusion are 
the main controls on the geochemical evolution of the clays.   
 
[1] Svensson D., Dueck A., Nilsson U., Olsson S., Sandén T., 
Lydmark S., Jägerwall S., Pedersen K. & Hansen S. (2011) 
Alternative buffer material - Status of the ongoing laboratory 
investigation of reference materials and test package 1. SKB 
Technical Report TR-11-06. SKB, Stockholm. 
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Groundwater flow models are routinely used to gain a 
better quantitative understanding of groundwater flow systems 
and often provide the basis for important water resources 
management decisions. Traditionally such models are mostly 
constrained by hydraulic head observations. However, even 
perfectly calibrated models remain subject to significant non-
uniqueness and considerable predictive uncertainties as they 
can only provide reliable estimates of the ratio of hydraulic 
conductivity to recharge and/or aquifer transmissivity to 
storage. Those uncertainties can potentially be reduced by 
including the transport of environmental tracers (e.g., 14C, 
tritium, CFC's or SF6) into the simulation framework and by 
using observed environmental tracer concentrations as 
additional calibration constraints. This generally benefits the 
conceptualisation of the flow system and the quantification of 
groundwater fluxes. In addition, if integrated into a reactive 
transport modeling framework they can also play an important 
role in unravelling the interplay between flow and geochemical 
processes in complex groundwater systems. By simultaneously 
assessing flow, environmental tracer concentrations and water 
quality evolution, conceptual models can be developed and 
numerically tested to discern if hydraulic processes govern the 
geochemistry, or whether concentration patterns are 
predominantly controlled by geochemical processes.  

The utility of the approach is demonstrated for several 
applications that span over different time- and length-scales 
and address a variety of groundwater quality problems. 
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Models of protoplanetary and solar 
nebula chemistry 

CATHERINE WALSH1 
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Recent results from the Atacama Large Millimeter/ 

submillimeter Array (ALMA) are revolutionising our 
understanding of the chemical history of planetary systems.  
The superior sensitivity and resolution of ALMA “Early 
Science” operations has allowed unprecedented access to the 
molecular structure and chemistry of nearby protoplanetary 
disks on Solar System size scales.  The study of such objects 
allows us to probe the initial conditions of planetary system 
formation: the dust, gas, and ice in protoplanetary disks will 
ultimately end up in planets and planetesimals (e.g., comets) 
orbiting the young star.  Studying the molecular content of 
disks around young stars which will evolve into stars like the 
Sun, can give invaluable insight into the initial content and 
structure of the Solar Nebula - the birth place of the Solar 
System.   

In this talk, I will review the current state of protoplanetary 
disk chemistry models, motivated by existing observations 
from near-infrared to millimeter wavelengths, and “hot off the 
press” results from ALMA and Rosetta.  Each species detected 
in disks, whether atomic or molecular in nature, gives us 
unique information on the chemical and physical conditions of 
the region (or regions) within which it resides.  I will describe 
how models are used to both incentivise and interpret 
observations, and discuss the different chemical processes 
which are thought to occur in disks around young Sun-like 
stars in relation to the observations.  I will also discuss the 
formation and survival of “complex organic molecules” in 
disks [1,2], those species thought to be the precursors of 
biologically important molecules, such as amino acids, in the 
Solar System.   

 
[1] Walsh et al. (2014) Astron. Astrophys. 563, A33. [2] Walsh 
et al. (2014) Faraday Discuss. 168, 389-421. 
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High salinity, deep-seated basement brines are a common 

phenomenon worldwide. Here, we present the evolution with 
time of a typical continental basement fluid from the 
Schwarzwald in SW Germany. This 320 Ma history is based 
on fluid inclusion investigations in hydrothermal veins of 
various ages, which act as recorders of the fluids present 
during their time of formation. A combination of detailed 
microthermometry with crush leach analyses enabled to 
distinguish varying fluid signatures with time: During the 
Carboniferous, late magmatic quartz-tourmaline veins 
precipitated from a low salinity (<4.5wt.% NaCl+CaCl2), high 
temperature (up to 390°C) H2O-NaCl-(CO2-CH4) fluid with 
Cl/Br ~100. In the Permian, cooling H2O-NaCl-(KCl-CaCl2) 
metamorphic fluids (T≤ 250°C, 2-4.5wt.% NaCl+CaCl2, Cl/Br 
= 70-100) lead to the precipitation of quartz. Quartz-hematite 
veins formed around the Triassic/Jurassic boundary contain in 
alternating growth zones the Permian fluid type and a new, 
high-salinity fluid (T=100-320°C, >20wt.% NaCl+CaCl2, 
Cl/Br =70-110). Jurassic-Cretaceous veins record fluid mixing 
processes involving a older bittern brine (Cl/Br ~ 80) and a 
younger halite dissolution brine (Cl/Br >1000) of similar 
salinity. The mixed fluid was an H2O-NaCl-CaCl2 brine (75-
140°C, 23-26wt.% NaCl+CaCl2, Cl/Br =80-570). In post-
Cretaceous times, the opening of the Upper Rhinegraben and 
juxtaposition of the high salinity reservoirs with different low 
salinity aquifers lead to vein formation from a H2O-NaCl-
CaCl2-(SO4-HCO3) fluid (70-190°C, 5-25wt.% NaCl-CaCl2, 
Cl/Br =10-140). The first occurrence of a high-salinity brine is 
recorded in veins formed just a few Ma after the deposition of 
halite in the Muschelkalk ocean. This indicates an evaporitic 
source of the basement brine salinity. Hence, today’s deep-
seated, highly saline brines in central European basement 
probably developed from an inherited high salinity ultimately 
derived from evaporitic bittern brines. These were later 
modified by fluid-rock interaction and by mixing with younger 
meteoric fluids and halite dissolution brines.  
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Sub-lithospheric, or ‘superdeep’, diamonds contain mineral 
inclusions indicating an origin in the deep upper mantle and 
transition zone, and even into the lower mantle [1]. Three of 
the most common superdeep inclusions are majoritic garnet, 
Ca(±Ti)-silicate, and ferropericlase. Barometric constraints 
based on mineral compositions indicate that the majority of 
these inclusions originated between ~ 300 and 500 km. Much 
rarer are inclusions with compositions indicating a deep 
transition zone or lower mantle origin (e.g. bridgmanite, CF-
phase, NAL phase) [1] [2]. The major element composition of 
majorite garnet, Ca(±Ti)-silicate and ferropericlase are 
generally inconsistent with derivation as sub-solidus minerals 
in mantle peridotite or basaltic compositions. Extreme 
enrichments in lithophile trace element abundances in majorite 
garnet and Ca(±Ti)-silicates indicate equilibration with a low-
degree melt that is depleted in large-ion lithophile elements 
relative to HFSE and REE, features consistent with derivation 
from subducted oceanic crust [3].  

We have performed experiments to test a model whereby 
low-degree carbonated melts from subducted oceanic crust 
react with reducing mantle to crystallize diamonds and their 
mineral inclusions. Our results show a deep depression along 
the solidus of carbonated MOR basalt at depths of ~ 300 to  
700 km, which effectively limits the transport of carbonate in 
subducted oceanic crust to the deep upper mantle and 
transition zone because the majority of slab geotherms 
intersect the solidus in this region. Low-degree partial melts at 
these depths are alkaline carbonatites, which are highly 
reactive with surrounding reduced mantle peridotite. Reaction 
experiments between alkaline carbonatite melt and reduced 
peridotite produce diamond, majorite, ringwoodite, Ca(±Ti)-
silicate, and ferropericlase with compositions comparable to 
those observed in many superdeep diamonds. The solidus 
depression in carbonated basalt forms a barrier to carbon 
transport into the deepest mantle that may have operated since 
the onset of subduction. 
 
[1] Harte, B. Mineral. Mag. 74, 189–215 (2010). [2] Thomson, 
A. R. et al. Contrib. Mineral. Petrol. 168, 1081 (2014). [3] 
Walter, M. et al. Nature 454, 622-625. 
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Here we present preliminary results of a new experimental 
method to measure the δD and δ18O of site-specific hydration 
water in real time.  The method allows us to measure the 
amount and isotopic composition of hydration water as a 
sample is step heated alongside sample weight loss and 
enthalpy; in other words, to perform a differential thermal 
isotope analysis (DTIA). 

This has been achieved by coupling a Cavity Ring-Down 
Laser Spectroscopy analyzer (Picarro L2130) to a 
Simultaneous Thermal Analyser (Netzsch STA 449 F1 
Jupiter), capable of both differential scanning calorimetry and 
thermal gravimetric analysis.  The two devices are connected 
via a heated transfer line and interface box, which allows the 
injection of water standards into the CRDS analyzer. 

Previous methods to analyse hydration water have focused 
almost exclusively on the total hydration water extracted from 
the mineral.  However, many minerals contain multiple forms 
of hydration water, so significant information is lost if only the 
total water is considered.  In particular, more strongly bonded 
water is less susceptible to isotopic exchange; thus, mineral 
hydration water may preserve information about the isotopic 
composition of the fluid under which the mineral formed.   

We have thus far focused on gypsum, which undergoes a 
two step dehydration process: gypsum (CaSO4

.2H2O) first 
dehydrates to bassanite (CaSO4

.0.5H2O) as an intermediate 
form before the final dehydration product, γ-anhydrite 
(CaSO4).  The total water δ18O and δD values are the same as 
results obtained by extracting the total water offline and 
measurement by CRDS.  Analytical precision is ±0.17 for δ18O 
and ±0.40 for δD (1 stdev) based on six repeated 
measurements of analytical grade gypsum. 

We are able to separate the two peaks and measure the 
isotopic composition of the water released separately.  Results 
indicate the two peaks have different oxygen and hydrogen 
isotope values.  For δ18O, the first peak is more depleted in 18O 
than the second whilst, for δD, the first peak is found to be 
more enriched in D than the second.  Ongoing work is directed 
at understanding the cause of these isotopic fractionations. 
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The relationships between the peaks 
of mantle convection energy, surface 

heat flow, and crust-mantle 
differentiation 

U. WALZER1* AND R. HENDEL1 
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Germany 
 
We present a numerical study on the chemical and thermal 

evolution of a 3-D spherical-shell mantle based on radial 
distributions of viscosity, Grüneisen and other parameters. We 
discuss latest geochemical proposals but arrive at a chondritic 
mantle. Assuming this, we conclude: The mode of early mantle 
convection is not necessarily bound to plate tectonics. Bulk 
convection is energetically dominating. Not the whole mantle 
is depleted but only half. Below lithosphere-asthenosphere 
boundary there is no distinct chemical layering but a marble-
cake structure. Upper mantle is more depleted than lower 
mantle. Best agreement between observed and computed total 
continental-crust [CC] size is found for rn=0.5  (this is a 
Rayleigh number 108) and for thermal conductivity, 
k=5.0W/(m· K). Kinetic convection energy, Ekin, and  surface 
heat flow, qob, slowly decreases but show also augmented-
activity and thermal peaks. Calculated near-present qob 
approximate measurements. We vary rn, k, viscoplastic yield 
stress (=σy) and melting-criterion parameter (= f3). For a 
restricted (rn, σy, k,  f3)-space, we find simultaneous agreement 
with all observations. For rn=0.5, σy=120 MPa, and optimal (k, 
f3) space, the time lag between qob-peak and corresponding 
crust-mantle-differentiation peak is 50 to 75Ma, time lag 
between maximum mantle-convection intensity and 
subsequent differentiation peak is 80 to 100Ma. For 4490 Ma 
to presence, average temperature drop is 210K. Observations 
reveal, in late Archean 50 to 70% CC existed. Our model 
predicts 60.4 to 75.7%. We find crustal growth episodicity. 
Please go to www.geodyn.uni-jena.de 
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Pyrite formation during the interaction between ferric 

(hydr)oxides and dissolved sulfide (S(-II)) was investigated 
under anoxic condition and neutral pH. It was demostrated that 
the formation rate of pyrite has a strong dependence on the 
initial molar ratio of Fe/S. Rapid pyrite formation (within 1-2 
days) occurred only in the high Fe/S ratio (>1) where ferric 
(hydr)oxides are in excess to S(-II). While in the low Fe/S ratio 
(<0.5) experiments, pyrite did not occur until months. 

Important intermediates forming during electron transfer 
between ferric (hydr)oxides and S(-II) comprise not only FeS 
and elemental sulfur, but also excess Fe(II) and surface 
associated polysulfides with predominance of disulfide [1-3]. 
Excess Fe(II) is the ferrous iron species which can be extracted 
with 1M HCl but is not bound as FeS [2] [3]. It is a fraction of 
electrons which are donated by S(-II) and temporarily stored in 
the bulk ferric (hydr)oxide mineral[2] [4]. The concentration of 
excess Fe(II) becomes significant only in the high Fe/S ratio 
experiments with high reactive ferric (hydr)oxides such as 
ferrihydrite and lepidocrocite [2] [3].  

It appeared that such intermediates, especially excess 
Fe(II) and surface disulfide, are essential for rapid pyrite 
formation. Here we propose,  that a non-crystalline Fe(II)-S2 
species forms in the presence of excess Fe(II) and surface 
disulfide, leading to supersaturation with respect to pyrite, and 
finally to the nucleation of pyrite within 1-2 days.  
 
 
 
 
 
 
 
 
 
 
[1] Wan, Shchukarev, Lohmayer, Planer-Friedrich & Peiffer 
(2014) Environ. Sci. Technol., 48, 5076–5084. [2] Hellige, 
Pollok, Larese-Casanova, Behrends, & Peiffer (2012). 
Geochimica et Cosmochimica Acta., 81, 69-81. [3] Peiffer, 
Berends, Hellige, Larese-Casanova, Wan, & Pollok (2015), 
Chemical Geology, 400, 44-55. [4] Peiffer & Wan, 
Goldschmidt Conference, Session 07d 
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We have expanded the bond-valence model to address full 

molecular geometries and predict full structures, rather than 
just bond lengths, along with reasonable expectation values for 
the energy.  The key to this  is a particular choice of the energy 
decomposition, i.e., what part of the energy results from which 
aspects of the structure. This decomposition is based on the 
valence multipole model. It separates the energy into isometric 
or total bonding, vector or bonding asymmetry, and quadrupole 
or ellipsoidal deformations. Further, we equate bond valence 
and bond order, a critical issue for many chemists, via 
Johnson’s force constant model for bonding.  

Some advantages of this type of energy decomposition are 
as follows.  1) All of the structural descriptors are based on the 
overall bonding environment of the atoms, rather than 
individual bond lengths, angles, etc.  2) And yet, these multi-
body terms are relatively computationally inexpensive, 
because they are calculated by combining pair-wise terms (i.e., 
the individual bond valences).  3) As long as we can predict 
how the values of the structural descriptors will change with 
the chemical context, such force fields are capable of 
addressing chemical reactions in which coordination number 
changes, in a mathematically simple manner.  

Our prototype force field is for the Al-Si-H-O system, and 
has been tested against numerous molecular and crystal 
structures, including different coordination numbers for the 
atoms, where thermodynamic information could also be 
obtained.  Provided bond valence sums are satisfied to within 
20% of the ideal for all atoms, this model can provide 
accuracies of ~5 kJ/mol per unique atom, comparable to most 
quantum mechanical calculations.  This holds true equally well 
for both small gas-phase molecules and solid-state systems like 
crystals, corresponding to a free energy range of ~6000 kJ/mol. 

This formulation is specifically designed for interfacial 
systems, given the advantages of reactive bonding and the 
ability to handle any coordination environment, as well as 
coordination number changes. 
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The recognized worldwide gap in BIF deposition between 
2.4-2.0 billion years ago has long been considered as an 
obstacle to fully determining the geochemical composition of  
seawater at that time. However, the recently dated ~2.38- 
2.21 Ga Yuanjiacun banded iron formation (BIF) in China 
offers a possibility to redress these uncertainties. This BIF is 
within a metasedimentary rock succession of the Yuanjiacun 
Formation, which has undergone lower greenschist-facies 
metamorphism.  

The BIF samples display distinctively seawater-like 
REE+Y profiles that are characterized by positive La and Y 
anomalies and HREE enrichment relative to LREE in PAAS-
normalized diagrams. Very low Al2O3 (<0.5 wt%) and high 
field strength elements (HFSE) concentrations (<3 ppm) 
indicate an essentially detritus-free precipitation. Consistently 
positive Eu anomalies are also observed, which are typical of 
reduced, high-temperature hydrothermal fluids. In addition, 
slightly negative to positive Ce anomalies, and a large range in 
ratios of light to heavy REEs, are present in the oxide-facies 
BIF. These characteristics suggest that deposition of the BIF 
took place along the chemocline where upwelling of deep, 
anoxic, iron- and silica-rich hydrothermal fluids mixed with 
shallower and slightly oxygenated seawater. 

These results, coupled with consistently positive εNd(t) 
values for the BIF, indicate that the ancient ocean during Great 
Oxidation Event (~2.4-2.2 Ga) was redox-stratified from oxic 
shallow waters to deeper anoxic waters, and that the total REE 
budget of paleo-seawater was probably dominated by 
hydrothermal circulation of seawater through depleted mantle-
derived source rocks. 
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Carbonatitic melts are often invoked as a major 

metasomatic agent in the upper mantle because of their unique 
chemical and physical properties. Recent experimental studies 
demonstrate that NaCO3 melt can percolate very quickly in 
mantel peridotite (Hammouda and Laporte, 2003) and 
responsible for the origin and rapid asending of kimberlitic 
magma (Russell et al., 2012). However, high pressure and high 
temperature partial melting experiments indicate that mantle 
derived carbonate melt is mainly composed of CaCO3 and 
MgCO3 (Dasgupta and Hirschmann, 2007; Dalton and Presnall, 
1998). Here we report infiltration experiments of dolomite-
melt (CaCO3:MgCO3~1:1) in harzburgite, which demonstrate 
that the infiltration rate of such melt is much lower than that of 
NaCO3. Dolomite-melt can travel over several kilometers in 1-
10my, which far away from accounting for the rapid ascending 
of kimberlite (Sparks et al., 2006; Peslier et al., 2008), at 
pressure of 1.5GPa and temperature over 1400°C. The 
infiltration rate is greatly decreased with decreasing 
temperature and kinetically controlled by cation diffusion and 
dissolution of orthopyroxene in the melt. Meanwhile, it is 
found that dolomite-melts are preferred to disseminate in the 
surrounding mantle. Our experimental results didn’t support 
the hypothesis, which suggest that melts parental to kmberlite 
originate as carbonatitic or near-caronatitic melts. 
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The Ediacaran–Cambrian transition is a crucial interval, 

involving significant marine environment perturbations and 
biological innovations. Nitrogen isotopic composition in the 
ancient sediments provide clues for understanding the co-
evolution of the Earth's environment and life.  

We report bulk nitrogen and organic carbon isotopic 
compositions for a shelf marginal drill core section (Sancha in 
Hunan Province) and two deep basinal outcrop sections 
(Yuanjia in Hunan Province and Yanjia in Zhejiang Province), 
South China. Then we combined δ15Nbulk data from this study 
and previous studies both on the Yangtze basin in order to 
understand the regional and global nitrogen cycle, marine 
redox environment and biological evolutions. The δ15Nbulk 
values in the Yangtze basin during most of late Ediacaran – 
early Cambrian period (δ15Nbulk = +2‰ ~ +6‰) are similar to 
those of modern sediments, reflecting that NO3

- and O2 was 
stable as in the modern ocean, which could be the reason for 
the radiation of Ediacaran and early Cambrian biota. Two 
negative δ15Nbulk shifts (δ15Nbulk < 0‰) coincided with two 
global negative carbon isotope excursions (BACE and SHICE 
[1]) in the latest Ediacaran and late Cambrian Stage 2 
respectively, indicating two short-lived photic zone anoxia 
events associated with mass extinction of Ediacaran biota and 
some small shelly fossil (SSF) secreting organisms. Later 
δ15Nbulk values decreased below 0‰ again in the late Cambrian 
Stage 3, suggesting that anoxic condition has re-built up, and 
the marine system in the early Cambrian was not that stable as 
much as that in the modern ocean. 

 
 

[1] Zhu, M.Y., Babcock, L.E., Peng, S.C., Palaeoworld. 15(3-
4), 217-222. 
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YBCs Sanidine 
The 40Ar/39Ar dating technique is based on neutron fluence 

monitors (standards). Recent investigation demonstrates that 
currently used standards are not as homogenous as believed 
and new standards are needed[1]. In this study, we report a 
new sanidine standard, YBCs, collected from a phonolite at 
Yabachi in Tibet, China, for single-grain 40Ar/39Ar dating. 
Aliquots were distributed to four international laboratories for 
analysis and intercalibration.  

Discussion and Results 
The results show that YBCs crystals are homogenous in K 

content, 40Ar*/39ArK (F-value) and age at the single grain level. 
The standard deviations of the F-value and age have small 
ranges from 0.29% to 0.53% and from 0.42% to 0.52%, 
respectively. These show that YBCs is a suitable standard for 
40Ar/39Ar geochronology. The calibrated age of YBCs is 
29.286±0.206 Ma, or neglecting the error in the decay 
constant, 29.286±0.045 Ma.  

Finally, the intercalibration factors (which allow direct 
comparison between standards) between YBCs and FCs, 
GA1550, ACs and HB3gr are calculated as: = 
1.044296±0.003968, = 0.291261±0.001148 = 
24.443066±0.068432 and = 0.020312±0.000885.  
These values can be used to compare YBCs with other 
standards directly.  

 
[1] Phillips, D. and Matchan, E.L., 2013. Ultra-high precision 
40Ar/39Ar ages for Fish Canyon Tuff and Alder Creek Rhyolite 
sanidine: New dating standards required? Geochimica et 
Cosmochimica Acta 121, 229–239. 
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Motivation and Method 
Dicarboxylic acids and related organic compounds are 

important atmospheric secondary organic aerosols (SOA) 
because of their abudance and ubiquity. However, their 
formation mechanism remains unclear. In the spring, summer 
and winter of 2009 size-segregated (9-stages) aerosols were 
collected  in the urban center of Xi’an, inland China and 
analyzed for dicarboxylic acids (C2−C11), ketocarboxylic acids 
(C2−C7), α-dicarbonyls and inorganic ions. Moreover, 
compound-specific stable carbon isotopic composition of the 
diacids and related organics were determined.  

Results and Discussion 
Total diacids on the 9 stages were 932−2240, 1067−1544 

and 1185−3286 ng m-3 in the spring, summer and winter, 
repsectively, with oxalic acid being the dominant species. 
Keto-carboxylic acids and dicarbonyls are 1−2 orders of 
magnitude lower, especially in winter. Strong linear 
correlations between oxalic acid and sulfate were observed in 
the sumer and winter, suggesting both share a common 
formation pathwy, for instance, aqeuous-phase oxidation [1]. 
However, in the spring dust storm periods oxalic acid well 
correlated with nitrate rather than sulfate. Most of the above 
organic, sulfate, and nitrate were enriched in the fine mode 
(<2.1μm) during the summer and winter, but largly stayed in 
the coarse mode (>2.1μm) during the spring dust storm periods. 
Isotopic compsitions of the above organics on the 9-stages 
suggest that oxalic acid is formed via partitioning of water-
soluble prescursors, mainly glyoxal and methylglyoxa, into the 
aerosol aqueous-phase and subsequent oxidation [2]. During 
the dust storm events the aqeuous-phase of the dust surface 
was largely formed via water vapor absorption by Ca(NO3)2 
that is produced by heterogeneoue reactions of gaseous HNO3 
and/or NOy with dust[3]. 
 
[1] Cheng et al. (2015) Atmos. Res. (in press). [2] Wang et al. 
(2012) Environ. Sci. Technol. 46, 4873-4891.[3] Wang et al. 
(2013) Atmos. Chem. Phys. 13, 819-8 
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Based on 1:5 000 regional geological survey, a set of 
accreationary complexes was determined from the late Triassic 
Langjiexue group by the methods of structural lithologic 
mapping and structural analysis. This set of accretionary 
complexes was the combination of sedimentary turbidities in 
deep to semi-deep sea at the active continental margin. These 
rocks were obviously experienced two phase of penetrative 
structural deformations. The first phase penetrating 
deformation was mainly manifested as quartz-dominated veins 
resulted from materials differentiation by tectonic action, and 
the field macroscopic signs were obvious. After detail analysis, 
it can be found that the differentiated quartz veins are gently 
North-dipping. The observed occurrence suggests that the first 
phase penetrating foliation had been formed by the subduction 
of the Neo Tethys Ocean from south to north during the 
formation of the Yarlung Zangbo suture zone. 

The second phase penetrative structural deformation 
generally occurred as south-dipping macro foliation, which 
replaced the first-phase foliation. In detail, the first phase 
quartz veins were occurred as longitudinal bending through the 
replacement of the second phase deformation. Based on the 
detailed structural analysis, it is found that the second phase 
penetrating structural deformation was composed of imbricate 
thrust faults and associated folds which were characterized by 
a series of thrust belts and folds. In the field, the replacement 
of first phase foliation was remarkable by second phase folds. 
The second phase penetrating deformation foliation and 
associated folds-thrust belts was determined being closely 
related with the collision during the formation of Yarlung 
Zangbo suture zone. Besides of these, some geochemical 
evidences will be shown to confirm the determination. 
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To evaluate the effects of submarine groundwater 

discharge (SGD) on tropical waters with coral reef systems, 
naturally occurring radium isotopes (223Ra, 224Ra, 226Ra, and 
228Ra) together with 222Rn were utilized to trace SGD into 
Sanya Bay, China in the northern South China Sea. Higher 
activities of radium were present along the north coast and near 
the Sanya River estuary. Based on the mass balance of 226Ra 
and 228Ra, SGD was calculated to be 2.67-5.01×106 m3 d-1 (or 
4.1-7.7 cm d-1), which accounts for 98% of the respective 
radium source flux into Sanya Bay. SGD associated fluxes into 
Sanya Bay were 3.06-5.74×105 mol d-1 for nitrate, 6.32-
11.9×105 mol d-1 for silicate, 1.51-2.84×107 mol d-1 for 
dissolved inorganic carbon (DIC), and 1.51-2.83×107 mol d-1 

for total alkalinity (TA). Strong diel changes were present 
throughout the spring to neap tidal cycle of DIC, TA, partial 
pressure of CO2 (pCO2) and pH, in the ranges of 1851- 
2131 µmol kg-1, 2182-2271 µmol kg-1, 290-888 µatm and 7.72-
8.15, respectively. Interestingly, the diurnal amplitudes of 
these parameters decreased from spring to neap tides, governed 
by both tidal pumping and biological activities. Such tidal-
driven SGD of low pH and high nutrients waters is another 
significant contributor to coastal acidification and source of 
DIC, TA, and nutrients for the reef system, posing additional 
stress on coastal coral systems, which would be even more 
susceptible in future scenarios under higher atmospheric CO2 
and more anthropogenic loadings of nutrients. 
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Dabaoshan mine is located in north Guangdong provine, 

China (24°34′28″N, 113°43′42″E). Large scale of mining 
activities for iron and copper ores has been carried out since 
1970s. During the mining process of metal sulfides minerals, 
large volumes of AMD containing high concentration of heavy 
metals and sulphate are generated and discharged to 
surrounding environments. The impacted rivers have been used 
in agricultural areas to irrigate crops for some decades. 
Therefore, the objectives of the present study are to (1) 
investigate bacterial diversity in a typical AMD-irrigated 
paddy soil; (2) examine the diversity and abundance of sulfate-
reducing bacteria (SRB) in the paddy soil. 

Soil sample cores (~80cm) were taken from the long-term 
irrigated paddy soil. The soil cores were then divided into 9 
vertical layers of 0~5cm, 5~10cm, 10~20cm, 20~30cm, 
30~40cm, 40~50cm, 50~60cm, 60~70cm and 70-80cm. The 
bacterial community structures were investigated using 454 
pyrosequencing. In total, 5771 to 12390 operational taxonomic 
units were obtained at 3 % distance cutoff in the soil samples. 
The dominant phyla in all samples were Acidobacteria, 
Chloroflexi, Proteobacteria and Actinobacteria. We further 
investigated the diversity of SRB in the surface layer which 
had the highest bacterial diversity index. The result showed 
that the uncultured SRB groups may play important roles in 
paddy soils. The other OTUs mainly belonged to six 
phylogenetic divisions: Desulfobacca, Desulfovibrio, 
Syntrophobacter, Desulforhopalus, Desulfarculus and 
Desulfobulbus. The distribution of the absolute abundance and 
the relative contribution of SRB along the vertical soil were 
investigated by RT-PCR assays based on dsrB gene. The 
average dsrB gene copy numbers of the SRB were decreased 
with the depth (copies g-1 dry soil): 1.92×109 in 0~10cm, 
1.63×109 in 10~20cm, 1.20×109 in 20~40cm, 8.59×108 in 
40~60cm and 2.13×108 in 60~80cm. 

 
This study was supported by the Natural Science 

Foundation of China (41330639 and 41073088). 
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During the Lower Cambrian, the Tarim plate was a small, 
isolated craton located near the equator. It was independent 
from the Australian and Indian sector of the Gondwana 
Supercontinent and was surrounded by deep oceanic basins. 
The Xishanbulaq Formation of the base of Lower Cambrian 
was a dark or black shale, and evolved gradually upward into 
micritic limestone, dolomite or other carbonate rocks. The 
black shale with lots of pyrite and radiolarian cherts and an 
average TOC of about 4.0%, was considered to be one of the 
main hydrocarbon source rocks in the Tarim Basin.  

However, the carbon cycle of this section displayed great 
anomalies. From the end of Ediacaran to the Lower Cambrian, 
δ13Ccarb exhibited frequent oscillations, and the biggest 
negative excursion of δ13Ccarb (~ -8.0‰) was near the PC/C 
boundary with a sharply decreases down to -7.8‰ from 0.2‰. 
Oxygen isotopes also showed to be covariant from -4.8‰ to -
17.0‰, and the maximum negative excursion was -12.2‰ near 
the PC/C boundary. The highest organic carbon contents could 
reach 10%, corresponding to the negative peaks of δ13Ccarb and 
δ18Ocarb in the black shale. This large negative excursion 
associated with the base of the Cambrian System also have 
been recognized in South China, Siberia, Laurentia, West 
Africa, Mongolia and West Asia , named with BAsal 
Cambrian Carbon isotope Excursion (BACE). Here, this is the 
first record of BACE from the Tarim plate. 

The diamictit in the underlying Hankalchough Formation 
indicated a warming interglacial epoch in the lower Cambrian, 
with high atmospheric CO2 during BACE. Episodes of high 
burial ratio of organic materials and long-term duration of 
δ13Ccarb in negative regions required additional huge 13C-
depleted carbon input to offset the buried organic materials. 
Thus, anomalous negative δ13Ccarb in organic-rich shales at the 
peak of BACE were considered to be derived from a huge 
influx of isotopic light carbon into the ocean-atmosphere 
system over a short period. Possible source contained volcanic 
and/or organic fluxes of CO2, methane and/or DOC due to the 
overturn of a stratified ocean. 
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Carbonates in aqueously altered chondrites and in Martian 

meteorites potentially provide important information about 
fluid elemental and C and O isotopic compositions, carbonate 
formation temperatures, and the timing of alteration. Most 
studies of carbonates in chondrites have been bulk 
measurements, but recent published in situ petrologic and O 
isotopic studies show that there is considerable grain-to-grain 
heterogeneity within a single meteorite (e.g., [1-3]). Detailed in 
situ studies of both C and O isotopes, including determination 
of internal zoning of grains, will be needed to understand the 
conditions of carbonate formation and the sources of the 
altering fluids [4]. 

To this end, we aim to use the high spatial resolution and 
multicollector capabilities of the Carnegie NanoSIMS 50L to 
measure both C and O isotopic compositions simultaneously. 
We used several different carbonate standards (calcite, 
dolomite, ankerite, sideride, magnesite and strontianite) to 
study the matrix effects on the instrumental fractions for both 
C and O isotopes. Carbon and O isotopes were measured in 
multi-collection mode with five detectors for masses 12C, 13C, 
16O, 17O and 18O at a mass resolving power of more than 9000. 
An 8 kV primary Cs+ beam of about 80 pA focused to a few 
hundred nanometers were rastered over 5x5 µm2 on the sample 
during the data collection. An electron flood gun was used to 
compensate for surface charging during the extraction of the 
secondary negative ions at -8 kV. 16O was measured using a 
Farady cup, while all the other masses were counted using 
electron multipliers. Each spot analysis took 21 minutes, 
including four minutes of presputter. Ten repeat analyses of the 
same standard gives typical standard deviations of δ13C of 
about ±1‰  (1σ), δ17O: ±1‰ and δ18O: ±2‰. We will discuss 
the analytical details at the conference presentation including 
the matrix effects and sputtering rates on IMFs and aging of 
the electron multiplier for mass 12C. Some results of the 
measurements of C and O isotopes in carbonates of CM-CR 
chondrites will be discussed. 
 
[1] Tyra et al. (2012) GCA 77, 383-395. [2] Jenniskens et al. 
(2012) Science 338, 1583-1587. [3] Lee et al. (2013) GCA 121, 
452-466. [4] Alexander et al. (2015) M&PS, in press. 
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Banian antimony deposit is located in the southeastern area 

of Dushan County, Guizhou province, China, and has been one 
of the important parts of the Dushan antimony ore field. The 
ores are very simple in composition; calcite is the predominant 
gangue mineral in the deposit. It can be classified into two 
types of pink and white, and it is identified that the formation 
sequence between these major minerals is white calcite → pink 
calcite → stibnite.  

The REE characteristics of those calcites, stibnites and 
wall rocks are significantly different from each other. Among 
them both types of calcites contain relatively high total REE 
abundances, showing a significant REE fractionation with 
strong MREE- and HREE-enriched and LREE-depleted, even 
with La and some other elements are below detection limits. In 
detail, the remanent pink calcites have higher REE abundances 
than the white ones. Especially the LREE abundances of pink 
calcites are apparently higher than the white calcites. And the 
LREE/HREE ratios of pink calcites are also clearly higher than 
white calcites. The REE patterns described above show the 
tendency of an increase in the LREE concentration while the 
concentration of HREE remains nearly constant. Contrary to 
calcites which have strongly LREE-depleted patterns, all 
stibnite samples show strongly LREE-enriched patterns with 
extremely high LREE/HREE ratio. Except for La element with 
incredible high content, abundances of other REE fall off 
steeply as atomic number increases (and ionic radius 
decreases) and, as a result, individual values of MREE and 
HREE for most samples are better than the detection limits. 
Almost all of stibnites contain Y element below the detection 
limit, which is also contrary to the calcites.The total REE 
abundances of wall rocks, no matter near-ore or distal, are 
higher in comparison to calcites or stbnites. Their patterns 
show moderate LREE-enriched Wright-wing-type, with 
moderate Eu anomaly.  

Compared to the LREE-enriched calcites from the 
Wanshan and Lae mercury deposit, it is found that the Fe and 
Mn contents in MREE- and HREE-enriched calcites from 
Banian are apparently higher. We suggest that the Fe-Mn 
impurities in calcite may play an important role on the 
enrichment of MREE and HREE in calcites from Banian. 
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Extremely negative δ13Ccarb low to -57.89‰ VPDB are 
identified in the authigenic carbonates selected from the 
drilling cored sediments in northern South China Sea during 
the GMGS2 Expedition in 2013 (Zhang et al., 2014). Total 32 
sediment samples were selected from the hydrate-containing 
site GMGS2-08 at the holes of B, C, E, F from the depth  
0-90 mbsf. Carbonates and pyrites are identified widely as 
authigenic minerals within the sampled sediments, while 
gypsum occurs occationally. Most of authigenic carbonates 
shows an irregular bulk concretion in size of 300-800 µm 
consisted of aragonite needles in about 3 µm wide and 30 µm 
long. The identified carbonates distribute mainly in three 
depths: 0-13 mbsf, 58-61 mbsf and 84-85 mbsf. The values of 
δ13Ccarb show a extemely negative range of -38.36‰ to -57.89‰ 
VPDB except 3 samples having the values of -1.99‰ to -6.82‰ 
VPDB, which means that most of the identified carbonates 
precipitated by the processes of anaerobic oxidation of 
methane (AOM). The carbonates at the upper part of the 
sediment column are similar as the reported Jiulong methane 
reef with the similar value of δ13Ccarb in northeastern South 
China Sea (Han et al., 2008), however, the carbonates in the 
middle and the lower parts of sediment column are recognized 
at the first time. Thus, several AOM derived carbonate-rich 
layers at the site GMGS2-08 imply that there should be several 
times of AOM domination in Cenozoic, during which the 
methane seepages and gas hydrate dissociation might happen 
in northeastern South China Sea. 

3332



 Goldschmidt2015 Abstracts  

 3333 

Impact of algal exudate on iron redox 
transformations 

KAI WANG1, MARK BLIGH1, XIAOMIN LI1,  
CHRISTOPHER J. MILLER1 AND T. DAVID WAITE1* 

1School of Civil and Environmental Engineering, University of 
New South Wales, NSW 2052, Australia 

(*corresponding author: d.waite@unsw.edu.au) 
 

Algae are known to secret organic ligands to their 
surrounding environment in order to obtain essential 
micronutrients by conversion of the nutrient into a bioavailable 
form. Iron is an example of an essential element whose 
bioavailability may be increased via interaction with algal 
exudate.  

In this study, the impact of exudate from Microcystis 
aeruginosa on iron speciation in the dark at pH 8 was 
investigated. In order to avoid the background influence of 
organics and iron, the culture at stationary phase was 
resuspended in ligand and iron free medium for 2 days with 
this period being long enough for release of exudate yet 
avoidance of cell lysis. Experimental results revealed the 
production of long-lived reductants capable of reductively 
dissolving amorphous ferric oxide in ligand-free medium at 
neutral pH which promoted iron uptake by Fe-deficient algae. 
In addition to the presence of a reductant, an additional ligand 
was found to be present which accelerated the rate of oxidation 
of Fe(II). A mathematic model based on these two-ligand types 
was established in order to describe the interaction between 
iron and the algal exudate. Cyclic voltametric methods 
revealed that the redox behavior of the algal-derived exudate 
similar to quinone or quinone-like substances. The use of high 
performance liquid chromatography (HPLC) and nuclear 
magnetic resonance (NMR) allowed the identification of 
functional groups present in these algal exudate.      
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Mantle xenoliths from basaltic lavas of the Miocene 
Tumusun Volcano in the Khamar Daban Ridge (KDR), south 
Russian Siberia, have been studied to characterize the 
subcontinenal lithospheric mantle (SCLM) beneath the 
Slyudyansky terrane. These xenoliths are dominantly spinel-
bearing lherzolites, with equilibration temperatures from 950 
to 1100 °C. The Fo contents of olivine range from 89.2 to 90.4 
with Cr# in spinel ranges from 0.08 to 0.14. Although most 
lherzolies fall in the “Phanerozoic” field of the Boyd diagram, 
a few plot toward to the Proterozoic range. The Os isotope 
compositions of sulfides in these lherzolites reveal the 
presence of Proterozoic SCLM beneath the KDR region. Their 
in-situ Os isotope compositions (187Os/188Os) range from 
0.1063 (±8)to 0.1431 (±48) with 187Re/188Os ratios of 0.004-
0.862. Both TMA from the least-disturbed sulfides 
(187Re/188Os<0.07) and TRD from higher Re/Os sulfides, which 
assume no later introduction/loss of Os, yield model ages 
ranging from 0.7 to 3.0 Ga, with peaks around 2.0 and 1.2- 
1.0 Ga. These ages suggest that the SCLM beneath the KDR 
region formed at least by Proterozoic time, and that some 
domains are Archean. The sulfide Os ages are consistent with 
events recorded in the overlying crust. Younger sulfide Os 
ages (1.2-1.0 Ga) may mark the commencement of the Central 
Asia Orogeny since the Neoproterozoic and involvement of the 
mantle as suggested by Sengor et al. (1993) and Jahn (2004). 
These are the first results showing an ancient root beneath the 
KDR region, and they are consistent with ages of detrital 
zircons up to 2.9 Ga from the Slyudyansky terrane (Kovach et 
al., 2013). A compilation of other at least Mesoproterozoic 
lithospheric mantle Os model ages from the Vitim, Tariat and 
Khanka regions (Wang et al., 2011, 2013, 2014) suggests that 
ancient micro-continents are prevailent in the Central Asia 
Orogenic Belt, which might diminish the extent of juvenile 
crustal growth previously estimated to have occurred during 
this Orogeny . 
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Phytoplankton productivity in the oceans, amounting to 50 

petagram of carbon per year, plays an important role in 
sustaining the habitability of Earth. The variability of 
phytoplankton is always attributed to climate-related factors. 
Impact of deposition of anthropogenic nutrients (DAN), in 
particular for nitrogen (N), iron (Fe) and phosphorus (P), on 
open-ocean biogeochemistry has been realized. However, due 
to a large variability in climate-related factors, identification of 
the single signals of DAN in phytoplankton remains a major 
challenge. In this study, we use a state-of-the-art ocean 
biogeochemical model by considering the variation of DAN 
over the industrial era. When comparing against available 
observations in the oceans, the modelled concentrations of 
nutrients (N, P and Fe) and chlorophyll can be improved by 
considering DAN. In addition, by controlling the climate-
related factors, a positive signal in observed chlorophyll 
concentrations to increasing DAN can be successfully 
identified accross 182,552 measurements, which can be 
captured in the model. It implies the change of DAN should be 
considered when modelling the carbon cycle and N fixation in 
the Earth system. 
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Chemical etching was studied on seven faces/sections, i.e., 

(100), (110), (111), (120), (211), (221) and (hkl) of garnet 
crystals from Xinjiang by use of 40% HF (reagent grade) at 
room temperature. AFM (Atomic Force Microscopy) and DIC 
(Differential Interference Contrast Microscope) were the 
analytical methods used. Etch figures formed on the seven 
typical faces/sections were different in each case (Fig. 1). 
Combining with the prolonged and shortened direction of each 
etch pit, we assume that the cell parameters influence the etch 
figure to some extent. Meanwhile, the etch figure symmetry 
shows the point group m3m of garnet. Measured by clear 
distribution of etch pit in DIC 200× and specific shape in DIC 
400×, the reaction rate of the seven surfaces was (111) > (221) 
> (100) > (hkl) > (120) > (110) > (211).  

Based on the etched random grain section indices 
identified in typical etch figures, the crystallographic preferred 
orientation of garnet grains in eclogites from Bixiling and 
Shuanghe, Dabieshan district, was defined as having strong 
maxima of [110] subnormal to the foliation and strong maxima 
of [211] subparallel to the lineation. These observations point 
to specific geotectonic events that affected the eclogites in the 
two localities. 

 
Fig 1: Etch figures formed on two faces and five sections 

of garnet (observed by AFM, except for b and g by DIC): (a):  
on (100);  (b): on (110);  (c): on (111);  (d): on (120);  (e): on 
(221); (f): on (211); (g): on (hkl). 
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In Junggar basin,the coal is a very important part in 
Jurassic strata.The Jurassic is a coal bearing sedimentary 
formation of braided river-delta-limnetic facies,hydrocarbon 
source  rock types.The coal measures hydrocarbon source 
rocks are mainly developed in Badaowan and Xishanyao group 
top.This study combined with new processing seismic  datum 
and drilling datum,mainly to fine evaluate coal measures 
hydrocarbon source rocks.Research thinks,because the organic 
matter of Jurassic hydrocarbon source rocks mainly derived 
from terrestrial higher plants,therefore carbon hydrogen ratio is 
generally low of kerogen,the carbon hydrogen ratio is less than 
12,most of the samples of 0.5~1.0,carbon oxygen ratio is 
mainly 0.05~0.25,shows the characteristics of the type of 
organic matter mainly is type III     and type II2 as a 
supplement.Badaowan group in organic carbon content is 
higher,the general content more than 40%,around the center of 
deposition,formating several high organic carbon enrichment 
zone.However,different layers pyrolysis hydrocarbon 
generation potential of coal is obvious differences.In Junggar 
basin,chloroform bitumen “A” content is 1.323‰~65.833‰ 
of coal in middle lower Jurassic,the average was 
16.464‰,total hydroncarbon content of 0.590‰ 
~15.575‰ ,the average was 4.007‰.Oil source correlation 
shows that coal measure mudstone are the main hydrocarbon 
source rocks,coals and carbonaceous mudstone are secondary 
hydrocarbon source rock. 
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We studied the distribution of rare metal elements (Zr, Sn, 

Ti, Y, Nb, Ta, Ce, La, Nd, and Th) in surface sediments from 
five bays along the northeastern coast of the South China Sea. 
The results of the study elucidated the main controlling factors 
and the mineralization potential of these bays as metals 
placers. The rare metal elements contents of surface sediments 
are highly variable but show clear geographic regularities. The 
content of all studied elements in this area decreases from east 
to west, with the maximum average content in Shantou bay, 
which also contains the overall maximum element content. The 
minimum overall contents were found in Daya bay. The weak 
correlation between the fine sediment fraction and these 
elements suggests that they occur mainly in the form of 
metallic minerals. The relative abundance of these elements in 
the two easternmost bays (Shantou and Zhelin bays) is 
attributed to the large amounts of terrigenous material input by 
the Hanjiang River, and other small rivers. Shantou and Zhelin 
bays sediments are rich in zircon, cassiterite, ilmenite (or 
rutile), xenotime, monazite, niobium tantalite, and other rare 
metal minerals. Thus these bays are good prospects as rare 
metal placer resources. Shanwei and Dapeng bays show 
mineralization potential mostly for zircon and ilmenite (or 
rutile), respectively. 
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We have set up U/Th dating techniques on a multi-
collector inductively coupled plasma mass spectrometer (MC-
ICP-MS, a Thermo Scientific Neptune Plus) at the Earth 
Observatory of Singapore, accompanying with an ultra-clean 
geochemistry laboratory for actinide element separation and 
purification. When the instrument is equipped with a large 
interface pump (OnTool Booster pump), Jet sample cone, and 
X-skimmer cone, and coupled with a CETAC Aridus II 
desolvating nebulizer system and a PFA ESI-50 nebulizer, we 
routinely obtain an ionization efficiency of ~4%. Using the 
SEM peak-jumping mode, we can achieve a precision of ±1–
2‰ (2σ) for abundance determination of ~20 fg 234U or 230Th. 

To test the robustness and accuracy of our measurements, 
we first refined the chemistry processes to reduce procedural 
blanks, and the chemistry blanks for 238U, 232Th and 230Th can 
be routinely measured as 0.005 ± 0.005 pmol, 0.0005 ± 0.0005 
pmol, and 0.0001 ± 0.0001 fmol, respectively. In addition to 
run the NBL-112A uranium standard solution on the 
instrument (δ234U ~ -38.5 ± 1.0 ‰ in a year-long 
reproducibility), we further tested our chemistry and 
instrument methods using two carbonate samples with known 
ages. For a stalagmite sample collected in 2003 A.D. and with 
a fresh top, we obtained a U/Th age of 1996.8 ± 0.8 A.D. on a 
subsample about 4-6 bands below its top. For a living coral 
collected in 2013 A.D., we obtained 2002.5 ± 1.3 A.D. on the 
year band of 2003 A.D. For a secular equilibrium flowstone 
sample, we obtained values of δ234U and (230Th/238U)-activity 
as 1.5 ± 1.5 ‰ and 1.0002 ± 0.0032, respectively. The U/Th 
dating methods have also been successfully applied to a variety 
of carbonate samples, including speleothems, corals (shallow 
water and deep sea), tufa, and soil carbonates. 
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Chromium (Cr) isotopes, expressed as 
δ53Cr=(53/52Crsample/53/52CrSRM979 – 1)1000‰, are an emerging 
redox proxy. However, many of the mechanisms responsible 
for Cr isotope fractionation are poorly understood. The 
purposes of this study are (1) to expand the current Cr isotope 
database pertaining to high-temperature rocks and (2) to 
investigate Cr isotope effects during high temperature 
metamorphism, black shale weathering and hydrothermal 
alteration. 

Our δ53Cr data from mafic-ultramafic and meta-mafic-
ultramafic are within uncertainty the same as previously 
reported bulk silicate earth ranges (-0.12±0.10‰). Further, 
meta-carbonates that have experienced extensive high 
temperature fluid-rich alteration and element mobility yielded 
very limited Cr isotope variation. These results point to the 
unlikeliness of significant Cr isotopic variation under high 
temperature regimes and thus support the application of Cr 
isotopic composition as a tracer for low-temperature processes. 
However, hydrothermally altered mafic-ultramafic rocks 
(serpentinites) generated ~0.6‰ variation in δ53Cr. The heavy 
isotopic composition is likely related to incorporation of 
isotopically heavy seawater Cr that has gone through partial 
reduction during percolation through the oceanic crust.  

Our data from a black shale weathering profile yielded 
~0.5‰ variation in δ53Cr, with weathered black shale horizons 
being isotopically heavier than the relatively unweathered 
samples. Enrichment of heavy isotopes in the weathered 
section is accompanied by enrichment of Cr concentration. We 
propose that in the black shale weathering environment 
featuring acidic pH, the oxidized Cr(VI) is quickly re-
sequestered by reduction. This indicates significant Cr redox 
cycling and Cr isotope fractionations at low pH in the presence 
of high environmental oxygen concentrations. 
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East Asian rivers play a key role in earth surface process 
and land-sea interaction by linking continental/island 
weathering and chemical evolution of global ocean. The 
Changjiang (Yangtze River) is the largest river originating 
from the Tibetan Plateau and bridges the Eurasian continent 
and the west Pacific Ocean. In comparison, the small-sized 
mountainous rivers in Taiwan Island have increasingly 
attracted research attentions in recent years owing to the 
unique geologic setting and huge sediment fluxes. Both river 
systems deliver huge amount of terrigenous matter into East 
Asian marginal seas, which exerts a great control on marine 
sedimentation and biogeochemical cycle.  

In this paper, we attempt to compare the weathering 
intensity and sediment trasnport processes within the 
Changjiang catchment and Taiwan river basins by using 
various geochemical proxies, including stable and radiogenic 
Sr isotopes, Nd and U isotopes in the river sediments. We 
observed systematic spatial and temporal variations of stable 
Sr and radiogenic Sr-Nd isotopic ratios along the Changjiang 
mainstream, while distinct Sr-Nd isotopic signals are registered 
in different river sediments. Apart from the provenance rocks 
and weathering intensity, hydrodynamic sorting in river 
environment exerts an importnant influence on isotopic ratios. 
The calculation of “Comminution Age” based on 234U/238U 
in the lithogenic fractions suggests that the sediment transport 
time, which is largely depended on basin topography and its 
weathering condition, in Changjiang basin is much longer  
(400 ky) than that in Taiwan river basin (120 ky). This work 
provides the first quantitative constraint on time scale of 
sediment weathering and source to sink process in East Asia, 
which probably provide a deep insight into weathering regime 
and sediment recycling in Asian continental margin.  

 
Acknowledgements: This work was supported by NSFC 

research fund (Grant No: 41225020, 41376049). 
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Hf isotope analysis in zircon crystals has been widely used 

to constrain the source features and magmatic processes during 
the formation of granitic rocks. It is common that magmatic 
zirons from one single hand specimen can show varied Hf 
isotope ratios, but its petrogenetic significance is still an open 
question. Whatever geological processes for its origin, Hf 
isotopic variation in magmatic zircons record the 
disequilibrium of Hf isotopes within granitic melts, while the 
disequilibrium is the result of the dissolution of zircon grains 
in magma source and the Hf diffusion in the resulting granitic 
melts. Given the disequilibrim melting due to the “zircon effect” 
in the magma source, Hf diffusion in granitic melts is a 
constant of melt temperature and timescale that are the two 
fundamental issues of granitoid petrogenesis. Therefore, it is 
possible to propose a model to constrain the two issues based 
on the Hf diffusivities in granitic melts, by which estimates of 
the two parameters can be carried out easily just according to 
the Hf isotopic variation in magmatic zircons. Compilations on 
published zircon Hf isotopes have shown relatively large 
variations for many I- and S-type granitic rocks but limited 
ranges for A-type granites and gabbros. Our modeling results 
suggest that a single granitic melt is unlikely to have existed as 
long as >1 m.y. because of limited Hf isotopic variations, and 
most I- and S- type granitic plutons have melt temperatures 
higher than 800 ºC, in contrast to the results by Ti-in-zircon 
thermometry but overally consistent with the results by Zr 
saturation thermometry. The modelling can be used on the 
Hadean zircons whose host rocks have not been found. 
Previously published Hf isotopes on the Jack Hills zircons 
show narrow εHf(t) variation for every time interval divided by 
20 m.y. If some of the Jack Hills zircons are sourced from 
granitic rocks, their limited Hf isotopic variations indicate that 
the melting regime of the supracrustal rocks of the earliest 
crust may have taken place at the amphibole-stability field 
(i.e., dehydration melting), rather than a water-saturated 
melting. This further suggests that free water or other 
complementary fluids may have not been prevailed in the 
deep-seated melting zones of the earliest crust, which may 
preclude plate tectonics on the earliest time. 
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Numerical modelling of paired carbon-sulphur isotope data 
indicates that the Steptoean Positive Carbon Isotope Excursion 
(SPICE) in the Paibian Stage of the Furongian Series may 
record transient increases of primary productivity and 
preservation of organic carbon (Gill, et al 2011). However, 
organic-rich black shales associated with SPICE were sparsely 
found. There is no denying that high primary productivity and 
removal of 13C-depleted CO2 are still the driving mechanism of 
the positive excursions. When the positive δ13C excursion was 
associated with falling sea-level and an expansion of carbonate 
platform, massive organic carbon should be restricted to deep 
basins or deep oceans. Thus, a possible interpretation for the 
lack of organic-rich black shales during SPICE could be that, a 
large dissolved organic carbon (DOC) reservoir was developed 
in the deep ocean during the Furongian, similar to what has 
been documented in the Late Cryogenian, Ediacaran and Early 
Cambrian (Swanson-Hysell et al., 2010; McFadden et al., 
2008; Ishikawa et al., 2013). 

Paired δ13Ccarb-δ13Corg from the Furongian strata in the 
Tarim Basin, together with many other published data from 
time-equivalent strata globally (Buggisch et al., 2003; 
Saltzman et al., 2011), suggest that the decoupled or weak co-
varying δ13Ccarb-δ13Corg may record a resurgence of a large 
oceanic DOC reservoir during the Furongian Series, within a 
period of 10~12 Ma. The shift from coupled to decoupled 
δ13Ccarb-δ13Corg at the base of the Furongian Series may 
indicate the onset of an increasing DOC reservoir, while the 
shift from decoupled to coupled δ13Ccarb-δ13Corg may suggest 
the terminal of the Furongian DOC reservoir in the Early 
Ordovician. 

 
[1] Buggisch et al. (2003) Palaeogr, Palaeoclimatol, 
Palaeoecol 195,357-373. [2] Gill et al. (2011) Nature 469, 80-
83. [3] Ishikawa et al. (2013) Precambrian Res 225, 190-208. 
[4] McFadden et al. (2008) PNAS 105, 3197-3202. [5] 
Saltzman et al. (2011) PNAS 108, 3876-388. [6] Swanson-
Hysell et al. (2010) Science 328, 608-611. 
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Adsorption experiment of uranium on albite in presence of 
phosphate showed that adsorption percentages can be affected 
by pH, total phosphate, ionic strength and solid solution ratio. 
The adsorption can reach maximum when pH at 4.0, while 
minimum when pH at 2.0. Adsorption can increase with pH in 
the range from 2 to 4, but decrease with pH in the range from 7 
to 11. If solution was acidic, uranium adsorption on albite was 
stronger in the presence of phosphate than situation in the 
absence of phosphate. If solution was alkaline, uranium 
adsorption on albite was stronger in presence of low 
concentration of phosphate, but weaker in presence of high 
concentration of phosphate, than situation in the absence of 
phosphate. Whatever in acidic or alkaline condition, adsorption 
can decrease with the concentration of phosphate.Uranium 
adsorption on albite in the presence of phosphate was 
discussed at different value of solid solution ratio (5 g/l, 10 g/l, 
20 g/l). Adsorption percentage can increase with solid solution 
ratio and reach maximum at the solid solution ratio of 20 g/l 
within the pH range from 2 to 4. Nevertheless, adsorption 
percentage can reach maximum at the solid solution ratio of 10 
g/l within the pH range from 7 to 11. Increasing of solid 
solution ratio did not always promote the adsorption when pH 
varied from 7 to 11, which was consistent with result in 
previous literature. Ionic strength had little impact on uranium 
adsorption on albite when 2<pH<4. However, ionic strength 
can significantly improve uranium adsorption when 4<pH<11.  
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Clay minerals play important roles in incorporation, 

transport and preservation of organic matter in marine 
sediments. In this study, we investigated the fate of organic 
carbon in different size fractions in the particulate matter 
transported by the Yellow River, the second largest river in 
China, and in the surface sediments of the Yellow Sea. The 
riverine particles were separated into five size fractions (< 
8μm, 8-16μm, 16-32μm, 32-63μm and > 63μm) by 
hydrodynamic sorting method and surface sediments were 
separated into four size fractions (5-63μm, 63-100μm, 100-
200μm and 200-500μm) by wet sieving method.  Carbon 
isotopic (Δ14C and δ13C) compositions were measured for OC 
in each size fractions. 

The values of δ13C of OC in different size fractions ranged 
from -19.3‰ to -24.8‰ for the river particles and -20.2‰ to -
24.5‰ for the surface sediments.  The values of Δ14C ranged 
from -325‰ to -691‰ for the river particles and -172‰ to -
706‰ for the surface sediments, corresponding to the 14C ages 
of 3,100 to 9,360 years for the river particles and 1,460 to 
9,760 years for the surface sediments. The Yellow River 
transports very old particulate organic carbon (POC) to the 
Yellow Sea. No clear systematic patterns were found for 14C 
ages of OC associated with different size fractions in both river 
particles and surface sediments but large 14C age variations 
exist for OC in the surface sediments in the Yellow Sea. The 
source of OC inputs and possible causes of the observed Δ14C 
variations in the river particles and surface sediments are 
discussed. 
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Terrestrial planets and meteorites are in general depleted in 
volatile elements compared with the solar composition. This 
depletion could have been produced by partial condensation 
while the protoplanetary disk was still hot or by evaporation 
during thermal events or due to the migration of volatile rich 
material into hotter regions. Last, it could result from volatile 
loss during impacts or planetary magmatism.  

Humayun and Clayton [1] reported no K isotope 
fractionation in planetary materials. This lack of isotopic 
fractionation has later been interpreted as the result of the 
relatively high K partial pressure in the environment. Hence,  
the isotopic fractionation of volatile elements can be a measure 
of whether condensed phase was in thermodynamic 
equilibrium with the vapor phase [2].  

In contrast with K isotopes, high precision isotope 
measurements of  Zn  in chondrites showed that elemental 
depletion correlates with lighter Zn isotope compositions [3],  
suggesting the role of partial condensation. 

This study focuses on tin (Sn) whose condensensation 
temperature (704 K) is similar to that of Zn. Seven Sn isotopes 
have a natural abundance above 4%, making it a very reliable 
system to measure with high precision. The determination of 
Sn isotopic composition were performed with a 117Sn-122Sn 
double spike technique on the Neptune Plus MC-ICPMS 
equipped with Jet cones. A three ion-exchange column 
procedure were designed to separate and purify Sn from 
matrices and interfering elements (such as Cd, In and Te). An 
Sn elemental standard was passed through the whole procedure 
and showed no isotope fractionation and  yielded analytical 
uncertainties of 0.03 ‰ (2 SE, n=12) for δ124Sn. The Sn 
isotopic compositions in terrestrial samples and meteorites 
were analyzed to constrain the conditions of volatile element 
loss in the solar nebula.   

 
[1] Humayun and Clayton (1995) GCA 59, 2131. [2] A.M. 

Davis et al. (2003) Treatise on Geochemistry 1, 407. [3] J. 
Luck et al. (2005) GCA 69, 5351. 
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Closed-system Fischer–Tropsch synthesis was conducted 

at 350◦C and 380◦C under 30 MPa and 390◦C under 30, 100, 
and 200 MPa, respectively, with magnetite as a catalyst in this 
Study. The results of carbon isotope compositions of gaseous 
hydrocarbons were derived, which do not show an expected 
reversed order in carbon isotope composition from C1 to C3 
hydrocarbons, even though features of partially reversed order 
in carbon isotope values, such as δ13C1>δ13C2<δ13C3(Fig.1a), 
can still be commonly observed. In addition, the synthesis 
time, temperature, and pressure have a significant impact on 
the chemical and carbon isotopic compositions of abiogenic 
gases(Fig.1b). However, the essential constraint factor for the 
carbon isotopic features of abiogenic gases is the molar ratio of 
H2/CO2(Fig.1c). These results indicate that the reversed order 
of carbon isotope composition is not a unique criterion that can 
be typically used to distinguish abiogenic gases. 

 
Fig. 1: The carbon isotopic pattern for the FTS abiogenic 

gases in a closed system. 
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The source and degree of elemental fractionation is one of 
the remaining challenges in LA-ICP-MS. In this study, the 
ICP-induced fractionation behavior of 63 elements was studied 
using a local aerosol extraction strategy while using a 193 nm 
excimer laser ablation system for sampling. We found that the 
sampling distance between the ablation site and the gas outlet 
nozzle tip positively correlated with the size of the laser 
ablation produced aerosol particles or agglomerates in the local 
aerosol extraction strategy. Therefore, the local aerosol 
extraction strategy allowed detailed studies of the ICP-induced 
fractionation behaviors for different elements. At a low 
makeup gas flow rate of 0.6 L min-1 (hot plasma conditions), 
the increase in the size of aerosol agglomerates or particles 
because of the increased sampling distance from 1 mm to  
10 mm does not affect the ionization  efficiency of the sample 
aerosol in ICP. In contrast, at a high makeup gas flow rate of 
0.9 L min-1, the normalized signal intensities of the elements 
significantly differ when the sampling distance increases from 
1 mm to 10 mm. These experimental results suggest that the 
changes in the size of aerosol particles or agglomerates under 
our given conditions do not affect the transport efficiency of 
aerosol particles but affect the vaporization of aerosol particles 
in ICP. The mass load effect is more significant in the presence 
of large amounts of large aerosol particles and agglomerates, 
which deteriorates the vaporization of aerosol particles. Our 
experimental results also show that the sample position in the 
normal ablation cell affects the size of laser ablation produced 
aerosol particles or agglomerates. The high velocity of the 
carrier gas flow rate on the ablation site facilitates the 
production of small aerosol agglomerates or particles. To 
reduce the ICP-induced fractionation behaviors in LA-ICP-MS, 
hot plasma conditions and high velocity of the carrier gas flow 
rate on the ablation site are required.   
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The origin of K-rich orogenic magmatism in the Alpine-
Himalayan belt and its relationship to the large-scale elevations 
in several massifs of the orogen is controversial, particularly 
the significance of the widespread presence of a geochemical 
signal typical for recycled continental crust. Two competing 
scenarios invoke direct melting of continental crust during 
deep intercontinental subduction and removal of heavily 
metasomatised mantle lithosphere by delamination into the 
convecting mantle. Here we investigate the coupling of high 
Th/La ratio with crustal isotopic signatures in K-rich orogenic 
lavas that does not occur in volcanic rocks from other 
collisional environments to distinguish between these two 
models. High-pressure experimental results on a phyllite 
representing upper crustal composition and a detailed mineral 
and geochemical study of blueschists from Tavşanlı mélange, 
Turkey, indicate that this geochemical fingerprint originates by 
melting of subducted mélange. Melting of crust at the top of 
the subducted continental lithosphere cannot produce observed 
fingerprint, whereas lawsonites, especially those with 
terrigenous sediment origin from blueschists with high Th/La 
can. Lawsonites that grow in various components of a 
subduction mélange inherit the geochemical characteristics of 
either oceanic or continental protoliths.  

The source regions of the potassic volcanic rocks consist of 
blueschist facies mélanges imbricated together with extremely 
depleted fore-arc peridotites in a mantle lithosphere that was 
newly formed during the convergence of small continental 
blocks and oceans. This process takes place entirely at shallow 
depths (<60-80km) and does not require any deep subduction 
of continental materials 
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Silver abundances in mantle peridotites and the behavior of 
Ag during high-temperature mantle processes have received 
little attention, and consequently the abundance of Ag in the 
bulk silicate Earth (BSE) has been poorly constrained. Here we 
report new abundances of Ag and Cu in mantle peridotites 
(n=68) from different geological settings with variable extent 
of melt depletion and refertilization. The data have been 
obtained by isotope dilution ICP-MS methods. In combination 
with previously reported abundance data of other chalcophile 
elements (PGE, Re, S, Se and Te) in these samples and data on 
basalts, the new Ag and Cu data provide comprehensive 
constraints on the partitioning behavior of chalcophile 
elements in mantle processes. 

Silver and Cu are depleted in most peridotites compared to 
basic magmas, and thus are moderately incompatible elements. 
Althought a small fraction of Ag and Cu may be hosted in 
silicate phases of mantle peridotites, correlations with S and Se 
indicate that sulfides are the predominant host phases. Similar 
ranges of Cu/Ag ratios (3000-4000) of peridotites, MORB 
glasses and MORB sulfide droplets indicate the similar 
partitioning behavior of Cu and Ag and limited fractionation of 
these elements during melting, refertilization and fractional 
crystallization of basic magma. The limited fractionation of Cu 
and Ag and the abundance variations of the PGE, Re, Au, S, Se, 
Te, Cu and Ag in peridotites and basalts are consistent with 
sulfide melt-silicate melt partitioning and relative bulk 
partition coefficients in decreasing order of PGE > Au ≥ Te > 
Cu ≈ Ag > Se ≥ S ≈ Re, consistent with results from 
experimentally determined partitioning data. 

Abundances of Cu, Ag, S, Se, Te, Re and Au in most 
massif peridotites and in a few xenolith suites show positive 
correlations and indicate the limited fractionation of these 
elements during melting and refertilization. These correlations 
and constant Cu/Ag ratios of peridotites and MORBs constrain 
the minimum abundances (at 3.5 wt. % Al2O3) of Ag and Cu in 
the BSE at 9±3 (1s) ng/g and 30±6 µg/g (1s), respectively. 
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Interestingly, tidal water after exchange with intertidal salt 

marshes contains higher total alkalinity (TA), but lower pH 
and higher carbon dioxide (CO2). These highly productive 
vegetated wetlands are deemed to export both alkalinity and 
dissolved inorganic carbon (DIC) to the ocean. This creates an 
apparent paradox in that salt marshes are both an acidifying 
and alkalizing source to the ocean. It has been argued that 
coastal salt marshes provide buffering capacity against coastal 
ocean acidification. Limited studies suggest that the marsh 
DIC and alkalinity export might matter a great deal to carbon 
cycling and carbonate chemistry, but the current estimates are 
still far too uncertain to be conclusive, largely due to lack of 
measurements that truly capture their variability. Unfortunately 
this ecosystem type and chemical source has been dramatically 
diminished in the recent past, and is likely to diminish much 
further, due to sea level rise, land development, eutrophication, 
and other anthropogenic pressures. To assess the potential 
impacts of this future change, it is imperative to understand its 
current status and accurately evaluate its significance to other 
parts of the carbon cycle. This study uses high-resolution in-
situ measurements along with modeling to significantly 
improve assessment of DIC export fluxes from intertidal salt 
marshes over minutes to seasonal scales. Carbon isotope 
measurements are also used to identify source of inorganic 
carbon over tidal and seasonal cycles. We also characterize and 
evaluate a previously unnoticed, but potentially important 
effect of organic alkalinity in dissolved organic carbon (DOC) 
on carbonate chemistry. This study is one of the first in-depth 
analyses of how marsh export of alkalinity and DIC impacts 
carbonate chemistry of coastal waters. 
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Simulation experiments of hydrocarbons generation and 

expulsion from various source rocks, statistics of oil expulsion 
rate in different source-reservoir associations in Bohai Bay 
Basin, Songlian Basin in particular, as well as the analysis of 
thermogenic bitumen in Tarim and Sichuan basin were 
systematically conducted in this study. The results show that a 
considerable amount of liquid hydrocarbons were detained in 
source rocks and the oil expulsion rate decreases with the 
reducing of TOC. The expulsion rates for source rocks with 
low TOC (usually less than 2%) are below 50% during the 
liquid-window stage, while those in the thick source rock beds 
and source-reservoir association with TOC ranging in 2%-4% 
vary from 30% to 70% respectively. In addition, the expelled 
liquid hydrocarbons with different abundance stayed in both 
carried beds and the midway of accumulation process where 
dominantly occured in the landform. The above dispersive and  
half-dispersed-half-accumulated liquid hydrocarbons are 
generally called dispersive hydrocarbons. Natural gas can be 
cracked from both dispersed liquid hydrocarbons inside and 
outside of the source kitchens to form conventional and 
unconventional gas accumulations with large scale, when the 
kitchens and carried beds where containing dispersed liquid 
hydrocarbons were furtherly buried. Exploration practices in 
Sichuan and Tarim basins have proven that both the dispersed 
liquid hydrocarbons remained in source kitchens and carried 
beds, half-accumulate and fully-accumulated reservoirs can 
performed as the major source kitchen for conventional and 
unconventional natural gas accumulations. Therefore, the 
contribution of natural gas accumulation for both conventional 
and unconventional gas resources in the deep section of 
superimposed basins in China are important. 
 
[1] Zhao et al (2011) Petroleum Exploration and Development 
38, 129-135. [2] Zhao et al (2005) Petroleum Exploration and 
Development 32, 1-7.  
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The successful operation of enhanced geothermal systems 

(EGS) is mainly dependent on the fracture surface area created 
during hydraulic reservoir stimulation. Fluid circulation within 
a stimulated reservoir alters the created fracture surface area by 
mineral dissolution/precipitation reactions. Ideally, the 
stimulated fracture surface area can be estimated by 
quantifying the corresponding reaction rates. The use of Li 
isotope is a promising tool because, owing to their large mass 
difference, the two stable Li isotopes (6Li, 7Li) significantly 
fractionate during alternation of primary silicate minerals and 
formation of secondary minerals. 

We present Li isotope measurements of water samples 
collected during drilling of the 57 km long Gotthard rail base 
tunnel in Switzerland, to explore the use of Li isotope 
measurements to track water-rock interactions in fractured 
crystalline rock at temperatures of up to 50°C. Our 17 samples 
originate from water conducting fractures within two specific 
granitic rock units, which are characterized by a similar rock 
mineralogy, but significantly different fluid composition. In 
particular, the aqueous Li concentration observed in samples 
from the two units varies from 1.5-3.5 mg/L to 0.01- 
0.05 mg/L. While δ7Li measurements from the unit with high 
[Li] showed very little variation (δ7Li=8.5-9.1‰), a large 
variation was observed for the samples from the unit with low 
[Li] (δ7Li=10-41‰). This observation demonstrates that Li 
isotope fractionation is highly sensitive to aqueous [Li]. 
Moreover, δ7Li values from the low [Li] unit correlate well 
with reaction progress parameters such as the pH and the 
[Li]/[Na] ratio, suggesting that δ7Li values are mainly 
controlled by the residence time within the fracture. 
Consequently, 1D reactive transport modeling was performed 
to simulate mineral reactions and associated Li isotope 
fractionation along a particular water conducting fracture using 
TOUGHREACT. Preliminary modeling results infer that for 
well-defined systems with low [Li] and thus strong δ7Li 
variations reactive fracture surface areas can actually be 
estimated (i.e., calibrated) by matching measured δ7Li values. 
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Surface water CO2 levels are critically important for 

determination of sea-air CO2 fluxes and for study of ocean 
acidification (OA). However, the gas exchange and OA 
processes are often studied separately. In this presentation I 
will outline the commonality and differences focusing on 
global and regional scales. The global surface CO2 databases 
and syntheses efforts are used to show trends in fluxes and OA. 
Regional variability is illustrated from data in the Northern 
Gulf of Mexico and along the East Coast (GOMEC) of the 
USA. 

On first-order global CO2 fluxes and decreases in surface 
water aragonite saturation state, a primary indicator of OA, 
closely follow the atmospheric CO2 increases. However, 
surface water CO2 measurements over the past 3 decades show 
anomalous trends on multi-annual scales. Of particular note is 
an apparent slowdown in the rate of global CO2 flux increase 
and saturation state decrease in the 1990’s and 2000’s and an 
acceleration in recent years.  

Variability in surface water CO2 levels in the GOMEC 
region are appreciably greater on seasonal to multiannual 
scales than seen globally. This leads to large changes in fluxes 
and OA. Differences in surface water CO2 levels between 
comprehensive summertime observations in 2007 and 2012 are 
up to 10-fold greater than expected from invasion of 
anthropogenic CO2. Saturation states are much higher in the 
Northeast with much greater CO2 influx in 2012. The changes 
are in the opposite direction in the Northern Gulf of Mexico 
with a large depression in saturation states in 2012 and greater 
CO2 efflux. The changing pattern is attributed to a change in 
the large-scale current structures in the Loop Current of the 
GOM and the Labrador Shelf Current in the Northeast.  
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For nearly four decades researchers have investigated the 

surface reactivity and metal adsorption characteristics of 
microbial surfaces. These studies have generally utilized 
coupled potentiometric titration and metal adsorption 
experiments. Subsequently, the results are used in conjunction 
with surface complexation models, the ultimate goal being to 
quantitatively assess the impact of reactive surface ligands on 
metal concentrations in natural environments. These models 
are typically based on data gathered using microbes cultured in 
vitro. However, a major concern with this procedure is that it 
neglects to consider the implications of environmental factors, 
such as concomitantly occuring mineral precipitates on the 
metal sorption capacity of microbes. The purpose of this study 
was to assess the impact of carbonate mineral precipitates on 
microbial surface reactivity in a field setting, relative to those 
cultured in vitro. Three sets of potentiometric titrations and 
metal sorption experiments were carried out on three groups of 
samples: (1) microbes cultured in vitro, (2) samples of only 
carbonate minerals gathered in the field, and (3)  samples 
containing a mixture of microbes and carbonate minerals. This 
allows for a comparison assessing the relative contributions to 
the surface reactivity of the two end-members versus the 
mixture characteristic of  natural environments. Preliminary 
results show that field samples are much more chemically 
reactive and bind more metal than samples cultured in vitro. 
The majority of this increase is attributed to the reactivity of 
carbonates present in the sample. When considering purely 
microbe-metal interactions, in vitro cultures appear to 
overpredict metal binding capacity of microbial mats in natural 
settings. 
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Regions of the ocean where coastal upwelling and oxygen 
minimum zones (OMZ) occur are major oceanic sources of 
nitrous oxide (N2O) emissions to the atmosphere. The depth 
distribution of N2O in OMZs characteristically exhibits two 
maxima, one above and one below the undersaturated anoxic 
core.  Although likely more variable and dynamic than is 
apparent from measurements made on infrequent research 
cruises, these features are consistent and stable over time.  
Microbial nitrification and denitrification are both implicated 
in N2O cycling, but their distributions and relative 
contributions to net production are not well constrained.  Using 
a suite of 15N-tracers, we performed incubation experiments to 
directly measure the rates and pathways of N2O consumption 
and production in the two OMZs of the Eastern Tropical 
Pacific Ocean.  Not surprisingly, we find that both nitrification 
and denitrification contribute to net N2O production. Rates of 
N2O production from nitrite and nitrate within the anoxic 
depths far exceed the production of N2O from ammonium in 
the oxygenated surface layer.  Consumption rates of N2O are 
very high in the anoxic core of the OMZ as well, however, 
such that rapid turnover rates maintain low concentrations. The 
oxycline overlying the OMZ is a particularly dynamic depth 
interval for both production and consumption, suggesting that 
uncoupling of the two processes due to differential dependence 
on or tolerance of oxygen is a critical factor in determining the 
net oceanic N2O flux to the atmosphere. 
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Given the expected increase in pressure on land resources 

over the next century as the demand for food swells and 
productive regions shift with a changing climate, there is a 
need to understand the total impacts of activities associated 
with land use and land cover change (LULCC).  Here we 
quantify these impacts using the radiative forcing metric, 
including forcings from changes in long-lived greenhouse 
gases, tropospheric ozone, aerosol effects, and land surface 
albedo.  We estimate radiative forcings from the different 
agents for historical LULCC and for six future projections 
using simulations from the National Center for Atmospheric 
Research Community Land Model and Community 
Atmosphere Models and additional offline analyses.  When all 
forcing agents are considered together we show that 40% 
(+30%, -20%) of the present-day (2010) anthropogenic 
radiative forcing can be attributed to LULCC.  Changes in the 
emission of non-CO2 greenhouse gases and aerosols from 
LULCC enhance the total LULCC radiative forcing by a factor 
of 2 to 3 with respect to the forcing from CO2 alone.  In 
contrast, the non-CO2 forcings from fossil fuel burning are 
roughly neutral, due largely to the negative (cooling) impact of 
aerosols from these sources.  Future estimates of climate 
change can include large contributions from land use and land 
cover change depending which scenario humans choose. 

3357



 Goldschmidt2015 Abstracts  

 3358 

Evolution of oxygenic photosynthesis 
triggered the rise of oxygen 

LEWIS M. WARD*1, JAMES HEMP1, PATRICK M. SHIH23, 
JOSEPH L. KIRSCHVINK1 AND WOODWARD W. FISCHER1 

1Division of Geological and Planetary Sciences, California 
Institute of Technology, 1200 E. California Blvd, 
Pasadena, CA 91125 (*Correspondence: 
lward@caltech.edu) (jim.hemp@caltech.edu, 
kirschvink@caltech.edu, wfischer@caltech.edu)  

2Joint BioEnergy Institute, 5885 Hollis St, Emeryville, CA 
94608 (pmshih@gmail.com)  

3Physical Biosciences Division, Lawrence Berkeley National 
Laboratory, One Cyclotron Rd, Berkeley, CA 94720 

 
It is widely accepted that Cyanobacteria invented oxygenic 

photosynthesis, and that this was a necessary precondition for 
the rise of oxygen by ~2.3 Gya, but it is debated whether this 
occurred immediately following the evolution of 
Cyanobacteria or whether they originated far earlier in 
Archean time.  

New molecular clock analyses reveal the divergence 
between Cyanobacteria and recently discovered 
nonphotosynthetic relatives ~2.5 Ga, marking an upper limit 
for the origin of oxygenic photosynthesis; furthermore the 
radiation of crown group Cyanobacteria is placed after the rise 
of oxygen, ~2.0 Ga, potentially coincident with the acquisition 
of aerobic respiration. 

To test these results and assess whether the evolution of 
oxygenic photosynthesis could be directly responsible for the 
rise of oxygen, we constructed a biogeochemical model to 
estimate the characteristic timescales for fluid Earth 
oxygenation. This framework accounts for major pools and 
fluxes of compounds that might buffer oxygenation, 
demonstrating that these are insufficient to delay oxygenation 
for more than tens to hundreds of thousands of years. 
Calculations suggest that oxygenation proceeds rapidly upon 
evolution of oxygenic photosynthesis. These buffers are 
regenerated over geological timescales, while gross primary 
production acts orders of magnitude faster. The only O2 sink 
that responds on a comparable timescale is aerobic respiration. 
Insights from comparative biology suggest a delay between the 
evolution of oxygenic photosynthesis and aerobic respiration—
a scenario with consequences for organic carbon burial and 
climate.  

These data support a consistent scenario in which 
Cyanobacteria diverged from nonphotosynthetic ancestors and 
evolved oxygenic photosynthesis shortly before 2.3 Gya, 
triggering the relatively rapid oxygenation of the atmosphere.  
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The Baltic Sea is currently one of the most polluted seas in 
the world and one of the main disturbances is anoxia, which 
has increased dramatically since about 1960 [1]. However, 
anoxic events have been occurring in the Baltic Sea for the 
past 8,000 years and the controls are not well understood. With 
this study we investigate environmental conditions during 
anoxic events in the past to better understand present day 
anoxia in the Baltic Sea. To do this we examined three cores 
from the Baltic Sea, one core from the central Baltic Sea in the 
Gotland Basin was analysed in high resolution for sea surface 
temperature (SST) using the TEX86-proxy and total organic 
carbon accumulation (TOC) and the two cores from the 
Arkona Basin were analysed for alkenones because of their 
closer proximity to the ocean.  

During the Holocene brackish period (the last 7,500 kyrs) 
in the Gotland Basin higher reconstructed temperatures 
correlate with periods of increased organic carbon 
accumulation, which is linked to anoxia, while colder 
temperatures correlate to periods of low organic carbon 
accumulation and oxic conditions. After the increase in salinity 
brought about by a re-established connection to the ocean, 
anoxia thus appears to have been controlled by climate, 
demonstrating that hydrology and climate both play major 
roles in the establishment of anoxic conditions in the Baltic 
Sea. These results leads us to believe that even though anoxic 
episodes are a natural feature of the Baltic Sea over the 
Holocene, they could be exasperated by future anthropogenic 
global warming. Both Arkona cores show an increase in C37:3 

and C37:2  alkenones and a decrease in %C37:4 indicating 
increased marine input and higher salinity conditions [2] 
occurred at the same time as the onset of a decrease in the 
branched isoprenoid tetraether (BIT) index, also indicative of 
increased marine influence [3]. The alkenone record from the 
Arkona cores along with the BIT index from all three cores 
shows that the transition from a freshwater lake to a brackish 
sea that occurred during the Holocene was clearly captured by 
the distribution of biological markers. 
 
[1] Karlson, et al. (2002) Oceanogr Mar Biol: 40, 427-489. [2] 
Blanz et al. (2005) Geochim Cosmochim Ac: 69, 2589-3600. 
[3] Hopmans (2004) Earth Planet Sc Lett: 224, 107-116. 
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The Ferrar large igneous province is exposed over  

3000 km along the Transantarctic Mountains in Antarctica, 
terminating in the Australian state of Tasmania and in New 
Zealand. The Tasmanian magmatism consists of one layered 
mafic intrusion, doleritic sills and dykes, basalt and rare dacite 
flows. The geochemical correlations between the Tasmanian 
dolerites and the Ferrar dolerites of Antarctica are remarkable 
and have been well established [1]. The great exposure of 
dykes and sills at differing  stratigraphic levels throughout the 
island allow for an ideal laboratory for an intensive study of 
the Ferrar province that has yet to be utilized for 
geochronology.  

A new high-precision 40Ar/39Ar plateau age of 182.17 ± 
0.37 Ma was obtained on plagioclase separates extracted from 
a doleritic sill from Tasmania. This age was generated using an 
ARGUS VI multicollector mass spectrometer and is 
unprecedented in precision for plagioclase dating. As a 
comparison, analyses on (larger) aliquots of plagioclase with a 
similar Ca/K ratio of ~ 30, usually returns a precision of ± 1.5 
to ± 2 Ma when analyzed  using a single collector machine. 
This contrast in uncertainty illustrates the advantage of the 
ARGUS VI instrument. This gain of precision will be particu-
larly useful for dating volcanic flows which, although 
constituting the bulk of large igneous provinces, are naturally 
devoid of zircon and were inaccessible to high precision 
geochronology … until now. This project will present more 
high precision 40Ar/39Ar geochronology for the Tasmanian 
dolerites. This  preliminary age, however, already shows that 
the activity of the easternmost Ferrar magmatism is similar to 
the few high precision zircon and baddeleyite U-Pb Ferrar ages 
previously published from Antarctica, 182.7 ± 0.4 – 183.9 ± 
0.3 Ma [2] [3]. Furthermore, these Antartica-Tasmanian ages 
are synchronous to the peak of activity of the  Karoo 
magmatism (~ 183 Ma; [4] ).  
 
[1] Hergt, Chappell, McCulloch, McDougall, and Chivas 
(1989), Journal of Petrology 30, 841-883. [2] Encarnación, 
Fleming, Elliot, & Eales (1996), Geology 24, 535-538. [3] 
Minor & Mukasa (1997), Geochimica et Cosmochimica Acta 
61, 2497-2504. [4] Jourdan, Féraud, Bertrand, Watkeys, & 
Renne (2008), G3 9, 20 p. 
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Hydrogen, helium, nitrogen and hydrocarbon-rich brines 
associated with mineral deposits in the South African 
crystalline basement have been shown to support microbial life 
[1]. Hydrogen production in the Precambrian crust, 
representing some 70% of the continents, suggests that far 
larger regions of the Earth are capable of supporting microbial 
life than previously thought [2]. To understand how the deep 
continental crust is inoculated, how microbial life evolves in 
isolation and the extent of their communication with both the 
surface and other deep subsurface microbial communities it is 
essential to develop tools that define the fluid environment: 
What are the residence times of the fluids; where are these 
fluids sourced; what are the key water-rock reactions 
producing energy; how widespread are such biomes? 

Fluids with similar H2, He, N2, CH4-rich compositions 
from 2400m depth in a Cu-Zn mine in the Timmins region of 
Ontario, Canada, have a closed system noble gas mean 
residence age >1 Ga [3]. Here we extend the Holland et al. 
(2013), study to fluid flowing from fractures ~600m deeper yet 
in the Timmins mine, and to similar fluids found at depth in 
two additional mines on the Canadian Shield also. Preliminary 
data from Timmins show 136Xe/130Xe ratios 93% above modern 
air values compared with a 20% excess found in the 2400m 
samples. 124Xe/130Xe values are consistent with an atmospheric 
Xe age [4] close to the mineral deposit formation age at 2.7 
Ga. Data from the two new sites in Sudbury also show 
fissiogenic 136Xe/130Xe ratios between 10 and 38% above air. 
We are currently obtaining data on the light Xe isotopic 
composition and the other noble gases to obtain noble gas 
mean residence ages and compare the Timmins and Sudbury 
systems. Additionally we are applying the new noble gas data 
to validate the original assumption that these ancient fluids 
originate from closed systems [3]. 

 
[1] Lin et al. (2006) Science 314, 479-482. [2] Sherwood 
Lollar et al. (2014) Nature 516, 379-382. [3] Holland et al. 
(2013) Nature 497, 357-360. [4] Pujol et al. (2011) Earth. 
Planet. Sc. Lett. 308, 298-306. 
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One of the major underlying assumptions in 40Ar/39Ar 

geochronology is that the mineral initially crystallises with no 
initial Ar incorporated into its structure.  Ar isotopes that are 
subsequently measured in the mineral are thus considered to be 
either the product of the radioactive decay of 40K, 40Ca or 37Cl, 
or the result of atmospheric contamination, or the result of 
diffusion into the grain from a high concentration grain 
boundary fluid at high temperatures. Many metamorphic micas 
show contamination with “excess” argon – 40Ar that is 
decoupled from its parent 40K and which results in 40Ar/39Ar 
ages that are older than expected from other chronometers. 

In order to determine the solubility of Ar in muscovite, and 
thus to determine the extent to which metamorphic micas can 
incorporate Ar into their structures during crystallization, we 
have grown mica from muscovite-composition glass in an Ar-
rich fluid in high pressure anvil cells at varying temperatures 
and pressures.  The preliminary results show that the solubility 
of Ar in muscovite is low, but measurable, with implications 
for both 40Ar/39Ar dating but also for deep Earth noble gas 
transport and degassing models. 
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The temperature proxy, TEX86, has become a popular tool 
for reconstructions of past sea surface temperatures due to its 
ubiquitous temporal and spatial coverage [1] [2]. TEX86 is 
based on the ratio of cyclopentyl moieties in the glycerol 
dibiphytanyl glycerol tetraether (GDGT) membrane lipids of 
some Archaea. It is unclear whether multiple clades contribute 
significantly to the production of GDGTs, or if non-thermal 
effects contribute to GDGT distributions in the water column 
and sediments.   

A high resolution suspended particulate matter dataset 
from the deep-sea hypersaline Orca Basin and the overlying 
water column in the Gulf of Mexico allow for the 
characterization of marine archaeal populations and associated 
lipids within very specific chemical gradients [3]. A 
pronounced pycnocline at ~2200m acts as a particle trap [4] 
and allows for the comparison of in-situ microbial populations 
at the sediment-water interface with in situ and transported 
populations entrained over the hypersaline brine. 
Characterization of organisms and lipids throughout the water 
column was pursued by combining measurements of core 
GDGTs sampled for proxy SST reconstructions, as well as 
intact polar GDGTs and rRNA sequences of resident Archaea 
and Bacteria.  

Our data support Thaumarchaeota as the dominant 
producers of GDGTs throughout the water column and in the 
brine layer, suggesting the presence of either multiple 
metabolic strategies or multiple GDGT-producing clades. For 
example, the abrupt disappearance of GDGTs 0-2 (lipids upon 
which TEX86-temperature calibrations depend) at ~400m 
implies a change in biosynthetic pathways or producing 
organisms. Variability in the relative abundances of individual 
GDGTs with depth, and their associated clades, indicate the 
need for a revision of present assumptions regarding archaeal 
lipid synthesis.  

 
[1] Schouten, et al. (2002) EPSL, 204, 265-274.[2] Wuchter, et 
al. (2004) Paleoceanography. 19, 4028. [3] VanCappellen, et 
al. (1998) SciTechnol. 32, 2931-2939. [4] Trefry, et al. (1984) 
Geo-Marine Letters. 4, 125-130. 
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This study focuses on characterizing the effect of 
continental hot springs on the Lithium (Li) isotope 
composition of rivers. The stable isotopic composition of Li 
(δ7Li) is increasingly used as a proxy for weathering intensity 
both in the present day and in the geologic past, on the basis 
that riverine composition is related to weathering conditions. 
Continental hydrothermal systems are known to be highly 
concentrated in Li and to have unique isotopic composition, 
thought to be related to source temperature [1]. However, little 
attention has considered whether discharge from these 
geothermal systems may complicate understanding of the Li 
isotopic composition of rivers in the present day, and of 
continental fluxes to the oceans in the past.  Our results from 
geothermally active areas in Taiwan show that hot springs 
have the potential to dominate the δ7Li signal in rivers. δ7Li of 
hot spring and river samples was measured using a Thermo-
Scientific Neptune Plus  (MC-ICP-MS) at Caltech. Major and 
minor elements and anions were measured using an Thermo-
Scientific iCap ICP-OES  and a Dionex Ion Chromatograph 
(IC)  respectively at National Cheng Kung University. 

δ7Li of hot springs in Taiwan shows a relationship to 
temperature at depth derived from chemical geothermometers.  
This signal is then imparted on nearby rivers and dominates the 
river isotope signal, suggesting that hot spring inputs should be 
considered carefully when interpreting δ7Li in rivers.  Further 
work on rivers in geothermally active areas in Japan and the 
Western United States will examine the role hot springs play in 
setting the δ7Li composition of rivers. 

 
[1]Millot and Négrel 2007. Chemical Geology 244.3: 664-678. 
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Tungsten has been declared an “emerging contaminant of 

concern” by the US Environmental Protection Agency [1], 
since it has been linked to leukemia clusters near mines in the 
western US [2] and has caused rice field contamination in 
China [3]. Despite the widespread use of tungsten and recent 
recognition of associated health hazards, remarkably little 
work has yet been conducted to understand the transport and 
fate of this heavy metal in the environment.  

As dissolved tungsten flows in shallow groundwater, 
adsorption to particles of minerals such as manganese, iron, 
and aluminum oxyhydroxides is likely the principal process 
that acts to immobilize the contaminant. In addition to the 
amount of tungsten that adsorbs, a crucial question is how 
exactly W bonds to the mineral surfaces and how stable it will 
be in that chemical form. Previous work [4] [5] has employed 
EXAFS analysis to determine the structures of surface 
complexes, but unrealistically large concentrations of tungsten 
are needed for that technique, especially at environmentally 
relevant pH conditions, where aqueous speciation changes 
significantly with concentration.  

We anticipate that W stable isotope ratios will be highly 
sensitive to the coordination chemistry changes that others 
have documented thus far for W adsorption reactions [4] [5], 
and thus we have begun conducting experiments to determine 
W isotope systematics during adsorption to synthetic 
birnessite. Initial experiments at pH ~8 indicate an easily 
resolvable fractionation of Δ183/182Wsorbed-dissolved = -0.30  ‰ 
(analytical uncertainty is ±0.04, 2sd). The fraction of W 
adsorbed in these experiments spans a range of 55-93 %, so we 
can infer from nearly constant Δ183/182Wsorbed-dissolved that the 
observed fractionation reflects a closed-system equilibrium 
process, with rapid and continuous exchange of W between 
solution and surface. Given the previous EXAFS work on Fe 
and Al oxyhydroxides [4] [5], we hypothesize that this effect is 
due to tetrahedral coordination of W by O in solution versus 
octahedral, polymerized coordination on the birnessite surface.  
 
[1] US EPA (2012) Technical Fact Sheet EPA 505-F-11-005. 
[2] Koutsospyros et al. (2006) J. Hazardous Mat. 136, 1-19. 
[3] Lin et al. (2014) PLoS One 9(3), e91981.  
[4] Lorenz et al. (2011) Goldschmidt Conf. Abstr. 1357. 
[5] Hur & Reeder (2012) Amer. Chem. Soc. Abs. ENVR 487. 
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The Sendai plain, northeastern Japan, had severe damages 
by tsunami after the 2011 off the Pacific coast of Tohoku 
Earthquake (Mw=9.0). After tsunami invasion, these areas had 
been covered by huge amount of tsunami deposits [1]. The 
tsunami deposits contained gravel, sand, mud (silt and clay), 
and microfossils. On the other hand, past tsunami deposits (for 
example, Jogan tsunami deposits, ~1000 years ago) can be 
found from outcrops and boring core samples as visible sandy 
event layers [2] [3]. The past tsunami deposits in strata are 
useful indicator to assess possible tsunami invasion area [4]. 
However, discrimination of past tsunami deposits is still 
uncertain because muddy tsunami sediments were mixed with 
land soil. Therefore, geochemical techniques were applied for 
discrimination of the deposits in this study. 

In this study, we performed radiocarbon dating of plant 
residues, tephra dating and geochemical measurements for 
continuous soil sediments (HS2-7) from Sendai plain, the 
Pacific coast of northeastern Japan, taken by handy-geoslicer 
(Fukken co. ltd.). The soil sediments are 84–183 cm in length, 
and composed of cultivated surface soils, peaty clay, silt and 
fine-medium sands. The HS2–HS7 was sub-sampled at 1 cm 
intervals, and measured for chemical component by EDXRF 
on the discrete samples. Beside, plant residues were picked up 
from the samples for radiocarbon dating. In addition, 
geochemical discrimination of tsunami deposits using Na/Ti 
atomic ratios were adopted to HS2-HS7 sediment samples. 
These samples were taken from coastal side (HS2, 3, 4, 7) and 
inland side (HS5, 6). For the HS7 samples (coastal side), Na/Ti 
and Si/Al atomic ratios in sandy layers were relative high (up 
to ~30 and ~7 respectively) in comparison to those of peaty 
clay layers. On the other hand, relative low Na/Ti atomic ratios 
in sandy layers (~5-7) were observed for HS6 (inland side). 
Therefore, these results indicate that Na/Ti could be proxy of 
past tsunami invasion. 

 
[1] Kuwatani et al. (2014) Sci. Rep. 4, 7077. [2] Chague-Goff 
et al. (2012) Sediment. Geol. 282, 65-77. [3] Sawai et al. 
(2012) GRL 39, L21309. [4] Sugawara et al. (2012) Sediment. 
Geol. 282, 14-26. 
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Introduction 
Molybdenum (Mo) and tungsten (W) are present as 

oxyanions (MoO4
2- and WO4

2-) in modern sea water. Although 
they have similar chemical properties, dissolved concentration 
of Mo is about 1800 times higher than W because of its lower 
affinity to iron and manganese oxide minerals [1,2]. On the 
other hand, the solubilities of Mo and W in palaeocean are 
unclear because few studies have been conducted about 
adsorption behavior of these elements to sulfide minerals under 
reductive condition. On the other hand, some thermophilic 
bacteria (Hyperthermophilic archaea) which inhabit in 
hydrothermal environment, W enzymes are substituting the 
role of nitrogen fixation performed by Mo enzymes in the 
present living things [3]. Thus it is possible that solubilities of 
elements and essentiality for living bodies are related to each 
other. In this study, adsorption experiment of Mo and W to 
pyrite under reductive condition was conducted to clarify the 
mechanism of the difference between the adsorption behavior 
of Mo and W.  

Results and discussion 
Concentration of sulfide ion (S2-), pH, and ionic strength 

were controlled in the adsorption experiment. Molybdenum 
was adsorbed to pyrite to a larger degree than W under all the 
experimental conditions examined. It is suggested that both 
Mo and W are present as sulfide species both in liquid and 
solid phases based on the results of XANES analysis. On the 
other hand, in the absence of S2-, these ions existed as oxygen-
coordinated species in liquid phase, while only Mo adsorbed 
on pyrite as sulfur-coordinated species. This study clarified 
that Mo is adsorbed to pyrite to a larger degree than W, which 
is the opposite case to distribution behavior to ferromanganese 
oxide. In palaeocean, we suggest that the solubility of W was 
higher than that of Mo, indicating that the solubilities of these 
elements were varied with changes of the redox condition of 
earth’s environment, and it is possible that the difference of 
solubilities have affected the essentiality of elements for living 
bodies. 

 
[1] Sohrin et al. (1987) Mar. Chem. 22, 95-103. [2] 
Kashiwabara et al. (2013) Geochim. Cosmochim. Acta 75, 
5762–5784. [3] Kletzin & Adams (1996) FEMS Microbiol. 
Rev. 18, 5–63. 
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Tourmalines, XY3Z6(T6O18)(BO3)3V3W, are complex ring 

silicates that can be classified into 3 primary groups with 
several subgroups containing about 40 species. Due to the 
incorporation of critical light elements (H, Li, F, and B) and 
the varying oxidation state of transition elements (Fe, Mn), 
tourmalines are commonly incompletely chemically 
characterized [1], which leads to difficulties in the proper 
classification of the tourmaline species. 

In this study, we explore the potential of Raman 
spectroscopy for the first non-destructive distinction of 
tourmaline species and for the quantitative determination of the 
content of the major elements on the X-, Y-, and Z positions: 
Na, Ca, Li, Fe2+, Mn2+, Mg, and Al..  

We have measured Raman spectra of 45 natural tourmaline 
samples belonging to 10 major tourmaline species in the range 
from 15 to 4000 cm-1. Of particular interest is the spectral 
range of the OH bond stretching between 3300 and 3900 cm-1. 
The thorough analysis of band positions and integrated 
intensities allowed for a distinction between vibrations 
originating from OH in the V and the W position. Using the 
mean ionic radii of various elements in tourmaline from [2], 
we set up an enhanced model based on one- and two-mode 
behaviour of mixed crystals to assign certain chemical species 
to the observed vibrations. The 3 V-anions with their linkage 
to one Y-cation and 2 Z-cations are taken individually into 
account, whereas the W-anion is linked to 3 Y-cations. Using 
this assignment, we have calculated Y-cation contents from the 
integrated intensities of the Raman bands and compared them 
to data obtained by electron microprobe analysis and laser-
ablation inductively-coupled-plasma mass spectrometry. The 
results show good agreement for (Fe+Mn)2+, Mg, and Li, and 
satisfactory correspondence for Al. By considering the one-
mode behaviour of the (OH)V stretching bond regarding the X-
site occupancy, the contents of Na, Ca, and X-site vacancy can 
also be estimated.  

 
[1] Henry et al. (2011) Am. Min. 96, 895-913. [2] Bosi and 
Lucchesi (2007) Am. Min. 92, 1054-1063. 
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The biogeochemical cycling of chromium (Cr) in the 
environment interconnects closely with that of manganese 
(Mn), where primarily the latter oxidizes Cr(III) to the mobile 
and toxic Cr(VI) state. Under most environmental conditions, 
Cr(III) and Mn(IV) occur as poorly-crystalline Cr(III) 
hydroxides and Mn(IV) oxides, with their formation often 
mediated by the action of Cr-reducing or Mn-oxidizing 
bacteria respectively. While the oxidation of aqueous Cr(III) 
by Mn(IV) oxides has been widely studied, the reaction 
between the poorly-crystalline Cr(III) hydroxides and Mn(IV) 
oxides, and the effects of redox active and complexing organic 
compounds, remain poorly understood. 

To investigate interactions between poorly-crystalline 
Cr(III) and Mn(IV) phases, δ-MnO2 and Cr(OH)3 were 
synthesized and reacted in the presence and absence of 
selected organic species, including low molecular weight 
organic acids and humic acids. Throughout the reaction, 
solution chemistry was monitored, and cryo-TEM imaging and 
EELS analysis were used to investigate nano-scale changes in 
phase and redox state. 

Despite the poor solubility of the Mn and Cr phases at pH 
7, significant amounts of aqueous Cr(VI) were measured over 
a period of days at concentrations dependent upon the initial 
Mn to Cr ratio. The presence of humic acid was generally 
found to increase Cr(VI) production, while the low molecular 
weight acids exhibited both promotion and inhibition of Cr(VI) 
production, depending upon their concentration in relation to 
the solid phases. During TEM-EELS analysis at room 
temperature, the δ-MnO2, and to a lesser extent Cr(OH)3, were 
found to be highly susceptable to beam-damage. However, 
when cooled to cryogenic temperatures, minimal beam-
damage was noted and the distributions of Mn and Cr redox 
states could be mapped with nano-scale resolution. 
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Dissolved silicate is ubiquitous in natural waters with near 
millimolar concentrations and may sorb strongly onto natural 
Fe oxyhydroxides under a wide range of conditions, altering 
their sorption potential for contaminants, affecting Fe cycling 
and availability, and slowing phase transformation in the case 
of ferrihydrite.  However the nature of the surface 
complexation, and whether it involves surface polymerization 
is not well established. Our initial surface diffraction study 
indicated that monomeric silicate bound in a monodentate 
topology to the reactive Fe-OH sites on the hematite R-plane, 
and could also form bridging structures by linkup of these 
sorbed silicate tetrahedra.  We have now extended this study to 
examine sorption on lepidocrocite and goethite nanoparticles 
by examining ATR-FTIR spectra of surface hydroxyls and 
their attenuation and frequency shifts when exposed to 
monomeric silicate solutions. Results verify the expected ratio 
of exposed hydroxyl types as a function of nanoparticle habit, 
and also confirm that the most reactive hydroxyl is that 
coordinated to a single surface Fe.  With increased silicate 
sorption other hydroxyls are affected suggesting a range of 
surface interactions depending on silicate concentration and 
surface plane termination. Changes in hydrogen bonding can 
also be deduced from analysis of the frequency shifts of 
surface hydroxyls involved in the silicate binding.  At high 
loadings spectral changes indicative of surface polymerization 
occur. 
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The formation of iron (oxyhydr)oxide (FeOx) 
nanoparticles is a key process in many industrial effluent 
treatment processes and natural systems. The high adsorptive 
capacity of FeOx, and their ability to co-precipitate aqueous 
ions makes them effective industrial decontaminants of 
radionuclides. The Enhanced Actinide Removal Plant (EARP) 
at Sellafield, UK is one such facility where radionuclides are 
removed from radioactive effluent streams by inducing FeOx 
precipitation. In order to better understand and inform this 
crucial radioactive effluent treatment process, this study aims 
to elucidate the fundamental process of FeOx nucleation 
growth and aggregation during base hydrolyis of an acidic iron 
(III) nitrate solution.  

FeOx particle formation during the EARP treatment 
process was replicated in the lab using an automated small 
volume reactor. Here, the pH of a 1 M nitric acid ferric nitrate 
solution (400 ppm Fe) was raised to pH 9 by the addition of 
NaOH over approximately 45 mins. Experiments were further 
performed with sulfate, phosphate and borate present to 
investigate the effect of these eflluent constituents on particle 
formation. To characterise these processes, in situ and time 
resolved Small Angle X-ray Scattering (SAXS) measurements 
were performed at the Diamond Light Source, in conjunction 
with ATR-FTIR and electron microscopy using TEM 
techniques (in situ / cryo TEM).  

Results show that 2-line ferrihydrite was produced in all 
systems with SAXS data and TEM images indicating ~ 1 nm 
diameter colloidal particles/clusters in solution at pH 0.3 when 
the solution is undersaturated with respect to ferrihydrite. 
These nanoparticles/clusters are persistent below ~ pH 1.2 after 
which aggregation becomes significant. Between pH 1.2 and 
3.5, aggregation and precipitation dominate.  The results of 
ATR-FTIR analysis provide insight into the mechanisms of 
phosphate, borate and sulfate interactions during the hydrolysis 
process, with both inner and outer sphere complexation 
observed for different systems. These results highlight the 
complexity of particle formation in this system and underpin 
management of the EARP process effluents for the future.  
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The sedimentary rock record documents the history of 

Earth’s redox and chemical evolution through time. As 
geochemists, we rely on these strata to record information in a 
discernable manner; for example, the measurement of sulfur 
isotope ratios of sulfide and sulfate phases to reconstruct the 
history of oxygen in the atmosphere and oceans and the 
measurement of iron and manganese mineralogy and 
speciation to determine ancient redox budgets. This 
geochemical record, however, is rarely pristine as many 
millions of years of post-depositional processes contribute to a 
complex assemblage of diagenetic relationships.  

A common limitation of virtually all proxy measurements 
employed to date is that they operate on “bulk” samples, 
typically grams of powder.  As such, these measurements loose 
the ability to relate the geochemistry to the petrography at the 
scale of the mineral grains that actually contain the paleo-
environmental data.  Petrography on a micro-scale contains a 
rich history that can often be overlooked from bulk 
measurements. 

X-ray spectroscopic imaging provides an important 
glimpse in the chemical heterogeneity that can exist on the 
micro-scale. The underlying chemical phase information that 
can be obtained on this spatial scale, including a wide range of 
mineralogy, elemental coordination environments and/or redox 
states, can provide and important context of the depositional 
and diagenetic histories that is critical for the interpretation by 
other micro- or nano-scale methods, such as scanning electron 
microscopy (SEM) and secondary ion mass spectrometry 
(SIMS). The coupling of these fine-scale tools allows in 
essence “images” of the proxy data at the micrometer scale, 
giving a wide array of textural and mineralogical information 
designed to inform and untangle the complicated histories of 
ancient sedimentary rocks. 
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Isolated inliers of granulite facies basement in Mexico are 
interpreted in terms of remnants from a Grenvillian orogenic 
belt underlying most of Central and Southern Mexico, 
including part of the Maya Block close to the southern North 
American Plate boundary [1]. The Chiapas Massif Complex 
(CMC) in the S Maya Block is mainly composed of Permian 
batholithic granitoids related to subduction along the western 
margin of Pangaea [2]. New geologic mapping in the CMC 
discovered (1) partial fusion of mainly mafic metamorphic 
basement and (2) occurrence of massif-type anorthosite. U-Pb 
zircon geochronology revealed Late Ordovician (~450 Ma) 
metamorphism and anatexis of amphibolite facies basement 
and contemporaneous intrusion of a gabbroic to granitic suite. 
Felsic orthogneiss, without any signs of anatexis, developed 
competent boudins hosted in strongly deformed and folded 
amphibolite. U-Pb zircon dates from felsic orthogneiss yield 
crystallization ages of ~1.0 Ga, indicating that dry granitic 
(charnockite) protoliths represent remnants of the Grenvillian 
basement. Whereas the mafic host rocks have ~450 Ma 
metamorphic or igneous zircon and only minor ~1.0 Ga 
inherited cores, the felsic orthogneiss displays no Ordovician 
zircon growth. Hafnium and Nd isotope ratios further suggest 
that the deformed metamorphic basement, including the 
anorthosite series rocks, represent Mesoproterozoic crust that 
was locally affected by basaltic underplating. Hydration by an 
external fluid, Barrovian metamorphism, and partial melting is 
interpreted in terms of a convergent margin setting during the 
Ordovician. The results place the S Maya Block along with 
similar Northern Andes terranes on the NW Gondwanan 
margin that evolved during the closure of the Iapetus Ocean [3] 
and not the opening of the Rheic Ocean [4].  

 
[1] Keppie & Ortega-Gutiérrez (2010) J South Am Earth Sci, 
29, 21-27. [2] Weber et al. (2007) Int J Earth Sci 96, 253–269. 
[3] Van der Lelij et al. (2015) Gondwana Res. doi: 
10.1016/j.gr.2015.01.011. [4] Estrada-Carmona et al. (2012) 
Int. Geol. Rev. 54, 1918-1943.  
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The (Ba,Ra)SO4 solid solution is potentially relevant for 

the direct disposal of spent nuclear fuel because it could retain 
Ra in certain cases addressed e.g. in the swedish safety 
assessment for the planned final repository in Forsmark [1] [2]. 
Previous studies on Ra uptake into barite showed the 
replacement of barite by a (Ba,Ra)SO4 solid solution under 
repository relevant conditions [1] [3]. Nevertheless, the spatial 
resolution of the characterizations allowed not to determine the 
details of the Ra distribution within the solid or the uptake 
mechanism [3]. 

Here, we present the characterization of (Ba,Ra)SO4 solid 
solutions from Ra uptake experiments [1] [3] in comparison 
with Ra-free reference samples by applying a combined 
nanoanalytical approach. High-resolution transmission electron 
microscopy (HR-TEM) and atom probe tomography (APT) 
were used because these techniques provide chemical 
composition and structural information with true nm-scale 
resolution [4]. Both cross-section and plan-view lamellae were 
prepared by Focused Ion Beam (FIB) from 10 – 20 µm barite 
particles. 

A characteristic layered internal structure was observed in 
the barite reference material and identified by 
APT & HR-TEM to be fluid inclusions (< 20 nm) with 
variations in the H2O, H3O, Na and Cl content. During the later 
stages of Ra uptake these fluid inclusions coalesce and become 
macropores (>1 µm). In contrast to this, the microstructure 
from the Ra-free barite reference sample remains unchanged. 
Hence, these fluid inclusions provide a possible path for the Ra 
into the crystal volume during a dissolution-reprecipitation 
process. 
 
[1] Brandt et al. Geochim. et Cosmochim. Acta, 2015, 155,1-
15. [2] Hedin et al., 2011. Technical Report, TR-11-01. [3] 
Klinkenberg et al., Environ. Sci. Technol., 2014, 48, 6620-
6627. [4] Kelly & Larson, Annu.Rev.Mater.Res., 2012, 42, 1-
31.  
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The ocean nitrogen (N) and phosphorous (P) cycles are 

closely coupled by the metabolic requirements of 
phytoplankton at the base of the marine food chain. The 
formation and degradation of organic matter with average 
composition of 16N:1P (the “Redfield ratio”) maintains a 
strong correlation between the dissolved nutrients nitrate and 
phosphate. On millennial times, the oceanic inventories of 
those nutrients are held close to Redfield proportions by 
selection for nitrogen-fixing organisms when N is limiting.   

Over recent years, data compilations and diagnostic 
models have revealed large-scale variations in nutrient 
utilization ratios between marine biomes, suggesting the 
Redfield ratio emerges as a global average across a 
stoichiometrically diverse biota. We have developed a new 
physiological model to understand spatial and temporal 
variations in phytoplankton N:P ratios. Model organisms 
allocate their resources between classes of cellular machinery 
that perform different growth-limiting functions and differ in 
their elemental composition. We show that length of the 
growing season, mixed layer depth, and stoichiometry of the 
nutrient supply are key factors that select between growth 
strategies and N:P ratios.  

We re-examine nutrient limitation, controls on N2-fixation, 
and the regulation of ocean nutrient reservoirs in light of these 
findings, and highlight new avenues for future research. 
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Marine Mn-nodules are encrustations of nm-µm thick layer 

growth structures (LGS), which incorporate high amounts of 
economically interesting metals such as Ni, Cu, Co, Zn, Li and 
high field strength elements [1]. Since 2006, BGR holds an 
exploration license area for Mn-nodules located within the 
Clarion and Clipperton Zone (CCZ) in the Pacific Ocean.  

In this study, detailed chemical (electron microprobe, X-
ray photoelectron spectroscopy) and mineralogical (X-ray 
diffraction, high resolution transmission electron microscopy) 
analyses of individual LGS of Mn-nodules were carried out to 
get a better understanding of their genesis. Further, the 
knowledge of the metal contents in context with the 
mineralogy is very important to tailor a specific metallurgical 
treatment in order to optimize the metal extraction procedure.  

Recent analyses of Mn-nodules revealed that they consist 
of up to 60% of LGS with high Mn/Fe ratios (9-826) and high 
metal contents (e.g., Ni+Cu: 1-6.5 wt%), which were formed 
under suboxic conditions. Mineralogically, these LGS consist 
of turbostratic disordered 7 Å and 10 Å phyllomanganates 
(vernadite) forming the major metal-bearing (e.g., Ni, Cu) Mn-
phase. These LGS alternate with LGS of low Mn/Fe ratios (<3) 
and low Ni+Cu contents (<1.5 wt%), which originated from 
hydrogenetic growth under oxic conditions. Mineralogically, 
these LGS consist of Fe-vernadite [2]. XPS analyses of the 
outermost LGS around bulk nodules (surface, rim, bottom 
side) showed typical hydrogenetic growth indicating that the 
same metal enrichment processes has prevailed recently in the 
oxic pore water [3] as well as in the oxic seawater [2]. A high 
abundance of suboxic-diagenetic LGS indicat that the 
environmental conditions of nodules changed from oxic to 
suboxic in the past, which was probably caused by changes of 
the glacial and interglacial periods [4].  
 
[1] Hein et al. (2013) Ore Geology Reviews 51, 1-14. [2] 
Wegorzewski and Kuhn (2014) Marine Geology 357, 123-138. 
[3] Mewes et al. (2014) Deep Sea Research Part I: 
Oceanographic Research Papers 91, 125-141. [4] Bradmiller 
et al. (2010) Earth and Planetary Science Letters 299, 417-
425. 
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Challenger Mound, a 150 m high cold-water coral mound 

in the eastern Porcupine Seabight, was drilled during 
Expedition 307 of the Integrated Ocean Drilling Program. To 
gain insight into present and previous depositional and 
diagenetic conditions linked to mound development, we 
conducted a range of analyses with focus on sedimentary iron 
and sulfur geochemistry, including the determination of 
dithionite-extractable Fe-phases, and stable isotopic 
compositions of pore-water sulfate and solid-phase reduced 
sulfur. Our findings suggest that rates of microbially mediated 
diagenetic processes such as sulfate reduction, and linked coral 
dissolution and carbonate precipitation patterns in mound 
sediments were highly variable over time. Within the top 40 m, 
small sulfate concentration decreases (<7 mM) mirrored by 
increasing δ34S-sulfate values indicate slow net present-day 
sulfate reduction rates. Below 50 mbsf, sediment intervals with 
strong 34S-enriched imprints on chromium reducible sulfur 
(pyrite S), high degree-of-pyritization (DOP) values, and semi-
lithified diagenetic carbonate-rich layers characterized by poor 
coral preservation, were observed. These layers provide 
evidence for the occurrence of enhanced microbial sulfate-
reducing activity in the mound in the past. We suggest that 
rapid mound aggradation, likely connected to very favorable 
environmental conditions for coral growth, drove greater rates 
of sulfate-reducing activity in the surface sediments. At the 
same time, repeated pauses or very low mound aggradation 
rates led to the installation of redox-fronts in the sediment for 
prolonged time periods that created favorable conditions for 
reactive Fe-oxide depletion and associated coral dissolution, 
and subsequently followed by periods of diagenetic carbonate 
formation. The variable rates of microbially driven iron and 
sulfur diagenesis contribute to frequent successions of layers of 
different coral preservation and lithification throughout the 
mound sequence. This study, for the first time, provides 
evidence for a link between cold-water coral mound formation 
patterns and the rates of biogeochemical processes in mound 
sediments over time. 
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Variations of seawater pH on coral reefs is very violent. 

The diurnal seawater pH variaiton is up to 0.5~0.6 U driven by 
photosynthesis and respiration of the biomass. Currently 
available seawater pH records covering the past several 
hundred years reconstructed from coral boron isotope 
generally exhibit marked decadal variability with annual 
variation up to 0.3~0.4 U. Its mechanism, as well as its 
influence on the long-term variation of seawater pH, however, 
has not been well known yet. We here present a 159-year’s 
seawater pH records in annual time resolution reconstructed 
from the δ11B of a Porites coral from the eastern Hainan Island 
in the northern South China Sea to investigate these issues. 
This region is largely influenced by an upwelling system 
driven by the East Asian summer monsson. The results 
indicate that significant decadal varibility with robust 
periodicities of ~18 years and ~5.6 years occurs in the seawater 
pH records. Such seawater pH variation correlate negatively to 
that of the sea surface temperature anomaly and the intensity of 
the East Asian summer monsoon, with higher pH 
corresponding to colder SST and stronger summer monsoon. 
This suggests that strong summer monsoon enhances the 
upwelling system, and brings more cold but nutrient-rich deep 
water. As a result, the productivity is improved, which 
consumes more dissolved inorganic carbon and increase 
seawater pH. It is therefore activities of biomass on coral reef 
may also an important factor to control seawater pH variation 
over decadal time scales. 

A cross comparison of the coral-δ11B based seawater pH 
records in the west Pacific indicates that decadal variability in 
different regions is different due to the different factors 
controlling the productivity, but the seawater pH decreasing 
trends over the past 200 years are similar. This suggests that 
the long-term seawater pH variation over the past several 
hundred years is driven by a general factor, the rapid 
increasing of atmospheric CO2 by anthropogenic emission. 
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The East China Sea (ECS) is a convergence region of 

terrestrial and marine organic matter (OM). The behaviour of 
OM is quite complicated in this area. In this study, eight sur-
face sediment samples from the Yangtze River and ECS are 
selected and each divided into 8 fractions (1-8Φ: >250μm, 
250~125μm, 125~63μm, 63~25μm, 25~10μm, 10~5μm,  
5~2 μm, <2μm). Palynofacies and organic carbon isotopic 
(δ13Corg) are used to investigate the source and distribution of 
OM in the these regions. 

Results show that samples nearby the land are characte-
rized by high content of structured OM (about 80%) and low 
δ13Corg (-25.29~-24.06‰), while samples from the offshore 
areas have abundant amorphous organic matter (AOM, 36~ 
52%) and high δ13Corg (-23.05 ~-21.85‰). It is indicated that 
the types of OM and their sources vary in different regions, 
which may be influenced by the Kuroshio and coastal rivers 
developed in the study area. 

OM types and their proportion as well as δ13Corg are 
different according to the size of fractions. The fine size frac-
tion(8Φ) is dominated by AOM (63.7~100%), while coarser 
ones (3-1Φ) are high in structured OM (57.6~ 99.1%). In 
addition, δ13Corg is related to particle size and region. In the 
estuary of the Yangzte River, δ13Corg was heavier in 8-7Φ 
fractions by 2.5~5‰ than that of coarser ones, and the gap in-
creases when it approaches the mouth. In northern and eastern 
ECS, δ13Corg increases slightly (-24.63~-22.41‰) with particle 
size. However, it is more depleted in coarser fractions in Zhe-
min Coast area. Therefore, the type and per-centage of OM as 
well as δ13Corg change with size and dis-tribution range. It may 
be resulted from different protection mechanisms so that 
different types of OM are in different evolution degree. 

Hence, OM adsorbed and protected in different fractions is 
not consistent. So it is insufficient  analyzing sedi-mentary OM 
with only  bulk samples. The aggregation, deposition and 
preservation mechanisms are complicated, thus the fates of 
each type of OM in carbon cycle would be different.  

 
This work was supported by National Natural Science 

Foundation of China (Grant No. 41372130) and Independent 
Fund Project of State Key Laboratory of Marine Geology 
(Grant No. MG20130103). 

3379

mailto:2010weihailun@tongji.edu.cn
mailto:jgcai@tongji.edu.cn


 Goldschmidt2015 Abstracts  

 3380 

Long-term response of African dust 
inputs to the tropical Atlantic to 

climate 
RAN WEI1, STEPHEN J. G. GALER1 AND  

WAFA ABOUCHAMI12 

1Max Planck Institute for Chemistry, Biogeochemistry and 
Climate Geochemistry Departments, 55020 Mainz, 
Germany 

(*correspondence: ran.wei@mpic.de; steve.galer@mpic.de) 

2Federgrasweg 54, 55122 Mainz, Germany 
(wafa.abouchami@mpic.de) 

 
We have generated a 180-kyr down-core record of Pb, Sr 

and Nd isotopes in the detrital fraction of sediment core 
GeoB2910-1 (4°50'N, 21°03'W, 2703 m), located on the Sierra 
Leone Rise (SLR) in the eastern tropical Atlantic. This core is 
ideally situated to examine how dust emission from North 
African potential source areas (PSA) responded to glacial-
interglacial cycles and long-term changes in the African 
monsoon. The most important PSA are located in Mauritania 
(PSA-2), Northern Mali (PSA-3) and the Bodélé Depression 
(Chad, PSA-5) [1].   

The detrital fraction Pb isotope data in GeoB2910-1 agree 
with those for bulk sediment reported in [2]. Radiogenic 
isotope fingerprinting of PSA [3] [4] suggests eolian inputs at 
the SLR in roughly equal proportions from Mali and Bodélé 
sources, entirely consistent with dust emission modelling [5].  

The most important feature of the time series is a shift to 
more radiogenic Pb during the last deglaciation (10 to 4 kyr) 
and at 101 kyr, corresponding to African Humid Periods 
(AHP) when the African monsoon penetrated much further 
north [6]. All three Pb isotope ratios correlate strongly with 
North African Humidity Index [6]. In contrast, Sr and Nd 
isotopic compositions show no clear-cut response.  

A puzzling observation is that outside AHP, the detrital 
fraction isotopic compositions are tightly clustered and 
indistinguishable for glacial and interglacial periods. This 
implies that the Mali and Bodélé sources, and their relative 
proportions, remained nearly unaltered over 180 kyr, even 
though latitude shifts in the ITCZ are known to have taken 
place. Dust delivery to the SLR occurs, however, during the 
boreal winter, when the ITCZ is closest to the equator, and is 
blocked during the summer monsoon months as the ITCZ 
migrates northwards. The clear change in dust provenance 
during AHP likely reflects increased vegetation and filling of 
lakes (e.g. Lake Megachad in the Bodélé Depression) that are 
dry and prominent sources of dust today.   

 
[1] Scheuvens et al. (2013) Earth Sci. Rev. 116, 170-194. [2] 
Abouchami and Zabel (2003) Earth Planet. Sci. Lett. 213, 221-
234. [3] Abouchami et al. (2013) Earth Planet. Sci. Lett. 380, 
112-123. [4] Singh et al. (2015) this volume. [5] Schepanski et 
al. (2009) Atmos. Chem. Phys. 9, 1173-1189. [6] Tjallingii et 
al. (2008) Nat. Geosci. 1, 670-675.  
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Mid-ocean ridge basalt and abyssal peridotites are 
generated by decompression melting of the depleted oceanic 
upper mantle, but the dominant control on the extent of 
melting is debated. Variations in mantle temperature [1], 
mantle composition [2] and plate spreading rate [3] have been 
invoked to explain the global variations in crustal thickness 
and in the major element composition of mid-ocean ridge 
basalts (MORB).  

Most previous studies have either used the geochemistry of 
MORB [1] or the mineralogy and geochemistry of abyssal 
peridotites [4] to understand the melting process. We have 
compiled a global database of abyssal peridotite compositions, 
allowing us to study the melting process from the perspective 
of both melts and melting residues from the same ridge 
segments. We find that on a global scale, basalt and peridotite 
major and trace element compositions are correlated, 
substantiating a melt-residue relationship. Na8 in MORB 
correlates negatively with Cr# in spinels from abyssal 
peridotites from the same ridge segments. 

However, whereas MORB major element compositions 
correlate with ridge depth, melting indicators in abyssal 
peridotites rather suggest a spreading rate control. This results 
from the fact that most abyssal peridotites are from ridge 
segments far from mantle plumes, where crustal thickness is 
low. We calculated the distance of each ridge segment to the 
nearest hotspots, and find that the effects of near ridge hotspots 
on MORB major element composition, ridge depth and crustal 
thickness are more extensive than commonly assumed. When 
hotspot-influenced segments are removed, the major and trace 
element composition of both MORB and abyssal peridotites, as 
well as the mean segment depth are correlated with spreading 
rate. Slow-spreading ridges are deeper and have higher Na8, 
lower Fe8 and low Cr# spinel. Spreading rate has an important 
influence on the melting process, and variations in upper 
mantle temperature away from hotspots are much smaller than 
previously thought. 

 

[1] E..M. Klein, C.H. Langmuir. J. Geophys. Res. 92 (1987) 
8089-8115. [2] Y. Niu, M.J. O´Hara. J. Petrol. 49 (2008) 633-
664 [3] Y. Niu, R. Hekinian. Nature 385 (1997) 326-329 [4] 
H.J.B. Dick et al. EPSL 69 (1984) 88-106 
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Chemical enrichment of metals in magmatic-hydrpthermal 
ore deposits majorly depends on the physical hydrology of 
fluids flowing through rocks. The respective geological setting 
and associated physical hydrology play a decisive role in 
forming distinct ore deposit types, including volcanogenic 
massive sulfide deposits at mid-ocean ridges or submarine arc 
volcanos, porphyry deposits in continental arcs, and epithermal 
deposits. Simulation results from a numerical process model 
for thermohaline convection in conjunction with a dynamic 
permeability model are used to constrain the timescales of ore 
formation. Thermal convection, volatile expulsion, and salt-
water dynamics are first-order hydrological components with 
different intrinsic timescales, and different combinations or 
successions of these general patterns can help to constrain the 
timing and duration of particular ore-forming systems. 

The physical behavior of hydrothermal systems can be 
counterintuitive, because of the nonlinear properties of fluids 
and rocks as a function of pressure, temperature and 
composition. In porphyry copper systems, mineralization is 
localized by a self-stabilizing hydrological front, located at the 
transition from brittle to ductile rock behavior and controlled 
by the heat balance between an external convective cooling 
engine and an overpressured magmatic fluid plume. Above this 
hydrological divide, magmatic and meteoric fluids mix on 
ascent to the surface, providing a mechanism for the transition 
from porphyry to epithermal deposits. In mid-ocean ridge 
hydrothermal systems, focused warm downflow in the 
immediate vicinity of hot upflow zones may be a more 
efficient mechanism for metal leaching than broad-scale lateral 
infiltration of seawater, promoting ore-formation in Cyprus-
type massive sulfide deposits. In submarine magmatic-
hydrothermal systems, phase separation can lead to a 
decoupling of vapor-dominated venting during relatively short 
periods of magmatic fluid expulsion, leading to the formation 
of Au-rich chimneys, and brine-dominated venting during 
convection in an extended waning stage, leading to the 
formation of base-metal deposits. 

All simulations of magmatic-hydrothermal ore formation 
indicate timescales in the order of a few 102 to 105 years for 
single mineralization events. 
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The GeoReM database contains analytical data of 
numerous rock reference materials (RMs) and statistics about 
the most accessed samples. Although many of them are 
considered as being some of the most valuable RMs available, 
their reference values were not determined by metrological 
procedures.  

We therefore established new reference values and their 
uncertainties at the 95 % confidence level for 20 widely used 
rock RMs (e.g., BCR-1, BCR-2, BHVO-1, BHVO-2, W-2, 
BIR-1, JA-1, JA-2, JB-1, BE-N) following ISO guidelines. All 
analytical data from the GeoReM database published between 
1995 and 2015 were used. The number of individual data for 
each rock RM varied between about 1000 (JA-1, JB-1) and 
5000 - 6000 (BHVO-2, BIR-1, BCR-2). Partly more than 100 
– 200 single analytical results (e.g., REE, Sr, Ba, Pb) were 
available for each RM.  

Reference values which are comparable to certified values 
in a recertification programme were obtained by averaging the 
mean analytical results of the different laboratories. Some data 
were not used for these calculations, because they were 
inappropriately calibrated and/or have low precision and/or 
they did not fulfil the Horwitz requirement for outliers. Isotope 
dilution is considered to be a primary method having the 
highest metrological significance. We used at least 5 isotope 
dilution data from different laboratories to derive a reference 
value. In cases where less than 5 isotope dilution data exist, we 
averaged all data of techniques with a high level of confidence 
(e.g., ICP-MS, AAS, XRF). We report reference values, when 
they are derived from at least 7 laboratories and the number of 
methods is at least two. 
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Coral reefs play vital roles in a variety of eco-systems and 

support around 25 % of all marine species, as well as having 
ecological and economic significance for tourism, fisheries and 
shoreline protection.1,2 Our work focuses on the potential of 
marine fungi playing beneficial or symbiotic, rather than 
detrimental roles in coral formation and ecological support. 
This idea takes into account that only a fraction of marine 
fungi have been identified and studied, and that terrestrial 
fungi have great geochemical influence in terrestrial 
environments. Electron microscopy reveals a network of 
organic fibers within the coral skeleton supported by data 
obtained from X-ray tomography analysis. These organic 
fibers are alike to fungal hyphae according to the size and 
morphology structure. ITS-rDNA analysis from different 
healthy coral skeleton materials revealed the presence of 
distinct fungal strains. A culturable Penisicillium sp. fungal 
strain was isolated from the skeleton of healthy Pocillopora 
damicornis. Transmission electron microscopy (TEM) of 
hyphae-like fibers found at the polyp/skeleton interface show 
attachment of aragonite calcium carbonate to the fiber surfaces. 
A detailed TEM analysis of the crystal morphology around 
fibers embedded in the skeleton matrix at the centers of 
calcification shows a distinct evolution of the crystal structure 
from nanocrystalline to acicular. On the basis of these findings 
the potential role of fungi in the control of coral mineralization 
is discussed. 
 
[1] Olson, J.B., Kellogg, C.A., 2010: Microbial ecology of 
corals, sponges, and algae in mesophotic coral environments. 
FEMS Microbiol Ecol., 73, 17-30. [2] van de Locht, R., Verch, 
A., Saunders, M., Dissard, D., Moya, A., Rixen, T. & Kröger, 
R., 2013: Microstructural evolution and nanoscale 
crystallography in scleractinian coral spherulites. Struct Biol J., 
183, 57-65.  
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HIMU (high µ=238U/204Pb) basalts represent the highest Pb 
isotopic compositions of oceanic basalts. HIMU sources have 
generally been interpreted as recycled oceanic crust free of 
additional contaminants that has preferentially lost fluid-
mobile trace elements. Recent measurements of sulfur isotopes 
in HIMU basalts show mass-independent fractionation [1], 
indicating recycling of >2.4 Ga-old surface material. However, 
olivine compositions do not indicate the expected pyroxenitic 
source lithology for HIMU [2]. 

Here we present new high precision trace element data on 
olivine phenocrysts from the HIMU endmember ocean islands 
Mangaia and Tubuai showing very high Ca contents up to 
3200 ppm and associated low Al at 80-180 ppm. The resulting 
distinct high-Ca/Al ratios are outside the range previously 
reported for olivines from MORB or Icelandic and Hawaiian 
OIB. Unlike Ni [3], the elevated Ca/Al ratios in these olivines 
cannot be explained by differences in temperature, rather they 
reflect the combination of CaO enrichment - Al2O3 depletion in 
in the source of HIMU lavas compared to other OIBs. The low 
Al abundances go along with high Mn/Fe ratios in the 
phenocrysts, indicating a peridotite source with low garnet 
content (or any Al phase), likely the consequence of a previous 
melt extraction episode. However, the very high Ca in these 
olivines points towards an enrichment process, which must 
have involved carbonatitic melt/fluid (low in SiO2 and Al2O3) 
to prevent the formation of pyroxene by olivine consumption 
and preserve the low-Al content in the HIMU peridotite 
source.   

Similarities in incompatible trace element patterns between 
HIMU lavas and deep high-Mg carbonatitic melts captured in 
diamond fluid inclusions suggest that this metasomatism 
occurs in a deep continental lithospheric source region, likely a 
cratonic root. Thus, a multi-stage evolution of the HIMU-
source over more than half of Earth’s history is revealed as old, 
subduction-related, carbonatite-metasomatized, recycled 
continental lithospheric mantle. 

 
[1] Cabral et al. (2013) Nature 496, 490-493. [2] Herzberg et 
al. (2014) EPSL 396, 97-10.  [3] Matzen et al. (2013) J. Pet. 
54, 2521-2545. 
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Growing geodynamic and geochemical evidence suggests 
that plate tectonics may not have operated on the early Earth. 
Higher mantle temperature favors an initial single plate mode 
of tectonics (stagnant-lid). This state can evolve over time into 
a mobile-lid (plate tectonics) state as radiogenic heat sources 
decay. Accordingly, information from current observations and 
processes have the potential of sampling portions of the Earth 
that has both formed under and been modified by differing 
tectonic regimes. Here we explore internal velocity structures 
(a proxy for mixing) in 3D spherical models of mantle 
convection which incorporate radially stratified and 
temperature-dependent viscosities.  

Early in the geologic lifetime of a terrestrial planet, high 
mantle temperatures favor stagnant-lids. For equivalent 
parameter values stagnant-lids have lower internal velocities, 
shorter convective path lengths, and higher potential 
temperatures than mobile-lids. As radiogenics are tapped, a 
stagnant-lid may yield into a high temperature mobile-lid state. 
The velocity structure of the upper and lower mantles of these 
systems show strong radial variation, with a high velocity high 
potential temperature upper mantle and lower velocity, lower 
potential temperature lower mantle. As radiogenics further 
decrease, the upper and lower mantles show higher degrees of 
coupling, and larger wavelength velocity structures develop. 
At low temperatures the system is dominated by long 
wavelength, moderate velocity and temperature structures, but 
a low velocity and temperature background mantle.  

We can infer from these results that early planets are likely 
to be chemically stratified from inefficient mixing of the 
interior. As the system evolves, middle aged plate-tectonic 
planets will begin to mix the previously stratified mantle, with 
increasing efficiency as internal temperatures decrease. As the 
planet continues to age, mantle scale velocity structures 
develop, strengthening communication between upper and 
lower mantles. However, the total velocity of the system 
decreases with decreasing temperature, terminating the ability 
of the system to mix over geologic time scales. These results 
strongly suggest that there are optimal phases in the evolution 
of a planet for effective mixing of mantle reservoirs, and offer 
constraints and predications on the availability of these 
reservoirs to be sampled over time. 
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High resolution radiocarbon (14C) profiles in carbonate 
records have been difficult to produce using the tedious and 
time consuming multi-step sample preparation required for 
conventional 14C measurements using accelerator mass 
spectrometry (AMS). A novel setup [1, 2] combining the ease-
to-use and high spatial resolution of laser ablation (LA) with 
gas ion source AMS [3] allows rapid in-situ determination of 
radiocarbon in carbonates. By focusing an ArF-excimer laser 
(λ = 193 nm) on carbonate samples carbon dioxide is generated 
and directly introduced into the gas ion source of an AMS. The 
applicability of this novel technique has been tested with 
pressed carbonate powder reference materials, marble and 
natural samples. Analytical aspects including sensitivity, 
accuracy, blanks and cross contamination were addressed. The 
carbon flow into the ion source was estimated to be 3 µg/min, 
resulting in negative ion currents up to 20 µA. The blank level 
showed a Fd14C of 0.011 ± 0.002 which allows to measure 
samples as old as 35,000 years. Nominal values of standard 
materials could be reproduced within two standard deviations. 
Due to continuous sampling the LA-AMS setup offers great 
flexibility with regard to analysis time, spatial resolution and 
measurement precision: several cm per hour can be scanned 
providing a rapid overview of the 14C abundance in the sample. 
A spatial resolution down to 100 µm and a measurement 
precision of 1 % are presently achievable for modern samples. 
The novel setup is applied to different natural materials 
(stalagmites, corals, shells) that exhibit prominent 14C features 
such as the bomb peak or growth stops. 

 
[1] L. Wacker et al. (2013) NIM B 294, 287-290. [2] C. 
Münsterer et al. (2014) CHIMIA 86, 215-216. [3] M. Ruff et al. 
(2007) RADIOCARBON 49, 307–314. 
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Marine sediments serve as an important archive for 
palaeoclimate research. A wide variety of proxies exist for the 
identification assessment of past climate and oceanographic 
changes, and it is crucial for accurate interpretation that such 
proxy signals can be precisely dated. With respect to molecular 
proxies, diverging biomarker ages within a single sediment 
layer may occur due to the varying origins and transport 
pathways of the deposited matter. Here, we examine organic 
components associated with different grain size fractions 
separated from a kasten core recovered from the southwest 
Iberian margin in order to better understand sedimentological 
influences on proxy records.  

The studied interval covers the period since the last glacial 
termination. The sediment was separated into clay (<2µm), 
fine silt (2-10µm), sortable silt (10-63µm) and sand (63-
200µm) fractions, which were subsequently analyzed for 
mineralogical, elemental, isotopic and biomarker 
characteristics. 

The resulting record reveals marked 14C age differences 
within a single sediment layer of more than 5000 years (Figure 
1). The age differences exhibit strong grain size-specific 
dependency, as well as varying amplitudes. These variations 
may be explained by changing sediment redistribution 
processes that, in turn, influence the properties of specific 
grain size fractions. Stable carbon isotopic and biomarker 
compositions, together with 14C ages of planktonic 
foraminifera, imply strong sedimentological control on bulk 
and molecular proxy records. 

The implications of our findings for reconstruction of past 
paleoceanographic and paleoclimate variability will be 
discussed. 

3388

mailto:pa.wenk@hotmail.com


 Goldschmidt2015 Abstracts  

 3389 

Spin crossover in ferropericlase and 
velocity heterogeneities in the lower 

mantle 
RENATA WENTZCOVITCH1 AND ZHONHQING WU2 

1Department of Chemical Engineering and Materials Science, 
University of Minnesota, Minneapolis, USA 

2School of Earth and Space Sciences, University of Science 
and Technology of China, Hefei 230026, People’s 
Republic of China 

 
Deciphering the origin of seismic velocity heterogeneities 

in the mantle is crucial to understanding internal structures and 
processes at work in the Earth. The spin crossover in iron in 
ferropericlase (Fp),1 the second most abundant phase in the 
lower mantle, introduces unfamiliar effects on seismic 
velocities.2,3 First principles calculations indicate that anti-
correlation between shear velocity (VS) and bulk sound 
velocity (Vφ) in the mantle, usually interpreted as 
compositional heterogeneity, can also be produced in 
homogeneous aggregates containing Fp.4 The spin crossover 
also suppresses thermally induced heterogeneity in 
longitudinal velocity (VP) at certain depths but not in VS. This 
effect is observed in tomography models at conditions where 
the spin crossover in Fp is expected in the lower mantle. In 
addition, the one-of-a-kind signature of this spin crossover in 
the RS/P (∂ lnVS/∂ lnVP) heterogeneity ratio is a useful 
fingerprint to detect the presence of Fp in the lower mantle. 

 
[1] T. Tsuchiya, R. M. Wentzcovitch, C. R. S. Da Silva, and S. 
de Gironcoli, Phys. Rev. Lett.  96, 198501 (2006). [2] R. M. 
Wentzcovitch, J. F. Justo, Z. Wu, C. R. S. da Silva, D. Yuen, 
and D. Kohlstedt,, Pr. Natl. Acad. Sc. USA, 106, 8447 (2009). 
[3] Z. Wu, J. F. Justo, and R. Wentzcovitch, Phys. Rev. Lett.  
110, 228501 (2013). [4] Z. Wu and R. Wentzcovitch, Pr. Natl. 
Acad. Sc. USA, 111, 10468 (2014). 
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Mineral dust is the cause for many diseases of the 

respiratory tract, including silicosis, asbestosis, and formation 
of pleural plaques or tumors. While most research has focused 
on distinct mineral particles like asbestos or different forms of 
silica, our aim is to focus on the overall human lung dust 
burden by performing a detailed mineralogical analysis of 
selected samples.  

In our work we investigated the mineral particle burden in 
lung tissue samples obtained during autopsies from people who 
died from different types of lung diseases. We are comparing 
the various types of particles found in lung tissue of three 
patients with a pleural mesothelioma and of six people who 
succumbed to lung carcinoma. For one lung from a silicosis-
affected patient we also analysed samples from all five lung 
lobes in an effort to gain a better understanding of the 
mechanisms of spatial particle distribution. 

The tissue material was analyzed after removing all 
organic compounds. For particle identification, we combined 
the results of an automated scanning electron microscope 
(SEM) single-particle analysis method with the data obtained 
from manual particle analysis of at least 100 particles per 
sample by transmission electron microscope (TEM). Both 
electron microscopes are equipped with an energy-dispersive 
X-ray spectrometer (EDS). The data are also compared to 
results obtained from powder X-ray diffraction in those cases, 
where enough mineral dust was available. 

So far, our investigation revealed that in addition to 
various types of asbestos, which are mainly found in the case 
of the mesothelioma patients but rarely in tissue from lungs 
affected by lung carcinoma, the samples contain many other 
minerals, including feldspars, quartz, rutile, clay minerals, 
micas, oxides, phosphates and carbonates. The samples derived 
from the five lung lobes of a silicosis case contain almost no 
quartz but rather potassium rich feldspars, micas and possibly 
endogenous phosphates. 
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Global cooling over the past 60 Myrs is one of the 

remarkable features of the geologic record, yet conclusive 
understanding of this transition and its links to the global 
carbon cycle is elusive. The hypothesis of a tectonic driver of 
increased continental weathering and consequent drawdown of 
CO2 from the atmosphere has received much attention but 
remains controversial. Meanwhile, debate has emerged over 
the extent of global-scale changes in solid Earth degassing and 
whether such decreases could explain changes in the global 
climate system. This contribution will present new modeling 
results showing that plausible changes in solid Earth degassing 
driven by changes in carbonate subduction could indeed 
contribute to, and even potentially explain, Cenozoic global 
cooling. We have tracked plate motion over time and followed 
the accumulation of carbonate as oceanic crust resides at 
varying depth and at varying latitudes prior to subduction. On 
this basis we infer a decrease in the amount of carbonate 
entering subduction zones that mirrors the global cooling of 
the past 60 Myr. When used to force a carbon cycle model, this 
decrease leads to significant magnitude of change in implied 
atmospheric pCO2. 

At the same time, the growing datasets from modern 
systems confirms that erosion stimulates CO2 drawdown via 
silicate weathering but also releases carbon from the rock 
reservoir via coupled weathering of sulfides and carbonates. 
Changes in global sedimentation appear to be consistent with 
an increase in erosion over the past tens of millions of years. 
Thus either a “erosion-weathering” or a “degassing” 
explanation for Cenozoic cooling appear theoretically 
reasonable, and C cycle models are not on their own able to 
distinguish these possibilities. 

 The resulting question is whether existing geochemical 
evidence makes it possible to distinguish between these 
hypotheses. The isotopic records of Sr, Os, Be, and Li in 
seawater each provide some information, but each is also non-
unique in its interpretation, obfuscating clear insight into the 
drivers of Cenozoic climate, and requiring renewed effort to 
tackle this problem by focusing on specific strategies for 
testing the multiple hypotheses. 
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We aim to quantify the rates of regolith production and 
downslope transport, test transport rules, and quantify the 
processes responsible for landscape evolution at the 
Susquehanna Shale Hills Critical Zone Observatory (SSHO) in 
the Appalachian Mountains of the eastern United States. 
Toward this end, we use a combination of high resolution, 
LiDAR-derived digital topography, the cosmogenic 
radionuclide meteoric 10Be, and shallow seismic P-wave 
surveys along six hillslopes in three en echelon watersheds. 
Topographic observations reveal a systematic asymmetry at 
SSHO, with consistently steeper north-facing hillslopes than 
south-facing hillslopes. Despite this asymmetry, systematic 
downslope increases in meteoric 10Be suggest that regolith flux 
is equal along all hillslopes and reflects steady lowering at  
~ 20 m/My. These data suggest that downslope regolith 
transport is depth-dependent at SSHO, and that transport 
efficiency is higher on south-facing hillslopes than north-
facing hillslopes by a factor of two. Our results imply that 
subtle differences in insolation between north- and south-
facing slopes impact the frequency of dilational regolith 
transport processes (i.e., wetting-drying cycles, freezing-
thawing cycles), which in turn affect the efficiency of 
downslope regolith transport. This interpretation is supported 
by geophysical observations, which reveal thick layers of 
regolith mantling north-facing slopes. We contend that the 
differences in regolith transport efficiency between north- and 
south-facing slopes at SSHO have conspired to drive the 
evolution of asymmetric topography over geologic time.   
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Little is known regarding the temporal variation in 

microbial community composition and function in fluids of a 
geothermal plant affected by corrosion and high partical 
loading rate after plant downtime phases. In this study, the 
microbial composition in the brine produced from the cold 
well of a geothermal plant in the North German Basin was 
analyzed during regular plant operation and immediately after 
plant downtime phases. Genetic fingerprinting revealed 
temporal variations, whereas sulfate-reducing bacteria (SRB) 
and fermentative Halanaerobiaceae-relatives dominated 
during regular plant operation while sulfur-oxidizing bacteria 
(SOB) were detected additionally directly after shut down 
phases. Quantitative PCR analyses showed an enrichment of 
Bacteria in general as well as SRB, and SOB during stagnant 
conditions going along with higher concentrations of dissolved 
organic carbon, sulfate, and hydrogen sulfide in the produced 
fluids. The recurrent detection of SOB is regarded as an 
indicator for oxygen ingress into the well during the downtime 
phases. Corrosion processes occurring in the well, might have 
been enhanced due to the oxygen ingress and the co-existence 
of SRB and SOB during downtime phases. Furthermore, 
microbial influenced scale formation was indicated by the 
sulfur isotopic signature of scales. 
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Introduction 
An understanding of the transport and chemical 

interactions between the radionuclide 14C and highly saline 
solutions is necessary to assess the safe containment of 
radionuclides in a final repository for radioactive waste.  

Model 
14C can occur as 14CO2 and is generated by radioactive 

waste. The chemical interactions of CO2 during transport of 
highly saline solutions are studied with the geochemical code 
PHREEQC using a one-dimensional transport model. The 
model is derived from a repository concept of the Gorleben site 
in Germany [1]. An advective transport is considered in this 
preliminary safety analysis only due to gas generation and 
physical equilibria [1]. Various aqueoes species and solid 
phases containing carbon are considered using a 
thermodynamic database with Pitzer parameter. 

Results 
Due to chemical interactions between CO2 and highly 

saline solutions, various aqueoes species containing carbon are 
formed and transported. The pore solutions of the backfill 
contain MgCl2, and the solid phase MgCO3(s) is formed. As a 
consequence, carbon is retained temporarily as carbonate in the 
solid phase and the transport of carbon slows down. After the 
pulse injection of CO2, the carbon is released into the fluid 
phase and transported again. 

Conclusions 
This leads to a longer residence time of 14C within a final 

repository for radioactive waste. It is concluded that this would 
delay the onset of the peak of potential radiation exposure by 
14C in a safety assessement of a repository for radioactive 
waste. The ongoing decay of 14C would further decrease the 
potential radiation exposure. 

 
[1] Bracke & Fischer-Appelt (2015) Progress in Nuclear 
Energy xxx, 1-10.  
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In situ analyses of Li isotope ratios of silicates have 

usually been performed by secondary ion mass spectrometry 
(SIMS), revealing – inter alia – significant Li isotopic zoning 
of major minerals (opx, cpx, olivine) in mantle xenoliths and 
basaltic rocks (e.g. [1]). However, Li isotope analyses by 
SIMS can be affected by composition-dependent matrix effects 
(e.g. [2]). Here, we tested the suitability of in situ Li isotope 
analyses of silicates by femtosecond-LA-MC-ICP-MS. This 
technique has been proven to be capable of high-precision in 
situ isotope analyses of Si, Fe, Mg and Cu without apparent 
laser-induced isotopic fractionation (e.g. [3-5]).  

We analyzed a series of silicate reference glasses of 
variable compositions (komatiitic, basaltic, dioritic, andesitic) 
as well as a chemically zoned mantle olivine with low Li 
concentrations (5-20 ppm) using a NeptunePlusTM MC-ICP-
MS that is connected to a SolsticeTM femtosecond-laser 
ablation-system. The well-characterized basaltic USGS 
reference glass BCR-2G was used as the bracketing standard to 
determine δ7Li values of the samples relative to L-SVEC.  

The findings of our analyses of the silicate reference 
glasses indicate that Li isotope measurements by fs-LA-MC-
ICP-MS yield accurate results, i.e. Li isotope compositions 
determined with our technique are identical to those 
determined using conventional solution-based MC-ICP-MS 
[6]. The external reproducibility of our Li isotope analyses is 
similar to that of SIMS analyses (1-2‰, based on 4-6 
individual analyses of each glass). Our preliminary Li isotope 
analyses on olivine reveal a significant difference in Li isotope 
composition between the rim and the core of the crystal of ≈ 
17‰, indicating a diffusion origin for the observed chemical 
and isotopic zoning of Li. These preliminary findings show 
that in situ Li isotope analyses by fs-LA-MC-ICP-MS are a 
promising tool to trace Li isotope variations in silicates (e.g. 
chemically zoned crystals) without the need to correct for 
composition-dependent matrix effects.   

 
[1] Jeffcoate et al. (2007) GCA 71, 202-218. [2] Bell et al. 
(2009) ChemGeol 258, 5-16. [3] Chmeleff et al. (2008) 
ChemGeol 249, 155-166. [4] Oeser et al. (2014) GGR 38, 311-
328. [5] Lazarov & Horn (2015) Goldschmidt Abstracts, this 
volume. [6] Jochum et al. (2006) G3 7, Q02008.         
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We report lithium isotope ratios and abundances of surface 
waters and limnic, fluvial and terrestrial sediments from the 
catchment of Lake Bangong, western Tibetan Plateau. Today 
the lake consists of several basins or a chain of connected lakes 
with no drain. The dry climate and high altitude forms a cold 
desert environment in the catchment, which is mainly drained 
by three rivers.  

The rivers and streams transport predominantly Ca-Mg-
HCO3 waters reflecting carbonate-rich rock sequences. The 
lake basins are filled with water, which has been altered by 
evaporation and precipitation of calcite and/or Mg-calcite. The 
northern inflow displays δ7Li values between +5.1 to +6.1 (L-
SVEC). The southern inflow averages at δ7Li values around +9 
but a wide range between +8.1 and +18.2 exists in its 
tributaries. The water contribution from the eastern catchment 
exhibits at tight range between +6.8 and +7.4 ‰. Lithium 
abundances vary from 100 to 300 µg/l. The δ7Li of water from 
the main basin averages at +8.0 ‰. The samples from the 
smaller basins give higher δ7Li values from +10.0 to +11.1 ‰. 
Fluvial and limnic sediments range from -4.3 to -0.6 ‰, 
whereas terrestrial and suspended sediments range from -4.6 to 
+4.3 ‰ and -4.7 to +7.7 ‰, respectively. 
 The low δ7Li and high [Li] in the main streams indicate 
little modern fractionation of dissolved lithium into weathering 
products (e.g. clay minerals). Only in the steep terrain of the 
southern catchment formation of secondary minerals are 
locally indicated by high δ7Li values and low [Li]. The δ7Li of 
the main basin is consistent with simple mixing of lithium 
from the major streams. But higher δ7Li values of the smaller 
western basins require some lithium isotope fractionation in 
the lake. The high evaporation rates may provide conditions 
allowing for some interaction of dissolved Li with secondary 
minerals and formation of chlorite (?). The low δ7Li values of 
most local sediments provide evidence for intense chemical 
weathering in the catchment. The latter is probably a 
consequence of the arid climate with little vegetation and soil 
formation rates and the basin like topography leading to low 
chemical weathering rates combined with very long sediment 
residence times (i.e. low physical erosion rates).  
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CH and CB chondrites are related meteorite groups with 

extraordinarily high contents of metal (~20 vol. % in CH and 
~60 vol. % in CB), bulk chemical compositions enriched in 
siderophile element abundances (Ir > ~2 x CI in CH [1], ~4-10 
x CI in CB [2]), and some metal grains that are chemically 
zoned. These characteristics together with finding of isotopic 
zonation in chemically zoned metal grains [5] [6] indicate 
formation via a condensation process, either in the solar nebula 
or in an impact-induced vapor plume [2].  

In this study metal grains from Acfer 214 (CH), Gujba and 
Bencubbin (CBa), HaH 237 (CBb), and the CBb/CH breccia 
Isheyevo were analyzed with an electron microprobe. Metal 
compositions differ among different meteorites, but also within 
individual samples. In HaH 237, Acfer 214, and Isheyevo 
compositionally zoned metal grains were identified. Similar 
grains, however, are absent in CBa chondrites (also [3]). Zoned 
metal grains have high Ni contents in the cores that decrease 
towards the rims. The zonation of Ni in metal grains of 
Acfer 214 and Isheyevo is less pronounced than in HaH 237. 

The Ni/Co ratios of the zoned metal grains in CH and CB 
chondrites are described as being approximately solar [3] [4]. 
Our analyses reveal that zoned metal grains mainly have non-
solar Ni/Co ratios that follow the zonation trend of Ni and are 
higher in cores than in rims. Such Ni/Co patterns in zoned 
metal were predicted by [6], if a condensation origin is 
assumed. Therefore, both high Ni contents and high Ni/Co 
ratios in cores can be taken as indicators for early condensed 
metal. To further refine the formation process of the metal 
grains and the origin of the CB and CH chondrites as a whole, 
we are in progress to analyze Ni- along with Fe isotopes of 
metals with LA-MC-ICP-MS. The coupling of Fe- and Ni 
isotopes, and with other siderophile elements will provide 
information on the origin of the different metal types [5]. 

 
[1] Bischoff et al. (1993) GCA 57, 2631-2648. [2] Campbell et 
al. (2002) GCA 66, 647-660.[3] Weisberg et al. (2000) LPSC 
#1466. [4] Meibom et al. (1999) JGR 104, 22053-22059. [5] 
Zipfel & Weyer (2007) LPSC #1927. [6] Fedkin et al. (2015) 
LPSC #1038. 
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Mafic to intermediate volcanic rocks of the Fortescue 

Group in the Hamersley Basin of the Pilbara Craton, Western 
Australia, represent one of the oldest (2.8-2.7 Ga) known 
continental flood basalt sequences [1]. The Fortescue Group 
has been subjected to intense regional-scale metasomatism, 
superimposed on a sub-greenschist facies regional burial 
metamorphic gradient, resulting in the formation of 
pumpellyite- and epidote-quartz assemblages and significant 
depletions in alkalis, Mg and the heavier first transition series 
metals (Mn–Zn), with addition of Si [2]. The observed 
mineralogical and geochemical associations are directly 
comparable to documented examples [3] of hydrothermal 
circulation of highly saline fluids, possibly derived from sea 
water. 

Thermodynamic modelling of alteration assemblages 
indicate metasomatism occurred uniformly across the 
Hamersley Basin at conditions of approximately 275°C, 2.5 
kbar [4]. The consistent P-T estimates and geochemial data 
suggest a common hydrothermal event, acting on length scales 
of hundreds of kilometres, occurring coevally with regional 
folding during the Ophthalmian Orogeny. We interpret that 
this folding generated tectonic and gravitational driving forces 
behind north-directed fluid flow. 

Banded iron formations (BIF) of the Hamersley Group, 
which host world-class iron ore deposits, directly overly the 
Fortescue Group volcanics. Hypogene models of iron ore 
deposit genesis invoke the action of highly saline, base metal-
charged, moderate temperature fluids coincident with 
Ophthalmian deformation [5-7]. We therefore propose that the 
metasomatic event recorded in the Fortescue Group is also 
responsible for hypogene upgrading of BIF to iron ‘proto-ores’ 
through leaching of Fe from the volcanics, which also provide 
a sink for Si removed from the BIF. Ultimately, the Fortescue 
Group volcanics represents a 100,000 km2 footprint to the 
world’s most important iron ore province. 

 
[1] Arndt et al. (1991) Aust. J. Earth Sci. 38, 261-281. [2] 

White et al. (2014) J. Pet. 55, 977-1009. [3] Hannington et al. 
(2003) Miner. Deposita 38, 393-422. [4] White et al. (2014) J. 
Met. Geol. 32, 417-433. [5] Barley et al. (1999) Miner. 
Deposita 34, 784-789. [6] Powell et al (1999) Geology 27, 
175-178. [7] Dalstra and Guedes (2004) Econ. Geol. 99, 1793-
1800. 
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Calcium-silicate-hydrate (C-S-H) gel is the main binder 

component in ordinary Portland cement (OPC)-based concrete, 
and therefore the long-term durability of this ubiquitous 
construction material is partially controlled by the stability of 
the C-S-H gel. However, due to the disordered nature of this 
gel phase at the atomic and nanoscale, it is extremely difficult 
to accurately pin-point the effects various degradation 
environments have on the gel. Here, the atomic structure of C-
S-H gel is experimentally investigated using X-ray and neutron 
total scattering and pair distribution function (PDF) analysis, 
specifically to discover the structural changes induced due to 
exposure to certain thermal and chemical environments.  

When C-S-H gel is exposed to elevated temperatures, it is 
known that there is densification of the gel and a loss of pore 
and interlayer water. Here, it will be shown that the type of 
water being removed from the sample (capillary versus gel 
pore water) can be pin-pointed using in situ neutron PDF 
analysis. The results reveal that above a certain temperature all 
of the pore water is removed from the C-S-H gel, at which 
stage significant changes in the calcium silicate layers are seen 
in the data due to the additional loss of interlayer water 
molecules and reorganization of the anhydrous phase. 

PDF analysis has also been used to investigate the impact 
of carbon dioxide molecules on the structure of C-S-H gel. 
Here, in situ X-ray PDFs of the carbonation of C-S-H gel will 
be presented, including results on the atomic structure of the 
decalcifying gel and associated reaction kinetics. It will be 
shown that the results reveal important new information on the 
atomic structure of the amorphous silica gel, including the 
presence of residual calcium in the gel, possibly in the form of 
amorphous calcium carbonate.  
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Outer membrane multi-heme cytochromes (OMMC) play a 
key role in electron transfer between bacteria and extracellular 
electron acceptors, but it is debated whether flavins play a role 
as an additional cofactor of these proteins. The x-ray crystal 
structures of the Shewanella OMMC family, added to here by 
decaheme MtrC, reveal a conserved disulfide bond in a C-
terminal β-barrel domain. Reduction of the disulfide bond of 
MtrC by glutathione in the presence of flavin mononucleotide 
(FMN) resulted in the formation of a stable flavocytochrome 
complex that rapidly dissociated when exposed to air. All ten 
hemes and the bound FMN cofactor of the MtrC 
flavocytochrome remained oxidized, showing that FMN 
binding was dependent only on the reduction of the disulfide 
cysteines. Similar results were also observed with other 
members of the OMMC family. Mutant S. oneidensis strains in 
which the MtrC disulfide cysteines were converted to alanines 
were able to grow normally under anaerobic conditions, but 
were severely attenuated in their ability to grow aerobically.  
The data suggest that members of the Shewanella OMMC 
family can transition between highly reactive 
flavocytochromes or less reactive cytochrome, and that this is 
controlled by a redox active disulfide that responds to the 
presence of oxygen in the environment.     
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The industrial production of indium is increasing 
dramatically due to new uses in the rapidly growing 
electronics, photovoltaic, and LED industries.  Despite this 
increased use, the environmental behavior and toxicity of 
indium is poorly understood.  However, there is some 
indication that humans are already having a significant impact 
on its natural cycling.   

Indium is released to the atmosphere from high 
temperature processes such as metal smelting (where it is a 
byproduct of zinc, lead, and other primary sulfide ores) and 
coal combustion.  It is concentrated in particles smaller than 
2.5 um, meaning that it may be transported long distances and 
that humans may take up indium via these respirable particles.  
Analysis of indium in particulate matter from 5 different 
locations in the northeastern United States near Boston, MA 
and Rochester, NY over the course of a year suggest that coal 
combustion may be a steady input of indium to this region, and 
that smelters north of this region supply particles with 
significantly elevated indium concentrations.  An historical 
record of indium deposition to a bog in Massachusetts also 
indicates that coal combustion and smelting have influenced 
indium’s atmospheric concentrations and deposition over time; 
indium fluxes to the bog have been increasing since the late 
1800s, peaking in the early 1970s.  This record is counter to 
the industrial use of indium, but generally tracks patterns of 
smelting and coal combustion prior to the 1970s.  The decrease 
post 1970s is thought to result from reductions in particulate 
emissions from stationary sources due to the implementation of 
the Clean Air Act.   
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Indium, gallium, and germanium have important uses in 

new families of high efficiency photovoltaic cells, and indium 
and gallium are used extensively in LEDs.  While all of these 
metals have been in use for the past 30-70 years (indium in ball 
bearings, germanium and gallium in semiconductors), 
emerging energy markets are likely to dramatically expand the 
industrial use of these metals, potentially by orders of 
magnitude.  Despite this increased use, the environmental 
behavior and toxicity of these metals are poorly understood.  
However, there is some indication that humans are already 
having a significant impact on the natural cycling of these 
metals.  Our present study aims to determine the 
biogeochemical cycling of indium (In), gallium (Ga), and 
germanium (Ge) associated with mining processes, since our 
previous studies suggest that mining and smelting processes 
are currently the largest sources of these metals to the 
environment.  In particular, these metals are byproducts of lead 
and zinc mining.  Their biogeochemistry at mining-impacted 
sites has a significant impact on the range of their transport, 
and subsequent human exposure to these metals.  

Our study was based at the Tar Creek Superfund Site in 
Oklahoma, USA, an abandoned lead and zinc mine.  We found 
that Ge is highly elevated in the mine wastes at this site; large 
particles (>0.5 mm) contain 3-15x crustal concentrations, and 
small particles (<2.5 um) contain up to 40x crustal 
concentrations, while Ga and In concentrations were not 
significantly higher than crustal.  Ge also behaves differently 
than known contaminant metals in this area.  For example, 
over 85% of the Ge in mine wastes from this site is bound in a 
residual mineral fraction (e.g. silicates) that is not liberated by 
a hot nitric acid leach.  By contrast, Pb, Zn, and Cd are mainly 
present in a recalcitrant phase.  Additionally, simulated gastric 
fluid extractions release twice as much Ge as a hot nitric acid 
extraction, indicating that some fraction of the recalcitrant 
phase is bioaccessible.  Again, this contrasts with Pb, Zn, and 
Cd, and with Ga and In, for which simulated gastric fluid 
extractions release significantly less than a hot nitric acid 
leach.  Future studies will further explore the cycling of Ga, 
Ge, and In at the Tar Creek site, including differences in the 
speciation, mobility, and bioaccessibility of each, in order to 
more thoroughly understand the behavior and potential impacts 
of these metals of emerging concern.  
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The bulk rock platinum group element (PGE) budget of 
mantle peridotite is controlled primarily by volumetrically 
insignificant (<0.1 modal %) sulphide [1]. The remaining 5% 
of the mantle PGE budget is distributed between the 99.9 
modal % of the silicate minerals and spinel which dominate the 
mineralogy of the upper mantle. Within these phases osmium 
is disproportionately concentrated in primary spinel, with Os 
concentrations consistently an order of magnitude higher than 
co-existing olivine, orthopyroxene and spinel [2] [3]. Unlike 
chromite, which can induce the precipitation of platinum group 
minerals and sulphides through a localized perturbation of fO2 

[4] found as inclusions within the margins of chromite grains, 
primary spinel does not appear to contain discrete PGE-rich 
phases [5]. To date the source of high Os concentrations in 
primary spinel remains equivocal, although experimental 
evidence derived from chromite suggests that Os, Ir, Ru and 
Rh partition preferentially into the chromite crystal lattice as 
opposed to co-existing silicate phases (e.g., [6]). 

Here we present the results of a systematic study to 
determine the location of PGE within primary spinel from a 
Kilbourne Hole peridotite xenolith. As spinel itself is an 
opaque mineral 50 randomly chosen chromian-spinel grains 
were examined by SEM to visually check for sulfide grains 
included within the spinel. The same grains were then analysed 
by laser ablation ICP MS and the time resolved data of several 
analyses examined for peaks in PGE abundances that may 
indicate the presence of sub-micron platinum group minerals. 
Finally, aggregates of spinel grains were leached and finally 
dissolved in inverse aqua regia in a high pressure asher at 300 
to 320 °C determine whether the PGE is hosted in sub micron 
sulphides that can be liberated by a HBr leach, or are hosted 
within the chromian-spinel crystal matrix, as predicted by 
experimental methods. 
 
[1] Hart and Ravizza (1996) Geophys. Mon., vol. 95. AGU, 
Washington. pp. 123–134 [2] Harvey et al (2010) Geochim 
Cosmochim Acta 74, 293-320. [3] Harvey et al (2011) 75, 
5574-5596 [4] Finnigan et al (2008) [5] Ferraris and Lorand 
(2008) Earth Planet Sci Lett 276, 167-174. [6] Pagé et al 
(2012) Chem Geol 302-303, 3-15. 
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Transient episodes of extensive marine black shale 

deposition during the Mesozoic, such as Oceanic Anoxic Event 
2 (OAE-2; ~93.5 Ma), illustrate the Earth system response to 
extreme greenhouse climatic perturbations. OAE-2 has been 
linked to LIP volcanism, global warming, increased ocean 
stratification, and the onset of anoxia and euxinia. A thermally 
stratified ocean with sluggish circulation might have resulted 
from a markedly reduced latitudinal geothermal gradient, as 
suggested by TEX86-derived elevated SSTs (33-42°C) at mid-
latitudes [1]. However, these SSTs contradict Earth system 
models for greenhouse conditions [2] in reconstructing too-
high values in O2-depleted settings, possibly because other 
variables affect this proxy [3]. 

High-resolution (2-5 mm scale) TEX86-derived temperature 
estimates and GDGT distributions from sediment cores 
recovered from IODP Expedition 342 at Site U1407, South 
East Newfoundland Ridge (~32°N) indicate values of ~36°C 
during OAE-2. Notably, a large (~10-15°C) cooling trend was 
observed following OAE-2, but none during the event as 
previously reported [1]. However, the cooling trend is 
associated with a marked change in the distribution of 
isoprenoidal and other GDGTs, suggestive of changes in the 
sources of these biomarkers due to variations in water column 
redox conditions and terrestrial input, rather than SST. Our 
results implicate marked changes in oxygen-deficiency that 
affect the sources and distributions of GDGTs, thus altering 
TEX86-derived temperatures, consistent with modern 
observations in oxygen-depleted settings [3]. 
 
[1] Sinninghe Damsté et al., (2010) EPSL 293, 97-103. [2] 
Hollis et al., (2012) EPSL 349-350, 53-66. [3] Schouten et al., 
(2012) Geochim. Cosmochim. Acta 98, 228-243.  
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We are attempting to build a new kind of molecular 

mechanics force field based on an expansion of the bond-
valence model. The concept of bond valence (a method for 
estimating bond order from bond length) has been used in 
many quantitative structure-property models, including the 
Multisite Complexation (MUSIC) model of Hiemstra and 
coworkers [1].  One assumption implicit in these models is that 
bond valence is somehow proportional to the bond energy.  
However, to date no one has demonstrated the form of this 
relationship.  Are other factors, such as bond character and 
atomic size, important for determining bond energies? 

We have categorized a large number of bonds in small 
molecules and crystals according to bond valence, bond 
character (estimated from electronegativity considerations) and 
bond length, and used these quantities to roughly predict bond 
dissociation energies.   

A consistent, but complex picture emerges from the data.  
We show that, even for the same bond valence, bond 
dissociation energies can differ by hundreds of kJ/mol based 
on their ionic, covalent, or metallic character.  Furthermore, 
covalent bonds less than 2 v.u. are strongly affected by the 
lone-pair bond-weakening effect identified by Sanders [2].  
Bond length plays a more minor role.   

Mathematical models of this behaviour will help us 
parameterize valence-based force fields, by providing initial 
estimates of bond energies, and model forms. 

 
[1] Hiemstra et al. (1996) J. Colloid & Interface Sci. 184, 680-
692. [2] Sanderson (1983) Polar Covalence, New York, 
Academic Press.   
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Inclusions of high-pressure (HP) rocks such as eclogite are 
common in migmatite that apparently records lower P 
equilibration. Eclogite and migmatite protoliths may have been 
juxtaposed prior to HP metamorphism; e.g. basaltic dikes in 
granite/gneiss that together experienced continental 
subduction, such as in the Western Gneiss Region, Norway. 
There, zircons in eclogite and host migmatite have similar U-
Pb ages and REE patterns, and UHP index minerals occur in 
eclogite and gneiss, documenting a shared history despite 
differential preservation of HP part of the P-T path. 
Alternatively, eclogite may be incorporated in partially molten 
crust during (as deep-seated mafic intrusions) or after HP 
metamorphism, and eclogite + host migmatite share only the 
decompression part of a P-T path, such as in the Montagne 
Noire dome, France. In all of these cases, however, eclogite 
metamorphism may be closely spaced in time with formation 
and/or initial crystallization of migmatite, giving information 
about the extent and role of partially molten crust  in different 
modes and stages of orogeny. Challenges to understanding the 
significance of eclogite and host migmatite to orogenic 
processes are relating age to P-T conditions and reconstructing 
P-T conditions and paths, particularly for host 
quartzofeldspathic gneiss.  

 In the Montagne Noire, an eclogite-bearing migmatite 
dome at an orogen-foreland transition, eclogite P-T conditions 
of 1.4 GPa, 725°C were estimated using a pseudosection and 
grt-cpx and Zr-in-rutile thermometry. Grt zoning and 
inclusions, rutile textures and Zr zoning, P-T results, and 
petrochronology of zoned zircon (U-Pb+REE) show eclogite 
metamorphism was nearly coeval with migmatite dome 
emplacement and that eclogite and migmatite shared only the 
later part of a P-T path (eclogite zircon cores record a ~360 Ma 
event not recorded in migmatite/gneiss or granite). These 
eclogites record HP metamorphism at ~315 Ma and are 
therefore the youngest in the Variscan orogen. We propose that 
partially-molten crust included eclogite formed by thickening 
at the orogen-foreland boundary in response to collapse-driven 
crustal flow. Eclogite and migmatite were exhumed together 
from >40 km to <12 km, although only eclogite preserves the 
HP record. 
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The Chyulu Hills volcanic field, located in southern 

Kenya, is considered to be an off-rift manifestation of 
volcanism broadly related to the East-African Rift System 
(EARS). Primitive alkaline magmas, ranging from nephelinites 
to alkali and transitional basalts have erupted during the 
Pleistocene and Holocene [1]. Systematic temporal and 
compositional variations within the volcanic field have been 
noted: Pleistocene volcanism of the northern Chyulu Hills is 
highly silica-understaurated compared to the Holocene 
volcanism of the southern Chyulu Hills, interpreted to reflect 
increasing degree of melting at shallower depth in the south 
[1]. Pronounced negative K-anomalies and enriched trace 
element and Sr-Nd-Pb isotopic signatures have been 
interpreted to reflect melting of an amphibole-bearing, 
metasomatised subcontinental lithospheric mantle source [2]. 

We have analyzed Os isotopes in a suite of lavas spanning 
the northern and southern Chyulu Hills to help elucidate the 
roles of lithospheric versus sublithospheric melting in the 
generation of off-rift magmatism. The osmium isotope 
signatures are all more radiogenic than depleted or primitive 
upper mantle, and generally fall within the range of primitive 
OIB; some samples also overlap radiogenic signatures found in 
highly metasomatized mantle xenoliths associated with the 
nearby Tanzanian craton [3]. Similar isotopic signatures to 
those in the Chyulu Hills suite have been reported previously 
in other parts of the Kenyan EARS, including the HIMU 
Miocene Turkana picrites and basalts from Kivu and Rungwe 
associated with the Western Branch of the EARS, interpreted 
to reflect, respectively, plume-derived and metsomatized 
subcontinental lithospheric mantle sources [4]. The Os isotope 
signatures of the Chyulu Hills lavas are likewise consistent 
with a plume source, although combined Sr and Nd isotopes 
indicate that the source is either distinct from that of Turkana 
or that the melts are modified in the SCLM, potentially 
consistent with seismic evidence for a partially molten region 
in the SCLM beneath the Chyulu Hills [2] [5]. 

 
[1] Spath et al. (2000), J. African Earth Sciences 31, 337-358. 
[2] Spath et al. (2001), J. Petrol. 42, 765-787. [3] Chesley et 
al. (1999), GCA 63, 1203-1217. [4] Nelson et al. (2012), 
Chemical Geology 320/321, 66-79. [5] Ritter & Kasper (1997), 
Tectonophysics 278, 149-169.  
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Water chemistry and magnesium isotope ratios in stream 
and lake waters, as well as river and lake sediments from Lake 
Bangong and its catchment area are presented.  

The Bangong lake system consists of several basins with a 
water chemistry reflecting the high evaporation and low 
precipitation rates on the western Tibetan plateau. The water 
chemistry of the different basins indicates removal of Ca2+ and 
in some cases of Mg2+ and HCO3

- during evaporation of the 
water. The isotope ratio of magnesium (δ26Mg relative to 
DSM-3) in the dissolved load varies between -2.2 to -0.6‰ 
and in the sediments between -2.3 to -0.9‰. δ26Mg values in 
carbonate fractions of the sediments vary between -2.1 
to -3.7‰ and the carbonate leached residues between -0.3 
to -1.7‰. 

Magnesium isotope ratios in the streams reflect mainly the 
catchment lithology but may be locally affected by the 
precipitation of carbonates. Magnesium in the lake basins is 
primarily a mixture of magnesium from the different 
tributaries, but a positive correlation between salinity and 
δ26Mg of the waters provides evidence for isotope fractionating 
processes in the lake. The carbonate fractions of the lake 
sediments are enriched in 24Mg compared to the bulk 
sediments, but also most of the sediment residues after 
carbonate-leaching with acetic acid are enriched in magnesium 
compared to the upper continental crust.  

This implies that both, the precipitation of carbonates and 
probably the exchange with silicates, preferentially remove 
isotopically light Mg from the water. This is in accordance 
with recent studies showing that the exchangeable Mg in clay 
minerals is isotopically light [1] [2]. 

 
[1] Wimpenny et al. (2013) GCA 128, 178-194; [2] Li et al. 
(2014) EPSL 394, 82-93 
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The Kupferschiefer in the Polish Fore-Sudetic Monocline 
developed in the form of black shales, marls and shaly 
carbonates. In Lubin-Sieroszowice area it hosts one of the 
largest polymetalic deposits in the world [1]. The deposition in 
anoxic or suboxic shallow shelf conditions resulted in 
enrichment in organic matter (OM) which played an important 
role at the major stage of precipitation of copper minerals and 
precious metals [2]. The relation between geochemical indices 
of OM and distribution of minerals and metals in the Lubin-
Sieroszowice Copper Deposit (LSCD) are discussed in this 
paper. Based on the results of Rock-Eval analysis conducted 
for 635 samples collected from 363 profiles in LSCD area, a 
spatial distribution of organic matter indices as total organic 
carbon (TOC), hydrogen index (HI), oxygen index (OI) and 
HI/OI ratio was determined. Values of these indices were used 
for identifying the reduced, transitional and oxidized zones 
within the Kupferschiefer strata [3]. The same samples were 
examined for qualitative and quantitative identification of ore 
minerals and metals (e.g., Cu, Ag, Au, Pb and Zn). There can 
be observed a straight correlation of elevated concentrations of 
Cu, Ag, Mo, Ni, Pb & Zn in the reduced zone (localised in 
eastern and northern part of the LSCD) with high TOC, HI and 
HI/OI and low OI values. The oxidised zone (low TOC, HI & 
HI/OI, high OI values) occurs in the south-western part of 
LSCD and is poor in above mentioned metals. Besides high 
concentrations of Au, Pt & Pd are also noted in that area. The 
transitional zone is worth exploring becaused of the usually 
high concentration of Cu, Ag, Mo, Ni, occasionally elevated 
Au, Pt and Pd contents and low amount of Pb and Zn. Organic 
matter is sensitive to oxidation processes which are connected 
with ores precipitation in the Kupferschiefer. Its properties 
change regularly with individual metal zonation and may be 
used for estimating deposit’s extent.  
 
[1] Wodzicki & Piestrzyński (1994) Miner. Dep. 29, 30-43. [2] 
Piestrzyński (2007) Origin of ore deposit. In: KGHM Polish 
Copper SA Monograph, 228-244. [3] Więcław et al. (2007) 
PGI Bull. 423, 125-138.  
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Safety analysis of a cement-based repository for low- and 

intermediate level nuclear waste (L/ILW) has shown that 79Se 
is an important redox-sensitive, dose-determining radio-
nuclide due to its long half-life and weak retardation by 
common near- and far field minerals. In the sorption data bases 
currently used for safety analysis it is considered that 79Se is 
predominantly present as SeO3

2- in the cementitious near field 
because oxidizing conditions prevail during waste 
conditioning. With time, however, reducing conditions will 
establish in the near field caused by oxygen consumption in the 
course of metal corrosion. In these conditions Se(-II) is 
expected to be the dominant redox state of Se. Hence, 
investigations into the interaction of Se(IV) and Se(-II) with 
cementitious materials and into the reduction of Se(IV) to Se(-
II) enable us to assess the long-term fate of Se under the 
conditions relevant to a cement-based repository.  

Sorption studies with Se on cementitious materials indicate 
that Se(IV) and Se(-II) uptake by hydrated calcium aluminates 
(AFm) and calcium silicate hydrates (C-S-H) phases, the 
principal host phases for radionuclides in cement paste, is 
significant and comparable to the uptake by cement paste. The 
uptake mechanisms of the Se species, however, are only poorly 
understood. Wet chemistry experiments suggest that Se(IV) 
and Se(-II) could be taken up into the structure of the cement 
phases. In the case of AFm phases, for example, anions bound 
in the interlayer can be replaced, at least partially, by Se(IV) 
and Se(-II). This explains why AFm phases are more effective 
in removing the Se species from solution than C-S-H phases. 
EXAFS studies were carried out to confirm preservation of the 
redox states. 

EXAFS investigations into redox transformation are 
ongoing. The first results already suggest that the uptake 
mechanism of the Se species plays an important role in the 
reduction of Se(IV) to Se(-II) in cementitious materials.  

3410



 Goldschmidt2015 Abstracts  

 3411 

Mass transport regimes in the solar 
protoplanetary disk − evidence from 

meteoritic components 
D. WIELANDT1, T. HAUGBØLLE1, O. GRESSELL12,  

C. MCNALLY12, Å. NORDLUND1 AND M. BIZZARRO1  
1Centre for Star and Planet Formation, University of 

Copenhagen, Copenagen, Denmark, DK-1350  
2Niels Bohr International Academy, University of 

Copenhagen, Copenagen, Denmark, DK-2100 
 
Chondrite meteorites are fragments of asteroids that did 

not undergo melting and differentiation and, thus, provide a 
record of the earliest stages of the solar protoplanetary disk. 
Ordinary and enstatite chondrites sample parent asteroids that 
originated in the accretion region of terrestrial planets, whereas 
the parent asteroids of the water-rich carbonaceous chondrites 
most likely accreted in the giant planet region. The dominant 
constituent of chondrites are millimeter-sized chondrules 
formed by transient heating events in the protoplanetary disk. 
Recent high-resolution uranium-corrected Pb-Pb dates indicate 
that chondrule formation started contemporaneously with CAIs 
and lasted ~3 Myr [1]. Moreover, chondrules from individual 
chondrites show variability in 54Cr/52Cr ratios, which track 
genetic relationships between early-formed solids and their 
respective reservoirs. Collectively, these observations indicate 
that chondrules from individual chondrite groups originated in 
different regions of the protoplanetary disk and were 
subsequently transported to the accretion regions of their 
respective parent bodies.   

We report new uranium-corrected Pb-Pb ages as well as 
54Cr/52Cr ratios for chondrules from enstatite, ordinary and 
various classes of carbonaceous chondrites, including CV, CK 
and CR chondrites. Chondrule populations from individual 
chondrite groups show a comparable age range of ~3 Myr. 
Chondrules from enstatite and ordinary chondrites show 
54Cr/52Cr ratios restricted to inner solar system compositions, 
defined as ε54Cr < 0.5 i.e. lower than bulk CK. In contrast, CV 
and CK carbonaceous chondrite chondrules record greater 
54Cr/52Cr variability, with both inner and outer solar system 
signatures, while CR-chondrules show a limited range of 54Cr 
rich compositions. These data require different outward mass 
transport regimes but limited inward transport of outer solar 
system material in the formation region of terrestrial planets 
during the main accretion phase of chondrite parent asteroids. 
We explore the role of protostellar jets and disk winds as 
potential mass transport mechanisms to account for the 
observed meteoritic data.  
 
[1] J. N. Connelly et al. (2012) Science. 735, L37. 

3411



 Goldschmidt2015 Abstracts  

 3412 

Raman spectroscopy of the melanized 
fungi from the hyperarid Atacama 

Desert gypsum crust 
J. WIERZCHOS1, O. ARTIEDA*2, A. CULKA3, J. JEHLIČKA3, 

L. LÓPEZ-OCAÑA4, R. AZNAR4, V. SOUZA-EGIPSY5,  
M. C. CASERO1 AND C. ASCASO1 

1Museo Nacional de Ciencias Naturales – CSIC, 28006 
Madrid, Spain  

2Univ. de Extremadura, 10600 Plasencia, Spain 
(*correspondence: oartieda@unex.es) 

3Charles Univ. 128 43 Prague, Czech Rep.  
4Coleccion Española de Cultivos Tipo (CECT), 46980 Paterna 

(Valencia), Spain  
5Instituto de Ciencias Agrarias – CSIC, 28006 Madrid, Spain 
 

The hyperarid core of the Atacama Desert (northern Chile) 
represents one of the driest places on Earth with an exceptional 
occurrence of microbial life coping with extreme 
environmental stress factors [1]. Hence, the area is considered 
as one of the most important Martian-analog sites. The gypsum 
crusts have been found to harbor diverse microbial 
communities in this area [2]. We present a Raman 
spectroscopic data, complemented by microscopic imaging 
using fluorescence and SEM-BSE microscopy of new 
discovered endolithic microbial communities composed by 
eukaryotic algae and fungi colonizing the interior of gypsum 
crusts from the hyperarid zone of the Atacama Desert. This 
lithobiontic habitat is an example of survival in an extremely 
hyperarid and high solar and UV radiation environment.  

We detected molecular signs of life in these endolithic 
microhabitats using Raman spectroscopy in the form of 
microbial pigments. The 514.5 nm excitation wavelength 
employed was found to be the correct source for studying 
pigment composition. Among those pigments, the most 
important is eumelanin, a UV-absorbing compound that some 
fungi produce. The eumelanin and carotenoids Raman signal 
was distinctly detectable on fungi hyphae cultivated from the 
gypsum endoliths. Similar spectral signatures were also 
obtained from naturally endolithic habitats. In the context of 
future missions designed to search for life on Mars, we were 
able to utilize rock samples from the Atacama Desert, using 
Raman spectrometer, to assess the performance of Raman 
systems to detect biomarkers inside the rocks. 

 
Acknowledgements: CGL2013-42509P 
 

[1] Wierzchos et al. (2012) Int. Microbiol.15, 171-181. [2] 
Wierzchos et al. (2011) Geobiol. 9, 44-60. 
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When we are able to easily recognize life on Earth, we will 
be prepared to move beyond the confines of our planet [1]. 
Taking this quote into account, we consider the 
cryptoendolithic microbial communities living within volcanic 
rocks in the Atacama Desert as important targets for 
astrobiological studies of terrestrial analogues for the extreme 
arid conditions on Mars [2]. The survival of these microbial 
communities in extremely hyperarid and highly sun-irradiated 
environment is conditioned by subtle changes in external 
climatic conditions, which can lead to the death of these 
extremophiles. In the present study, we searched for 
biomarkers and biomineralization processes in samples of 
endolitihcally colonized ignimbrite rocks, using microscopy 
(SEM-BSE) and microanalytical (Raman and EDS 
spectroscopy) investigation strategies. The presence and 
distribution patterns of endolithic microorganisms 
(phototrophic cyanobacteria and heterotrophic bacteria) within 
the rocks were investigated by various independent 
microscopic and analytical methods. Raman spectroscopy, 
including novel Raman imagining (514 nm laser), allowed us 
to show the distribution maps of biomarkers such as 
carotenoids - the pigments associated with the cyanobacterial 
cells - within the endolithic habitat. Following the death of 
endolithic microbial communities, we observed post-mortem 
deposition of minerals on the organic template of endoliths, 
using SEM-BSE+EDS. This induced biomineralization process 
lead to the formation of biominerals rich in Si and Mg, which 
can be considered as geological evidence of extinct microbial 
life. 

 
[1] Conrad & Nealson (2001) Astrobiology 1, 15–24. [2] 
Wierzchos et al. (2013) Icarus 224, 334-346. 
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Systematic undulosity in calcites (radiaxial fibrous calcite, 

RFC) is well known for decades but the underlying 
mechanisms and processes of their formation on a 
microstructural scale are still poorly understood [1]. To 
improve the application of such archives for climate 
reconstruction a better knowledge of their formation and 
possible alteration scenarios is necessary. 

In Mg2+ containing gel based calcite growth experiments 
we observed pronounced crystal branching phenomena and 
complex pathological morphologies (see Fig. 1). From optical 
microscopy and EBSD pole-figures we derived that the 
branched sub-units are not parallel to their substrate, resulting 
in systematic undulous extinction behavior under cross 
polarized light. We assume that the incorporation of impurities 
is the principal cause for establishing of an ordered dislocation 
network which leads to this tilted sub-units. We will present 
hypotheses explaining the systematic inhomogeneous 
distribution of Mg2+ during calcite growth based on 
observations of sector zoning in calcites [2] and selective 
incorporation at non-equivalent step-edge geometries [3]. 

Figure 1: Synthetic Mg-calcite exhibiting branched 
subunits which results in undulous extinction phenomena in 
thin section. 

 
[1] Richter et al. (2011) Sediment. Geol. 239, 23-36 [2] 

Reeder & Paquette (1989) Sediment. Geol. 65, 239-247 [3] 
Davis et al. (2004) Am. Min. 89, 714-720 
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The role of interlayer pores and other small pores with 

regard to anion migration in clay rocks is still an unresolved 
item. In particular, their accessibility to anions as a function of 
the pore solution composition has to be clarified [1]. In order 
to better understand the diffusion behaviour of anions in clay 
rocks, information on the pore size distribution is needed. 
Different methods for measuring the pore size and its 
distribution are known, each of them having their advantages 
and disadvantages. In this study different methods were 
compared to measure the pore size distribution in argillaceous 
rocks. 

Two different indurated clay rocks originating from 
Switzerland were used: Opalinus Clay and Helvetic Marl [1]. 
Opalinus Clay has a bulk dry density of 2.4 kg dm-3, a total 
porosity of 15% and a clay content (illite, kaolinite and 
chlorite) of 70%. The Helvetic Marl has a bulk dry density of 
ca. 2.6 kg dm-3, a total porosity of 3% and a clay content (illite 
and chlorite) of 20%. Earlier studies showed that the transport 
relevant porosity in clay rocks is mainly located in the clay 
phase of the samples. 

Four different methods were applied to measure the pore 
size distribution: NMR [2] [3], NMR-cryoporometry [4], 
mercury intrusion [5] and CO2 adsorption [6]. Because each 
method is based on a different physical principle, it is not 
unexpected that the pore size distribution measured by 
different methods give different results. In this paper we 
discuss these differences and evaluate which method is the 
most suitable one for argillaceous rocks.  

 
[1] Van Loon 2014. NTB 12-03, Nagra, Switzerland. [2] 
Cohen & Mendelson 2009. J. Appl. Phys. 53, 1127-1135. [3] 
Howard & Kenyon 1992. Mar. Petrol. Geol. 9, 139-145. [4] 
Mitchell et al 2008. Phys. Rep. 461, 1-36. [5] Lapierre et al 
1990. Can. Geotech. J. 27, 761-773. [6] Echeverría et al 1999. 
Eur. J. Soil Sci. 50, 497-503. 
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Garnet is one of the main phases in the Earth’s upper 
mantle, and is stable well into the transition zone. At high 
pressure (>5GPa), garnet forms a solid solution with pyroxene, 
resulting in a garnet with excess silica, a so called majoritic 
garnet. The excess silica is incorporated into the octahedral site 
of the garnet structure, partially replacing aluminium. The 
majorite component in garnet gradually increases with 
increasing pressure [1].  

Garnets with a majorite component are sometimes found as 
inclusions in diamonds [2]. In orogenic peridotites, exsolution 
textures are found in garnets which are interpreted to represent 
a former majorite component [3]. The garnets that are found in 
diamond inclusions display a range of compositions. Most are 
of eclogitic lithology while peridotitic garnets are relatively 
rare. The majorite component may be used to estimate the 
depth of origin of these samples [2].  

In addition to pressure, however, majorite stability may 
also depend on composition. If garnet composition has a 
significant effect, this implies that majoritic garnets of 
different lithologies (peridotitic and eclogitic) can not be 
directly compared when estimating the pressure.  

To investigate the stability of majoritic garnets in depleted 
peridotitic compostitions, we performed high pressure high 
temperature experiments in a Walker-type multi anvil press at 
pressures between 6 and 14.5 GPa, and temperatures between 
1400 and 1700 °C. Starting materials consist of silicate glasses 
or oxide mixes in the system Cr2O3-CaO-MgO-Al2O3-SiO2, 
with varying Cr/(Al+Cr) ratios. Major and minor element 
concentrations of the phases present were determined by 
electron microprobe.  

All experiments yielded garnet, olivine, and opx and/or 
cpx as stable phases. Our results indicate the composition of 
the garnet has a small but significant effect on the stability of 
majorite. We combine our experimental data with available 
literature data to derive an empirical fit function that can be 
used to determine the pressure of origin of majoritic garnets, 
depending on their composition. 

 
[1] Akaogi and Akimoto (1977) Physics of the Earth and 
Planetary Interiors 15, 90-106. [2]  Stachel (2001) European 
Journal of Mineralogy 13(5): 883-892. [3] Scambelluri, Pettke 
and van Roermund, Geology 36(1): 59-62. 
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We report lithium (Li) and boron (B) concentrations and 
isotopic data of black smoker and acid-sulfate submarine 
hydrothermal fluids collected in 2006 and 2011 from 
DESMOS and SuSu Knolls vent fields located in the Eastern 
Manus Basin [1].  

End-member black smoker fluids from SuSu Knolls have 
B and Li concentrations ranging from 1.2 to 1.8mM and 622 to 
860µM, respectively. Isotopic compositions vary from 15 to 
18‰ for  δ11B and 5.5 to 5.9‰ for δ7Li. These variations 
match with other back-arc basin hydrothermal systems in the 
western Pacific [2] [3].  

In contrast, acid-sulfate fluids from North Su site (located 
within the SuSu Knolls series) and DESMOS show varying 
compositions reflecting differences in the contribution of 
magmatic fluids. DESMOS fluids are depleted in Li relative to 
seawater indicating a low extent of water interactions and and 
a highly altered basement. Acid-sulfate fluids from North Su 
have similar or higher Li concentrations than seawater. Almost 
all samples are, however, enriched in B, potentially added 
during magmatic degassing and water-rock interaction. To 
calculate end-member compositions we assume that the acid-
sulfate fluids display a mixture between seawater and 
magmatic fluid. Assuming the magmatic fluid contains no Mg, 
the end-member calculation can be done by an extrapolation to 
zero-Mg. At North Su site, δ11B varies from 6.5 to 14.1‰ and 
δ7Li from -4 to +5‰ for acid-sulfate fluids. End-member 
calculations for DESMOS fluids indicate no magmatic derived 
Li, hence δ7Li could not be extrapolated.  

These data will be discussed in the context of magmatic 
inputs, phase separation, and subseafloor water-rock 
interaction. They give new insights into the behaviour of Li 
and B isotope systematics and fluxes from submarine vent 
fluids affected by different amounts of magmatic input. 

 
[1] Reeves et al. (2011) GCA 75, 1088-1123 [2] Yamaoka et 
al. (2015) CG 392, 9-18 [3] Mottl et al. (2011) GCA 75, 1013-
1038 
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In the last decades, synchrotron radiation (SR) has become 

an indispensable tool for studying geomaterials using X-ray 
spectroscopic techniques. The continuous spectrum and the 
high brilliance produced by SR sources not only enable the 
acquisition of high quality spectral data in short time, but also 
provide the possibility to focus the SR beam into a small spot 
with very high photon flux. Particularly the latter feature is a 
prerequisite for many applications in Earth sciences. In this 
contribution, applications of X-ray spectroscopy are presented 
to study materials and processes in-situ at high pressure and 
temperature. 

Due to the rather low absorption of hard X-rays, SR opens 
up the possibility to perform measurements in high-pressure or 
reaction cells. SR micro-XRF is now generally used for 
obtaining trace element concentrations in aqueous fluids in-situ 
at high P and T using XRF-optimized diamond anvil cells, 
with detection limits in the lower ppm range, e.g. [1]. This 
high-pressure setup was used to investigate element 
complexation in aqueous fluids by acquiring X-ray absorption 
spectra at conditions of the Earth’s crust as shown for 
lanthanides or Zr at low concentrations in aqueous fluids, e.g. 
[2], [3]. Such data cannot be achieved on quenched samples at 
all and illustrate the importance for the understanding of 
processes involving fluids at high P and T. 

The range of elements accessible by XAFS techniques at 
in-situ conditions is usually limited by the absorption of X-rays 
due to the sample environment. The indirect measurement of 
XAFS spectra by inelastic X-ray Raman scattering provides a 
workaround to access absorption edges at low energies (e.g. 
low Z elements). This enables studying the local structure, 
oxidation state and spin state for edges at low energy in-situ at 
high P and T, e.g. B K-edge, O K-edge, Fe M or L-edge ([4], 
[5], [6], [7]). 

 
[1] Wilke et al. (2010) J Synchr Rad 17, 669-675. [2] 
Mayanovic et al. (2009) Chem Geol 259, 30-38. [3] Wilke et 
al. (2012) Earth Planet Sci Lett 272, 730-737. [4] Lee et al. 
(2007) Phys Rev Lett 98, 105502. [5] Sahle et al. (2013) Phys 
Rev Lett 98, 105502. [6] Nyrow et al. (2014) Contrib Mineral 
Petrol 167, 1012. [7] Nyrow et al. (2014) Appl Phys Lett 104, 
262408. 

3418



 Goldschmidt2015 Abstracts  

 3419 

Cotectic compositions: A new 
geobarometer for dry rhyolites 

S. WILKE1*, T. BOLTE1, R. ALMEEV1,  

E. H. CHRISTIANSEN2 AND F. HOLTZ1 
1Institute for Mineralogy, Leibniz University Hannover, 

Callinstr. 3, 30167 Hannover, Germany (*correspondence: 
s.wilke@mineralogie.uni-hannover.de) 

2Brigham Young University, Provo, UT 84602, USA 
 

Despite recent progress in geobarometry for magmatic 
systems, the storage depth of rhyolitic magmas is still difficult 
to constrain from established mineral-mineral or mineral-melt 
equilibria thermobarometers. In this study we present a new 
geobarometer relevant to water-poor rhyolitic systems, and 
demonstrate its potential in application to rhyolites from Snake 
River Plain, Yellowstone volcanic province. Our new data 
demonstrate the change of magma storage depths of rhyolitic 
magmas in space and time. 

The geobarometer calibrated in this study is based on the 
SiO2 content of a rhyolitic melt saturated with respect to quartz 
(Qtz) and feldspar(s) (Fsp). In the system Qtz-Ab-Or, the melts 
normative Qtz content (QtzL) increases with decreasing 
pressure but this effect is obscured by the presence of CaO in 
the melt (e.g. expressed as normative anorthite (AnL)) [1] [2]. 
We performed a series of near-liquidus crystallization 
experiments (870 to 1050°C) in IHPVs to calibrate the position 
of the cotectic curve separating the Qtz and Fsp primary fields 
at 200 and 500 MPa for two melt water contents (H2Omelt of 1.3 
and 3 wt% H2O) and 3.5 and 7 wt% AnL. The QtzL content of 
cotectic compositions was estimated as a function of pressure, 
H2Omelt and AnL. Preliminary results indicate that at identical 
H2O and AnL the QtzL decreases by ~5.3 wt% with increasing 
P from 200 to 500 MPa. When compared to a Ca-free system, 
the effect of 7 wt% AnL results in an increase of the QtzL of up 
to ~9.2 wt%. 

We applied our new geobarometer on samples collected 
from the Twin Falls eruptive center (Kimberly ICDP drill core) 
[3]. Preliminary results demonstrate different pressures for 
three erupted rhyolite units previously distinguished in the 
drillcore: ~425 MPa for the uppermost and therefore youngest 
unit, ~280 MPa for the intermediate unit and less than ~130 
MPa for the oldest, lowermost unit. These results clearly 
illustrate the descend of rhyolitic magma chambers with time. 

 
[1] Gualda & Ghiorso (2013) Journ. Geol. 121, 537-545. [2] 
Blundy & Cashman (2001) Contrib. Mineral. Petrol. 140, 631-
650. [3] Shervais et al (2013) Scientific drilling 15, 36-45. 
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How and to what extent crustal material is recycled into 

the deeper mantle as a result of plate tectonic processes is a 
long-standing but still not fully understood question in Earth 
Sciences. Indirect evidence from chemical as well as 
radiogenic isotope data in oceanic basalts suggest that such a 
process may indeed have operated over much of Earth’s 
history.  Yet, uncertainties in characterising the age of the 
presumed recycled crustal components as well as the wide 
range in their chemical composition do not allow us to verify 
the mantle recycling hypothesis. Technological advances now 
enable us to explore new isotopic tracers that could shed light 
on this question. One of these new tools are mass-dependent 
isotope variation of molybdenum (Mo). Mass-dependent Mo 
isotope data in clastic and chemical sediments are a well-
established geochemical tool to study redox conditions in the 
Earth’s water masses over the geological past [1-3]. Being an 
intrinsic property of rocks exposed to the hydrosphere (see 
Anbar [4] for an overview), mass-dependent Mo isotope 
variation in mantle-derived rocks from oceanic settings could 
therefore be used a tracer of recycled crustal material in the 
Earth’s mantle.  

In this contribution we provide a current overview over 
how different geological and magmatic processes – such as 
seawater alteration of oceanic crust, slab dehydration during 
plate subduction as well as magmatic emplacement – could 
affect the Mo isotopic composition of crustal components 
being transferred into the deeper mantle, as well as that of 
mantle melts that may contain such a recycled component. 
With this in mind, we explore the use of mass-dependent Mo 
isotope variations in mantle-derived rocks as a tracer of 
recycled crust in the mantle. 

[1] Archer & Vance (2008) Nature Geoscience 1, 597-600. [2] 
Barling et al. (2001) EPSL 193, 447-457. [3] Siebert et al. 
(2003) EPSL 211, 159-171. [4] Anbar (2004) Rev. Min. 
Geochem. 55, 429-454. 
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We report high-precision tungsten isotope measurements 

on well-characterised [1] mafic and felsic samples of the ca. 
3960 Ma Acasta Gneiss Complex (AGC; Northwest 
Territories, Canada). The samples have radiogenic ε182W 
values between +0.06 to +0.15 (ε182W being the parts-per-
10000 deviation of 182W/184W measured in a sample relative to 
that of NIST SRM 3136). Two ca. 3600 Ma felsic samples 
have ε182W ~ 0 and are the oldest samples so far documented 
to have a W isotopic composition indistinguishable from that 
of the modern mantle. The ε182W data are correlated with 
ε142Nd [2] and we attribute this variability to incomplete 
metamorphic homogenisation of the 3960 Ma protolith with 
more recent material in a 3370 Ma tectono-thermal event. 
Notably, the positive ε182W anomalies seen in the 3960 Ma 
AGC samples is comparable to that observed in other early 
Archean rocks (Isua Supracrustal Belt, Greenland; 
Nuvvuagittuq Supracrustal Belt, Canada) and the late Archean 
Kostomuksha komatiites (Karelia). This demonstrates a 
globally constant signature.  We infer that the presence of a 
pre-late veneer mantle represents the most straightforward 
interpretation of a uniform distribution of ε182W ~ +0.15 value 
in Archean rocks of different ages. We show that such a notion 
is compatible with independent constraints from highly 
siderophile element abundances in mafic and ultra-mafic 
Archean mantle-derived rocks. The absence of anomalous 
ε182W and ε142Nd so far measured in samples younger than ca. 
2800 Ma suggests progressive convective homogenisation of 
silicate reservoirs. The downward mixing of an upper mantle 
rich in late-delivered meteoritic material during the Archean 
might account for these combined observations. 
 
[1] Mojzsis et al. (2014) GCA 133, 68-96. [2] Roth et al. 
(2014) G3 15, 2329–2345. 
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Chemical weathering of Earth’s upper crust cycles most 
key elements in response to tectonic activity, and climatic and 
environmental conditions such as soil water residence times, 
and pH and Eh. Accordingly, different surface weathering 
regimes around our planet place fundamental controls upon the 
supply of element to the oceans and associated biosphere. Of 
the key major elements, Si has particular importance. 

Globally, basalt is one of the most widespread and 
compositionally uniform rock types, accordingly continental 
flood basalt successions provides a useful natural laboratory 
for weathering fluxes. Here, we compare two weathering 
profiles of differing chemical maturity developed upon basalt 
of the Deccan Volcanic Province, India. We present new Si 
isotopic data in combination with major and trace element 
information. High rates of chemical weathering during the 
Paleogene led to extreme basalt alteration characterising the 
Bidar profile, with iron-rich lateritic horizons displaying high 
loss of Si compared to the unweathered protolith. By contrast, 
the Quaternary age Chhindwara profile displays a much lower 
degree of chemical alteration, with only small changes in Si 
concentrations during chemical weathering.  

Importantly, the bulk sample Si isotopic variations are 
relatively small in both weathering profiles. Si isotopic 
variation associated with increasing kaolinisation is not 
observed but, crucially, increasing Fe/Al ratios are associated 
lighter Si isotopic values. The correlation of ∆30/28Si(soil-protolith) 
with Si/Fe with indicates that formation of iron oxides may 
control Si isotopic varations in both profiles. Further, lower Eh 
and pH conditions appear to have caused Fe2+ migration and 
iron oxide precipitation associated with Si adsorption at a 
restricted paleo-water table level in the Bidar profile By 
contrast, the entire Chindwarra profile was oxic, leading to in 
situ formation of iron oxides associated with Si adsorption. 
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The location and mechanism for preserving a primordial 

reservoir, as characterized by low 4He/3He ratios in several 
oceanic basalts, is still unknown, but many models have been 
postulated. Geophysical study of the lower mantle has 
identified two nearly antipodal large, low shear-wave velocity 
provinces (LLSPVs). The LLSVPs are inferred to be 
chemically distinct continent-sized piles sitting atop the core-
mantle boundary. Several numerical studies have established 
these piles can remain isolated for long periods of geologic 
time with only small amounts of material being entrained by 
plumes and transported to the Earth’s surface. If they are 
indeed primordial, a systematic relationship between the noble 
gas compositions (e.g., low 4He/3He ratio) of oceanic basalts 
and other geologic parameters (e.g., spatial correlation to 
LLSVPs) would be expected.  

Here we report He isotopic compositions for intraplate 
volcanism well outside the geographic region encompassed by 
the LLSVPs. These include analyses of the Balleny islands, a 
series of basaltic volcanic islands in the Southern Ocean, lying 
directly between the two LLSVPs, and are characterized by 
high 4He/3He ratios from 110,00 to 130,000 (i.e. 3He/4He = 5.5-
6.5RA). Intraplate volcanism represented by Mount Erebus, the 
Karoo flood basalts, Guadalupe Island and the Cobb hotspot 
track are also located outside regions bounded by the LLSVPs 
and are characterized by 4He/3He ratios greater than 90,500 (ca. 
3He/4He = 8RA) [1-5]. These initial results indicate that 
intraplate volcanism that does not overlie the LLSVPs is 
characterized by 4He/3He ratios greater than 90,500. Additional 
measurements (including Ne isotopes) of intraplate volcanism 
occurring outside the geographic extent of the LLSVPs will be 
necessary to further test the hypothesis that low 4He/3He ratios 
are associated with LLSVP material.  
 
[1] Chadwick et al. (2014) G3 15. [2] Eiler et al. (1997) GCA 
61. [3] Heinonen and Kurz (2014) AGU V33C-4890. [4] 
Lupton et al. (1993) GRL 20. [5] Parmelee (2014) Master’s 
Thesis. 
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Arc magmas are widely considered to be oxidized, with 
elevated ferric iron contents relative to mid-ocean ridge lavas 
[1]. However, it is unclear whether the oxidized nature of arc 
basalts is a primary feature, inherited from the sub-arc mantle, 
or the product of magmatic differentiation and/or post eruptive 
alteration processes [2].   

Iron stable isotopes can be used to trace the distribution of 
Fe during melting and magmatic differentiation (e.g. [3-7]). 
Here we present Fe isotope data for well-characterized samples 
[8-10] from islands of the Central Volcanic Zone (CVZ) of the 
intra-oceanic Mariana Arc to explore the effect of magmatic 
differentiation processes on Fe isotope systematics.   

The Fe isotope compositions (δ57Fe) of samples from the 
CVZ islands range from -0.10 ± 0.04 permil (Anatahan; 3.85 
wt% MgO) to 0.29 ± 0.01 permil (Guguan; 3.47 wt% MgO). 
Lavas from Anatahan have Fe isotope compositions that are 
displaced to lower overall values than the other CVZ samples 
and which are positively correlated with SiO2 and negatively 
correlated with Ca, Fe2O3(t), Cr and V.  These correlations are 
interpreted in terms of clinopyroxene and magnetite 
fractionation, with magnetite saturation throughout the 
differentiation sequence. Magnetite saturation is further 
supported by negative correlations between V, Fe2O3(t), Cr and 
MgO (for MgO <3.5 wt%). The early saturation of magnetite 
in the Anatahan and CVZ lavas is likely to be a function of 
melt water content [11] [12] and potentially oxidation state. 
The overall lower δ57Fe values of lavas and inferred primitive 
melts from Anatahan relative to those from other islands (e.g. 
Uracas, Guguan), may reflect derivation from distinct sub-arc 
mantle source regions with variable δ57Fe, water and ferric iron 
contents.  

 
[1] Kelley, Science (2009); [2] Lee, J. Pet. (2005); [3] 
Schuessler, Chem. Geol. (2009); [4] Sossi, CMP (2012); [5] 
Williams, EPSL (2005); [6] Dauphas., EPSL (2014); [7] 
Elliott, JGR (1997); [8] Wade, JVGR (2005); [9] Woodhead, 
Chem. Geol. (1989); [10] Brounce, J. Pet (2014); [11] K. A. 
Kelley, J. Pet. (2010); [12] Sisson et al., CMP (1993). 
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Hydrothermal fluids transport metals in concentrations 

sufficient to form ore deposits, mainly because H2O is a polar  
molecule and many ore metals form strong aqueous complexes 
with ligands found commonly in nature. Here, the properties of 
hydrothermal liquids and vapours are summarised, and it is 
shown how the hard-soft-acid-base principle can be used to 
predict why certain metals form strong complexes with 
particular ligands. For example, it is predicted that monovalent 
gold, a soft metal, forms strong complexes with bisulphide 
ions (soft) but not fluoride ions (hard), whereas the REE (hard) 
form strong complexes with fluoride ions. Experimental 
studies of aqueous metal speciation support these predictions, 
and show in addition, that copper, zinc and to a lesser extent 
silver, are transported mainly as chloride species, and 
molybdenum as oxyacids. In vapours and vapour-like 
supercritical fluids, and in contrast to aqueous liquids, the 
partial pressure of H2O is the principal control on metal 
solubility, which increases with the hydration number of the 
species and exponentially with pressure. Data on the speciation 
of a selection of base, precious and critical metals in aqueous 
liquids and vapours are used in conjunction with stability data 
for the corresponding ore minerals to address a number of 
observations of ore-forming systems. For example, they are 
used to explain why the ore in porphyry Cu-Mo deposits 
commonly comprises a deep molybdenite-rich zone and a 
shallower chalcopyrite zone, both associated with potassic 
alteration. They are used also to test the hypothesis that 
Mississippi Valley Type (MVT) deposits are the products of 
hydrothermal zinc and reduced sulphur from separate fluids. In 
a third example, they are used to evaluate the common 
assumption, based on the association of REE minerals with 
fluorite, and the high stability of REE-fluoride complexes, that 
the latter species dominate REE transport. In a final example, 
they are used to support the hypothesis that high sulphidation 
epithermal gold deposits can be the products of auriferous 
vapours. These examples underline the importance of 
understanding metal speciation when evaluating depositional 
mechanisms (e.g., fluid mixing, boiling, fluid-rock interaction) 
in ore-forming hydrothermal systems. 
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Heterogeneity in hydraulic conductivity leads to 

incomplete mixing. Upscaling using the dispersion tensor in 
the advection-dispersion equation overestimates mixing. 
Modelling multi-component reactive transport using upscaled 
dispersion we overestimate reaction rates and overall reactions. 
Multi-rate mass transfer was shown previously to better 
represent mixing. But it is still unclear under what conditions.  

We compare here explicit multi-component transport in 
heterogeneous aquifers for the example of calcite-dissolution. 
We compare different types of heterogeneity from 
intermediatly well connected (multigaussian) fields to very 
well connected fields. The fundamental difference stems from 
their connectivity structure. We observe for the well connected 
field different dominating channels with an almost uniform 
advective velocity while the multigaussian fields show 
dominating channels with a varying advective velocity. Then, 
we compare our results with an effective reactive mass transfer 
model where the distribution of exchanges rates or the memory 
function are derived from information of the hydraulic 
conductivity field only. 

We see that reactive multi-rate models show a good 
agreement for the well connected fields where the connected 
channels are more or less homogeneous and the immobile 
inclusions are of more or less equal size. In these types of 
fields a reactive mass transfer model describes well the mixing 
in the heterogeneous aquifer and predicts well reaction rates 
and overall reactions. For the multigaussian fields the results 
are less good. We conclude that heterogeneity within the more 
connected channels, as well as the different overall advective 
time of the individual channels lead to a bad prediction of 
mixing and reaction-rate for these fields. We conclude that a 
more complex model allowing for different adevection time 
should be used to properly upscale multi-component reactive 
transport in such an aquifer. 
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Detailed lithostratigraphy, volcanic structures and 
geochemistry of a contiguous succession of komatiite lavas 
were investigated in the Barberton ICDP drilling project. 
Almost all magmatic minerals are replaced by secondary 
phases but textures are well preserved. Two unusual 
occurrences give unique insight into komatiite paragenesis. 
The first is a 50-m-thick tumulus unit with unusual and 
distinctive textures and structure. A basal section of unusually 
coarse-grained olivine adcumulates (elongated but rounded 
olivines) and harrisite is overlain by a differentiated unit of 
olivine and pyroxene spinifex and gabbro. The unit is capped 
by fine-grained vesicular lava and hyaloclastite arising from 
fragmentation of komatiite lava coming into contact with sea 
water. The composition of the hyaloclastite gives that of the 
parental liquid, an Al-depleted komatiite with ca. 30 wt% 
MgO.  Mantle-normalized trace element patterns are typical of 
other Barberton Al-depleted komatiites and show no evidence 
of an unusual mantle source nor of crustal contamination. The 
presence of vesicles and perhaps the formation of hyaloclastite 
may be due to a small amount of water assimilated into the 
komatiite from hydrated rock such as serpentinite. The second 
is a section of spinifex, chills and cumulates which 
geochemically is indicative of crystallization of both olivine 
and orthopyroxene. While pyroxene spinifex is recorded in the 
drill cores this is the first occurrence of a mixed olivine-
orthopyroxene cumulate. The reason for the unusual 
composition and mineralogy is not evident; the most likely 
explanation is melting at high pressure under conditions in 
which all opx has entered the melt, leaving only residual 
olivine and giving a high-Si magma. 

3427



 Goldschmidt2015 Abstracts  

 3428 

Exploring Pb isotopes in deep-sea 
corals: Measurement by TIMS and 

application to the deglacial Southern 
Ocean 

D. J. WILSON1*, T. VAN DE FLIERDT1,  
L. J. BRIDGESTOCK1, M. PAUL1, M. REHKÄMPER1,  

L. F. ROBINSON2 AND J. F. ADKINS3 

1Dept. of Earth Science and Engineering, Imperial College 
London, U.K. (*david.wilson1@imperial.ac.uk) 

2School of Earth Sciences, University of Bristol, U.K. 
3Caltech Division of Geology and Planetary Sciences, U.S.A. 
 

Lead (Pb) isotopes have been widely used to track 
anthropogenic inputs through space and time and to trace 
transport pathways within the modern oceans, with new 
evidence now emerging from the GEOTRACES programme. 
While they also hold promise as a paleoceanographic tracer, 
being sensitive to both weathering inputs and ocean 
circulation, that potential remains to be fully exploited. 

Here we explore the suitability of deep-sea coral aragonite 
for reconstructing the Pb isotope composition of the past (i.e., 
pre-anthropogenic) oceans. This archive benefits from absolute 
dating and the potential for centennial resolution and multi-
proxy paleoceanographic studies, but low Pb concentrations in 
the aragonite matrix and the potential sensitivity to diagenetic 
or anthropogenic contamination represent significant 
challenges to application of the Pb isotope system. 

We present methodological developments for Pb isotope 
measurements, including the low-abundance 204Pb, using a 
207Pb-204Pb double spike on a ThermoFinnigan Triton TIMS. 
By employing a 1012 Ω (in place of a 1011 Ω) resistor to 
measure the 204Pb ion beam, we improve the internal precision 
on 20xPb/204Pb for a 2 ng load of NIST SRM 981 Pb from  
~420 ppm (2 s.e.) to ~260 ppm (2 s.e.), and the long term 
reproducibility from ~960 ppm to ~580 ppm, thereby aiding 
measurement of low-concentration carbonate samples. 

Coral cleaning experiments point towards heterogeneous 
Pb concentrations in deep-sea corals, and indicate the need for 
both physical and chemical steps to remove an ubiquitous 
anthropogenic Pb contaminant. After cleaning, in most but not 
all cases, we recover a Pb isotopic composition that is 
consistent with nearby ferromanganese crusts, suggesting the 
preservation of past seawater signatures in this archive. By 
applying our method to a series of deglacial corals from the 
mid-depth Southern Ocean near Tasmania, we  assess the 
robustness of the approach and its paleoceanographic potential, 
in particular the complementary evidence provided by 
comparing Nd and Pb isotope time series. 
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At 32° N, the warm sea surface temperatures (SSTs) 

around Bermuda today are the result of Gulf Stream influence 
[1]. Bermudian climate is thus highly sensitive to perturbations 
in North Atlantic ocean circulation and can serve as a proxy 
for Pleistocene ocean circulation changes.  

We collected eight gastropod (Cittarium pica) shells from 
the Rocky Bay Formation, dating to the last interglacial 
(MIS5e), and two modern shells. Using the clumped isotope 
paleothermometer, we measured SST and water δ18O values 
for all ten shells. The measured water compositions were 
combined with submonthly-resolution shell δ18O analyses to 
calculate a high resolution record of Bermudian SST. Our 
results consistently indicate dramatically cooler SSTs with 
similar seasonality relative to today. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Boxplots depicting calculated median SST 

(black lines) along with modern annual SST data [2]. 
 
Although δ18O is, on average, only ~0.5 ‰ heavier in 

fossil shells compared to modern, clumped-isotope-based SSTs 
are more than ten degrees colder. These data and the ecology 
of C. pica suggest a summertime bias in recorded 
temperatures, implying even colder mean annual SST for MIS 
5e [3]. Such conditions are likely explained by changes in Gulf 
Stream position and/or weakening. 

 
[1] Kuhnert et al. (2002) Palaeo3 179 159-171. [2] National 
Data Buoy Center (2015) ndbc.noaa.gov [3] Coates et al. 
(2003) Int. and Comp. Bio 43 862-868. 

3429



 Goldschmidt2015 Abstracts  

 3430 

Sources and age of terrigenous 
organic matter exported from the 
Lena River watershed, NE Siberia 
M. WINTERFELD12*, M. GOÑI3, J. JUST4, J. HEFTER1,  

S. SUN2, P. HAN2 AND G. MOLLENHAUER12 
1Alfred Wegener Institute for Polar and Marine Research, 

27570 Bremerhaven, Germany (*correspondence: 
Maria.Winterfeld@awi.de, Gesine Mollenhauer@awi.de)   

2Department of Geosciences, University of Bremen, 28359 
Bremen, Germany (shuwen@uni-bremen.de, hanp@uni-
bremen.de) 

3College of Earth, Ocean, and Atmospheric Sciences, Oregon 
State University, Corvallis, OR 97331-5503, USA 
(mgoni@coas.oregonstate.edu) 

4Institute of Geology and Mineralogy, University of Cologne, 
50674 Cologne, Germany (janna.just@uni-koeln.de) 

 
The Lena River in central Siberia represents one of the 

major pathways for relocating pre-aged terrestrial organic 
matter (OMterr) stored in permafrost soils from its catchment to 
the coastal zone of the Laptev Sea. Future Arctic warming and 
permafrost thawing will likely enhance the re-mobilization and 
export of this pre-aged OMterr. Despite our improving 
knowledge about the fate of OMterr released from permafrost, 
the quality and age of particulate OMterr as well as the sources 
within the large watershed contributing to the exported OMterr  
are still not completely understood. 

To characterize the composition and sources of OMterr 
discharged by the Lena River, we analyzed the lignin phenol 
and carbon isotopic composition (δ13C and ∆14C) in Lena Delta 
soils, total suspended matter (TSM) from surface waters along 
with surface sediments offshore the delta. A simple linear 
mixing model based on the bulk lignin phenol distributions 
indicates that OMterr in TSM samples and coastal surface 
sediments contains comparable contributions from 
gymnosperms originating from the taiga forests south of the 
delta and angiosperms typical for tundra vegetation. Further, 
we present results of the lignin phenol compositions and 
inferred sources of OMterr transported with specific grain-size 
classes (>2mm, 63µm – 2mm, <63µm) of soil and sediment 
samples associated with different hydrological conditions 
(spring flood vs. summer low flow).  

Overall stronger diagenetic alteration in TSM and coastal 
sediments relative to soils appears to reflect degradation of 
more labile components during permafrost thawing and 
transport. Moreover, Lignin phenols and ∆14C of surface 
sediments suggest that OMTERR deposited offshore is more 
degraded and older than materials present in river suspended 
particles and catchment soils. 
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The deposition and dissolution of aerosols containing trace 

metals into the ocean may provide important micronutrients 
required for marine primary production in waters where they 
are depleted, such as the Southern Ocean. Conversely, the 
deposition of soluble iron can trigger toxic algal blooms in 
nutrient-poor tropical and subtropical waters. For example, 
Trichodesmium blooms require large quantities of soluble iron, 
of which aerosols are a source. To date most studies have 
assumed that mineral dust aerosols represent the primary 
source of soluble iron in the atmosphere. However, fire 
emissions and oil combustion are other potential sources. A 
few studies have shown that iron contained in biomass burning 
emissions is significantly more soluble that mineral dust, but to 
date no data exists for Australian fires. Latitudinal gradients of 
soluble iron deposition are investigated using Australian 
aerosols and Antarctic snow. Here, we present changes in 
aerosol iron fluxes and sources from biomass burning-derived 
aerosols in the Australian tropics to higher latitudes in 
Antarctica and the Southern Ocean where the aerosol loading 
is amongst the lowest in the world. Soluble iron fluxes at Cape 
Grim Baseline Air Pollution Station, Tasmania (~1 x 10-7 g m-2 
y-1) and in coastal (~1 x 10-6 g m-2 y-1) and inland (0.2 x 10-6 g 
m-2 y-1) Antarctic snow are orders of magnitude lower than the 
Australian tropics.  
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Quantification of river dissolved and particulate fluxes is 
essential for understanding the role of weathering and erosion 
in geochemical cycles. The Amazon River is a natural 
laboratory where novel methods to quantify riverine fluxes can 
be verified, because of the density of published data on 
present-day sediment and dissolved loads (e.g. [1-3]) and 
millenial-scale denudation rates from in situ-10Be [4]. Here we 
present extentive testing of a new method derived from the 
meteoric 10Be over 9Be (stable) ratio.	   This	   new proxy 
combines a known atmospheric flux tracer, meteoric 10Be, with 
9Be released from rocks by weathering. We show how long-
term erosion (E), denudation (D), and weathering (W) rates 
can be determined from only sub gram-sized amounts of 
almost any fine-grained sediment, or from river water. 
Denudation rates from 10Be/9Be ratios measured in bedload, 
suspended sediment, and water samples from Amazon Rivers 
agree within a factor of ca. 2 with published in situ-10Be 
denudation rates. Erosion rates using 10Be concentrations from 
depth-integrated suspended sediment (DSS) agree well with 
meteoric denudation rates, implying E ≈ D. A fraction of 9Be 
released during weathering of rock to soil of roughly 40% is 
calculated from DSS samples. This number is invariant from 
the Andes across the lowlands to the amouth, indicating no 
weathering of Be-containing minerals in the Amazon 
floodplain. We anticipate that our promising results will lead to 
a broad application of this new proxy as former restrictive 
issues, such as retentivity and grain size, are now better 
understood and the bias on D from 10Be/9Be ratios is small. 

[1] Guyot et al. (1996) IAHS 236, 55-63. [2] Moquet et al. 
(2011) Chem. Geol. 287, 1-26. [3] Dunne et al. (1998) Geol. 
Soc. Am. Bull. 110, 450-467. [4] Wittmann et al. (2011) Geol. 
Soc. Am. Bull. 123, 934-950. 
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Recent 142Nd isotope data indicate that the silicate Earth 

has an Sm/Nd ratio greater than the supposed chondritic 
building blocks of the planet. This elevated Sm/Nd has been 
ascribed either to a “hidden” reservoir in the Earth [1,2] or to 
loss of an early- formed terrestrial crust by impact ablation [3]. 
Since removal of crust by ablation would also remove the heat 
producing elements, K, U and Th, the difficulty of balancing 
terrestrial heat production with heat flow would be severe [3]. 
The alternative, a “hidden” reservoir is generally assigned to 
the silicate lower mantle. However a recent study shows that 
the core is a likely reservoir for some lithophile elements such 
as Nb [4]. We therefore performed high-pressure experiments 
using a piston cylinder device to address the question of 
whether core formation could have fractionated Nd from Sm 
and also acted as a sink for heat producing elements. 
Experiments were carried out at 1.5 GPa and temperatures 
between 1400oC and 1650oC using a starting mixtures of 
~50wt% (Fe,Ni)S and ~50% of a synthetic silicate, doped with 
a lithophile trace element mix consisting of Zr, La, Ce, Nd, 
Sm, Eu, Yb, Th and U. The silicate was a basaltic composition 
in the system CaO-MgO-Al2O3-SiO2 with variable amounts of 
FeO. After experiment, charges were analysed by electron 
microprobe and Laser Ablation ICP-MS. The results we 
present here show that addition of a reduced Mercury (or 
enstatite-chondrite)- like body rich in sulfur to the early Earth 
would generate a superchondritic Sm/Nd in the mantle and 
142Nd/144Nd anomaly of ~14ppm relative to chondrite. 
Additionally, the S-rich core would partition U strongly and Th 
slightly, providing a substantial part of the “missing” heat 
source for the geodynamo. 
 
[1] Boyet & Carlson (2005). Science 309, 576-581; [2] Boyet 
& Carlson (2006). Earth Planet. Sci. Lett. 250, 254-268. [3] 
Campbell & O’Neill (2012). Nature 483, 553-558; [4] Wade & 
Wood (2001). Nature 409, 75-78. 
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Trace element analysis of geological samples by LA-ICP-

MS is affected by a variety of fractionation effects from the 
side of the mass spectrometer as well as from fractionation 
during the ablation process. Several studies in recent years 
evaluated the impact on isotopic and elemental fractionation 
for a varity of matrices. With the introduction of femtosecond 
laser ablation systems, elemental and isotopic fractionation has 
been reported to be eliminated for a large variety of sample 
matrices. 

Few studies tried to quantify frationation effects of sulfides 
applying femtosecond laser ablation. From earlier studies 
utilising nanosecond laser systems a strong melting of sulfides 
has been reported, leading to evaporation of S and possible 
fractionation of chalcophile and siderophile elements between 
the ablated sulfide and the produced sulfide melt. Melting of 
the sample under the laser beam requires matrix matched 
standards that expirience the same degree of melting. 

We applied three different LA-ICP-MS systems (213 nm 
solid state, 193 nm excimer, and 200 fs laser) to the analysis of 
different sulfide minerals (pyrrhotite, chalcopyrite, and 
sphalerite). Ablation craters were investigated via BSE images 
to compare the amount of melt produced, and fractionation 
factors were calculated to determine the degree of fractionation 
during the drilling of the laser into the sample. 

Our results show significant differences in sample melting 
between 213 nm laser, 193 nm laser, and fs laser. While 
samples show massive melting applying the 213 and 193 nm 
systems, no melting has been observed utilizing a femto 
second laser. Nevertheless fractionation of PGE/S and PGE/Fe 
with crater dephts has been observed for all three systems, 
which seems to be independent of sample melting. 

Analyses of a synthetic pyrrhotite with known PGE 
concentrations using the fs laser yielded moderately precise 
and accurate concentrations (3-4%; 4-14%) utilizing a sulfide 
as external standard. Application of NIST610 SRM as external 
standard improved the precision to 1.4-2.4% and the accuracy 
for Rh and Pt to 5% while Pd is too low by a factor of 3. 
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Thermal water of São Miguel has been investigated to 

decipher its geochemical and isotopic evolution as a case study 
for the development of a geothermal system in an evolving 
basaltic ocean island. Besides water, precipitates and local 
volcanic rocks were sampled for analyses. From isotope, 
geochemical, microstructural and mineralogical data  a 
conceptual model for water evolution in São Miguel (Furnas, 
Fogo, and Ferraria) was developed. 

Thermal discharges were divided into springs (up to 75 °C) 
and boiling pools,  and classified by dominant dissolved ions 
in Na-SO4, Na-HCO3 and Na-Cl types. In Furnas, at higher 
temperature the concentrations of Si(OH)4, K+ and Sr2+ 
increased through intensive alteration of basaltic rocks, 
whereas in contrast Al3+ and ∑Fe concentrations decreased by 
precipitation of e.g. alunite. In Fogo, at higher altitude in 
particular CO2 rich water at T ≈ 20 °C occurs. In this case the 
extent of basaltic rock leaching rather depends on uptake of 
volcanic CO2 than on temperature. HCO3

- concentration and its 
isotopic composition (δ13C(DIC) = -5 ± 3 ‰ V-PDB) reflect 
evolved CO2 uptake and subsequent leaching progress. High 
SO4 concentration of up to 16.5 mmol L-1 with δ34S(SO4)= 
0.35 ± 0.3 ‰ (V-CDT) are reflecting magmatic origin which 
mainly controls water chemistry of boiling pools of both Fogo 
and Furnas. Lowest δ34S(SO4) = -3.7 ‰ (V-CDT) are 
accompanied by stromatolite-like microstructures in the 
precipitates. In Ferraria water is discharging from a basal 
aquifer and belongs to the Na-Cl type, where stable hydrogen 
and oxygen isotopes reveal mixing of meteoric and sea water. 
The molar Mg/Ca ratio (0.77) of all thermal discharges reflects 
leaching of analysed local basalt (Mg/Ca ≈ 0.78). 
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Chemical gradients in zoned ignimbrites with 
compositions near the water-saturated granite minimum (e.g. 
Bishop and Bandelier tuffs) are consistent with mineral/melt 
partitioning predicted from the observed phenocryst 
assemblage, and suggest little to no mixing with more mafic 
magma. In contrast, high-temperature ‘Snake River’ type 
ignimbrites typically lack compositional zoning. Bulk Nd 
isotopic variations are weak or absent in both types of rhyolite, 
even where associated volcanic rocks exhibit wide isotopic 
variation and strong contrasts exist between the isotopic 
compositions of mantle and crust. Both types of ignimbrite 
commonly contain crystal aggregates interpreted as fragments 
of cumulate mush. In zoned systems, these aggregates exhibit 
evidence for partial resorption of early-formed crystals. We 
infer that chemical zoning is a near closed-system process and 
propose that it arises through melting of cumulate mush 
beneath a crystal-poor body of melt due to heating by invading 
mafic or intermediate magma with very limited mass transfer 
to the eruptible magma. Small-volume alkaline systems 
(Tenerife, Laacher See, Pantelleria) exhibit analogous 
behavior. If the crystal mush is fusible (e.g. dominated by 
sanidine + quartz), part of it melts to yield mobile, water-poor 
rhyolite that pools at the interface between the mush and the 
overlying rhyolitic liquid. This new melt has a cumulate 
composition and is thus less evolved and more dense than the 
original supernatant melt lens. The result is a chemically zoned 
crystal-poor rhyolitic magma produced with little mass 
contribution from the invading magma. This model reconciles 
evidence for open-system behavior and thermal rejuvenation, 
preserved in crystals, with evidence for the production of 
zoning by crystallization-differentiation apparent in whole-
rock chemistry. Fusibility of the cumulate is key to the 
process; high-temperature 'Snake River' type rhyolites are not 
zoned because their cumulates are dominated by a refractory 
assemblage of pyroxene + plagioclase + Fe-Ti oxide.  
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(U-Th-Sm)/He thermochronology is a valuable technique 
for studying low-temperature processes which take place close 
to the surface of the Earth. Understanding the diffusion 
characteristics of helium in crystals is crucial for this method. 
Apatite and zircon are the most frequently dated minerals 
having very low closure temperatures (Tc) and their diffusion 
parameters are already well understood [1] [2]. 

Hydrothermal veins and related ore deposit provide some 
of the most important evidence for localized fluid flow and 
thermal anomalies within the Earth’s upper crust. Datable 
minerals from such deposits, however, are typically rare or 
absent. A challenging field for the geoscience community is to 
determine the age and/or duration of such hydrothermal 
processes. The common occurrence in ore deposits and its 
sensitivity to thermal events below 200 °C makes fluorite a 
prime candidate for (U-Th-Sm)/He thermochronolgy beyond 
apatite and zircon. However, previously published diffusion 
characteristics and Tc of the fluorite (U-Th-Sm)/He 
thermochronometer yielded contrasting values. Evans et al. [3] 
experiments point to 90 ± 10 °C Tc while Pi et al. [4] reported 
evidence for Tc up to, or even above 200 °C. 

We have performed 34 stepwise degassig experiments on 
14 fluorite samples with different chemical compositions. Our 
results indicate that despite the fact that the CaF2 content of 
natural fluorites in most cases exceeds 99 weight percent, the 
diffusion characteristics are highly variable. The calculated Tc 
for the fluorite (U-Th-Sm)/He thermochronometer varies 
between ca. 45 and 170 °C. Our helium diffusion data suggests 
that minor substitutions of calcium by rare earth elements and 
yttrium (REE+Y) together with sodium for anionic charge 
compensation significantly impact the diffusivity of helium in 
fluorite. Higher Na and REE+Y concentrations are inducing 
higher Tc. This dependence might be explained by narrowing 
and blocking of the major diffusion pathways in the fluorite 
crystal lattice caused by incorporation of ions of different size 
and charge. 
 
[1] Farley, K.A., J. Geophys. Res 105, 2903–2914 (2000). [2] 
Reiners, P.W. et al., Tectonophysics 349, 297–308 (2002). [3] 
Evans, N.J. et al., Applied Geochemistry 20, 1099–1105 
(2005). [4] Pi, T. et al., Mineralium Deposita 39, 976–982 
(2005). 
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Monochlorobenzene (MCB) is a frequently detected 

groundwater contaminant and represents the main pollutant in 
the anoxic aquifer of the field site in Bitterfeld, Germany. Thus 
far, information related to anaerobic biodegradation of MCB is 
very limited but it was observed that degradation was 
enhanced in planted compared to unplanted wetland systems or 
by the addition of e.g. Fe (III)-oxides. Therefore, to understand 
the biodegradation in situ, the fate of MCB was investigated in 
more detail in model wetland systems with or without plants 
and with or without amendment of iron oxides. Groundwater 
from the aquifer in Bitterfeld was used to inoculate and feed 
the systems. After an initial acclimatisation, decrease in MCB 
was observed in both planted wetlands, with a concurrent 
enrichment in 13C, however not in systems without plants. 
Anoxic conditions were observed in the deeper zone but 
micro-oxic conditions in the upper zones of the planted 
wetlands. After stable degradation activity was observed a 
multiple-tracer test was performed in the planted systems using 
both uranine and bromine to investigate the flowpath as well as 
with 13C6-labelled MCB to study the fate of the contaminant. 
After the tracer-pulse, the column was sacrificed and sediment 
material was further analysed. Proteomic analysis allowed to 
evaluate the overall as well specific microbial community 
incorporating MCB-derived-13C and compared to the overall 
community obtained by Illumina sequencing and functional 
gene-specific PCR. Communities with  13C incorporation 
varied over depth and the presence of bamA, a gene encoding a 
conserved enzyme in the benzoyl-CoA-degradation pathway, 
supported the anaerobic degradation of MCB. Furthermore, 
advanced visualistion methods including nano-SIMS should 
allow to elucidate the responsible, MCB degrading, microbial 
community.  
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Over the last decade, a range of independent experiments 

has shown that the rate at which calcite crystals grow depends 
on the ion activity ratio of calcium to carbonate, i.e. the 
solution stoichiometry [1]. Here, we report that calcite crystal 
dissolution also depends on the solution stoichiometry. We 
determined dissolution rates in bulk flow-through experiments 
at constant degree of undersaturation and pH at variable 
solution stoichiometry. We determined etch-pit spreading rates 
on the calcite {10-14} face at the same of conditions, using 
Atomic Force Microscopy (Fig. 1). We will present these 
results and discuss mechanistic implications.  

Figure 1: Etch pit spreading rates normalized by etch pit 
spreading rates observed for the same crystals in 0.2 M NaCl 
matrix at Ω = {Ca2+}{CO3

2-}/10-8.48 = 10-2.2±0.01. 
 

[1] e.g. Nehrke et al. (2007) GCA 71, 2240--2249; Stack and 
Grantham (2010) CGD 10, 1409-1413; Larsen et al. (2010) 
GCA 74, 2099-2109; Wolthers et al. (2012) GCA 77, 121-134; 
Bracco et al. (2012) CGD 12, 3540-3548.  
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Modern microbial mats can provide key insights into early 
Earth ecosystems, and Shark Bay, Australia, holds one of the 
best examples of modern microbial mats. Identifying the 
spatial distribution of microorganisms with mat depth will 
facilitate a greater understanding of specific niches and 
potentially novel microbial interactions, including those that 
lead to mineral precipitation. High throughput sequencing of 
small subunit RNA, coupled with elemental analyses and in 
situ microelectrode measurements of two distinct mat types 
(smooth and pustular) in Shark Bay were undertaken. The 
bacterial composition along vertical sections at 2 mm intervals 
was assessed. A total of 8,263,982 sequences were obtained, 
which were affiliated to 58 bacterial and candidate phyla. We 
observed that bacterial diversity increased with depth in 
smooth mats, while remaining relatively constant with depth in 
pustular mats. The surface of both mats was dominated by 
Cyanobacteria, accompanied with members of 
Alphaproteobacteria and Bacteroidetes. The deeper anaerobic 
layers of smooth mats were dominated by Chloroflexi, whilst 
Alphaproteobacteria dominated the lower layers of pustular 
mats. In situ microelectrode measurements revealed O2 
concentrations reached a maximum at the surface layer, 
increasing levels of sulfide were observed at depths under the 
oxic zone. Specific elements (Mo, Mg, Mn, Fe, V, P) could be 
correlated with specific mat types and putative phylogenetic 
groups.  Statistical analyses indicated that molybdenum alone 
accounted for 32 % of the overall variance between the mat 
community structures. The combination in this study of a high 
throughput sequencing approach with corresponding elemental 
profiles has significantly enhanced our understanding of 
putative microbial niches and functional roles of different 
bacterial groups in these evolutionally significant ecosystems. 
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East Australian sapphire and ruby are found dominantly in 

alluvial gemfields that are spatially associated with Cenozoic 
alkali basalts. Previous work suggests that the gemstones were 
transported to the surface as xenocrysts within the basalts, 
implying that the compositions of sapphire and ruby may 
provide insight into processes occurring in the deep crust or 
mantle. Trace element ratios, such as Cr/Ga and Ga/Mg, have 
previously been used to distinguish between two major types 
of corundum found in eastern Australia, ‘magmatic’ and 
‘metamorphic,’ that potentially correspond  with mantle and 
crustal derivation, respectively. We measured trace element 
compositions of east Australian corundum to test the utility of 
previous classification systems and formulate new models for 
basalt-related sapphire and ruby occurrences. In contrast to 
previous studies that found clear distinctions between 
‘magmatic’ and ‘metamorphic’ corundum, our new LA-ICP-
MS data illustrate that key trace element ratios, including 
Cr/Ga and Ga/Mg, fall along a continuum. This finding 
suggests complex processes involved in the formation of 
sapphire and ruby, as opposed to clear distinctions between 
magmatic and metamorphic processes. We suggest that the 
compositional continuum arises from either differentiation of a 
single Al-rich magma, or mixing between magmas with 
distinct compositions.  
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Dual isotopic composition of nitrate (NO3
-) at natural 

abundance level have proven to be useful tools in delineating 
the sources and fate of NO3

- in aquatic environment. In this 
study, we measured the δ15N and δ18O of NO3

-in surface 
waters from areas of different agricultural land use intensities, 
sewage, groundwater and estuarine waters (Werribee Estuary) 
in SE Australia to provide insights into sources, transformation 
and fate of nitrogen across the land coastal continuum. 

For surface stream waters, δ15N was strongly correlated 
with the percentage fertilization area (r2=0.85), with a 
maximum δ15N value of ~+13‰, at highest agricultural 
intensity suggesting that δ15N is an effective indicator of land 
use. Consistent with this, the δ15N of NO3

- in groundwater 
below horticultural areas were ~+14‰ .   

Nitrogen discharge to the Werribee Estuary was dominated 
by groundwater through two hotspots, one adjacent to the 
sewage treatment plant, and the other adjacent to agriculturual 
areas.  δ15N- NO3

- values at each of these hot spots were 
consistent with the NO3

- being derived from these adjacent 
sources (+14‰ for agriculture, and +30‰ for sewage). A 
combination of δ15N-NO3

- and δ18O-NO3
- values in the estuary 

showed that agricultural sources of NO3
-dominated inputs to 

the estuary.  As NO3
- was tranported down the estuary, there 

was a further enrichment in δ15N, most likely as a consequence 
of assimilation by phytoplankton. 
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This study is objected to devise an early detection and 
warning system of CO2 leakage from grological storage by 
hydrogeochemical monitoring at the zone above the storage 
formation. This study was carried with geothermal 
groundwaters and carbonated springs as an analogue to the 
zone above the storage. Ranges of natural variation were set 
for groundwater components and stable isotope signatures 
based on seasonal samplings. Relatively stable components in 
the above zone were identified statistically with the relativel 
standard deviation less than 10%. Then, assuming introduction 
of CO2 by leakage, components with ionic variation greater 
than 10% were identified as “sensitive”. In geothermal 
groundwater conditions, pH, EC, HCO3, d18O, d2H and d13C 
could be used as indexing parameters for CO2 leakage. In 
carbonate-rich conditions, pH, d18O and d2H can be used. 
Geochemical monitoring with baseline data can provide better 
safety measures for CCS projects. 
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Many chalcophile elements exhibit a simple relationship 
between their sulfide liquid-silicate melt partition coefficients 
and the FeO contents of the coexisting silicate [1]: 
logDi ≅ A− 0.5n log[FeO]  where n is the valency of 
element i, [FeO] is the concentration of FeO in the silicate melt 
and A is a constant. Elements which closely obey the simple 
model are Pb, In, Sb, Cd, Co, Zn and Cr. Other elements 
deviate, markedly however, because of their interactions with 
oxygen dissolved in sulfide, which increases with increasing 
FeO in the silicate and, under certain circumstances sulfur 
dissolved in the silicate. 

Partition coefficients of lithophile Nb, Ta, Ce and Ti 
between sulfide and basaltic melt all exhibit concave upwards 
behavior on a plot of logD versus log[FeO] due to their strong 
interaction with oxygen in sulfide. New experiments on 
chalcophile Cu and Ag at low FeO contents confirm that these 
elements show the opposite behavior (concave downwards). 
Surprisingly, as the FeO content of the silicate melt declines 
below about 1 wt%, the partition coefficient of Cu, DCu

sulf /sil  
declines to low values whereas those for Nb and rare earths 
become very high. Both these changes correlate with 
increasing S content of the silicate melt (up to 11 wt%) as the 
FeO content of the silicate melt declines to ~0.3wt%. An  
experiment at 1.5 GPa/1420oC having 4 wt%S and 0.28wt% 
FeO in the silicate melt hasDNb

sulf /sil of 604, while DCu
sulf /sil ~ 84. 

Thus, Nb becomes substantially more “chalcophile” than Cu in 
that it partitions more strongly into sulfide relative to silicate. 

We now have a comprehensive understanding of the 
chalcophile nature of >20 elements. One potential application 
relates to strong partitioning of U, Nd and Sm into sulfide 
under reducing conditions. Addition of a S-rich reduced 
component to the accreting Earth could generate a significant 
142Nd anomaly in the mantle and transfer sufficient U and Th to 
the core to drive the geodynamo [2]. 
 
[1] Kiseeva, E.S., Wood, B.J. (2013) EPSL 383, p. 68-81. [2] 
Wohlers, A., Wood, B.J. (2015) Nature (in press) 
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The chemistry of new crust formed at convergent plate 
boundaries is intimately tied to nature of the oceanic plate 
being subducted – its temperature, age and the composition of 
the basalts and sediments of which it is comprised. The role of 
the latter has been a central theme in subduction zone studies 
for many decades with strong evidence to suggest that at least 
some of the chemical traits of arc lavas mirror those of their 
respective subducting slab (predominantly sediment) inputs. 
Although there is widespread agreement on this aspect of 
magmagenesis, much debate still surrounds the process of 
mass transfer between subducting slab and mantle wedge—in 
particular whether this is mediated by slab-derived melts, 
aqueous fluids released during mineral dehydration reactions 
within the slab, or indeed via so-called ‘supercritical fluids’ 
which transcend the boundaries between the two. In this study 
we investigate the importance of convergence rate in 
determining the relative roles of fluid and melt contributions to 
arc magmagenesis. We focus on a short (~200km) segment of 
the New Britain arc front where GPS measurements have 
revealed a monotonic increase in convergence rate in passing 
from west to east.  In both the entire volcanic rock dataset, and 
more clearly in the least-differentiated samples, there are 
pronounced correlations between many geochemical 
parameters and convergence rate providing insight into the 
transition between aqueous fluid and melt modes of element 
transfer. At least some of these observations are also mirrored 
in global datasets, albeit slightly blurred at this level by 
compositional variations in the subducting assemblage. These 
observations provide an important constraint on models of 
magmagenesis in subduction systems, and also have important 
ramifications for the nature of slab residues passing into the 
deeper mantle.  
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Following from the systematics of the Ca-ferrite family of 
structures [1] and the recently discovered phase, Fe4O5 [2] [3], 
there is the potential for Fe-oxides with a variety of 
stoichiometries and oxidation states to be stable at high 
pressures and temperatures corresponding to the Earth’s 
transition zone. For example, Fe5O6 and Fe6O7 would be 
candidate phases, having progressively lower Fe3+/Fe2+ ratios 
than magnetite and Fe4O5. 

We have explored the stability of such phases in a series of 
multi-anvil experiments performed at 10-12 GPa and 1200°C 
using mixtures of Fe3O4 and metallic Fe and Ag as capsule 
material to prevent Fe-loss. We have successfully synthesised 
Fe5O6, which has Fe3+/∑Fe = 0.4  This phase appears to have 
an orthorhombic structure analogous to CaFe4O6 [1], with a = 
2.885, b = 9.943 and c = 15.369.  However, the exact crystal 
structure remains to be determined. 

In an experiment a mixture of Fe5O6 and Fe4O5 was 
produced, demonstrating the coexistence of these two phases. 
A further experiment produced Fe5O6 + wüstite. This 
assemblage effectively excludes Fe6O7 and other hypothetical 
stoichiometries being stable phases at ~ 10 GPa and high 
temperatures. At such P-T conditions three Fe-oxide 
assemblages can be stable depending on oxidation state: 
hematite + Fe4O5, Fe4O5 + Fe5O6 and Fe5O6 +wüstite. Study of 
the effect of Mg on these phase relations is currently in 
progress. 

 
[1] Evrard et al. (1980) J Solid State Chem, 35, 112-119. [2] 
Lavina et al. (2011) PNAS, 108, 17281-17285. [3] Woodland 
et al. (2012) Amer Mineral, 97,1808-1811.  
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The measurement of Hafnium isotope ratios is important as 

this can provide insight into the different geological 
environments and events that the mineral underwent during its 
formation/metamorphosis. The isotopes of interest are 176Hf 
and 177Hf; the 177 isotope is relatively free from interference 
but the 176 isotope suffers isobaric overlap from both 176Lu 
and 176Yb. 

The “Physical” Resolution required to separate Hf from its 
isobaric interferences is far higher than commercial High 
Resolution Sector Field Inductively Coupled Plasma Mass 
Spectrometers (SFICP-MS) can achieve (~140,000 for 176Lu & 
>150,000 for 176Yb) meaning sample preparation is required 
prior to analysis; this also means the in-situ measurement for 
example by Laser Ablation (LA) is not possible. 

An alternative approach is “Chemical” Resolution; this is 
where a targeted ion-molecule reaction is used to either a) react 
with an interfering species to eliminate it or b) react with the 
analyte and move it to a different non-interfered mass. The 
second approach is used in this situation as Hf efficiently 
reacts with ammonia to form Hf-ammonia clusters whilst Lu 
and Yb barely react. 

Control over the reaction process is essential especially if 
isotopic information is to be preserved and potential new 
interfering species are to be eliminated. To this end a MS/MS 
capable ICP-MS (or Triple Quad; QQQ-ICP-MS) was used to 
investigate the potential for this application using ammonia 
Chemical Resolution in a varied Lu, Yb and mixed REE 
environment. Further benefits of this reaction scheme can be 
applied for the simultaneous Chemical Resolution of 204Hg on 
204Pb. 
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Weathering profiles were measured at various scales (mm 
to tens of m) on intrusive igneous rocks in tropical watersheds 
of Panama. Compositional gradients document that weathering 
proceeds by dissolution of feldspar and pyroxene, with base 
cations effectively leached during weathering in the following 
sequence of mass loss: Na > Ca > Mg > K. Sr-isotope 
composition in river waters identify the igneous rock substrate 
as a primary source component relative to a strongly diluted 
signal from marine carbonate or atmospheric dust.  

The behaviour of a large range of trace elements, measured 
in-situ by laser ICPMS on cm-sized weathering rinds on a 
gabbro corestone (49.6 wt.% SiO2), as well as for whole rocks 
samples along dm to m scales for granodiorite (59.3 wt.% 
SiO2) and diorite (54.5 wt.% SiO2), respectively, is quantified 
by open system mass transfer coefficients for all elements 
measured. Trace element ratio variations that are critical in 
evaluating igneous processes were quantitatively evaluated and 
found to be highly variable during weathering (U/Th, Ce/Pb, 
La/Yb) and dependent on bedrock lithology. REE and most 
other elements are strongly depleted in weathering rinds. For 
example, U and Pb, are less depleted (i.e. relatively enriched) 
compared to Th and Ce, respectively. Even Nb/Ta ratios tend 
to be slightly reduced in the most altered samples. Chalkophile 
elements (e.g. Mo, Cd, Sb) display large differences in their 
enrichment and depletion patterns, suggesting a large role for 
adsorption of these elements onto residual Fe-oxyhyroxide 
weathering products.   
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Large-volume caldera forming eruptions are some of the 
most remarkable features of continental magmatism. Single 
eruptive events release hundreds to thousands of cubic 
kilometres of magma causing collapse of large calderas, 
formation of extensive pyroclastic flows and continent-wide 
ash fall deposits. Accessory zircon crystals from these eruptive 
products record the timescales and mechanisms of reservoir 
assembly and the pre-eruption thermo-chemical evolution of 
the magma reservoir. These processes are tracked by 
integrating a variety of analytical techniques that allow to 
extract isotopic (O, Hf) and trace element geochemical 
information from precisely U-Pb dated crystals. 

Zircons from high-temperature rhyolites erupted in rift- 
and hotspot settings record rapid reservoir assembly over 103 
to 104 years [1] [2]. These zircons preserve Hf and O isotopic 
disequilibria reflecting heterogeneous batch assembly of 
multiple sub-caldera reservoirs that may merge and mix prior 
to eruption or produce distinct eruptive units. Inter- and 
intracrystalline trace element variations are consistent with 
short upper crustal residence times without extended near-
solidus storage. In contrast, zircons from dacitic-rhyolitic 
subduction-type supervolcanoes record prolonged reservoir 
assembly and upper-crustal storage over several 105 years [3]. 
During upper-crustal storage, the eruption-feeding magma 
reservoirs are isotopically homogenized but trace element 
variations between U-Pb dated zircons as well as intragrain 
trace element variations document complex pre-eruption 
thermo-chemical oscillations.  

These data document the mechanisms and timescales of 
reservoir assembly and constrain some of the controlling 
parameters for the accumulation of large volumes of eruptible 
magma in the upper crust. We further highlight the range of 
information that can be extracted from accessory zircons 
employing creative analytical protocols. 

 
[1] Wotzlaw, J.F. et al., 2014, Geology, v. 42, p. 807-810; [2] 
Rivera, T. et al., 2014, Geology, v. 42, p. 643-646; [3] 
Wotzlaw, J.F. et al., 2013, Geology, v. 41, p. 867-870. 
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The Kwajalein micrometeorite collection utilised high 
volume air samplers fitted with 5 μm laser-etched 
polycarbonate membrane filters to capture particles directly 
from the atmosphere. The filters were changed weekly over 
several months throughout 2011/12, providing the opportunity 
to investigate the contemporary flux of micrometeorites [1]. 
We recently reported the results of our initial survey of cosmic 
spherule-like particles on several of these filters [2]. We 
identified three main groups of spherules based on bulk 
compositions: I. Silicate spherules rich in Mg and Fe, II. 
Silicate spherules rich in Al, Ca, K and Na and III. Fe-rich 
spherules. Abundances appeared to change over time 
suggesting links with celestial activity (e.g. meteor showers). 
However, spherules similar to groups II and III can be 
produced by terrestrial and anthropogenic activity (e.g. 
volcanic microspherules exhibit similar compositions to group 
II and metallic spherules similar to those of group III can be 
formed during fuel combustion [3] [4]). We are now studying 
the internal structures and chemistries of these spherules and 
comparing against cosmic spherules identified in other 
collections to confirm their origins and further constrain the 
contemporary micrometeorite flux (e.g. 5] [6]). 

Particles are picked, embedded in resin and polished 
through to reveal their interiors. Here we will describe our 
ongoing analyses of these particles via SEM. We will also 
introduce our new collection using this method that is currently 
being performed in the Antarctic.  

 
Acknowledgements: PJW is funded by a Marie Curie 

International Incoming Fellowship within the 7th European 
Community Framework Programme. 

 
[1] Wozniakiewicz et al. 2013. LPSC XXXXV #1823 [2] 
Wozniakiewicz et al. 2014. 77th MetSoc. #5274 [3] Lefèvre et 
al. 1986. Nature 322:817 [4] Snowball et al. 2014. In A 
Stratiagraphical basis for the Anthropocene. Geol. Soc., 
London. Spec. Pub. 395:119 [5] Taylor et al. 2000. MAPS 
35:651 [6] Genge et al. 2008. MAPS 43:497. 
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Introduction: 
The Philae Lander (part of the Rosetta space mission) 

made its historic landing on the Jupiter-family comet 
67P/Churyumov-Gerasimenko on 12th November, 2014. One 
of the instruments on board the lander, Ptolemy, is a gas 
chromatograph-mass spectrometer system designed to make 
elemental and isotopic measurements of the surface of the 
comet. The ultimate capability of the instrument lies in being 
able to analyse a solid sample of the surface acquired by 
drilling (using the SD2 device, which delivers materials to 
ovens mounted on a carousel). However, it also has other 
operational modes. So, for instance, it was pre-programmed to 
start so-called “sniffing” operations a few minutes after 
touchdown. The intention had been to gather some instant and 
immediate information on the status of volatiles outgassing 
from the landing site. In light of the non-optimal circumstances 
associated with the arrival at the comet’s surface, the 
measurements were actually made whilst in mid-flight during 
the “first bounce”.  Nevertheless, the instrument acquired some 
interesting data. 

 Results: 
Two mass spectra were acquired after the initial 

touchdown: one from m/z 13-89 and the other from m/z 25-
136 (both at unit resolution, and with noise levels that are ≤1 
count per second). The data acquired at this time show a rich 
diversity of organic compounds (which are clearly of cometary 
origin and nothing to do with any instrument or spacecraft 
background/outgassing). If we consider the timing of the 
measurements it is apparent that Philae would have been some 
100s metres away from the original touchdown site (both 
laterally and above the surface). As such it seems 
inconceivable that the data arise from gases/volatiles enetering 
the instrument at the time the measurments were made. Rather, 
it would appear that the materials gained ingress to the 
instrument as solids and were either analysed as such, or as 
they subsequently de-gassed/volatilised following equilibration 
to spacecraft temperatures. Regardless of the exact details of 
sample aquisition, we believe that the data are representative of  
the chemical composition of the surface of 67P at the first 
touchdown point (i.e. the region known as Agilkia). Further 
data, which were obtained from the final landing site 
(Abydos), help to put the results into context. 
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The solubility controls on vanadium (V) in groundwater 

were studied due to concerns over possible harmful health 
effects of ingesting V in drinking water. Vanadium 
concentrations in the northeastern San Joaquin Valley ranged 
from < 3 µg/L to 70 µg/L, with a median of 21 µg/L. V 
concentrations were highest in oxic groundwater and lowest in 
anoxic groundwater. In oxic groundwater, adsorption/ 
desorption reactions with particle surfaces were indicated as 
the primary solubility control of V5+ oxyanions in 
groundwater. V concentrations in oxic groundwater generally 
increased with increasing groundwater pH. However, data 
from adsorption isotherm experiments indicated that small 
variations in pH (7.4-8.2) were not likely as an important a 
factor as the inherent adsorption capacity of the solid phase. In 
suboxic groundwater, V concentrations in groundwater 
decreased with increasing pH indicating that V may exist as an 
oxycationic species [e.g. V(OH)3

+] or that V may complex with 
dissolved inorganic and organic ligands, which could alter 
adsorption behavior.  Under anoxic groundwater conditions, 
speciation modeling predicts that aqueous V exists as the 
uncharged V(OH)3 molecule. However, V concentrations were 
exceedingly low in anoxic conditions, indicating that V is 
sparingly soluble. This suggests that V may be precipitating as 
V3+-or mixed V3+/ Fe3+-oxides in anoxic groundwater, which is 
consistent with results of a previous laboratory study. The fact 
that V appears relatively insoluble in anoxic groundwater of 
the study area,  indicates that reductive dissolution of Fe- and 
Mn-oxides may not be an important mechanism for increasing 
V concentrations in groundwater. Sequential extraction 
procedures (SEP) applied to aquifer material indicated that V 
was not associated with the solid phase as an easily 
exchangeable fraction. Results also indicated that the greatest 
V saturation of sorption sites occurred on amorphous and 
poorly crystalline oxide solid phases.  
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Several studies have illustrated the application of the Re-

Os geochronometer in marine organic-rich mud rocks and its 
utility in the absolute dating of hydrocarbon source rock 
deposition as well as reconstructing the Os isotopic evolution 
of global seawater. The majority of these studies have focused 
on Os isotope stratigraphy during the Cenozoic in order to 
better understand temporal perturbations in the Os isotopic 
record as they apply to changes in global ocean geochemistry 
caused by paleoclimate, tectonic, or extraterrestrial processes. 
Few studies have focused on reconstructing the evolution of 
the Os isotopic composition of seawater during the Paleozoic. 
In addition, there is still very little known about the location of 
Re and Os within the organic complexes within organic-rich 
mud rocks. 

New Re-Os geochronology of marine, organic-rich 
mudrocks from the Permian Brushy Canyon Formation, 
Delaware basin, west Texas yields a Model 3 age of 262.3 ± 
4.8 Ma (1.8% age uncertainty, 2σ, n=10, mean square of 
weighted deviates [MSWD] = 1.7) and, within uncertainty, 
agrees with the expected age for this formation and represents 
the first direct, absolute age for Guadalupian strata in the 
Delaware basin. The initial 187Os/188Os = 0.49 ± 0.05 obtained 
by the isochron regression represents the Os isotopic 
composition of seawater in the Permian basin, and globally, 
during the Guadalupian.  

Brushy Canyon samples are organic-rich with TOC values 
between 0.97 and 4.04% which positively correlate with both 
Re and Os abundances (R2 = 0.58 and 0.91, respectively). The 
slope of Re/TOC and Os/TOC for Brushy Canyon samples (26 
and 239, respectively) fall within the upper limit of all 
published Re-Os/TOC data (Re: 0-26; Os: 0-351), and are 
positively correlated with their respective R2 values and 
possibly indicates a correlation with the rate of sediment 
deposition and degree of basin restrictivity.  

Hydrogen Index (228-393 mg/g) and Oxygen Index  
(16-51 mg/g) values indicate mixed Type II/III organic matter. 
Rhenium and Os abundances correlate positively with HI, and 
S2/S3 and negatively with OI, all proxies for organic matter 
type, and provide robust evidence for the dependence of 
organic matter type on the abundance of both Re and Os.  
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The mineralization of the porphyry-type molybdenum 

deposits are located in the eastern Inner Mongolia Autonomous 
Region in China occurs mainly as veins, lenses, and layers 
within the host porphyry. To better understand the link 
between mineralization and host igneous rocks, we studied 
samples from underground workings and report new Sensitive 
High Resolution Ion Microprobe II (SHRIMP II) zircon U–Pb 
and Re–Osmolybdenite ages, and geochemical data from both 
the molybdenites and the porphyry granites. Twelve 
molybdenite samples from different deposits yield a Re–
Osisochron weighted mean age of 133.6 ± 2.6 Ma, whereas the 
porphyry granitoid samples yield crystallization ages of 133 ± 
1 Ma139 ± 1.5 Ma (Aershan area), and 128.1 ± 1.6 Ma 129.0 ± 
3.5 Ma (Yiliarea). The U–Pb and Re–Os ages are similar, 
suggesting that the mineralizationis genetically related to Early 
Cretaceous porphyry emplacement. Re contents of the 
molybdenite range from 21.74 ppm to 52.08 ppm, with an 
average of 35.92 ppm, whereas δ34 SV-CDT values of the 
sulphide vary from 0.3‰ to 4.2‰. The ores have 206Pb/204Pb, 
207Pb/204Pb, and 208Pb/204Pb ratios of 18.178–18.385, 15.503–
15.613, and 37.979–38.382, respectively. The granitoids from 
Aershan area are A-type granites. These observations indicate 
that the molybdenites and the porphyry granites were derived 
from a mixed source involving young accretionary materials 
and enriched subcontinental lithospheric mantle. The Early 
Cretaceous porphyry granitoids from Yili area are adakitic 
granites, which are characterized by moderate to high Mg# and 
high-silica, interpreted as a result of partial melting of 
thickened lower crust following NNW subduction of the 
Palaeo-Pacific Plate. A synthesis of geochronological and 
geological data reveals that porphyry emplacement and Mo 
mineralization in the eastern Inner Mongolia Autonomous 
Region occurred contemporaneously with Early Cretaceous 
tectonothermal events associated with lithospheric thinning, 
which was caused by delamination and subsequent upwelling 
of the asthenosphere associated with intra-continental 
extension in NE China. 
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The South China Sea (SCS) is located at the junction of 

three tectonic plates: the Eurasian, the Pacific and the Indian-
Australian. Two gas hydrate drilling expeditions have been 
done in the SCS according to the geological, geophysical and 
geochemical abnormities. The first Chinese gas hydrate 
expedition (GMGS1) was completed in the Shenhu Area in 
2007, and the second Chinese gas hydrate expedition 
(GMGS2) was completed in the Dongsha Area in 2013. The 
GMGS2 drilled region is a very active area of methane flux, 
and gas hydrate is common in the first 200 meters below the 
seafloor (Zhang et al., 2014). Foraminifera are promising 
indicators for methane-rich environments. Two gravity cores, 
1,375 cm long at Site 973-4 (with water depth of 1,666 m) and 
935 cm long at Site 973-5 (with water depth of 2,998 m) 
respectively, were recovered from cold methane seeps in the 
Dongsha area. Total carbon and sulfur anlynasis of both sites 
demonstrates their depths of sulfate methane interface. 
Authigenic framboid pyrites also testify the activities of 
methane fluids from deep sediments in Dongsha area. Some 
foraminifera in the two core were selected to test their carbon 
and oxygen isotopes. Carbon isotopes of Uvigerina spp.at Site 
973-4 varies from -0.40‰ to -2.26‰, the counterparts at Site 
973-5 varies from 0.25‰ to -2.24‰, and carbon isotope values 
of planktonic Pulleniatina obliquiloculata ranged from 0.40‰ 
to -1.15‰ at Site 973-4.  The value of Site 973-4 indicates that 
bottom water warming will decrease the stability of gas 
hydrates, while both sites shows that drops of sea level also 
promoted the activities of the cold seep. Although there existed 
sustainable cold seep activities in Dongsha area, the activities 
has been attenuated since Holocene, because sea level rises 
will increase the instability of gas hydrates and depress the 
upwelling of methane fluids. Unlike those at shallow slope 
sites, the leakages of methane at both Site 973-4 and Site 973-5 
were mainly controlled by sea level drops rather than bottom 
water rises. Negative deviation of carbon isotope values of 
infauna in the warming event indicated warming bottom water 
destabilized gas hydrates. Sea level fluctuations also played an 
important role in the instability of gas-hydrate accumulations. 
Rising sea levels might stabilize gas-hydrate accumulations 
and thus depress the upwelling of gases. Simultaneous 
negative excursions of both benthic and planktonic 
foraminifera at ~42 ka B.P. were interpreted as a rapid and 
voluminous leakage of gases; however, unlike the upper slope 
site, the 1,666-meter-deep site was more subject to sea-level 
fluctuations than to bottom-water warming. 
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Equilibrium fractionation factors of Si and O isotopes 

among silicate minerals is key parameters to understand Si and 
O isotope data in high temperature rock and mineral samples. 
Although many works have been done to acquire equilibrium 
fractionation factors of O isotope among silicate minerals, 
problems still remain. For example, δ18O of zircons is widely 
used to constrain the provenance of their host rocks because 
the diffusion rate of oxygen in zircon is low and zircon is 
resistant to secondary alteration. However, fractionation 
factors of O isotopes between zircon and other minerals are not 
well determined. Moreover, experimental studies on 
calibrating Si isotope fractionation factors among silicate 
minerals are not available in literature. 

Here we use first-principles calculation based on DFT to 
study Si and O isotope fractionation factors among common 
crustal silicate mineral, including quartz, albite, anthorite, 
orthoenstatite, clinoenstatite, diopside, olivine, sillimanite, 
leucite, andalusite, kyanite, and zircon. Our results agree well 
with natural observations and previous experimental or 
theoretical works on Si and O isotope fractionation factors [1]. 
Especially, equilibrium fractionation factor of O isotopes 
between zircon and quartz obtained in this work is consistent 
with recent experimental calibration results [2]. 

Our study reveals that Si isotopes can be significantly 
fractionated among silicate minerals at high temperature. We 
estimate Si and O isotope fractionation factors of silicate melts, 
assuming that the melts have Si and O isotope fractionation 
factors equal to the weighted sum of those for their normative 
minerals. Our estimation predicts enrichment of 30Si in more 
polymerized melt, consistent with observation in Hekla lavas 
from Iceland[3]. Equilibrium fractionation factors of O isotopes 
between silicate melts and zircon are strongly controlled by 
melt composition varying by ~2‰ from basaltic to rhyolitic 
melt. Thus when δ18O of zircons are used to constrain the 
provenance of there host rocks, one must consider the isotope 
fractionation between zircon and coexisting melt where the 
zircons crystallize. 
 
[1] Méheut and Schauble, (2014) GCA. 134, 137-154.[2] Trail, 
et al. (2011) GCA. 73, 7110-7126.[3] Savage et al., (2011) 
GCA. 75, 6124-6139. 
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Fluorine is a volatile element in magma, which can serve 

as a geochemical tracer for volatile element transport. Its 
distribution between an aqueous fluid and minerals was 
previously determined by mass-balance calculations in 
experimental studies.  

Here, we report experimentally determined solubility of F 
in aqueous fluid. The solid starting materials contain 4.8%, 
1.9%, or 0.5% F, and an approximately 1-3 times quantity of 
pure water was added right before an experiment. The 
experiments were conducted at 1GPa and from 750 to 947°C, 
for the duration of 2 to 9 days, in gold capsule, with or without 
Ni/NiO buffer, using piston cylinder high-pressure apparatus. 
After quench, the liquid part was retrieved into a known 
volume of deionized water and the fluorine concentrations in 
aqueous fluids were determined with mass-balance calculation 
and high pressure liquid chromatography (HPLC). The solid 
part is measured by an electron microprobe. Fluorine 
concentrations obtained by HPLC are consistent within the 
uncertainties of the mass-balance calculations. 𝐷𝐹

𝐻𝑏𝑙/𝐹𝑙𝑢 is 11.8 ± 
0.8 for Hbl-Nbg-Flu system, 18.2 ± 1.1 for Hbl-Chd-Flu 
system, and 98.3 ± 25.0 for Hbl-Chu-Flu system. Because 
mass-balance results show F concentration is zero in Hbl-Chu-
Flu system, the HPLC values are considered more accurate. 
Moreover, the discrepancies show that 𝐷𝐹

𝐻𝑏𝑙/𝐹𝑙𝑢 changes with the 
phase assemblage, which indicates that these values perhaps 
are constrained with F saturation governed by a mineral other 
than hornblende. 

Above all it suggests that this direct analytical method 
provides a better precision than the mass-balance approach.  
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Hydroclimate variability exerts a fundamental control on 
the rhythmic depositions of sapropel in the eastern 
Mediterranean Sea (EMS), while the exact mechanisms with 
respect to the freshwater sources and related hydroclimate 
changes remain elusive. Here, strontium (Sr) and neodymium 
(Nd) radiogenic isotopes accompanied by high-resolution 
elemental geochemistry from a well-dated boxcore CP10BC 
are analyzed to unravel and constrain different riverine and 
eolian supplies to the Central Mediterranean over the past  
9.8 ka.  

By ruling out the potential influence of the Nile-derived 
particulates to this site, the detrital sediments in core CP10BC 
are described by a three-endmember mixing system 
comprising the eolian supply from North Africa (I), the 
riverine inputs from Libya (II) and from the northern EMS 
borderlands (III), in terms of Sr and Nd isotopic and elemental 
compositions. Further more, changes in these three 
endmembers are linked to aridity/humidity variations as 
inferred from the high-resolution elemental ratios of Ti/Al (I), 
Mg/Al (II), and K/Al (III,), which are primarily dominated by 
(I) the extension of open water bodies in North Africa, (II) the 
African monsoon precipitation, and (III) the winter 
precipitation over the northern EMS borderlands, respectively.  
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Lead isotope ratio is a valuable tool for identifying sources 

of atmospheric lead pollution. In this study, Cladonia and 
Usnea lichens are used as reliable biomonitors of atmospheric 
lead pollution throughout the Greater Sydney region (NSW, 
Australia). Lead concentrations and their isotopic compositions 
were determined for the lichens that had been collected and 
archived from 1885 to 2010. 

 Lead concentrations in Cladonia lichens range from 2.6 to 
570 mg/kg, while in Usnea lichens it vary from 1.0 to  
181 mg/kg. Median lichen lead concentrations prior to the 
introduction of leaded petrol in 1932 in Australia were 
Cladonia 12.5 mg/kg; Usnea 15.6 mg/kg. Concentrations rise 
during late the 20th century in line with the increased industrial 
emissions of lead (Cladonia 18.8 mg/kg, 1971-1999; Usnea 
21.5 mg/kg, 1939-1999) and then decrease in the 2000s 
(Cladonia 4.8 mg/kg; Usnea 1.7 mg/kg) due to the drawdown 
of leaded petrol use.  

Lead isotope composition ratios of lichens (206Pb/207Pb: 
1.167 – 1.121; 208Pb/207Pb: 2.456 – 2.396 for Cladonia; 
206Pb/207Pb: 1.139 – 1.129; 208Pb/207Pb: 2.424 – 2.415 for 
Usnea) indicate that natural background lead (206Pb/207Pb: 
1.176 – 1.123; 208Pb/207Pb: 2.459 – 2.413) was the main source 
of lead in the oldest lichens sampled. During the 1970s-1990s 
leaded petrol emissions formed the dominant source of lead in 
lichens, producing lead isotopic composition values of 
206Pb/207Pb: 1.083 – 1.122; 208Pb/207Pb: 2.361 – 2.399 in 
Cladonia; and 206Pb/207Pb: 1.072 – 1.108; 208Pb/207Pb: 2.346 – 
2.380 in Usnea lichens. The lead isotopic composition of 
contemporary lichens (2000-2010) does not reflect pre-leaded 
petrol values and reveals that historic leaded petrol emissions 
remain a persistent source of anthropogenic contamination in 
the Greater Sydney region. 

 

3459



 Goldschmidt2015 Abstracts  

 3460 

He and Ar isotopic constraints on the 
origin of ore-forming fluids of 
Wuziqilong Cu deposit, Fujian 

province, China 
L. Y. WU, R. Z. HU, X. F. LI, G. H. JIANG, Y. Q. QI AND  

J. J. ZHU 
State Key Laboratory of Ore Deposit Geochemistry, Institute 

of Geochemistry, Chinese Academy of Sciences, Guiyang 
550002, China 

 
Hellium and argon isotopes are useful for distinguishing 

crustal and mantle-derived fluids because the vast difference in 
isotopic ratios (a factor of 1000). The Wuziqilong Cu deposit 
in the Zijinshan ore field, Fujian province, southeastern China, 
is a transitional-type hydrothermal deposit with characteristics 
that are present in both typical epithermal and porphyry 
deposits in the region. The different types of deposits in the 
region are spatially, temporally and genetically related to the 
early-Cretaceous granodiorite and volcanic rocks. The 
associated felsic rocks are believed to have formed by mixing 
of mantle-derived magma with crustal materials. However, the 
role of crust and mantle materials during the Cu mineralization 
have not yet been established. 

   He and Ar isotopic compositions of the volatiles released 
from pyrite separates of the Wuziqilong Cu deposit reveal a 
mixture of mantle-derived fluid with meteoric water. The 
mantle-derived fluid may have exsolved from a felsic magma, 
which is believed to have formed by mixing of mantle-derived 
magma with crustal materials. However, the He and Ar 
isotopes show that the parental magmas may have derived 
from direct partial melting of mantle. 
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The potential role of clay minerals, widely dispersed in soil 
and other biosphere, in the microbial reduction of 
hexavalentchromium(Cr(VI)) has not been well documented. 
In this study, we reported that Pseudomonas aeruginosa 
CCTCC AB93066 along with glucose and clay minerals 
(kaolinite and vermiculite) reduced Cr(VI). The results showed 
that the addition of clay minerals improved the consumption 
rate of glucose, stimulated the growth and propagation of 
Pseudomonas aeruginosa, and thus enhanced the efficiency of 
microbial Cr(VI) reduction. Cr(VI) bioreduction by both cells 
and clay minerals-amended cells followed the pseudo-first-
order kinetic model. In this system, Pseudomonas aeruginosa 
was the biological reductant, glucose was an electron donor, 
and the clay minerals acted as an accelerator for both the 
reductant and electron donor. The mass balance analyses and 
X-ray photoelectron spectroscopy (XPS) analysis found that 
Cr(VI) was reduced to Cr(III), which might mainly exist as 
soluble organo-Cr(III) products. Atomic force microscopy 
(AFM) revealed that the addition of clay minerals (e.g. 
vermiculite) decreased the surface roughness of Cr(VI)-laden 
cells and changed the cell morphology and dimension. Fourier 
transform infrared spectroscopy (FTIR) revealed that organic 
matters such as aliphatic species and/or proteins played an 
important role in the combination of cells and clay minerals. 
Scanning electron microscopy (SEM) confirmed the 
attachment of cells on the surface of clay minerals, indicating 
that clay minerals could provide a microenvironment to protect 
cells from Cr(VI) toxicity and serve as growth-supporting 
materials. These findings manifested the underlying influence 
of clay minerals on microbial reduction of Cr(VI) and gave an 
understanding of the interaction between pollutants, the 
environment and the biota. 
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Various types of hydrous silicate minerals are commonly 

found in the earth's crust and mantle, which may contain 
important information on fluid transport in subduction zones 
and metamorphic processes  were analysed by laser ablation 
ICPMS to assess their potential as geochemical tracers and to 
study the potential effect of variable water on the laser ablation 
measurements.  

Flamigini et al (2014) [1] studied the effect of carrier gas 
humidity on the vaporization of laser-produced aerosols in 
inductively coupled plasmas, which suggests that minerals and 
glasses with variable water contents could behave differently 
during laser ablation. Therefore, we prepared six glasses each 
of three bulk compositions (andesitic, dacitic,, and rhyolitic) 
containing between 0 and 9% water to test the effect of water 
on the ICPMS sigmal intensity. The results show that 
intensities are enhanced by upt to 30% in glasses with higher 
water contents (up to 8% water) for most of elements. The 
intensity ratio (isotopes/29Si) was not significantly modified 
below  5% water. To test this effect further we present results 
of measurements for a series of compositionally homogeneous 
natural mineral samples with largely variable water and trace 
element contents: clinopyroxene, amphibole, epidote, talc, 
chlorite and antigorite (with increasing water content). Our 
assessment is based on comparing  LA-ICP-MS, microprobe 
and solution-ICP-MS measurements.  

 
[1] Flamigni, L., J. Koch, and D. Günther, The effect of carrier 
gas humidity on the vaporization of laser-produced aerosols in 
inductively coupled plasmas. Journal of Analytical Atomic 
Spectrometry, 2014. 29(2): p. 280-286. 
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Nowadays, unconventional oil & gas has become the new 

and important targets during the exploration. Tight oil and tight 
gas are the most practical hydrocarbon resources in China. 
Tight oil of Upper Triassic Yangchang Fm. in the Ordos Basin, 
which is the most successful tight oil play in China is studied.  

Reservoir rock evaluation includes two key aspects, 
storage space characterization and mobile fluid assessment. In 
this study, FE-SEM, Micro-CT, MICP are adopted to 
characterize the storage space of tight sand. In-situ 
displacement and NMR are combined to study the mobility of 
water and oil. Temperature, pressure and fluid are similar to 
reservoir conditions. Moreover, NMR is combined with MICP 
to obtain lower limit of pore size for mobile fluid. 

(1) The lithology is lithic arkose, with 25% quartz, 40% 
feldspar, and 20% lithic component. The porosity of tight sand 
is 5%~11.0%, and permeability is 0.04~0.18mD. 

(2) Inter-feldspar pores dominate the storage space and a 
few inter-lithic component pores and micro-fractures are also 
observed. Micro-CT with 1 micron pixel resolution indicates 
that the pores with diameter <12 microns add up to 50.7% of 
the storage space. MICP shows the diameter of connected 
pore-throats is ranged in 40nm~400nm. The percentage of 
pores with diameter <100nm is 28.93%~79.58%, with avg.= 
60%. The percentage of pores with diameter 100nm~1μm is 
20.42%~71.07%, with avg.=40%. 

(2) The maximum mobile fluid saturation and maximum 
mobile oil saturation is 70%~90% and 40%~65%, respectively. 
The minimum diameter of pores for mobile fluid is around 
30nm and the corresponding porosity and permeability is 2%, 
0.01mD. These results are obtained based on lab condition, 
which is a little different from the actual reservoir condition, 
i.e., greater displacement pressure in the lab and thus higher 
mobile fluid saturation in the lab. However, the result can 
provide the information that the maximum potential of the 
rock. 

In tight oil evaluation, the focus is transferred from pore 
system to pore system and fluid flow. In our opinion, study 
fluid occurrence and mobile fluid saturation based on actual 
pore system model is the future of tight oil evaluation and 
sweet-spotting. 

3463



 Goldschmidt2015 Abstracts  

 3464 

The chronology and geochemical 
characteristics of Jiuhuashan granite, 

Anhui, China 
WEIPING WU1, YANG CAI1, TAO MA1, QIGANG LIN2 AND 

YINHU ZHANG2 

1Geological Survey of Anhui Province, Hefei 232001, PR 
China 

2Jiuhuashan National Geopark Management Committee, 
Chizhou 242800, PR China 

E-mail: 962745352@qq.com 
  

Jiuhuashan National geopark is located in the southern part 
of Anhui Province. The geopark features granite geological 
landscape. The geopark is located in the central of Qingyang-
Jiuhuashan complex granite. Qingyang-Jiuhuashan complex 
granite is a multi-stage composite granite complex, and 
constituted the main body of geopark. Qingyang granite is 
composed of granodiorite and monzogranite. Jiuhuashan 
granite is composed of moyite.  

Qingyang-Jiuhuashan complex granite is located in the 
southeast margin of the Yangtze plate. Jiuhuashan granite 
intruded into the Qingyang granite, and was controlled by 
north-south tectonic system. Jiuhuashan granite was 
recognized as Cretaceous granite with a zircon laser ablation 
inductively coupled plasma mass spectrometry U-Pb age of 
126.6±1.6 Ma (MSWD=1.19). The granite has the high silica, 
alkali content and low iron, magnesium content. It belongs to 
the metaluminous to weakly peraluminous granite with ACNK 
values of 0.97 to 1.06. Jiuhuashan granite is considered as the 
A-type granite. The granite is also enriched in Rb, Th, U, K 
and high field strength elements, and depleted in Ba, Sr, P and 
Ti. The geochemical characteristic of granite is similar to that 
of A-type granites.  

With negative ɛHf(t) values, the magma source of 
Jiuhuashan granite was considered as crustal magma. 
Jiuhuashan granite formed from partial melting of lower crust, 
which caused by upwelling of asthenosphere. There is more 
mantle material input into lower crust during the magmatism 
process. Combine with other Cretaceous A-type granites in 
South Anhui Province and Northwest of Zhejiang Province, it 
indicates an post-orogenic extensional tectonic environment.  

 
Acknowledge: This work was financially by the science 

and technology program of Jiuhuashan National Geopark 
(2013), the National Science Foundation of China (40542012, 
40672145), the science and technology program of 
Department of Land and Resources of Anhui Province (2012-
k-4).  
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Spin transition of iron in ferropericlase (Fp) causes a 

significant softening in bulk modulus (e.g., [1] [2]), which 
leads to unusual positive temperature dependence of VP. 
Because rapid increasing of VP with temperature in Fp cancels 
out with decreasing of VP with temperature in silica perovskite, 
VP of the lower mantle becomes insensitive to the temperature 
variation at the depth of ~1730 km [3], which is in consistence 
with some seismic tomography results[4] [5]. Obviously, the 
insensitivity of VP to temperature at mid lower mantle 
dramatically depends on the content of Fp and iron content in 
Fp.    

The composition of the lower mantle is critical for us to 
understand the Earth’s interior and the mantle convection. 
Previous reports on the composition of the lower mantle are 
controversial. Using the high -temperature and -pressure 
velocities and density data of minerals obtained from first-
principles calculations, we found that the aggregate 
constrained well by seismic model can vary from pyrolitic 
composition with ~ 15wt% ferropericlase (Fp) to perovskitic-
rich composition. Any composition well constrained by 
seismic model, however, has enough amount of Fp to exhibit 
positive temperature dependence of the bulk sound velocity, 
which results in negative correlation between bulk sound and 
shear velocities at mid lower mantle without involving any 
composition variation. Spin crossover of iron in Fp 
significantly reduces the temperature sensitivity of P wave 
velocity of the aggregate at the depth of ~1730 km along the 
adiabatic geotherm. 

 
[1] Z. Q. Wu, J. F. Justo, R. M. Wentzcovitch,. Phys Rev Lett 
110, (2013). [2] J. F. Lin, S. Speziale, Z. Mao, H. Marquardt, 
Rev Geophys 51, 244-275 (2013). [3] Z. Q. Wu, R. M. 
Wentzcovitch, PNAS 111, 10468-10472 (2014) [4] D. P. Zhao, 
Gondwana Res 12, 335-355 (2007). [5]R. D. van der Hilst, H. 
Karason, Science 283, 1885-1888 (1999). 
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We present EMPA, single crystal (SREF) and powder 
XRD, polarized Raman and IR spectroscopic data for 
rossmanite, Mg-foitite, dravite, and maruyamaite, synthesized 
in the P,T-range 0.4-4.0 GPa, 600–700°C. Highlighted is the 
first-time synthesis (2.5 GPa, 600°C) of rossmanite 
[X☐Y(LiAl2)ZAl6(TSi6O18)(BO3)3

VW(OH)4] from starting 
materials free of tourmaline seeds.  

The use of synthetic, compositionally and structurally 
well-characterized tourmalines facilitates the assignment of 
their respective spectroscopic bands to specific site 
compositions. For dravite, maruyamaite and Mg-foitite, with 
octahedral Al and Mg, we can resolve the effect of the X-site 
cation and net charge of the octahedral polyhedra on the OH-
band positions. Additionally, we are able to calculate the 
Mg/Al ratios of different octahedral sites from the relative 
integrated peak intensities and obtain values in good agreement 
with corresponding EMPA and SREF. 
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The synthetic rossmanite crystals are too small for reliable 

EMPA. However, the similarity between their unit cell 
dimensions (a = 15.759(4) Å, c = 7.053(2) Å, V = 1516.9(7) 
Å3) and those of natural rossmanite suggests they have near 
endmember compositions. Moreover, the IR-spectra of 
synthetic rossmanite and natural elbaite are very similar and 
the offsets in their respective band positions are analogous to 
those observed between the Na-bearing and X-vacant Mg-Al-
tourmalines, dravite and Mg-foitite. The effect of net charge on 
the O3 band position is more pronounced for Li-tourmaline 
than Mg-Al-tourmalines, as indicated by the steepening of the 
slope in the attached figure.  
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The discovery of hydrothermal vents and their associated 

fauna, and the appreciation of their importance in the element 
balance has changed how we view the geological, geochemical 
and ecological history of the Earth [1] [2]. These unique 
environments possess a variety of specialized extremophiles, 
mainly invertebrates and microbes. Such organisms become a 
source for inspiration for a new direction in bioinspired 
materials science, known as Extreme Biomimetics [4-6]. 

Extreme Biomimetics is based on mineralization and 
metallization of selected biopolymers under hydrothermal 
conditions in vitro. These extreme conditions mimic natural 
biomineralization that occurs in submarine hydrothermal vents, 
and allows insight into the principles that govern this 
phenomenon. The key to Extreme Biomimetics is utilization of 
specific bio-macromolecules with high thermal and chemical 
stability. Practically all representatives of extremophile fauna 
contain chitin as the main structural component of their 
skeletons. This aminopolysaccharide is stable, even up to 400 
°C [3]. Our experimental results show with strong evidence  
[4-7] that this property opens the key way to use chitinous 
matrices of poriferan origin as highly structured biological 
templates in a broad variety of hydrothermal synthesis in vitro. 
Here, we represent several novel approaches for the design of 
ZrO2-, SiO2-, GeO2-, ZnO, and Fe2O3-based and chitin-
containing biocomposites under specific hydrothermal 
conditions. By detailed characterization of these composite 
materials using a variety of advanced analytical techniques 
(FT-IR, Raman spectroscopy, XPS, NEXAFS, HR-TEM with 
SAED and FFT) we prove that Extreme Biomimetics is on the 
rise as a powerful approach for the design of a new generation 
of advanced nanostructured inorganic–organic materials with 
complex morphology and unique physicochemical properties 
attractive for many practical applications.  

 
This work is supported by Polish National Science Centre 

grant no. DEC-2012/07/N/ST8/03904 as well as DFG Grant 
EH394/3-1. 

 
[1] Martin et al. (2008) Nature Rev. Microbiol. 6,805-814; [2] 
Thornburg, et al. (2010) J. Nat. Prod. 73, 489–499; [3] Stawski 
et al. (2008) J. Therm. Anal. Calorim. 2,489-484, [4] Ehrlich et 
al. (2013) J. Mater Chem. B. 1, 5092-5099; [5] Wysokowski et 
al. (2013) J. Mater. Chem. B. 1, 6469-6476 [6] Wysokowski et 
al. (2014) RSC Adv. 4, 61743-61752, [7] Wysokowski et al. 
(2015) Polymers, 7, 235-265. 
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Shewanella oneidensis MR-1 is recognised to be able to 

reductively dissolve Fe(III) oxides and to gain energy from this 
process. While this process is clearly critical to the livelihood 
of this organism, there have also been reports that the Fe(II) 
resulting this reductive process is capable of inducing the 
Fe(II)-mediated crystallisation of amorphous Fe(III) oxides to 
more crystalline, less readily reducible forms.  In this work, we 
investigate the Shewanella-mediated transformation of 
amorphous iron oxides to more crystalline forms and present 
hypotheses as to why such organisms apparently render the 
iron oxides present to a less bioavailable form.  

In this paper, we describe the rate at which S. oneidensis 
reduces Fe(III) to Fe(II) for amorphous iron oxide starting 
materials and examine the associated kinetics of 
transformation of AFO to more crystalline forms. The 
ecological advantage of such a process is a little baffling as the 
transformation of AFO to more crystalline forms renders 
Fe(III) less bioavailable. Consideration of the possible 
ecological impacts of this iron oxide transformation process is 
provided in this presentation. 
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High-precision Fe isotopic compositions of olivine, 

orthopyroxene and chromite separates from harzburgites, 
dunites and chromitites in the mantle section of the Luobusa 
ophiolite, southern Tibet were determined to constrain the 
origin of podiform chromite-bearing ophiolite. The Fe isotopic 
compositions of mineral separates from the Luobusa ophiolite 
are variable, with δ56Fe ranging from -0.146 to 0.215‰ in 
olivine, from -0.034 to 0.060‰ in orthopyroxene and from -
0.247 to 0.043‰ in chromite, respectively. The δ56Fe of 
olivine from Luobusa harzburgites and dunites correlates 
positively with its Fo content, likely reflecting melt-rock 
reaction. Chromite in different types of Luobusa chromitites 
has variable Fe isotopic composition. The disseminated 
chromitite has lighter Fe isotopic composition (δ56Fe=-
0.247‰) than the massive chromitite (δ56Fe=0.043‰). The 
δ56Fe isotopic ratio of banded and nodular chromitites is 
intermediate and ranges from -0.156 to -0.079‰. From 
massive, nodular, to banded and then to disseminated 
chromitites, the δ56FeChr decreases with the decreasing 
Fe3+/∑Fe ratio and MgO, and with the increasing FeO of 
chromite, indicating that changes in mantle oxygen fugacity, 
coupled with melt-rock interaction and crystallization, could be 
responsible for generating above trends. Therefore, these 
chromitites are most likely formed from precipitation of 
hydrous magma that migrates through upper mantle.  
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The vertical distribution of cadmium concentrations ([Cd]) 

and isotopic compositions (expressed as ε112/110Cd) in the upper 
ocean is governed by biogeochemical cycling, with 
isotopically heavy Cd in Cd-depleted surface waters and lower 
ε112/110Cd values at mid depths [1]. In contrast, the distributions 
of [Cd] and ε112/110Cd in the deep ocean are mainly controlled 
by the large-scale ocean circulation [1] [2].  

Here we present new Cd concentration and isotope data 
obtained from the GEOTRACES GA11 cruise (M81/1) along a 
northeast-southwest transect across the tropical Atlantic 
Ocean. Preliminary results show higher [Cd] in the deep 
eastern basin below 2000 m than in the western basin (350 vs. 
300 pmol kg-1), most likely reflecting larger proportions of 
Antarctic Bottom Water (AABW) in the eastern basin. 
Between 500 and 1000 m, a doubling in [Cd] from 28°N to 
3°N reflects an increased influence of Antarctic Intermediate 
Water (AAIW) in the south, in agreement with recent Atlantic 
GEOTRACES Cd data [3]. Comparison of our new data with 
those from the southwest Atlantic GA02 transect [2] indicates 
a decrease in [Cd] between 2000 and 3500 m from 2°S to 7°N 
in the deep western basin, reflecting the southward flow of 
low-Cd North Atlantic Deep Water (NADW).  

Regardless of the Cd concentration variations, ε112/110Cd 
values in both basins are homogenous and typical of NADW 
between 1000 and 3500 m. Below 3500 m, bottom waters 
maintain ε112/110Cd values typical of AABW. Taken together, 
ε112/110Cd reliably trace major water masses in the deep 
Atlantic, while [Cd] is more sensitive to the mixing 
proportions of the deep water masses.  

 
[1] Abouchami et al. (2014) Geochim. Cosmochim. Acta, 127, 
348-367. [2] Xie et al. (2014) Ocean Sciences Meeting. [3] 
Conway and John (2015) Geochim. Cosmochim. Acta, 148 (1), 
269-283. 
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Closure of the Neo-Tethyan ocean between India and Asia 

built the >2000 km-long Indus-Yarlung Zangbo suture (IYS) in 
S. Tibet (China), including a series of large spinel-facies 
peridotite massifs. The discoveries of natural ultrahigh-
pressure and super-reduced (UHP-SuR) phases in the massifs 
suggest unusual geodynamics in the Neo-Tethyan mantle [1]. 
Here, we report results from systematic petrological, mineral 
composition and Sr-Nd-Hf isotopic investigations of the 
Zedang peridotite massif in the IYS. 

Petrographic mapping shows that the Zedang peridotite 
massif mainly contains lherzolites in the west and harzburgites 
in the east. The lherzolites display strong plastic deformation 
and exsolution within pyroxenes, while the harzburgites are 
relatively undeformed. Whole-rock and mineral chemistry 
suggests a dichotomy between the fertile lherzolites and 
depleted harzburgites (spinel Cr# = 0.17-0.30 versus 0.33-
0.62). Temperature estimates show that porphyroblasts in 
lherzolites equilibrated at temperatures (up to 1260 °C) ~200-
300 °C higher than those in harzburgites. Trace-element 
compositions of the harzburgitic minerals suggest 
metasomatism by pervasive melts with local channelized melts, 
while the lherzolites do not. These lines of evidence indicate 
that the harzburgites formed earlier and were cooled in the 
Neo-Tethyan basin, before the lherzolites underplated the 
harzburgites. Nd-Hf isotopes constrain the time of lherzolite 
accretion and melt metasomatism to ~120 Ma, consistent with 
the regional intrusion of mafic dykes into the Yarlung Zangbo 
ophiolites. The enrichment of fluid-mobile elements, 
radiogenic Sr ratios and similar cooling processes in both 
lherzolites and harzburgites imply they were finally emplaced 
together onto the continental margins. 

The two-layered Neo-Tethyan lithospheric mantle 
identified in this study for the first time has important 
implications for the origins and preservation of UHP-SuR 
phases in the Yarlung Zangbo ophiolites. 

 
[1] McGowan et al. (2015) Geology 43, 179-182. 
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From ~2.7 billion years onwards, euxinic (anoxic and 
sulfidic) conditions were a major feature during periods of 
ocean anoxia. Furthermore, euxinic conditions are also 
important in many modern environments. However, 
mineralogical controls on P cycling under euxinic conditions 
remain poorly constrained. Here, we present new geochemical 
and mineralogical data for dissolved and particulate phases in 
the water column and sediment of Lake Cadagno, Switzerland. 
This modern basin is charaterised by low sulfate 
concentrations, with persistent euxinic water column 
conditions beneath the chemocline, and is considered a mid-
Proterozoic ocean analogue. We find evidence for the transient 
formation of Fe(II) phosphate minerals in the water column 
while in the euxinic sediment core, phosphate is removed 
permantly at depth in the form of Fe(II) phosphates. These 
results highlight an important and under-appreciated feature of 
P cycling under euxinic conditions, which would have exerted 
a strong influence on P release to the water column in the mid-
Proterozoic ocean. 

Under anoxic, Fe-rich (ferruginous) water column 
conditions, partially oxidized minerals such as green rust have 
been shown to form, rather than Fe(II) phosphates [1],. We 
have performed experiments which suggest that this 
mineralogical difference is controlled by the availability of 
dissolved phosphate, which is anticipated to be higher under 
euxinic relative to ferruginous conditions. Our combined 
approach suggests that the formation of authigenic Fe(II) 
phosphate minerals would have significantly affected the 
bioavailability of P under the expansive euxinic conditions 
envisioned during the mid-Proterozoic and during other 
euxinic episodes in Earth history.  

 
[1] Zegeye, A.  et al. (2012) Geology, 40, 599-602. 
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We show that the presence of inorganic phosphate (PO4

3-) 
in aqueous suspensions of CaCO3 causes two effects with 
interesting geochemical applications. First, PO4

3- induces 
consistently different zeta (surface) potentials between calcite 
and aragonite under many, but not all, aqueous suspension 
preparation conditions. Thus, PO4

3--altered zeta potentials 
could be an effective proxy for assessing surface chemistry 
differences among some naturally occurring forms of CaCO3.  
Second, we show that short term exposure to mM levels of 
PO4

3-  stabilizes aragonite against aqueous dissolution for many 
months. Furthermore, the stabilized aragonite shows no 
distinct phosphate-containing mineral surface phases. This has 
potential implications for aragonite persistence in wet 
environments. These findings come from studying the effect of 
mM level of different inorganic PO4

3-  sources on the zeta 
potentials of a variety of hand-ground calcite and aragonite 
powders, both naturally occurring and laboratory-produced, in 
aqueous suspensions. Our findings expose several critical 
knowledge gaps related to polymorph-specific carbonate 
surface chemistry, which are directly relevant for 
understanding and predicting the reactivity of CaCO3 in 
geological contexts. It is widely known that CaCO3 particles do 
not yield stable suspensions in pure water, because these 
particles have small surface charges and thus tend to coagulate 
[1]. It is also widely known that low concentrations of PO4

3- 

will drastically increase the level of negative surface charge 
and stabilize such a suspension [2]. However, there are 
relatively few investigations that attempt to address the surface 
interactions between phosphate ions and different CaCO3 
polymorphs [3,4,5]. Our studies offer incentives for additional 
investigations in this area by providing zeta potential data that 
is correlated with time-dependent studies of suspension pH, 
and Fourier transform infrared spectra. 
 
[1] Moulin, Roques (2003) J. Colloid Interface Sci.  261, 115-
126. [2] Tian, Yang, Zhu, Liu, Li (2015) J. Phys. Chem. C 119, 
4856-4864.  [3] Millero, Huang, Zhu, Liu, Zhang (2001) 
Aquatic Geochem. 7, 33-56.  [4] Kababya, Gal, Kahil, Weiner, 
Addadi, Schmidt (2015) J. Am Chem. Soc. 37, 990-998. [5] 
Xu, Chen, Zhou, Wang, Yin, Chen (2014) RSC Adv. 4, 35205-
35214. 
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It’s well known that the Dabie orogen was suffered from 
continent-continent collision to orogenic collapse. As for North 
Dabie terrane, it was traditionally considered as high-T 
metamorphic belt and evidences of HP/UHP metamorphism 
have rarely been found in there. In this study, Late Triassic HP 
granulite-facies metamorphism was found in the Early 
Cretaceous migmatite at there. In order to investigate the HP 
metamorphism during exhumation of deeply subducted 
continental crust and the anatexis during collapse of it, we 
carried out a combined study on layered leucososme from the 
Zhangjiazui migamtite in the North Dabie terrane, eastern 
China. The leucosomes are millimetric to centimetric in 
thickness and mainly consist of K-feldspar + quartz + 
amphibole. Zircon grains separated from the leucosome 
generally have core-rim zoning or core-mantle-rim structures, 
and they were subdivided into three main domains: inherited 
magmatic cores, metamorphic domains, and magmatic rims. 
Weakly zoned, grey-white luminescent inherited cores 
preserve mineral inclusions of Qtz + Pl + Kfs + Bi ± Ap 
indicative of a felsic igneous protolith. Most age data of the 
inherited magmatic cores are discordant with apparent 

206Pb/238U ages ranging from 273±6Ma to 580±6 Ma with an 
upper intercept age of 868±71 Ma, suggesting a variable 
isotopic resetting. The metamorphic domains generally occur 
at the core or mantle in zircons, and they are dark grey 
luminescent and un-zoned in CL images. The metamorphic 
domains contain HP granulite-facies mineral inclusion 
assemblage Cpx + Grt + Pl + Ru ± Ap ± amp (P>1.5-2.0 GPa). 
Ti-in-zircon and Zr-in-rutile thermometers give a high 
temperature ranging from 851 to 987 ℃.The metamorphic 
domains yield consistent Triassic ages around 205 – 232 Ma 
with a weighted mean age of 218±4 Ma, agreeing with 
exhumation ages of the UHP rocks in the Dabie orogen. In 
contrast, the bright luminescent zircon rims have clearly 
oscillatory zoning structure with mineral inclusion assemblage 
Amp + Kfs + Qtz, suggesting melt crystallization under an 
amphibole-facies condition. The magmatic rims have 
concordant 206Pb/238U ages ranging from 134±1 to 156±2 Ma 
with two distinct peak ages of 155±2 Ma and 139±2 Ma, 
respectively, suggesting multi-period anatexes during collapse 
of the Dabie orogen. These data suggest that the subducted 
Neoproterozoic felsic igneous rocks in the North Dabie terrane 
underwent HP granulite-facies metamorphism at least during 
exhumation in Late Triassic and subsequent anatexis at the 
crustal level during the orogenic collapse in the Early 
Cretaceous.  
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In this study, we investigated the effects of three different 

cone combinations and the addition of N2 with the guard 
electrode either grounded or floating on the performance of Nd 
isotope analyses in order to improve the precision and 
accuracy of in situ Nd isotope analyses in geological samples. 
Signal enhancements (2.5-3 folds) were observed for the Jet or 
standard sample cone + X skimmer cone compared to the 
standard sample cone + H skimmer cone with addition of 3 or 
6 ml min-1 N2 in the GE-on mode while in the GE-off mode, N2 
decreased the signal intensity of Nd. The addition of  nitrogen 
to the central gas flow in laser ablation MC-ICP-MS was also 
found to not only significantly enlarge the mass bias stability 
zone, but also in suppressing this non-linear mass dependent 
fractionation for the combination of X skimmer cone with Jet 
sample cone or standard sample cone. The accuracy and 
precision of the developed Nd isotope analytical method of 
using Jet sample cone + X skimmer cone with the addition of 
nitrogen has been demonstrated by analyzing a series of 
reference glasses (JNdi-1 glass, LREE glass, NIST 610) and 
minerals (apatite, monazite and titanite). Results are in 
excellent agreement with published values, demonstrating the 
capability of the developed analytical method as an important 
tool for providing high-quality in situ Nd isotope data in 
geological samples. 
 
[1] K. Newman, J. Anal. At. Spectrom., 2012, 27, 63-70. [2] 
Z.-C. Hu et al. J. Anal. At. Spectrom., 2012, 27, 1391-1399. 
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The recycling of ammonium in photic zone remains 

unclear due to its trace amount, rapid turnover and various 
utilization pathways. In northwest Pacific cruise during March 
to April 2014, we conducted incubation experiments by using 
the 15N labeled ammonium to measure rates of nitrification and 
NH4

+ uptake by phytoplankton of a high vertical resolution 
profile in the upper water column (150m) to examine the 
relative consumption rates by phytoplankton and nitrifier. 
Samples were incubated under in situ light intensity for 24 and 
48 hours to examine their relative competitiveness over a diel 
cycle. At the same time, samples from 30m depth were 
selected to do the Michaelis-Menten incubation. Nutrients 
(NH4

+, NO2
-, NO3

-), particular organic nitrogen (PN), amoA 
gene of AOA and AOB, nitrification rate and ammonium 
uptake rate were measured. The nitrate and ammonium 
ambient concentrations ranged 250 -1500 nM and 1-25 nM, 
respectively and AOA amoA gene predominates (by three 
orders higher than amoA gene copies). During incubation, the 
added 15NH4

+ (30 nM) was up-taken mainly by phytoplankton 
(4 -12 nmole/L/d) in the first day; however, the uptake rate 
reduced significantly even stopped in some layers in the 
second day. By considering a continuous decrease in 
ammonium concentration through time during incubation, 
there is likely a threshold of ~30 nM for phytoplankton to 
uptake ammonium under nitrate sufficient conditions. In spite 
of decreasing substrate, by contrast, ammonium oxidation rates 
remained constant though relatively lower (0.2-3 nmole/L/d) 
throughout 48 hours incubation. Whether the ammonium 
threshold for phytoplankton uptake is nitrate-dependent 
remains unclear; yet, our results indicate that nitrifier (AOA 
mainly) outperform phytoplankton in sunlit ocean when 
ammonium is below the threshold. 
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Rare Earth Elements (REEs) and acid sulfate soils 
We investigated REE cycling asscociated with acid sulfate 

soils both from their source and sink by collecting samples 
from a  disposed dredge spoil area and the adjacent stormwater 
basin in South Yunderup, Western Australia. Oxidation of acid 
sulfate soils during the land disposal of sulfidic dredge tailings 
releases acidity and REEs into associated receiving waterways 
[1] [2]. Consequently sulfidic sediment accumulates in the 
waterways receiving acidic drainage from dredge spoil. 
Understanding the geochemical cycling of REEs in acid sulfate 
soil landscapes and associated drainage system is important for 
tracing the origins of contaminants. While sedimentary iron 
sulfides are well known to sorb trace element contaminants in 
undistrubed conditions, relatively little is understood about 
their influence on REE cycling, particularly in systems fed by 
acidic drainage from anthropogenic dredge spoils [3] [4].  

Results and discussion 
Acid volatile sulfide (AVS) concentrations, a proxy for 

FeS, were high in sediments (0~277.80, median: 79.15, 
µmol/g) from stormwater basin than in dredge spoils (0~7.89, 
median: 0.28, µmol/g). Additionally, sediment AVS was 
highly correlated (R2=0.70) with sediment ∑REEs (aqua regia 
extract). Total Fe (aqua regia extract) was also found to be 
correlated with ∑REEs both in sediments (R2=0.46) and 
dredge spoils (R2=0.79). 

At all studied sites, the REE patterns show apparent LREE 
(La – Nd) enrichment, distinct positive Ce anomalies and a 
“MREE (Eu – Dy) bulge”. When comparing sediment sites 
and dredge spoil sites, ∑REEs were significantly (P=1.322×10-

12) enriched in sediment group compared with the dredge spoil 
group; individual REEs behaved similarly. It was also found 
that several trace elements including Mn, Fe, Ba, Co, Cr, Pb, 
and As, are enriched in drain sediments relative to dredge 
spoil.  

 
[1]Åström (2001), Chem. Geol 175, 249-258. [2] Hirano & 
Suzuki (1996) Environ. Health. Persp 104, 85. [3]Morgan et 
al. (2012), Chem. Geol 308, 60-73. [4]Welch et al. (2009), 
Geochim. Cosmochim. Acta 73, 44-64. 
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The early Toarcian Oceanic Anoxic Event (T-OAE), one 
of the major carbon-cycle perturbations of the Phanerozoic, is 
hypothetically marked by elevated atmospheric pCO2 leading 
to global greenhouse conditions, a likely accelerated 
hydrological cycle and increased delivery of river-borne 
nutrients to the ocean. Subsequent enhanced organic 
productivity and organic matter preservation in the oceans led 
to regional/global deposition of black shale.  

The Mochras Borehole from western Wales, UK, is one of 
the most biostratigraphically complete and expanded marine 
successions known for the Early Jurassic (with a  
~260 m thick Toarcian section). Core sedimentary description 
has been combined with Rock Eval, SEM, biomarker analysis 
and  high-resolution δ13Corg measurements, providing a new 
reference record for the Toarcian Stage. 

The Toarcian in the Mochras core is generally 
characterised by alternations between limestone and mudstone. 
The hemi-pelagic Lower Toarcian lower  
H. falciferum zone (time equivalent with the T-OAE) in the 
Mochras core, in contrast to many European early Toarcian 
successions, lacks prominent black shale beds. We observe 
instead coarser grained, centimetre-thick silt to fine-sand mass-
transport deposits and abundant supply of continental organic 
matter as well as detrital minerals derived from the nearby 
Welsh Massif, suggesting changes in the hydrological cycle. In 
addition, siderite nodule beds developed directly preceding and 
during the T-OAE interval in the Mochras core, suggesting 
changes in both the basin redox state and continental 
weathering intensity. We discuss new organic and inorganic 
geochemical data, combined with sedimentological 
observations in the context of global climate change and a 
possibly enhanced hydrological cycle during the T-OAE. 
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Ubiquitous oceanic crustal components are present in 

Cenozoic intra-continental basalts in eastern Asia. The main 
arguments in support of this include: (a) strong similarity of  
their trace element patterns and Fe/Mn ratios with respect to 
oceanic island basalts; (b) coupled high Fe2O3 and water 
contents and low 87Sr/86Sr ratio; (c) high δ18O less than mantle 
values recorded in olivine and cpx phenocrysts; (d) pyroxenite-
dominated source as constrained by olivine chemistry and melt 
inclusions. These recycled oceanic components are likely from 
the mantle transition zone given the following considerations: 
(a) Geophysical studies show a stagnant Pacific slab within the 
mantle transition zone underneath the studied region. Such a 
sandwich structure prevailed at least since late Cretaceous thus 
ruling out the possibility that oceanic crustal components from 
the CMB; (b) Pb isotopes suggest a young age of recycled 
components. (c) The same Indian MORB-like isotopic 
composition is found in Cenozoic basalts and in the extinct 
Izanaghi–Pacific plate of NW Pacific. We thus speculate that 
not all recycled oceanic components are carried to the surface 
by mantle plumes, but can be transported to the shallow level 
by other processes from the mantle transition zone. 
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Sanqisan uranium deposit is located in thewest 

Damingshan salient(II2
5) of Youjiang fold system(II2) in 

Nanhua activity, South China(Ⅱ ), Daxin concave broken 
beams, the northern end of the Naling-Fengtun fold broken 
horst. The formation of Mine is mainly Cambrian ,Lower 
Devonian and Middle Devonian make for eastwest direction, 
lean to north.F2 fault is the biggest fault within the mining 
area,whose strikeis near eastwest and dip is north.F3

1, F3
2, F3

3 
faults are a series of branch faults produced by the hanging 
wall of F2.Ore mainly occur in F3

1, F3
2, F3

3 faults . 
Geological evidence for source of ore-forming fluid:1) 

Many silica bodies were discovered in fieldwith high content 
of uranium. 2)It can indicate that there was magmatism (or 
volcanic activity) in the study eara and the scale was large of 
the ore-bearing structure with stronge activity. 3)Multi-stages 
hydrothermal activity. 4)Diabase dikes near mine had 
significant relationship with uranium mineralization. 

Geochemical evidence for the source of ore-forming 
fluids:U coexist with Mo, Mo, Ni, V, As, Sb, Cu, Co had 
different levels of positive correlationwith U in Sanqisan  
uranium mining. Zr is high field strength elements in 
magmatism and Cr, Co is typical mantle elements , reflecting 
the ore-forming fluids have deep source of calcite. δ13C is less 
than -3 ‰ in calcite of mineralization stage, revealing the ore-
forming fluids have deep sources. So the source of ore-forming 
fluid scame from meteoric water and deep hydrothermal. 

Combining geology and geochemistry characteristics, there 
is significant evidence of hydrothermal activity in Sanqisan 
uranium deposit, ore-forming fluid is a mixture sources of 
meteoric water and deep hydrothermal fluids.The famation of 
Sanqisan uranium deposit is mainly sedimentary-epigenetic 
modification, combining with later hydrothermal superimpo 
sedmineralization. 

 
Acknowledgements: This work was supported financially 

by the National Natural Scientific  Foundation of China 
(Grants No.41173059). 
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The chemical compositions were measured in rainwater 

samples collected during 2011-2012 from two representative 
cities, Beijing in north China and Chizhou city in south China. 
The rainwater was highly acidic with a volume-weighted mean 
(VWM) pH of 4.56, ranging from 3.77 to 5.67, and about 94% 
of the samples had pH below 5.0 in Chizhou. The pH values of 
rainwater in Beijing ranged from 3.78 to 6.62, with a VWM 
value of 4.85. The dominated ions in the precipitation were 
quite similar between the two cities; they are SO4

2-, Ca2+ and 
NH4

+. SO4
2- accounted for 79.1% and 85.4% of the total 

measured anions, Ca2+ and NH4
+ accounted for 86.8% and 

93.8% of the total measured cations in precipitation of Beijing 
and Chizhou, respectively. The concentrations of almost all 
species in Beijing rainwater were higher than those in Chizhou. 
In particular, SO4

2- concentration in Beijing rainwater was 
about twice of that in Chizhou. However, due to the weaker 
neutralization of acidity, the rainwater from Chizhou had 
relatively low pH values. According to the results of linear 
regression analysis, the percentage of the potential acidity 
counteracted by Ca2+ and NH4

+ was higher in rainwater in 
Beijing (90.7%) than that in Chizhou (70.8%). Using Na as an 
indicator of marine origin, and Al for the terrestrial inputs, the 
proportions of sea salt and terrestrial elements were estimated 
from elemental ratios. More than 98% of SO4

2- and Ca2+ in 
rainwater samples are non-sea-salt origin at both sites. Coal 
combustion may be the main source of SO4

2-, and local and 
remote soil dust may be an important source of Ca2+ in Beijing 
rainwater. The high concentrations of alkaline ions (Ca2+ and 
NH4

+) have played an important role to neutralize the acidity of 
rainwater in Beijing. 
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Direct α-recoil and preferential dissolution of 234U from the 
damaged lattice make (234U/238U) a potential rate-meter for 
mineral dissolution that is normalized to α-recoil scale of  
~30 nm [1]. Here we present mathematical model and 
laboratorial experiments showing that the (234U/238U) of 
weathering solution is functions of surface age, dissolution 
rate, and dissolution preference (p) of the 234U sites (Fig. 1A). 
For a given rock type with fixed p value, the (234U/238U) is 
approximately a monotonic function of dissolution depth if 
dissolution rate is higher than 10-9 mm/yr (Fig. 1B). The 
(234U/238U) value of basaltic catchments [2-7], which is mostly 
higher than 1.2, indicating dissolution depth of less than  
0.2 µm (Fig. 1B), and thus implying an evanescent weathering 
surface of about twenty years given a weathering rate of  
~10-2 mm/ky [8]. Accumulation of leached layers and 
secondary precipitates may inhibit deep dissolution. 
Interestingly, the depth of mineral dissolution, as proxied by 
riverine (234U/238U), correlates well with weathering 
temperature. 

 
[1] Vigier, et al., 2001, EPSL, 193, 549; [2] Riotte et al. 2003, 
Chem. Geol. 202, 365; [3] Vigier et al., 2005, Chem. Geol. 
219, 69; [4] Vigier et al., 2006, EPSL. 249, 258; [5] Pogge von 
Strandmann et al., 2006, EPSL, 251, 134; [6] Pogge von 
Strandmann et al., 2010, Chem. Geol., 270, 227; [7] Bagard et 
al., 2011, GCA, 75, 3335; [8] Navarre-Sitchler, et al., 2007, 
EPSL, 261, 321. 
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A multipulse voluminous granitic magmatism of diverse 
mineralogical and geochemical compositions occupies a vast 
expanse at the southern margin of the ENE-WSW trending 
Mahakoshal Supracrustal Belt (MSB), CITZ. 

The granitoids from the eastern part comprises calc-
alkaline granodiorite-granite suite. U-Pb TIMS zircon 
chronology yields the age of 1872.6±8.2 Ma for gneisses and 
1736±16 Ma for granites. They are metaluminous to 
peraluminous, magnesian in nature and shows I-type to S-type 
affinity. Overall these rocks have 59.43-72.01 wt.% SiO2 and 
high K2O/Na2O ratio. Their REE patterns are highly 
fractionated (La/Lu) N~43.38 with negative Eu anomalies 
(Eu/Eu*~0.49). Multi-elemental plot suggest involvement of 
both crustal and mantle components in their origin. Tectonic 
discriminant plots suggest a combination of volcanic arc and 
syn-collisional type tectonic environment.  

The rocks present on the central and western part are High-
K granitoids, yields younger U-Pb age of 1695±8.9 Ma from 
western part whereas 207Pb/206Pb ages from central part ranges 
from 1636±6 to 1670±11 Ma. They have high SiO2 (~72.33 
wt.%), ∑REE and HFSE contents. They are alkali-calcic and 
ferroan in nature, show signatures typical of A-type rocks and 
plot in the within-plate or post-collisional fields in the (Nb+Y) 
vs. Rb plot. REE patterns shows strong negative Eu anomalies 
(Eu/Eu*~0.12) with (La/Lu) N ~9.02, and shows depletion in 
Nb, Ta, Sr, P and Ti. 

Integrating the data, it has been inferred that magmatism 
recorded in MSB is formed in a wide span of tectonic 
environment from Syn-collisional (1880-1700 Ma) to post 
collisional (1700-1630 Ma). However, there are no significant 
differences observed in 143Nd/144Nd ratios for all samples, that 
ranges from 0.51104-0.51139 and comparable to EM-I values. 
The TDM model ages ranges 2804-2953 Ma, with present day 
εNd values being negative whereas the initial εNd(TDM) values 
are positive. This implies that their protoliths have been 
derived originally from depleted mantle source before melting 
again as an enriched source within the crust. 
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Interaction between the seawater and the sediments plays 
an important role in the global biogeochemical cycling. The 
benthic fluxes of chemical elements affect directly the 
acidification characteristics (i.e. pH and carbonate saturation) 
and also determine the functionality of the benthic and pelagic 
ecosystems. In many regions redox state of the near bottom 
layer can oscillate in connection with supply of organic matter 
(OM), physical regime and coastal discharge influence. The 
goal of this work was to apply a model for analysis of changes 
occurring due to seasonal oscillations of redox conditions. 

We use a 1-dimensional C-N-P-Si-O-S-Mn-Fe vertical 
transport-reaction Bottom RedOx Model (BROM) describing 
transport in the sediments, bottom boundary layers (BBL) and 
the water column coupled with biogeochemical block 
simulating changeable redox conditions, and the carbonate 
system processes block (Yakushev et al., 2014). In BROM we 
parameterize OM formation and decay, reduction and 
oxidation of species of nitrogen, sulfur, manganese, iron, and 
the transformation of phosphorus, silicate and carbon species. 
BROM includes a simplified ecological model with 
phytoplankton, heterotrophic organisms, aerobic autotrophic 
and heterotrophic bacteria, anaerobic autotrophic and 
heterotrophic bacteria. BROM is coupled to FAMB 
(Bruggeman, Bolding, 2014) as a transport model and 
biogeochemical model. The model’s domain includes the water 
column, the BBL and the upper layer of the sediments.  

The model shows a possibility of periodic replacement of 
oxic conditions with anoxic, that leads to changes in the 
distributions of the parameters and their fluxes. The 
seasonality in production and destruction of OM together with 
the mixing seasonality lead to a vertical displacement of the 
oxic/anoxic interface from the sediments in winter to the water 
in summer. This affects distribution of sulfur species, nutrients 
(N and P), redox metals (Mn and Fe) and carbonate system 
parameters. Bacteria play a significant role in the fate of OM 
due to chemosynthesis (autotrophs) and consumption of  DOM 
(heterotrophs). In particular, model reproduce a n increase of 
pH in below the sediment/water interface connected with CO2 
consumtion for chemosynthesis. 
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Oxygen depletion is a serious environmental issue in the 
oceans (Stramma et al., 2008), as well as in coastal zones 
throughout the world (Diaz, Rosenberg, 2008). Coastal waters 
and fjords typical for the coastline are especially sensitive to 
these processes because of the restricted exchange with the sea. 
As a transition zone between the continents and the ocean, 
fjords possess a natural susceptibility for the occurrence of 
hypoxia and anoxia, as stratification due to the input of rivers 
and low-density coastal water and topographic restrictions 
extend the residence time of the bottom waters bodies and 
prevent their aeration. Fluxes of nutrients (O, C, P, N), redox 
metals (Mn, Fe), change magnitude and even direction in case 
of changes of redox conditions from oxic to suboxic and 
anoxic. The biogeochemistry and bioremediation of the 
priority radionuclides are connected with the redox conditions 
changes (Newsom et al., 2014). The studies in the anoxic 
Framvaren Fjord showed a clear influence of changing redox 
conditions in transformation of technetium, Tc (Keith-Roach, 
Roos, 2004) and uran, U (Swarzenski et al., 1999) through 
involvement in direct and indirect microbial transformation 
reactions and probable mechanism of co-precipitation with Fe 
and Mn oxides. The similar processes occurs at the sediment-
water interface but there is a scarcity in the knowledge about 
the redox-dependent effects (Gulin et al., 2013).  

An application of a model gives a unique possibility to 
numerically estimate variations in the fluxes of radioactive 
substances connected with changing redox processes, forced in 
its turn by anthropogenic (eutrophication) or climatic (mixing) 
changes. In this study we use a modified 1-dimensional C-N-P-
Si-O-S-Mn-Fe Bottom RedOx Model (BROM) describing the 
processes in the water column, bottom boundary layers and 
upper sediments coupled with biogeochemical block 
simulating changeable redox conditions, and the carbonate 
system processes block.  

The objective of the study is to: 
1. Numerically test hypotheses on a significance of 

microbiological processes (chemosynthesis and decay of 
organic matter) and co-precipitation with Mn-Fe oxides on the 
radioactive elements transformation. 

2. Simulate fluxes of radioactive elements at the 
sediment-water interface and their variability connected with 
redox conditions changes 
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An ITRAX X-ray fluorescence (µ-XRF) core scanner has 

been applied for sediment geochemistry investigations. 
Investigated core section (Baf 37: 4.2m) was collected from 
Lake Bafa, which is a significant inland lake system in Eastern 
Mediterranean Region, covers the geological archive of the last 
2300 years. Geochronological data were produced using 
Accelerator Mass Spectrometry method. Additional 
informations were also produced applying Shimadzu Analyser 
for total organic carbon (TOC) and inorganic carbon (TIC) 
fractions and particle size analysis.  

Chemo-stratigraphical properties of the sediments are 
defined  in respect to the fluctiations of 30 variables (Al, Si, P, 
S, Cl, Ar, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, 
Rb, Sr, Y, Zr, Rb, Mo, Ba, Pb, Th, U). Time dependent 
variations of external (transportation pathways and intensity) 
environmental conditions are determinated by selected 
parameters. In accordance obvious fluctuations of the element 
trends, rapid mass-flow events would be suggested. These 
mass-flow events were mainly accumulated during the 1100 to 
2300yr BP period. These characteristic phases reflects 
individual sedimentological, chemical and paleontological 
signals. Typical sedimentological characteristics are mainly 
identified as the coarseness of the grain size distributions(fine 
sand and coarse silt). Simultaneous enrichment of lithophile 
elements (K, Si, Ti, Rb), depletion of TOC and Ca 
contributions were observed. Cardium sp. shells are also 
recorded in the lower parts of the core section Baf37 (2- 4.2m), 
were probably transported from the Aegean Sea during these 
phases of high energy environment. Contrarily, enhanced TOC 
contributions, Ca values, low amounts of coarse clastic 
matterials and absence of marine microfossils indicate 
subsequent phases of stable inland environmental. 
Contemporarily sediments accumulation during such stagnant 
lake/lagoon phases, indicate lithophile element trends with 
moderate values.  

 
This study is supported by the TUBITAK with the project 

number of 113Y070 and Istanbul University research fund 
(project number of 28942 and 17828). 
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The Antalya-Manavgat coast line in Antalya is part of the 
Part of the Mediterranean shore line. This area is mostly 
covered with beach sand sediments and is a huge attraction to 
tourist every summer. For the purpose of mitigating 
environmental pollution, factor analysis (Principal Component 
Analysis – PCA, SPSS Statistics Software-21) was applied to 
the heavy metals (Zn, V, Al, Ba, Cu, Ti, Pb, Co, Ni, Mn, W, 
Mo, Sb, Cr, Mg, Cdand As, together with Zr, Hf, Bi, Te, Sr, Y 
and Sn) present in the beach sand samples collected from44 
different sampling stations along the beach area,to determine 
whether their sources are geogenic or anthropogenic. 

In the Extraction Sum of Square loadings, 3 factors 
retained are same as the Initial Eigenvalues; implying that 
there is no difference between the common variance and the 
total variance of the factors. Or there is no difference in the 
variable’s variance. According to the results of the PCA, the 3 
factors retained explain72.234% of the 37variable’s 
variance.Zn (0.928), V (0.928), Al(0.923), Ba(0.884), 
Cu(0.832), Ti(0.823), Pb (0.820), Co(.767), Ni(.766), 
Mn(.640), W(.582), Mo (.544), Sb (.465), Cr (.452) and Mg 
(.371) were attributed to be from a geogenic source and they 
relate to the first Principal Component known as the Geogenic 
Component. Whereas elements such as– Zr (.631), Hf (.559), 
Bi (.438), Te (.524) and Sr (.650) and Cd (341)of second and 
As (.701), Y (.515) and Sn (.356)of the third –  principal 
components with high positive correlation were attributed to 
anthropogenic sources. Both components(two and three) are 
called as the anthropogenic components. 

The beach sand sediments are also thought to have some 
level of anthropogenic contamination by Cu, Pb, Co, Mn, Sb 
and Mg as expressed by theirpositive significant correlation in 
the thirdcomponent,and Ti, W, Cd and Asin the second 
component.Additional research work in other beach areas of 
the region would enrich the reasons for recommending such 
quality standards forBeach Sands. 
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The Mediterranean (Med) Sea is considered a region 

capable of absorbing relatively more anthropogenic CO2 (Cant) 
due to its warm and high alkalinity waters that are transported 
to the interior by the active overturning circulation. Large Cant 
inventory and amplified acidification are estimated for all  
Med water masses  which are exported to the North Atlantic 
water and precondition the thermohaline circulation. δ13C of 
the Dissolved Inorganic Carbon (δ13CDIC)  provides a measure 
to  quantify the penetration of isotopically light Cant , however, 
knowledge on the distribution of δ13CDIC, is currently lacking. 
We conducted a survey of δ13CDIC  and carbonate system 
properties during 2009-2010 along the Southeast-Med (SE-
Med) water column  and compare the δ13CDIC results to the 
cruise conducted in 1988 [1]. The vertical profiles of  δ13CDIC  
during 2009-2010 differ significantly from the  uniform 1988 
profiles. Comparing the average profiles of 1988 and 2010 
yields a δ13CDIC temporal difference (Δ13CDIC ‰ yr-1), 
propagating to depth of about 700m. A Δ13CDIC depletion rate 
of  -0.13±0.03‰ and -0.11±0.03‰ decade-1 was found for 
surface (0-200m) and intermediate waters (200-400m), 
respectively. The surface Δ13CDIC change, representing only 
~50% of the atmospheric change (-0.26‰ decade-1 fully 
equilibrated mixed layer). A mean Cant accumulation rate of 
0.38±0.12mol C m-2 yr-1 for the upper 700 m over the last 20 
years was estimated, based on the mean depth-integrated 
δ13CDIC profile. This study also provides, for the first time, the 
seasonal changes in the carbonate chemisrty: total alkalinity 
and pH, of the SE-Med. We calculate the seasonal pCO2 
distribution in this region, and estimate a nearly annual super-
saturation pCO2, indicating relatively moderate CO2 sink of the 
surface water. 
 
[1] Pierre (1999) Marine Geol. 153, 41–55. 
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Introduction 
Significant quantities of Pu isotopes have been released 

into the marine environment as the result of atmospheric 
nuclear weapons testing. The dominant source of 
anthropogenic radionuclides in the early 1960s can be 
attributed to global stratospheric fallout from atmospheric 
nuclear weapons testing by the former Soviet Union. In the 
Pacific Ocean, there were significant contributions from close-
in tropospheric fallout as a result of atmospheric tests on Bikini 
and Enewetak Atolls at the Pacific Proving Grounds in the 
Marshall Islands. Since the 240Pu/239Pu atom ratio is 
characteristic for the Pu emission source, information on the 
Pu isotopic signature is very useful to better understand the 
transport process in the oceans and to identify the sources of 
Pu [1]. The objective of this study was to measure the 239+240Pu 
concentrations and 240Pu/239Pu atom ratios in seawaters of the 
Andaman Sea. 

Results and discussion 
The 239+240Pu concentration was 1.3 mBq/m3 in the surface 

water; a sharp maximum was identified at 200 m depth and 
then the concentration decreased gradually with depth. The 
239Pu, 240Pu and 239+240Pu inventories in the entire water 
column were 9.6, 8.2 and 17.8 Bq/m2, respectively. The 
240Pu/239Pu atom ratios ranged from 0.22 to 0.23. These ratios 
were slightly lower than those observed in the South China and 
Sulu Seas and were higher than the mean global fallout ratio of 
0.18. These high atom ratios proved the existence of close-in 
tropospheric fallout Pu from the Pacific Proving Grounds. 

 
[1] Yamada & Zheng (2012) Sci. Total Env 430, 20-27.  
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In Sabae City, Fukui Prefecture, Central Japan, several 

natural cold springs such as Tougen and Tona Shouzu have 
been used for drinking and agriculture since ancient time. 
There are many artificial wells for groundwater which has 
been also used for industry, fields of irrigation and snow 
melting on road. At winter time, groundwater level is lowered 
due to pumping of groundwater for snow melting. This causes 
well wither and land subsidence (Report of Fukui Prefecture, 
2014). As one of the solution to the problems, a geothermal 
heat pump (Geo-HP) can be considered for snow melting and 
room heating. In particular, the open-type Geo-HP using 
groundwater has been often used because of the low cost. In 
the Sabae City, the highest and lowest of air temperatures are 
>30 ℃ in summer and < 0 ℃ in winter, respectively, whereas 
water temperature of groundwater is always kept to be 15 ℃. 
In the Geo-HP system, groundwater is pumped to the surface, 
heat-exchanged and returned to the aquifer through a 
reinjection well. 

 The purpose of this study is to perform the evaluation of 
flow mode and quality of groundwater in the study area by the 
geochemical point of view and to examine the possibility of 
usage of the open type Geo-HP in this area. Twenty three 
shallow groundwater and 5 river water samples were collected 
in the study area. The precipitation has been collected once a 
month at the central part of the study area. Water samples were 
collected in 100 ml and 250 ml plastic bottles. Water 
temperature, pH, EC, and ORP were measured at the sampling 
site. Water samples were anlyzed for the major chemical 
compositions (Na, K, Ca, Mg, Cl, NO3, and SO4) and δD and 
δ18O in the laboratory.  

Precipitation samples are plotted along a local meteoric 
water line (δD=8δ18O+20). The δD and δ18O values of 
groundwater are -51.8~-41.1‰ and -9.3~-7.4‰, respectively. 
There is no relationship in the δD and δ18O values between 
groundwater and river water. These results show that 
groundwater is mainly composed of precipitation with minor 
contribution of river water. From the chemical compositions, 
groundwaters can be divided into two groups; Ca-HCO3 type 
in estern part of the study area and Na-HCO3 type in the 
western part.  
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The early evolution of the Earth’s crust-mantle has been 

studied by applying the 176Lu-176Hf system to Archean mafic 
rocks since 1980 (e.g., [1]). Early studies showed that some 
early-middle Archean rocks have  high ε176Hf values, 
suggesting that the ancient mantle was greatly depleted in 
incompatible elements. This interpretation is only valid if the 
Lu-Hf system has not been disturbed during post-magmatic 
events. Recently, a whole-rock isochron approach has been 
utilized to test whether the Lu-Hf systems are primary or not: a 
Lu-Hf whole-rock isochron age comparable to the 
independantly derived emplacement age verifies the primary 
signature (e.g., [2–4]). Studies based on this approach  reveal 
that ε176Hf values of early-middle Archean rocks are not as 
high as previously reported. We extend this whole rock 
isochron approach to the well-preserved 3.47 Ga basalts from 
the Hooggenoeg and Kromberg Complexes of the Onverwacht 
Suite of the Barberton Greenstone Belt, South Africa, in order 
to better constrain the early crust-mantle evolution. 
Furthermore, we evaluate the origin of Barberton komatiites by 
comparing our basalt data with previously reported komatiite 
Lu-Hf data [5]. 

Our Lu-Hf data for 37 rock samples from both of the 
complexes yield isochron ages identical to their emplacement 
ages. We obtained ε176Hf values of 2.30±0.57 (2SD) for these 
basalts, suggesting that their source mantle had been 
moderately depleted in incompatible elements. Combined with 
the Lu-Hf data obtained from other regions tested against the 
whole-rock isochron approach, we find that ε176Hf of ancient 
mantle increased gradually from the early to middle Archean. 
Such gradual increase in ε176Hf may be attributed to the 
formation of relatively stable continental crust during the 
period. Our results also reveal that the Barberton komatiites 
and basalts have identical ε176Hf and ε143Nd within analytical 
uncertainties. These finding imply that whilst the komatiites 
and basalts may have formed by different mechanisms (e.g. 
different degree of partial melting),  they were derived from a 
common mantle source [6].  

 
[1] Patchet&Tatsumoto (1981) CMP 78, 437. [2] Blichert-Toft 
et al. (1999) GCA 99, 75. [3] Rizo et al. (2011) EPSL 312, 49. 
[4] Hoffmann et al. (2010) GCA 74, 7236. [5] Puchtel (2013) 
GCA. 108, 63. [6] Furnes et al. (2012) SA Journ. Geology, 
115,171 	  
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Deep-sea hydrothermal vent is one of the candidates for 
the place of origin of life. It is proposed that sulfide minerals 
forming vent chimneys gives suitable organic reaction fields 
for prebiotic chemical evolutions. We have showed that 
electricity is generated through deep-sea hydrothermal 
chimney wall. It is expected that the electricity influenced to 
the chemical evolutions on the hydrothermal vent chimneys. In 
this work, we experimented the electrical reductions of some 
organic acids, those are intermediates in the tricarboxylic acid 
cycle. Negative electric potential were applied to iron sulfide 
electrode in the solution containing organic acid, and reduced 
products were observed. This result shows that electricity 
through the chimney wall on a hydrothermal vent can motive 
parts of the reductive tricarboxylic acid cycle. It was suggested 
that electricity generation on the deep-sea hydrothermal vent 
promoted the chemical evolution of primitive carbon metabolic 
pathways. 
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Magnesium and chromium isotopes have been used to 

constrain the ages of important solar system objects such as 
CAIs and chondrules. Advances in analytical techniques using 
modern MC-ICP-MS and TIMS now allow for determination 
of Mg and Cr isotope ratios from fragments of single CAI and 
chondrule with high precision. Here we report combined high-
precision Mg and Cr isotope data of five CAIs from the 
Allende (CV3) carbonaceous chondrite. 
 The CAIs used in this study were provided from the 
University of Alberta meteorite collection. Of the five CAIs 
analysed, three were spherical in shape (A25-1, A63, A194) 
whereas the other two were irregular (A123 and A42). All 
CAIs were coarsely crushed, and fragments and mineral 
separates weighing sub- to few mg were used for Mg isotope 
work. For spherical CAIs, additional ~50mg fragments were 
pulverized for Cr isotope analysis.  
 The δ26Mg* of A25-1 shows strong correlation with the 
27Al/24Mg, yielding an isochron with a slope that translates to 
initial 26Al/27Al = (5.16 ± 0.11) x 10-5. The initial 26Al/27Al of 
other CAIs ranged from 5.16~5.02 x 10-5. These values are in 
good agreement with the values reported in Jacobsen et al. [1]. 
Combining our data with those reported previously using 
similar analytical technique [1] [2], we observe a negative 
correlation between the initial 26Al/27Al and δ26Mg*I of the 
individual CAIs. This suggest a progressive evolution of 
δ26Mg*I over time (i.e. 26Al/27Al) likely due to either 
condensation from a common reservoir with a constant Al/Mg 
ratio or reprocessing of these CAIs over an interval of ~0.2 
Ma, overprinting pre-exisiting Mg isotope heterogeneity in the 
early solar nebula. The Cr from the spherical CAIs shows 
anomalies in both ε53Cr and ε54Cr, falling in the range reported 
previously [3] but with higher precision. While only three data 
points are available at this stage, the ε53Cr values correlate with 
the 55Mn/52Cr. Further chronological implications of these new 
results will be discussed. 
 
[1] Jacobsen et al. (2008) EPSL 109, 353-364. [2] Wasserburg 
et al. (2012) MAPS 47, 1980-1997. [3] Bogdanovski et al. 
(2002) LPSC abstract  #1802.  
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During the Ordovician-Silurian transition, widespread 

drastic environmental changes took place; the most remarkable 
of these, in the context of a long-term greenhouse climate, was 
the abrupt glaciation in Gondwana. However, the intensity and 
extent of this glaciation and the effect upon the biotic crisis 
remain controversial. 

The parameters of chemical index of alteration (CIA) and 
chemical index of weathering (CIW) were applied to the 
paleoclimatic reconstruction of sediments, i.e., when 
deposited. We collected 64 samples across the Ordovician-
Silurian boundary on the Yangtze Platform, South China 
(Wangjiawan and Nanbazi sections). In Wangjiawan section, 
the CIA and CIW data are generally high throughout the 
D.complexus and P.pacificus graptolitic Zones (72.4-74.6 and 
89.2-93.8, respectively ) and show a remarkable decrease 
beginning in the lower N.extraordinarius-N.ojsuensis Zone and 
persisting into the upper N.extraordinarius-N.ojsuensis Zone 
(57.5-66.5 and 64.7-80.8, respectively ), with a temporary and 
drastic positive shift, rise to roughly the same level as in the 
D.complexus and P.pacificus graptolitic Zones, just at the 
G.persculptus, A.ascensus, P.acuminatus and O.vesiculosus 
Zones (70.4-73.4 and 83.1-89.3, respectively ). Similar 
stratigraphic variation of CIA and CIW values were found for 
the Nanbazi section samples, with 70-73.7 and 86.1-94.2 for 
the D.complexus and P.pacificus graptolitic Zones, 51.5-69.1 
and 60.2-86.4 for the N.extraordinarius-N.ojsuensis Zone, and 
70.8-74.2 and 88.3-89.8 for the G.persculptus, A.ascensus, 
P.acuminatus and O.vesiculosus Zones, respectively. 

The investigation of the CIA and CIW shows that most 
graptolitic Zones were undergo severe weathering under warm 
and humid climate. The only exception is the 
N.extraordinarius-N.ojsuensis Zone which was less weathered 
and deposited under glacial sedimentary environments. The 
apparent stratigraphic coincidence between the biological 
discontinuity and climate change may imply a cause-effect 
relationship between them and add a significant constraint to 
the current arguments on the cause and sequence of the 
terminal Ordovician mass extinction. 

 
Acknowledgements: This work was supported by the NSFC 

projects (41273001). 
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The tremendous increasing use of engineered nanoparticles 

has raised concerns about their impact on the environment and 
in biological systems [1].

 
Among them, silver-containing and 

gold-containing material is of high industrial interest and of 
manifold use in consumer products. Therefore, analytical 
methods are urgently needed for the reliable determination of 
gold and silver nanoparticles and their ionic counterparts [2].

 

In this study, a novel method for separation and quantitative 
characterization of NPs in aqueous suspension was established 
by coupling thin layer chromatography (TLC) with laser 
ablation inductively coupled plasma mass spectrometry (LA-
ICP-MS). It was found that TLC could allow simultaneous 
separation of differently sized gold nanoparticles (AuNPs)  
(13 nm, 41 nm), silver nanoparticle (AgNPs) (10 nm, 40 nm) 
with their ionic counterparts by using sodium dihydrogen 
phosphate anhydrous (0.5mM), Triton X-114 (0.05%, w/v), 
sodium dodecyl sulfate (0.013%, w/v), and formic acid 
(0.05%, w/v) as the mobile phase. Figure 1 depicts the 
characteristic Au and Ag signal profile obtained by LA-ICP-
MS with line scanning along the separation channel. It was 
observed that smaller particles migrated faster than larger ones, 
whereas Au ions and Ag ions were completely migrated close 
to solvent front. Compared with the established method for the 
separation of metal nanoparticles, the developed TLC method 
is relatively simple and rapid.  

  
Figure 1: LA spectrum showing the typical signal profiles 

observed for 48 ng AuNPs and AgNPs. (A) 13 nm AuNPs, 41 
nm AuNPs and Au ions. (B) 10 nm AgNPs, 40 nm AgNPs and 
Ag ions. The scanning speed is 50 μm s-1.  

 
[1] Soto-Alvaredo, J.; Montes-Bayón, M.; Bettmer, J. r. Anal. 
Chem. 2013, 85, 1316-1321. [2] ���Franze, B.; Engelhard, C. 
Anal. Chem. 2014, 86, 5713-5720. ��� 
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More than half Chinese cities are suffering from severe air 
pollution due to the rapid development of industry and 
urbanization.  Beijing, as a political and cultural centre of 
China, has frequently suffered from severe haze. However, the 
precise sources of air pollution in Beijing still remain 
uncertainty.  In this study, the observational data (PM2.5, PM10, 
O3, NO2, CO and SO2) at ten monitoring stations from 
February 8 to 28, 2014, in Beijing were used to analyse air 
pollution.  The satellite observations for aerosol optical 
thickness are also used.  Backward trajectory model and 
receptor models were used to identify the sources of air 
pollution in Beijing.  On the basis of PM2.5 concentrations, we 
separated the whole data into three categories: relatively clean 
air (PM2.5 concentrations less than 75 µg m−3), haze (PM2.5 
concentrations greater than 75 µg m−3 but less than 200 µg 
m−3) and heavy haze (PM2.5 concentrations greater than 200 µg 
m−3).  The results show that the average concentrations of 
PM2.5 are 29.5 μg m−3, 136.6 μg m−3 and 311.2 μg m−3 for 
relatively clean air, haze and heavy haze cases, respectively.  
The back trajectory cluster analysis reveals that the 
predominant clusters are East and South for the heavy haze 
case.  The results of the receptor models show that for the haze 
case, pollutants mainly originated from south of Beijing such 
as Dezhou, Liaocheng and Heze in Shandong province, while 
for the heavy haze case, pollutants were mainly from 
southwest of Beijing such as Baoding, Hengshui and Handan 
in Hebei province.  These results indicate that the emissions in 
the surrounding provinces made a significant contribution to 
Beijing’s air pollution. Thus, it is necessary to implement air 
pollution control for all surrounding areas, especially for the 
industrial zones in the south/southwest regions of Beijing. 
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Combined with the analysis of the sediment grain 

size and sediment types, the distribution and influence 
factors of rare metal minerals in 273 surface sediments 
from the northwestern continental shelf of the South 
China Sea were discussed. A total of 18 kinds of heavy 
minerals were detected, among them the rare metal 
minerals are mainly zircon, ilmenite, monazite, rutile, 
xenotime, cassiterite, niobium tantalum, and there is 
great difference in station appearance rate and content for 
them. Zircon and ilmenite were detected in more than 90% 
stations, and the other rare metal minerals were only 
detected in less than 20% stations. The high values of both 
zircon and ilmenite occur mainly in the eastern sea area of 
Leizhou Peninsula and Hainan Island, and the ilmenite content 
is also higher in large areas of the oceans from the Pearl River 
Estuary to Mo Yang estuary off the coast. The distribution of 
the rare metal minerals are mainly controlled by source, type 
of sediment and water power. These minerals are mainly 
enriched in the sediments with fine gravel and coarse sand 
dominated, and with sandy silt dominated sediment mineral 
content followed. 
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Mid-ocean ridge basalt (MORB) has long been recognized 
as a probe to the composition of the inaccessible mantle. 
Crustal level modifications to MORB compositions are largely 
attributed to fractional crystallization which can be correted 
through thermodynamic calculations [1]. However, such 
corrections do not consider melt-rock reaction. Reactions 
between migrating MORB melts and lower oceanic crust are 
inevitable during the emplacement of primitive melt into 
variably evolved cumulates, and the flow of (evolved) 
interstitial melt through the lower crustal crystal mush. Such 
reaction is known to modify mineral compositions in the lower 
crust, and is also inferred to cause chemical variations of 
MORB [2]. Nonetheless, reactions between MORB and lower 
oceanic crust cumulates have not been experimentally studied. 
It remains unknown how and to what extent such processes 
would change MORB compositions and hence, how such 
interaction will affect our knowledge of mantle source 
compositions and melting processes.  

We conducted melt-rock reaction experiments to 
investigate the mechanism and chemical consequences of such 
process by reacting primitive and evolved MORB glasses with 
either a primitive or an evolved lower oceanic crust cumulate 
(troctolite or olivine gabbro). All of the experiments were 
conducted at 5 kbar and the respective liquidus temperatures of 
the starting melts (1200°C and 1180°C for the primitive and 
evolved MORB, respectively) with duration ranging from 6 to 
27 hours. Different cooling rates (quenching and slow cooling) 
were used to study the chemical and lithological variations, 
texture, and the liquid line of descent of the reacted MORB 
melts. The results have enabled a reconstruction of the crystal-
melt reaction mechanisms, and have placed constraints on the 
chemical consequences of melt-rock reaction on both the 
plutonic rocks and the melt. 

 
[1] Grove et al. (1992), Geoph. Monog. Series, 71. 281-310; 
[2] Lissenberg & Dick (2008), Earth Planet. Sci. Lett., 271. 
311-325. 
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Sulfur biogeochemical cycling plays an important role in 

the process of acidification, electron transfer and contaminant 
mobility in soil. In paddy soils polluted by acid mine drainage, 
heavy metals contamination has been studied intensively, but 
relatively little information has been gathered regarding the 
associated amounts and forms of sulfur. Dabaoshan Mining 
area (24°34′28″N, 113°43′42″E) was the largest polymetallic 
sulfide mine in southern China. Due to flush irrigation, the soil 
was polluted by enormous amounts of S2-, SO4

2-, Cu, Pb, Cd, 
Zn and Fe-rich mine wastes in the early stage. Investigation 
had been done focusing on the concentration, distribution and 
transformations of sulfur species in AMD-contaminated paddy 
soil located along the AMD affected River. 

A 2-year monitoring study of spatial changes of sulfur in 
the AMD-irrigated paddy soil were conducted. Results showed 
that there was no significant difference in total sulfur and 
water-soluble sulfate content in paddy soilsfrom the upstream 
to downstream, however, the soil profile could be divided into 
three layers (0-20 cm, 20-30 cm and 30-80 cm) by sulfur 
species and concentrations. Organic sulfur and reduced 
inorganic sulfur were the two highest species in 0-20 cm depth, 
and were significantly positively correlated with total soil C 
and N contents. Samples from 20-30 cm depth had the largest 
amount of AS, which could reflect the presence of amorphous 
iron hydroxide, large Brunauer-Emmett-Teller (BET) surface 
area and fine clays. Adsorbed sulfate and ester sulfur were the 
domain sulfur in 30-80 cm depth. In short, soil particle-size, 
total soil C and N, mineral composition and seasonal variations 
contributed to the species, distribution and transformation of 
sulfur in the soil profile. 

 
This study was supported by the Natural Science 

Foundation of China (41330639 and 41073088). 
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South China Block was formed through the amalgamation 

of the Yangtze Block with the Cathaysia Block during 
Neoproterozoic, although the exact time is still controversial. 
Middle Neoproterozoic sedimentary rocks are widespread in 
the Yangtze Block, separated into the Sibao and the Danzhou 
groups (and their equivalents) by a “mid-Neoproterozoic 
angular unconformity”. This unconformity, previously 
interpreted as the evidence of continental collision between the 
Yangtze and Cathaysia blocks, is crucial for understanding the 
early-middle Neoproterozoic tectonic regime in the South 
China Block. 

In situ U-Pb, Hf and O isotopic analyses of detrital zircon 
are obtained from three sandstone samples, including two from 
the Yuxi Formation of the Sibao Group and one from the 
Baizhu Formation of the Danzhou Group that are located 
below and above the unconformity, respectively. Zircon from 
the lower part of the Yuxi Formation is dominated by a single 
age population peaked at 830 Ma, providing a maximum 
depositional age for the formation. While those from the 
middle part of the Yuxi Formation and the lowest part of the 
Baizhu Formation have very similar, “multi-peaked” age 
patterns, with five peaks at 840 Ma, 940 Ma, 1620 Ma,  
1850 Ma and 2500 Ma, and Hf-O isotopic features, indicating 
that sediments across the mid-Neoproterozoic unconformity 
share similar sedimentary provenances and deposited within 
the similar tectonic setting. Appearance of abundant low-δ18O 
magmatic zircon from these sediments is coincident with 
regional intraplate anorogenic magmatism at ca. 850 Ma, 
suggesting that both the Sibao and Danzhou groups were likely 
deposited in a continental rift basin. Thus, this study argues 
against the orogenic origin of the regional mid-Neoproterozoic 
unconformity between them. Our new data suggest that this 
unconformity is likely attributed to a rapid regional crust 
uplifting (associated with widespread mafic and granitic 
magmatism), unroofing and basin subsidence related to the 
proposed mantle plume activity at ca. 825-820 Ma. 
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The Re-Os system has been used to constrain the age of 
ore deposits, meteorites, organic-rich shales and hydrocarbon 
systems, and to provide insights on paleo-climate change and 
mantle processes [1]. However, as smaller geological samples 
with lower Re and Os concentrations present new analytical 
challenges, extremely low total Re and Os levels require 
intense scruntity of blanks. Accurate characterization of Re 
and Os blanks is critical to working with low level samples.   

Here we present an investigation in reducing nitric acid's 
Os concentration as this is the main contributor to Os blank. 
The treatment of nitric acid proceeds in three steps: bubbling, 
volitization and heating. The duration of the bubbling step is a 
useful proxy to estimate the Os librated from nitric acid. 
Longer reaction of the bubbling step correlates with lower Os 
blanks in nitric acid. A series of key variables controlling 
reaction time of the bubbling step including nitric to peroxide 
ratios, the effect of wet versus dry glassware, and a dark versus 
lit reaction environment were studied. The ratio of H2O2:HNO3 
exerts the dominant control on reaction time and final Os 
content based on a well-defined exponential relationship, 
whereas the use of a dry reaction beaker or the absence of 
fluorescent light during the bubbling step may further extend 
the duration of bubbling and hence reduce Os blanks. At a 
H2O2:HNO3 ratio of 1:4, the total procedural Os blank is 
reduced >99%  from 6.5 pg (no H2O2) to 0.043 pg (based on 
GFS Veritas double distilled 69% nitric acid feedstock). The 
187Os/188Os of the Os blank ranges from 0.18 to 0.36, consistent 
with Os blank compositions obtained by the AIRIE Program 
and other Re-Os labs worldwide and is uncorrelated with all 
experimental variables.  

In contrast to Os, pre-treatment with hydrogen peroxide 
did not improve the Re blank of nitric acid; reducing Re 
background requires conventional methods such as sub-boiling 
distillation. 

 
**Special thanks to Rob Creaser (University of Alberta) for 
helpful discussions early on.** 

 
[1] Shirey and Walker, (1998) J. Annu. Rev. Earth Planet. Sci. 

26, 423–500. 
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A representative selection of well-characterised, 
continental-derived clastic sediments (n = 43) have been 
analysed for molybdenum isotopic composition with the aim of 
investigating Mo isotopic fractionation in clastic sediments and 
providing a reliable estimate for the average Mo isotopic 
composition of the upper continental crust. These sediments 
are characterised by significant variability in Mo isotopic 
composition with δ98Mo values ranging from -2.7 to 1.0 ± 
0.06‰, which can be ascribed to a variety of processes, such 
as redox in the depositional setting, Fe-Mo oxides and clay-
mineral adsorption, biological activity and post-depositional 
fluid alteration. The extent of Mo isotopic fractionation in 
clastic sediments is seen to relate to contemporaneous 
atmospheric oxygen level with more recent sediments showing 
greater degree of fractionation than older sediments. The 
exposed crust, represented by the clastic sediments analysed in 
this study, is calculated to have an average δ98Mo of -0.29 ± 
0.28‰, suggesting supracrutal processes could result in 
preferential release of heavy Mo to the hydrosphere, leaving 
behind an isotopically lighter exposed continental crust. The 
net loss of Mo from the continental crust is suggested to have a 
δ98Mo of 0.5 ± 0.1‰. Using these sedimentary data, combined 
with available data for igneous and metamorphic rocks, a 
weighted average Mo isotopic composition of 0.08 ± 0.09‰ 
(95% s.e.) is proposed for the upper continental crust.  
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In recent years we have confirmed the existence of a new 

class of diamonds on Earth, termed ophiolite-hosted diamonds, 
which occur in mantle peridotites and podiform chromitites of 
many ophiolites. These diamonds differ significantly from 
most kimberlite varieties and metamorphic diamonds in a 
subduction zone, particularly in their range of inclusions and 
isotope compositions (δ13C = -18 to -27). The discovery of 
Qingsongite and stishovite pseudomorphs in the Luobusa 
chromitite, has lead us to propose a model for the deep  
(>300 km) formation of ophiolite-hosted diamonds and 
chromitites. Here we report the first discovery of perovskite as 
mineral inclusions in diamond from podiform chromitite in the 
Hegenshan ophiolite of Inner Mongolia and the Sartohai 
ophiolite of Xinjiang, both of Paleozoic age. The mineral 
inclusions were identified by using FIB and TEM analyses at 
the GFZ. Ca-silicate perovskite in diamond from the Sartohai 
chromitite occurs as a 60-nanometer, euhedral grain associated 
with Ni-Mn-Co alloy and graphite. Ca-silicate perovskite in 
diamond from Hegenshan chromitite occurs as a 50 nanometer 
grain within a large inclusion containing both Ni-Mn-Co alloy 
and Nd-Se-Cu-S phase. By EDS the chemical composition of 
the perovskite is Ca 48.3%, Si 37.7% and Mn 14.1% with 
oxygen. TEM diffraction data show that the Hegenshan 
inclusion has d-spacings and angles between adjacent lattice 
planes consistent to the Ca-silicate perovskite with an 
orthorhombic structure (Li et al., 2006).  
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To understand the Si biogeochemical behavior and its 

implication on soil evolution, three typical watersheds in the 
subtropical granite area, Southern Anhui province, subtropical 
China were selected to monitor the Si cycling. The Si contents 
and δ30Si value were determined in the rock, soil, plant and 
water. 

The dominant soil types are Inceptisols and Entisols 
belonging young soil with rich primary silicate minerals. The 
bulk soil δ30Si value is higher than mature soil from basalt in 
the tropical area [1]. It was related to soil degree of evolution 
and trended to more negative with the increase of clay, active 
iron and free aluminous. 

There are significant Si isotopic fractionation among rock, 
soil, plant and water. The δ30Si value of plant is more negative 
than rock. However, the dissolved δ30Si value was positive in 
the stream water, which resulted in more negative soil δ30Si 
value because of mass dissolved Si loss with stream. 
Therefore, under rich primary mineral, soil with strong 
desilification had big δ30Si value fractionation between soil 
and stream water. 

The positive high δ30Si value in the stream water indicated 
that Si in the stream mainly origin from primary silicate 
mineral weathering. This result is different strongly weathering 
tropical area [2]. Secondary clay mineral with much negative 
δ30Si value indicated that the synthesizing process dominated 
the formation of clay and only a little directly came from 
weathering. This is a different mechanism from traditional clay 
formation. 

Si isotope reflected Si translocation path and soil 
formation. This study can extend the application of Si 
translocation in soil genesis studies. 

 
Acknowledgements: This study was financially supported 

by the National Natural Science Foundation of China (No. 
41471176 and 41071141) 

 
[1] Ziegler et al. (2005) Geochim Cosmochim Ac, 69, 4597-
4610. [2] Alexandre et al. (1997) Geochim Cosmochim Ac, 61, 
677-682. 
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Increased reactive nitrogen (Nr) emission from Asian 

continent poses profound threats on ecosystem safety from 
terrestrial throughout the ocean proper. To quantify 
atmospheric Nr input, diagnose its sources, and evaluate 
influence on marine N cycle of the South China Sea (SCS), an 
oligotrophic marginal sea adjacent to the emission hotspot 
China, we conducted measurements of concentrations of 
nitrate and ammonium, and dual isotopes of nitrate (δ15NNO3 
and δ18ONO3) in atmospheric deposition collected from 
Dongsha Island off south China. The δ15NNO3 and δ18ONO3 for 
dry deposition averaged at –2.8‰ and +58.8‰, with a range 
from –7.5‰ to +3.7‰ and from ~+17‰ to +88‰, 
respectively. The dual isotope ratios showed an anti-correlation 
and an inverse seasonality; the δ15NNO3 values were higher in 
summer compared to those in winter, and the δ18ONO3 values 
were higher in winter than those in summer. In winter, not only 
isotope composition of nitrate but also the ammonium and 
nitrate dry deposition fluxes were relatively uniform, 
demonstrating a persistent influence of fossil fuel combustion 
dominated Asian continental outflows via the northeasterly 
monsoon winds. More variable isotopic values in summer 
suggest the likelihoods of varying sources and dynamical 
formation processes of atmospheric nitrate. Biomass burning 
and lightning are suggested to be responsible for the observed 
higher δ15NNO3 values in summer. Atmospheric nitrate and 
ammonium deposition was estimated to be ~50 mmol N m–2 
year–1, with the dominance of nitrate in dry deposition but 
slightly dominance of ammonium in wet deposition. If without 
this additional fertilization of atmospheric Nr deposition to 
enhance the carbon sequestration, CO2 release out of the SCS 
would be doubled of the present amount. Our study 
demonstrates that atmospheric deposition may serve as an 
important external Nr supplier to the SCS yet difficult to 
separate the isotopic signal from N-fixation due to their 
similarity in δ15NNO3. 
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Arsenic (As) is a highly toxic and carcinogenic metalloid 

that can cause serious health effects, including increased risk 
of cancers (e.g., skin, lung, bladder, and kidney), infant 
mortality, and reduced intellectual and motor function in 
children to populations chronically exposed to As-
contaminated groundwater. Indeed, it is estimated that more 
than 140 million people worldwide are drinking As-
contaminated groundwater (i.e., As ≥ 10 µg kg-1), and the most 
severely affected region is the Ganges-Brahmaputra-Meghna 
(GBM) delta in Bangladesh and India. Studies in southern 
Louisiana (USA), and particularly, those within the lower 
Mississippi River delta, reveal high As concentrations (up to 
~640 µg kg-1) in shallow groundwaters. Although some rural 
populations rely on shallow groundwaters as drinking water, it 
remains unknown what affects, if any, the elevated 
groundwater As has had on these communities. The regional 
extent of high As shallow groundwaters is controlled, in part, 
by the distribution of Holocene sediments, deltaic deposits, and 
organic-rich sediments [1]. Field and laboratory batch 
incubation studies suggest that the As is largely of geogenic 
origin, and further that microbial reduction of Fe(III)/Mn(IV) 
oxides/oxyhydroxides within the sediments likely contributes 
the bulk of the As to the shallow groundwaters. Data from 
three field sites in southern Louisiana are discussed in context 
with the results of laboratory batch incubation studies and 
biogeochemical modeling. 

 
[1] Yang et al. (2014) Environ. Sci. Technol. 48, 5660. 
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Our previous study observed relatively heavy Cd isotopic 

composition (+8 to +9 ε) in seawater and sinking particles 
collected in the mixed layer of the northern South China Sea 
(NSCS) [1] [2]. In this study, we have collected aerosols in a 
cruise over NSCS in January 2011 and the aerosols at Dongsha 
atoll (DS) in summer and winter 2007, an islet in the NSCS. 
The overall isotopic composition over NSCS and at DS range 
from +1 to +18 ε, which is distinctly heavier than the 
composition in anthropogenic aerosols collected on land 
reported previously [3] [4]. The composition at DS in the 
winter time was as heavy as the composition observed in the 
seawater and sinking particles, ranging from +8 to +9 ε. In the 
summer season, the composition at DS elevated to +18 ε, 
indicating that the aerosols to the NSCS through southern 
monsoon possess even heavier isotopic composition than 
winter. As our previous study shows that aeolian Cd flux in 
winter was about one order of magnitude higher than the flux 
in summer, the comparable isotopic composition among 
aerosols, seawater and sinking particles validate our previous 
hypothesis that aerosol is the major source of heavy Cd 
observed in the seawater and particles [1]. Spatially, the 
composition over NSCS varied significantly, with the value 
larger than +10 ε nearby southwest Taiwan, decreasing to the 
range between +10 and +5 ε in the offshore region, then 
decreasing to the range between +6 and +1 ε near Chinese 
coastal region. The spatial variation may be influenced by the 
different composition of various regional sources. In 
conclusion, our study indicates that aerosol deposition can be 
an important source of heavy dissolved and particulate Cd 
observed in the surface water of the ocean. 

 
[1] Yang et al. (2012) Geochim Cosmochim Acta 98, 66-77. 
[2] Yang et al. submitted to EPSL. [3] Cloquet et al. (2005) 
Geostand Geoanal Res 29, 95-106. [4] Shiel et al. (2010) Sci 
Total Environ 408, 2357-2368. 
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Variations in the redox state of the Earth’s mantle are 

controlled by equilibria between transition metals (principally 
Fe) and volatile species (C and S). Vanadium exhibits 
oxidation states from +2 to +5 in the mantle, and behaves more 
compatibly at lower oxygen fugacity, while Sc exhibits a +3 
redox state. The V/Sc ratio in MORB was employed as a redox 
indicator and shown to vary between 5-10 [1]. We have 
developed a series of refinements of the V/Sc ratio involving 
better corrections for the effects of fractional crystallization. 
We used a suite of 450 MORB glasses analyzed by a precise 
LA-ICP-MS technique at FSU, and a suite of 942 MORB 
glasses analyzed by DCP or ICP-MS from the literature. There 
is an inverse correlation between Mg# and V/Sc due to cpx 
crystallization in MORB, with results from different labs 
showing no resolvable interlab biases. Correction of the 
fractional crystallization effect in MORB to Mg#70 results in 
an average (V/Sc)70= 5.4±0.7 (1σ), only slightly higher than 
the PM value of 5.  

Both V and Sc are weakly incompatible so that their 
abundances are not affected by melt depletion in DMM vs. 
PM. The (V/Sc)70 ratio of MORBs correlate with indices of 
partial melting like the (Gd/Yb)CI ratio. The MORB data set 
was divided by lab and by locality into E-MORB, N-MORB 
and D-MORB using the K2O/TiO2 ratio. Even at this finer 
scale no inter-lab biases were detected, so samples were further 
averaged by locality alone. The average (V/Sc)70 ratio for ridge 
sections of E-MORB, N-MORB and D-MORB form resolved 
trends vs. (Gd/Yb)CI, representing 37 localities world-wide in 
all ocean basins. This result is qualitatively in agreement with 
redox variations recently recognized between E-MORB and N-
MORB using Fe-XANES [2]. This result implies that globally, 
MORB sources show redox variations with E-MORB being 
more reduced than D-MORB, which is attributable to the role 
of carbon in MORB sources. This study finds that the redox-
controlling form of C is apparently incompatible and is 
enriched in E-MORB, presumably by the same processes that 
generated incompatible element enrichments and radiogenic 
isotope characteristics [2]. 

 
[1] C.-T. A. Lee et al. (2005), J. Petrol. 46, 2313-2336. [2] E. 
Cottrell and K. A. Kelley (2013) Science 340, 1314-1317. 
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The storage of water as H-related defects in nominally 

anhydrous mantle minerals has received increasing attention in 
the past decades, due to the significant importance of such 
water, even on ppm levels, in affecting some physicochemical 
properties of the host phases and the upper mantle. Extensive 
data have been reported on water storage in olivine, the most 
abundant mineral in the upper mantle, and available studies 
have been nearly exclusively carried out by equilibrating or 
growing crystals in H2O or in hydrous melts. However, fluids 
in the upper mantle are quite complicated, and are dominated 
by CO2-H2O in relatively oxidizing shallow depths (e.g., with 
oxygen fugacity close to the QFM buffer) and by CH4-H2O at 
reducing greater depths (e.g., with oxygen fugacity close to or 
below the IW buffer), but not H2O only. Knowledge of water 
storage in olivine and its consequences on mantle processes, 
therefore, requires experimental annealing under conditions 
buffered by complex C-O-H fluids. 

Using piston-cylinder and multi-anvil apparatus, we have 
experimentally studied the solubility of OH in olivine, with 
natural gem-quality olivine crystal as starting material, under 
peridotite-saturated conditions with coexisting fluid of CO2-
H2O under Ni-NiO buffered oxidizing conditions and of CH4-
H2O under Fe-FeO buffered reducing conditions, respectively, 
at 1-7 GPa and 1100-1350 ºC (in comparison, OH solubility of 
olivine equilibrated with H2O under otherwise identical 
conditions were also experimentally determined). The results 
show that the solubility of OH in olivine with either CO2-H2O 
or CH4-H2O as the coexisting fluid is much lower than that 
with H2O as the coexisting fluid. Considering the partitioning 
coefficients of OH between mantle minerals, we suggest that 
the storage capacity of water in the upper mantle may have 
been largely overestimated in previous reports. Our results 
have profound influence on understanding partial melting, 
electrical conductivity anomalies and metasomatism in the 
upper mantle. 
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In this study, we first present the zinc isotope results , trace 

element concentrations and rare earth elements of sphalerite 
samples from Linxi  magmatic hydrothermal deposit in the 
Middle-southern Part of Da Hinggan Mountains, China. Zn 
isotopic composition of sphalerite samples shows a δ66Zn 
variation of +0.23‰～+0.36‰ relative to the Lyon JMC 3-
0749L zinc standard and exhibits a unimodal distribution 
pattern that is the salient feature of magmatic hydrothermal 
deposit. The results reveal a trend of increasing δ66Zn values 
from west to east (from porphyry type, cryptoexplosion breccia 
type to hydrothermal filling type), also the lower δ66Zn values 
can be observed at deeper levels and the higher δ66Zn values 
exists at upper levels from the same borehole.  

The spatial variation  revealed by the zinc isotope data 
shows that the formation of cryptoexplosion breccia in the 
Linxi magmatic hydrothermal deposit was caused by the quartz 
porphyry intruded into the eastern slate strata, and the ore-
bearing hydrothermal fluid be filled in the internal or external 
contact zone of the eastern diorite bodies,at last, 3 kinds of  
hydrothermal deposit were formed in a system. Zinc isotope in 
the magmatic hydrothermal system has a similar effect with 
isotopic fractionation in high-temperature silicate melts. We 
conclude that the primary control on isotopic variation with the 
sphalerite δ66Zn values is temperature gradient, instead of the 
source rock variation.  
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Biomineralization is a common phenomenon in nature. 

Living organisms can employ some of biological/organic 
macromolecules to produce crystals with one special mineral 
type and a uniform morphology at the particular tissue sites. At 
present, an accepted consensus is that polyanionic 
macromolecules, such as proteins, can induce the nucleation of 
the special polymorph and the uniform morphogenesis of 
biogenic minerals with their carboxylate, sulfate and/or 
sulfonic groups, phosphate. Vaterite, the least stable 
polymorph of CaCO3, has been of great interest because its 
crystallization and stabilization are strongly associated with 
biological activities. Therefore, investigating the effect of 
structure-specific organic/biological model additives on 
crystallization and morphogenesis of vaterite is important to 
understanding both the unique morphogenesis and the 
biomineralization mechanism. Here, the biomimetic growth of 
CaCO3 was carried out by a CO2 gas diffusion technique, and 
sodium citrate (SC) with three carboxyl groups and sodium 
dodecyl benzene sulfonate (SDBS) with a headgroup of 
sulfonic group were selected as model additives to influence 
the crystallization and growth of CaCO3. Our results show that 
the well-defined hexagonal prism-like vaterite mesocrystals 
can be achieved in the presence of SC and SDBS. However, no 
the hexagonal prisms of vaterite can be produced only with 
sodium citrate or SDBS, indicating that the synergistic 
interactions between SC and SDBS control the formation of 
the prism-like vaterite mesocrystals. Because of the remarkable 
resemblance of the vaterite prism-like mesocrystals to the 
nacreous layers of vatreite in freshwater cultured pearls or to 
the columns/lamellae of vaterite in bivalve, current study of 
biomimetic mineralization may prove useful for a deeper 
insight into the biomineralization of vaterite. 
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Minerals rich in Mg are promising raw material for carbon 
dioxide (CO2) sequestration because of their sufficient amount 
on earth. It has been reported that Qaidam Basin—located in 
the northwest of China—stores more than 2 billion tons of 
Bischofite (MgCl2·6H2O), which theoretically can sequester 
more than 800 million tons of CO2 . Furthermore, Bischofite is 
a byproduct of sea water desalinization, which could also be 
utilized by areas close to shoreline for CO2  sequestration 
purpose. 

A new Mg2+ based CO2 mineral sequestration process has 
been designed to optimize the carbonation reaction rate under 
mild conditions. In this process, ammonia is used as a base to 
keep pH of absorption solution in suitable ranges avoiding 
formation of Brucite [Mg(OH)2]. In addition, due to the 
extremely high solubility of Bischofite, no extra energy is 
needed to leaching Mg2+. The maximum CO2 absorption 
efficiency can reach 98% if CO2 residence time Tr was kept 
around 15s, accompanied by the highest nesquehonite 
production rate of 0.24 mol·L-1·h-1. XRD and TGA analysis 
show that 95% of the solid product is nesquehonite. The 
successful test of the new  CO2 mineral sequestration process 
confirms its potential to be pushed to large-scale industrial 
application in future. 
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Studies of reactive transport phenomena require 
simulations that combine versatile THM models with flexible 
chemical equilibrium speciation calculations. A successful 
SNIA coupling of CSMP++ and GEMS3K codes was 
performed, enabling simulations of non-isothermal single-
phase multi-component transport through chemically reactive 
porous media. The CSMP++ framework [1], uses the finite 
element method to solve equations that describe diffusive 
processes, and the finite volume method - for advection 
processes. The GEMS3K Gibbs energy minimization code [2] 
computes (meta)stable chemical speciation in complex 
heterogeneous multi-phase systems. Our coupled code stands 
out as it combines the advantages of GEM over “classic” 
chemical speciation codes with the ability of CSMP++ to 
model THM processes on unstructured grids capturing 
complex flow geometries.  

We have initially benchmarked CSMP++GEM against 
TOUGHREACT for a simple 1D model, representing a 10m 
rock column (10% of calcite), saturated and equilibrated with 
seawater. An aggressive solution (seawater equilibrated with 
pCO2=10-2.2 bar) is injected on the column top at a rate 3·10-8 
m/s. Although the results after 300 years of injection (fig. 1) 
match almost perfectly, later the curves start to diverge 
gradually. This illustrates that even slight differences in the 
equations of state used for water and brine, as well as in 
aqueous activity models, can result in significant differences 
over geological time. 

 
 
 
 
 
 
 
 
Figure 1: 1D calcite dissolution benchmark results. 
 
1D reflux dolomitization benchmarks with dolomite 

kinetics and further simulations under more complex 
geometries are in progress. 

 
[1] Geiger et al. (2004) Geofluids 4, 284-299. [2] Kulik et al. 
(2013) Computational Geosciences 17, 1-24.  
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Rare-earth elements and yttrium (hereafter referred to as 
REY) play essential roles in various modern high-tech 
products. Recently, wide distribution of REY-rich mud, deep-
sea sediments containing high concentrations of REY, was 
confirmed in the Pacific Ocean [1]. Because of their potential 
economic value as a new resource for REY, it is becoming an 
important issue to understand the origin of REY-rich mud. 

To elucidate the REY-enrichment mechanism in deep-sea 
sediments, an effective approach is to separate geochemical 
signatures of genetic processes that could be preserved as 
characteristic chemical compositions of the sediments. In order 
to decode the geochemical signals in various types of deep-sea 
sediments that are originated from mixing of multiple source 
materials and/or processes, multivariate statistical analyses that 
can treat multi-elemental information are very useful. 

In the present work, we newly constructed a huge data set 
composed of chemical compositions of 3,968 bulk sediment 
samples from the 82 sites in the Pacific Ocean [1] and 19 sites 
in the Indian Ocean [2]. Then we applied Independent 
Component Analysis (ICA) to the data matrix, which can 
extract original independent source signals from observed 
multivariate signals (i.e., chemical compositions of deep-sea 
sediments) on the basis of intrinsic non-Gaussian data 
structures attributable to each geochemical process. 

The result of ICA indicates that the chemical compositions 
of bulk sediment samples can be successfully expressed by 
independent components, including biogenic carbonate and 
silica components, hydrothermal component, and REY-
controlling components. 

 
[1] Kato, Y. et al. (2011) Nat. Geosci. 4, 535-539. 
[2] Yasukawa, K. et al. (2015) Geochem. J. in press. 
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Certain microorganisms are able to transport electrons 
resulting from intracellular metabolic processes to extracellular 
insoluble terminal electron acceptors, providing a distinct 
metabolic niche in oxidant scarce environments. For example, 
Geobacter sulfurreducens can utilize a conductive surface as 
an electron acceptor to form a multi-cell thick biofilm able to 
conduct electrons originating from intracellular metabolic 
processes to the underlying electrode surface over large 
distances (10s of microns) - challenging long held notions that 
electron transfer (ET) in biological systems is limited to 
molecular length scales.  

Two mechanisms have been proposed to explain ET 
occurring through electrode-grown G. sulfurreducens biofilms: 
coherent metallic-like conductivity similar to that of organic 
semiconductors and incoherent redox conductivity similar to 
that of redox polymers. Many studies have implicated one or 
the other mechanism. However, none have examined the effect 
of temperature on electrical conductivity for living biofilms. 
Temperature is an experimentally tractable parameter that 
clearly distinguishes between the two proposed mechanisms: 
metallic-like conduction predicts that biofilm conductivity 
should decrease with increasing temperature whereas redox 
conduction predicts the opposite trend. Here we show that the 
electrical conductivity of living, electrode-grown G. 
sulfurreducens biofilms decreases with decreasing 
temperature. The dependency follows the Arrhenius rate 
expression, with an activation energy of 0.13 ± 0.03 eV and 
reorganizational energy of 0.52 eV. These values are consistent 
with the reorganization energies for self-exchange ET 
reactions between hemes of the c-type cytochromes known to 
be critical for extracellular ET by metal-reducing bacteria. 
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 This study materials include oil shales of Hirka formation 

of Miocene age. Oil  shales of Middle Miocene Hırka 
formation in Beypazari basin were analyzed to use ICP-MS 
technique for the content of the element and pyrolysis analysis 
for organic geochemical analysis.   

According to the results of these  analyses, components of 
organic matter, inorganic element ratios and tectonic 
provenance of  the samples  indicate micro-environments  with 
varying physicochemical conditions from oxic to euxinic in a 
lacustrine environment. Chemical weathering indices are 
commonly used for characterizing weathering profiles by 
incorporating bulk major element oxide chemistry into a 
single metric for each sample. Among the weathering indices 
evaluated here were calculated using indices such as the 
Weathering Index of Parker (WlP),  the  Chemical  Index  of  
Alteration  (CIA),  Chemical  Index  of  Weathering  (CIW), 
Plagiodase Index of Alteration (PIA) and Vogt's Residual 
Index (V  

In summary we can say that provenance tectonic features 
occured in a terrestrial sedimentary environments and various 
index calculated of oil  shales were unaffected by  weathering 
and alteration.  
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In this study heavy metal pollution in soils along the 

highways in the city of Bursa was investigated. Results of 
cluster and factor analyses indicate that elements are derived 
from three different sources: 1) Pb, As, and Cd have an 
anthropogenic source and Pb and Cd are mostly originated 
from traffic, 2) Cu, Zn, Hg and Cd elements also have an 
anthropogenic source originating from industrial activities and 
traffic and 3) Ni, Cr, Co and Mn elements are of lithologic 
origin. Consequently Pb, As, Cd, Zn, Hg and Cu are 
ascertained to be of anthropogenic origin and derived from 
traffic and industrial activities nearby. Soil pollution was 
investigated with the use of Enrichment Factor (EF), Pollution 
Index (PI) and Integrated Pollution Index (IPI) values. 
Evaluation of PI values with respect to distance to the road 
indicates that concentrations of Pb, Cd, Cu, Hg and Zn 
elements significantly vary – increasing to the road side. IPI 
values yield that soils along the Bursa D-90 highway and O-33 
motorway are moderately to very significantly polluted.  
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Jinhae Bay, a semi-enclosed embayment located in south 

coast of Korea is major aquaculture area of mussels, oysters 
and sea squirts, and a spawning and nursery ground for 
commercially important fishes. Since late 1960’s industrial and 
domestic waste from adjacent cities and industrial complexes 
have loaded and resulted in chronic hypoxia and red tide in 
Jinhae Bay. As a southeastern part of nation-wide 
environmental monitoring for aquaculture & fishery in Korea, 
Jinhae Bay was surveyed every two month (half month in 
hypoxia season) and observed seawater and sediment 
properties at 31~34 stations as well as meteorological 
conditions. During the study periods, hypoxia was usually 
developed on late May~June from innermost small bays of 
Wonmoon, Masan and Myoungjoo, extended out into the 
Jinhae Bay on August and weakened and/or disappeared by 
late September~October from the Jinhae to inner small bays 
sequentially. Duration and intensity (expressed as oxygen 
deficiency index) of hypoxia in 2012 were higher (17.7 weeks 
and 102.3) than those in 2011 (10.5 weeks and 92.7) and 2013 
(12.4 weeks and 57.6), and averages of water temperature and 
salinity during the hypoxia period were also higher and lower, 
respectively than in 2011 and 2013. It means that strong 
stratification (expressed as stability index) in water column 
caused by high temperature and low salinity in surface water 
might be an important factor for development and persistence 
of hypoxia in Jinhae Bay. If high (> 0.1) levels of stability 
index lasts more than 2~4 weeks on May~June, 
thermodynamic conditions are ready to develop a hypoxia in 
Jinhae Bay. Water stability index also correlated negatively 
with lowest oxygen concentration at each station for three 
hypoxia seasons, suggesting that strong stratification prevent 
supplying oxygen to the bottom layer and sediments where 
biogeochemical oxygen consumption taken places. Next steps 
of hypoxia studies in Jinhae Bay will be focused on prediction 
and forecasting the hypoxia in future climate change using a 
simple numerical model based on temporally high-resolution 
measurements. 
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The mechanisms in transferring metals associated with 

mineralization upwards through transported cover are poorly 
understood. Geogas is thought to be an important medium in 
the process of vertical migration of elements. In this paper, 
metal particles in gases and soils overlying a concealed gold 
ore body at the Jinwozi gold field, Xinjiang, northwestern 
China were collected and observed using transmission electron 
microscopy (TEM) to study gold occurrences. In 
addition,Geogas and soil surveys were conducted along 
traverse lines across the ‘210’ gold deposit concealed by 
several to tens of meters of regolith cover. Soils were collected 
in a regolith profile to further study the horizontal and vertical 
distribution of gold. Geochemical analyses using ‘Geogas’ and 
soil methods show Au, Ag and Hg anomalies occur over the 
‘210’gold ore body. A drilled profile revealed a ‘C-shaped’ 
distribution pattern of mobile gold in the regolith. Gold-copper 
and copper-bismuth nanoparticles were detected by TEM in 
the Geogas and soil samples. The results indicated that 
nanoparticles sourced from the underlying concealed ore 
bodies are likely to have been the cause of the surface 
geochemical anomalies.The particles could travel upwards to 
the surface, during which the Geogas and soil anomalies are 
developed in pore space and in soil, which has a large surface 
area. At the surface, some of the particles are retained in the 
Geogas, while others are captured by soil constituents such as 
clays, iron and manganese oxides, which create the ‘C-shaped’ 
distribution patterns of the mobile gold in vertical profile.  

 
This study is supported by National Natural Science 

Foundation of China (41273063, 41203038). 
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We are developing a new bonding model, the Valence 

Multipole Model, to explain a very broad range of structural 
behavior, and to be portable into a molecular mechanics (MM) 
format. Molecular geometries are described in terms of a 
multipole expansion of the bond valence incident to each atom.  
MM models based on such a description require ideal values of 
the multipole terms in different chemical contexts, as well as 
energy cost functions for deviations.  Therefore, we are 
attempting to develop methods to predict ideal values for the 
multipole terms, such as the valence dipole moment (also 
called the vectorial bond-valence sum).  

Bickmore et al. [1] showed that the valence dipole moment 
depends largely on the valence of the strongest bonds incident 
to an atom when stereoactive lone-pairs exist on the central 
atom.  Here we keep bond valence constant, and explore the 
effects of bond character and atomic size, through a series of 
molecular geometries involving two single bonds incident to 
O, S, and Se atoms.   

We obtained experimental and calculated (Gaussian 09, 
B3LYP/Def2-TZVP) geometries of these molecules, and have 
shown that the valence dipole moment can be predicted via the 
fraction ionic character of the bonds and the van der Waals 
radii of the atoms bonded to the central atom.  We are also 
developing associated mathematical models. 

These results should allow us to obtain initial estimates for 
ideal valence dipole moments, as well as model forms for 
describing how the ideal values should change with the 
chemical context.  This should make possible powerful, 
reactive MM force fields. 

 
[1] Bickmore et al. (2013) Am. Min. 98, 340-349. 
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The use of hydrogen as an alternative for electric energy 

storage has emerged rather recently though it was originally 
more identified as a secondary energy carrier and storage 
medium [1-3]. Being composed of small molecules, hydrogen 
has a strong ability to migrate in porous medium and can also 
be highly reactive with the rock minerals. In the case of storage 
in sedimentary rocks such as sandstone, changes of the porous 
structure of the rock are expected and may influence the 
storage properties. 

In this study, we assess both experimentally and 
numerically the geochemical reactivity of hydrogen with 
sandstone. Experiments are performed to evaluate the possible 
change of the chemical composition of the rock mineralogy in 
contact with hydrogen and hydrogen-water mixtures. Two 
types of sandstones (containing different proportions of clay 
minerals) are reacted under mid-hydrothermal conditions (100 
to 200 °C) and with hydrogen partial pressure ranging from 20 
to 100 bar. In the Vosges sandstone, no reaction occur between 
pure hydrogen and the mineral phases present. The same 
conclusion applies when hydrogen is injected in the sandstone 
previously saturated with water (T=100°C).  

Our experiments have been numerically simulated in terms 
of kinetic/equilibrium reactions and 1D-diffusion of hydrogen 
into our sandstones. Data of sandstone mineralogy from 
literature review have also been used for the simulations [4]. 
By comparing the results, we will obtain a consistent 
evaluation of reactive transport of hydrogen in underground 
sedimentary formation for large scale storage. 

 
[1] EUSEW HyUnder Workshop Correas L. (2013), Storing 
renewable energy: is hydrogen a viable solution [2] EAGE 
Annual Conference, Ganzer L. et al (2013), The H2STORE 
Project– Experimental and Numerical Simulation Approach to 
Investigate Processes in Underground Hydrogen [3] 
Crotogino, F. et al. (2010) 18th World Hydrogen Energy 
Conference, 978-3-89336-654-5 [4] T. Xu et al. (2011), 
Journal of Petroleum Science and Engineering 78, 765-777 
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Mineral-ice assemblages are of common occurrence in 

terrestrial environments of the cryosphere and play important 
roles in atmospheric ice and mixed phase clouds. They are also 
important for our planetary systems, such as in the polar ice 
caps of planet Mars. Studies of mineral-ice interactions also 
essential for probing ice reactivity towards adsorbing chemical 
species (e.g. atmospheric gases, organics) as well as related 
(photo)catalytic reactions. 

In this work, thin ice layers formed at mineral surfaces 
were monitored by Fourier Transform Infrared Spectroscopy, a 
sensitive technique for probing the hydrogen bonding 
environments of mineral surfaces and water. A wide range of 
minerals with varied bulk and surface structure, shape, size and 
surface roughness were screened for their abilities at 
stabilizing ice overcoatings/films.  These minerals include iron 
(oxyhydr)oxides, phyllosilicates, orthosilicates, tectosilicates, 
as well as natural samples including Arizona Test Dust and 
Icelandic volcanic ash. Our results provide insight into the 
molecular-level nature of mineral surface-ice interactions. Thin 
ice films adopt a weaker network of hydrogen bonds, seen 
through predominant O-H stretching modes at νOH ≈ 3408-
3425 cm-1 compared to hexagonal ice (νOH ≈ 3250 cm-1). 
Spectra of mineral surface-bound ice  are, moreover, highly 
comparable to their of adsorbed water vapor at room 
temperature [1] [2]. This work emphasizes the distinct features 
of thin interfacial ice stabilized at mineral surfaces, and 
represents a target for future studies for our group,  such as gas 
adsorption on mineral-ice admixtures. 
 
[1] Song, X. and Boily, J.-F. (2013), Environ. Sci. Technol. 47, 
7171-7177. [2] Song, X. and Boily, J.-F. (2013), Chem. Phys. 
Lett. 560, 1-9. 
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Acid rock drainage is generated in mining areas or 

construction sites when sulfide mineral containing rocks are 
exposed to oxygen in air or surface water, consequently 
causing serious damage to its surrounding environment. 
Particularly, pyrite is most abundant among sulfide minerals, is 
the main cause of acid rock drainage. As one of the preventing 
ways of this problem, a pyrite surface coating is expected to 
control long-term natural pyrite oxidation and acid drainage 
production. 

In this study, coating of sulfide minerals on a mine dump 
and a roadside rock mass was studied to reduce pollution by 
acid drainage that occurs during mine development or 
construction. 

A roadside rock mass was treated with hydrogen peroxide 
and then coated with distilled water, 0.1, 0.5 and 1M (mol) of 
calcium silicate reagent. The results from a measurement of the 
water quality drained from the roadside rock mass in the field 
for 9 times during 5 months indicated that the pH level of 4 
was maintained from the non-treatment surface. On the other 
hand, the pH level was maintained to approximately 7 for five 
months from the treated roadside rock mass with 1M of liquid 
coating reagent, thereby verifying treatment effects. The 
results of the chemical analysis indicates that elution of Ca, 
which was included in the initial reagent, was minimized 
before and after Day 50 and that an insignificant amount of 
ferrous iron (Fe2+) was observed except in the test using 
calcium silicate reagent of 0.1 M. 

The liquid coting reagent was derived through the test on 
applying calcium silicate, and a process including hydrogen 
peroxide treatment was established to apply this reagent to 
roadside rock mass and mine dumps. Further studies on long-
term data collection are needed to ensure its long-term 
performance. 
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We presented the long time series of pH during 1986-2014 
in Tolo Harbour of Hong Kong. We found that ocean 
acidification has occurred in those waters as the linear 
decreasing trend over time is significant. Ocean acidification is 
stronger in the inner part of the semi-enclosed bay than outer 
bay. The inner part of the bay with a long residence time used 
to receive anthropogenic input of nutrients, but the input has 
been reduced since the late 90s. Therefore, the bay has been 
going through the oligotrophication process, as shown in the 
decreasing trend in Chl-a and increasing trend in dissolved 
oxygen. In comparison, the outer bay experiences more 
exchange with more oligotrophic oceanic waters of the South 
China sea due to seasonal monsoons, which prevents the long-
term accumulation of nutrients and eutrophication. The 
evidence suggests that oligotrphication can make a coastal bay 
with long residence time be more vulnerable to ocean 
acidification.  
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Coastal and estuarine regions are important areas of 

mercury pollution. Therefore, it is important to properly 
characterize the sources and bioaccumulation processes of 
mercury in these regions. Here, we present mercury stable 
isotopic compositions in 18 species of wild marine fish 
collected from the Pearl River Estuary (PRE), south China. 
Our results showed variations in mass-independent 
fractionation (Δ199Hg: +0.05±0.10‰ to +0.59±0.30‰) with a 
Δ199Hg/Δ201Hg of ~1.26, suggesting that aqueous MeHg 
underwent photo-degradation prior to incorporation into the 
food chain. For the results, we discovered small but significant 
differences of Δ199Hg values among herbivorous, demersal, 
and carnivorous fish, indicating that different feeding guilds of 
fish may have incorporated MeHg with various degrees of 
photo-demethylation. The consistent mercury isotope 
compositions between fish feeding habitat and mercury 
sources in the estuary provide potentially important findings on 
the transformation and bioaccumulation of this toxic metal in 
subtropical coastal environments. 
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Late Mesozoic volcanic and intrusive rocks associated with 

large scale Cu, Fe, Au polymetallic mineralization are 
widespread in the middle and lower reaches of the Yangtze 
River, the northeastern part of the Yangtze Craton. There are a 
series of fault-bounded basins filled with volcanic rocks,  
including Lishui, Liyang, Ningwu, Fanchang, Luzong, 
Huaining, and Jinniu basins, and among which the Luzong and 
Ningwu basins are the biggest. The volcanic rocks in the 
Luzong basin can be subdivided into four formations,  namely, 
from bottom to top, the Longmenyuan Formation, the 
Zhuanqiao Formation, the Shuangmiao Formation and the 
Fushan Formation. Zircon U-Pb dating results show that the 
volcanic eruption initiated at 136 Ma and ended at 130 Ma, 
implying a rapid eruption during the early Cretaceous. Though 
the increasing in SiO2 from the earlier Longmenyuan 
Formation to the later Fushan Formation appears to point out 
an evolution trend, the fact that the yongest Fushan Formation 
rocks show the most radiogenic Nd isotopes argues against any 
differential relationship among these rocks. They are more 
likely to have been derived from  diverse mantle sources, 
which had undergone different degrees of metasomatism by 
melts released from the subducted Paleo-Pacific slabs.    
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Permo-Triassic magmatic rocks can be observed different 

tectonic terrains and continental blocks in the Mediterranean  
region. The İstanbul and Istranca (Strandja) zones are two 
different continental blocks, which are located in the western 
part of the Pontides in northwest Turkey. Whole-rock major 
and trace elements, zircon U–Pb dating and Sr-Nd isotope data 
are reported for the Kırklareli metagranites (KMG), Tepecik 
cataclastik granite (TCG) in the Istranca zone and Sancaktepe 
granite (STG) in the İstanbul zone, in order to interpreted their 
petrogenesis, time of emplacement and geodynamic 
implications. Zircon U–Pb dating yields an age of 268.3 ±  
2.1 Ma for the KMG and an age of 249.4+1.5 Ma for the TCG.  
STG also intruded into the İstanbul Paleozoic sequences. 
Zircon U–Pb dating yield ages of 257.3± 1.5 to 253.7+1.75 Ma 
for the STG.   

KMG and TCG intruded into the metamorphic basement 
rocks of Istranca massif and characterized by high K-calc-
alkaline to shoshonitic, mainly peraluminous and slightly 
metaluminous granitoids. The ASI  values are between 0.9 – 
1.3 and they have I- and S-type character.  87Sr/86Sr values for 
the KMG, the TCG and the STG plutons range between 
0.692601 and 0.707640. Initial 143Nd/144Nd ratios calculated for 
crystallization ages are between 0.512050 and 0.512431, and 
εNd values vary from -4.69 to 2.22. Nd TDM model ages 
range between 0.91 and 1.41 Ga. These plutons are enriched in 
LILEs and LREE and depleted in HFSEs with negative Eu 
anomalies, indicating that the melts were derived from an 
enriched mantle modified by crust derived melts. The 
petrogenetic constraints of the plutonic rocks indicated by 
these values, suggest that the influence of magma sources 
varied with time from predominantly crustal to mantle like. In 
accord with the regional tectonic models, the mid Permian 
(Guadalupian) rocks were generated in a subduction-related 
magmatic arc which varied towards a rift-related environment 
in the latest Permian and Early Triassic.  
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A common feature of all terrestrial planets and most 
meteorites is their significant depletion in volatile and 
moderately volatile elements compared to the solar 
composition. Several hypotheses have been proposed to 
account for this depletion. Volatile loss can occur through 
partial condensation of the nebular material due to removal of 
the vapor phase prior to further cooling of the protoplanetary 
disk. Alternatively, volatile elements were lost due to 
evaporation by heating of the solids. A third possibility is that 
large impacts could lead to loss of a vapor phase containing 
moderately volatile elements. Volatile depletion induces 
elemental fractionation with refractory elements and in this 
study we aim at coupling the radioactive chronometers 87Rb-
87Sr and 135Cs-135Ba to determine the timescale of volatile 
depletion.  

In this study, we developed a new protocol for high-
precision isotopic measurements of Sr, and Ba by thermal 
ionization mass spectrometry. Our method allows the 
separation and purification of both elements from the same 
aliquot. Repeated measurements of the Sr isotopic standard 
NBS987 yield 87Sr/86Sr = 0.710246 ± 4 ppm (2 SD) in 
multidynamic mode. For Ba we achieved a precision of  
85 ppm for the low abundance p-process 130Ba and 132Ba in 
static mode, and 9 ppm for 135Ba in multidynamic mode on a 
standard solution, within the range of published data [1]. 

Previous studies reported a ~-23 ppm deviation in 84Sr for 
terrestrial samples relative to the standard [2] [3]. Our 
measurements of terrestrial samples are identical to the 
NBS987 standard within error, in agreement with [4].  
Preliminary results show that ordinary chondrites do not show 
any nucleosynthetic anomaly in ε84Sr. More measurements will 
be carried out to search for anomalies in other objets from the 
early solar system.  

 
[1] Bermingham et al., 2014, GCA, 133, 463. [2] Moynier et 
al., 2012, ApJ., 758, 45. [3] Paton et al., 2013, ApJ Lett, 763, 
40. [4] Hans et al., 2013, EPSL, 374, 204. 
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Amorphous solid water (ASW) encapsulates ambient gases 
during its condensation at low temperature, reflecting the 
physical and chemical conditions of the surrounding 
environment. (Kouchi et al., 1994; Bar-Nun et al., 1985; 
Notesco et al., 2003). Bar-Nun et al. (1985) originally 
proposed that the chemical and isotopic compositions of those 
gases could provide clues on the physical conditions of ASW 
formation. It is essential to understand the mechanisms 
controlling the efficiency of trace gas trapping in ASW, as well 
as its release during crystallisation, in order to correctly 
interpret the volatile molecule composition in the gas phase 
(coma) released by the nucleus of comets, as revealed in great 
details by ROSETTA mission.  

In the previous study (Yokochi et al., 2012), we conducted 
simple experiments to determine the gas trapping efficiency of 
inert gases during ASW formation at 77 K. In a glass volume 
cooled with liquid N2, water vapor was slowly introduced in 
the presence of analytical grade single component gas at 
controlled pressure. A pressure drop of the trace gas after the 
ASW formation was attributed to gas trapping in the ASW. 
This work demonstrated that the trapping efficiency of trace 
gases depends on the partial pressure of the trace gas present 
during ASW condensation.  

In order to investigate the trapping efficiency and 
mechanism of inert gases in ASW at conditions more relevant 
to cometary ice grain formation, we built a new experimental 
system at the University of Chicago that uses a cryocooler to 
attain temperature as low as 15 K, equipped with a quadrupole 
mass spectrometer that is capable of determining much lower 
gas pressures than existing gas-independent pressure gauges. 
Above the equilibrium vapor pressures of Ar, we confirmed 
the positive pressure-dependence of Ar concentration in ASW 
at temperatures between 45 and 70K, under a wide pressure 
range between 0.0005 and 10 microbars. The evolution of 
pressure and temperature are positively correlated in the early 
solar nebula. Consequently, our preliminary results suggest 
that the concentration of noble gases in ASW may be much 
lower than previously estimated.  
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Many laboratory dissolution experiments have shown that 

mineral dissolution rates decrease with time (e.g. [1]). How the 
time variation of dissolution rate affects the reactive transport 
modeling is an important topic. Laboratory dissolution 
experiment of rhyolitic glass for 277 days at 20°C [2] showed 
that far-from-equilibrium dissolution rate (r0) was at first 
~500-1000 times greater than the rate determined from a field-
based study [3] but decreased according to a power function of 
time (Fig. 1). Drop of dissolution rate is inferred to have 
occurred in the field as well as in the lab. By incorporating the 
time variation of r0 observed in the lab directly into a reactive 
transport analysis, how whole-rock average saturation index 
(Ωavg) and dissolution rate (Ravg) in a rhyolite block (cube  
0.33 m on a side) change with time was evaluated. The result 
(Fig. 1) showed that Ravg decreased with increasing elapsed 
weathering time and approached the field rate, which occurred 
during an early weathering stage (≤~100 years from the onset 
of the weathering). In addition, Ωavg was high at the start of 
reaction but decreased with time and eventually became fairly 
low. Similar phenomenon may occur also for plagioclase, K-
feldspar, and biotite, and the time variation of dissolution rate 
would significantly affect the modeling of various water-rock 
systems. 

 
 

 
 
 
 
 
 
 
 
 
 
Figure 1: Time variations of r0, Ravg and Ωavg. 
 

[1] White and Brantley (2003) Chem. Geol. 202, 479-506. [2] 
Yokoyama (2013) Geochim. Cosmochim. Acta. 118, 295-311. 
[3] Yokoyama and Banfield (2002) Geochim. Cosmochim. 
Acta. 66, 2665-2681. 
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In the last decade, a variety of nucleosynthetic isotope 
anomalies in bulk meteorites have been discovered for heavy 
elements including Cr, Sr, and Mo. These data suggest the 
existence of planetary scale isotope heterogeneity in the early 
Solar System, although some elements such as Te, Hf, and Os 
do not show such anomalies at the current level of analytical 
precision. To date, two major models that account for the 
observed normal/anomalous isotope compositions have been 
proposed. In the first model, the planetary scale isotope 
anomalies were caused by late injection of a nearby supernova 
which sprinkled isotopically anomalous grains into the 
protoplanetary disk, followed by aerodynamic sorting of grains 
in different sizes. A major difficulty of this model is the lack of 
anomalies for r-process nuclides of Te, Hf, and Os which are 
thought to be co-produced via core-collapse supernovae 
(ccSNe). However, recent observational and theoretical 
approaches argue for that the neutron star mergers could be a 
dominant site for r-nuclides, while low-mass r-nuclides  
(A< 130) were contributed by ccSNe [1]. If true, isotope 
anomalies in meteorites are found for elements with the atomic 
number Z< ~56, which would be in consistent with the 
observation of isotope anomalies in Ba, Sm, and Nd. By 
contrast, the second model assumes nebular thermal processing 
which caused selective destruction of thermally labile, 
isotopically anomalous carriers. We have proposed that the 
nebular isotope anomaly was caused by the selective 
volatilization of isotopically anomalous components associated 
with physical separation of gas and remaining solid [2]. In this 
case, isotope anomalies can be observed for elements with 
intermediate 50% condensation temperature (~1000 K <T50%< 
~1600 K), because ultra-refractory and moderately volatile 
elements are preferentially distributed into the solid and gas 
phases during the heating event, respectively, which prevents 
isotopic separation. The only exception which does not meet 
this condition is Zr. Isotope analysis of some elements with Z 
>56 and intermediate T50% (e.g., Pt, Yb) is important for 
evaluating the two models, which gives a clue for unraveling 
the origin of isotope anomaly in meteorites.  
 
[1] Tsujimoto and Shigeyama (2014) ApJL 795, L18. [2] 
Yokoyama et al. (2014) LPSC XLV, 2588. 
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Iron-nockel metal is one of the main component of 
primitive meteorite. Especially ordinary chondrites (OCs) are 
the most abundant class of the meteorites, and these contain 8-
20% by weight of metallic minerals.  The fact implies that the 
Fe-Ni metal is commonly existed in the early solar system.  
Despite the simple apperance of the Fe-Ni metal grainsin OCs, 
abundance pattern of trace siderophile elements is largely 
fractionating in each metal grain [1]. These elemental 
fractionation revealed by laser ablation ICP-mass spectrometry 
(LA-ICPMS), and it impries that Fe-Ni metal grains has 
complex formation sequence on the early solar system. 

This study is focused on the difference of chemical 
behavior of siderophle element to identifying origin and/or 
formation sequence of Fe-Ni metal grains.  Femto second laser 
ablation system (fs-LA) and galvanometric optics [2], are used 
for the achieving reliable analysis of individual metal grains by 
LA-ICPMS.   

The 15 siderophile elements (Cr, Co, Ni, Cu, Ge, Mo, Ru, 
Pd, Rh, W, Re, Os, Ir, Pt and Au) are measured from three 
OCs: Salaices H4, Julesberg L3.6 and Richfield LL3.7.  
Abundance patterns (normarized by CI chondrite) of volatile 
siderophile elements of individual grains are not exhibit 
significant difference in each chondrite.  This can be 
interpreted as abundances of volatile elements in individual 
metal grains depend on the genetic composition of the each 
host rock.  On the other hands, unequilibrated ordinary 
chondrites (UOCs) show linearly correlated inter-grain 
variations in the refractory siderophile elements Re and 
pratinum group elements (PGEs, except Ru and Rh) by 2 or 3 
orders magnitude.  Abundance patterns can be clearly divide 
that Re and heavy PGEs (Os, Ir and Pt) “depleted” and 
“unfractionated”.  Large depletion of Re and heavy PGEs is 
not depended on the volatility of the elements.  Similar 
depletion patterns are only reported from investigation of Fe-
Ni metal and schreibersite of Fremdlinge in Evremovka CV3 
chondrite [3]. 
 

[1] Campbell and Humayun (2003), GCA., 67, 2481-2495. [2] 
Yokoyama, T.D. et al. (2011), Anal. Chem., 83, 8892-8899. [3] 
Campbell, A et al. (2003), GCA., 67, 3119-3134. 
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There has been an important paradigm shift in 
understanding major controls of carbon turnover in soils.  
Contrary to or in addition to the long-held view that intrinsic 
molecular structure of organic matter determines its 
decomposability in soils, associations between organic matter 
and minerals are increasingly considered as primarily 
controlling the turnover of organic matter. This alternative 
view allows consideration of the soil carbon cycle from the 
perspective of mineral weathering. Here we investigated two 
hillslopes in Southeast Australia that share well-constrained 
but similar granodiorite bedrocks and catchment-averaged 
denudation rates. Neither hillslope has been cultivated. The 
two sites differ, however, in their present climates. Frog’s 
Hollow (FH) is significantly drier (MAP of 550-750 mm) and 
cooler than Nunnnock River (NR) (MAP of 1200 mm). Along 
the two hillslope transects, we determined carbon contents, 
XRD mineralogy, elemental chemistry, and BET mineral 
surface area. Soil carbon inventories are substantially larger at 
NR (4.4 – 9.3 kg C m-2) than FH (1.8 – 7.9 kg C m-2), as is the 
BET mineral surface area (6-9 m2g-1 at NR vs. 3-9 m2g-1 at 
FH). At both sites, soil carbon contents, BET mineral surface 
area, and mineral surface area occluded by organic matter 
significantly increase from the ridge soils to depositional 
hollow soils. The intensity of this increase is substantially 
larger at FH.  These results suggest that minerals’ differential 
capacity to sorb organic matter may contribute to larger soil 
carbon storage at the wetter and warmer NR site. On a 
landscape scale, the drier FH environment, presumably due to 
the contrast in soil moisture between convex and convergent 
parts of the hillslope, exhibits a stronger topographic control 
on the generation of mineral surface area and carbon-mineral 
interactions. 
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Mixing-controlled pore-scale reactive transport 
Dissolved CO2 during geological CO2 storage may react 

with minerals in fractured rocks or confined aquifers resulting 
in mineral precipitation and dissolution. Complex pore 
structures in reservoirs also influence flow complexities that 
can have a significant impact on coupled pore-scale 
phenomena including fluid dynamics in capillary systems, 
multiphase flow, and heterogeneous geochemical reactions. In 
this work, pore-scale experiments on transverse-mixing 
induced geochemical reactions in microfluidic pore networks 
(micromodel) are used as a basis for understanding coupled 
processes among hydrodynamics, transport, and reactions at 
the (sub) pore-scale. In particular, precipitation and dissolution 
dynamics affect the flow field, resulting in transient behavior 
of reactions. We will apply micro particle image velocimetry 
(µPIV) using laser scanning confocal microscopy for 
characterizing 3-D fluid velocities in dynamic precipitation 
and dissolution regimes. Pore-scale models of coupled fluid 
flow, reactive transport, and heterogeneous reactions are 
applied to account for transient 3-D experimental results of 
CaCO3 precipitation and dissolution.  

Upscaling of reaction rates  
Response function of reaction rates will be constructed 

from pore-scale simulations which account for a range of 
reaction regimes characterized by the Damkohler and Peclet 
numbers under different pore configurations. Newly developed 
response functions will be used in a continuum scale model 
that may account for large-scale phenomena. In particular, this 
work is motivated by the observed CO2 seeps from a natural 
analog to geologic CO2 sequestration at Crystal Geyser, Utah 
where the lateral migration of CO2 pathways was observed at a 
scale of ~ 100 meters over time. Implications for evaluating 
mineral precipitation patterns observed in natural analogues for 
CO2 storage and leakage are discussed to link pore-scale 
processes to the field scale observations. Comparison of field 
observations and continuum-scale simulation results will 
provide mechanistic explanations of the lateral migration of 
CO2 pathways.   

 
Sandia National Laboratories is a multi-program 

laboratory managed and operated by Sandia Corporation, a 
wholly owned subsidiary of Lockheed Martin Corporation, for 
the U.S. Department of Energy's National Nuclear Security 
Administration under contract DE-AC04-94AL85000. 
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Nitrous oxide (N2O) is a trace but ubiquitous gas important 

in global warming and ozone levels and it is highly 
incorporated in the nitrogen biogeochemical cycles. It is one of 
the smallest molecules with asymmetric configuration, which 
was first studied by fragmentation in isotope mass 
spectrometer and recently by mid-IR laser spectrometer. The 
two nitrogens in the different positions have their own 
signatures of their origins and the reaction pathways. 
Nitrification, denitrification, and several microbial nitrogen 
process has each fractionation patterns in their position 
preferences of 15N. 

For some organic compounds, such as ethanol, acetic acid 
and vanillin, position-specific isotopic analysis (PSIA) has 
been available due to emergence of on-line pyrolysis-gas 
chromatography-combustion-isotope ratio mass spectrometry 
(GC-C-IRMS) and quantitative isotopic 13C NMR 
spectroscopy. We developed the measurement method of the 
molecular and intramolecular δ13C value of ethanol in aqueous 
solution using an on-line pyrolysis-GC-C-IRMS. The 13C 
values of the pyrolytic fragments (CO, CH4) can be measured 
with high repeatable result using the system, allowing 
correcting factors to be applied in order to back-calculate the 
original δ13CCH2OH and δ13CCH3 values of ethanol.  

Other example of the popular and important chemical 
compounds is vinegar which is mainly consisting of acetic 
acid. The intramolecular δ13C distribution of acetic acid can be 
very useful to avoid the poisonous agent, which can be mixed 
with the original materials. Acetic acid can be pyrolyzed and 
results in three main fragments (CO, CH4, CO2). CO2 fragment 
corresponds to carboxyl part (COOH) while we expect the CH4 
fragment should correspond to methyl part (CH3). Using five 
acetic acid standards to make the calibration curve and then we 
make the single injection with head space-solid phase micro-
extraction (HS-SPME) into GC-Py-GC-C-IRMS system. This 
method will also be very useful for applications of acetic acid 
and many related studies. Some other applications will also be 
presented. 
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Hayabusa, the world's first asteroid sample return mission, 
explored a tiny, S-type near earth asteroid Itokawa in 2005 and 
brought back its surface material in 2010. We learned a lot of 
interesting facts for the planetary science. As the follow-on 
mission of Hayabusa, and as the world's second asteroid 
sample return mission, Hayabusa2 was launched in 2014. We 
have started a new challenge or adventure to an asteroid again. 
The target of Hayabusa2 is Asteroid (162173) 1999 JU3, 
which is C-type. The scientific purpose is to study not only the 
formation and evolution of the solar system but also the 
organic matter and water, which existed in the early stage of 
the solar system.  

Since we have the experiences of Hayabusa, we modified 
the spacecraft in a lot of parts. Thus the spacecraft becomes 
much more robust and reliable with some new technological 
challenges. One of the new challenges is an impactor, which 
will create a small crater on the surface of the asteroid. The 
spacecraft will touch down to the crater to collect the 
subsurface materials in addition to the surface materials. 
Hayabusa2 has four remote sensing instruments; the optical 
navigation camera, the laser altimeter, the near infrared 
spectrometer, and the thermal infrared camera. It has one small 
lander MASCOT provided by DLR and CNES, and three small 
rovers MINERVA-II. Therefore, we can study 1999 JU3 by 
remote sensing observations from the spacecraft and by in situ 
observations by the lander and the rovers as well as by the 
analysis of the returned samples. 

Hayabusa2 was launched on 3rd December 2014, and it 
goes around the sun near the orbit of the earth for first one 
year. In December 2015, it will come back to the earth to 
perform the Earth swingby. Hayabusa2 will arrive at 1999 JU3 
in June or July of 2018, stay there for one and half years. 
Leaving the asteroid at the end of 2019, Hayabusa2 will come 
back to the earth at the end of 2020. Then sample analysis will 
start. 

Hayabusa2 is carried out under the international 
collaborations. We collaborate with USA and Australia in the 
similar way as the original Hayabusa mission and also 
collaborate with European counties such as Germany and 
France. We do hope that we will have a breakthrough for the 
understanding our solar system by the Hayabusa2 mission.  
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The Oman ophiolite is one of the best preserved sections of 
oceanic lithosphere and has been largely studied in order to 
understand melt generation processes at mid-ocean ridge  
(e.g. [1]). On the other hand, this ophiolite and its underling 
metamorphic sole have been regarded as direct analogues of 
oceanic lithosphere and subducted oceanic crust that formed by 
overthrusting (e.g. [2]). 

Geochemical and Sr-Nd isotopic data from clinopyroxene 
(cpx) within basal cpx-rich peridotites from the Fizh and Hilti 
masifs in the Oman ophiolite suggest the following processes. 

Melt extraction at mid ocean ridge: Light rare earth 
element depleted chondrite-normalized patterns of cpxs can be 
explained by melt extraction left after 4-12% fractional melting 
of MORB-type mantle, mainly in the spinel stability field. 
Their Sm-Nd isotopic systematics and previously reported 
gabbros data in the Fizh massif [3] infer a genetic link between 
crustal and mantle rocks in this area. 

Metasomatism during the initial stages of subduction: 
Highly incompatible element (Rb, Ba and Nb) enrichments can 
be explained by mixing with residual cpx and fluid dehydrated 
from the metamorphic sole presented by [4]. Variable Sr 
isotopic ratios with narrow initial Nd isotopic ratios are also 
consistent with mixing with Cretaceous seawater and MORB-
type oceanic crust. 
 
[1] Nicolas, Boudier & Misseri (1988), Tectonophysics 151, 
27-56. [2] Boudier, Ceuleneer & Nicolas (1988), Tectono-
physics 151, 275–296. [3] McCulloch, Gregory, Wasserburg & 
Taylor (1980), EPSL 46, 201-211. [4] Ishikawa, Fujisawa, 
Nagaishi & Masuda (2005), EPSL 240, 355-377. 
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Despite the important contribution of biogenic methane to 
natural gas resources worldwide, little is known about 
microbial methanogenesis in deep subsurface environments. 
We investigated methanogenic diversity and activity in the 
formation waters collected from confined sand aquifers 
through production wells in natural gas field in Japan. 
Methanogenic activity measurements using radiotracers, 
culturing experiments and molecular analysis of formation 
water samples indicated the predominance of 
hydrogenotrophic methanogenesis. The results were consistent 
with the geochemical interpretation of the stable isotopic 
compositions of methane in this gas field that their origin was 
biogenic via carbonate reduction pathway. The cultivation of 
water samples amended only with methanogenic substrates 
resulted in significant increases in microbial cells along with 
high-yield methane production, indicating the restricted 
availability of substrates in the aquifers. Hydrogenotrophic 
methanogenic activity increased with increasing natural gas 
production from the corresponding wells, suggesting that the 
flux of substrates from organic-rich mudstone to adjacent sand 
aquifers is enhanced by the decrease in fluid pressure in sand 
layers associated with natural gas production. The transient 
predominance of methylotrophic methanogens, observed for a 
few years after well drilling, also suggested the stimulation of 
the methanogens by the exposure of unutilized organic matter 
through well drilling. These results would provide an insight 
into the physicochemical impacts on the methanogenic activity 
in biogenic gas deposits. 
 
[1] Katayama et al. (2015) ISME J. 9, 436–446. 
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Oxygenation of Earth's surface is deeply linked to 
evolution of life. Many of independent evidences suggested 
that the Earth’s atmospheric oxidation state is increased in 
two-steps: (1) from 2,400 to 2,300 million years ago, and (2) 
around 600 million years ago [1]. On the other hand, ocean 
was mostly reducing condition during the Archean eon, 
whereas the Phanerozoic oceans were oxygenated as modern. 
It is generally assumed that the middle Proterozoic ocean was 
globally oxic at the surface and sulfidic (euxinic) at depth. 
Nitrogen limitation caused by trace metal scarcity has been 
proposed as an explanation for the delayed of eukaryotes 
radiation [2] [3]. 

Here we show iron isotope analysis of individual 
sedimentary pyrite of the middle Proterozoic sediments and 
whole rock nitrogen/carbon isotope ratio from four drillcore 
samples (MY 2, MR 2, Urapunga 4 and 5) in McArthur Basin, 
Northern Australia. Based on microscopic observation, we 
obtained a large variation of iron isotope data from 178 points 
of pyrite grains. Pyrites from the Wollogorang Formation of 
the Tawallah Group show the wide variation of δ56Fe values 
from -2 to +2 ‰. The highly positive δ56Fe values of pyrites 
suggest the occurrence of partial oxidation. δ15NTN values of 
the black shale in the Wollogorang and Barney Creek 
formations are from +4 to +7‰, relatively high values, which 
suggest the occurrence of partial denitrification in the water-
column [4]. Our results suggested that middle proterozoic 
sulfidic condition did not persist for long periods. 
 
[1] Holland (2006) Proc. R. Soc. 361, 903–915. [2] Canfield 
(1998) Nature 396, 450–453.[3] Anbar & Knoll (2002) Science 
297, 1137–1142. [4] Garvin et al. (2009) Science 323, 1045–
1048. 
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Rare metal has been an indispensable requisite for high-
tech industries and thus, various efforts are to put on 
identifying national natural resources for the continuous 
development of domestic industry. Early in the 2000s, KIGAM 
published the national geochemical atlas of 36 major and trace 
elements for the environmental purpose. However, some rare 
elements, which are important to advanced industry, were 
omitted.  

Thus, we are now constructing geochemical maps of 16 
rare and trace elements (As, Bi, Cd, Cu, Ga, Ge, In, Mo, Pb, 
Sb, Sn, Ta, Tl, U, W and Zn) in the NE part of South Korea (ca. 
14,000 km2), with the aim of providing the geochemical 
information to select the prospective area for the domestic 
development of rare metal resources. Total 3,909 stream 
sediments (<150 micrometer) were prepared from first- or 
second-ordered streams with a sampling density of 1 site/ 
3.6 km2. Up to now, about 75% of samples have been analyzed 
using ICP-MS after a near-total digestion (HF-HNO3-HCl-
HClO4), and the preliminary geochemical maps by Inverse 
Distance Weighted (IDW) method were produced. Statistical 
distributions of the elements were asymmetrical with many 
outliers, excluding Ge and Ga. The high correlationsihps were 
shown in pairs of W-Mo-Bi, Pb-Zn-Cd and Tl-U, presenting 
general geochemical associations.  

According to the results obtained so far, the distribution 
pattern of rare elements (especially, U, Tl, Ga etc.) reflected 
the underlying geology well. The areas of high rare element 
contents mostly corresponded to the existing metal mines, but 
some areas did not, implying the potential prospective areas 
(e.g. new deposits or extension of existing ore bodies). 

 
 

3540



 Goldschmidt2015 Abstracts  

 3541 

A unique and novel ultra high-mass-
resolution gas-source multi-collector 

mass spectrometer  
EDWARD D. YOUNG1, DOUGLAS RUMBLE III2 AND  

PHIL FREEDMAN3 
1Department of Earth, Planetary, and Space Sciences, UCLA  

(*Correspondence: eyoung@epss.ucla.edu) 
2Geophysical Laboratory, Carnegie Institution of Washington 

(drumble@carnegiescience.edu) 
3Nu Instruments Ltd.  (phil.freedman@nu-ins.com) 

 
We describe a unique and novel isotope ratio mass 

spectrometer (IRMS), the Panorama, developed explicitly for 
high-mass-resolution analysis of isotopologue ratios of gas 
samples.  The double-focussing instrument routinely operates 
at a mass resolving power (MRP, instrumental m/Δm) of 
45,000 with a maximum MRP of ~60,000.  The instrument 
achieves this exceptional MRP for a multi-collector using a 
Matsuda ion optical design with an ESA radius of 1018 mm 
and a magnetic sector radius of 800 mm.  Collectors comprise 
9 Faraday cups and a single channel of ion counting each with 
a continuously variable collector slit.  

First results demonstrate both accuracy and precision 
comparable to, and in some cases, surpassing, other gas-source 
multi-collector IRMS instruments.  For example, accurate bulk 
D/H and 13C/12C for methane gas measured with CH4 as the 
analyte are measured simultaneously with internal precision of 
0.02 to 0.04 ‰ (1 std error) and ~ 0.006 ‰ (1se), respectively. 
Ion counting with continous rebalancing of sample and 
standard gases permits high-precision measurements of rare, 
multiply-subsituted isotopologues with relative abundances as 
small as ~0.1 ppm.  For example, in the case of methane, both 
13CH3D/CH4 and CH2D2/CH4 ratios are measured with 
precision of ~0.2 and ~0.7 ‰, respectively.  Accuracy of the 
multiply-substituted species measurements is demonstrated in 
part using isotope ratio mixing experiments. The ability to 
measure both Δ13CH3D and ΔCH2D2 (‰ variations relative to 
the stochastic reference frame) provides heretofore unmatched 
capabilities to identify kinetic reaction pathways, isotope 
fractionation during transport, mixing, as well as temperatures 
of formation for methane gas.   

The high-resolution instrument can be used for a wide 
variety of applications.  For example, it easily resolves 36Ar+ 
from 18O18O+ for oxygen bond-ordering studies.  It also easily 
resolves NF+ from 16O17O+, removing ambiguity for high-
precision Δ17O analyses of rocks and minerals by fluorination. 
Additional applications will be discussed. 
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Abundant volcanic rocks formed during the late Mesozoic 

lithosphere extension after the accretion of the Central Asian 
Orogenic Belt [1] [2], reflecting continental crust growth 
involving melting of underplated mafic protoliths or juvenile 
crustal protoliths. However, the source of the Mesozoic Hailar 
volcanic rocks is still not clear. Magnesium isotopes may be an 
excellent tracer to identify the source of crustal rocks because 
the mantle and crustal materials (such as carbonates and clay-
rich sediments) have distinct Mg isotope compositions  
(e.g. 3-5]).  

To constrain the sources of volcanic rocks forming during 
the intra-crust re-working and growth, we analyzed Mg 
isotopes for a series of volcanic rocks from the Hailar basin, 
NE China. Samples include three groups: basaltic 
trachyandesite, trachyte and I-type rhyodacite, and A-type 
rhyolite. The basaltic trachyandesites exhibit a large δ26Mg 
variation (-0.291 ± 0.039 to 0.313 ± 0.028‰), correlating 
positively with the chemical index of alteration (CIA) and 
negatively with MgO contents. This indicates their Mg 
isotopes were modified by weathering processes due to losing 
light Mg isotopes.  

The δ26Mg of the trachytes and I-type rhyodacites vary 
from -0.452 ± 0.044‰ to 0.264 ± 0.046‰, and the δ26Mg of 
A-type rhyolites vary from -0.432 ± 0.044‰ to 0.056 ± 
0.051‰. Both heavier and lighter Mg isotopes than the mantle 
value were observed in these two groups of samples. Because 
of  the low CIA (49 - 55) and no correlations between δ26Mg 
and CIA or MgO contents, Mg isotope compositions of both 
groups were not affected by weathering processes. Instead, the 
heterogeneous δ26Mg of trachytes, rhyodacites, and rhyolites 
most likely reflect their source signature. Heavy δ26Mg might 
inherit from clastic sediment, while the light δ26Mg shows 
contribution of carbonates to their source. 

 
[1] Graham et al., 2012. Regional Geology and Tectonics: 
Phanerozoic Rift Systems and Sedimentary Basins, 443-461. 
[2] Ren et al., 2002. Tectonophysics 344, 175–205. [3] Galy et 
al., 2002. EPSL 201, 105-115. [4] Teng et al., 2007. EPSL 261, 
84-92. [5] Tipper et al., 2006. EPSL 247, 267-279.  
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REEs are by-products of the nuclear fuel cycle and are 

considered to be good analogs for understanding the behavior 
of some actinides. Biogeochemical processes exert a major 
influence on the environmental mobility of REEs through 
redox reaction, complexation, precipitation, adsorption, and 
colloid formation. Microorganisms could immobilize REEs on 
the cell surface through biosorption and biomineralization. 
However, their biological response affecting REEs migration is 
unclear. 

This study investigated the effects of microbial activity on 
transformation of REEs. By contact of REEs with fungus 
Acremonium strictum KR21-2 under metabolically active 
condition with Mn(II), a rapid adsorption of REEs was 
observed within 24 h, followed by the preferential desorption 
of Ce with Mn oxide formation. On the contrary, desorption of 
Ce was not occurred in the presence of trisodium citrate. Ce K-
edge XANES analysis indicated that similar fraction of Ce(III) 
was oxidized to Ce(IV) by biogenic Mn oxide in the absence 
and presence of trisodium citrate. Base on SEC-UV-ICP-MS 
analysis, CB4700, a new biomolecule that specifically 
complex to Ce(IV) was found to be released from the fungal 
cell. The production of CB4700 is an microbial adaptive 
response to REEs, because the production of CB4700 is not 
observed in the presence of trisodium citrate or in the absence 
of REEs. This study emphasizes the importance of biotic 
reaction between REEs and microbial cells, which could 
convert Ce to a more mobile form at the water–Mn oxide 
interface. 
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Granitic leucosomes veins are widely distributed within 

retrogressed eclogite and felsic gneiss in the Xitieshan area of 
the North Qaidam UHP metamorphic terrane, western China. 
Whole-rock geochemistry suggests that the granitic 
leucosomes have lower contents of both REE and HFSE but 
higher LILE than the metabasite and felsic gneiss hosts. The 
granitic leucosomes may be divided into two subgroups 
according to their distinct REE patterns: (a) higher total REE 
content with/without weak negative Eu anomalies and (b) 
lower total REE content with conspicuous positive Eu 
anomalies. The Eu-rich group also show higher Sr content than 
those in the Eu-poor group. Granitic leucosome recorded an 
HP eclogite-facies age of 444-450 Ma and an anatectic age of 
430-435 Ma for the anatectic rims. An integrated study of 
petrology, geochronology and geochemistry demonstrate that 
the the NQD UHP terrane metabasite and felsic gneiss likely 
experienced initial partial melting with granitic leucosome 
formation under eclogite-facies conditions and partial melt 
crystallized during the granulite-facies stage, triggered by 
dehydration melting involving zoisite and rare muscovite.  
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Whole rock Hf and Nd isotopic results and geochemical 
data for the representative early Paleozoic granites and 
rhyolites in the Chinese Altai are reported to constrain the 
nature of the basement. The studied samples include I-type 
granites (Hanasi Batholith, Kurmutu Pluton, Altai Batholith 
and Kezgar Pluton), S-type granites (Hemu Batholith, Kuwei 
Batholith), plagiogranites (Habahe Batholith) and rhyolites 
from Jiadengyu. The I-type granites are metaluminous to 
weakly peraluminous and have εNd (t) and εHf (t) values ranging 
from -2.57 to 0.65 and 4.03 to 12.95, respectively. The S-type 
granites and rhyolites are all strongly peraluminous and have 
εNd (t) and εHf (t) values ranging from -3.24 to 1.70 and 2.13 to 
15.67, respectively. The plagiogranites from the Habahe 
Batholith are characterized by low K2O and high Fe2O3 and 
CaO contents, flat REE pattern and low content of LILE (Rb, 
Ba). The two plagiogranites have positive εNd (t) (4.32–4.45) 
and εHf (t) values (13.42–15.67), suggesting their derivation 
from the mantle. All the samples are plotted above the 
Terrestrial Array, indicating significant Nd-Hf isotopic 
decoupling in the magma source. The I- and S-type granites 
nearly cover the whole Chinese Altai and their age range from 
445 Ma to 368 Ma, illustrating that the Nd-Hf isotopic 
decoupling is prevailed in the Chinese Altai through early 
Paleozoic. All the samples are not depleted in the HREE and 
have similar Lu/Hf ratios to the average crust, suggesting that 
the decoupling of the crust of the Chinese Altai is not resulted 
from an ancient basement with elevated Lu/Hf ratios but 
inherited from its source. The similar Nd-Hf isotopic 
decoupling pattern in mantle and crustal sources support that 
the lower crust of Chinese Altai was mainly derived from the 
mantle during early Paleozoic and represents significant 
continental growth. We suggest that the decoupling between 
Nd-Hf isotopic systems in the mantle was possibly resulted 
from selective enrichment of Nd over Hf by metasonmatism. 
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To understand the interaction of CO2 and sandstone after 
CO2 injection under ultra-pressure reservoir conditions, we 
carried out CO2-brine-rock experiments using a batch stainless 
steel reactor under high pressure/temperature reservoir 
conditions (150°C and 48 MPa, pressure coefficient=1.5). Six 
synthetic sandstone cores having the same mineral constituents 
with the real reservoir sandstone are used in the experment.  

Changes in the ionic chemistry of the outlet solution, 
combined with core scanning electron microscopy (SEM) 
analysis of the core pre- and post-experiments reveal new 
insights into CO2–brine–rock interactions. Minerals such as 
quartz, potassium (K) feldspar, albite, dolomite and calcite are 
variably dissolved after the experiments. Calcite  is the mineral 
mostly affected by dissolution, secondly by dolomite, followed 
by the feldspar minerals, while dissolution of quartz is 
mimimal. Secondary porosity increased gradually with 
reaction time, whereas the primary porosity decreased. Core 
porosity increased substantially after the experiment. The 
increase in the porosity is primarily from the dissolution of 
carbonate minerals. No CO2 sequestration minerals were 
precipitated after the experiment. Precipitation of carbonates 
related to CO2 injection may have been inhibited if the solution 
did not attain the critical saturation state required for 
nucleation. The results provide some new insights into CO2 
trapping mechanisms in high pressure/temperature reservoirs, 
and into the understanding of geochemical reactions in CO2-
brine-rock systems that is particularly relevant to the geologic 
CO2 sequestration. 
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The distribution of PBDEs in the mountains of the CTP was 
determined by sampling soil along an elevation transect. The 
analysis of soil extracts was performed by gas chromatography 
and high-resolution mass spectrometry, through which 42 
congeners were detected. The samples were also characterized 
with respect to the soil organic carbon (SOC) and mineral 
contents. The logarithmic concentration for three of the 
fractions and the ∑PBDEs increased significantly and 
exponentially with altitude. The slope value of the linear 
regression between the logarithm of the clay-normalized three 
fractional concentrations and the altitude is in the following 
order: light > intermediate < heavy. The coefficient of 
determination between the logarithm of normalized 
concentration and the altitude indicates that in the CTP, the 
clay normalization exhibits a better correlation to altitude than 
does the SOC normalization. The exponential equation 
between the concentration and altitude was modified by 
accounting for the localized soil properties. The exponential 
equation between the concentration and altitude was modified 
by accounting for the localized soil properties.  

Clays were found to serve as a catalyst for the debromination 
of PBDEs in soils. Three pieces of evidence confirmed that the 
clay was significantly correlated with the debrominating 
transformation from the higher brominated congeners to the 
less brominated congeners. The transforming rate was found to 
be increased 3.5% with a 10% increase in clays. 
Debromination is an important way for highly brominated 
congeners to transform into lighter brominated congeners that 
are more toxic. This study first provided the direct field 
evidences for clays contributing to the debromination of 
PBDEs, and elucidated the importance of it in PBDEs 
environmental fate. 
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Remediation of uranium-contaminated environments often 

relies on the reduction of the soluble uranyl ion (U(VI)O2
2+) to 

sparingly soluble U(IV) phases by gaining two electrons. 
Heterogeneous reduction of U(VI) to U(IV) on mineral 
surfaces is often considered a one-step two-electron process. 
However, stabilized U(V) found in recent studies indicates that 
mineral surfaces can retard the U(VI) reduction under certain 
conditions [1].We investigated the reduction pathways of 
uranium (one-step two-electron, two-step one-electron, or one-
electron followed by U(V) disproportionation, 
2U(V)→U(VI)+U(IV)) by reducing U(VI) electrochemically 
on a magnetite electrode at pH 3.4. The one-electron reduction 
of U(VI) was first confirmed using electrochemical methods 
[2]. Precipitation of nano-size uranium phases on magnetite 
under reducing potentials and dissolution of the solids at 
oxidizing potentials were observed by in situ 
electrochemical-AFM. XPS and XANES analysis of the 
magnetite electrodes polarized in uranium solutions at voltages 
from -0.1 to -0.9 V (E0

U(VI)/U(V)= −0.135V vs.Ag/AgCl) show 
the presence of only U(V) and U(VI). EXAFS analysis 
identified uranyl type coordination in the uranium precipitates 
with the longest average U−Oaxial distance of 2.05 ± 0.01 Å. 
The results show that the electrochemical reduction of U(VI) 
on magnetite only yields U(V), even at a potential of −0.9 V, 
indicating the high kinetic barrier for the two-electron 
reduction from U(VI) to U(IV). Thus, U(IV) is likely to be 
eventually generated through the disproportionation of U(V). 
U(V) does not disproportionate in the present study but 
stabilized on magnetite through precipitation of mixed-valence 
state U(V)/U(VI) solids. 
 
[1]Ilton, Boily, Buck, Skomurski, Rosso, Cahill, Bargar & 
Felmy (2010), Environmental Science & Technology 44, 170-
176. [2]Yuan, Renock, Ewing & Becker (2015), Geochimica et 
Cosmochimica Acta. 156, 194-206. 
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It is increasingly realized that clouds are at the heart of 

physical climate science. They are the most important player in 
the energy balance of the Earth by interacting with both 
shortwave and longwave radiation. Tiny changes in cloud 
properties can have major consequences for our climate.  Here 
I concentrate on how aerosols affect two cloud regimes that 
may have competing impacts on the climate system.  In one, 
aerosols invigorate maritime tropical convection at a large 
scale. The invigoration effect manifests in characters of 
precipitation radar reflectivity vertical profiles, cloud top ice 
particle size and cloud glaciation temperature. Furthermore, 
lightning, as a hallmark of strong convection, increases at a 
rate of 20-40 times per unit increase of aerosol optical depth. I 
will also discuss how aerosols are affecting cloud macroscopic 
size and its radiative implications. Aerosol-induced lightning 
changes also have interesting implications for ozone chemistry 
and wildfire activity.   In the other, aerosols change cloud 
properties of trade cumuli at a large scale. They decreased 
cloud droplet size, decreased precipitation efficiency and 
increased cloud amount. In addition we find significantly 
higher cloud tops for polluted clouds. Changes in cloud 
properties caused by aerosols perturbed the energy balance by 
more than 20Wm^-2 , almost an order of magnitude higher than 
aerosol direct forcing alone. It highlights the strong leverage of 
AIE in this cloud regime. Furthermore, the precipitation 
reduction associated with enhanced aerosol leads to large 
changes in the energetics of air-sea exchange within trade wind 
boundary layer.  Results from both regimes open up new 
opportunities for future research in reducing uncertainty 
surrounding AIEs and climate adaptation/mitigation. 
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Despite the biogeochemical significance of the interactions 

between natural organic matter (NOM) and iron species, 
considerable uncertainty still remains as to the exact processes 
contributing to the rates and extents of these redox reactions. 
Investigations on reactivity of low-molecular-weight quinones, 
which are believed to be key redox active compounds within 
NOM, towards iron species, could provide considerable insight 
into the kinetics and mechanisms of reactions involving NOM 
and iron [1] [2]. In this study, we investigated the oxidation of 
2-methoxyhydroquinone (MH2Q) by ferric iron (Fe(III)) under 
acidic conditions in the absence and presence of oxygen. While 
Fe(III) was capable of stoichiometrically oxidizing MH2Q 
under anaerobic conditions, catalytic oxidation of MH2Q was 
observed in the presence of O2 due to further cycling between 
oxygen, semiquinone radicals, and iron species. A detailed 
kinetic model was developed to describe the predominant 
mechanisms, which indicated the mono-dissociated anion of 
MH2Q was the key species accounting for the pH dependence 
of the oxidation. The generated radical intermediates, namely 
semiquinone and superoxide, are of great importance in 
reaction chain propagation. The kinetic model should provide 
critical insight into the thermodynamic and kinetic 
characteristics of mineral-organic interactions and assist in 
understanding and predicting the factors controlling iron and 
organic matter transformation and bioavailability in aquatic 
systems. 
 

[1] Uchimiya, M. and A. T. Stone (2006). Environ. Sci. 
Technol, 40: 3515-3521. [2] Yuan, X., et al. (2013). Environ. 
Sci. Technol, 47: 8355-8364. 
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The South Beishan Orogenic Belt (SBOB) in the 

southwestern Central Asian Orogenic Belt (CAOB) is thought 
to be an eastern extension of the Eastern Tianshan Orogen. Up 
to now, it has been suggested to consist of a well-preserved 
Paleozoic magmatic and sedimentary sequence with a possible 
Neoproterozoic basement. We provide new geochemical and 
geochronological data for gneissic granites of the SBOB in 
order to constrain its tectonic evolution and setting. The 
gneissic granitoids belong to the high-K, calc-alkaline series 
and are characterized by an enrichment of light rare earth 
elements (LREE) and large ion lithophile elements (LILE), a 
depletion of Nb, Ta, Ti, Sr, and Ba and a positive Pb anomaly. 
The petrography and geochemical signatures reveal an I-type 
granite affinity and are in accordance with typical Andean Arc 
granites. Zircon grains, yielding 206Pb/238U magmatic 
crystallization ages of 933 ± 2 Ma and ~900 Ma for the 
Shibanshan and Huaniushan arc granites, respectively manifest 
the presence of an Early Neoproterozoic Precambrian 
crystalline basement in the SBOB. Zircon εHf(t) values range 
from -16.1 to 10.2, indicating that juvenile material and 
reworked ancient crust were involved in the source of the 
gneissic granites. Furthermore, in conjunction with studies of 
the adjacent regions, the results of the present study suggest 
that during Precambrian times the SBOB neither belonged to 
the nearby Dunhuang Block or the Tarim Craton, but has a 
common affinity with the Central Tianshan Arc Terrane. It is 
also suggested that the ca. 900 Ma plutons originated from the 
mixing of juvenile material with older crust in an Andean-type 
active continental arc setting during the assembly of Rodinia. 
Thus the SBOB plays a key role in understanding the tectonic 
evolution of the CAOB. 
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Jadeitite is a rare rock type within serpentinite mélange 

formed in subduction zones. Two formation mechanisms have 
been proposed: the wholesale metasomatic replacement and 
the vein precipitation. These two mechanisms imply 
contrasting chemical cycling paths for elements such as Al, 
Na, Zr and Hf in subduction zones, which in turn should result 
from different physiochemical conditions. Correct deciphering 
jadeitite formation mechanism would therefore be important to 
provide valuable information on subduction-zone 
processes/environments related to jadeitite. 

The jadeite-quartz rock (or jadeitite) from the Yorii area, 
the Kanto Mountains, Japan occurs in serpentinite mélange 
subjected to metamorphism related to the Sanbagawa event. 
This rock was previously suggested to have formed through 
"vein precipitation" process contemporaneous with the Jurassic 
accretionary event. Mineral inclusions in zircons from this 
jadeite-quartz rock were re-examined in this study. The results 
clearly showed that these zircons contain mineral inclusions of 
both primary (igneous) and secondary (metasomatic) origin. 
The former are not present in matrix of the jadeite-quartz rock 
and the latter are pseudo-inclusions. These zircons are thus 
inherited or incompletely recrystallized ones. The geochemical 
characteristics of these zircons, including Th/U ratio and Ce 
anomaly, are also in accord with this conclusion. The jadeite-
quartz rock should therefore have formed through "wholesale 
metasomatic replacement" process at an age younger than  
141 Ma from a protolith of probable igneous origin aged at 
162.2 ± 0.6 Ma. 

Tentative criteria were proposed to categorize zircons in 
jadeitite into inherited and metasomatic ones. The results may 
be used to infer the formation mechanism of the hosting 
jadeitite.  
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Dzhidinsky tungsten-molybdenum plant is located in the 

western Trans-Baikal in the Buryat Republic. He developed 
the largest deposits Dzhida ore district from 1934 to 1998. As a 
result of the plant formed a system of antropogenic landscapes. 
The greatest danger is the tailings, in which the content of W, 
Mo, Bi, Pb, Be and other toxic substances exceed the MAC. 
The most dangerous Pb. Its content in the samples soils 
selected in sulphide tailings in August 2006, are in the range of 
496.01 mg / kg to 2719 mg / kg (MPCPb lead in soil = 32 mg / 
kg). Analysis of Pb in plants has shown that the absorption 
coefficient of its biological plants is independent of content  
absorption plants share Pb in most cases less than 10%. Pb 
extraction experiments showed that it is present in the 
following forms: soluble, exchange, acid, light- and refractory, 
and easy-difficult-residual. Water-soluble and exchangeable 
forms of lead are free ions, complexes of lead, lead cations 
held in the sample due to the weak electrostatic interactions. 
All samples soil soluble lead content does not exceed 2.5 mg / 
kg (0.1 - 0.24% of the total). With increasing pH from 5 to 8 
decreases the amount of extractable lead: optimum is neutral 
and weakly acidic medium. The average mobility and 
bioavailability of lead forms (water-soluble, exchange, acid-
soluble, easily oxidized and easily recovers) constitute 3% of 
the total. The remaining 97% represented inactive and 
immobile forms. 
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NASA’s Genesis solar wind sample return mission is a 
unique experiment which allows us to probe the physics of ion-
solid interaction by the solar wind and will provide an 
experimental basis for the analysis of natural samples 
irradiated by solar wind. For the first time, depth profiling of 
solar wind 4He has been done on a Genesis diamond-like-
carbon film on silicon substrate (DOS) sample: Sputtered 
neutral mass spectrometry (SNMS) with post-photoionization 
by strong field was used. Ion intensities of the post-ionized 
isotopes were converted to concentrations by comparing with 
ion intensities from a DOS standard that was implanted 4He+ 
ions of 15 keV.  

The depth profile represents a measured layer of 140 nm in 
depth and a size of 2.5 × 4 µm2. The peak concentration of 
implanted solar wind 4He is about 2.2 × 1020 cm-3 at ~20 nm in 
depth. The implantation profile is traced to 100 nm in depth 
until the blank level is reached which result from 4He from the 
photo-ionization of residual 4He gas in the vacuum and from 
sputtered 4He absorbed on the surface from the vacuum during 
measurements. The blank corresponds to ~3 × 1018 cm-3. The 
solar wind 4He fluence calculated by the depth-profiling 
method (~8.5 × 1014 cm-2) is consistent with those determined 
by previous laboratory measurements.   

The solar wind 4He distribution in the DOS sample was 
compared with a calculated distribution by TRIM using the 
solar wind energy distribution during Genesis mission by 
ACE/SWICS. The projected range, peak concentration and 
concentration at a given depth are simulated by TRIM if an 
appropriate density parameter is adopted. Assuming He has the 
highest mobility of all elements other than H, this analysis 
demonstrates that all solar-wind elements heavier than H are 
completely intact in this Genesis collector material. 
Consequently, the solar-wind energy distribution can, ideally, 
be calculated from measured depth profiles, and the profiles 
can be useful for understanding ancient solar activities 
experienced by natural samples, as well as space weathering 
evolution of solar system objects.  
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Sulfide-bearing mill wastes of the mineral processing 

plants situated in the Kemerovo and Chelyabinsk regions were 
investigated in the time period 2000-2014. High dissolved 
metal Cu, Zn, Fe, Pb, Cd and As concentrations are found in 
acid drainages which form as a result of interaction between 
sulfide wastes and water. Monitoring research using 
geochemical and geophysical methods was performed to 
evaluate the contamination of the surrounding area (water and 
bottom sediments in the contaminated rivers [1] [2] and snow 
cover). Zones of geochemical anomalies were identified where 
the concentrations of Fe, Cu, Zn, Cd, Pb, and As are 2-3 orders 
of magnitude higher than drinking water standards (for rivers) 
and background levels (for snow). The use of geophysical 
methods allowed us to prove penetration of drainage solutions 
into the groundwaters [3]. A series of laboratory experiments 
on the interaction of sulfide-bearing mining waste from four 
different mine tailings (Kemerovo and Chelyabinsk region) 
with distilled water was conducted in a dynamic mode. Two 
groups of technogenic systems on the drainage’s type produced 
were identified: acidic drainage with total concentrations of 
trace elements from 100 mg/L to 30 g/L and neutral alkaline 
wastewater with total concentrations of trace elements from 1 
to 1000 mg/L. Flow experiments proved the danger of drainage 
waters with neutral pH values due to high concentrations As 
and Be. The total amount of sulfuric acid, metals, and 
metalloid waste produced were estimated. Settler ponds with 
acidic drainage waters and high Cu, Zn, Pb, and Ag 
concentrations may be considered as a "man-made deposits" 
which processing can significantly reduce the cost of 
remediation of disturbed lands. The total environmental 
damage caused by pollution of water and land resources in the 
Belovo Zn-processing plant waste disposal area amounted to 
$156 million at the time of 2011, and could reach $480 million 
by 2030 if steps are not taken to recycling and remediation of 
disturbed areas. 
 
[1] Bortnikova et al. (2010), Wat. Sec. in Medit. Reg., 191-208. 
[2] Yurkevich et al. (2012), App. Geochem. 27, 2260-2270. [3] 
Bortnikova et al. (2013), Handbook of Env. Chem., DOI: 
10.1007/698_2013_234. 
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Technetium-99 (t1/2 =211,000y) is mobile in the 
environment as the pertechnetate oxyanion [99Tc(VII)O4

-
(aq)] 

which is an important risk-driving radiocontaminant in 
groundwaters and surface water. Tc(VII) may react to less 
soluble Tc(IV) at intermediate redox potentials (Eo = -0.36 V) 
through heterogeneous	   reduction, with Fe(II) of 
biogeochemical origin being a crucial reactant.  Here we 
discuss the reduction [Tc(VII)] and oxidation [Tc(IV)] of Tc in 
subsurface sediments varying in Fe(II)/Fe(III) mineralogy and 
speciation using batch and column methods.  We apply 
spectroscopic (XAS, Mossbauer), microscopic (TEM and 
EMP), and radiochemical (digital autoradiography) techniques 
to identify reaction products, networks, and speciation states 
controlling kinetic behaviour and solubility. Sediments with 
different ferrous iron forms displayed markedly different 
reduction rates, with adsorbed Fe(II) on Fe(III) oxide phases  
being most reactive. Reactant Fe(II) in non-oxidic sediments 
was distributed between phases and difficult to characterize, 
contributing to multi-rate kinetic behavior.  EXAFS revealed a 
surprizing commonality in reaction products including a 
Tc(IV)O2-like phase  and Tc(IV)-Fe surface clusters. The latter 
speciation state was slow to oxidize, and its association with 
micas contributed to long term stability of Tc(IV) in presence 
of atmospheric O2.  
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Hafnium isotope measurements by LA-MC-ICP-MS have 
revolutionized interpretations derived from zircon by 
combining Hf information with U/Pb ages from the same spot. 
However, those studies are only possible due to very low 
Lu/Hf (ca 0.0003) and Yb/Hf (ca 0.003) ratios in zircon. In 
cases of higher ratios, isobaric interferences of 176Yb and 176Lu 
prevent successful corrections for accurate 176Hf/177Hf 
determinations. 

With the installation of one of the first Agilent 8800QQQ 
coupled to a LA system devoted to geochemistry, we are able 
to explore the removal of isobaric interferences with the help 
of a reaction cell sandwiched between two quadrupoles 
(MS/MS mode). Optimization of parameters for carrier gas 
flow, lens settings and reaction cell gases leads to conditions 
where Hf isotopes are largely transferred as a compound to a 
higher mass (mass shift), while almost no Yb and Lu reacts, 
but is effeciently transmitted (on mass). Compared to a no gas 
mode, ca 50% of Hf is transferred in reaction gas mode, while 
less than 0.5‰ Lu and 0.0005‰ Yb are transferred. In 
contrast, nearly 100% of Lu is measured on mass compared to 
no gas mode. 

This almost ideal behavior enables us to directly date 
HREE-rich minerals by the Lu/Hf method. In this proof-of-
concept study, we dated 1.8 Ga old xenotime. Even at Lu/Hf 
ratios of 1000 and Yb/Hf ratios of 10000, the amount of 176Hf* 
of all isotopes with mass 176 is always more than 75%. 
Measurement of 11 spots in xenotime with various Lu/Hf and 
Yb/Hf ratios results in corrected 176Hf*/176Lu ratios of 0.0342± 
1.4%(2s), corresponding to ages within error to U/Pb ages. 
Since a quadrupole ICP-MS is involved, errors are in the low-
% range (and not epsilon-errors typically achieved by multi-
collector). This nevertheless transfers to age uncertainties of 
only 0.6% due to the high initial Lu/Hf ratios and pooling of 
repeated measurements. 

Although xenotime can be dated rather easily by the U/Pb 
method, the technique introduced here has the advantage of 
being less prone to laser-induced isotope fractionation and is 
hence likely less matrix dependant. This opens up the 
opportunity to date a range of HREE-rich minerals like 
gadolinite, aeschynite and euxenite where no matrix-matched 
standards for U/Pb dating exist. Furthermore, it can be 
expected that Hf is more immobile than Pb when it comes to 
metamictisation, reheating and/or hydrothermal alteration. 
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Chromite is a common accessory mineral in upper mantle 

rocks (e.g. dunites, harzburgites). Interaction with MORB like 
melts may dissolve this mineral providing a window into the 
kinetics of upper mantle assimilation by magmas.  

Spheres of natural chromite without inclusions (from the 
Silesia ophiolite in Poland) were prepared using a Bond mill. 
The subsequent diameter (~300-500 microns) was measured 
using the scanning electron microscope (SEM). Each sphere 
was introduced into a droplet of MORB melt suspended on a 
Pt-wire loop (typically 2-3 mm). This assemblage was held in 
a vertical furnace at 1 bar pressure and an oxygen fugacity 
corresponding to the FMQ buffer. Initial experiments were 
performed at 1450°C, sufficiently high that all the chromite 
should dissolve in the liquid (as predicted by thermodynamic 
calculations using MELTS). Experiments were of variable 
duration and were terminated by rapid quench into air. The 
MORB glass with partially dissolved chromite was analyzed 
by X-ray tomography (for inner and outer shapes, and average 
radius determination) and by FEG-EMPA (to obtain the 
concentration profile around the sphere). 

An example of initial and final shape is illustrated in 
Figure 1 for a 4 hour experiment. The calculated linear 
dissolution rate is 2.2*10-9 m/s at 1450°C. This size change 
and the corresponding profile in Cr2O3 around the chromite 
sphere (~ 40 µm in length) is consistent with diffusion-limited 
dissolution and a diffusion coefficient of chromium in the 
MORB liquid of ~1*10-13 m2/s. 

 
 
 
 
 
 
 
 

Figure 1: The chromite sphere before (left side, SEM data 
radius 177 µm) and after (right side, optical microscope photo, 
radius 146 µm) dissolution in MORB melt. 
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The geological record of the Archean Earth is spattered 
with impact spherules from a dozen or so major cosmic 
collisions involving Earth and asteroids or comets (Lowe, 
Byerly 1986, 2015). Extrapolation of the documented deposits 
suggests that most of these impacts were as big or bigger than 
the Chicxulub event that famously ended the reign of the 
thunder lizards. As the Archean impacts were greater, the 
environmental effects were also greater.  

The number and magnitude of the impacts is bounded by 
the lunar record. There are no lunar craters bigger than 
Chicxulub that date to Earth's mid-to-late Archean. Chance 
dictates that Earth experienced no more than ~10 impacts 
bigger than Chicxulub between 2.5 Ga and 3.5 Ga, the biggest 
of which were ~30-100X more energetic, comparable to the 
Orientale impact on the Moon (1x1026 J).   

 To quantify the thermal consequences of big impacts on 
old Earth, we model the global flow of energy from the impact 
into the environment. The model presumes that a significant 
fraction of the impact energy goes into ejecta that interact with 
the atmosphere.  Much of this energy is initially in rock vapor, 
melt, and high speed particles.  (i) The upper atmosphere is 
heated by ejecta as they reenter the atmosphere.  The mix of 
hot air, rock vapor, and hot silicates cools by thermal radiation. 
Rock raindrops fall out as the upper atmosphere cools. (ii) The 
energy balance of the lower atmosphere is set by radiative 
exchange with the upper atmosphere and with the surface, and 
by evaporation of seawater. Susequent cooling is governed by 
condensation of water vapor.  (iii) The oceans are heated by 
thermal radiation and rock rain and cooled by evaporation.  
Surface waters become hot and salty; if a deep ocean remains 
it is relatively cool. Subsequently water vapor condenses to 
replenish the oceans with hot fresh water (how fresh depending 
on continental weathering, which might be rather rapid under 
the circumstances). (iv) The surface temperature of dry land is 
presumed to be the same as the lower atmosphere.  A thermal 
wave propagates into the land at a rate set by conduction.  

Impacts not greatly larger than Chicxulub can raise the 
surface temperature by tens, hundreds, or even thousands of 
degrees, and evaporate meters to hundreds of meters of water.  
The biggest should have vitrified exposed dry land.  More 
results are for the talk, as here we have run out of space.  
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Ibuprofen is among the most widely used pharmaceuticals, 

leading to its frequent occurrence as an emerging organic 
pollutant in surface water bodies. Ibuprofen, along with other 
ionizable organic pharmaceuticals, are poorly removed during 
conventional municipal wastewater treatment plants, and, 
therefore, they are introduced into the environment upon 
discharge of treated wastewater to rivers and streams. 
Meanwhile, the recent wide-spread inclusion of novel 
materials like carbon nanomaterials and photocatalysts in 
commercial household product formulations, leads to the 
possibility of interactions between ionizable organic pollutants 
and these materials, both in the municipal wastestream and the 
natural aqueous environment.  

In this study, using ibuprofen as a model ionizable organic 
pollutant, its interactions with multiwalled carbon nanotubes 
(MWCNTs) and titanium dioxide (TiO2) photocatalyst were 
explored in aqueous systems.  Sorptive interactions between 
ibuprofen and MWCNTs and TiO2 were studied as a function 
of water chemistry (e.g., pH and ionic strength), 
presence/absence of light, and sorbent crystallinity and surface 
charge. In addition, careful sorption kinetics and equilibrium 
experiments were run with MWCNTs immobilized as a water-
permeable networked filterbed or as a non-spongy water-
permeable foam, in order to remove the unpredictable and 
confounding effect of CNT aggregation with changing water 
chemistry.  The effects of TiO2 reactivity, with its changing 
morphology and crystallinity, on the generation of 
photocatalyic oxidation products from ibuprofen was also 
attempted. 
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Sulfur plays an essential role during the formation of 

magmatic-hydrothermal ore deposits and it is one of the major 
constituents in volcanic gases. Therefore, quantitative 
understanding of the effect of silicate melt composition, 
pressure and temperature on the volatile/melt parition 
coefficients of sulfur (DS

volatile/melt) is a prerequisite for effective 
modeling of the above processes. 

Systematic experiments were conducted to asses the effect 
of silicate melt composition and pressure on the volatile/melt 
partition coefficients of sulfur in piston cylinder and rapid-
quench Molybdenum-Hafnium Carbide pressure vessel 
apparati at T=1100-1240 oC and P=30-500 MPa. For the 
compositional series, Fe-free, synthetic ternary and quaternary 
aluminosilicate melt compositions were used and the 
compositional variables, such as the nominal ratio of non-
bridging oxygen over tetrahedral cations (NBO/T) or the 
identity of the network modifier cations were varied 
independently, only one at the time. All these experiments 
were conducted at 1240 oC and 500 MPa. The results show that  
silicate melt composition has a very significant impact on 
DS

volatile/melt, the values of which varied from 0.30±0.04 (1σ) to 
186±98 (1σ). There is a pronounced increase in the DS

volatile/melt 
with increasing degree of melt polymerization (i.e. decreasing 
NBO/T) observed both in calcium- and sodium aluminosilicate 
glasses. In addition, the identity of network modifier cations 
available for sulfate complexation also greatly impacts 
DS

volatile/melt. The network modifier cations associate with sulfate 
groups in the following order of preference: 
Na~K>Ca>Mg~Fe(II). For example, sodium aluminosilicate 
melts show more than an order of magnitude lower DS

volatile/melt 

than calcium aluminosilicate melts with identical NBO/T. 
Apparent equilibrium constants derived from the above 
experiments allowed sucessful prediction of DS

volatile/melt for 
natural basaltic andesite and phonolite glasses used for the 
pressure series experiments. These latter experiments showed 
that DS

volatile/melt decreases significantly with increasing 
pressure, independent of melt composition. 
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The Příbram Ore Region (POR) is a world-famous ore 

district intruded by Variscan magmatic rocks and hosting 
several types of genetically distinct vein-type ores, with Ag–
Pb–Zn±Sb, and U veins being economically important in the 
past. These ore veins are preceded by subeconomic quartz 
veins hosting locally molybdenite and gold. The chronology of 
individual magmatic events and of hydrothermal pulses of the 
POR is poorly constrained. Here we discuss new zircon U-Pb 
ages of two minor granitic stocks intruding the northern part of 
the POR and Re-Os ages of spatially related subeconomic 
molybdenite mineralization. A detailed description of 
geological relationships and of the analytical methods used is 
contained in [1]. 

The Padrť Stock (~5 sq. km) and the Bohutín Stock  
(~3.6 sq. km) are two small intrusions in the NW part of the 
POR. Both stocks contain several types of magmatic rocks. 
The dating focused on the most voluminous hornblende-biotite 
granodiorite of the Padrť Stock and hornblende-biotite quartz 
diorite of the Bohutín Stock. The obtained U-Pb zircon ages of 
the dated rocks are very close, 342.8±1.1 Ma for Padrť [1], and 
newly obtained 344.2±0.6 Ma age for Bohutín. These data are 
comparable with the range of published ages for granitoids of 
the voluminous Central Bohemian Plutonic Complex (354±4 
to 337±1 Ma), occurring in the southern part of the POR and 
more southerly of it.  

These intrusions are postdated by quartz veins with 
molybdenite and those with Au, which is indicated by the age 
data as well as field relationships. Padrť molybdenite Re-Os 
ages of 337.2±2.4 and 339.8±2.5 Ma (two samples, see [1]) are 
similar to the new molybdenite Re-Os age from Bohutín 
(334.6±2.2; one sample, the other Bohutín sample had 
disturbed isotope system). The ages of the sulfidic Ag–Pb–
Zn±Sb veins are still poorly constrained within a long time 
interval between ~335 Ma (relatively older molybdenite) and 
~278–275 Ma (U-Pb ages of younger uraninite veins). 

 
[1] Žák et al. (2014) Journal of Geosciences 59, 351-366. 
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The incorporation of rare earth elements (REEs) into the 

calcitic lattice of modern Rhynchonellids and Terebratulids, 
recovered from water depths below the neritic zone (> 500m) 
of the Caribbean Sea, North Atlantic, South Pacific and 
Southern Oceans, has been investigated. Despite the origin of 
the water masses and the influence of the major currents, the 
REE compositions of the shelf (500-1000m deep) and the 
deep-water (>1000m deep) brachiopod populations do not vary 
significantly. Shelf populations of Irminger Basin and 
Denmark Strait in the North Atlantic and Lau and Colville 
Arcs in the South Pacific display a mean REESN pattern of 
gradual enrichment with increasing atomic number punctuated 
by negative Ce excursion. Meanwhile, the mean REESN pattern 
of the deep-water populations from Venezuela Basin in the 
Caribbean Sea, Iceland Basin in the North Atlantic, and 
Kermadec Arc, Havre Trough and Northland Plateau in the 
South Pacific is remarkably similar to that of the shelf 
populations but the progressive enrichment is more 
pronounced and the Ce excursion is more prominent. The two 
patterns are similar to that of open ocean seawater, but 
remarkably different from that of the shallow water 
brachiopods (<500m). In contrast, shelf population of the 
northeast Ross Sea in the Southern Ocean and deep-water 
populations of Irminger Basin and northwest African 
continental slope in the North Atlantic deviate partly to 
completely of those two trends reflecting the dominated local 
environmental conditions of winter sea-ice formation, deep-
convection and remineralization of bottom sediments. 

Although some locations are situated in highly active 
tectonic settings and directly influenced by the hydrothermal 
flux, due to the flow of the water currents, the investigated 
shells do not exhibit any of the common REE characteristics of 
the hydrothermal fluids or vent communities. This strongly 
suggests that the hydrothermal flux of REEs that likely fades 
away fast within the seawater does not have a remarkable 
impact on the brachiopods shell compositions. 
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The Aeolian Arc volcanoes (southern Tyrrhenian Sea, 

Italy) are characterized by strong west to east variations in 
incompatible elements and radiogenic isotopes, likely related 
to a heterogeneous source and variations in the subduction 
components. We provide new B and Be data for the islands 
Alicudi, Filicudi, Salina, and Stromboli, with the aim of 
distinguishing subducting components that metasomatize the 
mantle wedge. B is a highly fluid-mobile element, enriched in 
Stromboli lavas (11-30.3 ppm) and moderately enriched in 
Salina (8.3-20.3 ppm) compared to the other islands  
(3.8-14.6 ppm). Be is a melt mobile element, which content 
increases with increasing distance from the center of the arc to 
the margins. We observed a correlation between Be contents 
and magma composition in Stromboli’s samples, which 
allowed us to distinguish calc-alkaline from potassic series. 
Based on the differences along the arc between fluid/melt 
mobile element ratios (e.g. B/Nb, Sr/Zr and U/Th) and Be 
contents, we suggest that aqueous fluids from the subducting 
slab dominate the chemical composition of the central arc 
section (Salina) while a melt component from subducted 
sediments may play a key role in metasomatizing the mantle 
wedge below the peripheral islands. Specifically for Stromboli 
the high B and Be contents suggest contributions from both 
silicate melts and aqueous fluids. 
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Swelling clay particles such as smectites may expand or 

contract by either including or excluding water from their 
interlayer spaces in response to external conditions. The 
dynamics of clay-trapped water differ from the bulk water, 
mostly due to the finite interlayer space (confinement) 1 and 
overlapping electrical double layers.3 Because rate of many 
geochemical reactions involving clay systems is govern by 
reactants interlayer mobilities,4 understanding of how these 
effects get entangled is critical.  

Using molecular dynamics simulations we observed that 
rate of water diffusion increases with increasing smectite plate 
separation (Δl). However, we also detected a fascinating 
oscillation in water mobility as the number of water 
monolayers that separate clay plates incrementally increases 
(i.e., in a layering transition: 1→2→3→…→n). We observed 
that with increasing Δl water mobility in the middle of 
confinement approaches that of the bulk water, even though 
the of surface water remains dynamically restrained. More 
interestingly, we observed that the presence of water outside of 
the smectite plates decreases interlayered water mobility along 
the layering transition (molecular electrofriction), but has no 
effect on its structure.  

Our findings suggest that the transport of all polarizable 
species within clay layers is affected by similar long-range 
interactions. For instance, the presence of other ions might 
diminish the interlayer water moblity by disrupting structure 
and collective dynamics of interfacial water.  

 
[1] Burada P. S., et al. (2009) ChemPhysChem 10, 45–54. [2] 
Dix J. A. and Verkman A. S. (2008) Annu. Rev. Biophys. 37, 
247–263. [3] Holmboe M. and Bourg I. C. (2014) J. Phys. 
Chem. C 118, 1001–1013. [4] Churakov S. V. (2013) Environ. 
Sci. Technol. 47, 9816–9823. [5] Demontis P., et al. (2013) J. 
Phys. Chem. C 117, 15583–15592. 
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Recent investigations of Pu contaminated environments 

have identified the importance of colloid facilitated Pu 
transport [1] [2]. Adsorption and desorption of Pu on mineral 
colloids will likely control the extent of this transport. Pu 
oxidation state exerts a strong control on its adsorption 
behavior. However, it has also been demonstrated that certain 
minerals are able to alter the oxidation state of Pu present on 
their surface [3] [4]. Depending on the mineral, the rates of 
surface mediated reduction can vary by orders of magnitude 
[5]. While Pu desorption from mineral surfaces has not been 
studied as intensely as adsorption, desorption rates will 
nonetheless limit the spatial and temporal extent of colloid-
facilitated Pu migration. In this work, we quantified Pu-
montmorillonite desorption rates using a combination of 
batch/flow cell experiments and numerical modeling. Our 
numerical model is based on the Np(V)-geothite 
adsorption/desorption model reported in [6] but also accounts 
for Pu surface-mediated redox processes. The model 
parameters were calibrated by our batch/flow cell data in 
combination with literature kinetic and equilibrium data  

First order desorption rate constants suggest that colloid-
facilitated Pu transport is possible at timescales of years or 
possibly decades.  The desorption rates decrease with pH and 
most likely, with Eh. The desorption is evidently controlled, to 
a large extent, by the rate of Pu(IV) oxidation to Pu(V). 
Importantly, these data do not provide evidence for an 
irreversible sorption process.  As a result, colloid-facilitated Pu 
transport on geological temporal and spatial scales will be 
limited. Processes in addition to simple adsorption/desorption 
that may enhance colloid-facilitated transport at geologic 
timescales will be discussed. 

 
[1] Kersting et al. (1999), Nature 397, 56-59. [2] Novikov et 
al. (2006), Science 314, 638-641. [3] Felmy et al. (2011), 
ES&T 45, 3952-3958. [4] Kirsch et al. (2011), ES&T 45, 7267-
7274. [5] Begg et al. (2013), ES&T 47, 5146-5153. [6] 
Tinnacher et al. (2011), GCA 75, 6584-6599. 
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The Rustenburg Layered Suite (RLS) of the Bushveld 

Complex (BC) represents Earth’s oldest large igneous province 
(>370 000 km3), and contains the world’s largest reserves of 
platinum-group elements, chromium and vanadium. However, 
its mode of formation, the exact timing and nature of magma 
emplacement, solidification and sub-solidus cooling history 
remain a matter of debate. In this paper we present new data 
from zircons recovered from nine (ultra)mafic rocks of 
different units throughout the ca. 8 km thick RLS. Our datasets 
comprise new results of high-precision U-Pb dating obtained 
by CA-ID-TIMS, detailed information about zircon 
compositions, textures, zoning, crystallization temperatures, 
and mineral/melt inclusions. These data in combination reveal 
that zircon throughout the RLS crystallised within 1.02 ±  
0.63 Ma from highly fractionated intercumulus melts at 
temperatures between 940° and 670°C. Zircon in quenched 
Marginal Zone rocks crystallized at 2055.91 ± 0.26 Ma, and 
slightly later at 2054.89 ± 0.37 Ma in cumulus rocks in the 
centre of the RLS [1]. This timing is in agreement with field 
observations and the results of thermal modelling, which 
require rapid accumulation of magma at a flux rate of  
>5 km3/year over less than 100 ka [2], followed by 
crystallization and cooling to below 700°C within 300 to  
950 ka. 

Zircon zoning patterns additionally indicate that zircon 
crystallisation in economically important units like the UG2 
chromitite layer and Merensky reef occurred in “closed 
system”, and/or “open system” intercumulus environments 
during cooling. Cooling is well supported by systematic 
decrease of Ti from zircon core to rim (formed in assemblage 
with quartz and rutile). Initially “closed system” zircon growth 
is indicated by a systematic decrase in U (from 150 to 10 ppm) 
at increasing Th/U (from 0.8 to 10), that can be explained by 
Rayleight fractionation, and subsequent open system zircon 
growth by late rims with high U (>150 ppm), and low Th/U 
and Ti.     
 
[1] Zeh et at. (2015) EPSL 418, 103-114. [2] Cawthorn & 
Walraven (1998) J. Petrol. 39, 1669–1687. 
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Rare Earth Elements (REE), especially heavy ones, are 

among the critical technology elements of modern developed 
countries. The bottleneck of REE supply is not abundance but 
the deficit in sophisticated, cost efficient and sustainable 
recovery technologies from sources such as ion-adsorption 
clays (IACs). Currently applied empirical IAC-leaching 
technologies include multiple leach cycles of ammonium 
sulfate or NaCl, but these entail severe environmental hazards. 
Further, separation of single REE and concentration to high-
purity products required for high-tech applications is delicate, 
complicates the winning process and increases the price of the 
end-product. Bio-hydrometallurgical REE recovery is able to 
replace today’s common recovery practice and provides a 
favorable approach for cost effective separation. Core elements 
of our new project are to: (1) Facilitate efficient in-situ 
leaching processes by geotechnical optimization of 
permeability of IAC (REE-rich laterite) using cryotechnology 
to reduce the environmental footprint by avoiding material 
transport to heap-leaching facilities, (2) Develop selective and 
environmentally benign bio-hydrometallurgical extraction 
techniques focusing on microbial metabolites for the leaching 
process and screening of plant and microbial biomass, and 
develop genetically engineered yeast cultures for selective 
bioaccumulation and -sorption of single REEs, (3) Integrate 
new and robust thermodynamic data to devise reliable 
predictive numerical simulation tools to evaluate and optimize 
technologies for extraction and separation of REE from IACs. 
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ITODYS 
 

The toxicity of a metal is closely related to its bio-available 
pool which represents the metal fraction efficiently uptaken by 
the biosphere [1]_ENREF_3. The size of this pool can be 
efficiently assessed using Isotopic Exchange Kinetics (IEK) 
technique. The IEK curves integrate the combination of all 
sorption reactions involved during exchanges between 
dissolved metal and metals onto different mineral/organic 
surfaces of the sample. 

In this study an IEK Model is developped to describe both 
qualitatively and quantitatively the contribution of each Ni 
bearing phases to the Ni total exchangeable pool (ENi) in the 
specific context of ultramafic systems (UM), information 
hardly accessible with other techniques. IEK curves were first 
obtained for pure Ni bearing phases: two types of serpentines, 
chlorite, smectite, goethite and hematite. Results were then 
fitted with a pseudo first-order kinetic model that allowed to 
assess, for each phase, the number and relative sizes of 
exchangeable pools (Ei

Ni) as well as their kinetic constants, 
ki (min-1). These kinetic reaction constants associated to each 
Ei

Ni pool allowed to discriminate between different type of 
exchange processes. Among the investigated phases, smectite 
and chlorite are the ones quantitatively furnishing the highest 
contribution to Ni exchangeable compartment, and 
qualitatively holding k values of 1.93 min-1 and 0.61 min-1, 
resp., several orders of magnitude higher than other phases 
(ranging from 2.12*10-2  min-1 to 8.08*10-5 min-1), probably 
involving the formation of outer-sphere complexes. The 
characterization of pure phases was then used for developping 
a model able to predict the contribution of each bearing phase 
in natural soil/ore samples of UM complexs of Barro Alto and 
Niquelandia (Goias State, Brazil).  

[1] Alexander, M. Environ. Sci. Technol. 2000, 34, 4259-4265. 
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The ecosystem services of the Hauraki Gulf, New Zealand, 

include wild and farmed fisheries, natural amenity and 
recreation, and assimilation of coastal runoff. These services 
are concentrated in the Gulf’s coastal areas – especially the 
Firth of Thames – where phytoplankton and zooplankton are 
most productive, snapper spawn most intensively, and most 
marine farms are located. The high productivity of the Firth is 
promoted by nutrient loading driven mainly by riverine input, 
with about 60-70% of its load entering from the intensively 
farmed Hauraki Plains. High productivity is then sustained by 
efficient nutrient recycling in situ.  

NIWA has operated an ocean observation programme 
which has monitored conditions in the Hauraki Gulf and Firth 
since 1998, using time-series and process studies supported by 
mooring and ship-based surveys. This programme is revealing 
that while the enriched water quality of the Firth promotes 
benefits through high productivity, it also introduces stressors 
(low oxygen interacting with low pH) derived from the highly 
intensified land-use in its catchments. The carbonate system 
varies inter-annually, in response to varying primary biomass 
levels, and is very seasonally variable, in response to cycles of 
net-ecosystem metabolism.  

Our current work aims to assess and understand these 
stressors and we intend to model their trajectories under future 
land-use scenarios, using dynamic and inverse modelling 
approaches.  
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Using a high resolution ion microprobe with SCAPS 

imaging, the peritectic reaction of forsterite + silica to enstatite 
was studied down to submicron level in natural andesitic 
tephras from the Central Plateau of North Island, New 
Zealand.  The fayalitic component of natural olivines is stable 
in high-silica melts, and therefore this reaction is in fact a two-
step progress (cf. Figure 1):  1. Dissolution of Mg-rich olivine, 
likely rate-limited by Fe-Mg interdiffusion at the crystal rim, 
results in enrichment of Fe in the crystal rim and of Mg in the 
melt boundary layer around the crystal, which is a few microns 
wide.  2. Orthopyroxenes nucleate and grow in this melt 
boundary layer; as soon as these microlites touch the rim of the 
dissolving olivine, they shield the crystals from the silica-rich 
melt, thereby preventing further olivine dissolution.  At this 
point, Fe-Mg interdiffusion (mostly within olivine, but in part 
between olivine and orthopyroxene) begins to destroy the Fe-
enrichment of the olivine rim.  The reaction is completed when 
the dissolving olivine crystal is completely mantled by 
orthopyroxene microlites.  Thick orthopyroxene mantles likely 
indicate further orthopyroxene overgrowth that is not 
associated with the actual peritectic reaction.  The textures 
observed in the olivine core preserve information about the 
reaction history of the grain.  Modelling of Fe-Mg 
interdiffusion in the olivine rim following its shielding from 
the melt by orthopyroxene overgrowth may yield the rates of 
olivine dissolution and the rates of pyroxene growth, and may 
provide some information about the time between olivine 
crystal uptake into the SiO2-rich melt and explosive eruption at 
the surface. 

 
 
 
 
 
 

Figure 1: Fe-image of dissolving ol (bottom) and 
overgrowing opx microlites. Image c. 25 microns wide. 
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The origin, accumulation and deposition pattern of mace-

rals can affect hydrocarbon potential and quality of source 
rocks. In this study, 235 samples were selected from lacus-
trine shales of the Shahejie Formation (middle Es3, lower Es3, 
upper Es4c and lower Es4c members) in Dongying sag, China. 
Palynological and pyrolytic analysis were used to discuss the 
origin and sedimentary mechanism of macerals.  

Results showed 4 types of macerals that could be divided 
according to the sedimentary patterns. The 1st type had high 
hydrogen indices (HI) of 518 and TOC of 2.79%. It mainly 
consisted of amorphous organic matter (AOM) in which 
microfossils of Transparent extracellular polymers could be 
observed. These macerals were formed in a deep-lake chemi-
cal sedimentary environment. The 2nd type was dominated by 
macrophytes in which tiny layers and cellular structure were 
visible. The values of HI were 536 and TOC were 3.68%. It 
was developed in an autochthonous environment. The TOC of 
the 3rd kind of organic matter was 1.14% and HI of 248. It was 
composed of submerged and land plants, developing in a 
mechanical depositional environment. The 4th type consisted 
of asphalt residues, with HI and TOC of 177 and 1.04%, 
respectively. This macerals might be from AOM experienced 
high maturity stage. Therefore, the mechanical, chemical and 
autochthonous deposition were the mainly depositional 
mechanism of organic matter (OM) in paleolake. Thus it was 
convenience to analyze the difference of OM among the four 
submembers of Shahejie Formation. OM in middle Es3 
enriched in type 3rd of maceral with a Type II and III kerogen. 
OM in lower Es3 and upper Es4c was mainly the 2nd and the 
3rd type of macerals, respectively. The kerogen was mainly 
Type I and II. The macerals of type 4th was the primary OM in 
lower Es4c member. The variations of OM leaded to different 
hydrocarbon generation ability. Thus, study on depositional 
mechanism of maceral is significant. 

  
This work was supported by National Natural Science 

Foundation of China (Grant No. 41372130), National Oil and 
Gas Special Fund (Grant No.2011ZX05006–001). 
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Two cruises (HOBAB2 & HOBAB3) were undertaken to 

investigate hydrothermal activities in the Okinawa Trough 
aboard the R/V KEXUE from April to May in 2014. During the 
cruise HOBAB3, the new Tang Yin hydrothermal field 
(122°34′E, 25°4′N, 1206m) was discovered in the southern 
Okinawa Trough and first described in the last year’s cruise 
report. We have sampled alterd pumices, hydrothermal 
sediments and related biology dominated by Bathymodiolus 
platifrons, Shinkaia crosnieri, etc. Sulfide mineral particles 
such as pyrite, chalcopyrite, galena and sphalerite have been 
observed in these alterd rocks and sediments. During the cruise 
HOBAB2, we used ROV FAXIAN to observe two high-
temperature vents and four low-temperature diffuse vents with 
different faunas surrounding them. In the Iheya North 
hydrothermal field which biological communities mainly 
consist of mussels and galatheoidea, there exist a huge ore 
deposit with an estimated amount of 5 million tons. Also the 
methane concentration of seawater was up to 4.1μmol/L at a 
depth of 967m. Tube worms and shrimps were retrieved from 
the Iheya Ridge hydrothermal field, which had a CH4 
concentration of 0.83μmol/L at 1385m depth. All these surveys 
provide support for us to better understand mechanisms of 
hydrothermal activity in back-arc basins. 

 
We thank the Captain and crew of R/V KEXUE, the 

remotely operated vehicle FAXIAN operation group, the 
HOBAB scientific party for their support during the two 
cruises. 
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Microbial metabolisms leave behind geochemical 

fingerprints, such as stable isotope ratios, that can be preserved 
in the rock record for billions of years. Much of our 
understanding of the coevolution of Earth and life over 
geologic timescales relies on our ability to interpret these rock-
bound geochemical signatures. Regardless, significant gaps 
still exist in our knowledge of many of the relevant biological 
isotope effects. I will present laboratory mesocosm and field 
analogue studies aimed at calibrating the magnitudes, 
mechanisms, and environmental dependence of stable isotope 
fractionations associated with specific biological reactions 
within the sulfur (and nitrogen) cycles, and discuss their 
implications for interpreting biogeochemical cycling from the 
sedimentary record.  

A focus will be on recent work constraining the sulfur 
isotope signatures of biological sulfide oxidation. This 
metabolic feat reflects a critical evolutionary step in the global 
sulfur cycle, and has been tied both to the oxygenation of 
Earth’s early environments and to the formation of the first 
extensive phosphorite deposits. Sulfide oxidation has been 
notoriously difficult to constrain from sedimentary records due 
to the small δ34S fractionations involved in comparison to 
other S cycling processes.  Multiple sulfur isotope analyses of 
products from laboratory experiments with photo- and 
chemotrophic S-oxidizing organisms has extended the 
magnitude of known fractionations and demonstrated unique 
signatures for oxidation of different reduced-S substrates, 
especially when the intermediate products (e.g., zero-valent 
sulfur, ZVS) are considered. These analyses highlight the 
utility of examining intermediates such as ZVS (and of 
devising strategies for extracting ZVS products from ancient 
samples) in modern and paleo-ecosystem reconstructions. In 
addition, a comparison of the isotope values of S compounds 
and sediments in a variety of relevant early Earth analogue 
environments (e.g., stratified lakes and sulfidic caves), 
suggests that the likelihood of transferring these oxidation 
signatures into the sedimentary record is variable. In some 
cases where the signal of oxidation is transferred to the 
sediments, the trends differ significantly from what has been 
previously expected, supporting recent paradigm shifts in 
interpretion of the temporal δ34S records. 
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Microbialites are found in abundance throughout the 

geological record back to 3.5 Ga. Although they are considered 
as among the oldest life remains on Earth, the diversity of 
processes leading to the formation of these ancient rocks is 
poorly understood. A better characterization of modern 
microbialites is crucial to improve such interpretations based 
on actualism. Here, we evidenced surprising micrometer-sized 
laminae highly enriched in Fe within modern microbialites, 
located in the oxic and alkaline surface water of the crater lake 
Alchichica (Mexico). In order to better understand the origin of 
these Fe enrichments, we performed a multiscale 
characterization approach.  

These microbialites are mainly composed of 
hydromagnesite and aragonite as suggested by bulk x-ray 
diffraction. Synchrotron based x-ray microfluorescence 
mapping as well as scanning electron microscopy on polished 
sections showed hot spots of iron arranged along discrete fine 
laminae which formed authigenically. The structure and 
chemical composition of these iron-rich areas were further 
studied down to the nanometer scale using a combination of 
focused ion beam milling, transmission electron microscopy 
and scanning transmission x-ray microscopy at the carbon K-
edge and iron L2,3-edges. These results showed that these iron-
rich laminae are composed of a poorly cristalline 
oxyhydroxides, associated in variable proportions with 
chlorine and magnesium. Moreover, organic carbon is 
associated with this iron-rich phase.  

The iron enrichment of microbialites suggests temporary 
high concentrations of Fe in the solution in Lake Alchichica 
which is surprising considering the high oxygen fugacity and 
pH prevailing at this depth. Possible sources of iron in this lake 
will be discussed. Overall, microbialites in Lake Alchichica, 
which are ponctually rich in iron, could be an interesting 
model for the interpretation of Fe-enrichments in ancient 
lacustrine microbialites. 
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Aqueous fluids containing electrolytes are the essential 
components of many geological environments. Such saline 
solutions form economic mineral deposits, are the primary 
medium of heat extraction from geothermal reservoirs, 
determine potential dispersion of nuclear and chemical waste 
components from repositories, and control the efficiency of 
CO2 sequestration in deep aquifers. Our knowledge of 
properties of mixed electrolyte solutions at conditions typical 
for the Earth’s upper crust however is still deficient; thus 
researchers currently cannot accurately model geochemical 
behavior of these fluids and evaluate processes such as 
dissolution and precipitation of minerals, or gas solubilities. 

Recent experimental data [1-3] shed light on volumetric 
properties of ternary aqueous electrolyte mixtures at the wide 
range of temperatures, pressures and compositions. These data 
can also be used to obtain information about structure and 
interactions among ions and molecules in a solution. In order 
to expand our understanding of complex aqueous solutions, 
molecular simulations were performed. We present the results 
of molecular dynamics (MD) calculations on mixtures of 
chlorides and sulfates of Na, K, Ca and Mg, complementing 
our experimental volumetric measurements of the same 
aqueous electrolyte solutions. Simulations were performed for 
various concentrations of solutes in water solvent (SPC/E 
model) at temperatures up to 250 °C and pressures up to  
100 MPa. 

Variations of volumes of mixing for electrolyte solutions 
derived from experimental measurements are compared to 
those from molecular model. The mixing effects examined on 
the molecular level from MD simulations are related to 
changes in the structure of solution – alteration of hydration 
shells, formation of ion pairs and complex clusters. These 
insights into the microscopic structure and effects of mixing 
form a rigorous basis for developing mixing rules for 
thermodynamic models essential for equilibrium calculations 
in numerous geochemical applications. 

 
[1] Zezin et al. (2014) J.Chem.Eng.Data, 59 (3), 736-749. 
[2] Zezin et al. (2014) J.Chem.Eng.Data, 59 (8), 2570-2588. 
[3] Zezin et al. (2015) J.Chem.Eng.Data, 10.1021/je501152a 

3576



 Goldschmidt2015 Abstracts  

 3577 

Geochemical evidence for burial 
dolomitization of upper Permian 
reservoir rocks in northeastern 

Sichuan Basin, southwestern China 
XIUFEN ZHAI*1, PING LUO1, HAIRUO QING2 AND  

ANNA XU1 
1PetroChina Research Institute of Petroleum Exploration & 

Development (RIPED), Beijing, China 
2University of Regina, Saskatchewan of Canada 
*Corresponding author: zhaixiufen@petrochina.com.cn 
 

Based on outcrop measurement of Longzuimiao in Kai 
County, Panlongdong in Xuanhan and Huaying Mountains, 
and core description of 4 wells, it is revealed that the reef type 
changes from platform margin framework reefs along 
"Kaijiang—Liangping" trough in northeast Sichuan to 
intraplatform pinnacle reefs in middle Sichuan area.  

The outcrop characteristics of organism reefs distinguish in 
different facies and different areas. Organism reefs in the 
Northeastern Sichuan Basin, which are margin reefs, show 
good cyclicity, which is composed of reef base, reef core and 
reef cap, or composed of reef base and reef core. The 
structures are mainly shoals at the bottom, reefs at the middle 
and the top, and ooid shoals in the overlying Triassic 
Feixianguan Formation. Abundant residual asphalt can be 
found in the outcrops, which disseminates in pores, cracks and 
organism cavities, or distributes in block groups. Many needle 
pores can also be observed unevenly distributed. Crystal pores 
and holes are always filled with calcite cements. 

The cathodoluminescence characteristics show 2 stages of 
dolomite zonations, which means dolomitization of 2 stages by 
different dolomitizing fluids during diagenesis process. 
Dolostones in the Changxing Formations show petrographic 
properties of burial dolomite, and geochemical characteristics 
of high 87Sr/86Sr isotopes, lower Sr2+ content, higher Fe2+ 
content, relatively higher δ13C, and very negative δ18O. δ13C & 
δ18O is helpful in  distinguishing the genetic types of dolomites, 
and the properties and temperatures of diagenesis fluids. All 21 
dolomite samples from study area show minus δ18O, mostly in 
-3‰~-10‰, with an average of -4.95‰, which can indicate a 
reducing environment (Hudson, 1977). δ13C are mostly in 
1‰～5‰ with an average of 3.0‰, which stay within the 
variation range of normal marine carbonate( - 5 ‰~+ 5 ‰); 
δ13C of well samples (2.47‰ in average) is slightly higher than 
δ13C of outcrops (3.7‰ in average). The homogenization 
temperature and salinity of fluid inclusions are very high, 
indicating that the dolomitization fluid of the Changxing 
Formations comes from the marine-origined saline formation 
water in Upper Feixianguan Formation. 

Dolomitization and dissolution added porosity and 
permeability to the reservoir rocks, while compaction, 
cementation and late mineral fillings destroy the reservoir to 
some extent. 
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Marine Group I (MG I) and Marine Group II (MG II) were 
the first two groups of planktonic archaea discovered in the 
marine environment about two decades ago. While MG I has 
been known to play significant roles in carbon and nitrogen 
cycles in global oceans, the role of MG II has remained 
ambiguous. Here we report a seasonal pattern of MG II in the 
Pearl River Estuary and the coastal South China Sea and 
provide genomic information that reveals the novelty of a new 
subgroup (MG IIc) containing metabolic pathways previously 
unidentified in planktonic archaea. The abundance of MG II 
gradually increases from fresh river water to the estuary 
(representing up to >95% of total archaea) but drops 
significantly in the open marine water, suggesting that the 
estuary may be a favored environment for the growth of MG 
II.  MG IIc is identified by metagenomic analysis from the 
more saline location in the estuary, and is distantly related to 
MG IIa and MG IIb. In agreement with MG IIa and MG IIb, 
MG IIc contains an abundance of enzymes for protein 
degradation. All MG II organisms identified so far are 
heterotrophs; however, the exact pathway of carbon 
metabolism by this mysterious group has been elusive. This 
study narrows this knowledge gap and suggests that MG II 
may have an important role in secondary production in 
estuaries and coastal seas. The MG II organisms may also be 
significant sources of archaeal lipid biomarkers in the marine 
environment, which may help us address the uncertainties of 
TEX86 proxies potentially caused by changes in archaeal 
community structure. 
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The ~252-Ma Permian-Triassic boundary (PTB) represents 
the largest mass extinction event in Earth history [1-3]. Despite 
extensive prior work, many aspects of this crisis remain poorly 
understood, including the timing, extent, and intensity of ocean 
anoxia [4]. Previous work by Brennecka et al. [5] showed 
evidence for widespread ocean anoxia based on a negative 
shift in the uranium (U) isotopic composition of marine 
carbonates deposited at the time of the extinction. However, 
Brennecka et al. [5] studied only a single eastern Paleo-Tethys 
section from South China (Dawen).  

Here we report the U isotopic composition of a well-
preserved PTB marine carbonate section from Zal, Iran, which 
was located in the western central Tethys during the Late 
Permian. The average δ238U value of samples deposited prior 
to the extinction horizon (EH) is −0.11‰. An abrupt and 
significant shift in δ238U values at the EH to values as low as 
−0.69‰ was observed essentially synchronous with the PTB 
negative carbon isotope shift. The δ238U excursion persists well 
after the recovery of the δ13C excursion, possibly indicating a 
protracted interval of ocean anoxia. The overall variation in 
δ238U observed in the Zal section across the PTB is similar to 
that reported by Brennecka et al. [5] for the Dawen section. 
Essentially identical δ238U records from these two 
paleogeographically widely separated sections suggest that 
these δ238U variations are primary and record widespread 
ocean anoxia during the Permian-Triassic transition. 
 
[1] Erwin, et al. (2002), Geol. Soc. Am. Sp. Pap. 356, 353-383. 
[2] Irmis and Whiteside (2011), Royal Soc. B, 9 pp. [3] Shen et 
al. (2011), Science 334, 1367-1372. [4] Bond and Wignall 
(2010), Geol. Soc. Amer. Bull. 122,1265-1279. [5] Brennecka 
et al. (2011), PNAS 108,17631-17634.  
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Two dominant metamorphic belts, i.e. North Qilian 

(NQL)-North Altun (NAT) HP/LT metamorphic belt and north 
Qaidam (NQD)-south Altun (SAT) UHP metamorphic belt are 
located in the northern Tibet. The NQL-NAT HP/LT 
metamorphic belt mainly consists of blueschist, eclogite and 
high pressure metasediments. Eclogites were formed under the 
metamorphic conditions of 420-550ºC and 2.1-2.5GPa, and at 
510 to 460Ma. The HP/LT metamorphic belt is associated with 
ophiolite, island arc, back-arc basin, suggesting that the NQL-
NAT is a typical accretion orogen. In contrast, the NQD-SAT 
UHP metamorphic belt is characterized by eclogite, garnet 
peridotite enclosed within continental orthogneiss and 
paragneiss. They were subjected to UHP metamorphism at 
T>700ºC and P>2.7 GPa. Field relationship, petrology and 
geochronology suggest that the NQD-SAT UHP metamorphic 
belt was resulted from the deep subduction of continental crust 
rocks. HP granulite with single metamorphic history and 
similar age to that of UHP eclogite was also recognized. 
Penecontemporaneous metamorphic ages but different 
geothermal gradients between HP granulites and related UHP 
eclogite define a possible paired metamorphic belt, which may 
be considered as the diagnostic characteristic of collisional 
orogens. NQD-SAT commonly experienced a Barrovian-type 
metamorphic overprint about 20 – 50 Ma later than UHP 
metamorphicm later  history. The polyphase metamorphism in 
the northern Tibet can be linked to the accretion and collision 
orogenesis related to the evolution of Prototethys through early 
Paleozoic. 
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Florida Bay, located at the southern end of the Florida 

peninsula, USA, is one of the largest coastal lagoons in the 
world. Data from bimonthly survey over a decade (1999-2012) 
in Florida Bay revealed the high silicate waters persistently 
occurred in the north central bay. Silicate concentrations in 
these waters were at minimum in early spring (20-60 µM in 
January to April) and increased during summer and reached an 
annual maximum (100-200 µM during late summer or early 
fall). It returned to low values during winter. The seasonal 
variation of dissolved silicate occurred annually in the same 
region of the bay. The terrestrial freshwater runoff is ruled out 
as a source of dissolved silicate in these waters because most 
freshwater runoff flows into the eastern bay where low silicate 
concentrations were observed year-round. Furthermore, these 
high silicate waters are relatively high in salinity.  

Observed spatial and temporal pattern in dissolved silicate 
concentration in Florida Bay is coincided with that of 
cyanobacteria bloom in the bay. Since 1991, expansive, 
persistent and recurring cyanobacteria blooms have become an 
annual biological feature, exhibiting distinct spatial and 
temporal pattern. They developed in the north-central bay in 
summer and spread southward in fall. The cyanobacteria 
blooms drew down dissolved inorganic carbon and increased 
seawater pH and the saturation state of calcite [1], causing in 
situ precipitation of calcium carbonate and dissolution of 
silicate minerals in sediments.  

During the peak of cyanobacteria blooms, silicate 
dissolution in Florida Bay varied from 0.9 x 107 to 6.9 x 107 
mole per month over the study period, depending on the extent 
of cyanobacteria bloom in a given year. Concurrent calcium 
carbonate precipitations in the cyanobacteria bloom region are 
between 0.9 x 108 to 2.6 x 108 mole per month. It is estimated 
that 30-70% of atmospheric CO2 uptake in bloom waters was 
ended up as calcium carbonate precipitation and remainders of 
CO2 influx were used for the production of biomass.  

 
[1] Zhang & Fischer (2014) Carbon dynamics of Florida Bay: 
spatiotemporal patterns and biological control, Environ. Sci. 
Technol. 48, 9161-9169.  
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We have developed a novel Brillouin spectroscopy system 

integrated with CO2 laser heating and Raman spectroscopic 
capabilities. High-pressure laser heating experiments on liquid 
water compressed in a diamond-anvil cell up to 2500 ± 150 K 
demonstrate the flexibility and performance of the system. 
Temperature is determined from the grey-body thermal 
radiation of the heated samples,. New single-crystal laser 
heating Brillouin measurements were made on San Carlos 
Olivine in the (111) plane at pressures up to ~13 GPa, and 
T~1300 ± 200 K. We obtain quantitative values for the thermal 
pressure in the diamond cell. Using KCl and KBr and pressure-
transmitting media, we show that pressure gradients in the 
sample chamber are small at high P-T conditions based on 
observations of the olivine-wadsleyite transition. This system 
is additionally designed for continuously varying scattering 
angles from near forward scattering (0º scattering angle) up to 
near back scattering (~141º). Our results on the sound 
velocities of olivine at high pressure-temperature conditions 
have implications for the nature of the 410 km discontinuity 
and the olivine content of the transition zone. 
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Antigorite, the high P/T polytype of serpentine, is 

considered to be an important component in mantle wedge and 
subducting slab of subduction zones. Its crystallographic 
preferred orientation (CPO) may play an important role in 
trench parallel anisotropy. However, there is a significant 
discrepancy in antigorite CPO among natural serpentinites and 
experimental samples. We have conducted systematic shear 
experiments on a hot-pressed serpentinite at 350–600 °C and 
1.0-2.0 GPa, using a 5GPa Griggs-type deformation apparatus. 
Antigorite develops a [hk0](001) fabric in responding to shear 
deformation. The [010] axes tend to concentrate toward the 
slip direction with increasing temperature, indicating a change 
of the dominant slip system from (001)[hk0] to (001)[010] 
with increasing temperature from 350 °C to 600 °C. These 
results are different from previous experimental fabrics of 
antigorite at low temperatures (300-400 °C), but similar to 
many antigorite fabrics observed in natural samples. Antigorite 
accommodates most plastic strain while olivine acts mostly 
like rigid bodies during the deformation of serpentinite. The 
observation of weak CPOs in coexisting olivine is consistent 
with the much greater strength of olivine comparing to that of 
antigorite. The deformation of serpentinite can explain both 
trench-parallel seismic wave polarization and shear wave delay 
time in subduction zone. We proposed that the observed strong 
seismic anisotropy in subduction zones is caused by antigorite 
CPO rather than by B-type olivine CPO. 
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Models of the Earth’s deep interior have been built upon 

the basic assumption that the lower mantle down to the top of 
the D" layer mainly consists of perovskite (pv) with nominally 
10 mol% Fe. However, seismic observations suggest 
compositional heterogeneity in the bottom 1000 km of the 
lower mantle, implying variations in the mineralogical 
constitution of this region. Our recent study using laser-heated 
diamond anvil cell (DAC) technology coupled with 
synchrotron x-ray diffraction (XRD) has demonstrated the 
disproportionation reaction of (Mg,Fe)SiO3 perovskite (pv) to 
a nearly Fe-free pv and an Fe-rich H-phase with a previously 
unknown hexagonal structure at 95-101 GPa and 2200-2400 K. 
This finding further complicates the geochemistry and 
geophysics of the bottom half of the lower mantle. It has been 
long challenging for structure identification and accurate unit-
cell calculations in mineral assemblages when multiple low 
symmetry phases coexist. Applying the multigrain method to 
megabar pressures, the crystal chemistry and unit-cell 
parameters are investigated in situ at high pressure for each 
individual phase in lower mantle mineral assemblages. The 
high-pressure structures are solved using heavy atom method 
by merging crystallographic data sets from multigrains. The 
unit-cell parameters are calculated for each phase with 
exceptional accuracy based on hundreds of reflections from 
multigrains. The crystal chemistry and phase relations of 
minerals at high P-T are used to understand the composition 
and dynamics of the lower mantle. 
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Water diffusion is an important microscopic mechanism 
that sustains bubble growth during explosive volcanic 
eruptions.  Compared to felsic systems, water diffusivity in 
basaltic melt has not been thoroughly determined to a 
satisfactory precision despite the work by Zhang and Stolper 
(1991) and Persikov et al. (2010).  Furthermore, the 
significance of the role played by OH relative to molecular 
H2O is still not clear.   

In this study, we have carried out hydration experiments 
for a Fe-free basaltic melt at 1 GPa in the temperature range of 
1400 °C to 1550 °C in a piston-cylinder apparatus at USTC.  
The melt gained a significant amount of water after dwelling at 
high temperature for only a few minutes, with the water 
concentration at melt-platinum interfaces being more than 
doubled (from ~280 ppm to ~600 ppm).  Experimental charges 
were doubly polished to sections of ~200 µm thickness, and 
diffusion profiles were measured by FTIR microspectroscopy 
along the cylindrical axis.  The profiles can be well fit by error 
function curves, which are consistent with the idea that OH can 
also make a major contribtuion to water diffusion in 
depolymerized melts (Ni et al., 2013).  The obtained 
diffusivities line up nicely in Arrhenius plot and yield an 
activation energy of 203 kJ/mol.  The new diffusivity data are 
useful for modeling explosive eruptions of basaltic magma and 
for developing a general water diffusivity model D (T, P, H2O, 
SiO2) for calc-alkaline melts at subduction zone environments. 
 
 [1] Zhang & Stolper (1991). Nature 351, 306-309 [2] Persikov 
et al (2010). Chem Geol 276, 241-256 [3] Ni et al (2013). 
Geochim Cosmochim Acta 103, 36-48 
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The stable isotopes of hydrogen and oxygen (δ2H and 

δ18O) are excellent tracers for studies on the natural water 
cycle. New analytical techniques for stable isotope ratio 
measurements have become popular over the past decade. 
These techniques include mass spectrometry with online or 
continuous flow apparatus for sample introduction, and non-
mass spectrometry using laser spectroscopy. Analyze the 
composition of hydrogen in water sample adopting four 
analytical methods,including the chromium-reduction method, 
H2-H2O equilibration using platinum as a catalyst, laser-based 
stable isotope measurement, and high-temperature conversion 
/elemental analysis-isotope ratio mass spectrometry(HTC) . 
The δ18O value was determined primarily by the classic the 
CO2-H2O equilibration method, Laser Spectroscopy, and high-
temperature conversion /elemental analysis(HTC). Upon 
comparing with those methods, it revealed a larger deviation 
using the HTC method for determining the δ18O isotope value, 
this method was not sufficiently accurate to determine  δ18O 
values. The obtained δ-values also had no significant 
dependence on the analyser type. The results of the laser water 
isotope analysers and mass spectrometers were within the 
acceptable range of uncertainties.  
 
[1] Stephen T. 2000. Rapid communa. Mass spectrum , 14 
:1044-1046 
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Isotope fractionations during microbial metal reduction 

provide insight into the mechanisms of metal cycling, and can 
be used to quantify biogeochemically mediated redox 
processes in the present environment as well as in the past. In 
this study, Cr reduction experiments were undertaken with 
facultative bacteria Pseudomonas fluorescens LB 300 and 
Shewanella oneidensis MR-1 to determine the conditions 
under which Cr is reduced and the corresponding isotope 
signals that are generated.  

Some pioneering studies have already focused on isotope 
fractionations by microbial reduction activity under anaerobic 
conditions; the isotopic fractionation factors are in the range of 
-1.8‰ to -4.1‰, and are quite comparable with ours. The 
present study has better considered the impacts of the natural 
variances, and has systematically controlled a broad range of 
key parameters determining bacterial growth and metabolism, 
such as species, electron donors, pH, Cr concentration and 
respiration pathways. 

In the experiments with a range of different pH (pH = 4, 6 
and 8), the highest reduction rate was found at pH = 8. Cr 
isotope fractionation from all three aerobic reduction 
experiments under differing pH conditions conformed to a 
single Rayleigh distillation model with Ɛ = -3.1‰, indicating 
pH has little impact on isotope fractionation by bacteria. 
Experiments using different electron donors, showed citrate 
promotes a higher Cr reduction rate (15.1 mgˑL-1hour-1) 
compared with experiments using glucose (6.6 mgˑL-1ˑhour-1), 
acetate (4.9 mgˑL-1hour-1) and propionate (4.8 mgˑL-1hour-1) as 
electron donors. Isotope fractionation factors were different 
when applying different nutrients in the experiments; Ɛ = -
4.3‰ for the experiment with citrate and -3.1‰ with acetate 
and glucose.  

Future work will investigate bacterial reduction rates and 
Cr isotope fractionation under varying conditions to better 
constrain their activity in different environmental settings. 
 
[1] Basu et al. (2014) Geochim. Cosmoch. Acta. 142(0), 349-
361 [2] Sikora et al. (2008) Geochim. Cosmoch. Acta. 72(15), 
3631-3641 
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The Mesoproterozoic (from 1.6 to 1.0 Ga) is referred as a 

remarkably long interval of relative stability in crustal 
dynamics, climate and oxidation state of the surface 
environment. Variations in the carbon isotopic compositions of 
carbonate and organic carbon may provide a record of changes 
in carbon cycle and climate, yet Mesoproterozoic carbon 
isotope data still remains scarce. Mesoproterozoic sedimentary 
sequences were widely developed and well preserved in the 
Yanshan Area, northern China. Based on the radiogenic 
isotope data, the age of this sequence was constrained between 
1.7 to 1.0 Ga ago. Over 700 samples were collected from three 
drill cores in the Yanshan Area, northern China. Organic 
carbon isotopic compositions, TOC, and sulfur concentration 
were analyzed for those Mesoproterozoic samples. No 
systematic relation between TOC and d13Corg, low thermal 
maturity and global correlation indicate that diagenetic 
influences on the carbon isotopic compositions are negligible 
and the primary signals of carbon isotopic compositions were 
well recorded in those sedimentary samples. Patterns of carbon 
isotopic variation in d13Corg  may provide insight into the 
Mesoproterozoic carbon cycle. Most of samples from 
Gaoyuzhuang (ca. 1.6 to 1.4 Ga) show lower d13Corg values 
those range from -34.3 to -31.1 ‰ and have an average of -
33.1‰, rich in TOC and S. For the Hongshuizhuang Formation 
(ca. 1.2 to 1.1Ga), d13Corg  values range from -33.7 to -
29.1‰, with an average of -32.1 ‰.For the Tieling Formation, 
d13Corg values range from -32.5 to -28.3‰, with an average 
of -29.8 ‰. d13C in carbonate samples of Gaoyuzhuang 
Formation range from -1.29 to 0.94 ‰. The isotopic difference 
between organic matter and carbonate ranges (ΔB=d13Corg-
d13Ccarb) could be used as a proxy for atmospheric pCO2. 
Very low ΔB (ca. -35.2 to –29.8‰.)values indicate extreme 
high pCO2 and a greenhouse environment at the interval of 1.6 
to 1.4 Ga ago. Positive excursions and relative higher ΔB in 
the upper  Hongshuizhang and lower Tieling Foramtion 
suggest that enhanced burial of organic carbon resulted in the 
decrease of pCO2 in the Late Mesoproterozoic. High S/C 
ratios (>0.36) indicate anoxic environment were developed in 
the Gaoyuzhuang and Hongshuizhuang stages, and the anoxic 
environment contributed to the burial of organic carbon.  

 
Acknowledgements: This work is supported by the National 

Natural Science Foundation of China (Grants No. 41272041). 
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Introduction 
Accurate simulations of aerosol-cloud-radiation-climate 

feedbacks require robust parameterizations in regional and 
global climate models. The Weather Research and Forecasting 
Model with Chemistry version 3.4.1 (WRF/Chem v3.4.1) with 
physics packages from the Community Atmosphere Model 
version 5 (CAM5) (WRF-CAM5) is a new regional climate 
model to assess the robustness of CAM5 physics package for 
high-resolution climate modeling. This study presents recent 
model development, multi-year application, and evaluation 
over nested domains in East Asia. 

Model Development and Evaluation 
To enhance the model’s capability in reproducing aerosol 

interactions with various types of clouds, WRF-CAM5 is 
further improved by NCSU and collaborators and applied over 
triple-nested domains in East Asia at horizontal resolutions of 
36-, 12-, and 4-km for six years (i.e., 2001, 2005, 2006, 2008, 
2010, and 2011). The model accounts for the aerosol indirect 
effects on cumulus and ice cloud formation and offers two 
aerosol activation parameterizations and five heterogeneous ice 
nucleation parameterizations. The evaluation of baseline 
results against datasets from surface networks and satellites 
show an overall good performance for major meteorological 
variables, column abundances and surface concentrations of 
chemical species, and vertical profile of CCN but larger biases 
for some surface concentrations and cloud variables. 
Compared with the default Abdul-Razzack Ghan aerosol 
activation parameterization, simulations with the Fountoukis 
and Nenes series parameterization produce > 100% higher 
cloud droplet number concentrations and are more skillful in 
simulating cloud, radiation, and precipitation. Asian dust 
shows large impacts on cloud and chemical predictions, and 
aerosols show large impacts on Asian moosoon formation. 
Additional sensitivity simulations indicate the dominancy of 
the aerosol indirect effects in aerosol-cloud-radiation-climate 
interactions. The scientific/policy implications of the results 
will be discussed along with recommendations for future 
model improvement aiming at reducing the uncertainties in the 
current models’ estimate for aerosol indirect effects.   
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Ambient inclusion trails (AITs) in association with pyrite 

are interesting microtubular structures that commonly occur in 
Precambrian fossiliferrous chert or phosphorites. They are 
generally attributed to the migration of pyrite crystals through 
a lithified substrate driven by the decomposition of organic 
matter, yet the detailed mechanism remains elusive. Two 
distinct types of AITs are described in the phosphorites of the 
Doushantuo Formation in the Baizhu section, Baokang City, 
South China. AITs in granular phosphorites are relatively large 
and abundant, with widths ranging from 8.5 to 68 μm, whereas 
AITs in laminated carbonaceous phosphorites are only 1.6 to 
9.7 μm wide. Both types of AITs are often observed with 
terminal minerals such as pyrite and fine longitudinal striations 
along their inner walls. The spacings of the longitudinal 
striations in the smaller AITs are 0.3 to 1.8 μm, similar to the 
diameters of micro-crystals (0.2 - 1.4 μm) in co-existing pyrite 
framboids. The pyrite framboids, ranging in sizes from 1 to  
12 μm, are considered as terminal grains of these small AITs. 
These observations suggest that some of the small AITs might 
have formed by the migration of pyrite framboids during 
syngenetic stage, rather than during diagenetic stage as 
previously proposed. Raman microspectroscopy, transmitted 
electron microscopy and Nano-SIMS elemental mapping show 
that carbonaceous microfossils and nanoscopic particles are 
embedded in the apatite groundmass, part of which could have 
decomposed through bacterial sulfate reduction and provided 
abudant CO2 and H2S gases. The latter, combined with ferrous 
iron, produced pyrite framboids which were driven by the 
gases and led to the formation of AITs. 
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The alkenone-pCO2 method is one of the most widely used 

approaches to reconstruct the atmospheric CO2 level in the 
Cenozoic. Based on the fractionation of stable carbon isotopes 
between dissolved CO2 and biomass of haptophyte algae, this 
relationship (known as εp) scales inversely with growth rate 
and positively with CO2 [1]. Recently published records of 
alkenone-derived CO2 from late Pleistocene samples, however, 
are poorly correlated with ice core CO2 records, indicating that 
improvements to the current methodology are needed. Models 
and experiments indicate that algal growth rate as represented 
by the physiological parameter ‘b’ – which must be specified 
in order to reconstruct CO2 levels – are sensitive to nutrient 
concentrations (e.g., phosphorous, [2]) as well as other 
environmental conditions [3]. Here we revise the relationship 
between seawater reactive phosphate concentration and b using 
published core-top εp data. The sediment-based data show a 
shallower slope of the phosphate-b regression than the widely 
used relationship derived from suspended organic matter. 
Further, we show that the archaeal lipids often co-occuring 
with alkenones in the sediments may be used to estimate past 
changes of seawater nutrient levels and therefore to calibrate 
‘b’. Applications of this refined alkenone-pCO2 method to two 
published datasets yield similar trends and magnitude of pCO2 
changes over the last glacial-interglacial cycle, matching the 
ice-core records.  
 
[1]Laws, E.A., Popp, B.N., Bidigare, R.R., Kennicutt, M.C., 
Macko, S.A., 1995: Geochim. Cosmochim. Acta 59, 1131-
1138.[2]Bidigare, R.R. et al., 1997: Global Biogeochem. Cyc. 
11, 279-292.[3]Laws, E.A., Popp, B.N., Cassar, N., Tanimoto, 
J., 2002: Funct. Plant Biol. 29, 323-333. 
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The Yangtze River is the largest fluvial system draining 

the Tibetan Plateau yet its timing (Pre-Miocene versus 
Quaternary), and mode of origin have been debated for more 
than 100 years. In one view, there was an east-flowing Yangtze 
river ~23 Ma ago, based on zircon provenance studies. This 
model needs to be more thoroughly tested since the Paleogene 
and Neogene sediments of the middle-lower Yangtze River 
show similar zircon U-Pb age patterns, and the presence of 
evaporites in the Jianghan Basin precludes an east-flowing 
Yangtze river in the Paleogene. In contrast, most Quaternary 
formation models suggest that detritus derived from the upper 
Yangtze River first appeared in the middle-lower Yangtze 
River during the early Pleistocene.  

In this study we have used laser-ablation Pb isotope 
compositions of detrital K-feldspar from the late Cenozoic 
sediments in the Jianghan Basin to test and reconcile these 
conflicting models. Our new Pb data suggest that the upper 
Yangtze River had not cut through the Three Gorges in the late 
Pliocene, yet it flowed through the Jianghan Basin east of the 
Three Gorges in the early Quaternary (~2.4 Ma). Besides the 
reorganization of the trunk Yangtze River, the Pb isotopic data 
also record the first delivery of detritus from the Hangjiang 
River, one of the largest tributaries, into the Jianghan Basin 
~1.4-1.2 Ma ago. We suggest that the capture of the Hanjiang 
into the Yangtze River system in the early Pleistocene resulted 
from the southward tilted uplift of the Tongbai-Dabie 
mountains during the late Cenozioc. 
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Comparing with Pacific MORB and Atlantic MORB, 

Indian MORB is unique because its different trace element and 
isotopic compositions, which is named as DUPAL anomaly. 
This anomaly suggests the source of Indian MORB is a 
contamination of enriched end members. Here we present 
calcium isotopic composition measurements of Indian MORB 
samples collected between 18-20°S to further investigate the 
anomaly and to test the previously postulated contamination of 
recycled marine sediments with oceanic crust. 

δ44/40Ca915a of samples (2SD is around 0.10 or 2SE is better 
than 0.07 for each sample) from the study area range from 0.70 
to 0.89, which are lower than the suggest value of the primary 
mantle (1.05±0.04). The variation of δ44/40Ca915a is correlated 
with Ba/La and 87Sr/86Sr, and this could be best explained by 
adding up 2-4% ancient marine carbonate into the source of  
Indian MORB. 

In addition, based on sample locations, samples in the 
study area could be devided into two groups, On-Axis and 
Gasitao, respectively. Gasitao group basalts, which is believed 
to contain some Reunion-type plume material, have higher 
δ44/40Ca915a than the On-Axis group. This indicates the source 
of Indian MORB probably have more contributions from 
recycled ancient marine carbonate than Reunion-type plume. 
This could be easier explained as: in subduction zone, more 
calcium stayed in the upper mantle and joined in the MORB 
source through mantle convection; less calcium was subducted 
into lower mantle and went to the OIB source.  
 

This work was supported by Natural Science Foundation 
of China (No. 41373007, 41490632) and State Key Laboratory 
of Isotope Geochemistry grants (SKLIG-JY-13-03, SKLIG-KF-
12-05 and SKLIG-KF-13-03).  
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Bamaya gold deposit is a typical quartz vein - 

disseminated-type gold deposit in the Daduhe gold orefield, 
which is located in the north of the well know Sanjiang ore 
cluster area. Wall rocks are amphibolite with pyrite sericite 
quartzalteration. The altered rocks have an obvious negative 
Eu anomaly compared with the wall rocks in the deposit. The 
δ34S average is 0.1‰ for pyrite and 2.3‰ for chalcopyrite. 
Fluid inclusion homogenization temperature are primarily 
280°C-300°C; salinities are at 4-6wt% and densities vary 
between 0.79 and 0.99g/cm3. The source of sulfur is inferred to 
be the mantle, with mixing additional sulfur from the crust. 
CO2 dominates in the compositions of some fluid inclusions. 
The date suggests that the Bamaya gold deposit fit with its 
field setting as an orogenic deposit. 
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The Xiaoqinling gold belt, located on the southern margin 
of the North China Craton, is the second largest gold 
producing center in China. The Dahu deposit in the northern 
part of Xiaoqinling gold belt is a large scale Au(Mo) deposit. It 
is a typical vein type gold deposit controlled by near NE-
trending brittle-ductile shear zones hosted in the Taihua Group 
basement rocks. According to crosscutting relationships and 
mineral assemblages, the mineralization can be divided into 
three stages. Four types of fluid inclusions in quartz of the 
Dahu Au(Mo) deposit are identified as CO2-H2O, pure CO2, 
H2O-solution and a few daughter mineral-bearing fluid 
inclusions (S type) are identified based on petrographic 
observation, fluid inclusion micro-thermometric and micro 
Raman spectroscopic analysis. The early-stage quartz contains 
CO2-H2O inclusions with homogenization temperatures 
ranging from 209.3 to 414.3°C, salinities from 1.4% to 12.8% 
NaCleqv. The middle-stage quartz contains all four type fluid 
inclusions, of which CO2-H2O and H2O-solution inclusions 
yield homogenization temperatures of 201.3-380.7°C, 202.7-
333.6°C respectively, salinities of 0.6%-12.5%, 4.4%-12.2% 
respectively. Trapping pressures estimated from CO2-H2O 
inclusions are 140.0 to 445.9 Mpa and 112.2 to 346.8 Mpa for 
early and middle stage, respectively. In the late-stage quartz 
only H2O-solution inclusions are observed with 
homogenization temperatures ranging from 156.9 to 251.3°C. 
In brief, the characteristics of the ore fluids in the early and 
middle stages is meso- to hypothermal, CO2-rich and low 
salinity, which are consistent with the properties of 
metamorphic fluids. Late stage fluid inclusions are low salinity, 
CO2-poor and low temperature, indicating meteoric water 
inflow. Fluid boiling and mixing caused fluid system evolved 
from CO2-rich to CO2-poor, from metamorphic to meteoric 
and quick precipitation of gold and molybdenum. Integrating 
with isotopic data obtained by other researchers, the Dahu gold 
deposit was an orogenic-type mineralization system formed 
during the collision between North China and Yangtze 
Cratons[1].  

 
[1] Chen (2006) Geol. China 33, 1181-1196 (in Chinese with 
abstract). 
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The formation and growth of calcium oxalate minerals is 

associated with a variety of biological processes in micro-
organisms, plants, fungi, and animals, [1] including some 
pathological mechanisms in humans such as kidney stones and 
breast cancer.[2] [3] In the environment, they represent the 
most common family of organic minerals occurring in 
sediments and hydrothermal veins [4]. However, little research 
has been devoted so far to understand their nucleation, growth, 
and properties. 

As for many minerals, a variety of stable and metastable 
anhydrous and hydrated crystalline structures have been 
observed, [4] though their details are yet to be fully explored. 
Similarly, the dynamics of their nucleation and of their 
interaction with aqueous solutions is not yet fully understood.  

In the present study we apply computer simulation 
techniques to investigate several steps relating to the formation 
of these minerals. This presentation will focus on the structural 
features of many species that can nucleate and phases that can 
grow from aqueous solution, and on the possible 
transformation mechanisms from one to another.  

 
[1] S. Kahn, Calcium Oxalate in Biological Systems, 1995, 
CRC press [2] M. J. Radi, Arch. Pathol. Lab Med. (1989) 113, 
1367; A. S. Haka et al. (2005) PNAS, 102, 12371 [3] M. S. 
Parmar, Brit. Med. J. (2004) 328, 1420 [4] T. Echigo & M. 
Kimata, Can. Mineral. (2010) 48, 1329 (and references therein) 
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Retained hydrocarbons here refer to scattered liquid 
hydrocarbons that have not been expelled from the source 
rocks. As the source rocks become over-mature, the retained 
hydrocarbons will eventually be cracked into gas, which is 
believed to be a major source for oil-type gas. The amount of 
oil that can be retained in source rocks is quite controversial 
(Leythaeuser et al., 1984; Jarvie et. al., 2007). Conventionally, 
the retained hydrocarbons were determined using either the 
Rock-Eval pyrolysis S1 value or the chloroform bitumen 'A' 
from extraction, each of which only represents part of the total 
retained hydrocarbons. We determined the retained 
hydrocarbons using three methods: expulsion simulation 
experiments in a semi-open system, in-situ NMR (Nuclear 
Magnetic Resonance) detection, and source rock pressure-
generation modelling and mass balance calculation (Robert 
and Nunn, 1995; Guo et. al., 2011). The results show that (1) 
the retained hydrocarbons can account for 40%-60% of the 
total hydrocarbons generated, 1.3-1.5 times of that recovered 
from chloroform bitumen 'A'; (2) when half of the 40%-50% of 
the liquid hydrocarbons are expelled, the pressures in and 
outside the source rocks are balanced and liquids cease to 
expel; and (3) the retained hydrocarbon can crack when Ro 
reaches 1.6%-3.2%.  

This finding provides a favorable scenario for the 
formation of marine petroleum systems in China, which are 
characterized by old age and high maturity. The retained oil in 
the source rocks was cracked into gas and remained in the 
source rocks to become large shale gas plays, i.e. the 
proliferous Silurian System Longmaxi shale gas play with an 
estimated reserve of 1.8×1013 TCF in the Southeast Sichuan 
Basin, or be part of the source of the gas reservoirs, i.e. the 
Cambrian Anyue giant Gas Field in the Center Sichuan Basin 
with a reserve of 1.6×1013 TCF. Considering the contribution 
of the retained liquid hydrocarbons in the source rocks, the 
natural gas potential of the marine strata in the Tarim Basin is 
projected to be 2.3 times of the current estimation  
(6.3×1013 TCF). 

 
[1] Leythaeuser et al. (1994) Nature 311, 745-748. [2] Jarvie et 
al. (2007) AAPG Bulletin 91, 475-499. [3] Robert and Nunn. 
(1995) Marine and Petroleum Geology 12, 195-204 [4] Guo et 
al. (2011) Organic Geochemsitry 42, 1343-1350. 
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We investigated Ca isotopic compositions of minerals 

(orthopyroxene, clinopyroxene and phlogopite) separeated 
from two suites of mantle peridotite xenoliths (Mg-lherzolites 
and Fe-rich lherzolites) from Yangyuan, North China Craton 
to constrain the Ca isotopic composition of the upper mantle.  

Those minerals were digested in HF+HNO3 first, then 
spiked with a 42Ca-43Ca double-spike before purification using 
cation exchange chromatography. Calcium isotopic ratios were 
determined on a thermal ionization mass-spectrometry 
(Thermo Triton) in the State Key Laboratory of Isotope 
Geochemistry in China.  

The Mg-lherzolites, which are residual peridotites with no 
or only moderate metasomatism, display a small variation in 
Ca isotopic composition (δ44Ca = 0.86-0.92) with an average 
of 0.89 ± 0.05 (2SD, n = 3), and they show no significant inter-
mineral Ca isotope fractionation between orthopyroxene and 
clinopyroxene. By contrast, the Fe-rich lherzolites, which are 
strongly metasomatized and enriched in iron, exhibit larger Ca 
isotopic variations, with δ44Ca ranging from −0.08 to +0.70. 
The δ44Ca values of minerals in these xenoliths also vary 
widely from −0.24 to 0.70 in orthopyroxenes, from−0.09 to 
+0.69 in clinopyroxenes and from 0.43 to 0.68 in phlogopites. 
Large Ca isotope fractionation occurs between coexisting 
pyroxenes and phlogopites in the majority of Fe-rich 
lherzolites (Δ44CaOpx−Cpx = −0.50 to 0.31‰ and Δ57FePhl−Cpx = 
−0.15 to 0.21‰). Overall, the large isotope fractionations in 
Fe-rich lherzolites likely results from the kinetic nature of the 
isotopic exchange between the wall-rock mantle and the 
percolating melt. 

These results confirm that distigusihable variations in Ca 
isotope compositons exist between mantle minerlas, and that 
Ca isotopic composition of the lithospheric mantle is  
heterogeneous at the scale of xenolith samples. 
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Radiogenic 138Ce/136Ce ratios help to constrain the ancient 
history of light REE enrichment and depletion in Earth and 
planetary materials, and may also be used for geochronology 
as 138Ce is the daughter product of 138La. However, 
measurements of 138Ce/136Ce ratios are challenging because (1) 
the small variations in nature require high precision 
measurements, (2) the relative abundances of 136Ce and 138Ce 
are low (<0.25%), and (3) both isotopes are plagued by 
isobaric interferences (e.g., Ba). 

Isotopic measurement of Ce as an oxide species by thermal 
ionization mass spectrometry (TIMS) yields precise and 
accurate 138Ce/136Ce ratios [1]. MC-ICP-MS also holds 
considerable promise due to the higher ionization efficiency 
for Ce in the ICP source and the potential for higher sample 
throughput (compared to TIMS). To date, however, the 
difficulty of correcting for (1) the larger interferences on the 
Ce isotopes using MC-ICP-MS (due to its high ionization 
efficiency for all elements, and the additional presence of 
interfering 136Xe in the Ar plasma gas) and (2) tailing of the 
large 140Ce beam under 138Ce (due to relatively poor abundance 
sensitivity compared to TIMS) has prevented this technique 
from achieving a level of accuracy and precision that is similar 
to TIMS [1]. 

Here we evaluate the ability of the Nu Plasma II MC-ICP-
MS equipped with a high-gain detection system (1012 ohm 
resistors) to measure 138Ce/136Ce ratios. Preliminary 
experiments were conducted using (1) both “wet” and “dry” 
plasma modes to reduce the level of interfering elements in the 
sample introduction system and (2) high-gain detectors to 
reduce the uncertainties of the corrections for the most 
significant interferences (i.e., 136Xe and 136Ba on 136Ce, and 
138Ba on 138Ce). In addition, we tested the importance of 
measuring the isotopic composition of Xe in the Ar plasma gas 
because an incorrect estimate of the 136Xe interference on 136Ce 
(inferred from a non-interfering Xe isotope) can lead to 
inaccurate 138Ce/136Ce ratios (depending on the level of Xe). 
Additional experiments are in progress to demonstrate the 
capability of the Nu Plasma II MC-ICP-MS for precise and 
accurate Ce isotopic measurements. 

 
[1] Willbold (2007) J. Anal. At. Spectrom. 22, 1364-1372. 
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The NNW striking Wudalianchi Cenozoic volcanic belt 

(WVB) in NE China is mainly composed of volcanoes in the 
Menlu river area, Keluo, Wudalianchi and Erkeshan. K-Ar 
radiometric dating suggests two episodes of volcanism in the 
WVB. Specifically, the Pliocene to early Pleistocene 
volcanism is distributed only in the northern part of WVB, 
whereas middle Pleistocene to Holocene volcanism occurred 
over the entire WVB. The first episode generated basanite with 
SiO2 between 44.6~45.4 wt% , MgO between 11.3~12.5wt%, 
K2O between 3.8~5.0 wt% and Na2O between 2.5~2.8 wt%, 
whereas the second episode generated phonolitic tephrite and 
tephriphonolite with SiO2 between 48.5~55.2 wt%, MgO 
between 4.0~8.5 wt%, K2O between 3.4~6.9 wt% and Na2O 
between 3.0~5.0 wt%. The early-stage lavas have 87Sr/86Sr 
between 0.704973 and 0.705435, and 143Nd/144Nd ranging 
from 0.512354 to 0.512439. The late-stage lavas have 
87Sr/86Sr between 0.705062 and 0.705551, and 143Nd/144Nd 
between 0.512312 and 0.512496. Lavas from both episodes are 
characterized by relatively high (La/Yb)N and enrichments in 
large ion lithophile elements (LILEs), but low in high field 
strength element (HSFE) concentrations. We suggest that 
magma in the second episode volcanism underwent more 
extensive crystal fractionation and evolution than the first one, 
and the lithosphere mantle played increasingly more important 
role in the magma generation.  

 
This research was supported by National Natural Science 

Foundation of China (NSFC Grant No. 91014007, 41272088) 
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It has been demonstrated that boron (B) isotopes are 
fractionated during river erosion, so the researches of boron 
isotope were reported for some large river basins. The 
Huanghe River, one of the world largest rivers, is characterized 
by high load of sediments and high concentrations of major 
ions. This study systematically investigated the boron 
concentration and boron isotopic composition of the dissolved 
load from the Huanghe River.  

Our results show that the abnormally high concentration of 
the dissolved boron in the Huanghe River was likely originated 
from the Loess Plateau area. The B concentration increased 
from ~64(±14) μg/L (n=24) for upstream (Tangnaihai 
hydrometric station) to 241(±40) μg/L (n=24) for downstream 
(Wuzhi hydrometric station). The highest δ11B values (+10‰ 
to +17.6‰)were observed from the midstream samples, while 
most of the samples from upstream and downstream have δ11B 
values lower than +10‰. The strong positive relationship of B 
concentration with the concentrations of Na, Cl and Li 
indicates the controll of  evaporation on the dissolved B in 
water of the Huanghe River. Groundwater samples from 
Ninxia and Neimenggu Autonomous Regions, the extremely 
drought region of Huanghe basin, are all characterized by high 
salinity and high concentration of boron, similar to those of 
seawater but with δ11B values lower than +20‰. This indicates 
that in the arid region, the high-salinity groundwater may be a 
potential source of dissolved load to the water of Huanghe 
River. 

 
This work was jointly supported by the National Natural 

Science Foundation of China (Grant No. 401173030, 
41210004) and the National Basic Research Program (973) of 
China (Grant No.2013CB956401). 
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The oil-expulsing rate is basically related to the types of 

source rocks and the collocation of source rocks and reservoirs. 
The resident hydrocarbons in different source rocks are studied 
in different geological settings based on the combination of 
thermal simulation of hydrocarbon-generating and 
hydrocarbon-expulsing and actual geological profiles. 

This paper has chosen 15 samples of different sedimentary 
facies with different abundance, type and maturity of organic 
matters and lithology for the thermal simulation experiment in 
the airtight system. The experiment shows that the oil-
expulsing rate of all kinds of source rocks rises at the period of 
0.7%-1.0% of Ro with increasing maturity, and the oil-
expulsing rate is higher in better type of organic matters such 
as typeⅠ and typeⅡ1 and higher content of organic matters. 

Three wells in Bohai Bay basin with lacustrine source 
rocks are chosen to research the difference between the oil-
expulsing rate in actual geolical profiles and that of the thermal 
simulation. The study indicates that the oil-expulsing rate for 
mudstones is in the range of 20% to 80%; the oil-expulsing 
rate generally increases by the higher abundance of organic 
matters to coincide with this experiment; the oil-expulsing rate 
goes up with the increasing maturity of organic matters. 
Especially, the thickness of source rocks has obvious effect on 
the oil-expulsing rate.  

 
[1] Zhao et al (2005) Petroleum Exploration and Development 
32, 1-7. [2] Liang et al (2000) Earth Science Frontiers 7, 534-
547. 
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There are many hydrothermal activities in the Juan de Fuca 
Ridge1-3, such as the high-temperature hydrothermal vents 
found in the Middle Valley (128.67°W, 48.45°N, 2460 m 
depth)2 of the northern Juan de Fuca Ridge and the low-
temperature hydrothermal plume (2800 m depth) near the 
western Blanco Transform Fault Zone3. Seawater samples 
were collected from the subarctic North Pacific during the R/V 
Hakuho-Maru KH-12-4 cruise (August-October, 2012). 
Stations BD17, BD18, BD19, and BD21 were arranged across 
the ridge with the purpose of observing hydrothermal plumes. 
In particular, BD 21 was only 4 km away from the Middle 
Valley high-temperature hydrothermal site and BD19 was 
located at the western foothill of the ridge. 

Trace elements that are highly toxic or essential to 
organisms are called bioactive trace metals. This study reports 
the vertical distribution of dissolved and total dissolvable 
bioactive trace elements (Al, Mn, Fe, Co, Ni, Cu, Zn, Cd, and 
Pb) at the 4 stations. Dissolved Mn and Fe presented maxima 
at 2953 m depth of BD19 and 2268 m depth of BD21. The 
maximum of BD21 was 2.5-6.1 times higer than that of BD19. 
Dissolved Co and Pb showed lower concentrations in the layer 
of >2100 m at BD21 than other stations, while both elements 
showed maximum at 2953 m of BD19. It is considered that the 
hydrothermal plumes at the two stations were from different 
origins: low-temperature and high-temperature hydrothermal 
vents. The hydrothermal plume of BD21 was from the Middle 
Valley high-temperature hydrothermal site and loaded with 
large amounts of Mn and Fe. Co and Pb were scavenged by 
ferromanganese oxide particles formed in the high-temperature 
hydrothermal plume, resulting in the lower concentrations of 
dissolved species in deep water. 

 
[1] Davis et al. (1987).. Earth Planet. Sci. Lett. 82, 49-61. [2] 
Ames et al. (1993), the canadian mineralogiu 31, 997-1024. 
[3] Dziak et al. (1996), Geophys. Res. Lett. 23, 873-876. 
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Organic aerosol (OA) constitutes a substantial fraction of 

fine particle and plays an important role in human health and 
climate. Some OA has been found light-absorbing (brown 
carbon). Globally, brown carbon is particularly abundant and 
of great concern in several countries, such as South Africa, 
Indian and China. In some studies, biomass burning has been 
regarded as the most important source of brown carbon and has 
been considered in several modeling studies of radiative 
forcing. However, knowledge of sources and chemical 
compositions of these light-absorbing OA and its associated 
light absorbing properties such as efficiency still remains very 
limited in China. Here, state-of-the-art dual carbon isotope (14C 
and 13C) measurements are performed on both total OA and 
water-soluble OA to investigate fossil and contemporary 
source contributions. High performance liquid chromatography 
equipped with a UV/Vis absorbance detector and followed by 
a time-of-flight (TOF) mass spectrometer system (LC/DAD-
ESI-HR-TOFMS) is also applied to determine the elemental 
compositions of complex light-absorbing organic compounds 
in Beijing. With these advanced techniques, sources and 
chemical composition of light-absorbing organic compounds in 
PM2.5 samples in Beijing during winter and summer have 
been determined. Our results show significant higher light 
absorbing water-soluble OA in winter compared to summer. 
Radiocarbon analysis reveals that fossil source accounts for 
about 60% of OA in winter in Beijing. Dual-carbon-isotope 
signatures confirm the significant contribution from fossil 
sources (coal and liquid fossil fuel) and LC/DAD-ESI-HR-
TOFMS identifies light absorbing OA to molecular level. Our 
results not only clearly identify the importance of fossil source 
contribution to light-absorbing OA, but also quantify its 
contribution in different seasons. These findings and results 
provide important information for modeling radiative forcing 
of organic aerosol in China in the future. 
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Oil production can be enhanced by injecting seawater into 
the reservoir. However, if the formation water is rich in Ba2+, it 
combines with SO4

2- in the seawater to form poorly soluble 
barite. Abundant data from oil reservoir records show that 
barite is often the main problem in scaling. Geochemical 
speciation codes can be used for estimating the saturation state 
in solutions and hence, to predict the potential for scaling. 
However, formation waters in particular have high ionic 
strength, which makes it necessary to use an ion activity 
correction method, such as that developed by Pitzer. Several 
compilations of Pitzer parameters exist for the Na+-Cl--Ba2+-
SO4

2- system but they give significantly different results. 
We determined the temperature dependent Pitzer 

parameters for NaCl, Na2SO4 and BaCl2 by fitting osmotic 
coefficient data for 25<T<300 °C and molal concentration 
from 0 to 10, using equations consistent with the PHREEQC 
speciation code. Compared with the existing PHREEQC Pitzer 
database, the new parameters yield activity coefficients and 
solubilities that agree significantly better with experimental 
data for Na2SO4 and BaCl2 at T>25 °C (Fig. 1). In saline 
systems, where 25<T<300 °C, the new parameters improve 
barite solubility preditions (R2 = 0.95) compared with those 
from PHREEQC (R2 = 0.69), reflecting improvements at 
higher temperatures in particular. This will significantly 
improve predictions of barite scaling. 

 

Figure 1. Experimental activity coefficients for Na2SO4 
compared with data predicted using the original PHREEQC 
Pitzer parameters and the new parameters at T=150 °C.  
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The northwestern slope area of Shawan sag, located in the 
footwall of Hongche Fault of the northwestern margin of the 
Juggar basin, is adjacent to Permian hydrocarbon generation 
depression and has a great resource potential. With the 
development of oil and gas exploration, large-scale effective 
reservoirs have been found in the Triassic Baikouquan and 
Kelamayi Formations in this area. Based on the studies of 
sturcture, reservoir, oil and gas source correlation, and 
reservoir-forming conditons, the main controlling factors of oil 
and gas accumulation have been analyzed for selecting the 
favorable exploration areas. 

Faults, effective reservoirs and paleostructures are the most 
important factors to controll oil and gas accumulation in the 
northwestern slope area of the Shawan sag (Fig. 1). The types 
of oil and gas reservoirs are different between the southern and 
northern parts of this area. In the sourthern part, the types of 
traps are dominated by stratigraphic overlap and lithology and 
the distribution of oil and gas is controlled by the combined 
effects of positive structure, faults for hydrocarbon explusion, 
and overlap sandstones which does not joint with the Hongche 
Fault. In the northern part, fault block and lithology are the 
principal types of traps and the distribution of oil and gas is 
controlled by the combined effects of positive structure, faults 
for hydrocarbon explusion and migration, and sandstones cut 
by faults. 

 
Fig. 1: Section map of the oil and gas accumualtion in the 

northwestern slope area of the Shawan sag. 
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The harm of high arsenic groundwater is particularly 

serious. Research on how to remove the high arsenic from 
groundwater is important. This research improves iron oxide 
by kaolin loading, enhancing the arsenic removal rate and 
economic benefit. Nanoscale ferriferrous oxide is now widely 
used as adsorbent because of its adsorption efficiency [1]. 
Nano features increase material adsorption area. Magnetic can 
effectively separate the adsorbent and ground water [2]. On the 
basis of the geological data, clay are widely distributed in 
Datong Basin, Shanxi Province, China and kaolinite is the 
most. On the reference previous theoretical model, this 
research selects magnetic nanoscale iron oxide which has 
remarkable adsorption effect and improves it with the 
kaolinite. The water bath temperature, amount of kaolin, 
surfactant and amount of iron compounds all affect the new 
material. Adsorption capacity of the material is significant. 
Magnetic nanoscale iron oxide loaded on kaolinite can reduce 
the nanoparticle agglomeration effect, and increase the adsorb 
area of the adsorbent, to improve efficiency of the adsorbent. It 
also makes the costs become lower to apply to actual 
production. 

 
[1] Zhang S, Niu H, Cai Y, Zhao X, Shi Y. Arsenite and 
arsenate adsorption on coprecipitated bimetal oxide magnetic 
nanomaterials: MnFe2O4 and CoFe2O4. Chemical 
Engineering Journal 2010; 158: 599-607. [2] Lin S, Lu D, Liu 
Z. Removal of arsenic contaminants with magnetic gamma-
Fe2O3 nanoparticles. Chemical Engineering Journal 2012; 211: 
46-52. 
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The cellular events leading to silica deposition in diatoms 

have been extensively studied from various aspects including 
silicification condition, silicified area, assembling process, 
structural feature and formation mechanism. However, there 
are many other complex phenomena in biosilicification, which 
produce intricate structures at small length scales and exceed 
the capabilities of updated materials engineering. Macroporous 
sieve plate is an important characteristic of valve structure in 
diatoms. It has been proposed that the involvement of organic 
components possessing anionic and hydroxyl groups is likely 
to be responsible for the generation of macroporous biosilica. 
Here, two kinds of opposite-charged surfactants and L-tartrate 
with anionic carboxy and hydroxyl groups were selected as 
model regulators to mimic silicification of silica. The results 
show that the silica plates with through-hole structures, which 
are the excellent counterpart of biosilica sieve plates, can be 
formed by a multistep assembly from 0D particles through 1D 
ropes to 2D sieve plates. The catanionic surfactants act as a 
template of the plate-like silicious structures, whereas L-
tartrate can exactly control the formation of the macroporous 
structures. It must be highlighted that hydrogen bonding 
between silanol and hydroxyl group from tartrate can lead to 
the incorporation/adsorption of tartrate molecules on the silica 
structures, and thus negatively charged COO- are introduced to 
the silica surfaces passively. During the formation of the sieve 
plate structures, tartrate exerts two seemingly contradictory 
capabilities: the effective connection of adjacent silica 
structures through H-bonding and the moderate separation of 
adjacent structures through electrostatic repulsion. It appears 
that hydroxyl and anionic groups incorporated in one 
organic/biological molecule play a crucial role in the formation 
of silica sieve plates. In this regard, our results may provide a 
deeper insight into biosilicification mechanism. 

3608



 Goldschmidt2015 Abstracts  

 3609 

Paleoproterozoic evolution of the 
Yangtze Block during the assembly of 

Columbia: Evidence from the 
Huashanguan post-collisional granite 

complex 
GUANGYAN ZHOU1 AND YUANBAO WU1* 

1School of Earth Science , China University of Geoscience, 
Wuhan 430074, China 

(*Correspondence: yuanbaowu@cug.edu.cn) 
 

The Yangtze Block in South China is suggested to have 
been involved in the assembly of the supercontinent Columbia 
by the occurrence of high pressure metamorphism belt along 
the northern margin. However, the subsequent magmatism and 
the position of the block within the supercontinent have not 
been well constrained. The Huashanguan granite complex in 
the Nothern Yangtze Block is comprised by monzogranite and 
rapakivi granite. In situ zircon LA-ICPMS dating reveals that 
they have similar formation ages of 1816±50 Ma and  
1843±9 Ma respectively. They have uniform negetive ziron  
εHf(t) values of -16.3 to -18.1, corresponding to TDM2 ages of 
~3.6 Ga. The δ18O values average at 6.80 ± 0.09 ‰. These 
indicate the granites were generated by partly meltting of 
Paleoarchean crustal materials, implying the wildspread of 
>3.5Ga continental crust in the Yangtze Block.  

The formation ages of the Huashanguan granite complex 
are contemporaneous or slightly later than the 2.0-1.85 Ga 
metamorphism event in the northern Yangtze Blcok, but much 
earlier than the worldwide breakup event of the supercontinent 
Columbia. Furthermore, the granites show geochemical  
features as the A2-type granite, which imply a post-collisional 
environment. Collectively, we suggest the Huashanguan 
granites were formed in a post-collisional setting following the 
arc-continental collision during the assembly of the 
supercontinent Columbia. It is inferred that the Northern 
Yangtze Block was located on the margin of the 
supercontinent Columbia, and experienced an accretionary 
orogeny process. 
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This study aimed to examine the temporal variation of the 
particle export during 2004-2014 in the SouthEast Asian Time-
series Study site (SEATS) of the Northern South China Sea. 
The radioactive 234Th was used to trace the particle export in 
the upper ocean. Large variations of 234Th and POC fluxes 
were found during the 10-year long observation. In the upper 
100 m, 234Th fluxes ranged from 478±104 dpm m-2d-1 in May 
2005 to 2323±71 dpm m-2 d-1 in January 2009, and POC fluxes 
varied from 1.8±0.4 mmol C m-2 d-1 to 17.9±1.9 mmol C m-2d-1. 
The general pattern of particle export was high under northeast 
monsoon but low during intermonsoon and southwest 
monsoon season. We proposed that the deepening of the mixed 
layer forced by the northeast monsoon triggered an 
enhancement of the nutrient intrusion from the deep water, and 
ultimately elevated the particle export. However, the Asian 
monsoon might not be the only forcing that controlled the 
temporal variation of the particle export in the South China 
Sea. For example, 234Th fluxes in January 2009 was 2323 dpm 
m-2 d-1, but 1349 dpm m-2 d-1 in the same season of 2010. 
Similarly, it was 632 dpm m-2 d-1 in August 2009, but  
1400 dpm m-2 d-1 in the same season of 2012. Such difference 
of the particle export in the same seasons might be induced by 
the eddy activities. In fact, mesoscale eddies are ubiquitous 
phenomenon in the adjacent area around SEATS station which 
was also considered as one of the major conduits of the deep 
nutrients. The highest particle fluxes in January 2009 might be 
resulted from the cascade of the forcing between northeast 
monsoon and mesoscale eddies. 
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Oceanic Anoxic Events (OAEs) were characterized by 

deposition of widespread organic-rich sediments and coeval 
carbon-isotope excursions (CIEs). Carbonate associated iodine 
(I/Ca) has been used to indicate local upper ocean redox 
conditions, demonstrating highly dynamic spatial and temporal 
patterns at multiple sections recording the Cenomanian–
Turonian OAE 2. How the marine budget of iodine as a 
micronutrient changed during OAEs is an important and 
intriguing question.  

We developed a new method of extracting organically 
bound iodine (Iorg) from shale using volumes of sample on the 
order of tens of milligrams. This method has potential for high-
resolution work across thin shale bands. We generated Iorg and 
I/TOC records from three OAE 2 sections: at Demerara Rise, 
equatorial Atlantic, Tarfaya, Morocco and Furlo, central Italy. 
These results help us to examine: 1) the potential global iodine 
drawdown by organic carbon-burial during the OAE 2; 2) the 
possibility of applying I/TOC as a bottom-water redox proxy. 
Bulk sediment Iorg values are significantly higher at  Demerara 
Rise than at Tarfaya, regardless of the similar TOC contents. 
No stratigraphic correlation was found between high Iorg and 
high TOC during the OAE 2 at any section. The I/TOC record 
for Tarfaya shows trends similar to that of I/Ca at the same 
site, which may suggest vertical expansion of anoxia 
impinging both surface and bottom waters during the OAE 2, 
given that I/TOC has been suggested to indicate bottom-water 
redox conditions in modern anoxic basins. 

The fact that I/Ca ratios do not uniformly decrease in 
different sections during the OAE 2 seems to indicate the 
decoupling of the iodine cycling and organic-carbon burial. 
Since the main output of iodine from the ocean is organic-
matter burial, temporal records of such a flux may shed new 
lights on iodine cycling during OAEs.  
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There has been a hot debate on the origin of enriched 

mantle endmember EMI, especially for those exposed in 
continental settings. Several authors have emphasized the 
LOMU nature for continental EMI endmember since 1988 
(Zhou and Zhu, 1989, Zhou et al., 1992, Zhou and Zhang 1994) 
and it has received positive response from geochemical 
community (Zindler, 1993). The previous comprehensive study 
have revealed that the mantle source of Pleistocene 
ultrapotassic rocks in NE China show a typical EMI signature 
in terms of its overall geochemical parameters, particularly, 
one of the least radiogenic Pb isotope in the world for those 
with EMI signature, Leucite Hill and Smoky Butte(Zhang, 
Zhou and Zhang, 1998 , Sun et al., 2014). On the basis of 
systematic radiogenic isotopes analysis (Sr-Nd-Pb-Hf-Os), in-
situ mineral O isotope analysis by SIMS (Cameca 1280HR) 
have been performed on olivine phenocrysts from Xiaoguulihe 
lucitites. The results show relatively higher δ18O values than 
the normal mantle value, vary between 5.3 and 6.2‰, which 
imply addition of an 18O-rich crustal component into their 
mantle source after ruling out the crustal contamination. The 
high-δ18O feature of olivine phenocrysts is inherited from the 
subducted crustal component and it can only be preserved in 
the cold and stable subcontinental lithospheric mantle. 
Combined with the variable range of Li isotope on phenocrysts 
of clinopyroxene (Sun et al., 2015) and the lowest negative Mg 
isotope signature in Chinese Cenozoic volcanic rocks (Su et al., 
2015), it has been postulated that ultrapotassic volcanic rocks 
were mainly generated from the lower subcontinental 
lithospheric mantle, which had been experienced multiple  
metasomatism in different geological time by potassium-rich 
silicate melts derived from anciently subducted continental-
derived sediments, and carbonatic melts derived from an 
increasingly dehydrated slab. The enriched mantle 
endmembers are related not only to variable proportions of 
slab melts but also to the residence time of subducted slabs in 
the mantle.  

 
This study is financialy supported by the NNSF of China 

(41173045). 
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Recent studies suggest that the current Palaeoproterozoic 
record does not favor the global magmatic shutdown (2.45-
2.20 Ga) hypothesis, as magmatism at this period are found in 
many cratons. The scenario could involve subduction cessation 
following the global Archean cratonization, with contemporary 
initiation of subduction in the exterior ocean or within 
restricted small-scale ocean basins. But current data of tectono-
magmatic events has not reached a sufficient mass to verify the 
model. During the quiet interval, 2.45-2.20 Ga magmatism are 
more widely distributed in the North China Craton (NCC) than 
previously known, especially in the Taihua Complex, southern 
margin of NCC. The Taihua Complex consists of the gneiss 
series and Khondalite-dominated supracrustal rocks. The 
former is composed predominantly of tonalitic-trondhjemitic-
granodioritic (TTG) gneisses and associated granitic plutons, 
the latter is composed mainly of high-grade sillimanite-garnet 
gneisses, amphibolites, graphite-bearing gneisses, quartzite, 
banded iron formations, marble, and syn- or post-tectonic 
granitoid rocks. Our zircon U-Pb dating reveals that the TTG 
gneiss, monzonitic granite gneiss and gabbro gneiss in the 
Xiong’er shan Taihua Complex formed at 2308±32 Ma, 
2270±20 Ma and 2350±14 Ma, respectively. The protolith age 
of amphibolite (metamorphic basalt) in the Lushan area is 
2315±57 Ma. In addition, the depositional age of the 
sedimentary protoliths of the khondalite series can be roughly 
constrained between 2300 Ma and 1950 Ma. Zircon Hf 
isotopes indicate that the felsic rocks were produced by 
variable mixing of a juvenile materials with older crust.  
Geochemical data suggest that the early Paleoproterozoic 
metomorphic basalt exhibits island arc tholeiite. Therefore, 
these rocks might be produced in an Andean-type continental 
margin arc or island arc setting. Combination with later 
potassic igneous rocks which were likely formed in a post-
collisional setting, we propose that there is a tectonic 
transformation from compression  to extension at least in the 
southern margin of NCC between 2.45 Ga and 2.25 Ga. 
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The strontium isotopic composition of seawater has varied 

throughout Earth history in response to the balance between Sr 
isotopic exchange with ocean crust and input of riverine Sr 
derived from continental weathering. Because of this, seawater 
87Sr/86Sr highs of the Phanerozoic Eon are interpreted to reflect 
weathering/erosional events, related to mountain building, 
while 87Sr/86Sr lows are considered to result from low 
weathering rates due to supercontinent denudation or increased 
seafloor spreading. Seawater 87Sr/86Sr also responds to changes 
in the isotopic composition of material undergoing weathering 
with old, continental rocks contributing radiogenic Sr, while 
the opposite is true for freshly erupted volcanic terrains which 
are frequently linked to negative excursions in seawater 
87Sr/86Sr. The largest ever increase in seawater 87Sr/86Sr took 
place sometime from approximately 900 Ma to 500 Ma, and 
was associated with a permanent step shift in baseline 87Sr/86Sr 
composition. The unprecedented size of this increase, its 
timing and causation remains unconstrained. This study 
attempts firstly to reconstruct global seawater 87Sr/86Sr trends 
through this increase, using well-preserved carbonate rock 
samples from the North China craton, calibrated against 
additional 87Sr/86Sr and δ13C data from Neoproterozoic samples 
collected from other sections around the world. Other stable 
isotope systems (δ13C and δ18O) and trace elements, including 
REE have been investigated on the same samples to help to 
identify pristine samples for Sr isotope analysis and help with 
the interpretation. The newly obtained data from this study, 
using the excellently preserved early marine calcite cements 
and some bulk rock samples, confirm that the carbonate strata 
across the Jiao-Liao-Xu-Huai stratigraphic realm of the North 
China Craton exhibit the moderately positive δ13C values and 
low 87Sr/86Sr values that are characteristic of the early 
Neoproterozoic (Tonian). The results help to recreate the 
global curve by linking negative excursions on the North 
China Block with the global ~ 800 Ma ‘Bitter Springs 
Anomaly.  
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29Si doped experiments demonstrated that Si isotope 
doping is a robust new experimental technique for measuring 
silicate reaction kinetics. Albite dissolution batch experiments 
were conducted under ambient temperature and pH 3-7.5. In 
our experiments, initial solutions were doped with artificial 
29Si, resulting in a Si isotopic composition highly anomalous to 
natural Si isotope compositions. The isotopic contrast and 
analytical precision of ±0.05 (unit in %) allow detection of the 
dissolution of a minute amount of albite in the aqueous 
solutions. Results show that the temporal evolution of 28Si and 
29Si abundances in batch experiments (3-270 days) tightly 
bracketed the steady state albite dissolution rates, and the 
measured rates are consistent with literature data. Because the 
precipitation of secondary phases consumes silica but leaves 
the Si isotope ratios unchanged in experimental solutions, 
dissolution rates were still measurable when secondary phase 
precipitation took place in experiments. Meanwhile, the 
combination of Si isotopes and Si elementary concentrations, 
precisely determined with the Si isotope dilution method, 
allowed albite dissolution and secondary phase precipitation 
rates to be determined simultaneously. Experimental data 
illustrate that this method allows measurements of silicate 
reaction rates at precisions and conditions never before 
possible. The high detection sensitivity allows measuring 
steady state rates extending to longer experimental duration 
than previously possible at ambient temperatures. Freedom 
from interferences of secondary phase precipitation means we 
can now measure rates at circumneutral pH and near 
equilibrium conditions under which precipitation likely takes 
place. Particularly, measurements of rates close to equilibrium 
would help resolve the long-standing problem of field-lab gap 
in silicate dissolution rates. 
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Co-occurrence of saddle dolomite, pyrite and pyrobitumen 

in dissolution pores of deep dolomite in Sinian Dengying 
Formation in Sichuan Basin, southern China, indicates the 
dolomite was altered by hydrothermal-TSR (thermochemical 
sulphate reduction) processes. However, characteristics and 
mechanism of the co-altering processes have yet not been 
elucidated. Our study shows that the peaks of homogenization 
temperatures (Th) of the fluid inclusions in coarse crystalline 
dolomite filling in dissolution pores are between 220 °C and 
230 °C. Most of the pore-filling dolomite has positive Eu 
anomaly with δEu values from 1.27 to 2.70. Oxygen isotope 
composition of the pore-filling dolomite is obviously light; and 
δ18OPDB values are between -12.8‰ to -7.2‰ and -10.1‰ on 
average. Fluid inclusions and geochemistry results indicate that 
the pore-filling dolomite is hydrothermal dolomite derived 
from hydrothermal fluid. Pyrite generally occurs as granular 
cubes and in symbiosis with the pore-filling dolomite. The δ34S 
values of pyrite range from 8.9 ‰ to 23.4‰, with the average 
of 20.5‰, indicating that the reduced S2- in pyrite was the 
result of TSR. Hydrothermal activity during the burial process 
of the Dengying Formation dolomite provided high 
temperature environment necessary for TSR to take place. The 
high temperature also accelerated petroleum in the pores 
thermally converted into scaly or sphere-shaped pyrobitumen 
with high reflectivity. H2S and CO2 derived from TSR could 
not only further dissolve the deep dolomite reservoir, but also 
help to maintain pre-existing reservoir space during deep burial 
diagenesis. 
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Carbon is transported into the mantle by subducting slab 

and returned to the surface by volcanic and metamorphic 
degassing. Carbon is thought to be released via fluid-induced 
dissolution of carbonate during subduction. However, carbon 
release during exhumation is poorly explored. Here we use C 
and O stable isotopes and thermodynamic models to 
investigate the fate of carbon in carbonated eclogite during 
their exhumation. We found a graphite rich vein in carbonated 
eclogite in South Tianshan, NW China. Graphite is widespread 
in the vein, occurring as small disseminated grains or as flaky 
aggregates. On the contrary, graphite is a minor phase in the 
host eclogite. The porphyroblastic garnet in the vein shows a 
core crowded with graphite and a rim almost free of graphite 
which may indicate the oxygen fugacity transformation during 
subduction and exhumation. Petrographic and phase equilibria 
modelling with pseudosections calculated using 
THERMOCALC in the MnNCKFMASHO-CO2 system for 
the coexisting host eclogite and vein eclogite suggest that the 
two rock types share similar P-T evolutional histories 
involving a decompression with heating from Pmax to he Tmax 
stage and a post-Tmax decompression cooling stage. The 
dehydration metamorphism of carbonated eclogite may cause 
carbon dissolved in the fluid and converge to the vein. Carbon 
is reduced to graphite at reducing state during subduction, 
However, the formation of graphite is inhibited during 
exhumation as a result of increasing oxygen fugacity and cause 
CO2 release during exhumation. 
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Rutile, an important accessory minaral in ultrahigh 

pressure metamorphic (UHPM) rocks, served as the blackbox 
in aircrafts, can provide much geochemical information. Trace 
elements of rutile in eclogites from Shuanghe, Yanwo, Maowu 
(Dabie orogen), Donghai (Sulu orogen) and the main hole of 
Chinese Continental Scientific Drilling Project are analysed by 
LA-ICP-MS. We observed that silicon content of rutile is 
higher (0.1-0.4 wt%, average value 0.23 wt%), whereas other 
rock-forming element contents are usually not as high as 
silicon, such as Al (120 ppm), Mg (190 ppm), Ca (122 ppm), 
Na (22 ppm), K (6 ppm), Fe (0.29 wt%). We assume that the 
silicon exists exactly in the lattice of rutile rather than 
microinclusions. Although isobars of 29Si such as CO and N2 
may interfere the silicon signal, the result indicates that rutile 
contains much silicon exhibited as the higher signal-to-
background ratios (1.2). 

A semi-quantitative silicon in metamorphic rutile can be 
regarded as a geochemical anomaly, because ionic radius and  
coordination of Si4+ (0.26 Å, Ⅳ) are different from Ti4+ (0.61 
Å, Ⅵ). High pressure may enhance SiO2 solubility in rutile 
implied by the experiment [1]. And silicon-bearing rutile 
((Ti0.82Si0.18)O2) has been discovered in chromitite from the 
Luobusa ophiolite (regarded as a window of mantle materials) 
in Tibet. It is seemed that the ionic radius of Si4+ increases 
under high pressure. Also we can observe the coordination 
number of Si4+ converts from 4 to 6 or 7 to form a tighter 
structure under high pressure [2]. Therefore, high pressure in 
subduction zone facilitates incorporation of Si into rutile.  

Silicon is the second abundant element in silicate Earth, 
but its geochemical behavior remains unclear especially under 
high pressure. We assume that most of the silicon in rutile is 6-
fold coordination, similar to stishovite, which could imply the 
form of silicon in deep Earth. Si-in-rutile can be used to limit 
the depth of continental materials subduction. 

 
[1] Escudero & Langenhorst (2012) AM 97,524-531. [2] Luo et 
al. (2004) AM 89, 455-461. 
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In this study, conventional extractions [1-3] and kinetic 
dissolution [4-6] were combined to investigate diagenetic 
processes of reactive iron (Fe) , reactivity of microbially 
reducible Fe(III) (MR-Fe(III)), and potential of microbial iron 
reduction (MIR) in sediments of eutrophic Jiaozhou Bay. 
Results show that the presence of nonsulfidized Fe(II) over the 
upper 12 cm of the sediments points to the importance of MIR 
in a sulfide-poor setting, in the deeper layers, however, 
reduced Fe has been almost completely sulfidized. A quick 
downcore depletion of Fe(III)am can be ascribed to the MIR. 
Intensive reduction of poorly crystalline Fe(III) oxides 
(Fe(III)pc) is restricted to a thin layer beneath the redox 
interface; diagenetic dissolution of magnetite occurs over the 
upper 14 cm; well crystalline Fe(III) oxides (Fe(III)wc) are 
almost not involved in Fe reduction. Besides the most 
bioavailable Fe(III)am, Fe(III)pc was also an important 
contributor to the MR-Fe(III). MR-Fe(III) in the sediments was 
much less reactive than fresh ferrihydrite and amorphous 
Fe(PO4)0.7, but its reactivity was not much different from aged 
ferrihydrite. Oscillating profile of kinetic parameter γ, which 
characterizes heterogeneity of Fe(III) oxide assemblages, may 
be a common feature recording dynamic diagenesis or 
depositional settings. Evidence available indicates that the 
availability of reactive Fe is not limiting diagenetic cycling of 
Fe and S in the sediments, whereas low degradability of 
organic matter is seemingly the ultimate limiting factor. 
 
[1] Poulton, S.W., Canfield, D.E., 2005.. Chem. Geol. 214, 
209–221. [2] Raiswell, R., Canfield, D.E., Berner, R.A., 1994. 
Chem. Geol. 111, 101–110. [3] Lovley, D.R., Phillips, E.J.P., 
1987. Appl. Environ. Microbiol. 53, 1536–1540. [4] Postma, 
D., 1993. Cosmochim. Acta 57, 5027−5034. [5] Hyacinthe, C., 
van Cappellen, P., 2004. Mar. Chem. 91, 227−251. [6] 
Hyacinthe, C., Bonneville, S., van Cappellen, P., 2006. 
Geochim. Cosmochim. Acta 70, 4166−4180. 
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Sulfate is abundant in nature and plays an important role in 
many geochemical processes. Its mobility is affected by 
adsorption processes on mineral surfaces. A mechanistic 
understanding of the adsorption processes requires knowledge 
of the structure of sulfate adsorption complexes which, 
however, remains unclear. Here, S K-edge EXAFS 
spectroscopy was used to directly characterize the sulfate 
surface complexes on ferrihydrite as well as the sulfate 
complexes in the schwertmannite (Schw) structure.  

Results show that sulfate formed both bidentate-binuclear 
inner-sphere complexes and outer-sphere complexes on 
ferrihydrite surfaces under various experimental conditions 
(pH, ionic strength, and dry or wet status). A comparison of S 
K-edge XANES spectra suggests that the outer-sphere 
complex was different from the free sulfate ion in a sodium 
sulfate solution (pH 5). The inner- and outer-sphere complexes 
were further quantified using XANES linear combination 
fitting (LCF) analysis. It was found that with increasing ionic 
strength, the adsorption loading of the inner-sphere complexes 
remained almost the same while the outer-sphere complex 
loading decreased significantly, validating the classic ionic 
strength effect for a system containing both inner- and outer-
sphere complexes. 

The sulfate binding environment in Schw has remained 
enigma. Our results indicate that sulfate mainly formed 
bidentate-binuclear complexes for air-dried samples while 
outer-sphere complexes dominated for wet samples. If 
assuming Schw possesses a tunnel structure as akaganeite and 
that the sulfate exists mainly in the tunnels, the inner-sphere 
complexation suggests that there must be some missing Fe on 
the wall of the tunnel to create exchangeable OH/H2O surface 
functional groups for ligand exchange with sulfate. 

Our results provide important insights into the 
complexation reactions between Fe(III) and sulfate that may 
improve the understanding of sulfate-Fe(III) mineral formation 
in acidic soils and acid mine drainage-impacted environments. 
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Dozens of poly-metallic deposits distributed in the south 

margin of North China Craton (SMNCC). They share some 
similar features in the occurrences and metal assemblages.  
Here we focus on their porphyry±skarn Mo and veined pyrite 
mineralizations to distinguish their ore-forming 
microthermometry and sources by fluid inclusions and He-Ar 
isotopes. (1) In the porphyry quartz, the boiling feature is very 
obvious, with homogenization temperatures of 335–420 °C and 
salinities of 4.7–49.6 wt. % NaCl equiv and its 3He/4He ratio 
are relatively uniform, ranging from 1.39 to 1.78 Ra 
(Ra=1.39×10-6 for air), corresponding to 16–22 % mantle 4He 
contribution. This relatively constant range represents the 
actual helium isotopic composition of the fluids emanating 
from the cooling intrusions at depth; (2) Pyrite in the veined 
mineralization only hosts liquid-rich biphase inclusions, with 
homogenization temperatures of 260–350 °C and salinities of 
6.0–21.3 wt. % NaCl equiv. The range of 3He/4He ratios is 
wide, varying from 0.16 to 5.26 Ra, corresponding to 1–65 % 
mantle 4He. Significant variation in the microthermometry and 
3He/4He ratios reflects mixing between two fluids. These data 
indicate that there are two distinct fluid sources and separate 
evolutionary processes for the porphyry and vein 
mineralizations and support a multi-stage mineralization 
model. The porphyry molybdenite mineralization was induced 
by the boiling and associated cooling of a magma-sourced 
fluid that emanated from intrusions at depth. The pyrite 
mineralization may be attributed to the influx of a dominantly 
mantle-derived fluid with high 3He/4He ratio, which is most 
likely related to a later, more mafic magmatic event. The 
precipitation of the most economically important pyrite 
resulted from the mixing and diluting of this mantle-derived 
fluid with a surface-derived fluid. Additionally, the high 
3He/4He ratios indicate a strongly extensional setting, which is 
most likely related to the Late Jurassic to Early Cretaceous 
lithospheric modification and thinning of the SMNCC. 

 
This study is supported by the NSFC (41202066) and 

China Postdoctoral Science Foundation grants 
(2011M500386&2013T60168). 
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The late Jurassic coarse-grained monzogranites pluton of 

the Northern Greater Khingan Range distributes in the east of 
the Central Asian orogenic belt, belongs to East-Ujimqin of 
inner-Mongolia in China. The coarse-grain monzogranites 
pluton consists of orthoclase and quartz, and accessory 
minerals comprising biotite and muscovite. Zircon CL 
(cathodoluminescence) images of the monzogranites show 
magmatic oscillatory typical zoning structure with the lower 
Th/U (0.5-1.1, average 0.7). LA-ICP-MS zircon U-Pb dating 
result indicates that the monzogranites can be divided into two 
stages, the first stage is 152 Ma, the second stage was 161 Ma. 
The geochemical characteristics show that the monzogranites 
are high potassium calc-alkaline series, high content of Al2O3, 
extreme low content of TiO2, FeOT and P2O5, medium content 
of total REE, high LREE and HREE fractionation degree, 
enriched in LREE and large ion lithophile elements, depleted 
in high field strength elements, medium of negative anomaly 
δEu, which belongs to the collision or post-collision A1-type 
granites. Harker diagrams, incompatible elements and MgO 
contents indicate that the original magma mainly affect by 
fractional crystallization. εHf (t) (6.0-9.0) and two stage model 
ages of 579 Ma-738 Ma show that the original magma 
originate from depleted mantle resources, and might be 
contaminated by the ancient upper crust. The old inherited 
zircon(171 Ma) has positive εHf (t) value (7.9), also hinted that 
the initial substance derived from depleted mantle. The late 
Jurassic coarse-grained monzogranites of the Northener 
Greater Khingan Range display material of lithospheric mantle 
imprint, and have closely relationship with garnet-iherzolite 
which are interpreted as metasomatism of mantle source 
subduction fluids. Therefore, the late Jurassic coarse-grained 
monzogranites of the Northener Greater Khingan Range is a 
product of partial melting of newborn crust-mantle lithosphere 
at the background of the subduction of the paleo Asian ocean. 
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High-precision isotopic analyses have demonstrated that 
measurable Fe isotopic variations exist at both whole-rock and 
mineral scales. However, the mechanism causing these 
variations remans controversial. The Panzhihua layered 
intrusion in SW China is thought to be closely related to the 
late Permian mantle plume activity, and the rhythmic 
structures, which are considered as the result of crystallization 
differentiation of basaltic magma, are well developed. Thus, it 
provides an excellent opportunity to further investigate Fe 
isotope fractionation during magamatic differetiation. 

Fe isotopic compositions of whole rocks and mineral 
separates (olivine, clinopyroxene, hornblende, magnetite)  in 
the Panzhihua layered ore bearing intrusion were measured 
using a Nu Plasma HR MC-ICPMS. Overall variations in δ57Fe 
IRMM-14 values from 0.02‰ to 0.25‰, and from -0.79 to 0.61‰ 
have been observed in whole rocks and mineral separates, 
respectively. The Fe isotope compositions show olivine < 
clinopyroxene < hornblende in δ57Fe values. Negative 
correlation exists between oxygen fugacity and Fe isotope 
composition of the same mineral phase, indicating that Fe 
isotopic features observed in this study were not resulted from 
Fe isotopic exchange in sub-solidus diffusion process after 
crystallization, but mainly reflect isotopic  mass fractionation 
during crystalisation. Besides, the Fe isotope features strongly 
indicate that the gravitational settling and sorting of crystals 
cannot be the main mechanism for the accumulation of  the 
massive Fe-Ti oxide ore in the layered intrusion. 

This study not only furthers our understanding in the 
behsvious of Fe isotopes during magmatic differentiation, but 
also sheds light on how to use Fe isotopes to tracing ore-
forming processing. 
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Organic matter (OM) in shale has a variety of forms and 
varies in physicochemical properties, which is mainly occurred 
as free and mineral-combined states and has great variations in 
the stability (or movability) of occurrence in geologic body. 
This will induce the difference of hydrocarbon generation and 
migration in source rocks.  

Mineral surface is the principal place for the organic-
inorganic interaction, and is of critical importance for the OM 
occurrence. As clay-sized minerals are the main carrier of OM 
occurrence and the major contributor to specific surface areas 
(SSAs), clay-sized fractions (<2μm) separated from shales 
were selected to be the object of this study. Clay-sized 
fractions were physically and chemically treated with different 
reagents and performed the measurements of pyrolysis, SSA 
and FTIR to discuss the difference of in situ occurrence 
stability of OM in the shale. Results reveal that the total 
organic carbon (TOC) in clay-sized fraction can be categorized 
into physical movable-OC (PmOC), chemical movable-OC 
(CmOC) and stable-OC (SOC), which account in TOC for 
43.3%, 17.1% and 39.6%, respectively. OM in clay-sized 
fraction mainly occurs on the mineral internal surface, but the 
occurrence sites of the different movable OM are variable: the 
PmOC is mainly occurred in the pores induced by the minerals 
and at the mouth and/or edge of the interlayer domain of clay 
minerals; the CmOC is chiefly occurred on the mineral 
external surface; and the SOC is mainly occurred on the 
mineral internal surface. This investigation on the movability 
of OM in clay-sized fraction can further detail the study on the 
OM occurrence in shales and is unequivocal in understanding 
the practical significance for petroleum exploitation which the 
occurrence of different OM makes, and provides guiding 
significance for the petroleum exploration and exploitation, 
particularly in unconventional petroleum systems. 
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Igneous cumulates are the expressions par excellence of 
crystal segregation from magmas and as such they help to 
reveal how and where magmatic differentiation takes place in 
the crust. Estimating their pressure and temperature of 
formation is therefore a fundamental task, which can constrain 
the physical conditions of magma crystallization, the depth of 
magma storage zones and the lithological structure of the crust. 
The Lesser Antilles volcanic arc is an optimum case study to 
tackle these issues, as it is characterized by a large amount of 
diverse cumulate xenoliths and numerous (> 400) phase 
equilibria experiments on the magmatic products of this arc. 
This allows us to develop a fully integrated approach, 
including petrological, experimental and thermodynamic 
constraints, to retrieve  the conditions of formation of cumulate 
rocks. 

Application of existing single-reaction thermobarometers 
to Lesser Antilles cumulate xenoliths is in many instances not 
possible, either because the given xenolith does not contain the 
appropriate phase assemblage or because the given method is 
affected by unacceptably high uncertainties. For some well-
equilibrated samples, temperature can be estimated with 
acceptable uncertainties (1σ = 40 – 50 ˚C). On the other hand, 
existing geobarometers show high uncertainties (1σ > 0.3 –  
0.4 GPa) or show systematic deviations up to 1.0 GPa where 
compared with phase equilibria experiments. In some cases, 
the discrepancies are of the same order of magnitude of the 
whole pressure range under investigation (i.e. 0.0 – 1.0 GPa). 

Multiple-reaction thermobarometry is in principle more 
reliable. An independent set of reactions is considered using 
internally consistent thermodynamic models, taking account of 
correlated uncertainties in the activities of mineral end-
members. However, this method requires well calibrated 
activity–composition (a–x) relations for numerous phases, 
including complex solid solution in hornblende. Thanks to the 
vast collection of natural and experimental data, we can use the 
Lesser Antilles magmatic suite to refine a set of suitable a–x 
relations specifically for this purpose. We hope to achieve 
uncertainties in relative pressures of <0.1 GPa, sufficient to 
discriminate the main magma storage zones in the crust. 
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Ship engine and bio mass combustion emissions are 
important regarding PM-related health effects (e.g. lung, 
cardiovascular). The Virtual Helmholtz Institute HICE 
addresses chemical & physical properties and health effects of 
anthropogenic combustion emissions. We exposed human lung 
cells to fresh, diluted exhaust fumes from a ship engine 
running on heavy fuel oil (HFO) or cleaner diesel fuel (DF) as 
well as to wood combustion emissions. A field deployable air-
liquid interface cell-exposure system in a mobile S2-biological 
laboratory was used. The biological effects were 
toxicologically and molecular-biologically characterized 
(transcriptional, proteomic and metabolomic profiling). 
Advanced chemical and physical analysis of the exhaust 
aerosols was performed and correlated with the biological 
results. Lung cell responses include inflammation and 
apoptosis. Surprisingly, DF ship emissions, which contain 
much less toxicants, induce a significantly stronger acute 
regulation of essential cellular pathways (e.g., mitochondrial 
function, intracellular transport in A549) and a higher 
cytotoxicity (RAW macrophages) than HFO-emissions. Wood 
combustion emissions from different compliances induce again 
lower acute biological impact in the exposed cells than DF and 
HFO ship emissions. By combining aerosol chemical and 
biological information, relevant compounds and factors for the 
observed biological effects are identified In addition to acute 
effects also long-term effects, induced e.g. by carcinogenic 
compounds are considered. 
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Felsic volcanic rocks occur along the eastern border of 

Gavião Block associated with the Contendas-Mirante and 
Mundo Novo supracrustal belts, which are 200 km far from 
each other. The 3304 ± 10 Ma zircon U-Pb age of the two 
rhyolites was obtained on oscillatory zoned grains. They were 
previously interpreted as part of a Paleoarchean greenstone belt 
with chemical and clastic sediments. However, unconformably 
overlain sediments indicate deposition in the range 2.16- 
2.08 Ga. The rhyolite units represent highly fractionated melts 
of a magmatic system where coeval, less differentiate 
intermediate to mafic rocks have not been recognized. 
Superimposed Paleoproterozoic deformation has not affect 
significantly the volcanics, preserving magma flow texture and 
euhedral alkali feldspar, plagioclase and β-quartz phenocrysts. 
Dacitic to anorthositic micro enclaves were found and are 
characterized by basic selvedge, indicating disequilibrium 
texture. The rhyolites are metaluminous to slight 
peraluminous, and ferroan calcic. Some samples are sheared 
and their chemistry is peraluminous, magnesian calcic. Similar 
abundances of incompatible trace element ratios in both 
rhyolite units suggest derivation from similar parental magmas. 
The zircon negative εHf(t)	 values (0 to -6) and Hf model ages 
(3.6 to 4.0 Ga) coupled with whole-rock intraplate-like 
geochemical signature suggest melting of pre-existing crust. 
However, zircon xenocrystal and overgrowth was not 
identified.  We suggest the rhyolites originated by intraplate 
extension of a heterogeneous crust extracted from the mantle 
about 3.6-4.0 Ga. No rocks with this age range were found so 
far in the São Francisco Craton. 
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The effect of aerosols on cloud properties depends on their 

compositions and concentrations. In order to examine these 
effects we collected rain samples in northern Israel during five 
winters (2008-2011, 2013) and determined their chemical 
composition which was later used to identify the aerosols in 
the air mass and their sources. By combining the chemical data 
with geostationary satellite-retrieved cloud properties, we were 
able to link the aerosols' types, sources and concentrations with 
the cloud's glaciation temperature (Tg). Even though an 
increase of dust concentrations causes smaller cloud drop 
effective radius, Tg increases with higher dust load. This result 
is in agreement with the conventional wisdom that desert dust 
serves as good ice nuclei (IN). Our results determine that 
marine air mass also encourages freezing, but in this case, 
freezing is enhanced by the larger droplets of the marine air 
masses (caused by low aerosol concentrations) and not by IN 
concentrations. An increased fraction of anthropogenic 
aerosols in marine masses causes decrease in Tg, indicating 
that these aerosols serve as poor IN. In addition, anthropogenic 
aerosols reduce cloud droplet size which further decreases Tg.  
Our results document complex aerosols-cloud interactions. The 
effect of a given aerosol on cloud properties is not a simple 
function of the aerosol's type, but also a function of the 
background aerosols to which it was added. 
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The Upper Cretaceous ophiolite of Cyprus includes rare 
anorthositic dykes. Mineral phases in the dykes include 
dendritic plag (An90-99), sparse calcic pyx, and abundant czo. 
Normative bulk compositions range around 90% plag. Melting 
experiments of such compositions show that even under fluid-
saturated conditions, temperatures required for whole-sale 
melting are well above 1250 °C at 500 MPa, which is 
unrealistic for a derivative melt. From crosscutting relations 
with basaltic sheeted dykes, it is inferred that the anorthosite 
dykes must represent a very late magmatic event.  

The working hypothesis is that the dykes may represent the 
solute of a magmatic fluid that exsolved from an H2O-saturated 
basaltic melt at shallow crustal levels. Manning [1] suggested 
that the critical curve between basalt and fluid may be 
continuous, and that fluids exsolving from a silicate liquid at 
magmatic temperature and medium pressure can be quite 
enriched in silicate and oxide solutes, comparable in 
composition to silicate melts. 

Controlled decompression-crystallization experiments are 
performed to test this proposition. A tholeiite glass from the 
upper pillow lavas of Cyprus is doped with excess H2O (10 
wt.%) and several trace elements whose partitioning behaviour 
may be diagnostic of fluid-melt equilibrium. The charges are 
equilibrated in Pt capsules at 1 GPa and 1150°C, decompressed 
isothermally to 250 MPa, slowly cooled at 250 MPa to 650°C 
(0.3 °C/min), then quenched. Experimental products return 
three pyx generations in an apparent glassy matrix; a low-Ca 
opx followed by a high-Ca cpx, and finally by a subcalcic pyx 
generation with XCaTs component as high as 10 %. The 
interstitial material, seemingly a glass, is greatly enriched in 
CaO and Al2O3, Na2O-poor, almost FeO-MgO free, and it is 
peppered with volatile bubbles. EPMA totals suggest a H2O-
content as high as 11 wt.%. In terms of composition, the 
glasses are very close to the compositions of the anorthosite 
dykes. We argue that the dykes may represent escape channels, 
of magmatic fluids that exsolved from basaltic melts at depth 
and precipitated their solute as calcic plag and potentially 
CaTs-enriched pyx during passage to the upper crust. The 
primary agent that triggered fluid saturation in the first place 
may have escaped as a vapor phase, as a hydrothermal 
solution, or may have been consumed by alteration reactions. 
 
[1] MANNING, C.E., 2004, The chemistry of subduction-zone 
fluids. EPSL 223, 1-16. 
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The axial filament of the giant anchor spicule of the silica 

sponge Monorhaphis chuni has a perfectly ordered body-
centered tetragonal structure, consisting of complementary 
silica and protein sub-lattices [1]. This configuration occupies 
the volume of a slender cylindrical rod, few microns in 
diameter, which can reach up to 3 meters in height. Growing 
such a giant “colloidal crystal” must be a major challenge for 
any organism, and we suggest that the growth of the highly-
ordered axial filament is assisted by a screw dislocation, i.e. 
proceeds via the classical Burton-Cabrera-Frank mechanism 
[2] renowned for inorganic crystals, such as e.g. silicon. In a 
slender rod, a screw dislocation situated along its axis produces 
the so called Eshelby twist of the lattice [3]. Applying 
microbeam X-ray diffraction and transmission electron 
microscopy, we did record the Eshelby twist in an axial 
filament of Monorhaphis chuni and mapped the dislocation 
deformation field. These findings strongly support the presence 
of screw dislocation within axial filament and an idea of the 
dislocation-mediated spiral growth mechanism, which is most 
effective at low supersaturation levels. The obtained results 
shed new light on the complexity of biomineralization 
processes. 

 
[1] Zlotnikov, Werner, Blumtritt, Graff, Dauphin, Zolotoyabko 
& Fratzl (2014), Adv. Mater. 26, 1682.  
[2] Burton, Cabrera & Frank (1949), Nature 163, 398.  
[3] Eshelby (1953), J. Appl. Phys. 24, 176. 
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Amorphous phases like amorphous calcium carbonate 

(ACC) have attracted wide interest recently not only because 
they play critical and diverse roles in biomineralization, [1] but 
also because of the heavily discussed formation mechanisms. 
In literature the role of inorganic/organic additives in 
controlling the formation and crystallization of ACC has been 
studied in detail. However, so far, a satisfactory understanding 
of their influence is still not achieved. To retrieve mechanistic 
data, a systematic study on the effects of these additives is 
required. To this aim, in our previous studies, additive-free 
ACC with different particle sizes was obtained under precise 
control of the synthesis conditions. From this data we 
concluded that the formation of ACC fits a spinodal 
decomposition mechanism and we could describe the effect of 
ACC particle size on its stability and polymorph selection. 

Building on the results of these studies, here we report the 
effects of additives like Mg2+ ions, phosphate and (poly) 
aspartic acid on the phase behavior and chemical/structural 
properties of ACC as well as its subsequent crystallization in 
solution. Though all additives have proven to influence either 
the formation and/or stabilization of ACC we show that in each 
case there is a different mechanism behind this phenomenon. 

 
[1] L. Addadi, S. Raz, S. Weiner, Advanced Materials 2003, 
15(12), 959.  
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Lately, liquid phase separation has been proposed as a 

potential mechanism for the formation of amorphous calcium 
carbonate (ACC) from solution. To enable a mechanistic study 
of this process, in our experiments we investigated the 
formation of ACC at a wide range of preparation conditions. 
The procedure generated ACC particles which were 
chemically and structurally identical, but varied in particle 
size. Using the theory of spinodal decomposition, we analyzed 
the size of these ACC particles as a function of temperature 
and concentration of the calcium carbonate solution. By doing 
so, we obtained strong experimental evidence that ACC forms 
by spinodal decomposition. At the same time we determined 
the position of the spinodal region in the phase diagram of 
calcium carbonate.  
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Natural CO2 reservoirs act as good natural analogues to 

look at slow phase interactions between carbon dioxide, 
subsurface fluids and the host rock, which are difficult to 
observe in injection experiments. However the timing of CO2 
emplacement has to be known to calculate rates and fluxes for 
the processes of interest. Previous estimates of carbon dioxide 
reservoir influx times for the Bravo Dome gas field include 
dating of surface intrusive igneous rocks from the area [1], 
dating of close-by effusive igneous rocks [1], regional 
uplift_ENREF_2 [2] and apatite dating [3], leading to ages 
between 56 ka [4] and 300 Ma [2]. 

Based on formation water derived noble gases diffusing 
through the CO2 gas field, the time of CO2 emplacement can be 
assessed directly. The noble gas diffusion profiles yield ages of 
approximately 15 ka. This is in good agreement with carbon 
isotope variations across the field, which can also be explained 
by diffusion. With this approximate emplacement age of 15 ka 
and the loss of CO2 predicted from CO2/3He ratios, the rate of 
CO2 dissolving into the formation water is estimated to be 
740,000 m3/y. A dissolution flux of 90 g/m2/y has been 
calculated assuming an average CO2 density of 75 kg/m3 and a 
gas water contact of 780 km2. This model can be applied to 
other natural CO2 fields.  

 
[1] Gilfillan, et al. Geochimica et Cosmochimica Acta (2008) 
72, 1174-1198; [2] Ballentine, et al. Nature (2001) 409, 327-
331; [3] Sathaye, et al. PNAS (2014) 111, 15332-15337; [4] 
Stroud, New Mexico Institute of Mining and Technology, 
(1997). 
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