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Carbonation of olivine at CO,
supercritical conditions: Reactivity
differences between synthetic and
natural olivines
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The carbonation of ultramafic and mafic rocks has been
proposed as a carbon capture and storage (CCS) method. This
method is promising because CO, would be captured in
carbonate minerals that are stable for geological time spans.
The challenge, however, is that the reactions which lead to the
formation of carbonates are very slow. Learning more about it
might offer the possibility of enhancing reaction kinetics.

Forsterite (Mg,SiO,) is an abundant mineral in mafic and
ultramafic rocks. The purpose of this study was to investigate
the differences in reactivity between synthetic and natural
forsterite when exposed to pure deionised water and
supercritical CO, (120 °C, 80 bars and 7 days of reaction).
Solids were characterised with scanning electron microscopy
(SEM), transmission electron microscopy (TEM), energy
dispersive X-ray spectroscopy (EDXS), X-ray powder
diffraction (XRD) and X-ray photoelectron spectroscopy
(XPS) and solution composition, with atomic absorption
spectroscopy (AAS).

After reaction, synthetic forsterite had transformed partly
to magnesite (MgCO;), with well defined crystals of up to 25
pm in size and to spherical particles, consisting dominantly of
SiO,.

Unreacted natural forsterite (Fo,, ,) had highly
heterogeneous surface composition and morphology. Reaction
produced very fine grained alteration products that were
difficult to identify unambiguously. Thus, only a few
indications of carbonate mineral formation could be observed.
Our results show that natural and synthetic forsterite react very
differently. After reaction, etch pits are visible on the natural
samples and AAS shows Mg in solution, suggesting that the
different behaviour could be caused by inhibited magnesite
nucleation and growth. This implies that the complex nature of
natural material should be taken into account when predicting
mineral carbonation.

Dissolved and particulate iron
concentrations and isotopic
compositions in the South Atlantic
and Southern Ocean
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Iron is an essential micronutrient for phytoplankton. It has
been shown that in High Nutrient Low Chlorophyll areas
(HNLC), Fe is a limiting factor for phytoplankton growth.
Therefore, Fe has an influence on the carbon cycle. Its sources
to the ocean remain a matter of debate. It has been suggested
that aerosol inputs and reductive dissolution within oxygen
depleted sediments were the main sources of Fe to the water
column, although recent studies highlighted that the non-
reductive dissolution within oxic basins is another potential
source of Fe.

We obtained new results on Fe concentrations and isotopic
compositions in both the particulate and dissolved phases of
Fe (PFe and DFe) in seawater, in the oxic South Atlantic and
Southern Ocean, off the South African coast towards
Antarctica. During the Bonus GoodHope cruise in 2008,
seawater samples have been taken from five stations, along a
section from 36.50°S 13.12°E to 57.55°S 0.04°E. Dissolved
and particulate Fe concentrations range from 0.05 to 0.72
nmol.L! and from 0.13 to 4.65 nmol.L"}, respectively.
Particulate Fe and Al concentrations are correlated for three
stations in the Northern part of the section suggesting
lithogenic inputs of particulate iron originating from the
Aghulas Current.

Iron isotopic compositions obtained so far range from -
0.04%o to 0.32%o in 8°°Fe for PFe and from -0.71%o to 0.27%o
for DFe. With an average isotopic composition of 0.09%o in
the Northern part of the section —close to that of the
continental crust, ~0.07%0 - the signature of the particles
confirm their lithogenic origin. The lighter isotopic signatures
for both DFe and PFe in the Upper Circumpolar Deep Water
(UCDW) may be related to the remineralization of organic
matter.

Isotopically sligthly heavier DFe than PFe at the
northernmost station of the transect (~500 km away from the
African margin) suggests a non-reductive release of DFe from
the African margin sediments. This could be a major source of
Fe in oxic basins, which are much more widespread than
oxygen minimum zones in the global ocean.
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Rare earth elements in marine
sedimentary pore fluids
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The rare earth elements (REE) are powerful geochemical
tracers with a number of geochemical applications. Here, we
present REE concentrations from sediment pore fluids
extracted from cores taken from sites along the Oregon and
California margins. Our sites represent continental shelf-to-
slope settings, which lie above, within, and below the oxygen
minimum zone of the Northeast Pacific. These sites are
characterized by varying degrees of net iron reduction; the
shelf sites are generally iron-rich (where near surface, pore
water Fe concentrations can exceed 100 uM), whereas slope
sediments generally have less-pronounced iron reduction
zones that penetrate deeper into the sediments. REE
concentrations show a shallow (upper 2-10 cm) subsurface
peak across all sites (up to two orders of magnitude higher
than sea water), and notably these peaks do not consistently
coincide with peaks in dissolved iron. Normalized patterns of
fourteen REEs show distinct and large variation in the MREE
enrichments and HREE to LREE ratios with core depth.
These REE pore fluid enrichments highlight the potential
importance of continental shelf and slope sediments as a
source of REEs to the ocean’s water column.

Sr-Nd isotopic study of Papandayan
area, West Java: Mapping the extent
of Argoland beneath Java, Indonesia
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2Akita University, Akita-shi 010-8502, Japan

Southern West and East Java have been suggested by
several researchers as the “home” of micro continent since
Late Cretaceous [1, 2, 3], uncertainty still remains as to
whether the two fragments are linked forming part of a larger
micro-continent. For this reason, Sr-Nd isotopic ratios of
Papandayan and adjacent Cikuray volcanoes (Papandayan
area) on the volcanic front in the Triangular Volcanic
Complex (TVC) were employed to gain a better of tectonic
development in Java. The eruptive product of Papandayan
volcano comprises medium-K series with high ®Sr/*¢Sr
(0.705243-0.705907) and low '®Nd/"“Nd (0.512504-
0.512650) ratios. The Cikuray volcanic rocks are in contrast to
Papandayan, belong to low-K series, with low *Sr/*‘Sr
(0.704172-0.704257) and high 'Nd/"“Nd (0.512823-
0.512858) ratios. Our study shows that the contrasting Sr-Nd
isotopic ratios in Papandayan area can be explained by the
mixing of clear mantle wedge (I-MORB + AOC + Indian
Sediments) with Australian Granites as the missing
“Argoland” which have separated from Western Australia in
the Late Jurassic and collided to SE Sundaland in the Late
Cretaceous [4]. We argue that the presence of “Argoland”
beneath Southern West Java was responsible for Sr-Nd
isotopic ratios diversity in Papandayan area as well as in TVC.
Therefore, the suture zone should be laid between both
volcanoes and Papandayan volcano probably is the only of
Quaternary volcanoes which is underlain by “Argoland”. If
that so, the extension of East Java continental fragment can be
continued to the West Java.

[1] Abdurrachman (2011) Min Mag, 75 (3), 401. [2] Smyth et
al (2007) Earth & Planetary Sci. Lett. 258, 269-282. [3]
Clements & Hall (2007) IPA31™. [4] Metcalfe (2011) Gondw.
Res, 106, 97-122.
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oceanic plate: implications from the
research on petitspot volcanoes
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Petitspot is a cluster of small volcanic knolls on the
oceanic lithosphere [1]. It is a kind of intraplate volcanism,
similar to monogenetic volcanoes of alkaline basalts in
continental plate, although there is no mantle upwelling
beneath the eruption fields. Therefore, it is not related any
OIB activities. The source region of the petitspot magma is
expected not at very deep, but just around the boundary
between the lithosphere and asthenosphere [2]. It is thought to
be erupted through the small fracture on the oceanic
lithosphere [1]. Petitspot volcanoes often include ultramafic
xenoliths and xenocrysts that provide us many information
about the chemical and physical properties of the lower
oceanic lithosphere between 40 to 70 km deep without any
affection of OIB [3-5]. Therefore, studiy on the petitspot
volcanism and its ejecta is one of the most suitable research on
the actual state of the oceanic plate [6, 7]. The
multidisciplinary research including rock and sediment
samplings, and surface and sub-seafloor geophysical surveys
on the petitspot and the plain old oceanic plate around have
been conducted since 2005 to reveal mechanism of the
petitspot volcanism and background physics of the oceanic
lithosphere and asthenosphere beneath the northwestern
Pacific [6, 8-10]. However, the petitspot volcanism and its
global activities are still unclear due to few rock and data
samplings from the petitspot fields and the scarcity of the
global detail bathymetry data.

Here we present the petrology of the ultramafic xenoliths,
which shows less deformed, and the fertality and variation of
the melt extraction, and the feature of the petistspot volcanism
with geophysical and morphological features in the eruption
fields found up to now. Then, we would like to propose the
next step of the oceanic lithosphere.

[1] Hirano et al, (2006) Science 313, 1426; [2] Machida et al
(2009) GCA, 73, 3028; [3] Abe et al (2006) GCA, 70, Al; [4]
Yamamoto et al (2009) Chem. Geol., 268, 313; [5] Harigane
et al (2011) EPSL, 302, 194; [6] Abe et al (2010) Proceedings
Petit-Spot Workshop 2009, P.60; [7] Pilet et al (2013) This
Volume; [8] Fujiwara et al (2007) Grl, 34, L13305; [9] Baba
et al (2013) JPGU 2013 Abstract; [10] Hirano et al (2013)
Geochemical J., In Press.
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Archaean TTG magmas are regarded to have formed by
melting of amphibolite or eclogite. They are succeeded by
more potassic melts in the late Archaean, suggesting that the
latter melts might have formed by successive melting of the
earlier TTG gneisses. Here we use Si isotopes to test this
model because the light Si isotopes are expected to be
enriched in the residual Mg-rich phases [1,2]. The comparison
of leucosomes and melanosomes from two amphibolitic
migmatitic TTG gneisses from the Archaean lisalmi block
(central Finland) confirms an isotope fractionation linked to
partial melting in the range of A*Si=+0.2%0 with the restite
being isotopically lighter. Si isotopes determined on four
different generations of granitoid plutons from the Barberton
Mountain Land (South Africa) demonstrate a gradual 8*Si
change from -0.17%o at 3.55 Ga up to +0.02%0 at 3.1 Ga, the
earliest TTGs being close to products of mantle
differentiation and I-A granite types [1,3], while the younger
K-rich granites are isotopically heavier, in agreement with
their derivation by melting of older TTG gneisses.

[1] Savage et al (2011). Geochim. Cosmochim. Acta 75, 6124-
6139 [2] Savage et al (2013). Earth Planet. Sci. Lett., 365,
221-231. [3] Savage et al (2012). Geochim. Cosmochim. Acta
92, 184-202
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the mineralogical and geochemical
features of sulfide mine tailings
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Two sulfide mine tailings impoundments with very
different proportions of pyrite from the Iberian Pyrite Belt
(SW Spain) have been exposed to weathering during more
than forty years under semi-arid climate conditions. Therefore,
the examination of their evolution may contribute to shed light
on the main processes controlling the element mobility in
sulfide mine tailings with a well-developed and variable
vadose zone.

For this purpose, a combination of different methodologies
and techniques was applied, including the characterisation of
primary and secondary mineralogy by XRD and p-XRD,
SEM-EDS and p-XRF, study of mineral geochemistry and
elemental mobility by sequential extractions and
determination of pore gas profiles. The evolution of pore
water hydrochemistry in vertical profiles was also examined
and interpreted by geochemical and reactive transport
modelling. These methodologies were applied both at field
scale and in complementary laboratory column experiments.

The results of this study suggest that the main factors
controlling the evolution of abandoned mine tailings under
semi-arid conditions are their initial mineralogy and the
degree of water saturation, which is mainly determined by the
grain size and by the balance between evaporation and water
infiltration. These factors determine not only the input of
oxygen (and, therefore, the dissolution rate of sulfide minerals
and the redox conditions) but also the type of secondary
minerals precipitated, which is key for the mobilization of
potentially pollutant elements. For instance, the existence of
pyrite amounts larger than 80% in the vadose zone of one of
the studied impoundments seems to promote not only a greater
sulfide dissolution but also the existence of extremely acidic
pH (below 1) that hinder the formation of secondary
precipitates and give the apparence of unreacted tailing.
However, the extreme low pH allows the solute load to remain
in solution, increasing its pollutant potential.

Development of the U-series dating
technique for the EDML ice core

S .M. ACIEGO

Department of Earth and Environmental Sciences, University
of Michigan, Ann Arbor, MI 48109-1005, USA
(*correspondence: aciego@umich.edu)

Determining the absolute ages of ice within ice cores, ice
sheets and glaciers remains non-trivial especially for the oldest
ice (>100ka). While both insolation and Be-10 records have
proven invaluable in creating ice-core timescales, neither can
be used to evaluate the length of hiatuses, the extent of ice
folding in ice cores, or the age of ice at the bottom sections of
ice cores. U-series recoil from mineral aerosols (dust) into the
ice matrix is one possible technique for determining the
absolute age of ice, independent of any other parameters [1].

The well-dated upper section of the EPICA Dronning
Maud Land (EDML) ice core (down to 150 ka at 2415.7 m)
provides excellent constraints to verify uranium ages in a high
accumulation site in the Atlantic sector of East Antarctica. In
the lower 300 m the ice core climate records are disturbed due
to tilting and folding of the ice. And, due to the uncertainties
in flow models, it is impossible to determine if the
discontinuity is resolvable (i.e., some climate record is
accessible), or if the ice is too incoherent. Here, we show
initial results verifying the U-series technique on samples of
known age, which will allow us to apply the technique to
disturbed ice in the future.

U-series recoil ages of ice samples are calculated using an
age equation that includes an ejection factor, the fraction of
daughter products implanted into the ice relative to the total
number produced, based on the surface to volume ratio of the
dust grains. This parameter is measured by specific surface
area determination (BET) using a magnetically levitated
balance designed at ETH [1] and manufactured by Rubotherm
GmBH for the University of Michigan. Standard
measurements of BAM PM103 indicate that we have achieved
Sger precision of better than 0.5%, equivalent precision to that
of the original prototype.

Results from the well-dated section of the ice core,
including surface area of dust, radiogenic and radioactive
isotopic compositions of the soluble seasalt component and
28U parent concentrations in the soluble component and
mineral dust are applied to the U-series age equation.

[1] Aciego et al (2011) Quaternary Science Reviews 30,
2389-2397.
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Concentrations of highly siderophile elements (HSE) in
upper mantle xenoliths reflect variable degrees of partial mel-
ting and melt/fluid metasomatism by the agents of variable
compositions (e.g., basaltic, alkaline, carbonatitic). During
melt percolation, HSE can be strongly fractionated between
each other depending on sulphur saturation of the infiltrating
melt and melt/rock ratios; this can also affect '*Os/'**Os.

Osmium isotope compositions coupled with HSE abun-
dances are presented for a suite of spinel lherzolite/harzbur-
gite xenoliths from NE Bavaria, Bohemian Massif, that
underwent variable degrees of partial melting (~4-18%) and
subsequent pervasive metasomatism by alkaline—carbonatitic
melts with a significant contribution of recycled crustal
material.

The samples have highly variable Re-Os concentrations
(9-123 ppt and 0.1-3.5 ppb, respectively) and display sub-
chondritic to superchondritic '¥’0s/'*%0s (0.11348-0.13304).
Primitive upper mantle-normalized patterns exhibit convex-
upward shapes with significant I-PGE fractionation. Palladium
contents are very low (0.09-2.07 ppb) whereas Pt contents
vary greatly (0.16-6.4 ppb). Depletion ages (Typ) for the
whole suite scatter between 0.3 and 2.0 Ga suggesting variable
perturbation of Re-Os system during metasomatism.
However, the 2.0 Ga age obtained for the sample with the
most depleted character appears to represent the age of the
lithospheric mantle from the studied area.

While low Pd and Re contents can be explained by
varying degrees of partial melting, the low [-PGE contents
imply that they were removed during melt percolation of
sulphur-undersaturated melt causing sulphide breakdown and
I-PGE removal. On the other hand, subchondritic *’Os/"**Os
ratios in majority of samples suggest that metasomatism has
only a collateral effect on Os isotopic compositions which,
therefore, may provide reliable depletion ages even in
pervasively metasomatized mantle.

Crystal/melt partitioning of volatiles
during near-solidus melting of
peridotite
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Concentrations of H,0, F, Cl C and S in experimentally
produced peridotite phases (including clinopyroxene,
orthopyroxene, olivine, garnet, amphibole, mica) and co-
existing melts were analysed by secondary ion mass-
spectrometry (SIMS). The experiments were conducted at
1025-1190 °C and 1.0-3.0 GPa on hydrous nepheline basanite
mixes. Mineral/melt partition coefficients calculated from the
data indicate that there is a negative correlation between
partition coefficients for H,O and absolute H,O concentrations
in melts. Because of this, the relative compatibilities of H,O
and other (non-volatile) incompatible elements (e.g. La and
Ce) also depend on H,O concnetrations in melts. This may
explain some of the variability in H,O/LREE found in
undegassed MORB and OIB glasses. Cl appears to be less
compatible than H,O during peridotite melting, whereas F is
more compatible. Neither C nor S is significantly retained in
silicate minerals during peridotite melting but may be held in
residual graphite and sulphides. Thus they may be relatively
compatible during mantle fractionation. The experimental data
have implications for the history of volatile recycling within
the mantle and thus also for the development of MORB and
OIB magmatism.
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Terrestrial soils constitute the principal pool of terrestrial
carbon with 2300 Peta g organic carbon in the top 3 m of
which 50-75% exists as < 2 um sized organo-mineral
complexes [1]. It is therefore critical to uncover mechanisms
of SOC stabilization in organo-mineral complexes. Because C
K- NEXAFS (Near edge x-ray absorption fine structure)
spectroscopy has shown that SOC is composed of individual
biopolymers of plant and microbial orgin such as lignin,
polysaccharides and lipids [2], our goal was to characterize the
mechanism of sorption of organic biomolecules on a
dominant, and well-characterized Fe-oxide mineral, hematite.

Normalized Fluorescens Yield

Ry I L
285 290 295 300 305 310 315 320
Energy (eV)

Figure 1: C K-XANES spectra of dextrose (black) and
dextrose sorbed on hematite (grey) obtained in electron yield
mode at Synchrotron Light Source, Wisconsin.

The C K-XANES spectrum of dextrose sorbed on hematite
show marked differences compared to the spectrum for free
dextrose. These changes could be attributed to C-O-Fe
bonding through hydroxyl groups on heamtite as shown
below. This bonding upon soprtion is hypothesized to shield
organo-mineral complexes from enzymatic mineralization.

HO— -
02 O\ gy /HO-Fe Ho
HO oy — HO ; 0
Ok o HO-Fe- — HO%O\ x
OH HO -Fe HO OH Fe

[1] Christensen (2000) Eur. J. Soil Sci. 52, 345-353. [2]
Lehmann et al, (2008) Nat. Geosci. 1,238-242.
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Nanomaterials are more and more present in consumer
products, and are released into environmental compartments at
every stage of their life cycle. Consequently, risks associated
with nanoparticles need to be characterized, even if they still
include a lot of uncertainties. We will focus in this
communication on the production of TiO, nanoparticles and
their insertion in cements. An assessment tool combining
lifecycle and risk assessments would allow stakeholders to
make decisions based on absolute results that could be
compared from one life cycle to another (e.g. comparison of
the sulfate process with the chloride process for the
manufacturing of TiO, nanoparticles). Furthermore, a wider
range of impact/risk categories (e.g. terrestrial ecotoxicity,
aquatic ecotoxicity, or impact on human health) would be
assessed, giving a comprehensive view of the system under
study.

Bayesian networks are used in the risk assessment of
contaminants, especially regarding ecotoxicity [1,2]. Major
advantages of these networks are that they can provide
satisfying results even under high uncertainty, and that they
can be readily updated as new information becomes available.
Given the little knowledge acquired at present regarding
environmental impacts of nanomaterials, both these points
make Bayesian networks very useful for their risk assessment.

The objective of this commuication is to present a
Bayesian network as a tool for the combined risk and lifecycle
assessment of TiO, nanomaterials. A new methodology for a
combined risk and lifecycle assessment could be presented,
including a primary modeling structure and a new score
combining the results of life cycle assessment and risk
assessment.

[1] Borsuk, Stow & Reckhow (2004), Ecological Modelling
173, 219-239. [2] Money, Reckhow & Wiesner (2012),
Science of the Total Environment 426, 436-445.
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23U-2Th and **U-*'Pa disequilibria
from the island of Fogo, Cape Verde
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The Cape Verdes Archipelago sits on one of the largest
bathymetric swells in the ocean, rising 2.2km above the
abyssal plain in the tropical North Atlantic. The rise is located
near the point of rotation of African plate, such that the islands
have experienced very little lateral movement in relation to the
underlying plume over their ~20Ma lifespan. This makes
Cape Verde an excellent location to examine plume dynamics
under an ocean island, without the complication of lateral
plate movement. There are ten islands arranged in a
horseshoe, open to the west. The northern and southern
islands display distint istopic signatures, depite their close
poximity to one another. A suite of samples historical samples
has been collected from the island of Fogo in the southern
island chain. Samples have been collected from the 1995,
1951, 1852, 1847, 1816, 1785, 1769 and 1680-1725 eruptions,
all located within the caldera. These samples have been
analysed for Pb isotopes show little significant
variation”*Pb/”™Pb = 18.93-19.24, *’Pb/*™Pb = 15.55-15.63
and 2Pb/*Pb = 38.81-39.04. On the contrary the samples
show a notable range in (*°Th/*?®U) disequilibrium (1.091-
1.226). The variation in (**Th/**U) is not clearly related to
crustal contamination and we are exploring the influence of
melting rate.

Coupled *%U-'Th and 2°U-®*'Pa disequilibria
measurements from young mafic lavas are strongly dependent
on the melting rate of their mantle source. Pyroxenite and
egologite lithologies have much higher melt productivities
than peridotite and this is reflected in **Th and **'Pa excesses.
We will attempt to explore the range in (*°Th/~*U) by
coupling these measurements with analyses of (*'Pa/**U) to
get a more detailed picture of the melting process and to see if
this variability can potentially be related to changes in the
modal mineralogy of the source. Initial data shows large
excesses for (3*'Pa/*°U). We will present a fuller data set and
its interpretations for the meltig processes occuring beneath
the Cape Verde Islands.

N isotope geochemistry during low
grade metamorphism of coal and
coal-related rocks: Case study of the
anthracite field of Pennsylvania

MAGALI ADER'* , JEAN-PAUL BouDoU?
AND ERIC DANIELS?

'Institut de Physique du Globe de Paris (*correspondence:
ader@ipgp.fr)

’LAC, CNRS, UPR3321, University of Paris South, 91405
Orsay cedex, France (jpb.cnrs@free fr)

*ChevronTexaco Energy Research & Technology Company,
Richmond, California, USA (ericdaniels@chevron.com)

The evolution of the nitrogen speciation and isotopic
composition in sedimentary rocks undergoing burial
diagenesis and very low grade metamorphism has been
seldom investigated so far. Yet it a key issue in the
reconstruction of the past nitrogen biogeochemical cycle, in
the estimation of nitrogen input fluxes in subduction zones and
in the understanding of molecular nitrogen genesis in the
crust. Here we intend to partly fill this gap by studying the
nitrogen partitioning and isotope fractionation between
organic matter and minerals in coals and carbonaceous shales
of the anthracite field of Pennsylvania. In this work, 8'°N
results have been obtained on fixed-amonium in the mineral
phase of samples for which previous results on the kerogen
8N were available [1,2]. Taken together these results show
that in organic and ammonium-rich samples, ammonium &'°N
values are more positive than the source organic nitrogen.
Since, during the maturation process, nitrogen is liberated
from the organic matter without isotopic fractionation [1,2], it
comes that part of the generated nitrogen must have been lost
with a lower 8'°N than its source organic matter. This nitrogen
may have been lost in the form of molecular nitrogen which
can then migrate and accumulate in reservoir structures. In
contrast, in organic and ammonium-poor samples, ammonium
8N values are similar to those of the organic matter,
suggesting that the generated nitrogen has been quantitatively
fixed as ammonium in the mineral phase. In these sampkes,
the effisciency of nitrogen retention as fixed-ammonium in the
rock seems to be controlled by the ratio of generated nitrogen
over the amount of host minerals for ammoniun. The
possibility that nitrogen was lost at this stage therefore needs
to be carefully considered in studies aiming at reconstructing
the past nitrogen biogeochemical cycle from bulk
sedimentary rocks 8'°N.

[1] Ader et al (1998) org. geochem. 29, 315-323. [2] Boudou
et al (2008) GCA 72, 1199-1221.
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Fluid evolution recorded by
alteration minerals along the P2
reverse fault and associated with the
McArthur River U-deposit

E.E. ADLAKHA*! K.HATTORI' AND E.G. POTTER?

'Department of Earth Science, University of Ottawa, Ottawa,
Ontario, Canada, KIN 6N5
(*correspondance: eadla028 @uottawa.ca);
(keiko.hattori@uottawa.ca)

’Geological Survey of Canada, Ottawa, Ontario, Canada, K1A
OES (eric.potter@nrcan-rncan.gc.ca)

The basement rocks along the P2 fault are extensively
altered, particularly where they host the McArthur River Zone
2 uranium ore body. Two generations of tourmaline occur
along the P2: i) early, euhedral-subhedral, coarse-grain (>0.5
mm), 1-2 cm wide veins and isolated grains of dravite (Mg-
tourmaline), and ii) later fine-grain (<0.2 mm), radial
magnesiofoitite (alkali-deficient dravite) forms veinlets (< 2
mm), overgrowths on earlier dravite, and grains disseminated
within fine-grain illite. Fe-clinochlore, coarse-grain illite,
rutile and hematite are ubiquitous along the P2 and occur as
pervasive replacement minerals or veins, and post-date dravite
crystallization.

To ensure minerals were free of inclusions, individual
grains were first inspected with BSE-SEM at highest
magnification and elemental peaks were then carefully
monitored during trace element analysis (LA-ICPMS). Dravite
[(@, 4Nay ¢)([@, ,Mg, oFe, sCay , Tiy ) (Als gFey )(Sis;
Aly;0,5)(BO;);(OH;54F,)] contains 1.24 (£ 0.09, 10) wt%
TiO,, 89 — 280 ppm Zn, 51 - 630 ppm Cr, 190 - 1500 ppm V,
and atomic F/CI ratios range 98 — 11000. Magnesiofoitite [(
Oy /Ko 1 Nag -)(0, JFeg Mg, 4Aly 5) Alg(Aly,Sis 6O,6)(BO;)5(Fy 0,0
H, )] contains 65 — 260 ppm V, 2.9 - 110 ppm Cr,0.2 - 3.7
ppm U, and 0.2 — 34 ppm Th, and ranges 3.2 - 80 atomic F/CI.
Dravite and magnesiofoitite contain low Li (< 12 ppm) and
high Ni (1 — 28, 13 — 250 ppm, respectively); however, they
also show contrasting trace element behaviours: dravite is
enriched in LREE relative to HREE ([Ce]/[Ce]*) > 1, and
has a positive Eu anomaly, whereas, magnesiofoitite is
enriched in HREE relative to LREE ([Ce],/[Ce]*y) < 1, and
has a negative Eu anomaly. Chlorite [(Fe, Mg, Al ,)(Si,;
Al ;0,,)(OH);] contains significant Li (40 - 669 ppm), and Mn
(803 - 4083 ppm); illite [(Kyo) (Al Mg, Fey.)(Si;,Al
05010)(OH),] contains significant B (17 — 250 ppm), Li (<4.9 —
144 ppm), Ti (36 — 14500 ppm), Rb (343 - 692 ppm), U
(<0.01 — 0.6 ppm), Sn (1.2 — 148 ppm), and Ba (78 — 1670
ppm); and both minerals show atomic F/Cl ratios > 10. High
F/Cl, U, Th and B, and a negative Eu anomaly in alteration
phases suggests a contribution of pegmatite to the fluid.

The non-trivial limitation of
methanogenesis in the deep sediment
of Lake Kinneret (Israel)

M. ADLER'*, W.ECKERT?, Z. RONEN® AND O. SIVAN!

'Dep. Of geologiacl and Environmental Sciences, Ben-Gurion
University of the Negev, Israel (*correspondence:
sela@post.bgu.c.il, oritsi@bgu.ac.il)

?Israel Oceanogrphic and Limnological Research, Yigal Allon
Kinneret Limnological Laboratory
(werner@ocean.org.co.il)

3Zuckerberg institute for water research, the J. Blaustein
institutes for desert research, Ben-Gurion University of the
Negev, Sde-Boger campus (zeevrone@bgu.ac.il)

The goal of this study was to investigate the non-trivial
ending of methanogenesis in the deep sediments of Lake
Kinneret, where substrate is still available. in situ profiles
showed that in the deep sediment acetate and dissolved
organic  carbon  concentrations increase. Incubation
experiments showed acetate accumulation in the non-treated
samples with time in the deep sediment, indicating that this
substrate is not used, and that acetogenesis rather
methanogenesis dominate the deeper sediments. Addition of
substrates (acetate; dimethyl sulfide (DMS); H,/CO, 4:1
atmosphere) did not significantly enhance methanogenesis in
the deep sediments within the first 3 weeks. After 100 days of
incubation with DMS methane concentration increased in all
depths and in the deep sediment there was a change in the
colour from brown to black as a result of iron sulfide mineral
precipitation. The results indicate that methanogenesis is
limited in the deep sediment of Lake Kinneret and that acetate
or other electron donors are not limiting factors. The results
give indication for the mechanism of methanogenesis
inhibition.
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Geochemistry of ancient estuarine
deposits on the example of
pokurskaya suit sediments

(West Siberia)

AFONIN I.V., TATYANIN G.M. AND TISHIN P.A.

Tomsk State University, heaven05@list.ru Tomsk, Russia

An object of study is the fragment of the pokurskaya suit
(upper cenomanian) situated in the axial part of the West
Siberian sediment pool (J;-Pg) in the zone of changing sea
facies to land ones. Geochemical regime of accumulating the
sediments (precipitation) of the local estuarine basin was
studied. Within the cut studied, there are four rock complexes
fixing two transgressive cycles. First of them consolidates the
beds (mmacter) PK2 and PK1-2, and second one consolidates
beds PK1 and K (turonian). At the same time PK1, PK2, PK1-
2 fix (set) estuarine facies, whereas K sets shelf ones. The
pattern of distribution of Na,0+K,0)/Al,0,, Mn/U, Sr/Ba,
Ce/Ce*, Ti/Zr, Fe/Mn let us mark out eight geochemical
cycles within the estuarine cut. Maximum values are
(Na,0+K,0)/AL,O;, Sr/Ba, Mn/U that indicates high activity
of P,0O5and sets local peaks of the upwelling.

Lateral geochemical variability of sediments demonstrates
their facial conditions. Thus, sediments of the main channel
are characterized by high ratios of Mn/U (over 200), Ce/Ce*
(1,2-1,45), Ti/Zr (0,04-0,86), and low content of Sr/Ba (0,23-
0,13).

Sediments of the rising tide-low tide zone of the mouth
differs from the channel zone by lower contents of Ce/Ce*
(1,05-1,10), Mn/U (90-120), and higher content of Sr/Ba (up
to 0,30).

The rocks formed in “bor” lagoons are diagnosed using
parameter values, which show increasing of Sr/Ba (0,26-0,43),
relative stability Ce/Ce* (0,99-1,02), and abrupt change of
Fe/Mn (38-84).

Variety of coefficients Sr/Ba (0,28-0,32), Fe/Mn (44.9-
35,1), and dispersion Ti/Zr (0,01-0,04) determine facial
conditions of the coastal-sea zone.

This study was funded by the Russian Ministry of
Education and Science (projects 5.3143.2011,
14.B37.21.0686, 14.B37.21.1257).

Multi-observable thermochemical
tomography: A new framework in
integrated studies of the lithosphere

JUAN C. AFONSO', JAVIER FULLEA?, JAMES CONNOLLY?,
NICHOLAS RAWLINSON*, YINGJIE YANG!
AND ALAN G. JONES®

'CCFS-GEMOC, Macquarie University, Sydney, Australia
’IGEO, Universidad Complutense de Madrid, 28040, Spain
3Inst. Geochem. Petrol., ETH Zurich, Switzerland

‘RSES, Australian National University, Canberra, Australia
SDublin Institute for Advanced Studies (DIAS), Ireland

Current knowledge of the present-day thermochemical
structure of the lithosphere and upper mantle essentially
derives from four independent sources: i) gravity field and
thermal modelling, ii) modelling of --different-- seismic data,
iii) magnetotelluric studies, and iv) thermobarometric and
geochemical data from exhumed mantle samples.
Unfortunately, significant discrepancies and/or inconsistencies
in predictions between these sources are still the rule rather
than the exception, which leads to a lack of confidence in our
knowledge of important features of the lithosphere and upper
mantle. Moreover, thorough analyses of uncertainties and
sensitivities within and between these methods are often
neglected, which further exacerbates the problem.

In this talk, I will present a new thermodynamically-
constrained multi-observable probabilistic inversion method,
particularly designed for high-resolution (regional) studies of
the present-day thermochemical structure of the lithosphere
and upper mantle. The key aspects of the method are: (a) it
exploits the increasing amount and quality of geophysical
datasets; (b) it combines multiple geophysical observables
with different sensitivities to deep/shallow,
thermal/compositional anomalies into a single
thermodynamic-geophysical framework; (c) it uses a general
probabilistic (Bayesian) formulation to appraise the data; (d)
no initial model is needed; (e) a priori compositional
information relies on robust statistical analyses of a large
database of natural mantle samples; and (f) it provides a
natural platform to estimate realistic uncertainties. Assembling
this “large” problem required a collaborative effort between
thermodynamicists, mineral physicists, geophysicists and
geochemists, and marks the first step towards real multi-
observable thermochemical tomography studies of the Earth
(as opposed to traditional seismic tomography). I will present
results for both synthetic and real case studies, which serve to
highlight the advantages and limitations of this approach.
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Paleoarchean felsic magmatism:
A melt inclusion study of 3.45 Ga
volcanic rocks from the Barberton
Greenstone Belt

A. AGANGI', A. HOFMANN? AND V. KAMENETSKY?

'Department of Geology, University of Johannesburg,
Auckland Park 2006, South Africa. (aagangi@uj.ac.za)

“Department of Geology, University of Johannesburg,
Auckland Park 2006, South Africa. (ahofmann@uj.ac.za)

*Centre of Excellence in Ore Deposits, University of
Tasmania, Hobart, Tasmania 7001, Australia.
(dima.kamenetsky @utas.edu.au)

Archean felsic magmatism spatially and temporally
associated with the Barberton Greenstone Belt (BGB) of
Southern Africa can be broadly subdivided in an early (=3.2
Ga), Na-rich series that formed the tonalite-trondhjemite-
granodiorite (TTG) series, and a generally later (~3.1 Ga), K-
rich series akin to modern granites [1].

Felsic volcanic rocks in the BGB are less abundant than
their intrusive counterparts, and are mostly strongly deformed.
The 3.45 Ga old Buck Ridge Volcanic Complex (BRVC; [2])
contains the least deformed felsic volcanic rocks in the BGB.
However,  widespread  alteration  (silicification, K-
metasomatism) of these rocks involved strong mobilisation of
major and some trace elements [3].

Quartz-hosted melt inclusions have been used to obtain
infomation on the unaltered melt composition. Whole-rock
compositions of the least altered samples bear strong
resemblance with coeval TTG intrusions, and can be modeled
as a mixture of modal phenocrysts (Na-plagioclase, quartz, Fe-
Ti oxide, apatite) and melt as indicated by melt inclusion
analyses, thus suggesting a cogenetic relationship between the
BRVC and TTG intrusions. This is also confirmed by whole-
rock concentrations of fluid-immobile trace elements. Further,
melt inclusions have moderate Cl contents (<0.7 wt.%), low F
and low S (=0.12 and <0.02 wt.%, respectively). The moderate
Cl and low F/CI suggest a sea water contribution to the
melting protolith [4]. These characteristics are interpreted as
due to melting of source rocks that have undergone sea floor
metamorphism, although in an Archean context this does not
have immediate tectonic implications.

[1] Moyen, 2011. Lithos 123, 31-36. [2] de Vries et al, 2006.
Prec. Res. 149, 77.98. [3] Hofmann and Harris, 2008. Chem.
Geol. 257, 221-239 [4] Pyle and Mather, 2009. Chem. Geol.
263, 110-121.

Magmatic and hydrothermal history
of felsic rocks within oceanic core
complex (MAR, 13°31°-13°35’ N)

O.A. AGEEVA*, ANN.PERTSEV AND O.M. ZHILICHEVA

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

Felsic plutonics and dykes — oceanic plagiogranites (OPG)
— spatially associate with inactive hydrothermal fields and are
regarded as the products of gabbro/dolerite hydrous melting
within the oceanic core complex at 13°31°-13°35" N, Mid-
Atlantic Ridge. We used cathodoluminescence (CL) and SIMS
analytics to reveal mineralogical and geochemical features,
and distinguish main stages of the OPG formation.

The OPG lithology includes: metadolerite - amphibolite
veined by hornblende plagiogranite; coarse-grained gabbro
with biotite-bearing plagiogranite veins; massive hornblende
and amphibole-free OPG. The CL image (Fig. 1) demonstrates
relationships between mineral assemblages, corresponding to
three successive stages: mafic igneous (Pl;, Cpx,), felsitic
igneous (Qtz, Bt, Pl,, Cpx,, Zrn) and hydrothermal (Qtz, Pl;,
Chl = Cpxs).

e SRR 5
Figure 1: The OPG- vein in gabbfo (CL image).
The trace-element data allow distinguishing: (1) mafic
(gabbroic) fractionation; (2) felsic (OPG) fractionation; and
(3) hydrothermal processing. Pl; (An65-60) and Cpx, show
core-to-rim REE enrichment being appreciably depleted as
compared to P1, and Cpx, respectively. Felsic stage associates
with subsequent REE enrichment of Pl, (An47-27) and Cpx,.
The hydrothermal stage exhibits Pl; (An17-5) and Cpx, that
are significantly depleted in REE.
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Modelling the impact of C4 Biofuel
Crops (Miscanthus spp) on soil
carbon storage in different climates

F. A. AGOSTINI'*, N. RONCUCCI? AND G. M. RICHTER!

'Rothamsted Research Harpenden, Herts AL5 2JQ UK
(*correspondence: francesco.agostini@rothamsted.ac.uk)
?Scuola St. Anna Universita di Pisa (N.Roncucci@sssup.it)

Background and Methods

The simulation of soil organic carbon (SOC) dynamics
under biofuel crops, in addition to their fossil fuel offset, is
critical for the evaluation of carbon (C) sequestration [1]. We
tailored the RothC model [2] to simulate C3- and C4-SOC
stock changes under Miscanthus. The expanded model
(RothC_M) is designed to be coupled to a crop model, using
residue inputs to the soil from the respective plant parts. The
model used data from a 14-year Miscanthus trial at
Rothamsted (UK) to calibrate turnover rates of C in litter,
rhizomes and roots and the decomposability of their residues.
Parameters were evaluated on a 10-year trial at Pisa (Italy).

Results and Discussion

Combining residues when applying inverse modelling (A)
underestimates inputs (Tab. 1), while the estimate based on
yield (B) matches RothC_M for M x giganteus, but not for M.
sinensis, possibly due to overestimating belowground inputs.

Method A B C
Genotypes Low High
Gig-1 (Italy) 3.50 6.12 8.20 8.01
Gig-1 (UK) 355 640  6.09 6.38
Sin-11 1.60 3.13 597 324

Table 1 Estimated C inputs (t ha” yr') to SOC by inverse
modelling using RothC 26.3 [2] with default values of residue
decomposability (A), based on yield [3] (B), and RothC_M
©

Calibrated RothC_M simulates accurately SOC changes in
the UK. However, in Italy the calibrated model needed further
adjustment of rhizome, root and root exudate turnover to
simulate observed SOC. Observations and modelling of C3
and C4 SOC indicate a C sequestration of approximately 1.8
and 3 tC ha'! yr' in the UK and Italy, respectively.

Further simulation will test the hypothesis of a delay in
rhizome turnover using new observations, and discuss the
sensitivity of the model to parameter changes.

[1] Lemus and Lal (2005) Critical Reviews in Plant Sciences,
24, 1-21. [2] Coleman et al (1997) Geoderma, 81, 29-44. 3]
Hillier et al (2009) Global Change Biology Bioenergy, 1:267-
281.

Synergistic Arsenic and Pb
incorporation into synthetic jarosite

J. AGUILAR-CARRILLO*, M. VILLALOBOS
AND F.M. ROMERO

Geochemistry Department, Geology Institute, UNAM, 04510
Meéxico D.F., Mexico
(*correspondence: jaguilarc@geologia.unam.mx)

Jarosite can incorporate many ionic substitutions into its
general structure KFe,(SO,),(OH)¢ [1], making it especially
suitable for trapping unwanted, potentially toxic species in the
environment. This mineral has been shown to incorporate
arsenic in acidic environments (e.g. acid mine drainage), as
well as in metallurgical processes where its precipitation is
used for the long-term disposal of arsenical waste [2,3].
Anionic substitutions in jarosite have been reported to affect in
turn its cationic substitutions [4]. However, the effect on its
cationic retention capacity is not yet well understood. The goal
of this work was to investigate the influence of As(V)
incorporation into the jarosite mineral structure on its Pb(II)
retention capacity.

K-jarosite and arsenojarosites [KFe,(SO,),,,(AsO,),)
(OH),] were synthesized, for which the arsenate substitution
ranged from 16 to 80 mol% (of As+S), and Pb(Il) retention
experiments were performed equilibrating these at pH 2.

The Pb(Il) retention capacity was increasingly enhanced
by the presence of As(V) in the jarosite structure, reaching
values of up to almost one order of magnitude higher Pb(II)
retention for the highest As-jarosite investigated as compared
to the As-free jarosite. This suggests a generalized synergistic
effect of cationic heavy metal retention with arsenate
incorporation.

The specific mechanisms of Pb(II) retention in this
synergistic process will be presented for the different systems
investigated, as well as their influence on the jarosite structure.
Also, the effect of different modes of incorporation of both
species during the jarosite synthesis will be shown.

The results of this work have important environmental
implications: through the synergistic process encountered,
remediation enhancement of cationic pollutants is possible in a
concomitant fashion with arsenate attenuation in acidic mining
and metallurgical environments.

[1] Dutrizac & Kaiman (1976) Can. Mineral 14, 151-158. [2]
Savage et al (2005) Chem. Geol 215, 473-498. [3] Slowey et
al (2007) Appl. Geochem 22, 1884-1898. [4] Kendall et al
(2013) GCA DOLI: 10.1016/j.gca.2013.02.019
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Isotopic signatures in a tropical
transitional estuarine/marine
ecosystem influenced by the largest
agricultural and aquiculture activities
in Mexico

AGUINIGA-GARCIA S., G. RODRIGUEZ-FIGUEROA,
A. SANCHEZ-GONZALEZ AND F.J. ROMO-Ri0S

Centro Interdisciplinario de Ciencias Marinas, Instituto
Politécnico Nacional, Avenida de IPN s/n, Col. Playa Palo
de Santa Rita, Apto Postal 592, La Paz, Baja California
Sur 23096, Mexico

Assess the anthropogenic pressures on coastal ecosystems
are of primary concern. This project is focused in San
Ingnacio-Navachiste-Macapule, Sinaloa, Mexico, a
transitional ecosystem influenced by the largest agricultural
and aquiculture activities. Nitrogen and carbon stable isotopes
have been evaluated in sediments to estimate spatial
variability and its correlations with inputs of carbon and
nitrogen derived from natural and anthropogenic sources. The
d-15N values ranged from 6 to 10.6%o from marine-estuarine
gradient. Sedimentary organic matter positive d-15N values
were influenced by a mixture of aquiculture (sediment pond d-
15N = 8.53%0), sewage (12%o) and agriculture drainage (3%o).
These land-marine areas were associated with fine grain size,
high content of the macronutrient (15 uM NO;) and negative
d-13C values (-=25.4%0) as a result of mangrove (—27.3%o),
aquiculture (-16.8%0) and positive C4 terrestrial plants (-
14.6%0). In contrast, lowest d-15N values were correlated with
coarse grain size, 5 uM NO; and positive (-19 %0) d-13C
values, of marine environment. The estuarine/marine pattern
has an anthropogenic component that be traced in the spatial
scale.

The origin of myrmekite in the
Boroujerd granitoids,
Sanandaj-Sirjan Zone

VAHID AHADNEJAD

Geology Department, Payame Noor University, Tehran
19395-4697, 1. R. Iran. (v.ahadnejad @ gmail .com)

The Boroujerd Plutonic Complex (BPC) is one of the
major Jurassic plutonic complexes in the Sanandaj-Sirjan
Zone (SSZ). The BPC consists of a suite of calc-alkaline
dioritic to granitic rocks. The abundance of myrmekitic texture
is a major petrographic characteristic in the BPC that implies
an emplacement into a high-strain shear zone. This is
confirmed by mylonitic microstructures in the studied rocks
[1]. The aboundance of calcic plagioclase rather than its sodic
type and absence of K-feldspar imply a Ca-metasomatism as a
major geochemical factor for myrmekites. Locally, there is
some K-metasomatism signs such as K-feldspar overgrowth
on plagioclase [2], remnant plagioclase islands in microcline
crystals, and paths of microcline in plagioclase.

[1] Rasouli, J., Ahadnejad, V., Esmaeily, D. 2012.
A preliminary study of the anisotropy of magnetic
susceptibility (AMS) of Boroujerd granitoids, Sanandaj-Sirjan
Zone, West Iran. Natural Science, 4,91-105. [2] Collins, L.G.,
1997.  Myrmekite formed by Ca-metasomatism:
ISSN 1526-5757, Electronic Internet Publication, No. 4.
http://www .csun.edu/~vcgeo005/revised4.htm
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Regional deep water anoxic
conditions during the Hirnantian
extinction event

ANNE-SOFIE C. AHM'* CHRISTIAN J. BJERRUM'
AND EMMA U. HAMMARLUND

'Nordic Center for Earth Evoltion and Department of
Geoscience and Natural Resourse Management,
University of Copenhagen, DK-1350 Copenhagen K,
Denmark (*correspondence: annes.ahm@geo.ku.dk)

Nordic Center for Earth Evolution (NordCEE) and Institute of
Biology, University of Southern Denmark, DK-5230
Odense C, Denmark

The Late Ordovician Hirnantian glaciation (~444 Ma)
coincided with a marine carbon cycle perturbation, and one of
the largest mass extinction events in the Phanerozoic.
However, the underlying causes leading up to the extinction
event are not fully understood. It has been suggested that a
Hirnantian expansion of anoxic conditions, driven by the
glacio-eustatic sea-level fall, acted together with the reduction
of habitats as the major kill mechanism [1]. To further resolve
the end-Ordovician water column chemistry, a multi-proxy
geochemical approach was applied to a new drill core and
surface material from a deep-water section in central Nevada.
Here, enrichments in U and Mo suggest euxinic conditions at
the onset of the Hirnantian. Furthermore, ratios of highly
reactive iron over total iron (Feyg/Fe;) increases from the
Katian to values of ~0.5 in the Hirnantian stage, indicating an
anoxic water column. We argue that the onset of the
Hirnantian can be linked to an euxinic event and that these
observations are evidence of expanding anoxia during the first
stages of the marine regression which has been lacking
documentation at shallower-water sections.

[1] Hammarlund et al. (2012) Earth Plant. Sci. Lett. 331-332,
128-139.

Petrography and diagenesis of Pab
sandstone, implications for
hydrocarbon exploration in southern
Pakistan

SAJJAD AHMAD

Department of Geololgy, University of Peshawar, Khyber
Pukhtunkhwa, Pakistan, 25000
(dr.s_ahmed@upesh.edu.pk)

In this study the petrography, diagenetic fabric and
hydrocarbon reservoir rock characterization of the Cretaceous
Pab sandstone is carried out. Mostly the rock type is arkosic
arenite but feldspathic Greywacke is also seen. The dominance
of mono-crystalline quartz, alkali feldspar and heavy minerals
(Tourmaline, Zircon, and Garnet) point to a provenance source
dominated by acidic igneous rocks. Presence of the Quartz
overgrowth with mostly concavo-convex boundaries along
with the presence of some point and sutured contacts is the
major modification caused by the increased geothermal
gradient and pressure in the middle to final phase of
diagenesis. The synthesis of petrographic, digenetic and plug
porosity permeability data confirms a good hydrocarbon
prospect of the unit in the region.
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The Microbe-Mineral Interactions In
The Acidic Podzol Soil

ENGY AHMED* AND SARA HOLMSTROM

Department of Geological Sciences, Stockholm University,
Stockholm, Sweden (engy.ahmed@geo.su.se)

Iron is a key component of the chemical architecture of the
biosphere. Due to the low bioavailability of iron in the
environment, microorganisms have developed specific uptake
strategies, like siderophores, which are operationally defined
as low-molecular-mass biogenic Fe(Ill)-binding compounds,
that can increase iron’s bioavailability by promoting the
dissolution of iron-bearing minerals. In the present study, we
aimed to investigate the composition of hydroxamate
siderophores in the soil horizons of the acidic podzol, and
study how they are affected by the presence of specific
mineral types and microbial communities.

Three different minerals (apatite, biotite and oligioclase)
were inserted in the soil horizons (O (organic), E (eluvial), B
(upper illuvial), and C (mineral)). After two years, soil
samples were collected from both the bulk soil (next to the
minerals) and from the soil attached to the mineral surfaces.
The concentration of ten different fungal tri-hydroxamates and
five bacterial ones were determined by high-performance
liquid chromatography coupled to electrospray ionization
mass spectrometry (HPLC-ESI-MS). In addition, total
microbial composition and diversity were studied.

Our field experiment succeeded in describing the
relationship between the presence of siderophores, soil
horizon and mineral type, in addition to understanding the
interaction between mineral type and soil microbial
composition. A wide range of fungal and bacterial
hydroxamates were detected throughout the soil profile. On
the other hand, the presence of the minerals completely altered
the diversity of siderophores. In addition, each mineral had a
unique interaction with hydroxamates in the different soil
horizons. There were also a good relationship between the
microbial diversity and the siderophore distribution.

Keywords: Podzol soil, Siderophores, Weathering

Hydraulic properties and fresh water
prospect of the Ganges River Basin,
Bangladesh

NUR AHMED

Hydrogeologist, Institute of Water Modeling, Dhaka-1206
(nurgeo3@gmail.com)

Bangladesh is a lower riparian country in the floodplains
of three major rivers- the Ganges (Padma), the Bhramaputra
and the Meghna and their tributaries and distributaries which
forms the largest delta in the world. Ganges River Basin in
Bangladesh has been strongly influenced by tectonics,
manifested as delta switching and subsidence and shows
fluvio/deltaic plains depositional environments. Groundwater
development was started in the early sixties and extended
rapidly during the late 1976. Presently, 80% of our national
water demand fulfill by groundwater. The lean season flow of
the Ganges has decreased since the commissioning of the
Farakka Barrage in India during 1975. Climatic change is
accelerating the siltation and subsequent dry season, and also
limitation of the surface water that’s why total water demands
stressed on the groundwater. Ganges River basin areas of
Bangladesh have started facing water problems, including the
drying up of wells during peak irrigation period and lowering
of water table and chemical(As,Fe,C1,Mn,Mg**) problem. The
study area shows arsenic contamination in shallow
groundwater aquifers which makes the water unfit not only for
human consumption but also for agriculture and environment.
In some places deep aquifers show saline water. Between
these two aquifers fresh water aquifer is found which the main
water source of the area. This paper is mainly concerned with
the delineation, extension, recharge and discharge areas of the
fresh water aquifer and calibrates hydraulic properties of the
aquifer. It also throws light on scope of development of the
fresh water aquifer without arsenic contamination or saline
water intrusion.

Key words: Ganges river Basin, groundwater, water
quality.
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Petrology and origin of Yozgat
Intrusive Complex, Central Anatolia,
Turkey

M.A. AKCE'*? AND Y K. KADIOGLU*

'"Bozok University Dept. of Geological Eng., 66100 Yozgat,
Turkey (*correspondence: mavni.akce@bozok.edu.tr)

*Bozok University Science and Technology Application &
Research Center, Yozgat, Turkey

3Ankara University Dept. of Geological Eng., Ankara, Turkey

“*Ankara University Earth Sciences Application & Research
Center, Ankara, Turkey

Yozgat Intrusive Complex (YIC) is located in the north
part of the Central Anatolian Crystalline Complex (CACC).
YIC represents the biggest intrusive body of the CACC and
clarifies magmatism evolved during the late Cretaceous and
Paleocene. YIC is mainly composed of granitic, gabbroic,
monzonitic and syenitic rocks forming a complex of different
sources and compositions in Central Anatolia. The
composition of granitic rocks of YIC is in the range from
alkali feldspar granite to the tonalite. The monzonitic rocks are
in composition of monzonite and quartz monzonite. The
syenitic rocks are in composition of syenite, foid syenite and
foid monzosyenite. The gabbroic rocks of YIC are mostly
exposed at the top of the hills and have a sharp contact with
the felsic intrusive body.

Whole rock geochemistry reveals that granitic, gabbroic
and monzonitic rocks are subalkaline whereas syenitic rocks
are alkaline in nature. Granitic and monzonitic rocks have a
calc-alkaline and gabbroic rocks have a tholeiitic character.
Granitic rocks are peraluminous and metaluminous, and
monzonitic and syenitic rocks are metaluminous in character.
Tectonic discrimination diagrams suggest that the most
granitic rocks of YIC are syn-collisional granite whereas
monzonitic and syenitic rocks are post-collisional granite. The
ORG-normalized elemental patterns of all the felsic intrusive
rock units show similar patterns which are characterized by
enrichment in large ion lithophile (LIL) with respect to high
field strength (HFS) elements. Chondrite-normalized rare
earth elemental patterns of granitic, monzonitic and syenitic
rocks reveal almost a slight trend. Light rare earth elements
(LREE) show enrichment compared to heavy rare earth
elements (HREE). These elemental patterns show that the
magma is mostly influenced by the crust. All these geological,
petrological and geochronological data indicate the
progressive evolution of the YIC magmatism respectively
from calc-alkaline granites through shoshonitic monzonites to
alkaline foid syenite compositions caused by crustal thinning.

Diversity of melts migration process
within the uppermost mantle along a
mid-ocean ridge: An example from
the northern Oman ophiolite

N.AKIZAWA',S. ARAI', A. TAMURA' AND K. OzAWA?

'Department of Earth Sciences, Kanazawa Univ.,
Kakumamachi, Kanazawa, Ishikawa, 920-1192, JAPAN

*Department of Earth and Planetary Science, Tokyo Univ.,
Hongou7-3-1, Bunkyouku, Tokyo, 113-0033, JAPAN

Dunite bands and veins in the ophiolitic mantle peridotite
are interpreted as fossil melt conduits within the suboceanic
mantle. In particular, concordant dunite bands are possibly
important as the melt conduits through which parental melts of
MORB (mid-ocean ridge basalts) were transported to
shallower mantle beneath the ridge axis. However, no detailed
petrological data of concordant dunite bands and surrounding
peridotites have been published. We conducted sampling of
concordant dunite bands and its aureole from various
"stratigraphic levels" in the mantle section of an estimated
ancient-segment center and its end in the northern Oman
ophiolite. They are thick and high in frequency at segment
center, but are thin and low at segment end. Dunite bands are
almost pyroxene-free, and their orthopyroxenes, if any, are
vermicular in shape.

Mineral chemistry shows systematic variations in the wall
peridotites toward the dunite bands. In ambient residual
peridotites, rare earth element (REE) patterns of
clinopyroxene incline from light-REE (LREE) to heavy-REE
(HREE) monotonously. The REE pattern of clinopyroxene in
dunites and surrounding peridotites show various shapes,
depending on the position, the segment center to end: U-
shaped at the segment center, and gentle slope from HREE to
LREE at the segment end.

We conducted calculation for REE enrichment of
clinopyroxenes in dunites by using 1-D steady state modeling,
which duplicates simple fractional melting process and influx
melting process. The results indicate that melt volume was
less to form dunite bands of segment center, whereas was high
at segment end. This contrast dues to difference of dunite band
distribution between segment center and end; degree of
melt/peridotite interaction was high at segment center to form
dunite bands, but not at segment end.
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Trace element distribution in an
extremely basic environment in mine
tailings
L. ALAKANGAS AND L. JINMEI

Lulea University of Technology, 97187 Luled, Sweden

Element distribution in alO years old low-sulphide and
high-carbonate tailings profile covered with a 50cm thick fly
ash layer have been investigated. The dissolution of fly ash
created an extremely basic environment (pH >11) in the
underlying tailings. This resulted in a depletion zone where
weathering of Ca-, Fe-, Mg- and Mn-silicates was extensive.
Only quartz and K-, Na-, Ca-feldspars covered with CaCO,
remained. The depletion zone was 47cm thick, which indicates
a very high weathering rate due to the presence of hydrated
hydroxyl ions. Chromium and Ni were accumulated in the
depletion zone, while Cd and Cu showed a relatively
unchanged content. These elements were added from the ash
layer. Chromium and Ni were not identified by scanning
electron microscope, but found in the residual phase by
sequential extraction, indicating insoluble phases. Elements
such as Fe, Pb and S were depleted in the upper part of the
tailings, but accumulated together with Cd and Cu, 20cm
below the depletion zone, where the pH decreased to circum-
neutral. Detailed determination of secondary phases present in
the accumulation zone is in progress and the result will be
presented. The ash layer was hardened due to pozzolanic
properties which reduced the oxygen diffusion which was
confirmed by oxygen analysis. Alkaline materials are often
used in remediation of contaminated areas, but should be
carefully used to avoid leaching of metals. Accumulated
elements can be remobilized by changes in the chemical
environment when for example the weathering front moves
downward and/or the lime content is exhausted.

Development of in situ measurements
of REE in deep groundwater using
Diffusive Gradient in Thin Film

L. ALAKANGAS'*, M. ASTROM?, F. MATHURIN?,
M. FAARINEN® AND B. WALLIN*

'SKB, Aspo HRL, SE-572 29 Oskarshamn, Sweden
(*correspondence: linda.alakangas@skb.se)

2School of Natural Sciences, Linnaeus Univ., SE-391 82
Kalmar, Sweden

SALS Scandinavia, SE-977 75 Luled, Sweden

*Geokema AB, SE-181 46 Lidingo, Sweden

The Asp6 Hard Rock Laboratory (HRL), SE Sweden, is an
underground facility where the Swedish concept for storage of
nuclear fuel waste is tested under natural repository conditions
[1]. This laboratory also offers an environment for researchers
interested in conducting experiments as well as testing
equipment in situ at the deep granitodic subsurface.

An ongoing activity at the Aspd HRL is monitoring of
hydrogeochemistry where several borehole are characterized
och sampled every year since two decades. The program
includes the rare earth elements (REE), which generally
however occur in concentrations below detection limit with
the utilizes convential sampling and analytical techniques.

In order to develop a monitoring-technique with which the
REEs can be detected above the detection limit, a principle
with passive samplers, DGT (Diffusive Gradient in Thin-Film)
[2], has been tested. The DGT technique makes it possible to
determine labile trace elements, such as REE, by allowing the
metals in solution to accumulating to binding agents over a
defined period of time.

To obtain as little disturbance as possible and maintain the
pressure and the reduced state in the bedrock fractures a
special designed container was constructed. The container can
hold three DGT’s and are constructed in stainless steel to
maintain a high pressure of 50 bar and the inside is made of
PEEK polymer material to minimize the risk of contamination.

The sampling was performed in three boreholes at depths
of -144 m, -280 m and -450 m at three different locations in
the Aspé HRL tunnel. Different deployment times were tested
(1-4 weeks) and the results are compared with spot sample
measurements (<0.45 pm). Overall, the technique works well
and the results show that DGT can be used to monitor low-
levels of REE (and other trace metals) in reduced groudwater
in deep-lying bedrock fractures.

[1] SKB (2012) Annual Report 2011. SKB TR-12-03 [2]
Zhang et al (1995) Anal. Chem. 67,3391-3400
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Contrasting volatile contents in the
lunar mantle and anorthosites

EMMANNUELLE ALBALAT', PETER LUFFI?, CIN-TY LEE?,
AND FRANCIS ALBAREDE'?,

'"Ecole Normale Supérieure de Lyon, 69007 Lyon, France,
(emmanuelle.albalat@ens-lyon.fr)

*Department of Earth Science, Rice University, Houston TX
77005, USA

The enrichment of lunar basalts in heavy Zn isotopes has
been used to support large-scale evaporation of lunar volatiles
in the aftermath of the Moon-forming event [1]. A remarkable
property of Zn is that the Zn/Fe ratio does not significantly
fractionate during magmatic processes [2], which reflects the
very similar ionic radii of the two elements. We measured
trace and major elements by LA-ICP-MS in individual mineral
grains and basaltic fragments from 17 lunar samples, among
which high-Ti and low-Ti basalts, pyroclastics, the Mg-suite,
ferroan anorthosites (FAN), breccias and soils. Among the
volatile elements, some of them are siderophile (Ge, Ts, = 883
K), some other lithophile (Zn, Ts, = 726 K) or chalcophile
(Cu, Ty, = 1037 K)[3]. Here we show that the Zn/Fe ratios in
the source of mare basalts is about two orders of magnitude
less than in the terrestrial mantle, which demonstrates that the
interior of the Moon is very depleted in volatiles. On the other
hand, the Zn/Fe ratios of FAN plagioclase are 1-2 orders of
magnitude higher than in lunar basalts. Mineral and melt data
indicate that plagioclase preferentially incorporates Zn and Cu
relative to Fe by more than an order of magnitude. The nearly
constant Ge/Si ratios observed for all samples argue against
variable Zn/Fe fractionation upon core segregation. A first
possibility is that the higher contents of volatile elements in
anorthosites relative to the source of mare basalts reflects the
preferential uptake of these elements from the magma ocean
by crystallizing anorthite. Alternatively FAN may have been
derived from a magma ocean distinctly enriched in volatile
elements relative to the deep lunar mantle. The non-chondritic
Th/U ratio of FAN inferred from their Pb isotopes [4] is
representative of their parent melts and suggests that the latter
interpretation should probably be preferred.

[1] Paniello R et al (2012) GCA 42, 1075-1090. [2] Le Roux
V. et al et al (2010) GCA 74, 2779-2796. [3] Lodders (2003)
Astrophys. J. 591, 1220-1247. [4] Premo et al (1999)
Internatinal Geology Review 41:2, 95-128.

The URGE project in Italy:
The Acerra—Pomigliano-Marigliano
conurbation

S. ALBANESE*', A.LIMA'; C.REZzA!, G. FERULLO!,
B.DE VIvo', W.CHEN? AND S. Qr*

'Universita degli Studi di Napoli Federico II - Napoli, Italy.
(* correspondence: stefano.albanese @unina.it)

2School of Environmental Studies, China University of
Geosciences, Wuhan, China

The URGE project has as the main objective the
production of the geochemical maps of 12 european urban
areas using a shared sampling and analytical procedures.

In the framework of the URGE (Urban Geochemistry)
project, aiming at the production of the geochemical maps of
12 european urban areas, the north-eastern sector of the Napoli
metropolitan area (Italy), namely the Acerra-Pomigliano-
Marigliano area has undergone a geochemical characterization
based on 145 soil samples collected over an area of 90 sqgkm.

This area has been selected on the basis of previous
regional studies [1, 2, 3] and because of both the presence of
an historical industrial settlement on it (mainly devoted to
plastic materials and synthetic fibres production) and of an
incinerator which came into operation in March 2009.

The main objective of the study was to define the local
geochemical baselines both for 53 elements (among which the
toxic ones) and for some organic compounds, including PAHs
and OCPs. Furthermore, the study aimed at supporting
epidemiological researches and at establishing a record of the
actual environmental conditions to evaluate the future impact
of the incinerator on both the territory and the public health.

Preliminary results showed that 1) the most urbanized
areas of the conurbation are characterized by concentrations of
Pb, Zn and V exceeding the trigger limits established by the
Italian Environmental law (D.Lgs. 152/2006); 2) agricultural
soils, in the surroundings of the urbanized areas, are enriched
in Cu, Co, Cd, Be and Ni, 3) in the incinerator area Se, Hg,
Cu, Cd and Sb baselines are generally higher than in the rest
of the territory.

Furthermore, the PAHs distribution pattern and their
diagnostic ratios suggested that the agricultural waste burning
in the rural sector of the study area could be a relevant source
of pollution.

[1] Albanese et al (2007) JGE 93, 21-34. [2] Cicchella et al
(2008) GEEA 8 (1), 19-29. [3] De Vivo et al (2006) Aracne
Editrice, Roma. 324 pp.
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Improved dust representation in the
Community Atmosphere Model
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SDepartment of Earth System Science, University of
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*Department of Atmospheric and Planetary Sciences,
Hampton University, Hampton VA, USA

National Center for Atmospheric Research, Boulder CO,
USA

Aerosol-climate interactions constitute one of the major
sources of uncertainty in assessing anthropogenic and glacial
radiative forcing. We recently focussed on improving the
representation of mineral dust in the Community Atmosphere
Model and assessing the impacts of the improvements in terms
of direct effects on the radiative balance of the atmosphere and
climate impacts.

We simulated the dust cycle while using different
parameterization sets for dust emission, size distribution, and
optical properties. Comparing the results of these simulations
with observations of concentration, deposition, and aerosol
optical depth allow us to refine the representation of the dust
cycle and its climate impacts. Our findings indicate that the
magnitude of the dust cycle is sensitive to the observational
datasets and size distribution. In addition, the direct radiative
forcing of dust is strongly sensitive to the optical properties
and size distribution.

Our results from simulations applying the refined
parameterization set indicate a net top of atmosphere direct
dust radiative forcing of -0.22 + 0.12 W/m2 for present day
and -0.33 + 0.18 W/m2 at the Last Glacial Maximum. These
estimates are smaller than previous model simulations due to
changes in size distribution, modeled spatial distribution and
optical parameters.

We analyze the climate impatcs in response to the direct
radiative  forcing deriving from the refined dust
parametrizations.

Isotopes of disease

FRANCIS ALBAREDE

Ecole Normale Supérieure de Lyon, 69007 Lyon, France
(albarede @ens-lyon.fr)

Transition metals are essential components of hundreds of
proteins in the human body. They achieve a large spectrum of
critical biological functions, such as oxygen transport (Fe),
electron shuttling (Cu), structural control and protein
degradation (Zn). Their binding to a variety of amino acids is
controlled by bond energy, e.g., ‘hard’ histidine vs ‘soft’
cysteine, by their structural environment, and by the redox and
pH conditions of biological fluids. The different cellular stores
of metal are in constant flux and are regulated by gene
expression which reacts to a complex pattern of physiological
signals. Metal isotope compositions in organs and body fluids
provide an enormous source of untapped information relevant
to normal and pathological conditions. Spectacular patterns of
isotope fractionation are observed in some organs such as the
liver and the kidney, and in blood components as well. To a
large extent, these patterns reflect the binding of metals with
different amino acids, variable redox states and
electronegativity. Ab initio calculations indicate that heavy
isotopes tend to bind to O-rich ligands (hydroxide, carbonate,
phosphate), whereas light isotopes are positively fractionated
by S-bonds. Formation of blood cells (erythropoiesis) takes
place with very large and coupled Cu-Fe isotope fractionation,
the disruption of which clearly signal pathological, and in
general, abnormal conditions. The recent years have seen the
emphasis being laid on genetic diseases, such as Fe in
hemochromatosis and Cu in Wilson disease, and
neurodegenerative pathologies such as the Alzheimer disease
for Zn. Now that preliminary ground work on metal isotopic
variability in the human body is being laid, the opportunity of
using some isotopes as biomarkers has never been stronger.
Particularly promising are the isotopes of Cu, the
concentrations of which are known to vary in multiple forms
of cancer, and of Zn, which is making a forceful entry as a
biomarker of prostate cancer in the wake of PSA discredit.
The enormous challenge of using isotopes to quantitatively
assess the parameters of metal homeostasis at the cellular level
in relation with gene expression and regulation will clearly
engage the upcoming generation of isotope geochemists,
biochemists, and health scientists.
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A mass fractionation law for high-
transmission MC-ICP-MS

FRANCIS ALBAREDE, PHILIPPE TELOUK
AND EMMANNUELLE ALBALAT!

'"Ecole Normale Supérieure de Lyon, 69007 Lyon, France,
(albarede@ens-lyon fr)

Russell ef al’s [1] exponential law provides the standard
form used for the correction of the mass bias on isotopic ratios
measured by mass spectrometry and more specifically since
1992 for MC-ICP-MS. It is nevertheless expected to fail as
soon as the ion/atom efficiency exceeds the percent level and
preliminary observations on new-generation MC-ICP-MS
confirms this prediction. At 100% transmission, the mass bias
must by unity. The physics of mass fractionation in the torch
involves collisions with abundant neutral argon atoms, the
formation of a shock wave in the interface, and the presence of
a boundary layer in the nozzle, and is therefore particularly
complicated. At low transmission, the ratio between two
isotopes 1 and 2 is affected by a factor (MI/MZ)B, where M is
the atomic mass. The mass fractionation factor 3 remains
essentially constant and equal to ~2 across the mass range,
which suggests that the velocity of radial expansion is
proportional to mass [2], but this law has not received a
universally accepted.physical justification.

At high transmission, the exponential law breaks down.
What is the relationship between mass fractionation and
transmission? A simple conservation principle applied to the
fraction lost suggests an example of a transmission-compliant
mass fractionation law:

(M1/M,)®
(1 —n/no) + (n/no) (M1/Mz)®

in which n/n, is the transmission. At the limit, the exponential
law is obtained when n/n,— 0, while the mass bias disappears
when n/ny— 1. Other forms involving different functional
relationships are also possible and need to be tested. The
instrument transmission for a particular element is an essential
parameter of mass fractionation laws and should therefore be
recorded with the best possible precision. We will present data
on the isotope compositions of various elements across the
mass range that will allow the present model to be tested.

Rmeas = ]?ftrue X

[1] Russell WA et al (1978) GCA 42, 1075-1090 [2] Maréchal
et al (1999) Chem. Geol. 156,251-273.

The Y-3 tephra: New insights
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The “Y-3’ tephra is a crucial stratigraphic marker within
the central Mediterranean region, reported occurrences within
palaeoenvironmental archives occur at or close to the Marine
Isotope Stage 3/2 transition, which in turn is linked to the
onset of Heinrich Stadial 3 (HS3) [1]. Consequently this
tephra offers enormous potential to assess potential leads and
lags between Mediterranean archives. Until now the type
locality Ionian Sea Y-3 tephra has remained poorly
characterised. Consequently, numerous other distal tephras
occurring in broadly similar stratigraphic positions and
displaying a similar trachyte composition have been correlated
to the Y-3 tephra without the appropriate geochemical
validation.

Here we present the first grain-specific major, minor
(EPMA) and trace element (LA-ICP-MS) characterisation of
the Y-3 tephra recorded in its type locality of the Ionian Sea
(M25/4-12). The High-K phono-trachyte geochemistry of the
Ionian Sea Y-3 supports a provenance from within the Campi
Flegrei caldera consistent with previous interpretations.
Geochemical glass data reveals problems with a correlation
between the Ionian Sea Y-3 and the proposed proximal
equivalent, the VRa Tufi Biancastri unit. As a result the VRa
age must not be imported to the Ionian Sea Y-3 tephra.

Using the new diagnostic major, minor and trace element
chemistry of the type locality Y-3 tephra we are able to assess
and establish precise distal-distal tephra correlations. Robust
identification of the Y-3 in the Tenaghi Philippon (Greece)
sedimentary archive both offers an opportunity to determine a
precise age for this distal marker and assess its stratigraphic
position in the context of a high resolution
palacoenvironmental archive. A Bayesian-based '“C age
model provides an age of 29, 350-30, 160 cal yrs BP for the
Y-3 tephra. The Y-3 tephra resides within the latter part of a
period of reduced total tree pollen percentages, which is
related to drier stadial conditions. The independent age of the
Y-3 tephra and it environmental context suggests that this
marker tephra post dates the onset of both HS3 in the
Mediterranean region and GS-5 in the INTIMATE event
stratigraphy [2].

[1] Zanchetta et al, (2008) JVGR 177, 145-154; [2] Blockley
et al,(2012), Quat. Sci. Revs. 36,2-10.

WWW.minersoc.org
DOI:10.1180/minmag.2013.077.5.1

https://doi.org/10.1180/50026461X00008550 Published online by Cambridge University Press


https://doi.org/10.1180/S0026461X00008550

570 Goldschmidt2013 Conference Abstracts

Biogeochemistry of manmade lake
nearby industrial city, Riyadh, Saudi
Arabia

IBRAHIM MASHHOUR AND MAJED ALBOKART*

Atomic Energy Research Institute (AERI), King Abdulaziz
City for Science and Technology (KACST), P. O. Box
6086, Riyadh 11442, Saudi Arabia.
(mbokari@kacst.edu.sa)

Extremophiles are microbes that have the ability to
maintain a life cycle in severe environments such as those
characterized by high salt (halophiles) and high temperature
(hyperthermophiles). A manmade lake (pond) nearby the
second industrial city at the south of Riyadh, Saudi Arabia
with estimated area of 25 square kilometer and 20 meter
depth, which was created accidentally, is characterized as
extreme environments whereas TDS reaches around 7700 ppm
and the temperature of surrounded area hits 60 °C in summer
and goes down -2 °C in winter. The lake has been fed by all
type of wastewater ranges from treated wastewater generated
from facilities of the industrial city, draining system of rainfall
and portable sewage tanks. A discharge channel (stream)
somehow connected to the lake from facilitits of industrial city
via underneath the highway was bulit recently. This work
aimed to measure phyisco-chemical properties, selected heavy
metals (Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Cd, Pd) and
presenting bacteria along the stream and the lake itself in order
to propose a hypothesis regarding biogeochemistry behaviour
of indigenous microorganisms.

Practically, nitrates, carbonates and sulfates clearly
decreased by 41.5%, 28.5%, 14.0%, respectively, from stream
part to lake itself. Similarly, level of Cr, Mn, Fe, Co, Zn, Cd
and Pd decreased as sampling have been collected along
stream to lake. On the other hand, concentrations of Ni and As
increased by 46% and 27 %, respectively while Cu didn’t
show any significant change. On the bacterial level,
microbiological conventional methods produced 62 isolate (38
isolated from lake’s samples and 24 isolated from stream’s
samples) and identified wusing state-of-art RiboPrinter
microbial characterization system, which is based on pattern
of DNA bands. Aeromonas hydrophila species represented
10% of total isolates from lake’s samples while Klebsiella
pneumonia species found to be 50% of isolates from stream’s
samples. In such an open complex ecosystem, many variables
are accounted to have certain behavior like chemistry of
elements and geological structure of the area. Moreover, shifts
in bacterial species profiles and changes in physcio-chemical
between stream and lake can be linked to each other and lead
to isolate novel species.

Analysis of fluid inclusions with
fs-LA-ICP-MS

M. ALBRECHT*!,I.T. DERREY', I. HORN', S. SCHUTH',
F. MELCHER? AND S. WEYER'

"Leibniz Universitit Hannover, Institut fiir Mineralogie, GER

?Federal Institute for Geosciences & Natural Resources, GER
(*correspondence: m.albrecht@mineralogie.uni-
hannover.de)

Hydrothermal Cu deposits are one of the most significant
type of ore deposits for many metals (e.g. Cu, Zn, W, Mo,
Au). Fluids are responsible for the transport and the
enrichment of those metals [1]. To learn about the conditions
that led to metal enrichment in fluids, we want to investigate
the composition of fluid inclusions from ore deposits in situ by
femtosecond laser ablation inductively coupled plasma mass
spectrometry (fs-LA-HR-ICP-MS; using an ElementXR®
MS).

For this purpose a new analytical setup is developed by
combining a heating freezing stage with our deep UV (A =
196nm) fs-LA-HR-ICP-MS system. By freezing the fluids, we
are aiming to expand the signal length of the ablated fluid
inclusion and with that to minimize analytical uncertainties
compared to previously applied nanosecond LA-ICP-MS
techniques [2].

Preliminary test measurements of a frozen standard
solution relative to the NIST610 glass, resulted in an
analytical uncertaity of 10% (10) for the analyses of e.g. Cu,
Zn, Pb, Ag and other trace elements. We also tested our
method by the analyses of natural high saline (>20wt%
NaCl,,) fluid inclusions in hydrothermal quartz veins from
Cornwall, UK and with synthetic fluid inclusions in quartz of
different salinities. First results indicate that inclusions of a
size between 10xm to 30gm and in a depth up to ~50xm can
be analysed with a succes rate of > 60%. *Na is used for
internal standardization. For several isotopes, including *Ca,
%Zn, Mo, ®Rb, *Cs and *®Pb we achieved signals
significantly above the detection limit (30 of background) for
a duration of 20 to 40 seconds.

In future investigations, we want to apply this technique to
analyse natural fluid inclusions from different ore deposits and
synthetic fluid inclusions from HP/HT experiments.

[1] Heinrich et al (2003), Geochim Cosmochim Ac 67, 3473-
3496. [2] Pettke et al (2012), Ore Geology Reviews 44, 10-38.
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High pressure fluid evolution derived
from veins in UHP eclogites
(Dabieshan, China)

N. ALBRECHT'*, G. WORNER', Y. XIAO?
AND A M. VAN DEN KERKHOF!

'Geoscience Center Gottingen, 37077 Géttingen, Germany
(*correspondence: nalbrec@gwdg.de)
2School of Earth and Space Sciences, Hefei 230026, China

Fluids linked to deep burial form and evolve under (ultra-)
high pressure (UHP) conditions and are characterized by
enhanced element solubilities [1], resulting in transport and
fractionation of both fluid-mobile and nominally immobile
elements [2]. Reconstructing UHP fluid evolution is thus
essential for a better understanding of element mobility and
redistribution among Earth's reservoirs.

Representing fossil pathways of fluid flow, we sampled
mineral veins in UHP eclogites from the Triassic Dabieshan
continental collision zone. Three vein generations are
distinguished based on mineralogy and field evidence: (1*)
early UHP near-peak qtz + rt veins, (2*%) HP post-peak phg +
ep/czo + brs + ap + qtz + 1t £ Ky + omp + pg + zo veins and
(3 late HP retrograde ab + phg + ep/czo + qtz veins.

Petrography, microthermometry and Raman analyses
reveal pure high density N, inclusions (0.56 g/cm®) in eclogitic
quartz and three assemblages of aqueous inclusions in vein
and eclogitic qtz: (i) primarily trapped CaCl, + NaCl + MgCl,
brines (30-35 wt% NaCl,,), (ii) primary to pseudosecondary
CaCl, + NaCl solutions (17-27 wt% NaCl,,), (iii) secondary
NaCl-bearing fluids (0-12 wt% NaCl,,). Homogenization
temperatures among the aqueous groups are bimodally
distributed, clustering at 200 and 400°C. High salinities
clearly correlate with high Ty and low salinities with low Ty.
Zoning in vein epidote minerals from LREE- and LILE-rich
allanitic cores to slightly resorbed, depleted clinozoisite and
overgrowths of trace element-poor epidote mirrors the solute
depletion trend indicated by fluid inclusions.

The results reflect an evolution from highly saline, trace
element-rich brines near the metamorphic peak towards low
salinity, trace element-poor solutions along the retrograde
path. The earliest fluids are interpreted to originate from
prograde dehydration and their initially high solute content is
‘consumed' by precipitation of vein minerals and likely by late
dilution with meteoric waters. The nitrogen is suspected to be
progradly inherited from metasedimentary lithologies in which
the sampled eclogite bodies are embedded.

[1] Kessel et al (2005) Nature 437, 724-727. [2] Xiao et al
(2006) GCA 70,4770-4782.

Primary magmas, fractionation
modelling and mantle sources of
Etnean lavas

G. ALESCI ', P.P. GIACOMONI !, M. COLTORTI'
AND C. FERLITO?

'Univ. of Ferrara, Italy (giuseppe.alesci@unife.it)
Univ. of Catania, Italy (cferlito@unict.it)

A backward mass balance fractionation was used to
reconstruct the primary composition of Etnean magmas and
get some inferences on the petrological composition of their
mantle sources. The entire evolution of Etna magmatism, from
Tholeiitic period to Recent Mongibello, were taken into
consideration. fO, activity was estimated using [1] and
Fe**/Fe** ratio were calculated according to [2] equation. The
least differentiated products for each alkaline period were
identified and about 15 to 20% of a solid assemblage made up
of olivine (87 to 100%) was added to re-equilibrate the basalts
with mantle olivine (Fog,). If clinopyroxene is added to
equilibrate the lavas with mantle olivine a much higher
percentage (>40%) of solid fractionation is needed. A further
subtraction of 20-25% of a solid assemblage constituted by ol
(6-18%), cpx (26-55%) and plag (25-48%) is needed to get to
the most differentiated erupted lavas. Taking into account the
volume of the erupted magmas this modeling can be used to
evaluate the quantity of material intruded below the volcano
edifice. Calculated major element compositions of the primary
magma is well comparable with those obtained by melt
inclusions study [3] and references therein, while trace
element patterns fit well with those reported in the literature.
These compositions are also similar to those found in the
Iblean Plateau [4] apart from a slight enrichment in Rb, Th
and U and a depletion in Ti, Hf, Y and Yb, indicating the
presence of discrete percentages of volatile-bearing phases,
that is amphibole and phlogopite, in the Etnean mantle
sources.

[1] France et al (2010) J. Volcanol. Geotherm. Res. 189, 340-
346. [2] Kress and Carmichael (1988) Am. Mineral. 73, 1267-
1274. [3] Collins et al (2009) Geology 37, 571-574. [4]
Beccaluva et al (1998) J. Petrology 39, 1547-1576.
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Speciation of uranium products
formed during in situ biostimulation
of the Old Rifle, CO aquifer
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Engineering, Washington University, St Louis, MO, USA
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Laboratory, Berkeley, CA, USA
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*Department of Integrative Biology, University of Colorado,
Denver, CO, USA

Uranium bioremediation strategies focus on the addition
of a reduced carbon source to stimulate the growth of
indigenous microbial communities in subsurface sediments.
This growth leads to conditions that promote the reduction of
soluble U(VI) species in groundwater to relatively insoluble
and immobile U(IV) species. Field studies to date focus on
U(V) products formed in deep sulfate reducing conditions,
which have been identified as uraninite (UQO,,,), monomeric or
mononuclear U(IV) species that lack crystal structure and are
associated with biomass or iron-bearing minerals, and
phosphate coordination polymers to which U(IV) is bound.
However a systematic molecular-to-pore scale characterization
of changes in U(IV) product speciation and stability as
bioremediation proceeds is not extant.

In this study, we deployed sediment reactors into a
groundwater well at the Old Rifle, CO aquifer during
biostimulation with acetate. Sediments were harvested as the
aquifer progressed through metal- and sulfate-reducing
regimes, and were characterized by spectroscopic,
microscopic, wet chemical, and microbiological techniques.
UV) product local structure and reactivity exhibits little
apparent change despite large changes in redox state,
accumulated uranium in the sediments, and microbial
community structure. This result suggests that similar U(VI)
reduction mechanisms may be operating throughout the
biostimulation campaign.

The link between the origin of
organic matter and GEMS in
extraterrestrial materials

CONEL M. O’D. ALEXANDER'*, LARRY R. NITTLER'
AND RHONDA M. STROUD?.

'DTM, 5241 Broad Branch Rd., NW, Washington DC 20015,
USA (*correspondence: alexander@dtm.ciw.edu).

*Naval Research Laboratory, 4555 Overlook Av., NW,
Washington DC 20375, USA.

There appears to be a genetic relationship between
chondrite matrices, interplanetary dust particles (IDPs) and
cometary material. All are dominated by fine-grained,
crystalline silicates (predominantly olivine and pyroxene) with
similar ranges of properties, along with amorphous silicates or
GEMS (glass with embedded metal and sulfide) and organic
matter. They also contain circumstellar grains (stardust), many
of which are GEMS-like.

There have been longstanding debates about whether
GEMS and the organic matter are interstellar or solar in origin,
although these are rarely linked. Interstellar silicates are
almost entirely amorphous. Therefore, the crystalline material
must be products of high temperatures in the nebula. In
primitive materials, crystalline silicates into which Na, Al, Ca,
etc. could have gone are rare, and they are presumably in
GEMS that formed along with the crystalline material.
Organic matter is abundant in the ISM, but would have been
destroyed during formation of the crystalline silicates. If all
GEMS are also high-T nebular products, then almost no ISM
dust can have survived and the organic matter in chondrites,
IDPs and comets must also be solar in origin. Hence, it is of
paramount importance to determine whether or not most
GEMS are solar or interstellar [1].

The fraction of ISM silicate grains that are circumstellar is
estimated to be ~0.3% [2]. Therefore, the stardust in
chondrites/comets should have been accompanied >100 times
as many ISM grains. 1-6% of GEMS are stardust [3], which
suggests that the remaining GEMS must be interstellar. Yet
the crystalline silicates require that a significant fraction of
GEMS are solar. We will use meteoritic and IDP data to try to
resolve the conflicting estimates of the abundances of solar
and interstellar GEMS. This will provide important constraints
on the production and processing of dust in the ISM, and on
the origin of organic matter in primitive extraterrestrial
materials.

[1] Alexander et al (2007) Protostars&Planets V, p 801-814.
[2] Zhukovska et al A&A 479, 453-480. [3] Keller &
Messenger (2011) GCA 75, 5336-5365.
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High-Cr minerals from the Matoush
uranium deposit in the Otish Basin,
Quebec, Canada
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Kingston, ON, K7L 3N6, Canada
(alexandre@geol.queensu.ca, peterson@geol.queensu.ca,
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High-Cr paragenesis is observed at the enigmatic Matoush
uranium deposit, Otish Basin (Quebec, Canada), which is
associated with the bimodal and very narrow (<2 m) Matoush
dike intruding the sandstones of the Indicator Formation. In
addition to uraninite, both silicate (Cr-dravite and Cr-
muscovite) and oxide (eskolaite) high-Cr minerals are present
in large amounts. While high-Cr dravite and high-Cr
muscovite have been described previously, eskolaite, Cr,0O;,
has not been studied extensively.

The highest Cr contents observed in the Matoush silicates,
obtained by electron microprobe, are comparable with those
documented in the literature, with Cr,O; of up to ca. 22 wt%
in Cr-muscovite (or chromphyllite) and ca. 37 wt% in Cr-
dravite.

Complete solid solutions between hematite (Fe,O,),
eskolaite, and karelianite (V,0,) are theoretically possible, but
only the complete Cr-V substitution has been documented. In
contrast, the Matoush eskolaite contains significant amounts
of Fe, with up to 37% wt% Fe,O, substitution, and minimal V
(typically under 0.5 wt% V,0,).

A hydrated Fe-Cr oxide with the hematite structure is also
observed to be closely associated with eskolaite at Matoush,
This phase has the same Cr-Fe-V ratio as eskolaite, but with
ca. 14 wt% H,0O. Synthetic hematite with significant OH is
known to occur and exhibits increased c axis length with
increased OH substitution. Rietveld analysis of the X-ray
powder diffraction data of the Matoush material is best fit
using a model that includes anhydrous eskolaite and a second
hydrated crystalline Fe-Cr oxide with the hematite structure
and a larger c axis dimension.

Cr03

Hydrated

Eskolaite eskolaite

Fe;03 V703 Fey03 V703

Measurement of 8*'S and %S values
in wild animal hair samples by
MC-ICP-MS

Y. ALFAYFI'*, M. WIESER', C. DUBESKY>
AND M. MUSIANE

'Department of Physics and Astronomy, University of
Calgary, Canada
(*presenting author, email: yalfayfi@ucalgary.ca)
*Department of Research and Graduate Education, Faculty of
Veterinary Medicine, University of Calgary, Canada.
3Faculty of Environmental Design, University of Calgary,
Canada.

Sulfur isotopic compositions vary widely in nature, which
give much scope to trace sources and processes of sulfur
components in biological systems. The investigation of the
diets of wild animals using the sulfur isotopic composition of
hair has been demonstrated to be a powerful tool in ecological
investigations [1]. The challenge is to measure these
differences in sulfur isotope abundances accurately from small
amounts of sample. The use of multiple collector inductively
coupled plasma mass spectrometry enables reliable
determination of the isotopic composition of *2S, **S, and **S
from microgram quantities of S [2, 3, 4]. This requires that
the sulfur is separated from the sample matrix and possible
spectral interferences are resolved by the mass spectrometer.
Sample digestion using microwave techniques or on-line
combustion of the sample to SO, using an elemental analyzer
ensures that sulfur is prepared in a form suitable for analysis.
The high mass resolving power of the Thermo Scientific
Neptune ensures that isotopes of sulfur are resolved from
polyatomic ions, in particular isotopologues of oxygen. We
developed a method to measure accurately and precisely
n(**S)/n(**S) and n(**S)/n(**S) free from spectral interferences
that might affect the results, which was demonstrated by
plotting 8*S and &S values on a three-isotope plot. The
analytical methods for the MC-ICP-MS were applied to study
the diet of wolf and caribou in Canada revealing subtle
variations in sulfur isotopic composition in the hair samples
from these animals. Initial data show that these results can be
used to assist in the identification of the principal sources of
food in wild animal populations.

[1] Zazzo et al (2011), Rapid Commun. Mass Spectrom. 25,
2371-2378. [2] Das et al (2012), J. Anal. At. Spectrom. 27,
2088-2093. [3] Craddock et al (2008), Chemical Geology.
253, 102-113. [4] Amrani, et al (2009), Anal Chem. 81,
90287-9034
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Distribution of Ta and Nb between
silicate and aluminofluoride (salt)
melts

Y.O. ALFERYEVA*, T .I. SHCHEKINA
AND E.N. GRAMENITSKIY

Lomonosov Moscow State University, Russia, Moscow,
GSP-1, Geological dep, Petrology 119991
(*correspondence: YanaAlf@ya.ru)

Experiments in the model system Si-Al-Na-Li-H-F-O at
T=800°C and p=lkbar show possibility of equilibrium
crystallization of fluorine minerals (cryolite, topaz, villiomite)
or the origin of immiscible aluminofluoride melt (brine) in
case of high fluorine concentration in the system. The area of
coexistence of two immiscible silica and salt melts extends for
both nepheline- and quartz-normative compositions of silica
melts.

In case of two melts coexistence tantalum and niobium are
distributed into the silicate melt. By virtue of the different
values of partition coefficients the ratios of tantalum to
niobium in residual aluminosilicate melt increase.

The experimentally determined phase relations are in
general agreement with compositions of topaz and/or cryolite
bearing granites from different regions.

In natural systems, in the final stages of crystallization
high amounts of incompatible elements can lead to the
separation of salt melt. Brine appears to be an effective
concentrator of significant ore elements such as REE, Y, Sc,
U, Th, Mo, W etc. [1]. Occurrence of salt melt can also lead to
increasing of Ta/Nb ratio in the most evolved varieties of rare
metal granites observed in numerous massifs [2].

[1] Gramenitskii & Shchekina (2001) Geochem.Int. 43, 39-52.
[2] Syritso at al. (2001) Petrology 9/3,268-289

Modelling single phase bimolecular
reactive transport directly on pore-
scale images
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(*correspondence: zaki.al-nahari09 @imperial.ac.uk)

Geochemical reaction rates estimated in geological porous
media are found to be significantly lower than those measured
in the laboratory. Traditional advection dispersion reaction
equatiosn (ADRE) frequently cannot accurately describe
reactive transport in heterogeneous porous media. Therefore,
there is still a lack of understanding of the integration between
coupled transport and geochemical reactions at multiple
scales. We simulate the transport of fluid reactants (A and B)
directly on mm sized images obtained using micro-CT
scanning with a resolution of a few microns. We use a
streamline-based particle tracking method for simulating flow
and transport. For reaction to occur, both reactants must be
within a diffusion distance of each other in a time step. We
assign a probability of reaction (P,), which is a function of the
reaction rate constant (k) and the diffusion length. Firstly we
validate our model for reaction only against analytical
solutions of the bimolecular reaction (A + B O C). Then we
couple reaction and transport to perform simulation on the
micro-CT images. We find that heterogeneity of the pore
structure plays a significant role in altering the average
reaction rates. The heterogeneous pore stucture prevents
contact between reacting species, thus decreasing the reaction
rate. We validate the model through predicting the
experiments by Gramling et al [1].

[1] Gramling et al(2002) Environmental Science &
Technology 36,2508-2514
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Triple O-Isotope analyses of pallasite
olivine revisited: A cautionary tale
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Pallasites belong to the stony-iron meteorite group
consisting of almost equal amounts of olivine and metal.
Precise O-isotope compositions of olivine from 10 main group
pallasites are determined using an improved laser fluorination
IRMS method [1]. Our data from all pallasites are consistently
more enriched than previous studies [2, 3]. However, the A'’O
values are in agreement with [3]. Ziegler & Young [4]
obtained similarly enriched 87O and 8'®0 values for pallasites
and unpublished data from the Carnegie Institution (CIW) in
[4] also agrees with our data. To explain the observed
discrepancy in delta values for same pallasites, we partially
lased Brahin’s single olivine grain in 5 steps at increasing
degree of laser power. Our hypothesis is the discrepancy in
delta values might be due to incomplete reaction of olivine,
one of the most resistant minerals to fluorination. The 8'30
values are observed to increase ~1.8%o from the 1% (least
complete) to 5™ (most complete) reaction step and the triple O-
isotope plot of these data fall on a half-slope line. Our data
demonstrate that partial or incomplete reaction causes mass-
dependent fractionation and results in lighter 870 and 8'%0
values. Our experiment explains the discrepancy of data
between reaction of olivine in conventional Ni-tubes [2] and
laser reactions with BrF; (this study). Inconsistencies in
reaction progress may also help explain differences observed
in laser fluorination methods at different labs worldwide [e.g.,
34]. Our study highlights the importance of considering
factors that might affect reaction progress such as: 1) the
effect of fluoride residues covering unreacted sample; 2) the
sample holder dimple profile (i.e., V-shaped; this study); and
3) the effect of melting the sample before fluorination as
adopted by [3]. In our study we utilized a sample size
optimized in order to limit the effect of buildup of fluoride
residues. We also make use of continuous and blast laser
modes to uncover the unreacted sample during the final stages
of the reaction. Our specially designed sample holder dimples
have a V-shaped profile that concentrate the material in the
center to more effectively lase the sample. We are now
applying these improvements to a wide variety of pallasites
and other meteorites to decipher their origin.

[1] Ali et al (2013) 44™ LPSC, #2873. [2] Clayton & Mayeda
(1996) GCA 60, 1999-2017. [3] Greenwood et al (2006)
Science 313, 1763-1765. [4] Ziegler & Young (2011) 42"
LPSC, #2414.

Origin of the orthopyoxene fibrous in
the ultrarefractory lithospheric
domains beneath easternmost Canary
Islands
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The mantle xenoliths from easternmost Canary Islands,
exhibit a complex evolutionary history comprising events of
depletion, serpentinization, dehydration and enrichment. Each
of these events left imprints on both texture and chemistry of
the xenoliths. The imprints of depletion event(s) are shown in
the complete disappearance of the clinopyroxene
porphyroclasts and the ultra-refractory nature of the xenoliths
compared to the abyssal peridotites sampled along mid-ocean
ridges and oceanic fracture zones. Compositionally, the study
xenoliths resemble the recycled oceanic mantle peridotites
(OI1-u) sampled by worldwide ocean island volcanism. The
development of porous clusters of fibrous orthopyroxene at
the expense of primary olivine and orthopyroxene
characterizes the event of hydrothermal alteration forming
serpentine minerals which were later dehydrated into fibrous
orthopyroxene. The signature of serpentinization is also shown
in the wide variations of several highly incompatible element
ratios that might remain constant over variable degrees of
melting (e.g. Rb/Ba, U/Th); the poor correlations between
several LILE with HFSE and the decoupling between Sr and
Nd isotope ratios. During the Canary Islands magmatism, the
peridotite xenoliths have been subjected to interaction with
silicic carbonatite melt which is shown in the development of
clinopyroxene rims and neoblasts at the expense of olivine
and orthopyroxene minerals and the enrichment in strongly
LREE relative to HREE. The petrographic observations,
however, indicate that dehydration of serpentine minerals and
formation of anhydrous fibrous domains has occurred long
time before the activity of Canarian plume. We therefore
favour a model in which serpentinization of the mantle
xenoliths might occur when they, like other Ol1-u peridotites,
were parts of a mantle wedge in an old subduction zone fluxed
by large volume of aqueous fluids released from downgoing
oceanic crust. Dehydration of the xenoliths might occur during
their residence for a while in the hot -convecting
asthenospheric mantle and before their accretion to the present
oceanic lithospheric mantle and interaction with Canarian
intraplate magmatism.
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Earth’s mantle interiors characterizing by their
heterogeneous composition contain a small fraction of rare
rock types. Grospydite xenoliths well studied in kimberlites of
Daldyn-Alakit region (Yakutia, Russia) [1, 2] are of special
interest among the representatives of unusual rocks composing
mantle. We represent new data on mineralogy and evolution
of grospydite xenolith LUV134/10 from Udachnaya
kimberlite pipe (Yakutia).

Kyanite and Grt-1 are poikiloblastically included into the
Cpx-1. Grt-2 + polycrystalline Qtz compose large (up to 8
mm) symplectites. Cpx-1 is nearly all replaced by tiny Cpx-2
+ Pl symplectites and preserved in relics and inclusions in
kyanite and garnet. Kyanite usually contains quartz inclusions,
some of them may indicate their high-pressure origin [3].
Minerals contain evident exsolution textures. Grt-1 comprise
numerous rutile and apatite needles. Kyanite is with rutile
lamellae. Cpx matrix has Rt + Ilm rods, and Cpx-1 relics
contain tiny apatite precipitates (confirmed by Raman).

Grossular garnet usually has 3.02-3.04 Si apfu and Na,O
up to 0.15 wt %. Cpx-1 is omphacite with significant
admixtures of Ca-Ts and Ca-Es components (7 and 4 mol. %
respectively). The presence of majoritic component in
preserved garnet suggests its stability at pressures > 6 GPa, but
reconstructions of original garnet composition presumably
will raise the bar. Apatite precipitation in Cpx-1 allows us to
declare original pyroxenes could have had about 200-400 ppm
P. Considering experimental data [4], precursor pyroxene is
believed to be stable at pressures no less than 6 GPa. Thus, the
further findings of apatite lamellae in pyroxenes may serve as
reliable indicator of ultra-high pressure stage in rock history.

With respect to mineralogical data we suppose the rock to
be subjected to successive decompression and cooling within
mantle reservoir.

The study was supported by RFBR grant No. 12-05-31411,
and Grant of President of Russia MD-1260.2013.5.

[1] Sobolev et al (1968) J Petrol 9, 253-280. [2] Spetsius
(2004) Lithos 77, 525-538. [3] Korsakov et al (2009) Eur J
Mineral 21, 1313-1323. [4] Konzett et al (2012) Contrib
Mineral Petrol 163, 277-296.

Grain size and REE patterns as tools
to identify coastal depositional
environments in Moreton Bay

(southeast Queensland, Australia)

F. AL-KAABI'* AND M.GASPARON'?

!School of Earth Sciences, The University of Queensland,
Brisbane, QLD, 4072, AUSTRALIA
(*f.alkaabi@ugq.edu.au)

National Centre for Groundwater Research and Training,
AUSTRALIA

Statistical grain size analysis of Holocene sediments
across Moreton Bay revealed three different depositional
environments: fluvial, aeolian and marine-tidal. The
distribution of rare earth elements (REE) and yttrium was
analyzed in each type of deposit to assess their suitability as a
geochemical indicator of depositional environments.

Fluvial deposits are characterized by almost flat REE
patterns and a positive Eu anomaly. In contrast, aeolian
deposits are enriched in heavy REEs (HREE) relative to light
REEs (LREE), and show a negative Eu anomaly. Fluvial
deposits are enriched in REEs compared with aeolian deposits.
Tidal deposits along small embayments are enriched in LREE
relative to HREE, but show variable Eu anomalies. Relative to
Ho, Y shows a strong negative anomaly in some of the fluvial
sediments, but only a slight negative anomaly in tidal
sediments. In contrast, Y/Ho>1 values characterize aeolian
sediments. The presence and abundance of organic matter
within the deposits does not seem to have any influence on
REE abundances and patterns.

In general, total REE concentrations mimic Th
distribution across all depositional environments, and the
extent of LREE/HREE fractionation correlates with Nd/Fe
ratio [1]. The distribution of europium anomalies (Eu/Eu*) [2]
is consistent with variations in Hf, Nb and Zr distributions.

This study confirms that REEs are a powerful geochemical
indicator of depositional environments even in a complex and
dynamic setting such as a tidal estuary.

[1] H. Elderfield, R. Upstill-Goddard and E.R. Sholkovitz
Geochim. Cosmochim. Acta 54, 971-991 (1990) [2] S.O.
Tweed, T. Weaver, I. Cartwright and B. Schaefer Chem. Geol.
234, 291-307 (2006)
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Holocene dust record in a NW
European peat bog: A multiproxy
approach
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SUniversité Libre de Bruxelles, Avenue FD. Roosevelt 50, B-
1050 Bruxelles, Belgium (nmattiel@ulb.ac.be)

Palaeobiogeology-Palacobotany-Palaeopalynology,
Department of Geology, University of Liege, Belgium

"Department of Radioisotopes, GADAM Centre of Excellence,
Institute of Physics, Silesian University of Technology,
Gliwice, Poland (natalia.piotrowska@polsl.pl)

Dust deposition in southern Belgium is estimated from the
geochemical signature of an ombrotrophic bog. The analyses
of Rare Earth Elements (REE) and lithogenic element
concentrations as well as Nd isotopes were performed by HR-
ICP-MS and MC-ICP-MS respectively, in a ~ 6 m peat section
representing 5300 years, from 30 BC to 5300 BC dated by the
“C method. REE concentration variations in peat samples
were used as a dust proxy and the Nd isotopes to trace the
sources. Peat humification and testate amoebae were used to
evaluate hydroclimatic conditions. The range of dust
deposition varied from 0.03 to 4 g m? yr''. The highest dust
fluxes were observed from 800 to 600 BC, and from 3200 to
2800 BC and correspond to cold periods. The ¢Nd values
show large variability, between -5 and —13, identifying three
major sources of dust: local soils, distal volcanic and desert
particles. By comparing our results with the dust recorded in
other peat bogs and ice cores from different latitudes, we
evidence that the Misten peat is a valid archive for dust
deposition.

CO, emissions from arc volcanism:
sources, rates and uncertainties

P.ALLARD

IPGP-Sorbonne Cité, UMR7154 CNRS, 75005 Paris, France
(pallard@ipgp.fr)

Arc volcanism is one key geological manifestation of
chemical exchanges bewteen the Earth’s mantle and surface
reservoirs through plate subduction processes. Global
quantification of the deep carbon cycle, in particular, requires
improved knowledge of the CO, output from arc volcanoes, of
respective carbon contributions from subducted slabs, mantle
degassing and arc crusts, and hence of the porportion of total
subducted carbon recycled back into deeper mantle. Here I
present an updated review of theses different aspects and their
uncertainties.

Chemical and isotopic data for high-temperature (450-
1040°C) volcanic gases from various subduction zones
worldwide, combined with melt inclusion data, provide the
most pristine information on magmatic arc volatiles. High
CO,/’He ratios in these gases compared to MOR fluids
evidence systematic addition of crustal-derived carbon whose
origin (sudbucted sediments, altered oceanic slab, or arc crust)
can be discriminated from the 8"°C vs CO,/*He relationship
and other geochemical tracers. In most cases, slab-derived
carbon is the prevalent (70-95%) component of CO, emitted
by arc volcanoes, except at a few documented volcanoes in
continental arcs (e.g. Italy) where magma-carbonate crustal
interaction is a significant to important source.

Published estimates of the global CO, output from arc
volcanism, assessed from different proxies (fluxes of S, *He,
2%Po or/and magma supply rates), vary within an order of
magnitude and, over time, tend to increase with increasing
data for volcanic plume emissions but also crater lakes,
hydothermal systems and soil degassing. When compared to
global budgets for subducted carbon, the current figures
suggest a carbon recycling efficiency of between ~50 and
100% through arc volcanism, with obvioulsy contrasted
implications for the deep carbon cycle. Hence, measuring CO,
fluxes and 8“C vs CO,’He at much more numerous arc
volcanoes worldwide is badly needed in order to better
constrain this important aspect. This is one key objective of
the international DECADE project sponsored by the Deep
Carbon Observatory (DCO).
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Mount Etna: Storyboard of an
exceptional basaltic volcano

P. ALLARD

IPGP-Sorbonne Cité, UMR7154 CNRS, 75005 Paris, France
(pallard@ipgp.fr)

Mount Etna, in Sicily, has fascinated observers since the
Antiquity and, over the past decades, has gradually become
one the most intensively studied/monitored volcanoes on
Earth. Several features contribute to make it one exceptional
basaltic volcano-laboratory: its peculiar tectonic setting and
magma  geochemistry (intraplate-type alkali  basaltic
magmatism in the context of African-European continental
plate collision), its persistent activity and wide spectrum of
eruptive styles (from lava effusions, lava fountains,
Strombolian to Plinian explosions), its huge gas emissions
(among the strongest ones worldwide), and its quite easy
access (favourable to maintenance of dense monitoring
networks and field testing of new technologies). These
different aspects have long attracted scientists from various
disciplines but also promoted increasingly pluri-disciplinary
sounding of the deep roots of the volcano and its behaviour.
Moreover, the continuous survey of Etna, under the
responsibility of INGV, responds to the need of forecasting its
eruptions and mitigating the risks to which its densely
populated surroundings are exposed.

In this keynote talk, I’ll provide a review of the progresses
in our present-day understanding of how Mount Etna works,
based on available geophysical, geochemical, petrologic and
modelling information. I’'ll outline how multi-disciplinary
investigations of major eruptive events in the past 15 years has
greatly improved this understanding and the eruption
forecasting capability. Finally, I’ll attempt to show how the
lessons learnt on Mount Etna, as well as the methodologies
used on this volcano, can have broad applications to numerous
other volcanoes worldwide.

Nonlinear chlorinated solvent
sorption and its impact on
remediation in surficial sedimentary
aquifers

R .M. ALLEN-KING'*, Z_ W.MUNGER', D. CARLONE',
I. KALINOVICH!, J.A. SALVADO', A.J. RABIDEAU?,
L.S. MATOTT?, A. SINGH? AND D. LAMBERT?

“correspondance: richelle@buffalo.edu

Dept. of Geology, University at Buffalo, SUNY

*Dept. of Civil, Structural, and Environmental Engineering,
University at Buffalo, SUNY

Contaminants stored in aquifer regions accessible only by
diffusion produce ‘tailing’ in response to remediation wherein
a rapid initial mass and/or concentration reduction is followed
by sustained release at a low rate (or concentration). Our
project combines laboratory experiments to parameterizing
nonlinear sorption and intragranular diffusion with field scale
simulations to explore the importance of contaminant sorption
on tailing in surficial sedimentary aquifers.

The project examines chlorinated solvent behavior using
trichloroethene (TCE) as our probe compound. The samples
selected for study are kerogen-containing marine sedimentary
rocks representative of the source rocks for surficial glacial
aquifers in our region (southern Ontario, Canada and New
York, USA). The equilibrium sorption isotherms collected
spanned nearly five orders of magnitude in aqueous
concentration. All samples showed nonlinear behavior with
Freundlich isotherm slopes less than unity. Of the 11
candidate models common in the literature fit to the isotherm
data, the dual-mode Polanyi-partition was the only model
ranked as plausible for all of the samples via the corrected
Akaike Information Criterion. We find that the best fit
parameter sets for the three samples taken from a stratigraphic
sequence in Ontario are consistent (within a factor of three)
when the partitioning and sorption capacity parameters are
normalized by the fraction organic carbon content. This
finding is consistent with prior reports that document greater
isotherm nonlinearity for more condensed carbonaceous
matter.

Ongoing experiments are documenting TCE uptake and
release rates to granular samples that are modeled as
intragranular diffusion retarded by nonlinear sorption.
Projection to plume scale transport and remediation through
simulation shows that the influence of nonlinear sorption
and/or pore diffusion is variable and sensitive to the
combination of aquifer material (sorption characteristics and
particle size) and plume history (age).
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A record of carbonyl sulfide from
Antarctic ice over the last 1000 years

SAMUEL J. ALLIN' , WILLIAM T. STURGES', JOHANNES
LAUBE', DAVID ETHERIDGE?, MAURO RUBINO?, CATHY
TRUDINGER?, MARK CURRAN®, ANDREW SMITH*
AND ROBERT MULVANEY?®

!School of Environmental Sciences, University of East Anglia,
UK

2CSIRO Marine and Atmospheric Research, Australia

3Australian Antarctic Division and Antarctic Climate &
Ecosystems Cooperative Research Centre, AustraliaS,

“Institute for Environmental Research, Australian Nuclear
Science and Technology Organisation, Australia

>British Antarctic Survey, National Environment Research
Council, Cambridge, UK

Carbonyl sulfide (COS) is a trace gas, present in the
troposphere, and also in the stratosphere, where it contributes
to the stratospheric sulfate aerosol layer. It has both natural
and anthropogenic sources. Natural processes include uptake
by plants, while oceans, wetlands, volcanism and biomass
burning all contribute to natural COS emissions.

We have measured COS in Antarctic ice cores from
Dronning Maud Land, drilled in 1998, the DEOS core drilled
at Law Dome in 1987, and the DSS0506 core drilled in 2006.
Ice samples with COS gas ages between about 1050 AD and
the early 20™ centrury have been examined. A large volume
ice crusher at the CSIRO Marine and Atmospheric Research
laboratory was used to extract air from bubbles occluded in
the ice cores. These air samples were analysed for CO,, CH,,
CO and "“CO, at CSIRO, and then for COS and several
halocarbons at the University of East Anglia on a high
sensitivity gas chromatograph/tri-sector mass spectrometer
system.

Initial results indicate that good sample integrity can be
achieved. Measurements from the DML samples indicate low
and uniform abundances across the last few hundred years,
and at concentrations significantly below those in the modern-
day atmosphere. Measurements in more recent ice from DEO8
show the start of increasing concentrations in the early 1900s,
confirming earlier evidence that the global atmospheric
abundance of COS has increased as a result of industrial
activity during the 20™ century.

Enhanced subsidence and sediment
dynamics in Galveston Bay-
Implications for geochemical
processes and fate and transport of
contaminants

M.E. ALMUKAIMI'* AND T.M. DELLAPENNA'

'Texas A and M University at Galveston., Galveston, TX
77554, USA (*correspondence: malmukaimi@tamu.edu;
dellapet@tamug.edu)

Galveston Bay is the second largest estuary in the Gulf of
Mexico. The bay’s watershed and shoreline contains one of
the largest concentrations of petroleum and chemical
industries in the world, with the greatest concentration within
the lower 15 km of the San Jacinto River/Houston Ship
Channel (SJR/HSC) [1]. Extensive groundwater withdraw to
support these industries and an expanding population has
resulted elevated subsidence, with the highest subsidence in
lower SJR/HSC, of over 3 m (3 cm yr') and has decreased
seaward throughout the bay to 0.6 cm yr'! near Galveston
Island [2]. Mercury (Hg) contamination is well documented
throughout the bay sediments [1, 3]. Sediment vibra-cores
were collected throughout the bay systems. ?'°Pb and '*’Cs
geochronologies from these cores were used to determine
sedimentation rates and correlated to Hg profiles to estimate
input histories. The results shows sedimentation rates of 4 cm
yr'! in areas with subsidence of comparable rates, indicating
that sedimentation kept pace with subsidence. Moreover, Hg
core profiles correlated with radioisotope geochronologies and
show significant input of Hg beginning around 1940, with a
peak around 1971, and a dramatic drop off in concentration
afterwards, demonstrating it to be a valuable geochronology
tool. In addition, Hg concentrations were found to be
dramatically higher proximal to the SJR/HSC and
progressively decreasing seaward and to distal parts of the
bay.

[1] Santschi et al (2001) Mar Env Res 52,51-97. [2] Coplin &
Galloway (1999) U.S Geo Sur Cir 1182, 35-48. [3] Morse et
al (1993) Mar Env Res 36, 1-37.
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Deep geothermal reservoir analysis in
the Upper Rhine Graben using a
geochemical and isotopical multi-

tracer method - first results

S. AL NAJEM'*, F. FREUNDT?, M. ISENBECK-SCHROTER',
AND W. AESCHBACH-HERTIG?

'Institute of Earth Sciences, Heidelberg University, INF 236,
69120 Heidelberg, Germany (*correspondence:
Sami.AlNajem@geow .uni-heidelberg.de)

“Institute of Environmental Physics, Heidelberg University,
INF 229, 69210 Heidelberg, Germany

It is state of the art in geothermal exploration to use
various geophysical methods (eg. 3D-seismic), which are
rather expensive. This work presents the first results of a new
characterization of a hydrogeochemical reservoir in the Upper
Rhine Graben with a combination of methods from
hydrogeochemistry and isotope hydrology in near surface
groundwater. For this purpose natural geochemical tracers as
well as rare earth elements, *He/*He ratios, and radiogenic
isotopes (Sr, Nd, Pb) are investigated in the northern Upper
Rhine Graben, close to GroB3-Gerau, Germany.

Geochemical analysis show three different types of fluids
and various mixtures. CaHCO;-dominated waters represent
quaternary aquifer conditions whereas MgSO,-dominated
waters have a tertiary origin. Higher saline NaCl-dominated
waters show an impact of mantle fluids revealed by *He/*He
isotope analysis [1]. The ratio is highest where the main fault
of the northern Upper Rhine Graben crosses the Rhine river.
This suggests that the fault is hydraulically active and
connects deep fluids with the shallow aquifer.

Further investigations of rare earth element patterns as
well as radiogenic isotopes (Sr, Nd and Pb) identify the origin,
the ascent as well as the retention time of the deep fluids more
precisely [2]. Water-rock interactions and mixtures of
different fluids in the reservoir and during the ascent are
estimated and simulated using geochemical and hydraulic
models. Thus, the geometry of the aquifer, the temperature
and the quantity of the ascending deep fluid in the reservoir is
estimated.

The region was chosen to test the multi-tracer method due
to its well-studied geology and the marked saltwater anomaly.
The aim is to identify the most useful tracers of deep
geothermal fluid circulation, which consecutively can be
applied to other regions with less prior information.

[1] Kenned & van Soest (2007) Science 318, 1433-1436. [2]
Loges et al (2012) Applied Geochemistry 27, 1153-1169.

Se(IV) uptake by Aspo diorite:
Micro-scale distribution

URSULA ALONSO', TIZIANA MISSANA!, ALESSANDRO
PATELLI?, DANIELE CECCATO’, MIGUEL GARCIA-
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'CIEMAT, Avda. Complutense 40, 28040 Madrid, Spain

2CIVEN, Via delle Industrie 9, 30175 Marghera, Italy

*INFN-LNL Viale dell’ Universita 2, 35020 Legnaro-Padova,
Italy

Selenium is one of the radionuclides with major
contribution to the total radiation dose in nuclear waste
geological repositories. The performance assessment of a
repository demands sound retention data sets with minimised
uncertainties, for all the material composing the natural and
engineered barriers. The high heterogeneity of crystalline rock
necessarily contributes to the high uncertainties on sorption
parameters. Furthermore, Se is a redox sensitive element, with
a complex geochemical speciation, for which to maintain
controlled redox conditions during the whole experiment is
particularly relevant.

In this study, Se(IV) sorption onto diorite samples from
the Aspd underground research laboratory was studied by
micro-Particle Induced X-ray Emission (WPIXE). Aspo diorite
samples were extracted, handled and transported under anoxic
conditions. Sorption experiments were carried out in Aspo
groundwater (pH 7.9 and EC = 13.36 mS/cm), both under oxic
and anoxic conditions, for comparison.

Selenite distribution on Aspd diorite surface was
heterogeneous both under oxic and anoxic conditions, being
higher its retention under anoxic conditions. The main
retentive minerals were identified and surface distribution
coefficients (Ka) were determined on main diorite minerals.
Sorption values ranged from zero, on quartz or K-feldspars, to
higher values in Fe-bearing minerals (Ka ~ 7-10° m) under
anoxic conditions.

Average surface distribution coefficients could be
determined accounting for the mineral occurrence (%) of
diorite samples and the obtained values were compared to the
bulk distribution coefficients (Kd) determined on same
samples by batch experiments (Se-Kd (oxic) ~ 2 mL/g and Se-
Kd (anoxic) ~ 8 mL/g).

Acknowledgments: This study has received funding from
EU Seventh Framework Programme (FP7/2007-2011) under
the grant agreements N° 269658 (CROCK, Crystalline Rock
Retention processes and N° 2620109 (ENSAR, European
Nuclear Science and Applications Research).
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Reactivity of acid gases in gas-brine-
mineral systems

T. ALPERMANN'* AND C. OSTERTAG-HENNNING!

'Federal Institute for Geosciences and Natural Resources,
Stilleweg 2, 30655 Hannover, Germany
(*correspondence: Theodor.Alpermann@bgr.de)

Acid gases like CO, and H,S may constitute a substantial
fraction of the raw natural gas in sour gas fields, large gas
fields in e.g. Kazakstan and China exhibit H,S contents of
more than 10 %. Because of its toxicity, H,S requires a proper
waste management which is usually assured by a Claus-type
sulfur plant producing elemental sulfur from H,S. However,
selling problems of produced sulfur on the world market and
costly procedures due to governmental allowance of low SO,
emissions by sulfur plants provoke economic challenges for
sour gas production. The ever increasing global production of
sour gas thus raised the question of other disposal options than
Claus plants for H,S and acid gas mixtures.

The geologic storage of acid gases in deep strata is one
alternative disposal option with potentially economic
advantages. Therefore, the injection of CO,/H,S mixtures of
diverse composition has been practiced in Canada since 1989
[1]. Surface monitoring of the injection sites did not reveal any
leakage, yet, but possibly occurring subsurface processes
related to acid gas injection have been scarcely investigated.

To gain insight into potential geochemical reactions within
the injection horizon, experiments were conducted which
investigate the interaction of acid gases, brines and different
types of minerals under the anticipated storage conditions. The
experiments were carried out in sealed gold capsules which
were first loaded with a mineral and brine followed by the
application of CO, or CO,/H,S by a specifically manufactured
gas-loading device [2]. After the treatment of the reaction
matrices at 120°C and 120 bar, the obtained product mixtures
were analyzed by means of headspace GC-TCD/FID/SCD for
CO,, hydrocarbon and sulfur gases. In addition, the fluids and
solids have been analysed by ICP-OES and a variety of
microscopic methods.

The results of the experiments will contribute to a more
detailed understanding of geochemical processes connected to
the geologic storage of acid gases that may affect the integrity
of the reservoir rock and the cap rock.

[1] Bachu & William (2004) Geol. Soc. Special Publ. 233,
225-234. [2] Boettcher et al (1989) American Mineralogist 74,
1383-1384.

Geochemical Exploration for
Platinum-Group Elements in
Mafic/Ultramafic Complexes from
the Arabian Shield

AL-SALEH AND AHMAD MUHAMMAD

Geology and geophysics Department, King Saud University,
Riyadh, Saudi Arabia

The Arabian Shield, which occupies most of the western
half of the Arabian Peninsula, has been the target of extensive
exploration activities for the past four decades. So far no
platinum occurrences have been documented, and the
relatively high PGE values reported for certain areas are
associated with uneconomic chromite and Cu-Ni deposits.
This project was launched as a reconnaissance program
intended for the assessment of the PGE potential of some of
the more promising mafic/ultramafic complexes in the
Arabian Shield, with more detailed follow-up work to be
undertaken at a later stage if significant anomalies were
identified. Alaskan-type complexes are considered highly
prospective for PGE, and a number of these were selected for
preliminary soil surveys and lithogeochemistry. No anomalous
values for Pt, Pd or their pathfinders were detected from the
heavy mineral concentrates, and any associated Cu
mineralization correlates poorly with the compatible elements
thus indicating a hydrothermal origin. The very high Cu/Pd
ratios from rock samples devoid of copper mineralization
suggests that separation of a sulphide liquid had occurred and
that PGE were largely scavenged from the magma reservoir
prior to emplacement. If true, this would render these
Complexes unlikely hosts for PGE mineralization.An
unexpected result was the extremely low concentrations of
PGE in the stream sediments of layered complexes in
comparison with those from massive, gabbroic sub-volcanic
plutons; on average, a sub-volcanic intrusion would have a
soil content of Pt ranging from 0.5 to 3 ppb, whereas
sediments derived from layered complexes would typically
return values of no more than 0.1 ppb for both Pt and Pd.
However, the Wadi Kamal layered complex is an exception
since it contains well-known horizons of Ni-Cu mineralization
overlain by conspicuous gossans; the PGE values from soil
and rock samples obtained so far were highly erratic and the
overall PGE potential of this complex awaits further work in
the next stage of the project. An interesting discovery was
made at the pyroxenite body of Wadi Amarah where well-
developed soil anomalies (60-75 ppb combined Pt & Pd) are
encountered at the outer contacts of this intrusion; follow-up
work is planned to locate the source of these anomalies.
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Numerical simulation of fluid-rock
interaction upon CQO, injection into a
carbonate-hosted saline aquifer

PETER ALT-EPPING' AND LARRYN W. DIAMOND?
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(*correspondence: alt-epping@geo.unibe.ch)

We run reactive transport simulations to understand the
transient chemical processes that occur in a carbonate-
dominated aquifer during and after the injection of CO,. The
model, its design and its initial and bounding physico-
chemical conditions, are patterned after the Upper
Muschelkalk-Gipskeuper aquifer-seal pair in the Molasse
Basin in Northern Switzerland. Porosity and permeability
measurements on samples from the Muschelkalk indicate a
strong correlation. Both the porosity and permeability
distribution reflect natural hetergeneity related to the
sedimentary, diagenetic and tectonic history of the aquifer.
The heterogeneous permeability structure of the aquifer
controls the dynamics and the shape of the CO, plume and
thus affects the efficiency of residual and solubility trapping.
The dissolution of CO, into the brine entails a lowering of the
pH and hence the dissolution of the primary carbonate
mineralogy. Because the brine remains at local equilibrium
with the carbonates, the dynamics of the CO, plume and the
CO,-enriched brine is reflected by the mineral alteration
pattern. Although the drop in pH is associated with carbonate
dissolution, the pH recovers in certain regions of the aquifer
faster than in others, thus leading to a complex pattern of
carbonate dissolution and reprecipitation. This evolving
pattern of carbonate dissolution/reprecipitation implies that
chemical constituents that are initially incorporated in or that
coexist with primary carbonate minerals may be released into
the fluid, then later removed from the fluid by reprecipitation
when conditions have changed.

Mass balance calculations suggest that CO, injection into
a carbonate rock releases additional CO, due to mineral
dissolution. Thus trapping of CO, in a carbonate aquifer
requires that the seal remains tight over long periods of time.
The increase in reservoir pressure during injection, the
dynamics of the CO, plume and the perturbation of chemical
conditions in the reservoir will initiate mass transfer across the
aquifer-seal interface and initiate chemical reactions on either
side of the interface. We explore the extent of species
mobilization and transfer across the reservoir/seal interface,
identify the type of reactions that occur as well as their
implications for the tightness of the caprock.

Organic facies variation from well
data on the bituminous Miocene
units, Northwesthern Anatolia
(Sevin¢/Agapinar-Eskisehir), Turkey

MEHMET ALTUNSOY'*, ILKER SENGULERz, NESLIHAN
UNAL', SELIN HOKEREK' AND ORHAN OZCELIK'

'Department of Geological Engineering, Akdeniz University,
07058 Antalya, Turkey (*correspondence:
altunsoy @akdeniz.edu.tr); (oozcelik@akdeniz.edu.tr;
nunal @akdeniz.edu.tr; selinhokerek @akdeniz.edu.tr)
“General Directorate of Mineral Research and Exploration,
06800 Ankara, Turkey (1lkersenguler@gmail.com)

In the region, the Miocene units consist of conglomerate,
sandstone, claystone, coal, marl, siltstone, bituminous shale
and limestone. Some 60 samples of bituminous units from the
Miocene succession were collected from ES-07 well, in the
north-westhern part of Turkey (Seving/Agapinar-Eskisehir).
24 core samples were screened for total organic carbon (TOC)
content. Selected samples were than analyzed by Rock-Eval
pyrolysis. Visual kerogen analysis and vitrinite reflectance
measurements were also undertaken. Detailed data from
bituminous Miocene sediments made it possible to construct
an organic facies framework using different zonations.Organic
facies type B, C, CD and D were identified in the investigated
units. Alteration colors of organic materials are yellow and
dark yellow. Spore colors of these samples are yellow and
dark yellow (SCI:2-3.5). Organic facies B is related to
bituminous shale lithofacies. This facies is characterized by
average values of HI around 509 (equivalent to type II
Kerogene), TOC around 7.77%, and an average of S2 of 40.81
mg HC/g of rock. This facies is laminated and well bedded,
and usually contains a higher persentage of terrestrial residual
organic matter. Organic facies C is related to marl, coaly marl
and coal lithofacies. This facies is composed of organic matter
with average values HI around 153 (equivalent to Type II/III
Kerogene), TOC around 28.05 and S2 between 3.97 and 83.77
mg HC/g sample. Organic facies C is the “gas-prone” facies.
The organic matter is dominated by terrestrial debris in
various stages of oxidization. Most coals are organic facies C.
The organic facies CD is related to the coaly marl, marl and
shale lithofacies. This facies is characterized by average
values of HI around 73 (equivalent to Type III Kerogene),
TOC around 13.10%, and an average of S2 of 13.97 mg HC/g
of rock. An organic facies D, associated with marl, sandy
marl, coaly marl and limestone lithofacies, displays values of
HI around 163 (equivalent to Type III Kerogene) and TOC
around 2.94%. S2 varies between 0.01 and 5.53 mg HC/g of
rock.
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Source and sinks of iodine in the
hyperarid Atacama Desert of
northern Chile

F. ALVAREZ'*? A.PEREZ!? G.T.SNYDER’,
G. VARGAS'?, Y. MURAMATSU* AND M. REICH!*?

'Department of Geology, University of Chile, Santiago, Chile
(*correspondence: fernanda.alvarez.a@ gmail.com)

2Andean Geothermal Center of Excellence (CEGA)

3Department of Earth Science, Rice University, Houston, TX,
USA “*Chemical Department, Gakushuin University,
Tokyo, Japan

Iodine is a strongly biophilic element. and its global
distribution is dominated by marine sediments. In continental
settings, the occurrence of iodine minerals is restricted to
hyper-arid environments. The Earth’s largest iodine crustal
anomaly is hosted in the Atacama Desert where the occurrence
of iodine minerals is constrained to the nitrate-iodine deposits
located along the eastern side of the Coastal Cordillera, and
the supergene zones of copper deposits in the Central
Depression and Precordillera.

The iodine ocurrence, source and mechanism(s) of
enrichment in this region have been scarcely studied. In this
work, we present iodine concentrations and isotopic ratios
("®I/1) of the nitrate deposits, supergene copper ores, marine
sedimentary rocks, geothermal fluids, groundwater and
meteoric water of the Atacama Desert.

Iodine is highly enriched in the nitrate deposits, with a
mean concentration of ~700 ppm. These anomalous values are
followed by soil samples above supergene copper deposits,
and Mesozoic shales and limestones averaging ~50 ppm.
Regarding the aqueous reservoirs the highest concentrations
were measured in groundwater below nitrate deposits (3.5-10
ppm) and in geothermal fluids (1-3 ppm). In nitrate ores, the
calculated I/ ratios range from ~300 to ~400x107.
Supergene iodine minerals in copper deposits present values
between 200 and 550x10'"° and ratios obtained from marine
rocks vary from 300 to 400x10'°. Isotopic ratios of
groundwater below nitrate deposits is ~200x107™".

Results show a strong iodine enrichment in Atacama
reservoirs compared to average crustal values. Three essential
processes are required to reach such concentrations: (1) the
presence of an enriched iodine source, (2) the removal of
iodine by fluids from the source to the surficial reservoirs, and
(3) the accumulation and preservation of iodine in these
reservoirs. Isotopic ratios in nitrates and supergene iodine
minerals are in agreement with previously reported '*I/1I ratios
in crustal fluids derived from organic material (200-400x10
15). Mesozoic shales are the most probable source for iodine
because of the similar I/l ratios with rock reservoirs, high
organic content and regional occurence.

Origin of felsic microgranular
enclaves from Salto Pluton, SE,
Brazil

ADRIANA ALVES, VALDECIR DE ASSIS JANASI
AND GIOVANA PEREIRA

Instituto de Geociéncias, Universidade de Sao Paulo

The 590 Ma Salto Granite Pluton, part of the post-
orogenic Itu Rapakivi Province (590-580 Ma), SE Brazil, is
mainly composed of coarse-grained hornblende-biotite red
granite. This main unit was invaded by a body of zoned
rapakivi granite which varies from a porphyritic facies
dominated by fine-grained matrix (porphyry granite) to a
cumulate granite in the eastern deeper portions. Abundant
felsic microgranular enclaves (fme) with ellipsoidal shape and
dimensions up to 4 m occur within both the red granite and the
rapakivi granite, and are interpreted as products of a recharge
event of the chamber by a hotter comparetively more mafic
magma.

The fme are modally and chemically similar to their host
granites. However, they show a slightly more primitive
character with SiO, contents of ~ 70% against 72-75%
observed for the granites and higher Fe, Mg, Ti and Ca
contents. These evidences suggest that the enclaves might
represent thoroughly hybridized liquids similar to those that
gave origin to the porphyry granites. The hypothesis is also
supported by the fact that enclave increase in number and size
towards the porphyry unit.

Xenocrysts in textural disequilibrium show LREE patterns
different from those observed for the whole rock samples. In
general, there is a significant superiority in La/Smy ratios and
liquids calculated to be in equilibrium with such xenocrysts
represent more mafic magmas, depleted in such elements.

A similar scenario is suggested for Ba and Sr contents of
liquids. It is noteworthy that analyzed crystals from the
porphyry unit also show indicatives of a pre-crystallization
story in more mafic liquids. However, the modeled liquids
show normalized profiles that are parallel to those of their
whole rocks, suggesting that the granite magma was the
significantly superior in volume compared to the more mafic
endmember.

A MELTS model was designed for the investigation of the
origin of the abundant rapakivi texture observed in xenocrysts
whitin the fme. The predicted amount of LREE expected to be
found in plagioclase rims are considerably superior to the
observed values, suggesting that the rapakivi texture was
probably developed in the more mafic magma, therefore in a
stage previous to the thorough hybridization of the mafic and
the felsic endmenbers.
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Arsenic dissolution from Japanese
paddy soil by a dissimilatory
arsenate-reducing bacterium

Geobacter sp. OR-1

S. AMACHI'*,D. T.DONG' AND N. YAMAGUCHT?

!Chiba Univ., 648 Matsudo, Matsudo-shi, Chiba 271-8510,
Japan (*corespondence: amachi@faculty.chiba-u.jp)
*National Institute for Agro-Environmental Sciences, 3-1-3,
Kan-nondai, Tsukuba, Ibaraki 305-8505, Japan

(nyamag@affrc.go.jp)

Dissimilatory As(V) (arsenate)-reducing bacteria may play
an important role in arsenic release from anoxic sediments in
the form of As(IIl) (arsenite). Although respiratory arsenate
reductase genes (arrA) closely related with Geobacter species
have been frequently detected in arsenic-rich sediments, it is
still unclear whether they directly participate in arsenic
release, mainly due to lack of pure cultures capable of arsenate
reduction. In this study, we isolated a novel dissimilatory
arsenate-reducing bacterium, strain OR-1, from Japanese
paddy soil, and found that it was phylogenetically closely
related with Geobacter pelophilus. OR-1 also utilized soluble
Fe(Il), ferrihydrite, nitrate, and fumarate as electron
acceptors. OR-1 catalyzed dissolution of arsenic from
arsenate-adsorbed ferrihydrite, while Geobacter
metallireducens GS-15 did not. Furthermore, inoculation of
washed cells of OR-1 into sterilized paddy soil successfully
restored arsenic release. Arsenic K-edge X-ray absorption
near-edge structure (XANES) analysis revealed that strain
OR-1 reduced arsenate directly on the soil solid phase.
Analysis of putative ArrA sequences from paddy soils
suggested that Geobacter-related bacteria, including those
closely related to OR-1, play an important role in arsenic
release from paddy soils. Our results provide direct evidence
for arsenic dissolution by Geobacter species, and support the
hypothesis that Geobacter species play a significant role in
reduction and mobilization of arsenic in flooded soils and
anoxic sediments.

The lost city hydrothermal field:
A geochemical analog for
Nili Fossae, Mars

ELENA S. AMADOR'*, JOSHUA L. BANDFIELD',
DEBORAH S. KELLEY? AND WILLIAM J. BRAZELTON 2

'Earth and Space Sciences Dept., University of Washington
(*correspondence: esamador@uw .edu)
2School of Oceanography, University of Washington

Nili Fossae, Mars contains a mineralogical suite similar to
that found at the Lost City Hydrothermal Field (LC) off the
mid-Atlantic ridge. The LC is a zone of active serpentinization
where the interaction of seawater with the underlying mafic
and ultramafic bedrock drives geochemical reactions
producing serpentine, brucite, magnetite, and the release of
high pH fluids enriched in H, and CH, [1]. Dense microbial
communities subsequently use the abiotically produced H, and
CH, as an energy source to drive metabolisms such as
methanogenesis [e.g. 1].

We have acquired fifteen variably altered gabbros,
serpentinites, talc-rich fault rocks and carbonates from the LC
and characterized their mineralogical variability and
spectroscopic characteristics in the thermal infrared and
visible/near-infrared (VNIR). These results have been placed
into geochemical and astrobiological context with respect to
the mineralogically similar units found in Nili Fossae, Mars.

The mineralogy of LC rock samples were determined by
measuring their thermal emission spectra. VNIR reflectance
measurements were made to determine the spectral
characteristics of mineral phases present in order to compare
with similar data collected for Mars.

Data from the CRISM VNIR imaging spectrometer
orbiting Mars has shown the presence of serpentine, Mg-
carbonates, talc and/or saponite within an olivine-rich basaltic
unit in Nili Fossae [2-5]. The comparison of VNIR spectral
characteristics of the LC samples to the surfaces found in Nili
Fossae has shown that the two field sites have similar
mineralogical suites.

Mineralogy provides an indication of the geochemical
conditions present during the time of mineral formation, and
prior studies at LC have shown that the geochemical
conditions  associated = with  serpentinization-associated
reactions are amenable to the growth of microbial
communities. Given that the mineralogy at Nili Fossae, Mars
is similar to that at LC, it is possible that similar geochemical
conditions, and therefore energy sources for microbial
metabolisms, may have been present in Nili Fossae early in
Mars' history.

[1] Kelley et al (2001) Nature, 42, 145-149. [2] Ehlmann et al
(2010) GRL, 37, L06201. [3] Brown et al (2010) EPSL, 297,
1-2, 174-182. [4] Viviano et al (2012) LPSC XXXXIII, Abs.
2682. [5] Hamilton & Christensen (2005) Geology, 94, 433-
436.
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He and Ar diffusivity in basaltic
glasses and melts

JULIEN AMALBERTI'*, PETE BURNARD!
AND DIDIER LAPORTE?

'CRPG-CNRS, Vandoeuvre-I¢s-nancy, France,
(amalbert@crpg.cnrs-nancy .fr)
MV, Clermont Ferrand, France

Recent models of the relative and absolute noble gases
abundance in oceanic basalts have proposed that degassing has
occurred out of equilibrium [1-2]. In order to constrain the
lack of noble gas diffusion data at magmatic conditions, we
measured He and Ar diffusivities in silicate liquids and glasses
by inducing diffusion profiles at high temperatures (up to
1550°C), and wusing classical vacuo stepped heating
experiment.

We observe (Fig 1) that He and Ar diffusivities converge
at high temperature, as do the Ar isotope diffusivities, such
that their diffusivities are equal at T> 750 C, consistent with
diffusion compensation.

Temperature (°C)
o1725 725 392 22!
He and Ar
© CMAS Meit CMAS glass and melt

W Basaltic Melt

log,,(D) (cm?/s)

Square : Hiyagon (1985) . .
05 1 15 2
1000/T (K)

Figure 1: Blue: Ar in glass; Red: He in glass (line) and liquids
(circle and square).

Our data suggest that even if disequilibrium degassing
occurs during magmatic volatile loss (as suggested from other
tracers [3]), this will not significantly fractionate relative noble
gas abundances due to similar He and Ar diffusivities at
magmatic conditions.

[1] Aubaud, C. Pineau, F., Jambon, A. Javoy, M.,(2004)
Planet. Sci. Lett. 222, 391-406. [2] Gonnermann, HM. and S.
Mukhopahdyay, (2009). Nature, 459: 560 - 564. [3] Blank J.,
Delaney J., Des Marais D., (1993) GCA. v.57, 875-887.

Studies of Air Quality Index of
industrial area of
Jamshedpur, East India

BALRAM AMBADE

Department of Chemistry, National Institute of Technology,
Jamshedpur-831014, Jharkhand, India;
(bambade.chem@nitjsr.ac.in)

Air pollution is a major environmental concern in many
cities around the world. The major causes of air pollution
include rapid industrialization/urbanization and increased none
environmentally friendly energy production. The purpose of
this paper to highlight the ambient air samples were collected
between Jan 2000 to June 2011 in the urban-industrial area of
Jamshedpur city, by the high volume sampler, quality of air
were monitored. The particulate matter (PM,, & PM,),
Sulphur dioxide (SO,), Nitrogen oxide (NO,), Ozone (O,),
Suspended particulate matters (SPM) and Mercury (Hg) which
give a fair idea of pollution load carried by the air. The
monitoring data were collected from two sites randomly
selected in Jamshedpur city. The Air Quality Index (AQI) of
PM,, & PM, s concentration was found to be moderate, alike
results are found in gases like SO,, NOx and O, concentrations
were discussed.

Keywords: Urban-industrial area, High volume sampler,
Ambient air, Air Quality Index
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Performance of Pb Multi Ion
Counting array in Triton Plus TIMS

Y URI AMELIN AND MAGDALENA HUYSKENS

Research School of Earth Sciences, Australian National
University,
(yuri.amelin@anu.edu.au, magda.huyskens@anu.edu.au)

In analysis of picogram quantities of Pb using a single ion
counting multiplier, as commonly used in U-Pb dating,
precision is limited by the number of Pb atoms of each isotope
registered by the multiplier during an analysis. Using an array
of ion counters offers substantial increase in the total counts
for each isotope and hence potentially better precision.

Here we report performance of an array of five ion
counting multipliers: three regular SEMs and two compact
discrete-dynode multipliers (CDDs), spaced for simultaneous
measurement of Pb isotopes (Table 1, below), which is the
configuration of the ANU Triton Plus.

L5 (Plus block) L4 Dispersion
IC4 IC3 IC2 IC1 IC5 quadrupole
Step| CDD SEM SEM SEM CDD (Volts)
1 205 206 207 208 (209) -2
2 204 205 206 207 208 0
3 (203) 204 205 206 207 +7
4 202 (203) 204 205 206 +9
5 201 202 (203) 204 205 +16

Cross-calibration by sequential measurements of a single
stable ion beam, followed by data acquisition in static mode,
relies on the stability of relative yields of the multipliers. In
our system, the ratios of multiplier yields drift by 0.05-0.1%
per hour (after initial 2-hour settling). This method is thus
applicable only to measurements requiring 0.05-0.1%
uncertainty, and is impractical if higher precision is required.

An alternative way of using the multiplier array is to treat
each channel as an individual detector, and pool the measured
isotopic ratios. This approach does not depend on the
multiplier yield stability, and can potentially produce precise
and accurate results. However, it requires changing the
dispersion quadrupole settings between the mass steps (Table
1) to keep the peaks aligned, and to circumvent the effects of
imperfect peak flats that are common for CDDs. Our tests
have shown that setting the dispersion quadrupole to =10V
changes the signal SEM yields by 0.1-0.3%, and to +20V by
up to 1.2%. No similar effect is observed for Faraday cups.

Our tests indicate that the Pb Multi Ion Counting array in
its present form is adequate for measurements at 0.05-0.1%
level of precision and accuracy. Achieving a precision level of
0.01-0.02% as required by modern U-Pb geochronology
would require either radical improvement in the multiplier
yield stability, or a more thorough understanding of the
interplay between the zoom optics and the multipliers.

Vulnerability and resilience of soil
organic matter to environmental
change

WULF AMELUNG'?, MICHAEL HERBST?,
ALEXANDRA SANDHAGE-HOFMANN!, NELE MEYER'
AND HARRY VEREECKEN?

'Tnstitute of Crop Science and Resource Conservation, Soil
Science and Soil Ecology, University of Bonn, Nussallee
13,53115 Bonn

Agrosphere Institute (IBG-3), Forschungszentrum Jiilich
GmbH, 54225 Jiilich

Soil organic carbon is one of the largest carbon pools on
Earth. Huge amounts of soil C were lost, when soil was
converted to cropland in the 18" and 19™ Century. However,
there is evidence that since the 1950, there is again an increase
in carbon storage in the terrestrial biota, with still unclear
relations to the contents of soil organic matter (SOM). Yet,
different mechanisms contribute to losses and re-accrual of
SOM after disturbance.

We will present and discuss some recent knowledge,
compiled with own research, on the differential response of
SOM to changes in climate, land use and soil attributes across
different temporal and spatial scales. We surmise short-term
heterotrophic respiration processes to provide a first indication
on the vulnerability of soils to environmental change, with
different sensitivity of SOM stocks against, e.g., climate
induced changes in soil temperature, water content and soil
properties. In the medium-term, these processes are
increasingly linked to changes in soil structure and material
translocations, whereas in the long-term decoupling processes
to other element cycles and between surface soil and subsoil
appear to contribute to an impaired resilience of soils and their
organic matter to environmental change. The degree at which
these processes re-couple to climate, management and socio-
economy turn future projections into a challenging task. The
examples will focus on agricultural systems from temperate
and subtropical climates.
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High-grade sperrylite zone reveals
primitive source in the Sudbury
impact structure

DOREEN E. AMES!, JACOB J. HANLEY?, GYORGYI TUBA'
AND SIMON JACKSON!

'Geological Survey of Canada, Ottawa (dames@nrcan.gc.ca)
?Saint Mary’s University (jacob.hanley @smu.ca)

Earth’s largest impact craters had transient craters that
penetrated 30-40 km depth and collapsed to form ~200 km
impact craters with perturbations of the Moho [1]. The
Sudbury impact structure is the eroded remnant of a larger
150-200 km multi-ring crater and uniquely revealing at
present-day surface the crustal impact structures in the crater
floor below the igneous complex [2].

The Paleoproterozoic Broken Hammer Cu-Ni-PGE
deposit, is hosted by impact-induced pseudotachylitic breccias
in the crater floor within Neoarchean gneiss and granites. A
high-grade PGE-only zone is composed of major coarse
epidote-quartz, minor chlorite-sperrylite-merenskyite, with
sperrylite crystals up to 4 mm, and trace michenerite. Isolated
sperrylite grains in epidote or quartz contain inclusions of
gold, petzite, galena and aleskite, whereas complex
intergrowths of Pd-, Bi- and Ag-tellurides are associated with
specular hematite and cassiterite, suggesting high fO2
conditions. in situ trace element analyses of euhedral epidote
and chlorite precipitated along growth zones in hydrothermal
quartz reveal increasing Mg, Zn, Fe and Ni towards the rims.
Late-stage Cpy-millerite penetrates the core of extensional
epidote-quartz-sperrylite veins.

Early formed epidote that hosts coarse sperrylite analyzed
by TIMS yielded a narrow range of low age corrected **Sr/*Sr
ratios from 0.705948 to 0.706457 with a primitive non-
radiogenic source supporting a mantle origin [3.4]. This
implies that initial impact destabilized the crust-mantle
boundary resulting in rapid fluid-gas release and transport of
precious metals from the mantle along deep-seated faults to
the footwall environment of the SIC.

In situ LA-MC-ICP-MS Sr isotope analysis of epidote and
calcite in early syn-PGE ore, later Ni-Cu and Cu-PGE vein
ores and post-mineralization phases will be used to trace the
evolution of fluids in the Sudbury crater.

[1] Christenson et al (2009), EPSL. 284, 249-257. [2] Ames et
al (2008), Econ. Geol. 103, 1057-1077. [3] Kerr and Hanley
(2011) Min. Mag. 75, 1174. [4] Hanley and Ames (2012)
PACROFI-XI, 11, 39-40.

Trace elements in olivine characterize
the mantle source of subduction-
related potassic magmas

E. AMMANNATI*!? S.F.FOLEY*® ,R. AVANZINELLL',
D.E.JACOB*? AND S. CONTICELLI

'Dipartimento di Scienze della Terra, Universita di Firenze,
Italy (* correspondence: edoammo@ gmail.com)

“Institut fiir Geowissenschaften, Johannes Gutenberg-
Universitdt Mainz, Germany.

3CCFS, Dept. Earth and Planetary Sciences, Macquarie
University, North Ryde, NSW 2109, Australia.

Trace elements in olivine have recently been shown to
provide useful means to investigate the upper mantle, allowing
identification of olivine-free (pyroxenitic) reservoirs in the
source of OIBs [1]. But few studies are available of magmatic
rocks at destructive plate margins [2]. Here we present the first
comprehensive set of major and trace element analyses on
olivine from subduction-related Plio-Quaternary magmatism
of the Italian Peninsula.

16 rock samples covering the full compositional range
from calc-alkaline to ultrapotassic occurring within the Italian
magmatic region were selected for their primitive character
(Mg# = 60-80) and the presence of olivine at the liquidus. 200
olivine crystals were analyzed for major and trace elements
(Ca, Mn, Ni) using EPMA, and more than 100 have been
analyzed for trace elements using LA ICP-MS.

Olivine phenocryst cores show a large compositional
variability among the different magmatic suites. Olivine from
the Lucanian region has the highest Na and Al, whereas most
elements have lower concentrations compared to the other
Italian regions and fall within typical mantle values. The
olivine crystals from the lamproite-like samples (Tuscan
Region) bear evidence of an olivine-depleted, pyroxenite-
bearing source resulting from Si- and K-rich metasomatism of
previously depleted mantle: the olivine crystals are remarkably
enriched in Ni (up to 5,000 ppm) with high Cr and low Mn
and Ca contents. Olivines from plagio-leucititic rocks of the
Roman Region show trace element contents that differ from
those of the lamproite-shoshonite suite (extremely low Ni, low
Cr and elevated Mn and Ca). This could be explained by a
metasomatic reaction in the presence of excess Ca. Li
enrichment (up to tens of ppm) in olivine from the Tuscan and
the Roman Province indicate the recycling of crustal material
into the mantle wedge as a primary cause of the metasomatism

[2].

[1] Sobolev et al (2005) Nature 434, 590-597. [2] Prelevic et
al (2013) Earth & Planet. Sci. Lett. 362, 187-197.
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Mineral transformations and
bacterial diversity in As-rich waste
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Weathering and mineral transformation of sulphidic waste
genenerate Fe-rich secondary phases which retain metals and
metalloids in metastable, nano-crystalline, or amorphous
phases. Since fate and chemical stability of the pollutants are
important factors for their impact on the environment, this
research address microbial impact on highly weathered waste
materials from the Medieval dumps in the Kank deposit,
Kutnd Hora (Czech Republic), Rotgiilden-Salzburger Land
(Austria) and a historical mine from ChyZné (Slovakia).

The olive-green and yellow powdery secondary
mineral phases were identified using mineralogical methods,
such as, powder X-ray diffraction and electron
microscopy, and confirm the presence of
kankite (FeAsO,'3.5H,0), (para)scorodite (FeAsO,2H,0)
bukovskyite  [Fe,(AsO,)(SO,)(OH)-9H,0], and zykaite
[Fe,(AsO,);(SO,)(OH)-15H,0]. These minerals form in a
clay-rich matrix which acts as a seal for the weathering eluate
solution.

The bacterial diversity was assessed by cultivation to
study the role of microorganisms in the weathering processes
and their influence on the mineral transformation, thereby
leading to the release of the pollutants. So far 25 bacterial and
9 fungal isolates were obtained from the deposits which show
low colony forming units and hence low microbiological
prevalence. The bacteria are mainly coccoid strains with slow
growth rates on arsenate containing media; two aerobic, nine
anearobic, ten facultative-anaerobic and the rest are neutral.
Nineteen bacterial strains are gram positive and six strains are
gram negative. Eighteen bacterial strains are siderophore
producers and the rest are neutral. Nineteen bacterial strains
are resistant to 5-, 10- and 20 mM arsenate concentrations,
with 5 strains resistant to 1 M arsenate. The fungi are high
spore producing isolates, and will be categorised as
ascomycetes, basidiomycetes, yeasts or zygomycetes.

Establishing a biomarker from trace
element incorporation patterns in
abiotic and biotic magnetite

M. AMOR'** V. BUSIGNY', A. GELABERT',
G.ONA-NGUEMA?, M. THARAUD', E. ALPHANDERY??,
M. DURAND-DUBIEF, I. CHEBBF AND F. GUYOT!

! Institut de Physique du Globe de Paris, Sorbonne Paris cité,
Univ Paris Diderot, UMR 7154 CNRS, 1 rue Jussieu,
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2 Institut de Minéralogie et de Physique des Milieux
Condensés, UMR 7590 CNRS, 4 place Jussieu, 75005
Paris, France

*Nanobactérie, Hopital Cochin-Paris Biotech Santé, 24 rue
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Magnetite (nominally Fe**,Fe**O,) is a widespread iron
oxide found at the Earth surface. It precipitates through either
abiotic or biotic processes (magnetotactic bacteria,
dissimilatory iron-reducing bacteria, iron-oxidizing bacteria).
Magnetite provides part of the magnetic signal in various
sediments such as carbonate platforms, paleosols and Banded
Iron Formations. Identification of biotic magnetite in ancient
sediments remains a key point to trace life evolution over
geological times. Although magnetic properties allow
identification of recent magnetotactic bacteria fossils,
cristallographic characteristics do not appear to be suitable for
unambiguous biotic magnetite identification. In this study, we
propose to focus on geochemical tools to better understand the
origin of fossilized magnetite. Trace elements incorporation in
magnetite has been widely studied for enhancing magnetic
properties but has never been explored as a potential
biomarker. In the present work, we show results of both
abiotic and biotic magnetite nanoparticles which were
synthetized in presence of multi-elements in the precipitation
media. Nanoparticles were then washed to remove adsorbed
elements on magnetite surface. Magnetite were characterized
using Transmission Electron Microscopy and X-Ray
Diffraction. Elements incorporation was quantified with
Inductively Coupled Plasma-Atomic Emission Spectroscopy
and Inductively Coupled Plasma-Mass Spectrometry. Partition
coefficients between solutions and magnetites were finally
estimated for each element. Elemental incorporation patterns
in abiotic magnetite was quantified and compared with
magnetite precipitated by bacteria in order to establish criteria
for biomagnetite identification. Elements of the first transition
metals series show partition coefficients between mineral and
fluid (normalized to Fe) close to 1 in abiotic magnetite but
appear more concentrated in biotic magnetite.
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Eocene pCO, reconstructions using
boron isotopes in “glassy’’ planktonic
foraminifera

E. ANAGNOSTOU'*, E .H. JOHN?, K.M. EDGAR?,
P.N. PEARSON?, C.H. LEAR?,R.D. PANCOST®
AND G.L. FOSTER!

'Ocean and Earth Science, National Oceanography Centre
Southampton, UK
(*correspondence: e.anagnostou@noc.soton.ac.uk)
2School of Earth and Ocean Sciences, Cardiff University, UK.
3School of Chemistry, University of Bristol, UK.

The Cenozoic climate transition marks the most recent
climatic shift in Earth’s history from a greenhouse to an
icehouse world (~53-33 Ma). This interval is characterized by
a gradual deep-sea [1] and high-latitude [2] cooling of ~10°C
and only moderate cooling of the tropics [2], culminating in
Antarctic glaciation at the Eocene/Oligocene transition (EOT).

Although a decline in the CO, content of the atmosphere
(pCO,) has been suggested as the trigger for final transition
into the ice house [3], currently available early Eocene pCO,
records are rather variable and appear only weakly correlated
with climate variations for this interval. For this reason, using
multicollector ICPMS, we generated a new record of boron
isotopes (8''B) in planktonic foraminifera, a proven proxy of
seawater pH [e.g. 4]. We utilised multi-species depth profiles
from very well preserved “glassy” planktonic foraminifera
recovered by the Tanzanian Drilling Project from five time
slices spanning 53-37 Ma. We discuss our new reconstructions
of seawater pH and derived pCO, concentrations, in view of
estimates of seawater 8''B composition and alkalinity.

[1] Zachos et al (2001) Science 292. [2] Bijl et al (2009)
Nature 461. [3] Pearson et al (2009) Nature 461. [4] Sanyal et
al (1996) Paleoceanography 11.

A common origin for terrestrial and
lunar indigeneous water

M. ANAND!?* R.TARTESE!,J.J. BARNES'?,
I.A. FRANCHI' AND N. A. STARKEY!

'Planetary and Space Sciences, The Open University, Walton
Hall, Milton Keynes, MK7 6AA, UK (*correspondence:
Mahesh.Anand@open.ac.uk)

*Department of Earth Sciences, The Natural History Museum,
Cromwell Road, London, SW7 5BD, UK

Variable but significant amounts of “water” have been
measured in samples derived from the lunar interior [1-7],
challenging the long-standing paradigm of a bone-dry Moon.
Based on elevated D/H ratios measured in mare basalt apatites
(> 500 %o), lunar “water” has been inferred to be of cometary
origin [3]. In contrast, it has been argued that CI-chondrites
(8D ~ 100 %o) are also a viable source for lunar H, and that the
elevated apatite 8D values reflect intense H, degassing during
magma ascent and emplacement [8].

New OH and D/H analyses in apatites from Apollo basalts
and basaltic meteorites, carried out at The Open University
using the NanoSIMS 50L, confirm that apatite in Apollo mare
basalts have elevated 8D values > 400 %0 and a wide range of
OH contents (300-7300 ppm). Apatites in meteorites MIL
05035 and LAP 04841 expand our range for mare basalt 6D
values down to ~ 200 %o. These 8D variations are consistent
with ~ 85 to 99 % degassing of H, starting from a CI
chondrite-type 8D value of 100 %o. In the ~ 4.3 Ga basaltic
lunar meteorite Kalahari 009, 8 out of 9 analyses define an
average OD value of -15 £+ 47 %o for corresponding OH
contents of 500 to ~ 4000 ppm. We interpret this D/H ratio as
that of an undegassed basalt, directly reflecting the H isotope
composition of the lunar mantle. This is in good agreement
with recent analyses carried out in melt inclusions in Apollo
17 orange glasses [9]. As this D/H ratio is similar to that of the
bulk Earth [10], these new data suggest that terrestrial and
lunar hydrogen share a common origin.

[1] Barnes et al (2013) Chem. Geol. 337-338, 48-55. [2]
Boyce et al (2010) Nature 466, 466-469. [3] Greenwood et al
(2011) Nature Geosci. 4,79-82. [4] Hauri et al (2011) Science
333, 213-215. [5] Hui et al (2013) Nature Geosci. 6, 177-180.
[6] McCubbin et al (2010a) PNAS 27, 11223-11228. [7] Saal
et al (2008) Nature 454, 192-196. [8] Tartese & Anand (2013)
EPSL 361, 480-486. [9] Fiiri et al (2013) LPS XLIV, Abstract
#2108. [10] Lécuyer et al (1998) Chem. Geol. 145,249-261.
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Petrology And Geochemistry Of
Pyroxene Granulite Of Somvarpet,
South Western Dharwar Craton,
Karnataka, India

* ANANTHA MURTHY K S' , JAYARAM G N',
LINGADEVARU M? AND GOVINDARAJU'

'Dept. of Applied Geology, Kuvempu University,
Jnanasahyadri, Shankaraghatta - 577 451, Karnataka

“Dept. of Geology, School of Earth Sciences, Central
University of Karnataka, Gulbarga-585 106, Karnataka
(Ks.Amurthy @Y ahoo.Com)

The Somvarpet area forms a part of high grade granulite
terrain in the Western Dharwar Craton. The area mainly
consists of peninsular gneiss, Charnokites, pyroxene granulites
and mafic enclaves. The Pyroxene granulite, which forms
one of the major lithological unit, occurs as large parallel
bands with in the peninsular gneiss and exhibit metamorphic
textures (Granoblastic and porphyroblastic textures), which
are often superimposed on relict mafic igneous textures
(ophitic, sub-ophitic and intergrowth textures).
Mineralogically, the rock essentially contains Ortho and Clino
Pyroxenes, and Plagioclase. Quartz, Garnet and Hornblende
occur as accessory minerals, whereas, Illmanite, Rutile,
Apatite, Spene and Iron oxides are the minor minerals.

Geochemically, the Pyroxene granulites show tholeiitic
affinity with iron enrichment, which is a characteristic feature
of Archean tholeiites. Variation in trace element
concentrations, particularly, Rb, Th, U and Pb, would indicate
their instability during metamorphism. To understand the
tectonic setting of pyroxene granulites, the analysis were
plotted on various known discriminate diagram, the plots fall
well within the basaltic and Island arc tholeiitic fields. The
average concentration of Rb (6.60ppm) of pyroxene granulite
of Somavarpet is very low compared to the Archean tholeiites
(12ppm), probably, due to the loss of Rb during granulite
facies metamorphism and it is substantiated by the plot of K
Vs Rb, where, the pyroxene granulites follow depleted
granulite trend. The Pyroxene granulites of the area exhibit
slightly fractionated REE patterns, mainly due to, LREE
enrichment rather than the HREE depletion.

Redox-sensitive metals and their
isotopes: The Holland legacy of early
ocean exploration

ARIEL D. ANBAR"?* AND TIMOTHY W. LYONS?

'School of Earth & Space Exploration, Arizona State
University, Arizona, USA

*Department of Chemistry & Biochemistry, Arizona State
University, Arizona, USA

*Department of Earth Sciences, University of California -
Riverside, California, USA

“How lucky I am to have something that makes saying
goodbye so hard.” — A. A. Milne

In 1984 [1], Dick Holland noted the striking correlation
between the abundances of Mo and U on the one hand, and
organic carbon on the other, in Devonian black shales. He
speculated that the slope of this correlation should scale with
the abundances of these elements in ancient oceans, which in
turn should scale with environmental redox conditions. These
few paragraphs gave rise to a new theme in deep time
paleoredox research — trace metals as paleoredox proxies —
much of it centered on the question that dominated Dick's
interest in his later years: how and when did the Precambrian
atmosphere and oceans become rich in O,?

Over the following ~30 years, and particularly in the last
decade, analytical advances turned this speculative vision into
a rich and mature field. The development of ICP-MS paved
the way for the assembly of large datasets of Mo and U
abundances in sedimentary rocks through time. The coupling
of multiple dectector arrays to [CP-MS instruments opened the
door to exploration of variations in the isotope abundances of
these and other redox-sensitive elements, revealing a new and
unexpected dimension of paleoenvironmental information.

We will assess the future of this field in light of insights it
has yielded. For example, there is now broad confirmation of a
Paleoproterozoic "Great Oxidation Event" (GOE), but also
evidence of a complex fabric of mild but detectable, possibly
variable, "whiffs" of environmental oxygenation preeding this
event. Further, it is now documented that widespread oxygen
deficiency persisted in the oceans in the wake of the GOE, but
the extent of ocean euxinia was apparently of limited extent.
And new ideas and insights have emerged about the effects of
changes in the abundances of bioessential metals, especially
Mo, on ecoystem evolution.

[1] H. D. Holland (1984). The Chemical Evolution of the
Atmosphere and Oceans. Princeton University Press, 598 pp.
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Asian monsoon circulation strength
inferred from multicentury tree-ring
stable isotope chronologies from
southeast Asia

K.J. ANCHUKAITIS'*"M.H. GAGEN?, D. MARTIN-
BENITO?, B.M. BUCKLEY?, C. UMMENHOFER"
AND ALLEGRA N. LEGRANDE*

'"Woods Hole Oceanographic Institution, Woods Hole, MA
02540 USA (* correspondence: kja@whoi.edu)

’Department of Geography, Swansea University, Swansea,
UK

*Lamont-Doherty Earth Observatory of Columbia University,
Palisades, NY 10964 USA

“NASA Goddard Institute for Space Studies, New York, NY
10025 USA

The large-scale dynamic circulation of the Asian monsoon
over the last several centuries can be inferred from the oxygen
isotope ratios of the annual rings of long-lived tropical conifer
species from southeast Asia. Here, we present replicated,
multicentury stable isotope series from Fokienia hodginsii
growing in the Bidoup Nui Ba National Park site in the
southern highlands of Vietnam. This isotope chronology is
significantly negatively correlated with summer monsoon
surface wind speeds over the Bay of Bengal and the adjacent
region, indicating that stronger (weaker) onshore winds are
associated with lower (higher) oxygen isotope values. Ring
width and isotopes show particular coherence at multidecadal
time scales, and together allow past precipitation amount and
circulation strength to be disentangled. Estimates of the
strength of past monsoon circulation provide data for
validating general circulation model simulations of the
response of the Asian monsoon to changes in radiative forcing
and an independent estimate against which to evaluate long-
term changes in the Asian monsoon as reflected in other
terrestrial and marine proxies as well as forced last millennium
general circulation model simulations.

Duration of prograde metamorphism
in the inverted Barrovian sequence,
Sikim Himalaya, India

ROBERT ANCZKIEWICZ'*, SUMIT CHAKRABORTY?,
SOMNATH DASGUPTA® AND DILIP K MUKHOPADHYAY*

'Polish Academy of Sciences, Krakéw, Poland,
(ndanczki@cyf-kr.edu.pl)

2Ruhr Universitit, Bochum, Germany

3Indian Institute of Science Education & Research-Kolkata,
India

“Indian Institiute of Technolohy Roorkee, Roorkee, India

The Lesser Himalaya in Sikkim expose a uniquely well
preserved Barrovian metasedimentary sequence that displays
little tectonic disturbance and is inverted in terms of both
pressure and temperature. The sequence seems to be continous
from chlorite-biotite grade until muscovite dehydration
reaction with well developed all intermediate zones
inbetween.

We determined timing and duration of Barrovian
metamorphism by Lu-Hf garnet dating of all individual
Barrow zones from garnet isograd up to muscovite out
reaction. Garnet is well preserved and shows broad cores with
sigmoidal inclusion trails pointing to synkinematic
crystallization, which ocassionally are surrounded by narrow,
inclusions poor rims. Bulk and single crystal dating resulted in
highly precise ages showing progressively older dates with
increasing metamorphic grade and higher structural level. The
youngest, garnet zone rocks yielded 10.6+0.2 Ma age that is
followed by 12.8+0.3 and 13.7+0.2 Ma ages obtained for
staurolite and kyanite grades, respectively. Sillimanite zone
garnets gave 14.6+0.2 Ma age. Structurally highest rocks,
arguably marking the top of the sequence, yielded 16.8+0.1
Ma. All ages are interpreted as reflecting garnet growth on a
prograde path, which is indicated by Rayleigh style Lu
distribution.

High precision of bulk garnet ages was verified relatively
to the duration of single crystal growth by chemically
controlled high resolution single garnet dating. Five zones
dated from the synkinematically grown core yielded precise
analyses, which do not show any resolvable time difference
and together define a 13.7£0.2 Ma isochron age. Two
fractions from narrow, postkinematically grown rim define a
9.9+3.8 Ma date. Much lower precision of the rim is inevitable
consequence of Rayleigh style Lu distribution. These data
point to a very fast synkinematic core crystallization, which
was followed by a slower phase of rim formation. The data
show that age precision is not only analytical but closely
resambles the real pace of metamorphic crystallization within
the Lesser Himalaya. Lu-Hf dating constraints duration of
Barrovian metamorphism from garnet to sillimanite zone as
4.0£0.3 Ma, which compares well with earlier estimates of
Baxter et al (2002) who determined the duration of
metamophism as 2.8+3.7 Ma. for classical (not inverted),
Barrovian sequence in Scotland.
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REE fractionation at the Bear Lodge
REE+Au deposit, USA:
Evidence from mineral chemistry

A K. ANDERSEN'*, P.B.LARSON' AND M.C. ROWE?

'School of the Environment, Washington State University,
Pullman, USA (*correspondence: akandersen@wsu.edu)
2School of Environment, Univ. of Auckland, Auckland, NZ

The Bear Lodge alkaline intrusive complex hosts one of
North America's largest REE deposits. Carbonatites in the
central Bear Lodge have REE patterns similar to other
carbonatites worldwide, with concentrations decreasing
slightly from La to Lu, typical for partial melts from the
mantle. Recent exploration reveals zones of HREE- and
HFSE-enrichment, much of it hosted by hydrothermal veins
peripheral to the LREE-enriched carbonatites. A district-wide
zonation from LREE to HREE is reflected by mineralogy. The
central carbonatites host REEs in the fluorocarbonate
minerals, bastnésite, synchysite, and parisite, and the
carbonate minerals ancylite and carbocerniate. Monazite,
xenotime, and hydrated REE-phosphates of the rhabdophane
group are common in the peripheral veins. New electron
microprobe data show typical REE patterns for monazite and
xenotime. Hydrated REE phosphates show a zonation similar
to that observed district-wide (LREE to HREE), with rims
particularily enriched in Eu-Dy (Figure below).
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Recent experimental studies show HREEF** complexes
are less strongly associated than LREEF** complexes at
hydrothermal temperatures (>150°C), suggesting the fluids
cooled below 150°C or that a different ligand, such as
phosphate or chloride was involved. REE-phosphates
(monazite) are known to be highly insoluble, suggesting
phosphorous was important during precipitation, but not
necessarily during transport. Potential external sources of
phosphorous include Paleozoic sedimentary units containing
abundant phosphatic microfossils or detrital apatite.

Uranium isotopes in anoxic sediments

M.B ANDERSEN'?* D.VANCE'?,R. HERDSMAN',
S.LITTLE'?, A. MATTHEWS®, T. LYONS*
AND S. ROMANIELLO?
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’IGP, ERDW-ETHZ, 8092 Zurich, Switzerland

*Institute of Earth Sciences, University of Jerusalem, Israel

*Department of Earth Sciences, University of Califonia, USA

>School of Earth & Space Exploraton, Arizona State
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Elemental and isotopic proxies in marine archives are
important tools for reconstructing the chemical evolution of
the ocean through time. One sought-after parameter is past
ocean redox, for which the Mo isotope tool is relatively
mature [e.g., 1]. Uranium’s redox sensitive behaviour has also
served as a useful indicator for redox conditions in marine
sediments [2]. Recent improvements in our ability to measure
the 238U/235U ratio has also highlighted the potential for
significant redox-induced isotopic variability at the Earth’s
surface [3.4]. However, the ground-truthing of any such tracer
requires knowledge of the singularity of the signal, potential
diagenetic overprinting and local vs. global processes, all of
which have to be addressed.

To advance our understanding of 238U/235U in marine
archives, and its response to ocean chemistry, we have
measured U isotopes in anoxic marine sediments from modern
euxinic settings (Black Sea and the Cariaco Basin) and in
organic-rich Mediterranean sediments (sapropels) formed
during the last glacial cycle. The sediments from euxinic
settings are characterised by high U enrichment factors and all
show 238U/235U moderately heavier than seawater (~0.4 %o),
consistent with published Black Sea data [4]. In contrast, U
incorporation into the Holocene Mediterranean sapropel (S1),
likely formed under anoxic but non-euxinic conditions, shows
lower U enrichment but significantly heavier 238U/235U
signatures (~1 %o) compared to the euxinic sediments.

The 238U/235U signatures suggests different U
incorporation into the two types of anoxic sediments likely
linked to the specific mechanism of U reduction or the ocean
setting. This observation suggest that the 238U/235U in
marine archives can potentially fingerprint anoxic versus
euxinic water conditions and may provide a paleo-redox proxy
to be used in tandem with, for instance, Mo isotopes.

[1] Arnold et al (2004) Science, 304, 87-90. [2] Barnes &
Cochran (1990), EPSL, 97, 94-101. [3] Stirling et al (2007),
EPSL, 264, 208-225. [4] Weyer et al (2008), GCA, 72, 345-
359.
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Mantle jets and mantle plumes

DoON L. ANDERSON

Seismological Laboratory, Caltech (dla@gps@caltech.edu)

Because of internal heating and effects of viscosity and
pressure mantle flow is characterized by large sluggish
upwellings. Jets and plumes have been introduced into mantle
dynamics and geochemistry because of the perceived need for
narrow hot and rapid upwellings to fuel Hawaii and other
intraplate volcanoes. These imply a fluid strongly heated from
below, no internal heating, non-Stokes law behaviour, flow
controlled by external forces and an important role for inertia
and momentum. Jets and plumes, as defined in fluid dynamics,
and as used in geodynamic and geochemical modeling, are
precluded by the equations of fluid dynamics and solid-state
physics. The underlying homogeneity, isotropy, adiabatic and
thin plate assumptions are ruled out by seismology.

h€ Morgan plume hypothesis, the McKenzie-Bickle
geotherm and mantle jet hypotheses and whole mantle
convection scenerios violate fluid dynamic and lattice
dynamic scaling relations and the 2™ law of thermodynamics,
and do not satisfy well-constrained unsmoothed seismic
models that allow for anisotropy. Physics, and geochemical
modelling, show that the outer 200 km of the mantle is an
appropriate source for intraplate magmas, including their
diversity, volumes, compositions and temperatures. The
thermal overshoot of boundary layer convection and the
subadiabaticity of the deep geotherm explain the relative
temperatures of Hawaiian and midocean ridge magmas.
Anisotropy shows that the ridge source is in the transition
zone.

Top-down processes, driven by secular cooling, fertilize
and cool the mantle and create shear boundary layers that are
responsible for shear- driven upwellings and intraplate
volcanoes. The upper boundary layer of the mantle is a
metasomatised, sheared melange that has all the attributes
required to explain volcanoes such as Hawaii and the largest
igneous provinces.

ca. 1750 Ma arc-related
metamorphism in the southern
Arunta Complex, central Australia?

J.R. ANDERSON'*,D.E.KELSEY', M. HAND'
AND W. J. COLLINS?

!Centre for Tectonics, Resources and eXploration (TRaX),
University of Adelaide, S.A., 5005 (*correspondence:
jade.anderson@adelaide.edu.au)

2University of Newcastle, N.S.W. 2308

The Arunta Complex, central Australia, is a ~200,000 km?
poly-metamorphic complex, with a cryptic record of tectonism
from the Paleoproterozoic to the Paleozoic. The Arunta
Complex records evidence for ~200 Myr of orogenic activity
between ca. 1800-1600 Ma, but with the exception of minor
magmatism interpreted to have arc-related petrogenesis [1],
evidence for subduction-related magmatism and high pressure
metamorphism is limited.

This study uses calculated pressure-temperature phase
diagrams and LA-ICP-MS U-Pb monazite geochronology to
investigate a series of granulite facies supracrustal and
magmatic rocks from the southern Arunta Complex.

High-grade, regional metamorphism occurred at ca.
1760-1740 Ma. This timeline has previously been interpreted
as an igneous event, including magmatism with subduction-
related geochemical signatures in the south-eastern Arunta
region (Calcalkaline—Trondhjemite Suite). However, recent
evidence has highlighted that metamorphism also occurred
during this time in the eastern Arunta Complex [2]. If the ca.
1750 Ma magmatism is arc-related, it is possible that we have
characterised the thermal structure of the arc (medium
pressure, apparent thermal gradient of ~25— 35 °C/km).

The characterisation of the physical conditions of the crust
in the southern Arunta Complex at ca. 1760—-1740 Ma may
provide supporting evidence from a metamorphic standpoint
for an active margin in the southern proto-North Australian
Craton. If so, the ca. 1760—-1740 Ma regional metamorphism
is an important constraint for deciphering the Proterozoic
tectonic evolution of the Arunta Complex and North
Australian Craton.

[1] Zhao & McCulloh (1995) Precambrian Research 71 265-
299. [2] Whelan et al (2011) Annual Geoscience Exploration
Seminar (AGES), Record of Abstracts Record 2011-003, 40-
42.
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Constraining rates of trace element
supply and removal using long-lived
thorium isotopes
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Radioactive disequlibria within naturally occurring U- and
Th-decay series have been exploited to constrain the rates of a
variety of processes in the ocean. Here we will illustrate the
use of #°Th and *’Th to investigate certain processes that
supply and remove trace elements, including:

1) Boundary Scavenging - the enhanced removal of
trace elements by scavenging to particles in biologically
productive ocean margin regions. Contrasting results from the
North Pacific and North Atlantic Oceans reveal some expected
findings and some surprises.

2) Bottom Scavenging - the enhanced scavenging of
dissolved Z°Th by resuspended particles in benthic nepheloid
layers. New evidence from the US GEOTRACES program
will require reinterpretation of features in certain historical
0Th profiles that were previously attributed to Atlantic
overturning circulation. The rapid scavenging in benthic
nepheloid layers that is evident in dissolved **°Th profiles may
apply to other particle-reactive trace elements as well.

3) Supply of trace elements by mineral aerosols
(dust) - a new method employing **°Th and **’Th has gained a
great deal of attention recently. We will examine evidence
that raises questions about certain assumptions inherent in this
approach including, most importantly, the assumption that
Th and *Th occur in the same chemical form and,
therefore, have equivalent chemical residence times in the
upper water column.

Adsorption of natural organic matter
at the water/gibbsite interface

K. ANDERSSON'#,J. P.L. KENNEY!, P. PERSSON'
AND T. KARLSSON!

"Departemnt of Chemistry, Umed University, 901 87 Umea,
Sweden
(*Correspondence: kristoffer.andersson@chem.umu.se)

Aluminum (Al) is one of the earth’s most abundant
elements and constitutes about 8% of the earth’s crust. It exists
mainly as silicates, oxides and hydroxides, combined with
other elements or in complexes with natural organic matter
(NOM). Speciation is a key factor for understanding the
environmental impact of Al. It is therefore important to
determine the chemical forms of Al that predominate in
different natural media and under varying geochemical
conditions. Adsorption of NOM to Al-based mineral surfaces
is an important process that can alter the speciation of Al by
influencing the rate and extent of dissolution of the mineral
and thereby the overall solubility of Al. In this work, aquatic
NOM from the Suwannee river (IHSS) has been studied in the
presence and absence of an Al mineral surface (Gibbsite),
using both in situ FT-IR spectroscopic measurements coupled
with potentiometric titrations, and wet-chemical methods.
These experiments were conducted as a function of time, pH,
and concentration in order to follow the adsorption of NOM
and the possible dissolution of the mineral surface.

Previous studies have indicated that fulvic and humic
acids primarily adsorb to the surface of bohemite in an outer-
sphere fashion with only minor formation of inner-sphere
complexes [1, 2]. Our preliminary results indicate a significant
shift in the asymmetric stretch of the carboxylate group in
NOM at pH 3.5-5.5, possibly pointing towards a high amount
of inner-sphere complexes at the gibbsite surface. Formation
of inner-sphere complexes at the surface could promote a
ligand-induced dissolution of the minerals. These indications
are further suported by batch experiments where a dissolution
of the gibbsite mineral are observed. Thus, complexation with
NOM could potentially be one of the most important factors,
other than pH, for controlling the solubility of Al in
environmental systems.

[1] Yoon et al(2005) Langmuir 21, 5002-5012. [2] Yoon et
al(2004) Langmuir 20, 5655-5658.
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Predicting the protonation behavior
of the kaolinite surface

M.P. ANDERSSON AND S.L.S. STIPP

Nano-Science Center, Department of Chemistry, University of
Copenhagen, Denmark,
(ma@nano ku.dk, stipp@nano ku.dk)

Clay minerals, known for their ion exchange capacity,
have an impact on environmental issues such as uptake of
contaminants from ground water and retention of oil in
reservoirs. Kaolinite is believed to play an important role in
enhancing oil recovery by low salinity water flooding, where
decreasing Ca** and Mg** concentrations in the injected
solution increases the amount of oil that can be generated from
sandstone reservoirs. The ability of kaolinite to act as an ion
exchanger depends on its atomic surface structure, pH and in
particular, on its protonation state. This is especially true for
metal ions, which compete with protons for bonding sites on
surface oxygens.

We have used the
implicit solvent model,
COSMO-RS, to predict the
pK, values of kaolinite
surfaces, using a mole-
cular cluster consisting of
512 atoms, to represent a
kaolinite surface. Using a
cluster allows us to det-
ermine basal plane and
edge protonation propert-
ies using the same model.
We found that the pK,
values could be classified
according to surface composition. Al-OH, groups had a
median pK, value of 5.5 and were generally more acidic than
SiOH groups with a median pK, value of 10.6. The standard
deviation was 2 to 3 pH units for most surface sites. Using our
calculated pK, values, we were able to estimate the point of
zero charge (PZC) for kaolinite for the various surface sites,
which has been difficult or impossible, using experimental
approaches. The kaolinite edge has a PZC of 3.7 and the
AlOH basal plane a PZC of 7.7. This has the consequence that
the PZC for kaolinite samples ranges between 4 and 6 and is
geometry dependent... Higher values are found for flat
particles where the basal plane bahavior dominates over edge
effects. Our results help explain why the PZC of kaolinite can
differ significantly depending on the nature of the kaolinite
samples (i.e. the surface to edge ratio, the diameter of
particles) used in experiments.

COSMO surface of the
kaolinite cluster model

Phase transition in aluminous silica at
lowermost mantle P-T conditions

D. ANDRAULT ',R.G. TRONNES 2, Z. KONOPKOVA ?,
W. MORGENROTH * AND H.-P. LIERMANN *

"LMV-UBP-CNRS-IRD, Clermont-Ferrand, France
Natural History Museum, University of Oslo, Norway
*DESY, Hamburg, Germany

“Department of Crystallography, Frankfurt, Germany

Using Al-bearing SiO, glasses with 4 and 6 wt% Al,O; as
starting materials, we investigated the phase transition from
the CaCl,-structured to the a-PbO,-structured phase (seifertite)
at pressures and temperatures corresponding to the lowermost
mantle. The experiments were conducted with synchrotron-
based in situ X-ray diffraction in the laser-heated diamond
anvil cell. The transition from the CaCl,-structured phase to
seifertite occurs between 113 and 119 GPa at 2500 K.
Comparison with previous results shows a decrease of the
transition pressure with increasing Al-content. A tentative
phase diagram reports the minerals compositions as a function
of pressure in the SiO,-Al,O; system. This diagram includes a
binary loop compatible with an Al partition coefficient
between CaCl,-form and seifertite between 0.55(5) and 1.

Based on the X-ray pattern refinement, our samples show
a very small 0.3(2) % volume decrease across the transition.
Still, the transition could very well be associated with a more
significant change in density if the Al substitution mechanisms
are different in CaCl,-form and seifertite. The most likely
situation is that Al-substitution occurs via O-vacancies in the
CaCl,-form and via extra interstitial Al in seifertite. That
would result in a ~1.5-2.0 % density increase at the transition
pressure for silica containing 5 wt% Al,O;. This value is of the
same order of magnitude than the estimated difference in
density between peridotitic mantle and basaltic lithologies in
the lowermost mantle.
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Can Saharan dust explain extensive
clay deposits in the Amazon Basin?
radiogenic isotopes as tracers of
transatlantic transport

M.O. ANDREAE'*, W. ABoUuCHAMI', K. NATHE!,
A.KUMAR!,S.J.G.GALER!, K.P. JocHUM!,
E. WILLIAMS?, A.M.C. HORBE?,J. W.C.RosA*
AND V.H. GARRISON’

'Biogeochemistry Department, Max Planck Institute for
Chemistry, Mainz, Germany (*m.andreae@mpic.de)

*Massachusetts Institute of Technology, Cambridge, MA

*Departamento de Geociéncias, Universidade Federal do
Amazonas, Manaus, AM, Brasil

“Instituto de Geociéncias - Universidade de Brasilia, Brasilia,
Brazil

SU.S. Geological Survey, St. Petersburg, Florida, USA

Previous studies have shown that Saharan dust transport
across the Atlantic acts as an important source of mineral
nutrients to the Amazon rainforest. The Belterra Clay, which
outcrops extensively across the Amazon Basin, has been
proposed to result from dry deposition of African dusts. We
have investigated this hypothesis by measuring the radiogenic
isotopic composition (Sr, Nd and Pb) of a suite of samples
from the Belterra Clay, African source regions, dusts deposits
from various locations along the airmass transport, and some
Caribbean islands to characterize dust in the source and
receptor regions.

Our results identify distinct isotopic signatures in the
Belterra Clay samples and the African sources. The Belterra
Clay displays radiogenic Sr and Pb isotope ratios associated
with low €y, values. In contrast, Bodélé samples and dusts
deposits show lower Pb isotope ratios, variable 8’Sr/**Sr, and
relatively homogeneous Nd isotopic compositions, albeit more
radiogenic than those of the Belterra Clay.

Our data show unambiguously that the Belterra Clay is not
derived from African dust deposition, but results from
weathering and erosion under humid tropical conditions. That
Saharan dust contributes to the fertilization in the Amazon
Basin cannot be ruled out, however, since the African dust
isotopic signature is expected to be entirely overprinted by
local weathering sources. In contrast, radiogenic isotope data
obtained on aerosol filters collected in the US Virgin Islands
and Tobago are similar to those of aerosols from Mali,
demonstrating that the African dust isotope signal is detectable
and transported as far as Central and South America. We
conclude that radiogenic isotope systems are powerful tracers
of provenance and can be used to fingerprint dust sources and
atmospheric transport patterns.

Hymenoptera pollinator effect on
environment

0. ANJOS'?, 0. GONCALVES' AND L. NUNES'

'TPCB/ESA — Instituto Politécnico de Castelo Branco, Castelo
Branco, Portugal.
(ofelia@ipcb.pt)

Centro de Estudos Florestais, Instituto Superior de
Agronomia, UTL, Lisboa, Portugal

There are several studies reporting the evidence that
pollinators are declining as a result of local and global
environmental degradation. Operation Pollinator is an
international biodiversity program, supported by Syngenta, to
boost the number of pollinating insects on commercial farms.
It works by creating specific habitats, tailored to local
conditions and native insects.

The aim of this work is to increase the ecological
suitability of pollinator populations through improves food
availability for pollinator employing strategies for surrounding
landscape.

Two cherry orchards, located in Funddo, Portugal, were
studied: one was installed a patch meadow with flowery
prairie with the purpose of increasing pollinator’s number;
other with poor native biodiversity. It was identified the main
groups of insects visiting the cherry blossoms and the
surrounding flora, during the flowering cherry trees.

This review was conducted through observation and
analysis of pollen in pollinator’s nests, artificially placed in
the orchards in order to evaluate the visiting flowers.

There was a greater number of pollinating insects in the
orchard with higher biodiversity and it was found that insects
visited other flora along with the cherry blossoms. The
Hymenoptera identified belong to genus: Andrena; Apis;
Eucera; Tropinota; Anthophora; Osmia; Xylocopa. The
orchard where haven’t been installed the patch meadow,
shows a lower number of visiting insects as well as lower
species variability. The increasing of pollinators protects the
environment and increases the fruit production and quality.
The findings of the sweeter fruit, with the increased number
and diversity of insects leads to the conclusion that the
environment benefits from the increase in pollinators with
more balanced environment, it's a winning environment for
everyone.

The conservation of pollinator habitat can also enrich
overall biodiversity and the ecosystem services, protect soil
and water quality.

Keywords: pollinators hymenoptera; biodiversity; pollen.
Acknowledge: To Syngenta by the financial support of the
project.
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Application of geochemistry in shale
gas exploration: A case study from
Cambay Basin, Gujarat, India

ANNAPURNA BORUAH*, M. A. RASHEED,
SYED ZAHEER HASAN, P.H.RAO, AND B. KUMAR

Petroleum Research Wing, Gujarat Energy Research and
Management Institute, Gandhinagar, Gujarat, India.
(*Correspondence: Annapurna_1910@yahoo.in)

Shale gas is an unconventional hydrocarbon resource as
the shale acts both as a source and reservoir for the gas. Gas
can be stored in the shale either in the pore spaces or as
adsorbed gas on to the organic matter. Characterization and
evaluation of the source potential of a rock is made by using
parameters like (1) Total Organic Carbon (2) Rock-Eval
Pyrolysis (3) Elemental analysis of C, H, N, O and S (4)
Vitrinite Reflectance (5) Visual Kerogen Analysis (6) Extract
SARA Analysis (7) Gas Chromatograph of extracted bitumen
(8) Pyrolysis Gas-Chromatography (9) Gas Chromatograph-
Mass Spectrometry of extracted bitumen and (10) Isotope
composition of carbon and hydrogen. For commercial shale
gas exploration TOC content of the shale should be more than
2%, mature to post mature zone i.e. oil window to gas
window (Ro > 0.7%, Tmax >445°C). The kerogen in the
shale must be gas prone. At higher temperature zone gas can
be generated by insitu cracking of oil. In this study, total 15
shale samples were collected from Broach and Jambusar areas
of Cambay Basin, Gujarat, India. The analytical findings
reveal that the Shales are found rich in organic matter (1- 5%),
maturity (0.7- 1.2VRo), kerogen type I, III marine, hydrogen
index <100, thickness is more than 500m and area extent is
more than 53000square km. The organic richness attains the
oil window at the depth of 2000m and below this depth gas
window starts. Finally the laboratory findings highlight the
positive prospects for shale gas exploration and exploitation in
Cambay Basin.

Keywords: Shale Gas, Geochemical, Exploration.

Quantification of the magma fluxes
feeding the growth of a shallow
magma reservoir (Soufriere Hills,
Montserrat)

C. ANNEN*' M.PAULATTO? R.S.J SPARKS',
T.A. MINSHULL? AND E. KIDDLE!

'Department of Earth Sciences, University of Bristol, Wills
Memorial Building, Queen's Road, BS8 1RJ, Bristol, UK
(*correspondence: catherine.annen@bristol.ac.uk)

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

*Ocean and Earth Science, National Oceanography Centre
Southampton, University of Southampton, European Way,
Southampton SO14 3ZH, UK

Shallow andesite intrusions in arcs participate to the
formation of new continental crust. The SEA-CALIPSO
experiment revealed a low-seismic-velocity volume beneath
Soufriere Hills (Montserrat) extending vertically from 4 to at
least 7.5 km depth and attributed to the presence of melt [1].
By simulating the growth of a magma body by accretion of
andesitic intrusions we calculated spatial distributions of
temperature and melt fraction and the corresponding seismic
wave velocities, which were smoothed to be comparable with
tomography results.

The size and intensity of the synthetic velocity anomaly
are controlled by the diameter of intrusions, the rate at which
they are emplaced, i.e. the total duration of the intrusive
episode, and the intruded magma initial heat content
(including latent heat). We were able to reproduce the
tomographically determined velocity anomaly with a
relatively wide range of intrusion diameters (4 to 10 km) and
magmatic episode durations (6,000 to 150,000 yrs), but,
because of a trade off between these two parameters, the
corresponding magma fluxes are restricted to 0.7 - 5 x 107
km®/yr.

The velocity anomaly can be reproduced with a chamber
containing high melt-fraction magma or with a mush of
crystals and melts. The range of magma ages in the modelled
magma chambers is much wider than the crystal residence
time of the erupted andesite [2]. This suggests that eruptions
tap small pockets of recently assembled magma and that the
velocity anomaly might be mostly due to a non-eruptible
mush.

[1] Paulatto, Annen, Henstock, Kiddle, Minshull, Sparks, &
Voight (2012), Geochemistry Geophysics Geosystems 13. [2]
Zellmer, Sparks, Hawkesworth & Wiedenbeck (2003) J.
Petrol. 44, 1413-1431.
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Allergic and Respiratory Health
effects of combustion aerosols
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Health effects of combustion aerosols from 3 different
aerosols will be dealt with, namely: 1) traffic-related aerosols,
2) indoor combustion aerosol and 3) wildfire aerosol.

1) Traffic-related PM was assessed in the French 6C Study
at specific addresses in situ (PM,s) and through a dispersion
model (PM,,) and related to allergic and respiratory health of
children living close to the addresses. After adjustment for
confounders and NO, as a potential modifier, in the 5338
school children of the survey the odds of suffering from EIB
and flexural dermatitis at the period of the survey, past year
atopic asthma and SPT positivity to indoor allergens were
significantly increased in residential settings with PM,
concentrations exceeding 10 microg/m® (WHO air quality
limit values). For the 4,907 children who had resided at their
current address for the past 3 yrs, asthma (exercise induced,
past year and lifetime) was significantly positively associated
with PM,, In the same children, PM,, were significantly
positively associated with eczema (lifetime and past year),
lifetime allergic rhinitis and sensitisation to pollens. Among
the 2,213 children residing at their current address since birth,
the associations persisted for lifetime asthma (1.4 (1.0-2.0))
and for sensitisation to pollens (1.2 (1.0-1.9)).

2) After adjusting for confounders, an increased
prevalence of past year asthma was found in the classrooms
with high levels of PM,; (OR 1.21; 95% CI 1.05 to 1.39),
compared with others. The relationship was observed mostly
for allergic asthma. A significant positive correlation was
found between EIA and the levels of PM, s in the same week.

3) Wildfire combustion aerosols emissions between 2006
and 2010 have been modeled for Europe and will be related to
health outcomes.

Determination of REE in
carbonaceous geological samples by
inductively coupled plasma mass
spectrometry

YU.V. ANOSHKINA

Tomsk State University 36 avenue Lenina, Tomsk, 634050,
Russia (julianoshkina@gmail.com)

The results of laboratory research on the optimization of
sample preparation of carbonaceous rocks are presented.
Research were carry out using reference materials of black
shales SLG-1, SChS-1, metamorphic shale SSL-1 (Russia),
cody shale SCo-1, green river shale SGR-1b, coal CLB-
1(USA).

In order to explain the dependence between amount of
carbonaceous substances in geological samples and degree of
extraction of rare earth elements (REE) precipitates were
analyzed after each steps of acid digestion using scanning
electron microscope TESCAN Vega LMU with energy-
dispersive spectrometer Oxford Instruments INCA Energy
350. The research of element-structural changes in precipitates
at each steps of acid digestion was monitored by atomic
emission spectrometry Grand and FT-IR stectrometry «Nicolet
6700». The necessity of removal of carbonaceous substances
was shown. For determining the temperature range of pre-
firing carbonaceous substances was used Simultaneous
Thermal Analysis by STA 409 PC Luxx. Following
conditions: 800 °C during 8 hours in ceramic crucibles into
muffle furnace were chosen as optimal for pre-firing. Using
the oxidative addition (LiNO,) at the stage of pre-firing was
suggested as alternative conditions. This step allows to reduce
the temperature down to 550 °C and time to 2 hours.

Optimal conditions for the acid decomposition of
carbonaceous rocks with subsequent determination of trace
elements by ICP-MS were found. The scheme includes pre-
firing with LiNO;, open beaker heating with HF, microwave-
digestion program with mixture of HF and HNO;, open beaker
procedure of consecutive evaporation with HCI and HNO,
sequentially. In was added at a concentration of 10 pg L' to
act as internal standard for correction of matrix effect, signal
drift and instrumental instability. Geological reference
materials USGS BCR-2, BHVO-2 was analyzed for quality
control. All measurements were performed on an Agilent 7500
cx (Agilent Technologies Inc., USA). The results are
consistent with published data.

This study was funded by the Russian Ministry of
Education and Science (projects 5.3143.2011,
14.B37.21.0686, 14.B37.21.1257).
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Phosphorus retention in sediments of
a eutrophied lake: Role of organic
phosphorus
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4,3584 CD Utrecht, Netherlands.
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University Avenue West, Waterloo, ON N2L 3G1, Canada

Phosphorus (P) cycling in aquatic sediments has
traditionally been described from an abiotic viewpoint:
following Mortimer's classical model, phosphate release from
sediments is controlled largely by the oxidation-reduction
cycle of iron (Fe). However, biotic processes and organic P
(org-P) phases could play an important, if not more important,
role. To analyze the fate of P, sediment cores were collected in
the oxygenated epilimnion and the anoxic hypolimnion from
Lake 227 of the Experimental Lake Areas (ELA) in Ontario,
Canada. This experimental lake has been artificially fertilized
with P since 1969. Lake 227 is a unique lake, as it has
undergone a rapid transition from oligotrophic to eutrophic
conditions. *'’Pb dating and chemical extractions were
complemented by *'P NMR spectroscopy to elucidate
sediment P speciation.

The sediment cores contain an historical record of in what
extent and in what form P is retained while sediments were
subjected to different prevailing conditions. A comparison is
made between oxic and anoxic conditions under oligotrophic
and eutrophic conditions. The results show that under
eutrophic conditions, org-P plus humic-metal-phosphate
complexes represent the major pool of reactive sediment P in
Lake 227. The formation of the humic complexes is one of the
mechanisms accounting for the high retention of P in the
sediments since artificial fertilization started. The role of
redox dependent Fe-bound P seems to be of secondary
importance. Our works highlights the power of whole-lake
manipulation to gain a mechanistic understanding of the role
of sediment processes in phosphorus cycling.

Oxyanion adsorption on
schwertmannite and iron precipitates
from acid mine drainage

J. ANTELO'*, S. FIoL?, D. GONDAR?, R. LOPEZ?
AND F. ARCE?

'Dept. Soil Science and Agricultural Chemistry. University of
Santiago de Compostela. 15782 Santiago de Compostela.
Spain (*correspondence: juan.antelo@usc.es)

Dept. Physical Chemistry. University of Santiago de
Compostela. 15782 Santiago de Compostela. Spain

The formation of acid mine drainage implies the
weathering and oxidation of the iron sulphide minerals present
in mining areas and the formation of large amounts of
secondary iron precipitates. The presence of these secondary
iron precipitates can be considered of great importance, since
they are naturally occurring scavengers for the arsenate and
other anionic species found in these highly polluted aquatic
systems and their presence controls the mobility and
availability of the contaminants[1]. Due to the abundance of
arsenate species in AMD environments and the high retention
capacity of schwertmannite at acidic pH, many studies have
focused on the retention of As(V) or As(IIl). However, the
number of adsorption studies carried out with other oxyanions
of environmental interest, such as chromate or molybdate, is
limited

The adsorption of different oxyanions has been studied on
synthetic schwertmannite and on natural iron precipitates
obtained from AMD waters. The adsorption of arsenate,
phosphate, chromate and molybdate was examined in relation
to pH, and anion exchange between these oxyanions and the
sulphate ions present in the crystalline structure of the
schwertmannite or the iron precipitates was also analysed. The
affinity sequence for the different oxyanions is similar in both
the synthetic and natural samples: AsO, = PO, > MoO, >
CrO,.

Evidence of anion exchange reactions in schwertmannite
was obtained, since sulphate ions are released from the iron
minerals following oxyanion adsorption. The oxyanion
adsorption process for these secondary iron minerals is
controlled by two mechanisms: surface complexation with
iron hydroxyl groups and anion exchange with the sulphate
groups present in the crystalline structure.

[1] Burton, Bush, Traina, Johnston, Watling, Hocking,
Sullivan & Parker (2009), Environ. Sci. Technol 43, 9202-
9207.
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Sulfate-oxygen isotope insight into
anaerobic methane oxidation in
estuarine sediments
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Methane production is driven mostly by microbially
mediated methanogenesis. In marine sediments, this naturally
produced methane is almost entirely consumed by anaerobic
methane oxidation (AOM) coupled to bacterial sulfate
reduction (BSR). This coupling between AOM and BSR
remains enigmatic. We use the sulfur and oxygen isotope
composition of aqueous sulfate (8"0Og,, and 8*S,
respectively) consumed through AOM to further our
understanding of this critical microbially-mediated process.
We focus on highly stratified estuaries in the coastal area of
Israel (the Yarkon and the Qishon). At these sites, sulfate is
rapidly consumed and methane concentrations subsequently
increase suggesting a coupling between sulfate and methane
consumption.

Although the pore fluid geochemistry (e.g. sulfate and
dissolved inorganic carbon concentration profiles) are similar
at the studied sites, the isotope geochemistry (e.g. the 8*Sg,,
8'%0gq,, and 8"Cpy in the pore fluid and the &**S of the
sedimentary pyrite) is fundamentally different among the sites.
Because the sulfur and oxygen isotopes in pore fluid sulfate
are indicative of the relative intracellular fluxes of sulfur
intermediates during BSR, we conclude that the isotope
geochemistry require that the mechanism of BSR differs
among the studied sites and in different sulfate-methane
transition zones. We use a model for the various intracellular
steps during BSR to explore what may cause these differences.
We conclude that the geochemical interpretation of these sites
may underrepresent the processes occurring in the subsurface
as suggested by the isotope data. This suggests that recycling
of sulfur intermediates may be fundamentally different in BSR
coupled to AOM than when coupled to standard organic
matter oxidation.

Groundwater contamination
potential - vulnerability assessment

I.M.H.R. ANTUNES', M.T.D. ALBUQUERQUE!
AND S.F. OLIVEIRA'

'Polytechnic Institute of Castelo Branco, Portugal,
(imantunes@ipcb.pt;teresal @ipcb.pt;
sandrinafidalgo@ipcb.pt)

Agueda watershed is a sub-catchement of the Douro river
(northern Portugal) and it is distributed on both Spanish and
Portuguese territories. The main core of this work is the
achievement of a methodological tool able to be used for
vulnerability assessment in ttransboudary watersheds.

Groundwaters’ vulnerability mapping was carried out by
two different methodological approches: DRASTIC and
DRASTIC Pesticide [1].

DRASTIC is a numerical index derived from ratings and
weights assigned to seven parameters — Deep to water, net
Recharge, Aquifer media, Soil media, Topography, Impact of
the vadose zone and hidraulic Conductivity. The obtained
values raises between 23 (not vulnerable) to 230 (highly
vulnerable). Drastic Pesticide uses the same parameters with
the reassignment of attributes’ weights to stress the
importance of agricultural activities.

DRASTIC’s map for Agueda watershed shows three
spatially distributed vulnerability classes: low (102 - 119),
moderate (120 - 139) and moderate to high (140 - 154). The
low vulnerable zones occupy almost 78% of the all area while
the moderate vulnerable zones correspond to 21% of the
remaining area. The moderate to high vulnerable zones
represents less than 1% of the total area and it is localized in
the central part of the Agueda watershed overlapping the
tertiary sedimentary aquifer and the mostly populated area.

DRASTIC Pesticide map shows four spatially distributed
vulnerability classes: low (120 - 139), low to moderate (140 -
159), moderate to high (160 - 179) and high (180 - 195). The
high proportion increases considerably in the central zone of
the Agueda watershed representing more than 20% of the land
parceling.

Although similar hydrogeological intrinsic characteristics
are observed in the central watershed’s area obvious
differences can be stressed when anthropogenic activities are
taken into consideration. Feasibility studies and the
development of specific monitoring activities must be
addressed in future work.

[1] Aller L, Bennet T, Lehr JH, Petty RJ, Hackett G. 1987.
DRASTIC: a standardized system for evaluating ground water
pollution potential using hydrogeologic settings. EPA/600/2—
87/035, U.S. Environmental Protection Agency, Ada,
Oklahoma, 641 pp.

WWW.minersoc.org
DOI:10.1180/minmag.2013.077.5.1

https://doi.org/10.1180/50026461X00008550 Published online by Cambridge University Press


https://doi.org/10.1180/S0026461X00008550

Goldschmidt2013 Conference Abstracts 601

Selective Cs sorption in biotite on
granite
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The radiocesium released from the Fukushima Daiichi
nuclear power plant is ratained at the surface soils around the
power plant (Tanaka ef al 2012). Abukuma granite distributes
in the most of the affected areas. Therefore, the contaminated
soil minerals has been originated from Abukuma granite(e.g.
Kamei et al 2003). Mica and/or vermiculite are though to be
the one of the candidate for the host phases of radiocesium. It
is reported these hardly desorped radiocesium (Qin et al
2012). The purpose of the present study is to elucidate of Cs
sorption mechanism of biotite in Abukuma granite.

The thin section made from Abukuma granite was soaked
in the solution containing 10uM Cs* in 0.01 M NaCl solution
at pH 4, 5 and 6 for 24 hours. The thin senctions after the
reaction with Cs were analyzed by means of electron prove
micro analyzer (EPMA).

Abukuma granite was composed of quartz, plagioclace,
feldsper, amphibole, biotite and chlorite. Chlorite is alteration
products from biotite. Among these minerals, Cs distribution
was obserbed only in biotite.

According to the quantitative analys is by EPMA, biotite
contains Cs up to 6.7 wt%. biotite accumulated Cs several tens
of thousands time than that of Cs in solution. The Cs
concentration in biotite was negatively correleated with K
concentration in biotite. These observations suggested that Cs
selectively sorbs on biotite in granite and the sorption
mechasim is considered to be the cation exchange reaction in
the inter layer of biotite.

[1] H. Qin, Y. Yokoyama, Q. Fan, H. Iwataki, K. Tanaka, A.
Sakaguchi, Y. Kanai, J. Zhu, Y. Onoda and Y. Takahashi,
Geochemical Journal, Vol. 46, pp. 297 to 302, 2012 [2] K.
Tanaka, A. Sakaguchi, Y. Kanai, H. Tsuruta, A. Shinohara,
and Y. Takahashi, J. Radioanal. Nucl. Chem., in pressA.
Kamei, T. Takagi, K. Kubo, Geol. Surv. Japan, vol. 54, p.395
—409, 10 figs., 2 appendix tables.

Geology, lithostratigraphy and
geochemistry of the oldest
Eoarchaean BIFs, Northern
Labrador

S. AOKI'*, M. SHIMOJO', S. SAKATAZ, S. YAMAMOTO',
A.ISHIKAWA!, T. HIRATAZ AND T. KOMIYA!

'Earth Science and Astronomy, the University of Tokyo,
Tokyo, 153-8902, Japan *shogo@ea.c.u-tokyo.ac.jp
?Laboratory for Planetary Sciences, Kyoto University, Japan

Banded Iron Formaion (BIF) is chemical sediment, which
is a key of deciphering chemical evolution of seawater
throughout the Precambrian. However, there are found only
few pre-3.6 Ga BIF: the 3.71-3.83 Ga Isua supracrsutal belt
and Akilia Island, >3.75 Ga Nuvvuagittuq supracrustal belt
and the Nulliak supracrustal belt, respectively. Recently,
reassessment of zircon U-Pb dating suggested that the Nulliak
supracrustal belts were formed >3.9 Ga[1]. This work presents
the geology and geochemistry of the oldest BIF in the earth, in
the Nulliak supracrustal belts, Labrador.

Geology and lithostratigraphy shows that there are two
types of BIFs in the area: thin BIF layers associated with
mafic rocks and BIF layers interlayered with carbonate rocks,
respectively. The former is typical Algoma-type BIF, common
in the Eoarchean supracrustal belts. The latter is also thin and
sporadically distributed in the area, similar to the Algoma-type
BIF but its lithostratigraphy is similar to the Superior-Type
BIF, uncommon in the Eoarchean BIF. Mineral assemblages
of the BIFs are similar each other, and comprises magnetite +
quartz + actinolite + cummingtonite, which are typical of
amphibolite facies assemblages for BIFs.

PAAS-normalized rare earth elements plus yttrium
distribution diagrams (REYgy) of the BIFs exhibit positive
Lagy + Yy anomalies, super-chondritic Y/Ho values and
LREE, MREE depletion relative to HREE. The geochemical
characteristics are shared with modern seawater. In addition,
the REY patterns lack negative Ce anomaly whereas display
large positive Eu anomaly, suggesting reduced and
hydrothermal fluid-influenced seawater. On the other hand,
their high abundances of Al203 and HFSE contents suggest
that detritus input was common in the sedimentary
environments of the Nulliak supracrustals. In addition, their
high abundances of Ni and Zn contents (>50 ppm) indicate
that the >3.9 Ga seawater was enriched in the transitional
metals due to high hydrothermal activities or alteration of
(ultra)mafic crusts, analogous to the Archaean BIFs[2].

[1] Shimojo et al, (2013), Mineral. Mag, this volume. [2]
Konhauser et al, (2009), Nature 458, 750-753.
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Microbial activity below the Iheya
North deep sea vent constrained by
quadruple sulfur isotopes

SHINNOSUKE AOYAMA'*, MANABU NISHIZAWAZ,
KEN TAKAI® AND YUICHIRO UENO %

'Department of Earth and Planetary Sciences, Tokyo Institute
of Technology
(*correspondence: aoyama.s.ab@m.titech.ac.jp)
*Precambrian Ecosystem Laboratory, Japan Agency for
Marine-Earth Science and Technology (JAMSTEC)
3Earth-Life Science Institute, Tokyo Institute of Technology

Sulfate reduction is the predominant microbial
metabolisms in the subseafloor environment. The sulfate
reduction is generally slow due to the limitation of substrates
under the stationary seafloor. On the other hand, hydrothermal
system may host active microbial sulfate reduction possibly
due to the water circulation. In 2009, a drill ship “CHIKYU”
drilled Theya North hydrothermal system in the Okinawa
Trough. For evaluating the sulfate reducing activity, we
analysed sulfur isotopes (**S/**S/**S/*°S) of pore water sulfate
and mineralized sulfide extracted from the core samples. The
observed **S-enrichment and decreased sulfate concentration
in the upper and intermediate section suggest sulfate reduction
took place below the seafloor. On the basis of our model
calculation, apparent isotope effect **¢ is estimated to be —
21%o0 and the occurrence of sulfate reduction is only in the
upper part of the subseafloor hydrothermal system, that is the
recharge zone of seawater. The observed fractionation
together with the slight A*S enrichment all indicate that the
sulfate reduction is not thermochemical process but microbial
process with high reaction rate. Also, roughly ~50% of
mineralized sulfide is estimated to have been deposited from
microbial reduction below the seafloor . The rapid seawater
circulation in the Iheya North hydrothermal system may be
critical to support active microbial sulfate reduction below the
seafloor.

A database for calculating
geochemical reactions of CO, and gas
mixtures at high (P, T, salinity)
C.A.J. APPELO'* AND D L. PARKHURST?

"Hydrochemical Consultant, Amsterdam NL
(*correspondence: appt@hydrochemistry.eu)
2US Geol Survey, Denver, Co, USA, dlpark @usgs.gov

For calculating gas properties at high pressure an equation
of state for gases [1] was programmed in PHREEQC, version
3 [2]. The solubility can be calculated from the fugacity
coefficient of the gas and its aqueous molar volume, with
accurate results in solutions of various salinities up to 1000
atm and 200°C.
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Figure 1. Solubility of CO, in pure water as a function of
pressure, 25-100°C. Data from literature, lines from
PHREEQC.

For modeling gas solubilities and mineral scales at high P-
T and saline conditions, Pitzer.dat was adapted [3, 4].

[1] Peng and Robinson (1976) Ind. Eng. Chem.
Fund. 15, 59-64. [2] http://wwwbrr cr.usgs.gov/projects/GW-
C_coupled/phreeqc/index.html [3] Pabalan and Pitzer (1987)
GCA 51, 2429-2443. [4] Holmes and Mesmer (1986) JSC 15,
495-517.
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Carbonate mineralisation in the
supergiant Olympic Dam deposit
O.B. APUKHTINA'*, V.S. KAMENETSKY'AND K. EHRIG?

!CODES, UTAS, Hobart, Tasmania 7001, Australia
(*correspondence: olgaa@utas.edu.au)
’BHP-Billiton, GPO Box 1777, Adelaide, SA 5001, Australia

The supergiant polymetallic Olympic Dam (OD) deposit is
characteristically enriched in carbonate minerals. The
relationships between carbonates and other minerals (hematite,
magnetite, pyrite, Fe-Cu sulfides, uranium minerals), as well
as the source of carbon remain unresolved.

OD is a breccia complex within the Mesoproterozoic
granite that was intruded by ultramafic and mafic dykes. The
ore minerals are associated with gangue minerals such as
barite, fluorite, quartz, apatite and carbonates. Carbonate
minerals occur in the association with the sulfides (particularly
chalcopyrite) and gangue minerals.

Carbonates in the deposit increase in concentration
towards the edges and at depth. REE-fluorocarbonates (e.g.
bastnisite-(Ce), synchysite-(Ce)) postdate the most common
Ca-Mg-Fe-Mn carbonate minerals (siderite, calcite, dolomite-
ankerite ss).

Calcite vein \ ' wr

g
= 7 Ooilit
B - with Sphene i

x

R @leind

¥
S‘ie rite

Figure 1: Some examples of carbonate textures.

In most cases carbonates appear as veins in different
lithologies (mafic dykes, granite, mineralised breccia, figs.
la)b) and rarely as oolitic rocks (fig. 1c). In addition, many
carbonates occur in brecciated rock both as clasts and breccia
cement (fig. 1a), providing evidence for numerous fauling and
breccia-forming events. Various textures of carbonate-bearing
rocks imply carbonate deposition in several stages.

The relative age of different carbonate generations based
on dating of associated minerals (apatite, titanite, rutile,
monazite) and 8"C and &0 isotope signatures will be
presented at the conference.

Reconstruction of redox conditions
during deposition of Jordan oil shale
using inorganic geochemical records

S. AQLEH'*, S. VAN DEN BOORN?, O. PODLAHA?,
C.MARZ', T. WAGNER!, S. W. POULTON?
AND S. KoLonic?

'Newcastle University, School of Civil Engineering and
Geosciences, UK (Correspondance: s.aqleh@ncl.ac.uk)
2Shell Global Solution, Rijswijk, The Netherlands
3University of Leeds, School of Earth and Environment, UK
“Jordan Oil Shale Company B.V., Amman, Jordam;
New adress: SPDC of Nigeria Ltd., Nigeria

With the global rise in petroleum demand the pressure on
finding conventional hydrocarbon resources has increased
substantially and has led to a shift in focus from conventional
to unconventional resources. The situation is particularly
precarious for Jordan as it imports ~97% of its current energy
needs, which underlines the importance of finding alternative
energy resources within Jordan and explains the increased
focus on the huge reserves of oil shale in the country which
exceed 65 billion tons [1]. Oil shales are characterized as
thermally immature packages of fine-grained organic-rich
sediments that require artificial heating to generate
hydrocarbons [2].

Here we present an inorganic geochemical study of thick
sections of oil shale from two neighbouring core-holes in
Central Jordan. Bulk geochemical records (total sulphur, total
carbon and total organic carbon) along with inorganic
geochemical proxies (Fe sequential extraction and trace
metals) are used to reconstruct the paleodepositional
environment of the oil shale, with special emphasis on
understanding the mechanisms behind high-frequency and
high-amplitude variations in TOC content that characterize
these deposits. The proxy records show that TOC and S,
vary in phase but exhibit high amplitude variability, while
carbonates contribute the largest fraction to the sediments.
Trace metal and Fe speciation data indicate that the
depositional environment fluctuated between anoxic and
euxinic conditions. The strongest enrichment in redox
sensitive trace metals (e.g. Mo and V) and TOC occur in
euxinic sediments. The subtle fluctuations in oxygen
deficiency at the reducing end of the redox scale are believed
to exert an important control on organic matter enrichment and
quality.

[1] Alali, J. (2006). International Conference on Oils Shale:
“Recent Trends in Oil Shale”, Amman, Jordan. Paper no.
Rtos-Al. [2] Dyni, J. R (2003). Oil Shale. 20, 193-252.
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Diagenetic mobilisation of Fe and Mn
in hydrothermal sediments

ALFRED AQUILINA', WILLIAM B. HOMOKY',
LAURA E. HEPBURN', SETH G. JOHN?, TIMOTHY M.
CONWAY?, TIMOTHY LYONS® AND RACHEL A. MILLS'*

'Ocean and Earth Science, National Oceanography Centre
Southampton, University of Southampton, SO14 3ZH, UK
(*correspondence: rachel.mills@soton.ac.uk,
alfred.aquilina@soton.ac.uk, w.homoky @soton.ac.uk,
laura.hepburn@soton.ac.uk).

*Department of Earth and Ocean Sciences, University of South
Carolina, Columbia, SC29208, USA (sjohn@geol.sc.edu,
tconway @geol.sc.edu).

*Department of Earth Sciences, University of California,
Riverside, 900 University Ave. Riverside, CA 92521,
USA (timothy.lyons@ucr.edu).

The Bransfield Strait is a tectonically-active marginal
basin between the Antarctic Peninsula and the South Shetland
Islands. We present data linking diagenetic metal cycles to
hydrothermal activity on Hook Ridge, a submarine volcanic
edifice in the Central Basin. Water column E,-anomalies,
visual observation of fluid flow at the seafloor, and pore-fluid
chemistry confirm hydrothermal activity on Hook Ridge [1].
Concentration-depth profiles of NO;", Mn** and Fe** indicate
early stage, suboxic diagenetic reactions. However, compared
to a nearby reference site, the sediment surface at Hook Ridge
is enriched in solid phase Fe (reactive oxides and carbonates)
and Mn, and underlain by elevated pore-fluid Fe and Mn
content (Fig. 1).
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Figure 1. Down-core concentration and isotope composition
of Fe in sediments and pore-fluids from Hook Ridge.

The isotope composition of dissolved pore-fluid Fe
maxima (8*°Fe ;. eq = +0.29 £ 0.05 %o) is similar to the solid
phase isotope composition (8°°Fe;, = +0.21 + 0.15 %o; Fig.
1), and distinct from light values that typify reductive Fe
dissolution. Deeper dissolved Fe isotope compositions are
consistent with Fe-sulfide reactions. Hydrothermal sediments
are routinely overlooked as a significant source of metals to
seawater, but Hook Ridge sediments indicate vigorous
diagenetic mobilisation and enrichment of Fe and Mn with
potential to impact Fe-limited primary production in the
Southern Ocean.

[1] Aquilina et al (2013), PLoS One, 8(1) e54686

Distribution, correlation and health
risk assessment of heavy metal
contamination in surface soils around
an industrial area, Hyderabad, India

A.KESHAV KRISHNA' AND K. RAMA MOHAN?

!CSIR-NGRI, Habsiguda, Uppal, Hyderabad-500 007, INDIA
(* correspondence: keshav_krishna@ngri.res.in)

2 CSIR-NGRI, Habsiguda, Uppal, Hyderabad-500 007, INDIA
(krngri@rediffmail.com)

Due to rapid industrialisation and urbanisation there has
been much concern over the soil contamination with heavy
metals. One such example is soils of Kazipalli (Hyderabad),
India which has become a serious environmental problem.
This region hosts several industrial activities which are the
main source for hazardous waste which include
pharmaceuticals, drugs, metal, packing, machinery and
chemicals. Soil samples from fifty seven (57) sampling sites
were collected from this industrial zone and were analyzed for
heavy metals (HM) like As, Cr, Cu, Ni, Pb and Zn.
Concentrations ranged from 4.4-796.3 mg/kg for As, 9.7-
598.6 mg/kg for Cr, 7.9-183.5 mg/kg for Cu, 10.2-129.6
mg/kg for Ni, 25.3-1830 mg/kg for Pb and 23.8-879 mg/kg for
Zn.

Application of factor and cluster analysis indicates that
heavy metal contamination in soils originates from industrial
activities which are of anthropogenic origin. Pearson’s
correlation analysis showed that there exists close correlations
among As-Pb, Cr-Ni, Cu-Zn. Contamination of soils in the
study area were further classified for geoaccumulation index
(L) .enrichment factor (EF), contamination factor(CF) and
contamination degree (C,,,). The values of pollution index (PI)
and integrated pollution index (IPI) indicated that metal
pollution levels were in order of As>Pb>Cu>Cr>Zn>Ni.
Potential ecological risk indices (PERI, RI) showed the area
suffered with high As contamination, followed by Cr, Cu, Pb,
Ni, and Zn. The health risk assessment based on average daily
doses (ADD) of individual elements were calculated using
exposure parameters and reference doses from integrated
databases of USEPA. Further, the average levels of chronic
and carcinogenic risk based on hazard quotient (HQ) and
hazard index (HI) are presented in the form of stock plots and
tables. These results are important for the development of
proper management strategies to decrease point and non-point
source of pollution by different remediation methods.
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Ancient fragments in the
subcontinental lithospheric mantle
beneath the Carpathian-Pannonian

Region

LASZLO ELGD ARADI'*, CSABA SZABO', JOSE MARIA
GONZALEZ-JIMENEZ?, WILLIAM GRIFFIN?,
SUZANNE Y. O’REILLY? AND KEIKO HATTORP
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*Department of Earth Sciences, University of Ottawa, Canada

*correspondance: aradi.laszloelod@gmail.com,
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The Carpathian-Pannonian region (CPR) was formed by
lithospheric extension accompanied by mantle flow and
upwelling in the Neogene. Plio-Pleistocene alkali basalts
brought fragments of the lithospheric mantle at five places in
the CPR: Styrian Basin (Austria, Slovenia), Little Hungarian
Plain, Bakony-Balaton-Highland (Hungary), N6grad-Gomor
(Hungary, Slovakia) and Persani Mountains (Romania).

Several sulfide-bearing lherzolite xenoliths from the CPR
were chosen to determine their PGE-distribution and Re-
depletion ages (Typ). Both whole-rock and in situ analyses
show fractionated PGE patterns, which are controlled by
partial melting of the upper mantle indicated by the correlation
between Al,O,; and IPGE/PPGE. This is also supported by the
major- and trace- element contents of the rock-forming
minerals. in situ PGE analyses on sulfide grains show high and
variable abundances of Os, Ir, Ru and Rh, with decreasing
abundance from Rh to Au and a strong negative Pt anomaly.
The total concentrations of PGEs range between 4 and 796
ppm.

The Re-depletion model ages range from near-zero to 1.6
Ga. Most of the Ty, ages are older than the oldest (Paleozoic)
crustal rocks of the CPR. The main peaks at 0.6-0.8 Ga could
be related to the breakup of Rodinia. The remainder of the
model ages scatter between 0.95 and 1.35 Ga, which are
probably related to the amalgamation of Rodinia. Outliers as
old as 1.6 Ga (from Nograd-Gomor) suggest that the
subcontinental lithospheric mantle beneath the region may
contain ancient domains dating from the assembly and break-
up of the Columbia supercontinent, but these have been
overprinted by numerous metasomatic events.

This research was funded by the Hungarian Science
Foundation (OTKA, 78425 to Cs. Szabd).

Melting of Rutile under Pressure

S. ARAFIN, R. N. SINGH ,YOUSUF AL-SAIDI
AND A K. GEORGE

Physics Department, College of Science, Sultan Qaboos
University, Box:36, Al-Khoudh 123, Oman

Rutile is one of the polymorphs of TiO,. Out of the total
mass of the Earth’s crust, amount of rutile found in nature
ranges from 0.5% at the upper crust to 0.8% at the bottom
crust [1]. It is used in photovoltaic devices, integrated wave
guides, gas and humidity sensors, and solar cells. Research on
rutile is important to earth scientists because a complete
understanding of the composition and thermal state of the
Earth’s interior depends on information about the elastic
properties of this mineral at high pressure and temperature [2].
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Information on pressure dependence of the melting
temperature of rutile is scanty. Fritz [3] has measured the
pressure dependences of the six elastic constants of single-
crystalline rutile (TiO,) by using ultrasonic techniques and a
pressure range of 0-2 GPa. We present here pressure
dependence of the melting temperature and thermophysical
properties such as enthalpy, viscosity and diffusivity of rutile
using a semi-empirical approach based on Lindemann’s law.
The pressure range used in the present study is 0-60GPa. Our
preliminary results show that the melting maximum of rutile is
2610 K and it occurs at 48 GPa.

[1] Rudnick, R.L. and Fountain, D.M., 1995, Rev. Geophys.,
38(3), 267-309 [2] Isaak, D.G., Carnes, J.D., Anderson, O.L.,
Cynn, H. and hake, E., 1998, Phys Chem Minerals, 26, 31-43.
[3] Fritz 1.J., 1974, J. Phys. Chem. Solids, 35, 817-826.
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Secular change of the chromite
concentration process from the
Archean to Phanerozoic
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We examine the secular change of properties of podiform
chromitites and their host peridotites to understand the
evolution of the upper mantle through Earth’s history.
Podiform chromitites are very rare in the Archean ophiolites.
They got gradually abundant in ophiolites from the early
Proterozoic to the Phaneorozoic. The size of chromitite pods is
mostly small (1 to 20 m x 0.5 to 3 m) in the Precambrian
ophiolites, while remarkably larger (up to hundreds meters x
several tens of meters) in the Phanerozoic ophiolites. The
Archean chromitites show a very restricted and highly
refractory composition of chromian spinel: Cr# [Cr/(Cr + Al)]
from 0.74 to 0.93 and TiO, content less than 0.3 wt%. The Cr#
of spinel in the host harzburgite is also high, around 0.7. In the
late Proterozoic ophiolites, podiform chromitites are much
more abundant than in the Archean and early Proterozoic
ones. Al-rich chromitite varieties started to appear in the late
Proterozoic ophiolites, although the majority are Cr-rich.

Podiform chromitites are very common and large in size in
the Tethyan ophiolites of the late Paleozoic to Mesozoic age.
Their host mantle peridotites have a wide range of spinel
composition with an intermediate Cr#, around 0.5, serving as
the most common host for large podiform chromitites in the
Phanerozoic ophiolites. With a few exceptions all known
Phanerozoic ophiolites have less refractory peridotites and
chromitites than t the Precambrian ophiolites. Diversity in
chromian spinel chemistry and PGE contents in podiform
chromitites become more distinct in the Phanerozoic
ophiolites.

If the tectonic setting of ophiolite formation has been kept
the same, the distribution of Cr within the mantle to crust has
been changed possibly with time. Larger amounts of Cr were
possibly transported to the crust by high-degree partial melts
and concentrared as the stratiform chromitite in the
Precambrian, and, in contrast, have been stored as the
podiform chromitite within the mantle as podi in younger
times in the Earth’s history.

Archean regional metamorphism of
the 3.8-3.7 Ga Isua Greenstone Belt,
SW Greenland: Geothermal gradient
of the Archean subduction zone and

implication for global carbon cycle

T. ARAI'*, S. OMORP?, T. KoMy a®
AND S. MARUYAMA*!

"Department of Earth and Planetary Sciences, Tokyo Institute
of Technology, Tokyo 152-8551, Japan
(*correspondence: arai.t.am@mtitech.ac.jp)

’The Open University of Japan, Chiba 261-8586, Japan

*University of Tokyo, Tokyo 153-8902, Japan

“Earth-Life Science Institute, Tokyo Institute of Technology,
Tokyo 152-8551, Japan

The 3.7-3.8 Ga Isua Supracrustal Belt (ISB), southwest
Greenland, constitutes the oldest accretionary complex on
Earth [1]. Detailed microscopic and microprobe analyses of
metabasites in the area revealed that the western ISB
underwent regional metamorphism from lower to upper
amphibole facies, which record subduction-related progressive
metamorphism [1]. Analysis of isochemical phase diagram of
the metabasites quantitatively estimated the Archean
geothermal gradient along the subducting plates as an
intermediate P/T-type metamorphic series. In addition, the
correlation of the modal abundance of carbonate minerals in
the MORB-related metabasites with its metamorphic grade
suggests that the carbonate minerals were formed prior to its
subduction at the convergent boundary. Subduction of
carbonatized oceanic crusts is considered as one of the main
mechanism to reduce the atmospheric CO, [2]. Previous works
reported that the less metamorphosed 3.1 Ga Archean MORB
in Pilbara Craton, Western Australia, contain 30 vol% of
carbonate minerals on average, due to the hydrothermal
carbonation reaction with the CO,-rich Archean seawater at
the mid-ocean ridge [2], whereas 3.8Ga Archean MORB in the
study area rarely contain carbonate minerals. Comparison of
the Archean geothermal gradient and stability fields of
carbonate minerals of the metabasite suggests that most of
carbonate minerals in the oceanic crusts could not have been
stably transported into the mantle under the geothermal
gradient. The line of evidence indicates that most of the
carbonate minerals trapped in the oceanic crusts could have
returned to the surface at the subduction zone at least in the
Archean 3.8Ga even though the Arcehan oceanic crusts were
highly carbonated.

[1] Komiya et al (1999) Journal of Geology 107, 515-554.
[2] Shibuya et al (2012) EPSL 321-322, 64-73.
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The role of brines in metamorphism
and anatexis

L.Y. ARANOVICH

Institute of Geology of Ore Deposits RAS, 119017 Moscow,
Russia (lyaranov@igem.ru)

A number of observations point to a potentially wide
participation of brines in high grade metamorphic processes.
Those are findings of alkali and alkali earth halides as
daughter crystals in fluid inclusions; appreciable amount of Cl
measured in granite melt inclusions in minerals and direct
observations on high temperature halides present in
intergranular space in the high grade rocks [1].
Thermodynamic mixing properties of concentrated water-salt
fluids at high P-T differ greatly from those of water-non-polar
gas mixtures: the former are characterized by a large negative
deviation from ideal solutions [2], while the latter exhibit
positive deviation from ideality. This difference has two major
petrologic implications: unlike water-gas fluids, the presence
of brines strongly increases melting temperature of
quartzofeldspathic rocks and decreases dehydration of water-
bearing minerals. Operation of brines may help to resolve the
“granulite paradox”: extensive dehydration without hole-sale
melting. New experimental results [3] show that there is a
large range of P-T space in which subsolidus deep crustal
metasomatism may take place at low H20 activity via
migrating fluids. Brines may implant K20 and silica into the
mid-crust and thus condition it for anatexis. Brine-assisted
anatexis differs greatly from rock melting in pure H20 or in
CO2-H20 fluids. Large changes in feldspar compositions in
equilibrium with melts can result from small shifts in fluid
compositions. Contours of constant fluid H20 on the solidus
minimum (H2O isopleths) have strongly positive dP/dT
slopes. As a consequence, rising accumulations of granitic
magma may be fluid saturated and even increase their melting
capacity with decreasing depth because of the great pressure
dependence of H20 activity in salt solutions. These results
offer an explanation for mid-crust migmatization and granite
production: rising hot brines may provoke rock melting at
some threshold of decreasing depth in the range 15-20 km.
Because of their enhanced capacity for metasomatism, leading
to eventual melting at appropriate conditions of temperature,
pressure and H2O activity, concentrated brines should be
considered as possibly important agents in crustal evolution.

[1] Markl & Bucher (1998) Nature 391, 781-783.
[2] Aranovich & Newton (1996) Contrib. Mineral. Petrol.
125,200-212. [3] Aranovich et al (2013) EPSL (submitted).

The origin of lithium in playas in
Nevada, USA: Constraints by lithium
isotope ratio

D. ARAOKA'* H.KAWAHATA', T. TAKAGP,
Y. WATANABE?, K. NISHIMURA® AND Y. NISHIO*

'AORI, The University of Tokyo, Japan
(*correspondence: araoka@aori.u-tokyo.ac.jp)

*National Institute of Advanced Industrial Science and
Technology (AIST), Japan

3Japan Agency for Marine-Earth Science and Technology
(JAMSTEC), Japan

Lithium is an industrially useful element with extremely
low reduction potential whose compounds are used in many
ways, espeacially in secondary lithium-ion batteries. Highly
concentrated lithium resources are often formed in salt crusts
and playas by evaporative enrichment, and lithium-rich brine
in playas is a major raw material for lithium production.
Moreover, lithium isotopic ratios (8'Li) have recently been
identified as a tool for investigating water—rock interactions
[1, 2]. Thus, to determine the origin of lithium in playas, we
conducted leaching experiments to evaluate the effect of
leaching processes on 8’Li. Then we determined lithium and
strontium isotopic ratios and contents and trace element
contents of various lacustrine and evaporite deposit samples
collected from playas in Nevada, USA. In samples from the
playas, 8’Li values were much lower than those in river water
[3] and groundwater samples [1] from around the world, but
they were close to those of upper continental crust [4]. On the
basis of temperature dependence of lithium isotope
fractionation during water-rock interactions [5], these results
indicate that the highly concentrated lithium in playas was
supplied mainly through high-temperature water—rock
interactions associated with local hydrothermal activity and
not directly by low-temperature weathering of surface
materials. This study, which is the first to report lithium
isotopic compositions in playas, demonstrated that 8’Li may
be a useful tracer for determining the origin of lithium and
evaluating its accumulation processes in playas.

[1] Tomascak (2004) Rev. Mineral. Geochem. 55, 153-195. [2]
Tang et al (2007) Int. Geol. Rev. 49, 374-388. [3] Misra &
Froelich (2012) Science 335, 818-823. [4] Teng et al (2004)
Geochim. Cosmochim. Acta 68, 4167-4178. [5] Wunder et al
(2006) Contrib Mineralog Petrol 238, 277-290.
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Application of CSIA for evaluating
the fate of chlorinated compounds in
low permeability sediments

R. ARAVENA'* B.L.PARKER?,G.LIMA®, S. CHAPMAN*
AND D. ADAMSON®

"University of Waterloo, Waterloo, Ontario, Canada

(*correspondence : roaraven@uwaterloo.ca)
Z4University of Guelph, Guelph, Ontario, Canada
3University of Toronto, Toronto, Ontario, Canada
5GSI Environmental, Houston, Texas, USA

Clayey and silty aquitards are natural barriers that can
protect aquifers at sites impacted by DNAPL contamination,
with the degree of protection depending on geologic,
hydrogeologic and geochemical characteristics. The most
effective aquitards are those in which contaminant transport is
diffusion controlled, provided the aquitard is sufficiently thick
(>20 ft or so) to prevent diffusive breakthrough. If the aquitard
is thin but unfractured, upward hydraulic gradients and/or
chemical or biological degradation may be required to prevent
diffusive breakthrough. The purpose of this presentation is to
discuss the state of the art of the science relevant for
evaluating processes of contaminant distribution and fate in
clay aquitards with emphasis on the application of CSIA.

Two sites contaminated with chlorinated compounds were
used in the investigation. A high resolution monitoring
network, aquitard cores, microbiological tools and CSIA were
used to evaluate the distribution and fate of the contaminants
in the aquifer and the aquitards.

VOC’s concentration profiles showed the highest
concentration of parents and daughter products are observed
near the aquitard and difussion was controlling contaminant
transport in the aquitards. Much lower concentration or no
VOC’s were observed in the underlying aquifer at both sites.
The isotope data showed that biodegradation was also
controlling the VOC’s concentration in the aquitard. The
microbial data is also in agreement with the isotope data.
Results of the detailed investigation confirmed the aquitard at
both sites has apparently good integrity, therefore no or minor
impact in the underlying aquifer is expected at the study sites.

Tracing perturbations in the
oxygenation of the Cenozoic ocean
using Molybdenum isotopes

COREY ARCHER!, SUNE NIELSEN?, KEVIN BURTON®
AND JAMES R. HEIN*

'Tnstitue of Geochemistry and Petrology, Dept. of Earth
Sciences, ETH Zurich, Switzerland
(corey.archer@erdw .ethz.ch)

Dept. of Geology and Geophysics, Woods Hole
Oceanographic Institution, MA, USA

*Department of Earth Sciences, Durham University, Science
Labs, Durham, UK

*US Geological Survey, 400 Natural Bridges Dr., Santa Cruz,
CA,USA

In recent years studies of Mo and its isotopes have come
to the fore as indicators of palacoredox conditions of the
Earths atmosphere and oceans. Particular interest has focussed
on tracing the evolution of the oxygenation of the atmosphere
and oceans during key periods of Earths history such as the
Great Oxidation event', or the resultant changes in ocean
chemistry during the Proterozoic Eon’. By contrast few studies
have focussed on changes in oceanic redox conditions through
the Cenozoic, with existing data suggesting that essentially
constant, and modern like redox conditions have prevailed for
the last 60-70 Myr®. This observation is perhaps surprising
considering evidence for substantial changes to the ocean-
atmosphere system at the start of the Cenozoic®2*,

Here we present new Mo isotope data from a well dated
Pacific Ocean ferromanganese crust, potentially unique tracres
of ocean chemistry, spanning the entire Cenozoic. Our data
shows a small but significant 0.3%0 (8°**°Mo) positive Mo
isotope anomaly from modern ferromanganese crust values
starting at the beginning of the Cenozoic, and lasting for much
of the Cenozoinc before returning to modern values. These
data therefore imply a Cenozoic ocean with a heavier Mo
isotope composition than the present day. The Mo isotope
anomaly is consistent with the processes inferred to have
caused major changes in seawater sulphur and thallium
isotopes during the Early Cenozoic*’, and indicates that
marine ferromanganese precipitation and organic carbon
burial rates were significantly higher and lower, respectively,
in the Early Cenozoic than present day.

[1] A.D. Anbar et al, Science, 2007, 317, 1903. [2] G.L.
Arnold et al, Science, 2004, 304, 87. [3] C. Siebert et al, 2003,
Earth Planet. Sci. Lett. 211, 159. [4] U.G Wortmann & A.
Paytan, 2012, Science 337, 334. [5] S.G. Nielsen et al, 2009,
Earth Planet. Sci. Lett. 278,297
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Why wind energy?

CRISTINA L. ARCHER
(carcher@udel.edu)

Wind energy has a relatively minor role in our current
energy mix, but it can be one of the most important players in
our future energy mix. Humans are extraordinarily effective at
transferring carbon from the Earth to the atmosphere, mainly
for the purpose of generating useful energy. This carbon-based
energy choice has impacts on the Earth’s climate, from the
carbon cycle to air pollution, but also on other human factors,
such as population growth and GDP. Most negative impacts
can be eliminated by a green economy in which energy comes
from renewable sources, such as wind. Wind will be evaluated
in terms of its global potential, variability, effects on climate,
and limitations. Preliminary findings also suggest that offshore
wind farms can provide the additional benefit of protecting
coastal communities during hurricanes.

Geochemistry and mineralogy of
Philippine Nickel laterite deposits

CARLO A. ARCILLA, RUSSEL ONG, MERYL CALIBO AND
CHERISSE FERRER

National Institute of Geological Sciences, University of the
Philippines, Quezon City, Philippines,
(caloy .arcilla@gmail.com)

Increased worldwide demand for steel has led into
exploitation of nickel coming from Nickel-enriched soils
weathered from ultramafic ophiolites. The Philippines is the
second largest producer of nickel laterites which are mostly
fed into blast furnaces in China. We have conducted extensive
mineralogical and geochemical studies on these laterites
comprising: 1) XRD and Rietveld refinement to identify
mineralogical phases of laterites, 2) sequential extraction
studies to delineate phases wherein nickel is enriched
preferentially and 3) major and trace element analyses of
laterite stratigraphy. We find that iron oxides and hydroxides
dominate the limonite phase, not clay minerals, the latter only
occurring in the lower “saprolite” phases which are dominated
by serpentine-type minerals. While olivine precursors
dominate the peridotite bedrock of laterites, we notice that
pyroxene-rich horizons give rise to higher-grade nickel
laterites. Trace element analyses also reveal surprisingly
enriched concentrations of some rare-earth elements and other
elements (e.g, Sc, Ti,V) that are not included in payment
credits for the ores.
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Subduction zones as probes of mantle
composition
RICHARD ARCULUS

Research School of Earth Sciences, Australian National
University, ACT 0200 (richard.arculus@anu.edu.au)

On a global basis, the genesis of the majority of primitive
island arc and backarc magmas is through partial melting of
ultramafic parental lithologies in the mantle wedge overlying
subducted lithospheric slabs. A combination of slab-derived,
fluid-fluxed melting with some decompression melting are
assumed to dominate these modes of magma genesis in current
convergent margin settings.

The composition of arc-backarc magmas spans a large
range, including rare earth- and high field strength element-
strongly depleted low-K basalts, to highly enriched high-K
basalts, plus a range of high-Mg, intermediate-Si magmas
including boninites and high-Mg andesites. Abundant
examples of active submarine eruptions of the latter types
have been sampled in the past decade in the Tonga-Lau
system. Their genesis involves fluid-fluxed partial melting of
highly refractory, clinopyroxene-poor parental lithologies,
probably at the high temperature end of the spectrum of
backarc-arc-mantle wedge thermal regimes.

The addition of fluxing agents serves as a potent probe of
the lithogical heterogeneity of the mantle wedge that would
not otherwise be subject to partial melting given refractory
mineralogical characteristics. A spectrum of basalt-to-boninite
magmas with high field strength and rare earth element
abundances substantially lower than the majority of primtive
mid-ocean ridge basalts, occurs widely in the intra-oceanic
arcs of the western Pacific. Mixing of partial melts from
refractory lithologies with those generated from more fertile
protoliths also appears to be widespread in the western Pacific
arc-backarc systems.

Another minor but widespread arc magma type is high-Ca-
Mg “ankaramites”, possibly formed through partial melting of
mantle wedge orthopyroxene-free wehrlite; this protolith
likely originates as sub-Moho cumulates formed during
fractional crystallisation of earlier generation hydrous arc
magmas.

In contrast, alkali basalt magmas including very high-K
types (some are phlogopite-phyric)  hosting peridotite
xenoliths, with high U/Nb typical of arcs generally, are rare
magma types in the western Pacific arcs, but nevertheless
indicative of the existence of highly metasomatised mantle
wedge sources. The spectrum of mantle lithologies tapped
during magma genesis at convergent margins is plausibly an
excellent guide to the compositional variability of the upper
mantle worldwide.

Aqueous contamination by
oxyanions. The use of Zn-Al sulphate
layered double hydroxides for waste

water treatment

C.ARDAU*', A. DAVANTES?, E. DORE', F. FRAU'
AND P. LATTANZI!

'Department of Chemical and Geological Sciences, University
of Cagliari , Via Trentino 51, 09127 Cagliari, Italy
(*correspondence : carla.ardau@tiscali.it)

’LECIME, UMR7575 CNRS-Chimie ParisTech, 75005 Paris,
France

Sorption is regarded as one of the most promising
technologies for the treatment of waste waters, due to its
efficacy and cost-effectiveness. Layered double hydroxides
(LDHs) is a class of compounds with general formula [M**,_
M?** (OH),](A™),,,,mH,0. Possible cationic and anionic
associations are widely variable (e.g. M** = Mg, Zn, Cu; M** =
Al, Fe; A™ = CO,*, NO;, SO,%). Thanks to their large surface
area, and high anionic exchange capacity, LDHs are
extensively investigated for their possible use as removers of
pollutant oxyanions from waters.

LDHs form spontaneously in a wide range of
environments, including mine areas. Zn-Al-sulphate LDHs
were found to precipitate from surface waters interacting with
mine wastes [1]. Their effectiveness in attenuation of As
content in NAMD (Net Alkaline Mine Drainage), observed in
natural systems, was the starting point of our investigation.

Synthetic Zn-Al-sulphate LDHs were reproduced in
laboratory and tested in several batch sorption experiments,
first for the uptake of As and, then, for less conventional
environmental oxyanion pollutants (Mo, W and Sb).

The first results in the use of these LDHs as removers of
pollutant oxyanions (up to ~90% As(V); up to ~54% Mo; W
and Sb work in progress) encourage further investigations.
Since the affinity for LDHs strictly depends on the
combination of anion charge density and size [2], a key point
for sorption efficacy is the anionic form of the investigated
pollutant (e.g. H,AsO,", HAsO,> or AsO,*), and of potential
competitors in solution (e.g. HCO; and CO,*). For some of
elements (Mo), possible polymerisation phenomena must also
be considered (see also Davantes et al, this issue). Therefore,
the optimal pH conditions must be specifically evaluated for
any oxyanion and waste water composition in order to
enhance the LDHs uptake efficacy.

[1] Ardau et al, (2011). N. Jb. Miner. Abh. 188/1, 49-63. [2]
Miyata S, (1983). Clays Clay Miner. 31 (4),305-311.
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High-pressure behavior and phase
transitions of thaumasite

M. ARDIT'*, G. CRUCIANI', M. DONDP,
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'Dept. of Physics and Earth Sciences, Univ. of Ferrara, 44100,
Ferrara, Italy
(*correspondence: rdtmtt@unife.it, cru@unife.it)

’ISTEC - CNR, 48018, Faenza, Italy
(michele.dondi@istec .cnr.it)
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(gaston.garbarino@esrf.fr)
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(fabrizio.nestola@unipd.it)

Thaumasite, Ca,Si(OH),(CO,)(SO,)-12H,0, is a rare
mineral with a hexagonal structure based on cylindrical
columns of [Ca,;Si(OH)4(H,0),,]* running parallel to the ¢
axis, among which the SO,* and the CO,* groups are hosted.
Thaumasite is unique because i) is the only known mineral
stable at ambient P-T conditions that possesses silicon hexa-
coordinated by hydroxyls; ii) is an indicator of sulphate attack
in concretes (deterioration due to thaumasite formation
especially occurs at subzero 7). The thermal behavior of
thaumasite has been investigated at LT and HT [1-3], and it
was found that the thaumasite structure collapsed because of a
severe dehydration above 417 K [3]. At all events, reports on
the HP response of the thaumasite structure are lacking.

In this work, the HP evolution of the thaumasite structure
was investigated using synchrotron XRPD, up to 19.5 GPa.
Although during the Rietveld refinements no symmetry
changes have been observed, the unit-cell decreasing with P is
characterized by two strong discontinuities in the 1.38-3.53
GPa and 7.40-15.02 GPa P-ranges, respectively. Hence, three
distinct compression regimes can be defined, with the
thaumasite structure that retains the same P65 space group.
These isosymmetric transitions occur with an increasing of the
unit-cell parameters, revealing that the thaumasite structure
becomes stiffer after each discontinuity. Comparing the LT
and HT data from literature [1-3] with those collected under
HP conditions, it is interesting to underline that the variation
of the axial ratio a/c as a function of the normalized cell
volume V/V, describes an ideal inverse relationship [4].

[1] Jacobsen et al (2003) Phys. Chem. Miner. 30, 321-329. [2]
Gatta et al (2012) Am Mineral. 97, 1060-1069. [3] Martucci &
Cruciani (2006) Phys. Chem. Miner. 33, 723-731. [4] Hazen &
Finger (1984) Comparative crystal chemistry. Wiley, New
York, pp 231.

Trace element composition in a
migmatite-granite complex
(NW Portugal): Protolith and melting
process constraints

M. AREIAS, M. A. RIBEIRO AND A. DORIA

CGUP/DGAOT-FCUP, Porto, Portugal
(maria.areias@gmail.com)

In NW Portugal a migmatite massif surrounding a
synorogenic granite occurs within the axial zone of the
Variscan Orogen. This massif includes: metatexites (patch and
stromatic) and diverse granitoid rocks including: (i) diatexites,
(ii) leucocratic granites, (iii) and two-mica mesocratic
granites. The patch metatexites show anastomosed foliation
marked by aligned Bt between grains of Qtz + Pl + Grt . py),
The Grt can be total or partially replaced by Crd + Qtz + Sil.
There are coarser biotite selvedge skirting fibrolytic Sil + Qtz
+ P1 + Crd + Bt = Kfs clusters. The stromatic metatexites have
micaceous and quartz-feldspathic bands. The former contain
Bt + Sil + Crd + Grt + Qtz + PI. The latter contain large
crystals of Qtz + Pl + Kfs+Bt. The diatexites have Qtz + Pl +
Kfs + Bt and schlieren with Bt + Sil + Crd = Grt. The
leucocratic granitic bodies have essentially Qtz + Pl + Kfs and
Bt and/or Tml clusters. The two-mica granites have Qtz + PI +
Kfs + Bt + Apt and rare schlieren of Bt + Sil + And + Grt +
Zrn. In all lithologies Kfs 7.4 is anhedral and replaces
plagioclase.

The geochemistry study shows that all granitoid rocks are
peraluminous, calc-alkaline with high K. The variation in
HSFE is positively related to the content of FeO , + MgO and
LILE don’t show any correlation. The migmatites REE
chondrit-normalized patterns are very similar to each other
and to NIBAS standard [1]. The leucocratic granites have a
REE pattern similar to leucosome, with positive Eu anomaly
and variable HREE fractionation. The diatexites show variable
REE fractionation and no Eu anomaly.The mesocratic granites
show a REE pattern typical of two-mica granites. The
enrichment in HREE is related with (i) accessory minerals
retention in the melanosome, and (ii) the presence/absence of
garnet in granites and leucosomes. This variations in the
composition must be related to the input of accessory minerals
from the protolith and the degree of melting (Bea,1996),
instead of fractional crystallization or magma mixing.

Research integrated in the activities of CGUP, with
financial EU funds by FEDER/OPHP and FCT and
PETROCHRON project (PTDC/CTE-GIX/112561/2009).

[1] Ugidos et al (2010) - Precambrian Research 178, 1-4. [2]
Bea, F (1996) J. of Petrology, 57-5,521-552.
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Evolution of subglacial weathering
based on multiple isotopic systems

C.A. ARENDT'*, S.M. ACIEGO!, K.W.W. SIMS?,
E.A. HETLAND' AND E.I. STEVENSON!

'EES 1100 N University Ave, Ann Arbor, MI 48109-1005
(*carliana@umich.edu)
>GG 1000 E.University Ave. Laramie, WY 82071-2000

Multiple isotope systems with distinct and specific
applications provide a comprehensive overview of the
evolution of subglacial hydrologic pathways, and thus
weathering processes, at the Athabasca Glacier, Canada.
Synthesizing traditional stable isotopic analysis of 80 and
8D, traditional radiogenic analysis of ¥Sr/*Sr and ¢y,, with a
non-traditional application of uranium-series isotopes, allows
us to quantify seasonal subglacial evolution and the impacts
on weathering processes.

We apply the hydrologic tracers 8'*0 and 8D to estimate
volumes and fractions of water sources to glacial discharge
originating as ice, snow, and precipitation. We coupled a 8'0
and 8D isotope-mixing model and a Bayesian Monte Carlo
estimation scheme to infer the evolving water mass
contributions from these three sources. We assess the extent of
these water mass interactions and melt pathways with bedrock
via heavy isotopes.

The length of time that subglacial water is in contact with
underlying bedrock affects hydrological pathways and the
magnitude of chemical interactions. Excess **U and **Rn
from alpha decay depends on this residence time via their
radioactive decay. Based on our newly established techniques,
we find that the residence time varies by a factor of two
through the melt season and is correlated with weathering
fluxes. The spatial scale of weathering processes is
investigated using radiogenic Sr and Nd isotopes; the age of
the bedrock exposed to subglacial weathering varies
systematically. The spatial variability in weathering location is
revealed by the large variation in ¥Sr/*Sr and ey, (0.712-
0.716 and 16-35, respectively). By combining these four
isotope systems, we provide a quantifiable evaluation of the
meltwater evolution in a polythermal glacier.

Diagnosing petroleum fractionation
processes in surface and subsurface
environments using GCxGC

J.S.AREY'?** C.M.REDDY? R.K.NELSON?,
R.CAMILLE, D.L. VALENTINE*, G.D. WARDLAW*,
D.NABI', P. DIMITRIOU-CHRISTIDIS! AND J. GROS'

'Environmental Chemistry Modeling Laboratory, Ecole
Polytechnique Fédérale de Lausanne, Lausanne,
Switzerland (*correspondence: samuel.arey @epfl.ch)

> Eawag, Diibendorf, Switzerland

*Woods Hole Oceanographic Institution, Woods Hole, USA

*University of California Santa Barbara, Santa Barbara, USA

Petroleum mixtures undergo significant compositional
changes when exposed to air or water. This arises when oil is
spilled on the sea surface, when deposited on the sea floor, or
when extracted using enhanced recovery methods.

Using GCxGC, or Comprehensive Two-Dimensional Gas
Chromatography, we can quantify thousands of individual
hydrocarbon constituents in oil, including many biomarkers
and structural isomers. Further, GCxGC instrument retention
times convey information about the phase partitioning
properties of each analyzed solute, indicating its tendency to
dissolve into water, volatilize into air, or remain in oil phase.
Applying GCxGC together with models of environmental
behavior, we can differentiate physical fractionation and bio-
transformation processes acting on thousands of hydrocarbon
constituents in diverse surface and subsurface environments.

In this talk, I will describe diverse examples in which
GCxGC allows us to disentangle volatilization, dissolution,
and biodegradation processes acting on petroleum mixtures.
Case studies include: oil evaporation and dissolution on the
open sea; oil weathering on contaminated coastlines;
fractionation of oil deposited on the deep ocean floor; and
anaerobic oil biodegradation in a subsurface reservoir. An
outlook into anticipated future developments is also given.

Quantification of 1000s
of sample analytes

Partitioning property
estimation for analytes

- -

Process modeling and
predicted fractionations

Observed fractionations
of 1000s of analytes

- -

Disentangled partitioning and biological processes

Figure 1: Elucidating fractionation processes using GCxGC.
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Sorption of Pb(II) from aqueous
solution by Greek attapulgite clay

A. ARGYRAKI'* P. MESSINI' AND V. ZOTIADIS®

"University of Athens, Panepistimiopolis Zographou 15784
Athens Greece
(*correspondence: argyraki@geol.uoa.gr)
*Edafomichaniki S.A., E. Papadaki 19, 14121 Athens, Greece

Attapulgite clay mined in Grevena, Greece is a readily
available material with proven efficiency in the treatment of
heavy metal contaminated soil [1]. Here, we present results of
laboratory batch experiments aiming to compare raw and heat
treated attapulgite clay for the adsorption of Pb(Il) from
aqueous solution.

Powdered attapulgite clay was supplied by Geohellas S.A.
Samples were heat treated in muffle at temperatures of 130,
330, 500 and 800 °C for 4 hours. P-XRD analysis before and
after heating at different temperature revealed that attapulgite
crystal lattice gets destructed from 330 °C -a lower intensity of
the main peak is observed. The comparative study of Pb
adsorption efficiency of heat treated and non-treated material
was performed for adsorbent dose of 2 to 15 g/L, initial Pb(II)
concentration 50 mg/L, maximum shaking time 2h and pH 4.
The effect of ionic strength was studied by varying the
concentration of NaNO, from 0 to 0.5 mol/L. All experiments
were carried out in a chamber set at 22 °C.

At least 90% of the metal was retained with a dose of
adsorbent of 5 g/L for all tested materials while an increase in
the amount of dose of adsorbent to 10 g/L. reached almost
100% retention for all materials. With the exception of
attapulgite clay heated at 800 °C, maximum adsorption was
achieved within the first 5 minutes of reaction. A decrease in
adsorption was observed as the concentration of NaNO; was
raised probably due to competition between Na* and Pb** for
the adsorption sites.

Complexation and ion exchange are probably the main
adsorption mechanisms at the studied pH. Heat treatment
induces dehydration (zeolitic H,O loss) at low temperatures
(e.g.<150 °C) and dehydroxylation at higher temperatures
(350- 510 °C), while the complete destruction of the clay
occurs at temperatures over 550 °C [2]. Our data imply that
significant changes in adsorption capacity of the used clay are
related to alteration of nanoporosity and reduction of its
specific area after calcination in temperatures > 550 °C.

[1] Zotiadis et al (2012) J. Geotech. Geoenvir. Engineering
138, 633-637. [2] Galan and Singer (2011) Developments in
Clay Science 3,p.15.

Temperature determination from
speleothems through fluid inclusion
and clumped isotope techniques

M. M. ARIENZO'*,P. K. SWART!, S. T. MURRAY'
AND H. B. VONHOF?

'Univerisy of Miami, Miami FL 33149, USA
(*correspondence: marienzo@rsmas.miami.edu,
pswart@rsmas.miami.edu, smurray @rsmas.miami.edu)

*Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
(h.b.vonhof@vu.nl)

Traditionally carbon and oxygen isotope analyses have
been used to unravel the paleoclimate history of speleothems.
However, the 80 of a carbonate is dependent both on the
variations in temperature and the 8'O of the water. In order
to solve for the second unknown, an additional proxy is
needed and such proxies include fluid inclusions, and/or
clumped isotopes. Here we present results from both fluid
inclusion and clumped isotope analysis on speleothems from
the Bahamas.

Fluid inclusion isotope analysis is the analysis of water
filled cavities in speleothems. These cavities preserve drip
water at the time of formation and isotopic analysis provides
information on the formation water (8'*Ow) and temperature
can be calculated. Here we present a new technique utilizing
cavity-ring down spectroscopy (CRDS) for 80 and 8D
analysis of fluid inclusions and compare the acquired data to
that measured on the Amsterdam Device, a crusher system
linked with an IRMS developed at the VU University
Amsterdam [1]. Our results demonstrate an average standard
deviation on fluid inclusion isotopic analysis of 0.5 %o 6'°0
and 2.0 %o for dD, which is comparable to other IRMS fluid
inclusion analytical methods [1].

In addition to fluid inclusions, clumped isotope analysis of
the calcite has been conducted. Our results support an offset
between the 8'®*0Ow measured on the fluid inclusions and the
80w calculated using the temperature calculated from A47.
This is similar to the offset observed in the literature for
speleothems [2]. To better elucidate the drivers of the A47
offset, cave monitoring has been conducted in the Bahamas,
including in situ calcite farming. Preliminary results from the
cave monitoring support an increasing A47 offset along a
growth band for samples which are thought to precipitate in
equilibrium.

[1] Vonhof et al (2006) Rapid. Comm. Mass Spec., 20 2553-
2558. [2] Kluge, T., Affek, H. P (2012) Quaternary Science
Reviews, 49 82-94.
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Systematic understanding of
adsorption of oxyanions of Cr, Mo,
and W at solid/water interfaces

D. ARIGA,! M. TANAKA,' T. KASHIWABARA?
AND Y. TAKAHASHI'

'Hiroshima University, (m124560@hiroshima-u.ac.jp)
“Japan Agency for Marine-Earth Science and Technology

Adsorption of trace elements on iron (oxyhydr)oxides is
related to their concentrations and isotopic compositions in
natural waters. Among various elements, adsorption of
oxyanions of chromium (Cr), molybdenum (Mo), and tungsten
(W) which are congeners have been studied here with an
emphasis on chromate, because the adsorption mechanism on
ferrihydrite is different between molybdate and tungstate
which form outer— and inner- sphere complexes, respectively,
but not evident for chromate. Therefore, fundamental
understanding of the adsorption mechanisms of chromate is
essential to discuss these issues. We performed (i) extended
X-ray absorption fine structure (EXAFS) analysis for
chromate on the three Fe (oxyhydr) oxides (i.e. ferrihydrite,
goethite, and hematite), (ii) adsorption experiments of
chromate on Fe (oxyhydr) oxides with different conditions of
pH and ionic strength, and (iii) quantum chemical (QC)
calculations to reveal difference of attachment modes (inner—
or outer—sphere complexes) and surface structures such as
monodentate—-mononuclear, bidentate—binuclear, or bidentate—
mononuclear complexes.

EXAFS analysis and adsorption experiments revealed that
chromate forms almost outer—sphere complexes with slight
amount of inner—sphere complexes on ferrihydrite. In
contrast, most of chromate forms inner—sphere complexes on
goethite and hematite. Moreover, the chromate forms mainly a
bidentate—binuclear complex as inner—sphere complexes based
on EXAFS analysis and QC calculations.

In addition, the QC calculation results showed that the
stabilities of the hydrated species in aqueous solution and
outer—sphere complex on solid surface for oxyanions may
govern the determination of attachment modes of oxyanions
and the distribution at the solid-water interfaces.

The experimental results of attachment mode for
oxyanions will be interpreted by linear free energy
relationship (LFER) using pK,,, (= (pK, + pK,)/2) to
explain the adsorption behaviors of these divalent oxyanions.
We found that the LFER using the pK,,,,, value is essential to
explain the adsorption behavior, in particular the preference of
outer— and inner—sphere complexes on ferrihydrite, compared
with LFER based on either pK,, or pK,, value.

Geological and geochemical features
of the Saricayir (Yenice/Canakkale)
Skarn deposits

FETULLAH ARIK AND ILKNUR AK1S

Selcuk University, Geological Engineering Department,
Konya, Turkey
(correspondence: fetullah42@hotmail.com)

The Saricayir Skarn Deposit is located around the
Sarigayir village and 70 km southwest of Canakkale. Oligo-
Miocene magmatic, metamorphic and volcanic rocks crop out
in the study area. The Karakaya complex is the basement of
the study area. Structural basement of the Karakaya Complex
is represented by the Niliifer unit that mostly consists of
metabasic rocks. Hodul unit which is dominated by arkosic
sandstones was emplaces over the Nilufer unit. Both of the
Nilufer and Hodul units are metamorphosed to green schist
facies. The units of the Karakaya complex are cut by
Oligocene Karadoru granitoid and Saricayir alkali granites and
covered unconformably by the Oligocene Can volcanics,
consist of andesitic pyroclastics and lavas.

Niliifer and Hodul units were affected by the intrusion of
Karadoru granotoid and Saricayir alkali granite. Contact
metamorphism and skarn zones have been developed between
the Karadoru granitoide and the Niliifer and Hodul units.
Contact metamorphism appears to have extended from albit-
epidot hornfels to hornblend hornfels facies. Skarn zone, on
the other hand, appears to have developed in the type of
garnet-epidot skarn.

Skarn type mineralization was developed adjacent to
Sarigayir alkali granite contacts with the limestones belonging
to Niliifer units which are located northwest of Saricayir
village. Also, epidote and quartz fillings are observed within
fractures and faults of the Sarigayir alkali granite [1].

Garnet, tremolite and epidote were determined in the skarn
zone. Also, pyrite, chalcopyrite, sphalerite, galena, digenite
and cinnabar were observed as ore minerals. Chemical data
obtained from samples indicated that enrichment of the
copper, lead, zinc, arsenic and iron-oxide contents. Thus Fe,O,
contents reach up to 57.54 % together with 60.6 ppb Au. In
addition Cu, Pb, Zn , As and Ag 4656 ppm, 8101 ppm,
3700 ppm, 2500 ppm, and 8.3 ppm respectively.

[1]Arik and Akis (2011) Geological and geochemical features
of Skarn Deposits Around The Saricayir (Yenice/Canakkale)
District, Selcuk Univ. Sci. Res. Fund. Projects, 112p,
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Igneous sapphirine in Ambatomena,
southern Madagascar

M. ARIMA'*, K. KIMOTO!, R. RAKOTONDRAZAFY?,
N.O.T.RAKOTONANDRASANA! AND
M. A. RANAIVOSON!

' Yokohama National University, Yokohama 240-8501, Japan
(*correspondence: arima@ed.ynu.ac.jp)

2 University of Antananarivo, Antananarivo, Madagascar
(raymondrakoto@gmail.com)

Sapphirine is commonly thought to be metamorphic, and
igneous sapphirine is rare [1]. We examined sapphirine-
bearing intrusions of early Paleozoic age (~487 Ma) in
Ambatomena, southern Madagascar [2]. The Ambatomena
rocks intrude  highly  deformed  granulite  facies
quartofeldspathic gneisses. The rocks consist of sapphirine,
spinel, cordierite, plagioclase and orthopyroxene with
subordinate amounts of ruby corundum and phlogopite. The
anhedral corundum grains show melt-reaction coronas of
spinel and sapphirine. The rocks contain abundant sapphirine-
orthopyroxene symplectites and in some places cordierite-
orthopyroxene symplectites were developed. Sapphirine grains
in contact with corundum and spinel are more aluminous than
the 7:9:3 composition (up to 68 wt% Al,O,). The sapphirine-
spinel geothermometry [3] suggests equilibrium temperatures
for the sapphirine-spinel paragenesis around 930~1060°C at 5
kb.

The Ambatomena assemblages represent crystallization of
sapphirine and associated minerals from aluminous silica
undersaturated melts at high temperatures. Petrographic
features suggest the following igneous crystallization
sequence; (1) crystallization of corundum from melt, (2)
sebsequent reaction of corundum with melt to produce spinel
and sapphirine, (3) reaction of spinel with melt to form
orthopyroxene and sapphirine, and (4) final crystallization of
plagioclase, cordierite, and phlogopite from residual melt.
This sequence is broadly comparable to the liquidus phase
relations in the forsterite—diopside—anorthite—silica system
reported by Liu and Presnall [4].

[1] Giovanardi et al, European Journal of Mineralogy, 25, 17-
31, 2013. [2] Giuliani et al, Mineral Deposita, 42, 251-270,
2007. [3] Sato et al, Gondwana Research, 9, 398-408, 2008.
[4] Liu and Presnall. Journal of Petrology, 41, 2-20, 2000.

Adsorption of MS2 virus to natural
organic matter and model surfaces

ANTONIUS ARMANIOUS'* , THERESE SIGSTAM?,
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'Institute of Biogeochemistry and Pollutant Dynamics,
Department of Environmental Systems Science, ETH
Zurich (antonius.armanious @env .ethz.ch)

*Environmental Engineering Institute, School of Architecture,
Civil and Environmental Engineering, EPF Lausanne

Previous studies showed that viruses adsorb to natural
organic matter (NOM) surfaces with varying affinities.
Adsorption to NOM is an important fate process: it may affect
the transport of viruses in the environment and it may enhance
virus inactivation because NOM-water interfaces are reactive
microenvironments. Despite its importance, virus adsorption
to NOM remains poorly understood on a mechanistic level.
Here, we systematically studied the adsorption of the
bacteriophage MS2, a model virus, to different NOM films
and to gold surfaces that were uncoated or coated with self-
assembled monolayers (SAM) of alkylthiols with -CH;, -OH, -
COO" and -NH;* end groups. The well-defined chemical
properties of the gold and SAM allowed assessing the relative
contribution of van der Waals forces, the hydrophobic effect,
hydrogen bonding and electrostatic forces to MS2 adsorption.
The integrities of the formed NOM and SAM films were
verified by ellipsometry and contact angle measurements.
MS2 adsorption was studied as a function of solution pH and
ionic strength using quartz crystal microbalance with
dissipation monitoring that has ng/cm? sensitivity. Negatively
charged MS2 adsorbed to gold and all tested SAM surfaces
except to the negatively charged carboxylate-terminated SAM
surface. No virus adsorption was detected to the different
NOM films at pH= 5 and low ionic strength (/= 10 mM).
Adsorption to NOM films increased with increasing ionic
strength. These findings suggested that MS2-NOM
electrostatic repulsion and possibly steric stabilization forces
dominated over attractive interactions arising from the
hydrophobic effect, hydrogen bonding, and van der Waals
forces. Implications for the interactions of proteins and
engineered nanoparticles with NOM will be highlighted.
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Rethinking mantle geochemical
heterogeneity: New insights into
mantle geology

P. ARMIENTI AND D. GASPERINI
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Classical statistical data analysis constrains the upper
mantle geochemical and mineralogical complexity introducing
the concept of Mantle Resevoirses. This concept is based on
the underlying assumption that the mean composition of wide
mantle volumes may be attained by significantly smaller
representative samples. We argument that this underlying
hypothesis needs to be checked and non-linear methods are
able to reveal how mantle compositional heterogeneity cannot
be conceived as a deviation from a mean value.Non-linear
analysis methods reveal that the mutual distribution of isotope
and immobile trace element of Ocean Island Basalt mantle
sources mirrors the intrinsic spatial organization of the mantle
revealing the systematic occurrence of strange attractors in the
geochemical signals. This supports the evidence for a chaotic
mantle, bridging the discrepancy between geochemical and
geophysical views of mantle composition, and overcomes the
impasse of the twenty years-old theories on mantle reservoirs.
Our results confirm that the vertical scale of mantle
heterogeneity is similar to its horizontal organization, as
revealed by MORB sampled at ridge axes, and reinforces the
conclusion that this structure is inherited from an ancient
convection regime, probably affecting the whole mantle scale.

PTt path of rising magmas. An ascent
rate meter recorded in lava volatile
contents

PIETRO ARMIENTI' AND CRISTINA PERINELLI?

'DST - Pisa University (armienti@dst.unipi.it)
’DST — Pisa University (c.perinelli@dst.unipi.it)

Experimental and theoretical investigations prove that the
triggers of volcanic eruptions are related to the ascent rates at
depth, which control the exolution and expansion of volatile
components. Volatile loss (mainly H20 and CO2) has in turn
cascade affects on a variety of parameters ( crystallinity,
viscosity, volume, composition) all able to strongly affect the
dynamic of the ascent rate. The complex feedbacks of ascent
rate and volatile content may be recorded at shallow levels
by the composition of melt inclusions and at depth, by early
liquidus phases which are sensible to pressure, temperatue and
volatile content.

Among these, pyroxene has been identified as a valid
tracef of the PT path of ascent of magma providing dP/dT
estimates that may be related to dZ/dt (Z=depth) trough
kinetic consideratios on crystal growth and nucleation. The
recent introduction of a clinopyroxene hygrometer now opens
the possibility to relate the water content to pressure and
temperature, extending at considerable depths our record of
PTt, Xi .

Since degassing of non ideal CO2-H20 mixtures is
strongly non-linearly dependent on pressure, the volatile
contents of lavas, as revealed by the mineralogical and melt
inclusion record, can be matched by a unique PTt path that is
coherent with the thermodynamic modelling of gas exsolution.

This new tool to define the PTt path of magmas is here
applied to some recent eruptions of Mt Etna.
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Simulating the climatic impact of
Large Igneous Provinces using a
mid-Miocene case-study

DAVID I. ARMSTRONG MCKAY!, TOBY TYRRELL!,
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'Ocean and Earth Science, University of Southampton
Waterfront Campus, National Oceanography Centre
Southampton, Southampton, SO14 3ZY
(correspondence: D.Armstrong-McKay@noc.soton.ac.uk)

Large Igneous Provinces (LIPs) have occurred throughout
Earth's history, erupting great quantities (>10* km®) of lava in
long-lived (>10° y) events that have been linked to major
environmental disruptions [1]. While the largest LIP eruptions
are widely considered to have had a significant impact on
global climate through basalt CO, degassing [2—4], the impact
of the more numerous smaller LIPs is disputed [5-7]. Here we
test the hypothesis that LIPs had a greater impact on Earth’s
climate history than previously estimated because of the
degassing not only of erupted basalts but also intruded,
underplated and pyroxenite-enriched magma [1, 4, 8]. We use
biogeochemical box models to investigate the potential impact
of the Columbia River Basalts (CRB) during the mid-
Miocene, as a more rigorous model-data comparison is
enabled by the better palacorecords from this relatively
geologically recent event. Comparison of our simulations to
palaeorecords [5, 9, 10] of mid-Miocene changes in oceanic
carbonate compensation depth (CCD), 6"°C in benthic
foraminifera and atmospheric pCO, suggests that an emission
of ~2000-4000 Pg of carbon between ~16.2 and 15.8 Ma is
required to reproduce the palaeorecords, although additional
mechanisms are required to match the CCD palaeorecord
beyond ~15.8 Ma. This flux is within the estimated range of
potential carbon emissions when including non-extrusive
sources. Our results indicate that with these additional CO,
sources the CRB could have played a significant role in the
mid-Miocene Climatic Optimum, and implies that other LIPs
could have also had a greater climatic impact than currently
estimated.

[1] Coffin & Eldholm (1994) Rev. Geophys 32, 1-36. [2]
Grard et al (2005). EPSL 234, 207-221 [3] Paris et al (2012)
Clim. Past Discuss. 8, 2075-2110. [4] Sobolev et al (2011)
Nature 477, 312-316. [5] Foster et al (2012) EPSL 341-344,
243-254. [6] Eldholm & Thomas (1993) EPSL 117, 319-329.
[7] Self et al (2006) EPSL 248, 518-532. [8] Bryan & Ernst
(2008) Earth-Sci Rev 86, 175-202. [9] Pilike et al (2012)
Nature 488, 609-614. [10] Holbourn et al (2007) EPSL 261,
534-550.

Constraining the history of the
Mojavian lithosphere with Sr, Nd, Hf,
and Os isotopes of peridotite
xenoliths from Dish Hill, California
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3 Astromaterials Research and Exploration Science, NASA-
Johnson Space Center, Houston, TX, 77058, USA

The '"0s/'®0s ratios in mantle xenoliths have been used
to constrain continental growth histories [e.g. 1]. However,
there is debate over the degree to which model Os ages reflect
large-scale mantle melting linked to continental growth [2], or
averaged-out end members after a multi-stage-history of
partial melting, melt-rock interaction and metasomatism [3].
Combining different isotopic systematics can help constrain
the nature and timing of melt extraction and secondary melt or
fluid interactions in subcontinental lithospheric mantle.

A suite of 16 spinel-bearing Cr-diopside peridotite
xenoliths from Dish Hill, CA, a Plio-Pleistocene cinder cone
in the Mojave Desert were first characterized for major and
trace elements (bulk-rock and main phases), then analysed for
Os, Hf, Nd and Sr isotopes, with the lithophile isotopic
analyses being obtained on cpx separates.

The'®’0s/"*80s ratios fall on two aluminachron [4] trends,
with Tpyy at 2.12+0.08 Ga and 1.39+0.10 Ga. These two
distinct trends are supported in correlations of '8Os/'*%0s
versus melt depletion indicies such as Cr# in spinel This signal
of two mantle melting events is not present in the Hf isotope
data. The correlations between €Hf and melt depletion
indicies are weak. There is also evidence that Hf is decoupled
from Nd as the peridotites that lie off the eHf-eNd terrestrial
array of [5] also display LREE enrichments. High Nb/Zr and
La/Lu ratios in cpx in one of the peridotites suggest a HFSE-
LREE metasomatic component.

The combined isotopic data points to the lithosphere
mantle under Dish Hill being formed in two ancient mantle
melting events, and overprinted by at least two metasomatic
components. There is no evidence in this xenolith suite of
underlying Farallon oceanic lithosphere as proposed by [6].

[1] Pearson et al (1995) EPSL, 134, 341-357. [2] Pearson et al
(2007) Nature 449, 202-205. [3] Meisel er al (2001) GCA, 65,
1311-1323. [4] Reisberg and Lorand (1995) Nature 376, 159-
162 [5] Vervoort et al (1999) EPSL, 168, 79-99. [6] Luffi et al
(2009), JGR, 114, B03202
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Downward injection of sulfide
slurries: their role in the formation of
Ni sulfide deposits
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Magmatic Ni-Cu sulfide deposits form when mafic-
ultramafic magma interacts with rocks of the continental crust,
which decreases the solubility of sulfide in the magma or adds
sulfur to cause the segregation of immiscible sulfide liquid.
Strongly chalcophile Ni, Cu and PGE concentrate in the
sulfide and if this phase accumulates, an ore deposit is formed.
Most models identify gravitative settling of dense sulfide
liquid as the cause of sulfide accumulation but inspection of
the textures and structures of orebodies indicates that the
process is not so simple. Many ores consist of crystal mushes
or breccias that are injected in pulses into the host intrusions;
layers of massive sulfide commonly penetrate rocks beneath
the intrusions.

These features can be explained if sulfide-rich masses of
magma migrated from higher in the magmatic plumbing
system. As magma ascends, the pressure drops and,
particularly if the magma assimilates country rocks, it loses
heat. This causes crystallization, which may be accompanied
by the appearance of sulfide droplets. The density and the
viscosity of the magma increases. Many ore-bearing intrusions
are saucer-shaped with flat, sill-like bases and sloping
margins. As magma flows up these margins, a dense and
viscous sulfide-bearing mush accumulates near the lower
border while crystal-free liquid ascends along the upper part.
The process differentiates the magma, producing evolved
decanted liquids that flows erupts as flood basalt. The magma
interacts with the sulfide in the lower part of the conduit,
enriching the sulfide in chalcophile metals. The mush layer
periodically becomes unstable and slumps down the conduit,
to be injected as pulses into the sill-like portions of the
intrusions.

Effects of climate change and changes
in atmospheric CO, levels on sources
of terrestrial aerosol precursors

A.ARNETH', W. KNORR? AND M. WU?

'Karlsruhe Institute of Technology, Institute for Atmospheric
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(almut.arneth@kit.edu)

’Lund University, Dept. Physical Geography and Ecosystem
Analysis (Wolfgang knorr@nateko.lu.se;
Minchao.wu@nateko.lu.se)

The terrestrial biota is a significant source of aerosols and
aerosol precursors. Emissions of biogenic volatile organic
compounds, for instance, are known to contribute to the
growth of secondary organic aerosols and hence exert a
negative radiative forcing. Wildfire, as a second example, is a
large source of black carbon, with a large positive climate
forcing. Hence changes in terrestrial aerosol and aerosol
precursor emissions constitute a large and highly uncertain
factor in the assessment of future climate-pollution
interactions, especially when dealing with the question: to
what extent would climate effects of pollution control be
counteracted by possibly enhanced biogenic and fire
emissions?

From a terrestrial sources perspective, addressing this
question requires a consistent, process-based modelling
framework, to take into consideration a number of direct and
indirect factors that affect emissions collectively. Both fire and
BVOC emissions respond rapidly and directly to short-term
weather effects, like warm temperatures enhancing BVOC
emissions. Fire occurrence directly responds to hot dry
conditions immediately. However, over years and decades,
climate trends and trends in atmospheric CO, concentration
also play an important role. For example. wetter conditions
and/or higher CO, levels can enhance fuel and enhance rather
than reduce fires. Vegetation productivity and changing
composition must be taken into consideration, both for BVOC
emissions and fire regimes. Changes in vegetation
composition in response to changing fire regimes can also
affect BVOC emissions regionally, while direct human land
use is an additional crucial component to be considered for the
assessment of future aerosol precursor emissions from
terrestrial ecosystems, for both BVOC and fire.
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Sneaky sulfate signals: Isotope
fingerprints reveal cryptic pathways

G.L. ARNOLD* AND B. BRUNNER
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The presence of sulfate in deeply buried methanic marine
sediments traditionally considered to be sulfate-free (e.g.
Holmkvist et al [1]) implies that sulfur (S) cycling is an
ongoing process in the deep biosphere, reflecting catabolic
pathways where S constituents act as shuttles between
compounds that are being oxidized on the one side and
reduced on the other side. The pivotal role of the S
constituents in such processes often remains hidden or
‘cryptic’ because while the S compounds are continuously
reduced and re-oxidized, the overall inventory of the S
constituents remains constant. Exploring cryptic S cycling is
of importance for two reasons. First, it provides insight into
how microbial processes under energy limitation work, and
if/how, specialized microorganisms share the already small
amount of available energy to carry out different biochemical
reactions. Second, it potentially challenges or at least
transforms the paradigm that there is a sequential cascade of
electron accepting processes in the environment across redox
gradients, with the energetically most favorable electron
acceptor consumed first and the least attractive process carried
out last. In other words, dissimilatory sulfate reduction could
occur in presence of Mn(IV) or Fe(Ill), or in the methanogenic
zone.

We elucidate deep sulfate cycling in the Aarhus Bay
sediments and at other sites by looking at both the S and
oxygen (O) isotope composition of sulfate, which is affected
by sulfate generation and consumption in combination with a
numerical model. The combined S and O isotope singature of
sulfate allow us to disentangle the processes responsible for
sulfate production, such as oxidation of reduced organic and
inorganic S and dissolution of barite from processes that
consume sulfate, such as sulfate reduction.

Whereas cryptic sulfate generation is evident from the
observation of sulfate in the methanic zone, where sulfate has
canonically been presumed not to be present, this is not the
case for the main sulfate reduction zone in marine sediments.
Here, only the analysis of the combination of concentration
and S and O isotope composition profiles of sulfate reveals the
hidden intricacies of S cycling.

[1] Holmkvist et al (2011) Geochim. Cosmochim. Acta 75,
3581-3599.

Functional contrasts and functional
redundancy in Arctic bacterial
communities in the oxic water column
and anoxic sediments
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Investigation of enzymatic activities and bacterial
community composition in the water column and sediments of
an Arctic fjord of Svalbard during two summers captured the
transition from a fully oxidized water column to anoxic,
sulfate-reducing sediments. In 2008, water column bacterial
clone libraries were dominated by members of the phylum
Verrucomicrobia and the subphylum Flavobacteria (Fig. 1),
known as aerobic degraders of polysaccharides. Some
Svalbard phylotypes were specifically related to single cells
attaching to and presumably taking up laminarin and xylan
[1]. In addition to these substrates, chondrotin sulfate and
fucoidan were hydrolyzed in the water column. In sediments,
phylotypes of the anaerobic Bacteroidetes and sulfate-
reducing Deltaproteobacteria were prominent, and a greater
range of polysaccharides were hydrolyzed. Despite
considerable diffences in water column community
composition between 2007 [2] and 2008, patterns of enzyme
activities were largely constant. We therefore have evidence of
functional redundancy among water column communities of
differing composition, which nonetheless use the same
comparatively narrow spectrum of substrates relative to their
benthic counterparts.

(2 m depth)
' Chloroflexi
Lentisphaerae
Deltaprotecbacteria
Actincbacteria
Verrucomicrobiae

Gammaprotecbacteria
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Bacteroidetes

= .
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Figure 1. Bacterial 16S rRNA gene clone library composition
of water column and sediment samples.

[1] Martinez-Garcia et al (2012). PLoS One 7:335314. [2]
Teske et al (2011). AEM 77:2008.
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Comparing properties of natural
biogenic with biomass burning
particles in Amazonia

PAULO ARTAXO'*, LUCIANA V. R1zz0?, JOEL F. BRITO !,
HENRIQUE M. J. BARBOSA !, ELISA T. SENA !,
GLAUBER G. CIRINO’, ANDREA ARANA®
AND ANA M. SERRANO®

Instituto de Fisica, Universidade de Sdo Paulo, Rua do Matdo,
Travessa R, 187, 05508-090, Sio Paulo, Brazil.
(*correspondence: artaxo@if.usp.br)

2 Departamento de Ciéncias Exatas e da Terra, Universidade
Federal de Sao Paulo, Rua Prof. Artur Riedel, 275, 09972-
270, Diadema - Sao Paulo, Brazil.

*Instituto Nacional de Pesquisas da Amazonia — INPA. Av
André Aratjo, 2936, Manaus - AM. 69060-001, Brazil.

The Large Scale Biosphere Atmosphere Experiment in
Amazonia (LBA) is a long-term (20 years) research effort
aimed at the understanding of the functioning of the
Amazonian ecosystem. The strong biosphere-atmosphere
interaction is a key component of the ecosystem functioning.
Two aerosol components are the most visible: The natural
biogenic emissions of particles and VOCs, and the biomass
burning emissions.

Two aerosol and trace gases monitoring stations were
operated for 4 years in Manaus and Porto Velho, two very
distinct sites, with different land use change. Manaus is a very
clean and pristine site and Porto Velho is representative of
heavy land use change in Amazonia. Aerosol composition,
optical properties, size distribution, vertical profiling and
optical depth were measured from 2008 to 2012. Aerosol
radiative forcing was calculated over large areas. It was
observed that the natural biogenic aerosol has significant
absorption properties. Organic aerosol dominates the aerosol
mass with 80 to 95%. Light scattering and light absorption
shows an increase by factor of 10 from Manaus to Porto
Velho. Very few new particle formation events were observed.
Strong links between aerosols and VOC emissions were
observed. Aerosol radiative forcing in Rondonia shows a high
-15 watts/m? during the dry season of 2010, showing the large
impacts of aerosol loading in the Amazonian ecosystem. The
increase in diffuse radiation changes the forest carbon uptake
by 20 to 35%, a large increase in this important ecosystem.

Compositional heterogeneity of the
upper mantle beneath the Siberian
craton: Reconciling thermal, seismic
and gravity data

IRINA ARTEMIEVA, MATIJA HERCEG, YULIA
CHEREPANOVA AND HANS THYBO

IGN, Univ. Copenhagen, Denmark, (irina@geo ku.dk)

We present a new regional model for the upper mantle
structure below the Siberian craton. The model includes (i)
thermal model of the lithosphere structure constrained by
surface heat flow data, (ii) seismic velocity heterogeneity
constrained by global tomography models corrected for
temperature variations in the upper mantle, (iii) and a new
regional model for the density structure based on the GOCE
satellite gravity data. We also present a new regional seismic
crustal model SibCrust, which is used to calculate crustal
correction to gravity field. Thermal model and seismic
tomography models are used as independent constraints on
lithosphere thickness, required to convert mantle residual
density anomalies to density heterogeneity. New regional
upper mantle model is compared with regional and world-
wide petrological data on upper mantle velocities and densities
constrained by mantle-derived xenoliths. The results indicate a
significant compositional heterogeneity of the lithospheric
mantle of the region. Seismic velocity and density anomalies
cannot be explained by variations in mg# alone. Compared to
the adjacent orogenic belts and the West Siberian basin,
density structure of the cratonic mantle is in a close agreement
with isopicnic condition, although significant regional
variations are well correlated with basement topography.
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Planning cement materials for a
sustainable future

G. ARTIOLI

Dipartimento di Geoscienze, Universita di Padova, 1-35131
Padova, Italy (gilberto.artioli@unipd.it)

Binders and cements are crucial materials in past and
modern human activities. Critical issues to be addressed for a
sustainable use of cements include the global generation of
CO, during mass production of Portland clinkers, the use of
recycled materials in the formulations, and the development of
alternative, durable and environmentally-compatible binders.
Ultimately, the proper life cycle assessment (LCA) of the
mass produced cements must be considered in order to save
georesources, although this is a rather challenging task [1].

The expanding use of geopolymers [2, 3] and alkali-
activated binders [4] for building applications follow this
trend, although further progress is urgently needed in
determining the chemico-physical, mechanical, and durability
properties of alternative materials. Some of the systems
currently under investigation will be reviewed, with emphasis
on advantages and pitfalls.

[1] Huntzinger & Eatmon (2009) J. Cleaner Production 17,
668-675. [2] van Deventer et al (2012) Miner. Eng. 29, 89—
104. [3] van Deventer et al (2010) Waste Biomass Valoriz. 1,
145-155. [4] Shi et al “Alkali-activated cements and
concretes”. Taylor & Francis, 2006.

The stochastic treatment of mineral
surface reaction Kinetics

R.S. ARVIDSON'*, C. FISCHER! AND A. LUTTGE'?

'MARUM / Fachbereich GEO (FB5), Universitit Bremen,
Klagenfurter Strafe, D-28359 Bremen Germany
(*correspondence: rsa4046@uni-bremen.de)

“Rice University, Houston, TX 77005, USA

There is increasing divergence in approaches describing
the geochemical kinetics of mineral surface reactions. The first
approach, for which there is long-standing traditional support
and a large number of observational data, assumes that the
most systems are essentially deterministic, i.e., imposing a
given set of initial conditions or a perturbation will always
produce the same result at a later time. The well-known
mathematical representation of this approach is a set of
coupled ordinary differential equations: the change in a given
chemical species’” concentration as a function of
environmental conditions, constrained by heuristically
determined parameters (rate constants, overall activation
energies, etc.). In contrast, the second approach, supported by
more recent work [1], argues that the intrinsic variability of
certain mineral-fluid systems preclude such a deterministic
treatment. Although well-documented, this intrinsic variability
is not well understood. At the moment, neither the presence or
absence of significant variations in rate under specific
conditions has a consistent explanation. Furthermore, even if
deterministic outcomes could be represented by probabilistic
functions (by assuming fluctutations are negligible), the
deterministic approach provides no explicit defense for this
assumption [2].

As an initial step, we wish to assess the amplitude of
intrinsic rate variation, and thus need to examine the history of
dissolving surfaces over time. We present preliminary results
of (1) a large number of direct observations of a fixed area of a
dissolving mineral surface at constant undersaturation over
time, and (2) model simulations of a similar surface, in which
contributions of surface defect density, distance to grain
boundaries, and other parameters can be varied. These
observations of real mineral surfaces and their virtual
equivalents permit comparison of the rate’s distribution over
the surface and its deviation from an arbitrary mean value.
This resulting statistical treatment may be a precursor to a
generalized stochastic model of mineral surface reactions, and
resolution of otherwise inconsistent observations of reaction
rate.

[1] Fischer et al (2012) Geochim. Cosmochim. Acta 98 177—
185. [2] Gillespie, D. T. (1976) J. Comp. Phys. 22,403-434.
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Spherulites in trachytic melts

F. ARzILLI'*, M. VOLTOLINI?, L. MANCINT',
M .R. CiccoNr’, G. GIULE AND M.R. CARROLL?

'Elettra-Sincrotrone Trieste S.C.p.A., 34149 Basovizza,
Trieste, Italy (*correspondence:
fabio.arzilli@elettra.trieste.it)

*Lawrence Berkeley National Laboratory, Cyclotron Rd,
94720 Berkeley, California, USA

3School of Science and Technology — Geology Division,
University of Camerino, Italy

Spherulites are cluster of radiating crystals that occur
commonly in rhyolitic melts under highly non-equilibrium
conditions [1-2]. Textural data on spherulites of alkali-feldspar
and pyroxene are shown in this study. Spherulites grew in
trachytic melts during cooling and decompression experiments
with water-saturated conditions. The aim of this work is to
better understand the growth of spherulites as a function of
undercooling (AT), Py,q, time and superheating. Experiments
were carried out using Cold Seal Pressure Vessel apparatus at
pressure range of 30 + 200 MPa, temperature range of 750 +
850 °C and duration of 2 + 16 hours.

This study presents preliminary quantitative data on
spherulitic  morphologies obtained both by electron
microscopy (SEM) and phase-contrast synchrotron X-ray
microtomography. Because experiments were performed at
different experimental durations, the evolution of spherulites
can be studied and furthermore the crystallographic
misorientation, the changes in size and the aspect ratio can be
measured.

Three kinds of spherulites occured during our
experiments: (i) spherulites characterized by widely spaced
crystals arranged radially around the nucleus, in agreement
with previous observations [3-4]; (ii) spherulites characterized
by acicular and tiny fibers radially aggregated; (iii) spherulites
characterized by the transition from a single crystal into a
polycrystalline spherulite (densely branched spherulitic
morphology).

The preliminary results about alkali feldspar spherulites
show that their growth rate is about 107 cm/s. Spherulites
were grown between 100 and 200 MPa, thus at high water
contents. Moreover, low AT along with large superheating can
enhance the nucleation and growth of spherulites. Therefore,
low AT, large superheating and high P; conditions can trigger
the crystallization of spherulitic morphologies.

[1] Watkins J. et al (2008) Contrib. Mineral. Petrol. 157, 163-
172. [2] Granasy L. et al (2005) Phys. Rev. 72, 011605.
[3] Keith, H. D. and Padden F. J. (1963) J. Appl. Phys. 8,
2409-2421. [4] Lofgren G. (1971) J. Geophys. Res. 76, 5635-
5648.

From death of a glacier to the
beginning of life in soil:
A case study in the Swiss Alps

J. ASCHER'*, C. MAVRIS?, F. FORNASIER?, M.
CECCHERINI', G. PIETRAMELLARA! AND M. EGLI?

'Dept. of Agrifood and Environmental Science, University of

Florence, Italy (*correspondence: judith.ascher@unifi.it)
*Dept. of Geography, University of Zurich, Switzerland
3CRA-RPS Gorizia, Italy

Pedogenesis starts just after deglaciation, with microbial
primary succession playing a key role in soil ecosystem
development. The progressively exposed moraines of the
Morteratsch Glacier (Upper Engadine, Switzerland) offer a
full time sequence, from 0 to 150 yrs [1]. We assessed
geological, physico-chemical and microbiological parameters
(microbial biomass, microbial community structure and
selected soil enzyme activities) along the age gradient of the
proglacial area. We set up a double-nested-PCR-DGGE
approach on intracellular DNA extracted from the topsoil (0-
10 cm) to monitor bacterial and fungal succession along the
chronosequence, capable to detect also low numbers of target
sequences occurring in early stage soils.

Increasing soil age was characterized by microbial
biomass increase and, as expected, by a dynamic community
succession. Both parameters displayed in turn a high positive
correlation with SOM content (Ntot and Ctot) and pH decrease
(0 yrs: pH 8.11 — 150 yrs: pH 5.64). High correlations with
enzymes, biochemical markers reflecting soil activity, were
also detected. Numbers of microbial phylotypes were lowest
in the youngest soils (0-4 yrs), increased in the intermediate
aged soils (4-110 yrs), and decreased again and plateaued in
the oldest soils (110-150 yrs).

Our findings confirm that soil microbiota undergo drastic
variations both in terms of biomass and community
composition according to substrate availability, with
interactive adaptation to the differing stages of soil
development.

[1] Mavris et al (2010) Geoderma 155, 359-371
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Melt modified mantle lithosphere
beneath Dalnyayay pipe

ASHCHEPKOV I.V.!, NTAFLOS T .2, SPETSIUS Z.V .2
AND R .F.SALIKHOV?

' IGM SD RAS, Novosibirsk, Russia, igora57mail.ru
? University of Vienna Althanstr. 14 1090 Wien, Austria
> Company "ALROSA", Mirny 678170 Russian

Mantle xenoliths (>100) from Dalnaya pipe (Yakutia)
were studieds by EPMA and LAM ICP MS. In deformed and
porphyroclastic  Cpx is mor Fe- rich and HT and may
associate with picroilmenites. The splitted geotherm (33 to
45mwm-2) are traced by course and deformed varieties
varieties respectively from 7.5 to 2GPa. Essential inflection
and heating detected by PT for OPx ~3GPa referring to Ca-
enriched pyroxenitic garnets two more heating intervals are
found ~ 7-6 and 5GPa. Continuous branches of growth with
decreasing P of Fe# for Gar and low - Fe Cpx Fe# 6 to 12#
suggest that primary mantle layering beneath this pipe was
smoothed by interaction with melts. The refertilization trend
(Fe#9-15% rising upward in two branches refer to the joint
crystallization of Ilm - low-Cr Ilm — Cpx - Gar found in
intergrowth referring to protokimberlite melts evolution.

In the PFO2 diagrams garnets and Cpx show continuous
reduction to the lithosphere base to 4AQMF, and a bit higher
for Cpx. Ilm - garnet trend is rising upward between -2 -0
AQMF. The diamond grade is higher for the porfiric
kimberlites containing higher sub Ca garnet from dunites
representing melt path veins. Trace elements for olivine show
lower Ni and higher Al, Ca, Ti for the deformed veins. Trace
elements determined for Gar and Cpx from 13 xenoliths from
the middle part of mantle section reveal very similar patterns
in the incomatible part in general suggesting reactions with the
protokimberlite melts.
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Composition and interior structure of
the HED Parent Body

HELEN O. ASHCROFT*, BERNARD J. WOOD
AND JON WADE

Department of Earth Sciences, University of Oxford, South
Parks Road, Oxford OX1 3AN, UK
(*correspondence: helen.ashcroft@earth.ox.ac.uk)

Estimates for the major and trace element compositions of
the Howardite-Eucrite-Diogenite (HED) parent body mantle
have been derived using geochemical information from the
HED meteorites [1] and the observation that refractory
lithophile elements occur in chondritic relative proportions
[2]. The putative mantle compositions (Table 1) were then
used to investigate differentiation processes within Vesta.

MgO | ALO, [ SiO, | CaO | FeO
PMI | 297 [ 301 |423 [240 | 226
PM2 | 328 [ 333 |467 [ 265 | 146

Table 1. Major element composition (wWt%) of two putative
mantle compositions (PM1 and PM2).

These estimates were combined with new information
from DAWN [3] to model the interior structure of Vesta.
Mantle compositions imply a mantle mineralogy of
approximately 60% olivine and 40 % pyroxene. We estimate
crustal thickness of 10-20 km and a core mass fraction of 15
% for a body with mantle composition PM1, and 20-30 km
and 19 % respectively for PM2. Combining this information
with experimentally determined crystal-melt and melt-metal
partition coefficients (e.g. [4]), the trace element distribution
throughout the protoplanet was then calculated, including
estimates of Ba/W for Bulk Silicate Vesta of 29-32 for PM1
and 48-67 for PM2.

Initial results from one-atmosphere and piston cylinder
experiments confirm that basaltic melts can be derived from
these putative mantle compositions with olivine replacing
pyroxene as the 1 atm liquidus phase as increasing amounts of
mantle are added to eucritic starting compositions. We are
currently determining crystal-melt partitioning behaviour for a
diverse range of refractory trace elements. The data will be
used to further constrain the igneous history of Vesta.

[1] Sack et al (1991) Geochim. Cosmochim. Acta 55, 1111-
1120. [2] MetBase™ [3] Russell et al (2012) Science 336,
684-686. [4] Wade et al (2012). Geochim. Cosmochim. Acta
85,58-74
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Improved crustal PTtD evolution
constraints using TitaniQ
thermobarometry

KYLE T. ASHLEY*,!, RICHARD D. LAW', DONALD W.
STAHR III!, JAY B. THOMAS?, MARK J. CADDICK !,
FRANK S. SPEAR? AND LAURA E. WEBB?

'Department of Geosciences, Virginia Tech, Blacksburg, VA
24061, USA (*correspondence: ktashley@vt.edu)

*Department of Earth and Environmental Sciences, Rensselaer
Polytechnic Institute, Troy NY 12180, USA

*Department of Geology, University of Vermont, Burlington,
VT 05405, USA

Applications of the Ti-in-quartz (TitaniQ)
thermobarometer provide insight into the conditions, timing,
mechanisms and rates of metamorphism and deformation. Our
work on Vermont metapelites has documented quartz growth
with respect to microstructural contexts as resulting from (a)
early prograde growth; (b) quartz-producing metamorphic
reactions; (c) precipitation from deforming micaceous
domains; and (d) retrograde Si-charged fluid influx. In each
case, the TitaniQ thermobarometer (with known pressures and
activity estimates) reveals temperatures for these events,
which all resulted in new quartz growth. However
measurements of dynamically recrystallized quartz (notably
through subgrain rotation) from Vermont and the Sutlej Valley
(NW India) show that new subgrains usually exhibit [Ti] much
lower than expected for the temperatures at which deformation
occurred. This is an artifact of the mechanisms driving
recrystallization in an attempt to minimize internal lattice
strain. Defects aligned into subgrain boundaries may provide
pathways for Ti to leave the crystal during formation of nearly
strain-free subgrains. Increased lattice strain from Ti
substitution may be reflected in the systematic increase in
uncertainties of lattice refinements with single crystal X-ray
diffraction measurements with increasing [Ti]. Therefore
application to quartzites where only scarce weak
interconnected phases are present to accommodate strain is
problematic.

Ti diffusion from garnet porphyroblasts into quartz
inclusions has recently been shown to be an effective
technique for constraining metamorphic time scales [1]. In
Vermont, this diffusion modeling suggests heating after
encapsulation and cooling to 450 °C must have occurred in a
short amount of time (<1.2 Myrs). Preliminary application to
the Sutlej Valley suggests very similar time scales for
metamorphic evolution. Coupled growth and diffusion
modeling of large (ca. 4-5 mm diameter) garnets attaining low
peak temperatures (<600 °C) have been unable to effectively
discriminate 7-¢ histories at the resolution of Ti-in-quartz
diffusion modeling.

[1] Spear et al (2012) Contrib Miner Petrol 164(6), 977-986.

Thermodynamics of melts from shock
wave experiments and a simplified
speciation model

P.D. ASIMOW, C. W. THOMAS AND A. S. WOLF!

'Division of Geological and Planetary Sciences, California
Institute of Technology, Pasadena CA 91125 USA;
(asimow @gps.caltech.edu)

Although the thermodynamics of melts nominally falls
outside the boundaries of a “thermodynamics of minerals”
session, the subjects are intertwined by melting and
crystallization and by the critical planetary dynamics that arise
from differences between the physical, thermochemical, and
transport properties of solids and liquids.

An extensive campaign of shock wave experiments on
liquid compositions in the CaO-MgO-Al,0,-Si0,-FeO system
now provides constraints on the equations of state (EOS) of
multicomponent melts at all terrestrial mantle pressures. The
results can be compared to ab initio and empirical molecular
dynamics (MD) simulations, static experiments, and
geophysical observations. Key material property conclusions
that have emerged include: (1) a negative temperature
dependence to the sound speed, at least for Mg,SiO, melt; (2)
clear composition dependence to the effective partial molar
volume of the FeO component, presumably related to
composition-dependent coordination or spin states; and (3)
universal behavior of the Griineisen parameter, increasing
upon compression at a near-uniform rate. Earth science
conclusions at this stage include: (4) an absence of cases
where mid-mantle magma ocean crystallization can give rise
to a neutrally buoyant solid assemblage, at least initially near
the liquidus; and (5) the near impossibility of finding a bulk
composition in MgO-SiO,-FeO and an extent of partial
melting consistent with phase equilibrium and geophysical
constraints for partially molten ultra-low velocity zones at the
core-mantle boundary.

Given the expense and limitations of current MD methods
for the study of silicate liquids and the challenge of linking
microscopic data (e.g. spectroscopy) to mesoscopic data (e.g.
EOS) or macroscopic observations (i.e., geophysics), it is
helpful to develop simplified models that capture certain key
aspects of melt behavior. We have extended the hard-sphere
model into a coordination-number dependent, predictive
model of speciation and equation of state for silicate liquids,
CHASM. Currently the model has been calibrated on solid
structures for SiO,, MgO, and MgO-SiO, binary systems. It
reproduces the pressure-dependence of coordination statistics
from MD and allows insight into the natural origins of
phenomena (1), (2), and (3) above.
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Prenucleation nanoclusters as
building units in the crystal growth

A .M. ASKHABOV

Institute of Geology, Komi Science Centre, UralBranch, RAS,
Syktyvkar, Russia

The problem of building units is central in the crystal
growth theory. Throughout many decades there competed two
conceptual ideas.

According to the first, crystals grow by joining to them of
already formed in environment crystal blocks (Balarev
concept). According to the second, building units are separate
ions, atoms and molecules (Kossel concept).

In principle,
Building units realization  of

i ~N these two
Atoms, ions and Crystal blocks
molecules Balarev extreme

Kossel concept variants  does
concept .
not contradict
X Molecular 3D nuclei ¢ the genera]
M complexes B .
z £| laws of physics
5 ) Ot :
"Hidden" phase Cluster Matrix and chemistry.
Quataron clusters substructural | assembly

As a matter of

concept (quatarons) units concept

- fact, the

Noncrystallographic .
clusters, fullerenes... mayj OI‘lty of
modern

Building units of the quazicrystals, .

supramolecular crystals and amorphous materials theoretical
models of

crystals growth are constructed on their basis. At the same
time, for a long time already another idea — on building units
as particles larger than separate atoms or molecules, but not
being crystalline particles (3 D nuclei) — is discussed. There
were suggestions about participation in growth of crystals of
intermediate formations (complexes, associates, clusters etc.)
of which existence testified the results of numerous
experimental (not only spectroscopic) researches of crystal-
forming media. However on this basis it was not possible to
develop the alternative concept of crystal growth because of
arising contradictions with classical theory of nucleation.

We developed a new approach to the analysis of processes
of nucleation and growth of crystals which comes from the
possibility of formation and existence in supersaturated media
of special forms of the connected atoms — nano-size pre-
nucleation clusters of “hidden” phase called quatarons [1, 2].
Quatarons owing to their properties are ideal structures as
building units. Namely they are the basic growth units and not
geometrically and energetically stabilized clusters or another
clusters substructural units. Thus an old problem of
establishing the nature and sizes of building units in the
process of crystals growth is solved.

This work is supported by Programs of RAS: 12-U-5-1026,
12-T-5-1022, Scientific School 1310.2012.5, RFBR 11-05-
00432a.

[1] Askhabov (2004) Proc. of the Russian Miner. Soc .
CXXXIII, No.4, 108-123.[2] Askhabov & Kamashev (2012)
Proc. of 34th Int. Geological Congress, Brisbane, Australia, 5-
10 August. P. 2162.

Timing of Northern Hemisphere
climate transitions during the last
glacial period from precisely-dated
speleothem data

Y. ASMEROM'#*, V. POLYAK' AND M. LACHNIET?

'Dept. of Earth & Planetary Sciences, Univ. of New Mexico,
Albuquerque, NM 87131, USA(*correspondence:
(asmerom@unm.edu, polyak@unm.edu)

*Department of Geoscience, University of Nevada, Las Vegas,
NV 89154, USA(matthew.lachniet@unlv.edu)

Previous 8'80 results of last glacial period precipitation
variability in the south western United States from Fort
Stanton cave, New Mexico (FS-2) [1], matched changes in
Greenland temperatures [2]. We inferred changes in winter
precipitation, which were related to changes in the meridional
shifts in the position of the position of the polar jet stream,
reflecting changes in the polar to equator temperature gradient
in the Northern Hemisphere (NH).

We report high-resolution chronology and oxygen and
carbon isotope data on another Fort Stanton Cave stalagmite
(FS-AH-1), taking advantage of the higher growth rate
compared to FS-2 (3 um/yr vs 11 um/yr), newer refinements
in the half-lifes of **U and **°Th, a new high purity **U->U
spike and much improved efficiency from our upgraded
Neptune multi-collector ICP-MS. The new chronology,
between 48.4 -11.2 kyr B.P., has 2-o errors in the range of 100
years for most of the segments, including conservative
estimate of the uncertainties in the initial *°Th/**Thratios.

Q@r results show that last glacial stadial (Heinrich Events,
HE) and interstadial (Dansgaard/Oeschger Events, D/O) are
matched very well in timing, amplitude and duration between
the FS-AH-1 and NGRIP [2] with a higher age precision than
the ice core data. The lack of systematic pattern in the lead-lag
relationships between the ice core and FS-AH-1 D/O and HE
chronology suggests that differences are due to chronology
and not climatic lags. Thus, FS-AH-1 provides a more precise
chronology for the NGRIP record. One significant difference,
our record, similar to some North Atlantic records, shows two
HE 1 cooling excursions, occurring immediately after two
IRD (ice-rafted detritus) events [3] and match temperature
sensitive 8'®0 marine core data from subtropical Atlantic [4].
The difference between the two records may reflect greater
sensitivity of our record to circulation-driven NH temperature
gradient variability.

[1] Asmerom et al, 2010, Nature Geoscience 3, 114- [2]
Rasmussen et al, 2005, GRL, 111, 1- [3] Bard et al, 2000,
Science 289, 1321- [4] McManus et al 2004, Nature 428, 834-
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Petrochemical typification of the
oolitic iron ores from the Bakchar
deposit (Westen Siberia)

E.M. ASOCHAKOVA

Tomsk State University, Russia, ev.asochakova@gmail.com

The Bakchar deposit is confined to the Upper Cretaceous
and Paleogene deposits overlapped by a rather thick Neogene-
Quaternary rock body (160-200 m). The iron ores are related
with  several horizons: Narymskian, Kolpashevskian,
Tymskian and Bakcharskian. The depth of productive strata
varies from 2 to 40 m. The iron ore horizons are traced
throughout the entire area of the deposit, as well as outside its
borders and are separated by the barren and weakly
ferruginous rocks that overlap each other often with washouts.

While researching the ore horizon of the Polinyansk site,
we classified the iron ore types, which differ from each other
in structural characteristics, a mineral composition of the
cementing mass, as well as in the specific locations of these
types in the section. There are three main types of ores in the
section structure. First type includes goethite-hydrogoethite
(oolite) ore, which are brownish-yellow cemented or loose
sediments. The second one is glauconite-chlorite; it has a firm
weakly cemented composition and greenish-grey color. The
third transitional type of ores has characteristics of both
goethite-hydrogoethites and glauconite-chlorite formations.

In order to verify validity of ore type classification, we
processed statistically all the data of the X-ray fluorescence
analysis (Na,O, MgO, Al,O;, SiO,, P,0Os, K,0, CaO, TiO,,
MnO, Fe,O3tot) using the software “STATISTICA”.

The group clustered analysis using k-means clustering
method allowed us to define one of three classes for each ore
sample. The samples of ores are objects for clustering. The
number of these classes was chosen according to the amount
of ore types in the section described above. Clustering the
samples of ore chemical compositions distinguishes clearly
locations of different ore types in the ore horizon based on the
change of chemical composition.

Using a factor analysis, two main factors were defined,
which took more than 70 % of dispersion over. The
components of the clastic part (SiO,, K,0, MgO, Al,0s) and
the ore part (Fe,Ostot, P,Os and L.O.l.) influenced the
variation of chemical composition of the oolite iron ores
significantly.

This study was funded by the Russian Ministry of
Education and Science (projects 5.3143.2011,
14.B37.21.0686, 14.B37.21.1257).

Performance and gas-flow effects of
an active 2-volume sampling chamber
using a 213 nm laser ablation system
for inductively coupled plasma-mass
spectrometry

D ASOGAN'*,D. A. GREEN', S. SHUTTLEWORTH?
ANDJ.W.ROY?

!CETAC Technologies, Omaha, NE 68144, USA
(*correspondance: dasogan@cetac.com)
’Photon Machines Inc., Bozeman, MT 59715, USA

Laser ablation-ICP-MS technology has been rapidly
improving for the past decade. The sampling chamber design
of any laser ablation system is vital to ensure minimal
elemental fractionation (by minimizing particle
condensation/agglomeration), and enhance aerosol transport to
improve accuracy, precision and sensitivity.

Improvements in sampling chambers design has led to
higher spatial resolution and greater precision, which
subsequently improves the quality of data in applications such
as (bio-)imaging and geochronology respectively.

This paper discusses for the first time the use of an active
2-volume cell, which uses multiple gas flows to effectively
transport laser aerosols for high spatial resolution (fast
washout) and stability using a 213 nm laser ablation system.
Performance characteristics are presented that highlight its
versatility to multiple application types and also the
importance of choosing the right gas flows for the particular
ICP-MS system in use.
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Bimetasomatism in the Eclogite
Facies: Evidence from the Tauern
Window, Austria
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Mineralogical and compositional changes of eclogite and
adjacent calcareous metapelite and talc schist from the
Eclogite Zone, Austria, were investigated in order to
understand fluid-mediated compositional changes during
subduction zone metamorphism. Whereas the eclogite in
contact to the metapelite shows almost noch change in
volume, minor gain of Si, Ca and Na and loss of Mg, the
metapelite shows a 30% volume loss, mainly as SiO,,
depletion of Ca and enrichment of K, Mg, Fe and Na — the
latter two stemming from an external source. Trace element
changes are less spectacular but corroborate changes in the
major elements (Sr goes with Ca, Ba with K, etc.)

The eclogite in contact to the talc schist also underwent no
significant change in volume, but minor enrichment in Mg and
depletion in Na. The talc schist is ultrabasic in composition
and of uncertain origin. It experienced more than 30% volume
loss towards the contact, where Mg, Fe, Si, Na and Ti are
depleted and no major element is enriched.

These changes in bulk composition are expressed in
mineralogical, textural and mineral chemical changes of
considerable complexity, and are not just limited to the very
obvious retrograde interactions. The earliest composition
changes are already manifest in the cores of garnets and
demonstrate a rather continuous interaction throughout the
entire metamorphic history. As the lithological boundaries are
planar over distances of tens of metres at least, the volume
losses are not induced by folding but rather by (pure or
general) shear. Some composition changes cannot be
explained by material exchange between the two lithologies
(bimetasomatism) alone but must have been caused by
advection parallel to the lithological boundaries. Rare garnets
and epidotes with oscillatory zoning patterns near the contact
indicate local abundance of fluid. The compositional changes
are too systematic and complex to be explained as primary
(volcano-)sedimentary layering or mixing of clays and ashes.

Characterization of CaCQO,
polymorphs grown in silica hydrogel
in the presence SO,*
or CrO/* by XAS

J M. ASTILLEROS'?*, J. GOTTLICHER?, N. SANCHEZ-
PASTOR'?, R. STEININGER® AND L. FERNANDEZ-DIAZ'?,

'Department of Crystallography and Mineralogy, Complutense
University , Madrid, Spain. (*correspondence:
Jjmastill@ucm.es)

?Institute of Geoscience (CSIC, UCM), Madrid, Spain

*ANKA Synchrotron Radiation Facility, Karlsruhe Institute of
Technology (KIT), Hermann-von-Helmholtz-Platz 1,
D76344 Eggenstein Leopoldshafen, Germany

It has been noted that the presence of tetrahedral anions
like SO,* and CrO,” in the medium for synthesis strongly
influence CaCOj crystallization by promoting the formation of
vaterite or vaterite/aragonite with respect to calcite. This
influence has been related to either interface phenomena, such
as preferential adsortion of these ions on particular sites on the
surface of a specific polymorph or to changes in the relative
free energy of the polymorphs due to differential incorporation
of the tetrahedral anions. In order to confirm the incorporation
of SO,* and CrO,”* into the structure of the different CaCO,
polymorphs and to study how and to what extent it may occur,
crystals of calcite, aragonite and vaterite were grown in the
presence of high concentrations of one of these anions using
the silica gel method and were studied by X-ray absorption
spectroscopy (XAS) at the Cr and S K edges in the XANES
and EXAFS (only for Cr) regions. Measurements were
conducted in the SUL-X beamline of the ANKA synchrotron
radiation facility at the KIT (Germany). In all the experiments
calcite was the most abundant polymorph in the precipitate,
while vaterite and aragonite appeared as minor phase. While
calcite grew as elongated single crystals, both aragonite and
vaterite appeared as spherulitic aggregates. The incorporation
of SO,* and CrO,> was confirmed in the three polymorphs,
with signifcantly higher concentrations in calcite. In the case
of calcite XAS spectra were recorded on differently oriented
single crystals. Differences are very small and may point to a
possible preferential orientation of the tetrahedral SO,* anion
in the structure. Finally, the comparison between spectra from
the three polymorphs evidenced slight differences between
those corresponding to calcite and aragonite. Differences are
most marked to the spectrum of vaterite for SO,> (Cr contents
in vaterite were to low for a reliable comparison).

This work was supported by MECC-Spain under the grant
CGL2010-20134-C02-01.
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Coupling magnetic and molecular
techniques to study microbial-
mediated iron and carbon cycling
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Dissimilatory iron-reducing bacteria are able to reduce
iron coupled to organic carbon oxidation, often producing
magnetic mineral phases. Magnetic susceptibility (MS)
measurements can therefore play an important role in
identifying zones where microbial-mediated iron mineral
transformation is occurring so that these zones can be studied
by microbiological techniques. We investigated the MS and
microbial community variations in a hydrocarbon-
contaminated aquifer where iron-reduction and
methanogenesis are occurring. Our results show two zones of
elevated MS at the contaminated locations; one occurred
within the zone of water table fluctuation and coincident with
high concentrations of Fe(II) and organic carbon. The second
was observed in the vadose zone and associated with the
methane plume. Using the polymerase chain reaction
technique, Geobacter species were found to be present in
these two zones. At the background location, Geobacter
species were limited to the upper soil layer. Therefore,
Geobacter species could be the main drivers of magnetic
mineral formation in these zones. Using molecular methods,
including denaturing gradient gel electrophoresis and DNA
sequencing, we observed that Smithella and other syntrophic
species were dominant in the zone of peak magnetic
susceptibility coinciding with zones of iron reduction and
methanogenesis. Our results suggest that the integration of
geophysical and microbiological methods will be of value for
iron and carbon cycling studies.

Post depositional transformation of
Ni-rich birnessite

AMY ATKINS'*, CAROLINE L. PEACOCK?
AND SAMUEL SHAW?

'School of Earth & Environment, University of Leeds, Leeds,
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2School of Earth & Environment, University of Leeds, Leeds,
UK. C.L.Peacock@leeds.ac.uk
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Birnessite is the dominant Mn oxide in marine sediments.
However, under diagenesis and mild hydrothermal conditions
the phyllomanganate birnessite  transforms to the
tectomanganate todorokite [1-3]. Across significant areas of
the seafloor birnessite is therefore a transient mineral phase.
This is important because scavenging of dissolved trace metals
to birnessite exerts a strong control on the concentration of
these species in seawater. In particular, in the modern oceans
the sorption of Ni to birnessite is the primary control on Ni
oceanic concentration [4]. Ni is a bioessential element,
required by primary producers and methanogenic bacteria [5].
As such understanding the sequestration of Ni to birnessite,
and its fate and mobility during the transformation of
birnessite to todorokite, is key to elucidating the feedbacks
between Ni abundance, oceanic productivity and ultimately
air-sea gas exchange. The presence of Ni in birnessite is
traditionally believed to aid recrystallization to todorokite,
where Ni is eventually retained in the todorokite structure,
providing a potential sink for dissolved Ni [2]. Here we
present the results of a novel todorokite synthesis, where we
transform Ni-rich birnessite under conditions representative of
marine diagenetic and mild hydrothermal settings. We have
performed a time resolved study, combining XRD, BET, HR-
TEM and XAS to fully characterise the transformation
pathway and determine the fate and mobility of Ni during the
transformation. Results facilitate our interpretation of recently
collected u-XRF and u-XAS data, mapping Ni speciation and
distribution in natural diagenetic and hydrothermal marine
ferromanganese-rich sediments. We find that Ni retards the
transformation of birnessite to todorokite under diagenetic and
mild hydrothermal conditions, and is ultimately rejected from
the neoformed todorokite during a late stage dissolution
recrystallization process.

[1] Burns & Burns (1977) Mineralogy of ferromanganese
deposits. In Marine Manganese Deposits (Elsevier,
Amsterdam). [2] Bodei er al (2007) GCA 71, 5698. [3] Feng et
al (2010) GCA 74, 3232. [4] Peacock & Sherman (2007)
Chem. Geol. 238, 94. [5] Mulrooney & Hausinger (2006)
FEMS Microbiol. Rev.27,239.
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Dynamics of Zn in an urban soil-
plant system : Coupling isotopic and
EXAFS approaches
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Zn isotope compositions can be an effective tool for
monitoring Zn cycling in the soil-plant system. Zn isotope
fractionations have been reported for model systems (humic
acids, oxi-hydroxides, plant and nutrient solution) and in few
natural systems. In the soil-plant system, studies combining
isotopic and molecular approaches are necessary to identify
abiotic and biotic processes controlling Zn isotope cycling.

This study is focused on Zn dynamics in an infiltration
basin receiving urban stormwater and colonized by Phalaris
arundinacea and Typha latifolia. The Zn isotope compositions
were determined in the various plant organs (root, rhizome,
stem, leaves), in fractions of the substrate (bulk sediments,
DTPA and CaCl, sediment extracts, litter), in suspended and
dissolved material from the water entry. The Zn speciation
was also studied by EXAFS spectroscopy in the same
compartments.

The EXAFS spectra were comparable in the various plant
organs and indicated mainly an association of Zn with organic
acids, with Zn in octohedral coordination. In contrast, the
isotopic study evidenced an enrichment in light isotopes of the
aerial biomass (8°°Zn of -0.26%c to -0.03%o) relative to
underground biomass (-0.03 to 0.26%o¢) that is linked to
translocation processes. Both Zn speciation and isotope
composition of litter differed from that of the plant organs.
The EXAFS data indicated that litter Zn was in tetrahedral
coordination, corresponding to high affinity sites. The isotopic
composition of litter (0.18 to 0.22%¢) was enriched in heavy
isotopes relative to aerial biomass and got close to that of
sediment (0.14 to 0.19%c). Litter formation is thus
accompanied by Zn exchange between the decomposing plant
and the sediment. The Zn speciation is drastically modified
from organic complexes and weakly sorbed species in entry
material to phyllosilicates in the sediment. Zn in
phyllosilicate is considered as a stable form. Its remobilization
by the plant is however indicated by the litter-sediment
exchange.

U-Pb ID-TIMS zircon ages and
coupled Lu-Hf S-ICP-MS data -
A tool for terrane characterisation
and determination of
paleogeographic affinities:

An example from the Caledonides
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1047 Blindern, 0316 Oslo, (arild.andresen.geo.uio.no)

3 Department of Geology, 210 Petrie Hall, Auburn University,
AL 36849, (steltmg@mail .auburn.edu)

Lu-Hf solution ICP-MS data from zircon fractions that
have been dated by U-Pb ID-TIMS provide robust information
on the sources of magmatic rocks. When combined, the
complementary data sets can be used as a tool for terrane
characterisation and source rock identification allowing
correlation of spatially separated terranes and providing
information on their provenance.

In the Scandinavian Caledonides several suspect/exotic
terranes are occuring and here we report U-Pb ages and Lu-Hf
isotopic data from a number of magmatic rocks, ranging from
tonalites to granites, from the highest tectonostratigraphic
levels in the Ofoten-Troms region (Upper and Uppermost
Allochthons). Ages range from 484 Ma to 449 Ma with &g,
varying from + 9.6 to — 6.2. The combined U-Pb and Lu-Hf
data provide a new basis for terrane correlations in the area
and supports previous suggestions that all of these terranes are
entirely exotic with respect to Baltica. Furthermore, the Lu-Hf
isotopic data indicate that the different terranes comprise
different crustal segments, from ophiolitic terranes most likely
formed during westward subduction east of the Laurentian
continent (present day coordinates) to terranes formed on the
actual Laurentian margin prior to the Caledonian continent-
continent collision. The new data can thus give new
constraints on crustal accretionary processes and interactions
between the continents during the Caledonian orogen. S-ICP-
MS Lu-Hf data from magmatic arc rocks in the North East
Greenland Caledonides (Augland ef al 2012) show a similar
Eys Tange to the granitic rocks analysed in this study and we
suggest that the exotic terranes with Laurentian age and Lu-Hf
isotope signatures had their pre-collisional provenance in the
East Greenalnd segment of the Laurentian margin.
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Modelling the risks of geologic carbon capture and storage
(GCCS) involves many conceptual and quantitative
uncertainties. In the development of subsurface carbon
dioxide (CO,) injection as a large-scale greenhouse gas
solution, the ability to quantify its uncertainties and risks will
play a key role. Published GCCS risk analyses have been
based on failure mode and effects analysis, fault-tree analyses,
and sensitivity analysis. [1] These analyses have been useful
in characterizing risks, but have not yielded quantitative
information on the likelihood of a leakage or spill occurring.

Leaked CO, is difficult to locate and quantify because
monitoring techniques are not widely deployed. Moreover, the
released CO, may be transported, sequestered or diluted based
weather patterns and surrounding ecosystems. Changes in
barometric pressure, temperature, and make deterministic fate
models nearly impossible to deploy since even the presence of
CQO, is difficult to assess. With GCCS, it will be impractical
and impossible to collect comprehensive empirical data
regarding geologic reservoir leaks. There is a clear need to
introduce statistical technique that integrates limited available
data with stochastic modelling. Predictive Bayesian statistical
techniques have been developed and demonstrated for
exploiting limited information for decision support in many
other applications, this paper will adapt and apply them to
GCCS. [2]

Natural subsurface CO, deposits provide a reasonable
analogue for the migration pathways and surface leakage
scenarios encountered with GCCS. This paper is concentrated
on the development of the conceptual predictive Bayesian
model based on theory and literature review. This paper will
present predictive leakage scenarios modelled on historic
natural subsurface CO, leakage data collected from national
and international databases.

[1] Goldschmidt, Wildenborg, A.F.B., et al (2005)
In: Benson, SM (Ed.) Elsevier, Ch. 33., 1293-1316 [2]
Englehardt, J.D. (1995) Journal of Environmental
Engineering, 121, 455-464

Sulphides and Ti-Minerals in
granulite xenoliths: Tracers of
cratonic crust formation
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The trace-element composition of the common accessory
minerals in granulites - sulphides (sf), rutile (rt) and ilmenite
(ilm) - contains important petrogenetic information regarding
the formation and evolution of the continental crust (CC) [1].
Eclogitic rt and ilm are significant hosts to many high field-
strength elements (HFSE), but show contrasting partitioning
and therefore fractionate geochemically diagnostic trace-
element pairs, such as U-Th, Nb-Ta, Zr-Hf, W-Mo and W-Hf
[2,3]. Some of the HFSE (e.g. Cr, Co, Sn, Sb, Mo, W) are
chalcophile and siderophile elements (CSE), which are
measurable in sulphides. A reconnaissance LAM-ICPMS
study of Ti-minerals and sf in four mafic granulite xenoliths
(MGX) from the Diavik kimberlites of the central Slave craton
(Canada) broadly confirms experimental trace-element
systematics - with interesting exceptions - and shows that sf
strongly partitions Ni, Co, As and Sb, whereas W, Sn + Mo
concentrate in rt, and Cr, Zn, Ga favour ilm.

Bulk-rock CSE abundances, calculated from concentra-
tions in MGX sf, rt and ilm weighted by modes, balance the
abundances of W and Pb in CC [4], but show large excesses
for Ni, Cr, Co, Sn, Mo, Sb and As. This suggests a cumulate
origin for the MGX and enrichment by (seawater?) fluids. Sf-
and rt- + ilm-saturated melting of such lower CC should
generate melts depleted in these elements. Since this is not
observed in the upper CC [4], upper CC is probably not
related to lower CC by igneous processes.

Segregation of sf-bearing cumulates in the lower CC was
recently proposed to explain Cu depletion in the upper CC [5].
Sf in MGX have trace-element concentrations within the range
of sf inclusions in diamonds from meta-gabbroic source rocks,
which have been shown to control Cu, Se, Te, Mo, Re and
PGE in the bulk rock [5]. Since only Cu and Se show
complementary depletions in CC, the processes generating the
crustal CSE pattern must be more complex.

[1] Stimac and Hickmott (1994) Chem Geol 117, 313-330. [2]
Zack et al (2002) Chem Geol 184, 97-122. [3] Klemme et al
(2006) Chem Geol 234, 251-263. [4] Rudnick and Gao (2005)
Treatise on Geochemistry 3, 1-64. [5] Lee et al 2012 Science
336, 64-68. [6] Aulbach et al (2012) GCA 93, 278-299.
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The Garrotxa Volcanic Field (GVF) is a Quaternary
monogenetic volcanic field belonging to the NE Spain
volcanic province, recording a Neogene alkaline intraplate
magmatic activity consequence of the rift-type extensional
tectonics that has affected the eastern margin of Iberia since
late Oligocene. The GVF is mainly characterized by alkaline
basaltic rocks (basalts and basanites) both potassic and sodic
in affinity. In general, mineral assemblage includes olivine
and clinopyroxene phenocrysts and microphenocrysts, and a
groundmass formed mainly by variable amounts of plagioclase
and Fe-Ti oxides. Clinopyroxenes (cpxs) are not
petrographically homogeneous and two types are
distinguished: (I) Non to normal zoned phenocrysts with beige
centres often surrounded by thin brown rims and (II) reversely
zoned phenocrysts with green rounded cores wrapped by a
beige mantle and an outer brown rim. The green cores
(diopsides with Na,O up to 1% and AL,O; up to 7%) in Type 11
cpxs show petrographic and chemical evidences in agreement
with a xenocrystic nature (e.g. sharp optical and chemical
contrast between cores and mantles, rounded shape, high
Fe/Mg ratios, or coexistence of type I and type II phenocrysts
in a single sample). In this sense, their chemical compositions
are in accordance with cpxs crystallized from a more evolved
liquid than the primitive ascending basanitic magmas in which
they are included. These xenocrysts seem to be
petrographically and chemically related to cpxs from
clinopyroxenite and gabbroic cumulates which can be found in
some of the GVF samples. Therefore, we hypothesize that
green cpxs were entrapped or cannibalized by the basic rising
magmas. Preliminar cpx-melt calculations indicate that
mantles of type II cpxs crystallized at maximum of ca. 30 km
depth and consequently, cannibalization occurred at higher
depths. This is consistent with the presence of green cpx-
bearing mafic and ultramafic cumulates at or near the crust
mantle-boundary.

Linking mantle melting and eruption
rates at Stromboli volcano:
A U-series perspective
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Firenze, Italy. E-mail, riccardo.avanzinelli@unifi.it
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Over the last several hundred years, the steady-state
activity of Stromboli volcano has been characterised by
persistent mild explosive eruptions, ejecting black scoria
bombs. Periodically, lava flows and paroxysms, ejecting also
light-coloured pumices, interrupt the ‘normal’ activity. A
degassed and highly porphyritic basaltic-shoshonitic magma
(HP-magma), is erupted by the normal activity and lava flows,
whereas a slightly more mafic and volatile-rich magma with
low phenocryst content (LP-magma) is erupted as pumices
only by the paroxysms. Whilst the former is considered as
deriving from a shallow level reservoir, the latter has a deeper
origin and might resemble the primitive melts generated from
the mantle source.

We present new U-series disequilibria measurements on a
suite of HP and LP magmas from the present-day activity of
Stromboli volcano. Small but significant differences are
observed in (***U/*?Th), (3*°Th/***U) and (***Ra/*"Th) between
HP and LP magmas, testifying and further constraining the
complex processes occuring in the shallow level magma
chamber (e.g. crystal fractionation, mixing, recycling of
material from previous activity).

On the contrary, the variation of (**Th/*’Th) seems to be
little affected by the shallow level processes and can be used
to constrain the melting regimes beneath the volcano. This is
particularly true for the LP magmas that should reflect the
composition of the primitive magma. Indeed, the LP data
show an impressive time-related constant variation of
(*°Th/**Th) during the last 15 years that is interpreted as an
increase in the melting rate of the mantle source. More
importantly this variation can be directly related with the
increase in eruption rate that is suggested by both observation
(increase of major explosive events and lava flows) and
estimates based on the volcano morphology and erupted
volumes. This suggests that U-series, and (*°Th/*’Th) in
particular, can represent an important tool to estimate the rate
of magma production and then possibly forecast the eruption
rates in basaltic volcanoes such as Stromboli.

The variation in (**Th/**?Th) is also discussed with the
aim of estimating the turnover times of both the HP and LP
systems.
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The West Antarctic Rift System (WARS) represents one
of the largest extensional alkali volcanic provinces on Earth,
yet the mechanisms responsible for driving rift-related
magmatism remain controversial. The failure of both passive
and active models of decompression melting to adequately
explain the observed volume of volcanism has prompted
debate about the relative roles of thermal plume-related
melting and ancient subduction-related flux melting. The latter
is supported by roughly 500 Ma of subduction along the
paleo-Pacific margin of Gondwana prior to the breakup of this
supercontinent beginning in the Jurassic, although both
processes are capable of producing the broad seismic anomaly
imaged beneath most of the Southern Ocean. Olivine-hosted
melt inclusions from basanitic lavas provide an unambiguous
means to evaluate the volatile budget of the mantle responsible
for active rifting beneath the WARS. We present H,O, C, Cl,
F, and S concentrations determined by SIMS for 5 WARS
lavas from Northern Victoria Land (NVL) and Marie Byrd
Land (MBL). Initial results for the lavas exhibit water contents
ranging from 0.5 up to 3 wt % that are positively correlated
with Cl and F. Coupling between Cl and H,O indicates
metasomatic  enrichment by subduction-related fluids
produced during dehydration reactions; coupling between H,O
and F, which is more highly retained in subducting slabs, may
be related to partial melting of slab remnants [1]. Application
of source lithology filters [2] to major oxide data shows that
primitive lavas (MgO wt % >7) from the Terror Rift,
considered the locus of on-going tectonomagmatic activity,
have transitioned from a pyroxenite source to a volatilized
peridotite source over the past ~4 Ma. Integrating the volatile
data with the modelled characteristics of source lithologies
suggests that partial melting of lithosphere modified by
subduction processes is the source of pyroxenite and volatiles
in the mantle beneath the present-day rift. The earliest
magmatic activity preferentially removed the most readily
fusible components from the mantle, resulting in transition to
a metasomatized peridotite source over time.

[1] Straub & Layne, (2003), GCA [2] Herzberg & Asimow,
(2008), G’ [3] Rilling et al, (2009), JGR.

Modeling the evolution of the isotopic
composition of atmospheric xenon
through time

G. AVICE* AND B. MARTY

CRPG/CNRS, BP 20, 54501, Vandoeuvre-le¢s-Nancy, France
(*correspondence: gavice @crpg.cnrs-nancy.fr)

Even if the isotopic compositions of terrestrial H, N and
Ar are clearly chondritic, atmospheric xenon is not chondritic
in two ways : it is depleted relative to lighter noble gases, and
it is isotopically enriched in its heavy isotopes relative to
chondritic or solar components (the so-called xenon paradox).
Recently, xenon trapped in Archean samples was found to be
isotopically intermediate between Chondritic and Atmospheric
[1], which was interpreted as resulting from prolongated loss
of atmospheric xenon to space at least until the Archean eon.
Such preferential loss could be related to the low ionization
potential of Xe and, possibly, to the 10 fold enhanced flux of
hard UV light during the first Ga of solar evolution [2].

In order to explore the geochemical consequences of this
possibility, we have developped a numerical box model in
which atmospheric xenon evolves through time due to
degassing from the mantle with no isotopic fractionation, and
escapes from the atmosphere to the outer space with
enrichment in its heavy isotopes. The model is constrained by
the initial conditions (cosmochemical Xe isotopic composition
from the literature; Xe initial abundance equivalent to a few %
carbonaceous chondrite [3]), the variation in the Xe isotope
composition through time [1,4] and the present-day Xe
composition of the mantle and of the atmosphere.

The combination of the two processes, permits to
reproduce with accuracy (few % difference) the current
isotopic composition of the Earth’s atmosphere. In particular,
the model explains the well known but unexplained
atmospheric under-abundance of Xe isotopes from the fission
of **Pu (T,, = 82 Ma). When corrected for prolongated Xe
loss into space, the I-Pu-Xe age of the atmosphere shifts from
>100 Ma to 45+5 Ma.

[1] Pujol er al (2011) EPSL 308, 298-306 [2] Ribas et al
(2005) The Astrophysical Journal 622, 680-694 [3] Marty
(2012) EPSL 313-314, 56-66 [4] Pujol et al (2009) GCA 73,
6834-6846
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Anaerobic oxidation of methane by
sulfate in hypersaline groundwater at
the Dead Sea aquifer
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Athens, GA (*correspondence: katzavn@bgu.ac.il)

Anaerobic oxidation of methane (AOM) with sulfate as an
electron acceptor is not a process that is expected to occur in
salt-stressed environments, since the energy yield is extremely
low. Still, AOM appears to function even in hypersaline cold
seeps sediments in marine environment. Here, we document
geochemical evidences for AOM process in the continental
hypersaline environment of the Dead Sea aquifer. We
explored this process through chemical and isotope
measurements of sulfate and methane in groundwater with
salinity range of 40-225 CI g-L"! along the Arugot alluvial fan
next to the DS. Oxygen values of this groundwater vary from
absence to very low (0 to 0.16 mg-L™"). Sulfate concentrations
and isotopes indicates BSR. Mass balance of carbon system
parameters as well as the association between methane
concentrations to the apparent net sulfate reduction show that
methane serves as the main electron-donor. The calculated
sulfur isotope enrichment factor might hint high reduction
rates of sulfate when methane is used as asubstrate.

Comparison of H, "*O, *H and
radionuclides migration in
groundwater near the liquid waste
injection site (Tomsk-7, Russia)

I.A. AVRAMENKO', I.V. BLAZHENNIKOVA?
AND I.V. TOKAREV®

!(i.a.avramenko@gmail .com)
%(blazhennikova@mail.ru)
3(okarevigor@gmail .com)

Groundwater near the site injection of the liquid
radioactive waste of the Siberian Chemical Combine (former
Tomsk-7, Russia) was studied. There are six (from I to VI)
sandy aquifers (the numbers are follow from the crystalline
basement to the Earth surface) in this multilayer
hydrogeological system. Radioactive solutes (including a high
activity waste) are injected into the II and III aquifers on the
depth of 270-350 m. Total activity of the buried waste is
about 800 millions Curie. The nitrates, gamma radiation,
temperature were used for monitoring of the radioactive waste
distribution in aquifers for 1963-2000.

Natural water of II and III aquifers has no tritium, because
their age is several thousand years according to the helium and
radiocarbon dating. The tritium (*H) concentration in
radioactive waste is very high, and also the stable isotopes
composition (*H and '30) of natural and man-made water is
very different. These isotopes are the best tracers of water, as
they form its molecule, whereas the radionuclides of waste are
the reactive components, which decay with time and adsorb on
the clayey part of sediments. Therefore comparison the
behavior of conservative and non-conservative tracers allow to
estimate of the retardation factor in situ. More than 200 wells
have been tested for localization of the boundary between the
natural water and man-made solutes. We used the *H, *H and
80 monitoring to improve the safety prediction of the waste
disposal and also for verification and calibration of the
numerical model.
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Polyphase evolution of the Eastern
Ghats Belt (India) - A multi mineral
approach using Rb-Sr and U-Pb ages
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Baltzerstrasse 3, 2012 Bern, Swizerland.
(*correspondence: axelsson@geo.unibe.ch)

The Eastern Ghats Belt (EGB) is a granulite facies
metamorphic belt along the east coast of India. It is a
patchwork of discrete crustal segments with distinct geological
histories. It records the formation and destruction of at least
two earlier supercontinents, namely Colombia (ca 2.1-1.8 Ga)
and Rodinia (ca 1.0-0.9 Ga); as a part of the amalgamation of
India, east Antarctica, and Australia into the SWEAT (SW
United States and East Antarctica) terrane.

Four crustal domains with unique isotopic signatures and
ages can be distinguished within the EGB [1]. The highest-
grade metamorphism was attained during the regional
metamorphism at ca 950 Ma. The subsequent evolution was
proposed to be slow cooling at a rate of ca. 1-2°C/Ma [2].

To reconstruct the post-peak evolution after the 950 Ma
metamorphic imprint, Rb-Sr biotite ages were determined
from biotite-rich metapelitic gneisses. These ages cluster
around 500 Ma for most of the Eastern Ghats belt. The
anlaysed biotite samples have high Mg content, and the
general mineral assemblage is that typical of high temperature
granulites: plag + phl + sil + grt and, depending on the
protolith, kfs, crn or crd. Common accessory mineral phases
are: rt, zrc, spl, ap, spr.

Very young biotite ages like these are unlikely to be the
result of slow cooling from the granulite facies conditions at
ca 950 Ma. Instead they record a low-grade static thermal
overprint of the orogenic belt. This overprint coincides with
high-grade meteamorphism in southern India and Sri Lanka
(ca 580-550 Ma), corresponding with the Pan-African
orogeny. The young ages on a regional scale extend the known
area of the pan-African overprint in India significantly.

[1] Rickers, K., Mezger, K., Raith, M. (2001), Precambrian
Research, 112:28. [2] Mezger, K., Cosca, M.A. (1999),
Precambrian Research,94:251-271

Petrological and Geochemical
Constraints on the origin and
evolution of the Early Campanian
porphyritic rocks from the Eastern
Pontide Magmatic Arc, NE-Turkey

FARUK AYDIN

Department of Geology, Karadeniz Technical Univ., 61080,
Trabzon, Turkey (faydin61 @gmail.com)

Petrogenesis of the porphyritic rocks in the Eastern
Pontides, NE Turkey, play a critical role in determining the
nature of the continental crust and mantle dynamics during
late Mesozoic subduction processes. In this study, we
described, for the first time, the early Campanian (81+0.5 Ma)
porphyritic rocks cutting the late Cretaceous volcanic units in
the region. The porphyritic rocks were observed as small
stocks (< 1km?) in the study area and they generally contain
mafic magmatic enclaves (MMESs). The host porphyritic rocks
comprise quartz diorite and tonalite (SiO,= 64-70 wt%, Mg#=
0.40-0.52) and the MMEs are gabbroic diorite in composition
(Si0,= 51-57 wt%, Mg#= 0.36-0.50). The host rocks have a
microgranular porphyritic texture, and they contain 15-25%
phenocryst of plagioclase and amphibole with a matrix
composing plagioclase + quartz + orthoclase + apatite + zircon
+ Ti-magnetite. Compared to the host rocks, the MMEs are
finer grained, and they contain higher proportion of
ferromagnesian phases and less feldspar minerals.

Geochemically, the samples usually show a high-K calc-
alkaline composition and I-type features with metaluminous
character. The host porphyritic rocks and the MMEs are
characterized by enrichment of LILE and depletion of HFSE
with negative Nb and Ti anomalies. The chondrite-normalized
REE patterns are fractionated [(La/Yb)y = 5-17] and
moderately display Eu anomalies (Ew/Eu* = 0.5-1.2). All
samples have weak concave-upward REE patterns, suggesting
that amphibole and garnet played a significant role in their
generation during magma evolution. The host rocks and their
enclaves are isotopically indistinguishable. Sr-Nd isotopic
data for all of the samples display /g, = 0.7085-0.7087, &y, (81
Ma) =-6.0 to -6.9, with Tp,,, = 1.38-1.63 Ga. Pb isotopic ratios
are (*Pb/**Pb) = 18.61-18.69, (*"Pb/**Pb) = 15.66-15.69
and (*®Pb/**Pb) = 38.78-38.90.

All geochemical results and the Ar—Ar crystallization age,
combined with previous regional studies, suggest mixed-origin
magma generation in a subduction setting.
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Distribution of Cu, Pb and Zn in
Astragalus pycnocephalus Fischer and
Verbascum euphraticum L. Plants on
Pb-Zn Mining Area in
Akdagmadeni, Yozgat, Turkey
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!3Balikesir University, Faculty of Engineering and
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?Bozok University, Faculty of Engineering and Architecture.
Department of Geological Engineering, YOZGAT
(gullu.kirat @bozok.edu.tr)

The study area is located in Akdagmadeni where 104 km
East of Yozgat city and geologically lies within igneous and
metamorphic rocks of Akdag Massive. There are several skarn
type Pb, Zn deposits which formed by regional contact
methamorphism.

Soil and plant samples were collected from both
mineralized and unmineralized areas. The plants Astragalus
pycnocephalus Fischer and Verbascum euphraticum L. were
examined. Analysis were carried out by Inductively Coupled
Plasma-Mass Spectrometry (ICP-MS) method.

Cu, Pb and Zn values of the soil samples were found to be
in the range of (A. pycnocephalus) 13.1- 418.4 mg kg™';
29,87- 7839,53 mg kg'; 48,6- 10000 mg kg! (V.
euphraticum) 32.5- 4194 mg kg™'; 52.96- 9909.13 mg kg';
115.1- 10000 mg kg™', respectively.

Pb and Zn values of most plant samples collected from
study area were 10 times higher than the plants from
unmineralized areas. Pb and Zn concentration time values
were found to be in the range of 463 — 548 mg kg™'; 17.4 —
23.3 mg kg™, respectively. Translocation factor changed from
0.13 to 4881. Enrichment coefficient of most plant samples
were lower than 1. A.pycnocephalus and V. euphraticum can
be used as hyperaccumulator plants for both Pb and Zn.
However, these plants cannot be used as hyperaccumulator for
Cu.

Keywords: A. pycnocephalus, Akdag Massive, Contact
Metamorphism, Hyperaccumulator, Pb-Zn Deposit, V.
euphraticum.

The late Ediacaran (605-580 Ma)
anorogenic alkaline magmatism in
the Arabian—Nubian Shield:

A case study of the Serbal Ring
complex, south Sinai, Egypt

MOKHLES K. AZER
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Dokki, Cairo, Egypt (mokhles72@yahoo.com)

The Serbal pluton is late Neoproterozoic (605-580 Ma)
post-collisional A-type granites in southern Sinai, Egypt
(northernmost ~ Arabian—Nubian  Shield, ANS). It is
characterized by discontinues ring-shaped outcrops that was
later dislocated by a faults. The Serbal pluton intrudes late
Neoproterozoic metamorphic and calc-alkaline rocks. The
majority of Serbal pluton is composed of alkali feldspar
granite and riebeckite granite with gradational contacts; the
former represents the outer zone, while the latter represent the
inner zone. The Serbal granites include wide variations of
accessory minerals including zircon, apatite, titanite, Fe-Ti
oxides, fluorite, allanite, pyrochlore and samarskite. The
Serbal granites are highly evolved in composition (75.98-
78.52 wt.% SiO,) and display the typical geochemical
characteristics of A-type granites with high SiO,, Na,0+K,O,
FeO*/MgO, Ga/Al, Zr, Nb, Ga and Y and low CaO, MgO, Ba,
and Sr. They are rich in REE than monzogranite (country
rock) and show extreme Eu-negative anomaly (Ew/Eu* = 0.01-
0.23). The peralkaline to peraluminous characteristics of the
Serbal granites suggested that they have been evolved through
different differentiation trends which controlled by varying
fluorine contents of the parent magma. The chemical
characteristics indicate that the riebeckite granite shares in
many features of granites with the tetrad REE effect which
manifested by the very low ratios of Eu/Eu*, (La/Yb)n, La/N,
Zr/Hf and K/Rb and by the very high K/Ba. The Serbal
granites exhibit an alkaline nature of within plate tectonic
setting, while the monzogranite of country rocks displays calc-
alkaline characteristics of island-arc tectonic settings. The
Serbal pluton evolved through fractional crystallization of a
parental magma derived through partial melting of juvenile
crustal protolith. This crustal protolith has been extracted from
a source having geochemical and isotopic data similar to those
of the mantle origin. Mineral geothermometry points to the
formation of the silicic magma of the Serbal granites at high
temperatures, up to 650-850°C at a shallow depth of
emplacement (<10 km). This magma erupted after the end of
the Pan-African orogeny due to the thinning and extension of
continental crust. This stage is characterized by the sudden
and radical change from typical subduction-related calc-
alkaline magmatism to post-tectonic alkaline (peralkaline)
magmatism.
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Discovery and characterization of
contrasting siderophores produced by
related nitrogen fixing bacteria using

high resolution LC-MS

OLIVER BAAR, DAVID H. PERLMAN,
ANNE M. L. KRAEPIEL AND FRANCOIS M. M. MOREL *

Princeton University, Princeton, NJ, USA
(*correspondence: morel @princeton.edu)

Azotobacter  vinelandii  (AV) and  Azotobacter
chroococcum (AC) are closely related N, fixing bacteria.
Whereas the structures and physiological functions of
siderophores produced by AV have been much studied, those
of AC remain unidentified beyond a general chemical
characterization. Here we have exploited the characteristic
iron isotopic fingerprint to identify known and unknown
siderophores and characterize them structurally using ultra-
sensitive high-resolution nano-flow UPLC-MS on an LTQ-
Orbitrap XL platform.

Interrogation of preliminary data for AV revealed many
putative Fe-chelators with high abundances, including those
previously identified and other, yet unreported compounds.

Siderophores produced by AC were unrelated to those of
AV. Many AC siderophores possess aliphatic side chains of
variable length with corresponding changes in hydrophobicity.
Current work investigates how these chemical differences in
siderophore production relate to different metal acquisition
strategies and occupation of different ecological niches.

Using isotopic analysis of copper to
assess copper transport and
partitioning in wetland systems

I. BABCSANYT*, F. CHABAUX, V.M. GRANET
AND G. IMFELD*

Laboratory of Hydrology and Geochemistry of Strasbourg
(LHyGeS), University of Strasbourg/ENGEES, CNRS, 1,
rue Blessig, 67 084 Strasbourg CEDEX
(*correspondence: imfeld@unistra.fr,
izabella.babcsanyi@etu.unistra.fr)

Copper isotopes (*Cu/**Cu) are potentially powerful new
geochemical proxies for transport and oxidation—reduction
processes in hydromorphic soils, rivers and lake sediments.
However, the integrative signal of §°°Cu has not been used so
far to investigate the transport and partitioning of copper in
wetland systems with respect to both hydrological and
biogeochemical conditions. Here we used copper isotopes to
investigate the copper cycling in a stormwater wetland (as a
‘natural laboratory’) that regularly received copper-
contaminated runoff from a 42 ha vineyard catchment
(Rouffach, Alsace, France). Runoff water, suspended solids,
sediments and plants were regularly collected throughout the
period of copper-based fungicides application (May to July
2011) to establish the copper mass balance and study isotopic
fractionations.

60 to 93% of copper in runoff was associated with
suspended solids, which were efficiently retained by the
wetland (93 to 96%). Copper bound to suspended solids had
negative isotope signatures (-0.33 to -0.1 = 0.1%o0), whereas
dissolved copper was enriched in ®Cu (0.23 to 1.35 = 0.06%o).
Dissolved copper retention largely varied (68 to 95%) and
became depleted in ®Cu when passing through the wetland
(8%CU;-0%Cu, e 0.03 to 0.77 + 0.08%c). This isotopic
shift suggests that copper rapidely sorbed to organic matter or
mineral phases of the wetland sediments. Under high-flow
conditions, copper was less retained by the wetland and was
likely mobilised from the wetland sediments. This was
attested by a lower §°°Cu value of the outflowing dissolved
copper, thereby reflecting the contribution of sediment-bound
copper (0.02 + 0.1%¢). Copper uptake by the vegetation
(Phragmites australis, Cav.) was not a significant retention
process in the wetland, and accounted for less than 1.5% of the
total copper amount in the wetland.

We anticipate our results to be a starting point for using
copper isotopes in a comprehensive approach to evaluate
processes affecting copper cycling in hydro-biogeochemically
dynamic systems, such as wetlands or hyporheic zones.
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High-precision Nd isotope and HFSE
analysis of Deccan Traps
weathering profiles
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Accurately quantifying the flux of elements from
landmasses during pedogenesis necessitates knowledge of the
parent rock chemistry and some control on whether
allochthonous materials (e.g., dust) have beem added to the
profile during exposure. This is important, for instance, in
calculating weathering rates from U-series isotopes in young
profiles or interpreting stable isotope depth signatures. The
Deccan Traps provide an ideal natural laboratory for studying
chemical weathering due to the thick succession of mafic
flows which have been weathered to varying degrees on
different time scales. In addition, the isotopic and elemental
composition of the basalt parent rock contrasts significantly
with most potential dust sources (e.g., Archean-Proterozoic
crust of the Dravidian Shield).

Deeply weathered laterite of the Deccan Traps has
experienced significant accumulation of aeolian material
during its long exposure history. For example, in a full laterite
profile near Bidar, an upward increase in Th concentration and
accompanying decrease in the Nb/Th ratio is evident from the
base to top. If Nb is assumed to be immobile during
pedogenesis and least affected by dust addition, Th is enriched
up to 400% relative to the parent rock in the most
contaminated samples. Variations in the Nb/Th ratio are well
correlated with the '**Nd/'*Nd ratio, implicating the source of
the contaminant as being incompatible element enriched and
less radiogenic than the Deccan basalt.

Near Chhindwara, a sub-Recent weathering profile is
exposed which spans across two identifiable basalt flows. The
individual flows can be fingerprinted with variations in their
HFSE  composition, highlighting  another  important
consideration in mass balance calculations of a weathering
profile. Even more interesting, however, are the uppermost
samples of the lower exposed flow with alkali element, HFSE
ratios, and subtly less radiogenic Nd isotope values which
again suggest contamination with an allochthonous
component. This is interpreted to represent the entrainment of
sediment in the lava flow top during emplacement or the
accumulation of dust during post-eruption volcanic quiescence
prior to the emplacement of the overlying flow.

U-Pb dating vs. Sr isotope
chemostratigraphy on
Neoproterozoic carbonates:
Shedding light on blind dating?

M. BABINSKI', G.M. PAULA-SANTOS';
M. KUCHENBECKER 2, S. CAETANO-FILHO!,
R .IF. TRINDADE® AND A.C. PEDROSA-SOARES>

nstituto de Geociéncias, Universidade de Sdo Paulo, Sdo
Paulo, SP, Brazil. (babinski@usp.br)

Instituto de Geociéncias, Universidade Federal de Minas
Gerais, Belo Horizonte, MG, Brazil.

Instituto de Geofisica, Universidade de Sdo Paulo, Sdo Paulo,
SP, Brazil.

Sr isotope ratios of carbonate rocks have been extensively
used for global correlations especially on Precambrian rocks
due to lack of fossils and scarcity of dating targets to constrain
their depositional ages. This “blind dating” procedure has been
questioned before but it is still commonly used. Here we
present a case study on carbonates from the basal units of the
Bambui Group (central Brazil) where Sr, C, and O
chemostratigraphy was combined with U-Pb ages from detrital
zircons recovered from pelitic intercalations. Our results show
a strong incompatibility between ®'Sr/*Sr ratios and the
detrital zircons record.

The Bambui Group is composed of a carbonatic-pelitic
sucession which overlies a glacial diamictite (Jequitai Fm.)
correlated to the Sturtian or Marinoan ice-ages. U-Pb ages
from detrital zircons from the diamictite sets the maximum
depositional age at 875 Ma. The cap carbonate that overlies
this diamictite has 8"*C negative values and was dated at 740
+22 Ma, indicating a Sturtian age. Limestones and dolostones
overlying the cap carbonate show 8'"°C values around 0 %o.
Upsection, carbonates are organic-rich limestones displaying
highly positive 8"C values. All carbonates, including those
overlying the diamitite, show ¥'Sr/*Sr ratios between 0.7074
to 0.7076. These ratios are compatible with depositional ages
as old as 650 Ma according to the global Sr isotope evolution
curves available in the literature. However, detrital zircons
yielded U-Pb ages as young as 540 Ma, pointing to
depositional ages close to the Precambrian-Cambrian
boundary or even younger, when more radiogenic Sr isotopes
ratios (ca. 0.7085) are expected. This may result from a
restricted sea context for the Bambui carbonate platform;
consequently their Sr isotope ratios do not correspond to that
of contemporaneous ocens. Several lines of evidence suggest
this is not an unusual scenario for Neoproterozoic carbonate
platforms. Our work shows that worldwide correlations based
only on Sr isotopes must be considered with caution.
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Rocky constraints on catabolic
energy supply in the subseafloor
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Reactions between circulating seawater and oceanic
basement release reduced components, which can be used as
electron donors by chemolithoautotrophs in the subseafloor.
High-temperature axial hydrothermal vent systems show a
pronounced influence of basement composition on metabolic
diversity, with ultramafic hosted systems supporting a greater
range of catabolic reactions, including anaerobic ones [1].

We investigate the influence of temperature (2-110°C),
rock composition (basalt vs. peridotite), and permeability on
energy availability for a subseafloor biosphere away from
axial vents where seawater circulation through fractured
basement takes place at lower temperatures.

In fresh basalt, oxidation of ferrous iron is the main energy
source at low temperatures (<25°C) and under oxic conditions.
Increasing extents of alteration of glassy lava will build up
palagonite rims as diffusive barriers between the fractures and
unaltered glass, which slow down the rates of alteration.
Palagonite has little or no ferrous iron and is enriched in U and
K. Unless new fractures form and allow circulating seawater
to interact with fresh material, the principal source of energy
will change to dihydrogen produced radiolytically by U and K.
At moderate temperatures (25-60°C), recharge of oxygenated
seawater is  sluggish and anaerobic metabolic reactions
become more important. At high temperatures (60-110°C), the
metabolic energy demand has increased relative to the energy
supply, making growth more difficult for microbes.

In mantle peridotite, abundantly exposed in rift mountains
along slow spreading ridges and commonly strongly
serpentinized, oxidation of ferrous iron is also the main energy
source at T<25°C. Brucite dissolves in contact with cold
seawater, increasing permeability of the rock and pH in the
interacting fluid. Serpentinites are often pervasively affected
by low-T reactions, indicating that new permeability develops
in the course of interaction with seawater. At T>25°C,
dihydrogen yields are very high throughout. While the
increased energy supply and permeability will facilitate
microbial growth, high pH and the dearth of CO, in the
interstitial solutions may impedete it.

[1] Amend et al. (2011) GCA 75, 5736 - 5748.

Contaminant geochemistry and
migration in three different mine sites
in Finland — Comparison of
anthropogenic and geogenic
contamination for risk assessment

S. BACKNAS'* K. TURUNEN' A. PASANEN!
T.KARLSSON! AND L. SOLISMAA!

'Geological Survey of Finland, P.O.Box 1237, FIN-70211
Kuopio, Finland (*Correspondence: soile.backnas@ gtk fi)

Areas with bedrock abundant in ore minerals have
naturally high amount of harmful elements in soil as well as in
ground and surface waters. After the beginning of the mining
the anthropogenic contamination also tends to increase. Thus,
it is important to estimate the effects of mining activity and
water treatment methods to the geogenic background when
assessing the long term effects to the surrounding
environment. In this study, geochemical and anthropogenic
contaminant geochemistry and transport in soil at three
different mine sites in Finland: Suurikuusikko, Siilinjérvi and
Luikonlahti, were characterized by using extraction methods
and mineralogical studies. Water samples were analyzed for
metal and metalloid concentrations, anions and physico-
chemical properties. Also groundwater and geochemical
modeling software were used to study the groundwater flow
paths and hydrogeochemistry.

The results show that the geogenic background, the
hydrogeology of the site and concentrations of harmful
elements in mine wastes and waters must be considered in risk
assessment of mine sites. When evaluating the risks, the
concentration levels must be compared to geochemical
background, but also the ratio of available, potentially mobile
and total concentrations must be studied, because the mining
activities tend to increase the proportion of potentially mobile
and available elements. Due to residues of chemicals used in
enrichment process and weathering of minerals during the
process, the concentration profile of harmful elements in
waters can be used to distinguish the anthropogenic and
geogenic contamination. Results also indicate that fractures of
crystalline bedrock are important pathways for contaminant
migration to environment and should be studied using
geophysical methods and groundwater flow modeling when
assessing the environmental effects of mines.
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Surface complexation on birnessite
controls Pb distribution in highly
contaminated soil and karst
groundwater

C.G.D.BACON'?> AND D.M. SHERMAN>*

!School of Earth Sciences, Univeristy of Bristol, UK, BS8 1RJ
(*correspondence: dave.sherman@bristol.ac.uk)

2Golder Associates (UK) Ltd, Bourne End, UK, SL8 5AS
(cbacon@golder.com)

At the historic mineries of Priddy near Bristol, soils are
heavily contaminated with up to 2000 mg/kg Pb. However,
porewater concentrations of Pb are undersaturated with respect
with natural common Pb minerals such as cerrusite. Scanning
electron microscopy and EDX analysis revealed that the Pb in
Priddy soil is associated with a poorly-crystalline Mn oxide
phase. The Mn oxide phase contains up to 40 wt. % Pb. Using
u-EXAFS spectroscopy, and p-XRD, we identified the Mn
oxide as birnessite, similar to the poorly crystalline microbial
0-MnO, described by Villalobos et al. [1]. However, the
origin of the birnessite in Priddy soil is unclear. Using
u-EXAFS, we find that Pb is complexed on both edge and
vacancy sites, as proposed by [2].

The hydrology of the mining area drains into a complex
network of caves, with the resurgence at Wookey Hole.
Within the caves are extensive coatings of birnessite (as
identified using XRD and Raman spectroscopy). We
hypothesise that this birnessite is of microbial origin as found
elsewhere [3]. The soil birnessite must be reduced to release
dissolved Mn(II) which is then oxidized in the dark cave
system by chemolithoautrophic bacteria. The secondary
birnessite in the cave also contains up to 40 wt. % Pb.
u-EXAFS shows that Pb associated with this birnessite in both
edge and vacancy surface complexes.

We hypothesise that the complexation of Pb by birnessite
controls the dissolved Pb concentration in soil pore water and
groundwater. To test this, we have performed a series of
batch sorption edge experiments with synthetic birnessite and
fit these to derive equilibrium expressions and constants for
the possible surface complexation reactions. Using our surface
complexation model, we are predicting the concentration of Pb
in soil porewater and groundwater. However, a reactive
transport model needs to account for the microbial birnessite
recyling.

[1] Villalobos et al. (2003) Geochim. Cosmochim. Act., 67,
2649-2662. [2] Villalobos et al. (2005) Env. Sci. Tech., 39,
569-576. [3] White et al. (2009) J. Caves Karst Stud., 71, 136-
147.

U-Pb and Hf isotope characteristics
of zircon from chromitites at Finero

1.YU. BADANINA!, K.N. MALITCH'?
AND E.A. BELOUSOVA?

'Institute of Geology and Geochemistry of the Uralian Branch
of Russian Academy of Sciences, Ekaterinburg, 620075,
Russia (*correspondence: dunite2009 @rambler.ru)

GEMOC ARC National Key Centre, Macquarie University,
Sydney, NSW 2109, Australia (ebelouso@els.mq.edu.au)

The  Finero  phlogopite-peridotite  represents  a
metasomatized residual mantle harzburgite, exposed at the
base of the lower-crust section in the Ivrea Zone, Western
Alps [1]. Previous studies point to one or more Late Paleozoic
mantle metasomatic events in the Finero peridotite, although
there is little agreement regarding the relative timing of
different events or the source of the metasomatizing agents.

Studied chromitite samples derived from the dump in the
prospecting trenches of Alpe Polunia and Rio Creves.
Dominant zircon population is pale pink and show different
shapes  (subhedral, subrounded or elongated). In
cathodoluminescense (CL), the main set of population is
represented by complex grains, which show development of
core-rim relationship (most likely recrystallized rim on a
preserved core). Subordinate zircon grains are colourless, with
a smoky cathodoluminescense and almost no internal pattern.
Three main U-Pb age clusters have been identified. The
youngest cluster, typical for subordinate zircon population and
rims in complex grains from dominant population, yielded two
206ph/28 ages (e.g., 208.6 = 40 Ma, MSWD=2.0, n=8 and
1949 + 34 Ma, MSWD=045, n=3, respectively). The other
clusters represent cores and rims in the composite grains, with
ages 288.3 = 7.3 Ma (MSWD=3.3, n=6) and 248.6 = 3.3 Ma
(MSWD=0.13, n=8), respectively. In Lu-Hf systematics, zircons
of all age populations show a relatively narrow spread in
*Hf/"""Hf(t) values, with majority (~90 %) falling between
0.282652 and 0.282533. An increase in '"°Hf/'"’Hf(t) ratio
from old to young zircon populations defines a trend, which
follow CHUR evolution curve.

Our data do not concur with the assumption [2] of a single
metasomatic event during chromitite formation. In contrast, a
prolonged formation and multistage evolution of zircon
growth is considered a feature typical of a metasomatized
subcontinental mantle at Finero.

This investigation was supported by the Uralian Branch of
Russian Academy of Sciences (grant 12-P-5-1020).

[1] Hartmann & Wedepohl (1993) GCA 57, 1761-1782.
[2] Grieco et al. (2001) J. Petrol. 42, 89-101.
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The effect of 1,10-phenanthroline on
the oxidative dissolution of iron
monosulfide (FeS)

C.E. BADICA* AND P. CHIRITA

University of Craiova, Department of Chemistry, Calea
Bucuresti, 1071, Craiova 200512, Romania
(*correspondence: badica.catalina@gmail.com)

The effect of 1,10-phenanthroline (a Fe’* ligand) on the
oxidative dissolution of synthetic iron monosulfide (FeS) was
tested by using electrochemical methods. The experiments
were performed in air-saturated HCl solutions with the
concentration of 1,10-phenanthroline in range 0-1 mM, at pH
5 and 25°C. The corrosion current densities (i), corrosion
potentials (E,,,) and values of the components of equivalent
circuit that fits the Electrochemical Impedance Spectroscopy
(EIS) data were determined.

i, Values are quasi-constant when the concentration of
1,10-phenanthroline varies between 0 and 0.5 mM. When the
concentration of 10-phenanthroline exceeds the value of 0.5
mM, i, increases from 30.7 uA cm™ up to 38 uA cm™. E
increases from -393 mV up to -338 mV when the
concentration of 1,10-phenanthroline increases from 0 to 0.5
mM. At higher concentrations of ligand, E_,. decreases down
to -355 mV. The values of the components of equivalent
circuit that fits EIS data were found to be in agreement with
the variation of i, and E

Our conclusion is that the oxidative dissolution of FeS in
the presence of 1,10-phenanthroline is the result of two
processes with opposite effect: 1) the inhibiting adsorption of
1,10-phenanthroline on the FeS surface and 2) the promoting
effect of 1,10-phenanthroline on the breakage of Fe-S bond.

‘corr

‘corr*

This work was supported by a grant of the Romanian
National ~ Authority for Scientific Research, CNDI-
UEFISCDI, project number 51/2012.

Earth’s building blocks:
The “Core Spyglass”

JAMES BADRO', JOHN BRODHOLT?, JULIEN SIEBERT"®
AND RICK RYERSON'#

'Institut de Physique du Globe de Paris, France
University College London, United Kingdom
SUniversité Pierre et Marie Curie, Paris
“Lawrence Livermore National Laboratory, USA

The details of Earth’s accretion, and the nature of Earth’s
building blocks in particular, are still poorly understood. One
way to constrain accretionary processes is to understand the
major differentiation event that took place during accretion:
core formation. Earth’s core formed during accretion as a
result of melting, phase-separation, and segregation of
accretionary building blocks (meteorites, planetesimals,
protoplanets). Extensive melting lead to the formation of a
Magma Ocean, and the bulk compositions of the core and
mantle depend on it evolution (pressure, temperature,
composition) during accretion. The entire process left a
compositional imprint on both reservoirs: in the silicate Earth,
in terms of siderophile trace-element concentrations (a record
that is observed in present-day mantle rocks); and on the core,
in terms of major element composition and light elements
dissolved in the metal (a record that is observed by seismology
through the core density-deficit).

Constraining accretionary processes by looking at the core
has been studied for almost ten years. Based on partitioning of
slightly siderophile elements, the current paradigm is that
Earth must have formed under very reducing conditions,
followed by a complex oxidation mechanism to reach the
present-day redox state. In the light of new partitioning data
under extreme conditions, we will show here that Earth can
form at a constant redox state (the present-day value), or even
form in relatively oxidized conditions (that of carbonaceous or
ordinary chondrites). This paradigm shift is strengthened by
the fact that oxidizing conditions favour oxygen solubility in
the core, which is a requirement both for the inner-core
density jump and outer core density deficit.
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Advances in instrumentation based
on cavity enhanced laser absorption
spectroscopy

DOUGLAS BAER, MANISH GUPTA, FENG DONG,
ELENA BERMAN, TOM OWANO
AND ROBERT PROVENCAL

Los Gatos Research, Mountain View, CA, USA

Novel instrumentation based on high-resolution laser
absorption  spectroscopy now allows high precision
measurements of gas concentration and isotopic ratios
continuously, in real time, and without preconcentration.
These analyzers employ tunable lasers that operate in the near-
infrared and mid-infrared spectral regions and employ an
optical cavity as a measurement cell. The simple operation of
these instruments allows measurements almost anywhere. The
laser wavelength is continuously and repetitively scanned over
selected absorption features of target isotopologues to record
high-resolution absorption lineshapes at data rates of 1 Hz or
faster. The integrated areas of the measured lineshapes enable
determination of the respective isotope-specific concentrations
directly. No longer constrained to operate in a laboratory,
these analyzers offer opportunities to record measurements in
remote sites in less-developed areas. This presentation will
summarize recent developments at LGR in both hardware and
software analysis that enable measurements of isotopic ratios
in carbon dioxide (613C, 8180, CO2), methane (813C, CH4),
nitrous oxide (015Na, 15Nf, 6180, N20) and water (liquid
and vapor; 82H, 6170, 8180, H20) in ambient air and in
complex gas samples. An overview of the current
performance of LGR instruments and perspectives on future
developments will be presented.

Ca isotope fractionation in a
permafrost-dominated boreal
ecosystem (Kulingdakan watershed,
Central Siberia)

M.-L.BAGARD'*, A -D. SCHMITT'?, F. CHABAUX',
0.S.POKROVSKY?,J. VIERS?, P. STILLE!, F. LABOLLE'
AND A.S. PROKUSHKIN*

'Université de Strasbourg-CNRS LHyGeS, 1 rue Blessig,
67084 Strasbourg Cedex, France
(*correspondence: mbagard @unistra.fr)

Université de Franche-Comté-CNRS, 16 route de Gray,
25030 Besancon Cedex, France

3Université Paul Sabatier-CNRS, 14 Avenue Edouard Belin,
31400 Toulouse, France

“V.N. Sukachev Institute of Forest, Krasnoyarsk, Russia

Ca isotope compositions were measured in different
compartments (stream water, soil solutions, rocks, soils and
soil leachates and vegetation) of a small permafrost-dominated
forested watershed in the Central Siberian Plateau. Our results
show that only the processes related to vegetation activity
significantly fractionate Ca isotopes within the watershed.
These fractionations occur during Ca uptake by roots and
along the transpiration stream within the larch trees. Biomass
degradation then significantly influences the Ca isotopic
compositions of soil solutions and soil leachates via the
release of light Ca. Furthermore, organic and organo-mineral
colloids originated from organic matter degradation are
thought to affect the Ca isotopic composition of soil solutions
by preferential scavenging of “°Ca. This imprint of organic
matter degradation on the §***Ca of soil solutions is much
more significant for the warmer south-facing slope of the
watershed than for the shallow and cold soil active layer of the
north-facing slope, indicating that the available stock of
biomass and the decomposition rates are critical parameters
that regulate the impact of vegetation on the soil-water system.
Moreover, the obtained 8**°Ca patterns contrast with those
described for permafrost-free environments with a much lower
8*40Ca fractionation factor between soils and plants,
suggesting particular processes related either to the presence
of permafrost or to the specific features of organic matter
degradation in permafrost environments. Finally, biologically
induced Ca fractionation observed at the soil profile scale is
not visible in stream and river waters, whose isotopic
variability in the course of the year is likely controlled by the
lithological heterogeneity of the sources. As such, we suggest
a negligible influence of biologically related fractionation on
the long-term Ca isotopic signatures of riverine fluxes carried
to the ocean.
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Effect of Fe(Il) ions on the sorption of
selenite onto chlorite

MIN HOON BAIK* AND JONG TAE JEONG

Korea Atomic Energy Reseach Insitute, Daejeon, Republic of
Korea (mhbaik @kaeri.re .kr)

It has been reported that Fe(II)-bearing minerals or Fe(II)
ions can reduce oxoanionic selenite (Se(IV)O,>) either to
Se(0) or Se(-1I) and then decrease the mobility of the selenite
in subsurface environments [1, 2]. In this study the effect of
Fe(Il) ions on the sorption of selenite onto chlorite surfaces
was investigated as a function of selenite concentration, Fe(II)
concentration, and pH.

The sorption of Se(IV) onto chlorite surfaces followed the
Langmuir isotherm regardless of the presence of Fe(Il) ions.
The Se(IV) sorption was enhanced at a pH > 6.5 when the
Fe(Il) concentration was higher than 5 ppm because of the
increased sorption of Fe(II) onto chlorite surfaces. XANES
(X-ray absorption near edge structure) spectra of the Se K-
edge showed that most of the sorbed Se(IV) was reduced to
Se(0) by Fe(Il) sorbed on the chlorite surfaces, especially at
pH > 9. The combined results of field emission scanning
electron microscopy and X-ray diffraction also showed that
elemental selenium and goethite were formed and precipitated
on the chlorite surfaces during the sorption of selenite.
Consequently it can be concluded that Se(IV) can be reduced
to Se(0) in the presence of Fe(Il) ions by the surface catalytic
oxidation of Fe(Il) into Fe(Ill) and formation of goethite at
neutral and particularly alkaline conditions.

100 OFe(ll)= 0 ppm i A A A a
®Fe(ll)= 0.5 ppm
80 WFe(ll)=5ppm - -
®
= AFe(ll) = 50 ppm L]
2
5 60
2
o
]
5
-3
8 40
T
o
20 i i
- L]
. o = * "
) M) . ® o0
0 ).
3 4 5 6 7 8 9 10 1" 12

pH

Figure 1: The sorption of Se(IV) onto chlorite surfaces as a
function of pH at different concentrations of Fe(Il) ions.

[1] Charlet et al. (2007), Geochim. Cosmochim. Acta 71,
5731-5749. [2] Scheinost et al. (2008), J. Contam. Hydrol.
102, 228-245.

Horizontal gene transfer in
phylogenetically-distant taxa that
induce the formation of modern
wrinkle structures: Implications for
the interpretation of Earth’s earliest
microbialites

J.V.BAILEY' AND B.E. FLOOD'

'Dept. of Earth Sci., University of Minnesota, Minneapolis,
MN 55455, USA (*correspondance: baileyj@umn.edu)

Wrinkle structures in rocks dating back to the Archean are
commonly interpreted to represent the stabilizing influence of
cyanobacteria on sediments because the trapping and binding
of sediment by these phototrophic microbes is known to
produce similar features in modern tidal flat settings [1]. Our
observations of modern sediments show that, like
cyanobacteria,  chemolithotrophic ~ taxa  within  the
Beggiatoaceae can produce features that are reminiscent of
those found in the ancient rock record. Despite similarities in
cell morphology and division patterns, the Cyanobacteria and
the Beggiatoaceae are generally considered to be
phylogenetically-distant clades in rRNA-based phylogenies.
However, our comparisons of Beggiatoa and cyanobacterial
genomes show that these organisms share many genes that
potentially code for phenotypic traits such as chemotaxis,
filament formation, and the production of extracellular
polymeric substances. Some of these genes may underlie the
similar biostabilizing influences these organisms impart on
sediments. Our analyses further suggest that at least some of
these genes may have been acquired via horizontal gene
transfer. The presence of multiple biostabilizing clades in the
modern, as well as the potential for extensive horizontal gene
transfer over 3.5 billion years of evolution, complicates the
interpretation of ancient sedimentary features using solely
morphological criteria.

[1] Noffke (2007) Gondwana Research, 11,336-342.

DOI:10.1180/minmag.2013.077.5.2
WWW.Mminersoc.org

https://doi.org/10.1180/50026461X00008550 Published online by Cambridge University Press


https://doi.org/10.1180/S0026461X00008550

Goldschmidt2013 Conference Abstracts 643

Development of a novel TOF-SNMS
to analyze sub-micron noble gas
distribution
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Overview of the instrument

Ion beam for secondary ion mass spectrometry (SIMS)
down to 10 nm can reveal new perspectives for
cosmochemistry and material sciences. We have developed
LIMAS (Laser Ionization Mass Nanoscope [1]) that is a time-
of-flight sputtered neutral mass spectrometer (TOF-SNMS)
with non-resonant laser post-ionization system. LIMAS is
mainly composed of Ga focused ion beam (FIB) for
sputtering, femtosecond laser for post-ionization of the
sputtered particles, and high mass resolution multi-turn mass
spectrometer of which mass resolving power of *He* (m/z=4)
is 8,500 (FWHM) after 90 cycles.

One of our goals is to determine micro-distribution of
noble gases in solids derived from solar wind (SW)
irradiation. An ultra-fine ion probe and post-ionization
procedure should reveal the processes of the solar-gases were
implanted and the surface layer was lost by space weathering
because SW implanted layer is less than 100 nm and high
spatial resolution in situ He analysis has never been done.

The spatial resolution for “He was achieved ~50 nm which
was evaluated by using “He implanted Si-wafer (dose: 2 x 10'
ions/cm?). A detection limit of the present system is about 10'®
atoms/cm® for *He. The performance of LIMAS should be
improved towards higher sensitivity and lower background
noises because bulk concentrations of solar-He in gas-rich
meteorite are 10'°-10'® atoms/cm’® [2] for rocky material
(density ~ 3 g/cm?).

[1] Ebata et al. (2012) SIA, 44, 635-640. [2] Goswami et al.
(1984) SSRv, 37, 111-159.

The association between iron and
carbon in freshwater colloids

S.BAKEN'*, J.P. GUSTAFSSON?* AND E. SMOLDERS'

'KU Leuven, Dept of Earth and Environmental Sciences,
Kasteelpark Arenberg 20 bus 2459, 3001 Leuven,
Belgium (*correspondence: stijn.baken@ees kuleuven.be)

’KTH, Dept of Land and Water Resources Engineering,
Teknikringen 76, SE-100 44 Stockholm, Sweden

*SLU, Dept of Soil and Environment, Box 7014, SE-750 07
Uppsala, Sweden

Iron and carbon are important constituents of natural
colloids, which intimately links the fate of these two elements
in riverine systems. Iron may strongly affect the binding of
trace metals by organic matter, e.g. through competition for
binding sites, which highlights the importance of a correct
appreciation of the Fe speciation in surface waters. However,
the chemistry of Fe and C in natural colloids is complex and
depend on many factors including the pH, the Fe:C ratio, and
the redox speciation of Fe [1-3].

Two areas with a contrasting Fe chemistry were studied: a
lowland area with widespread seepage of iron-rich
groundwater, and an upland peat area. Samples of ten oxic,
well-mixed streams were subjected to cascade filtration using
conventional filtration (1.2 ym, 0.45 ym, 0.1 pm) and cross-
flow ultrafiltration (CFF; 5 kDa). The colloidal fraction, here
operationally defined as between 0.45 um and 5 kDa, was
isolated by CFF and subsequently freeze-dried. The speciation
of colloidal Fe was determined by EXAFS spectroscopy at the
Fe K-edge (MAX-Ilab, Lund, Sweden).

In the rivers draining upland peat, Fe and C were
predominantly recovered in the fraction between 5 kDa and
0.1 um. Conversely, in the rivers draining the lowland with
extensive seepage of iron-rich groundwater, Fe was most
abundant in the >0.1 um fraction, whereas C was
predominantly present < 0.1 ym. The EXAFS data reveal that
colloidal Fe speciation is different in both study areas. It exists
as mononuclear Fe complexed by dissolved organic matter, as
colloidal hydrous ferric oxides (likely stabilized by adsorbed
organic matter), or as a mixture of these. The colloidal Fe
concentrations show considerable seasonal variability.
Overall, this study contributes to a better understanding of
colloidal Fe speciation and of its interaction with organic C.

[1] Sjostedt et al. (2013) Geochim Cosmochim Ac 105, 172-
186. [2] Allard er al. (2004) Geochim Cosmochim Ac 68,
3079-3094. [3] Lyvén et al. (2003), Geochim Cosmochim Ac
67,3791-3802.
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Asian Monsoon moisture transport
1999-2005 and its implications for
palaeomonsoon reconstructions
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'Department of Earth Sciences, Durham University, Science
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*Institute for Atmospheric and Climate Science, Swiss Federal
Institute of Technology, CH-8092 Zurich, Switzerland.

3University of California at Irvine, 3206 Croul Hall, Irvine,
CA 92697, USA.

The Asian summer monsoons affect the livelihood of the
world’s most populous regions. Predictions of future
monsoonal  variability require reliable palaeoclimate
reconstructions from proxy data. Speleothem &0 records
from Chinese cave sites are assumed to provide direct
palacomonsoon intensity records, but recent research suggests
80 integrates a more complex climate signal. We detected
the sources modern monsoonal precipitation across China
using a Lagrangian precipitation source diagnostic and
reanalysis data. Our results show that monsoonal precipitation
(May-August) in this region is primarily derived from the
northern and western Indian Ocean; identification of this
signal is consistent with recent GCM results. We also find that
recycled moisture over continental Indo-China is an important
contributor to west-to-east moisture transport during the
monsoon season. These data highlight the importance of proxy
site location and improve our ability to isolate the precipitation
amount or monsoon intensity signal in palacomonsoon
reconstructions.

Trace element and **Al-**Mg
constraints on silicate differentiation
of the HED parent body

J.BAKER'*,J. DALLAS?, M. SCHILLER?, J. CREECH? AND
M. BIZZARRO®

!School of Environment, University of Auckland, New
Zealand (*correspondence: j.baker@auckland.ac.nz)

2School of Geography, Environment and Earth Sciences,
Victoria University of Wellington, New Zealand

3Centre for Star and Planet Formation, Natural History
Museum of Denmark, Denmark

The  howardite—eucrite—diogenite =~ meteorites  are
considered to originate from the asteroid Vesta. Diogenite
meteorites appear to be mafic cumulates with a pyroxene-
dominated mineralogy, whereas eucrites are basaltic in
mineralogy and composition. However, the relationship(s)
between these products of silicate differentiation of their
parent asteroid(s) remain enigmatic, if indeed they originated
from the same parent body as is suggested by their common
three-oxygen isotope compositions.

We have conducted a detailed in situ major and trace
element study of minerals (pyroxene and plagioclase) in a
large number of diogenites and non-cumulate eucrites (n = 44)
by LA-ICPMS. We have also analysed to ultra-high precision
(8%*Mg* + 0.002%o0) the Mg isotopic composition of the same
bulk meteorites by MC-ICPMS. Significant variations in
8Mg* related to Al decay in the first 5 Myr of the Solar
System are evident amongst the suite of diogenites (8*Mg* =
—0.011%o0 to +0.013%0) and eucrites (8*Mg* = +0.004%o to
+0.0040%0). Despite their limited range in mineral major
element compositions, mineral trace element concentrations
vary widely. For example, moderately incompatible heavy rare
earth element concentrations in pyroxene vary by more than
two orders of magnitude (e.g., Yb =0.02 to 3.1 ppm).

Trace elements such as Yb in pyroxene and Sr in
plagioclase co-vary with bulk rock 8*Mg* values, which
potentially implies rapid magmatic differentiation of a magma
ocean. However, the large range of trace element abundances
is difficult to reconcile with any simple cogenetic model for
partial melting or crystallization of diogenites (cumulates) and
eucrites (residual liquids) from a common parent body or
magma ocean. Stable Mg isotopic compositions (8*Mg) of
eucrites appear to be distinct from those of both diogenites and
terrestrial basalts, which might imply that diogenites and
eucrites originated from separate parent bodies or that eucrites
are the product of a formation process (i.e., residual liquids of
extensive fractionation of an ultramafic magma body) that is
fundamentally different to the partial melting processes that
produces basaltic magmas on Earth.
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Environmental fate, transport, and
bioavailability of CeO, nanoparticles
in stream mesocosms

LEANNE F. BAKER' * RYAN S. KING' s
JASON M. UNRINE> AND COLE W. MATSON'

"Baylor University, One Bear Place #97266, Waco, TX, USA
76798-7266 (*correspondence: leanne_baker@baylor.edu)

University of Kentucky, Lexington, KY, USA 40546-0091
(jason.unrine@uky .edu)

Emissions from wastewater treatment facilities (“press”-
type exposures) and accidental spills (“pulse”-type exposures)
are two possible entry routes of engineered nanomaterials into
aquatic environments. Significant uncertainty exists regarding
the processes governing transport and environmental fate of
these novel materials. Outdoor, 1870L recirculating stream
mesocosms were treated with either 1) a one-time addition
(pulse) of acetate-coated cerium dioxide nanoparticles (CeO,
NPs) to achieve aqueous concentration of 10 mg NPs/L or 2) a
25-day continuous exposure (press) of the same amount of
CeO, NPs as 1), a third stream served as a control. Mesocosms
were lined with unglazed ceramic tiles and stocked with fish,
invertebrate, plant and microbial species. CeO, NPs are known
to be insoluble, so total Ce concentrations measured by ICP-
MS served as a proxy for CeO, concentrations. Results
suggested rapid aggregation of CeO, NPs in the pulsed dose.
Aqueous concentrations were between 0.24-0.37 mg/L 12-76
hours after NP addition, declining to 0.02 mg/L by cessation
of the experiment on day 30. Aqueous Ce concentrations in
the press-dosed stream averaged 1.2 mg/L on day 15 (12% of
target) and 1.1 mg/L (11% of target dose) on day 25. Five
days after completion of NP dosing in press mesocosms (day
30 of experiment), aqueous concentrations of Ce had declined
to an average of 0.46 mg/L, which was still higher than any Ce
concentration measured in the pulse-dosed stream.
Consequently, the concentration of Ce in periphyton was
lower in the press-dosed stream on day 30 (average of 9.08
png/g of dry sample) than in the pulse-dosed stream (average of
13.11 pg/g). The press dose resulted in longer-range transport
of NPs, such that periphyton concentrations of Ce in the
lower reaches of the press-dosed stream were nearly double
those observed for the pulse-dosed stream (6.4 ug/g vs. 3.3
nglg, respectively), likely because of a reduced particle-
particle interaction and subsequent aggregation relative to the
pulse addition. These results suggest that exposure scenarios
may play a significant role in determining the environmental
fate, transport, and bioavailability of stable metal oxide
nanomaterials.

Development of fertile magma at
El Teniente, Chile: Implications for
porphyry-style mineralisation
M.J. BAKER'*, P.N. HOLLINGS® AND D.R. COOKE'

ICODES, University of Tasmania, Hobart 7001, Australia
(*correspondence: bakermj@utas.edu.au)

*Dept. of Geology, Lakehead University, Thunder Bay,
Ontario, Canada, P7B5SE1

El Teniente porphyry Cu-Mo deposit is located in the
Andean Cordillera in the central Chilean porphyry belt, which
is host to a number of world-class late Miocene-Pliocene
porphyry copper deposits. El Teniente is considered one of the
world’s largest copper deposit in terms of contained metal,
with a total identified resource of over 16 billion metric tonnes
(Gt) at 0.554 % Cu [1] and 7.8 Gt at 0.018 % Mo [2].

A series of calc-alkaline intermediate to felsic porphyritic
sills and dikes, collectively termed the Teniente Plutonic
Complex, are spatially associated with magmatic-
hydrothermal breccias and veins that host mineralization at El
Teniente. They were emplaced between 7.1-4.9 Ma, although
previous work has suggested a 7.10 £ 041 Ma age for a
sample of the porphyry may be inherited [3 4].

Samples from the Teniente Plutonic Complex have been
analysed for Rb/Sr and Sm/Nd isotopic compositions. €yy
values are consistently positive, ranging from 24 to 3.2,
whereas *’Sr/*Sr, values are between 0.70388 and 0.70421.
When compared to other intrusive rocks from Central Chile
[5], El Teniente rocks display broadly similar trends, implying
that a geologic event led to an abrupt decrease in €y, values ca.
5 Ma. The isotopic data reflect localized assimilation of
crustal material into the mantle wedge as a result of
subduction erosion adjacent to a zone of ridge subduction [5],
rather than intra-crustal contamination, consistent with a
subduction-erosion model [6]. The data suggest the Teniente
Dacite Porphyry and associated mineralization was emplaced
as several discrete intrusions over a ca. 1 million year period.
This process has implications for the relationships between
porphyry emplacement and Cu-Mo mineralization in central
Chile.

[1] CODELCO Annual Report (2009). [2] Camus (2002)
CODES Special Pub. 4, 1-38. [3] Maksaev et al. (2004) SEG
Special Pub. 11, 15-54. [4] Cannell et al. (2005) Economic
Geology 100, 979-1003. [5] Hollings et al. (2005) Economic
Geology 100, 887-904. [6] Stern & Skewes (1995) Revista
Geologica de Chile 22,261-272.
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Cl in magmas:
A tool for degassing processes
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'ISTeP, Université Pierre et Marie Curie, Paris, France
(*correspondence : helene.balcone_boissard@upmc.fr)
*Institut de Physique du Globe de Paris, Paris, France

Volatiles are responsible of magma ascent from reservoir
to surface. For differentiated melt, H,O is the main volatile
species, the behavior of which control the eruptive style. But
H,O is generally difficult to measure precisely that limits the
dataset available. Halogens are interesting to study and
particularly Cl that is easier to analyse in volcanic glass
(residual glass and melt inclusions) by electronic microprobe
at the concentrations that occurred in natural samples.

Cl is generally controlled by its partitioning into the H,O
phase that explains a wide range of behavior. Here we present
different results on CI behavior in magmas, from basic to acid
composition, in order to highlight how Cl may be a useful
parameter for degassing processes. In rhyolitic melt, CI
follows H,O behaviour and provides the same information of
closed- vs. open-system degassing. In alkali magmas such as
phonolitic or trachytic magmas, Cl content in magmatic melt
may be buffered in precised (P, T, composition) domain
corresponding to magma storage at depth in equilibrium with a
two-phase fluid composed of H,O-rich vapor and a brine. At
that conditions, Cl content depends on the pressure at which
the magma is stored, and thus acts as a barometer. The
pressure at which the magma is deduced from the solubility
law corresponding to the melt composition studied. In some
cases, Cl may only behaves as a pure incompatible and non-
volatile element and images a stratified reservoir. Whatever
the composition, effective Cl degassing potentially affecting
the environment.

We illustrate these different behaviors with data on glass
(melt inclusions and residual glass) from different eruptions
from various contexts (Vesuvius, Etna, Azores, Lesser
Antilles and Vanuatu arc).

Cyclic dolomitization of limestone
at Oker (Germany)

ANDRE BALDERMANN!, ARTUR P. DEDITIUS!,
CHRISTIAN P. STICKLER!, ALBRECHT LEIS?
AND MARTIN DIETZEL'

nstitute of Applied Geosciences, Graz University of
Technology, Rechbauerstralie 12, 8010 Graz, Austria;
(baldermann@tugraz.at)

“Institute of Water, Energy and Sustainability, Joanneum
Research, Elisabethstrafle 18, 8010 Graz, Austria

Magnesium and sulfur are one of the major elements that
control  dolomitization in  marine, low-temperature
environments. However, conditions and reaction mechanisms,
which are related to dolomitization are poorly understood.

We investigated partly dolomitized limestone (Oker,
Langenberg, Germany) of Upper Jurassic age (~153 Ma) that
was deposited in a shallow marine, sabkha environment. X-ray
diffraction (XRD), 8'®0 and 8"C isotope measurements, and
electron microprobe (EMP) analyses were completed on
porous dolomite, sandwiched by layers of limestone.

The lower limestone layer consists of micritic calcite (-1.7
to -2.9%o0 of 80 and 1.3 to -0.7%0 of 8'*C, VPDB), which
formed under marine conditions. EMP analyses revealed low-
Mg calcite (LMC) of  (Cayg6.99M80.004-0035T00.01NAg.001
Fe.0002)090.10C05.  Samples from the contacts between
dolomite and limestone layers contain LMC, high-Mg calcite
(HMC), and dolomite, which are associated in single grains.
The  dolomite  core,  (Caygr.1.14Nag001)007-1.14ME075.007
Fe.002M0.001)0.76.099[(Co.998-10500002)0312, 18 ~10 um in
diameter, and is surrounded by LMC, (Cayg.096ME)006.00s
Fe..004N80.000:MDg.0.001)0.96.0.07C O3, and subsequently deposited
HMC,  (Cay 640.78M80.19-0.32F€00004N30.0.003M1N.0,002)0.01.0.99C O3-
The “pure” dolomite (2.2 to 1.7%o of "0 and 1.7 to -0.1%o of
8"C, VPDB) comprises of 2-50 pm sized euhedral crystals of
(Cay g2-1.12N0.0.02)1.02-1.13M80.82-0.94F€0.0.0:MD.0.002)0.53-0.971 (Co 904
1050:0006)O31,, and shows alternate growth zones of S and Fe.
XRD data confirm non-stoichiometric dolomite with
51-54 mol% of CaCO;. The degree of order in dolomite, in
respect to dolomite super structure, decreases from 83% to
42% with increasing S contents from 0.02 to 0.06 S [a.p.fu.],
respectively. The upper limestone layer contains no dolomite
or HMC, and displays marine conditions; i.e., micritic LMC
(-1.8 to -3.4%0 of "0 and -1.6 to -4.0%o of 8'°C, VPDB).

The euhedral shape and the (Fe, S)-growth zoning of the
dolomite crystals, and the alternate zones of dolomite, LMC,
and HMC suggest dolomitization via dissolution of primary
carbonates and subsequent cyclic and abrupt changes in the
chemical (Mg, Fe, and S), and isotopic composition of the
interstitial solutions.
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A distinct tectono-metamorphic
evolution at the southern edge of
Tisia Mega-Unit revealed by
monazite and xenotime age dating
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The Slavonian Mountains (Pannonian Basin, Croatia) are
the area of particular significance within Tisia Mega-Unit.
This large unit, with complex internal structure, encompasses
three huge southward dipping Alpine nappe systems that
expose characteristic lithologies of south-eastern part of
Pannonian Basin basement. Complexes of the central nappe
system (i.e. Bihor) outcrop along the 5.5 km long, NNW-SSE
trending Kutjevacka Rijeka transect. This transect is one of the
most prominent geological cross-sections that reflects a
complex history of the metamorphic and igneous evolution,
giving insight into crustal evolutionary processes and their
relationship to deformation and metamorphism.

Our previous age dating of monazite from the
representative rock complexes along Kutjevacka Rijeka
transect, combined with geothermobarometric data, revealed
complex structure and metamorphic history that includes a
pre-Variscan (Ordovician to Silurian; 444+19 and 428+25 Ma)
and a Variscan (356+23 Ma) medium-grade metamorphism [1,
2]. The primary focus of this study is on surprisingly large
extent of very low- to low-grade Alpine metamorphism
recorded in the parametamorphic rocks (chloritoid and chlorite
schists) along the transect. The Th-U-Pb age dating on
xenotime grains within the chloritoid schist gave an average
age of 120+36 Ma, peak metamorphic conditions reaching
3.5—4 kbar and 340-380 °C. The age of 219+81 Ma obtained
on Yb-rich xenotime (inherited?) core domain(s), implies a
possible existence of older low-grade metamorphic phase(s)
[3]. Two distinct penetrative low-grade metamorphic
foliations recorded in the chlorite schists are accompanied by
existence of two populations of small (~3.5 ym) low-Th
monazites, giving an average age 99+15 Ma. Histogram of
obtained ages shows two peaks at 120 and 80 Ma while age
modelling recognized two peaks at 113+20 and 82+23 Ma.
Those ages argue against "stratigraphic doubts" that contradict
Alpine metamorphism in the area.

[1] Balen et al. (2006) Miner Petrol 87, 143-162. [2] Horvath
et al. (2010) Lithos 117, 269-282. [3] Balen et al. (2013) Int J
Earth Sci, in press.

Contribution of fungi and bacteria to
the Mg biogeochemical cycle in
podzolic soils
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Stockholm University, Dept. of Geological Sciences,
Stockholm, Sweden (*Clarissebolou-bi@geo.su.se)

Uppsala University, Dept. of Earth Sciences, Air, Water and
Landscape sciences, Uppsala, Sweden

Silicate mineral weathering is a key process in soil
formation through leaching of essential elements (Mg, Fe, Al),
which sustain plant growth and determine the chemistry of soil
solutions and exchange complex. Biological role on silicate
mineral weathering remain to date a scientific challenge due to
the strong relation between plant growth, silicate mineral
weathering and CO, cycle. However, some constrains, such as
microflora associated to plants, are unresolved allowing to
quantify biological impact on silicate mineral alteration in the
soil and on major cation biogeochemical cycle. Soil
microorganisms (fungi and bacteria) play a major role in the
availability of nutrients in soils. They participate in weathering
of primary materials through the production of low-molecular
masses organic acids (LMMOAs). The objective of this study
is to quantify the impact of microorganisms (bacteria and
fungi) during granite bioweathering and to better understand
and quantify the contribution of microflora to Mg
biogeochemical cycle.

For this, we lead several experiments of geological
material (granite) bioweathering to investigate the impact of
fungi and bacteria on the release of Mg from granite during 42
days. The microbial communities were directly isolated in
November 2011 from different horizon (O, E, B) of a podzolic
soil under 3 different tree species (Scots Pines, Spruce, Birch)
in Norunda (Sweden). To characterize mechanisms of
dissolution, we monitored low-molecular organic molecules
produced by microorganisms, microbial biomass, pH, Mg
released and Mg isotope ratio variations.

Result indicates that pH decreases significantly from 6.5
to 4-5 during the first week of the experiments and then
roughly stabilizes over time. In contrast, in all experiments,
the fraction of released Mg is strong until 30 % at the end of
the experiments. There is a positive correlation between the
Mg leached from phlogopite and the carbon produced
(LMMOAs and biomass) by microbial communities.
Whatever the tree species, the microbial communities isolated
from the upper part of the organic horizons of the soil are less
efficient to weather the granite and don’t produce great
quantities of LMMOAs. Preliminary isotope analyses indicate
that 8*Mg in the leaching solutions collected at the end of the
experiments are close to the initial value of the granite. Only
leaching experiments performed with microbial communities
isolated from the upper part of the organic horizons induce a
high enrichment in the light isotope (~ -1.0%o) in the solution,
suggesting a biotic effect that will be investigated.
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Combined Halogen (Cl, Br, I) and
noble gas mantle geochemistry
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Not yet two decades ago the community view of the
mantle structure had converged on a mantle geochemically
layered at 670km depth. This model has passed on, is no more,
ceased to be, expired and is now history. Killed, by
geophysical observation. Although the layered mantle is now
an ex-model the geochemical observations used to support it
remain; the formation, location and evolution of a volatile rich
mantle reservoir capable of fluxing the mantle beneath mid
ocean ridges with accretionary volatiles, such as *He, still
attracts significant attention.

High precision multi-collector noble gas mass
spectrometry is providing us with new detail of the mantle
system. MORB basalts and mantle-derived CO, natural gas
fields show a MORB-source mantle with light and heavy
noble gases, and therefore associated volatiles, that originate
as a trapped component in accreting meteorites [1]. New data
from Iceland nevertheless, shows that the Iceland OIB source
region is incompatible with this source simply providing the
noble gases now in the upper mantle [2]. An additional
volatile input into the mantle is today through recycling noble
gases with a seawater signature [3], while dry subduction may
have operated on the Early Earth to introduce accretionary
volatiles into the mantle [4].

Heavy halogens (Cl, Br, I), in combination with noble
gases, are a powerful tool to understand the subduction of
volatiles and highly incompatible elements in detail [5]. Due
to low Br and I concentrations, new techniques only now
allow us to determine: accretionary material characteristics;
partitioning data; and investigate the different terrestrial
reservoir halogen mass balance. We present an overview of
progress in this new field and discuss how the combined
halogen/noble gas data might be used to reconcile the apparent
need for a volatile-rich reservoir that fluxes the shallow mantle
with the new Icelandic data [2].

[1] Holland et al., Science (2009); [2] Mukhopadhyay, Nature
(2012)  [3] Holland and Ballentine, Nature (2005); [4]
Tolstikhin and Hofman PEPI (2005); [5] Sumino et al., EPSL
(2010)

Reconstructing the Rheic:
Geochemical analysis of ocean
lithosphere from the Variscides
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(correspondence: arb37@1le.ac.uk, tlb2@le.ac.uk &
ads@]le.ac.uk)

2St. Francis Xavier University, Antigonish, B2G 2WS5.
(bmurphy @stfx.ca)

Although the Rheic Ocean dominates palaeo-geographic
reconstructions of central Europe during the Palacozoic, many
factors regarding its general evolution & internal tectonic
configuration are inadequately constrained [1]. A major
component in aiding a better understanding of these factors is
the accurate assessment of suture zones & associated
metabasite suites within the internal Variscides. As such this
study focuses on the geochemistry of the Lizard- Cornwall,
Sudetes-Poland, Acatlan-Mexico & Ossa-Morena, Careon,
Morais-Iberian ophiolite complexes. Sampling within these
complexes focused on the least deformed mafic members in
order to fully assess the geo-tectonic setting of basalt genesis.
Major, trace and rare earth element data (XRF & ICP-MS) has
been examined and shows general LREE depletion & a lack of
significant Ta, Nb or crustal derived element anomalies for all
complexes. The new geochemical data enables an accurate
discrimination of the geo-tectonic setting for each complex
and aids in constraining future palaeo-geographic
reconstructions of the enigmatic Rheic basin. The lack of
crustal contamination & origins within the upper mantle,
facilitates use of some samples for a future Hf-Nd isotope
study aimed at fingerprinting the Devonian upper mantle and
furthering our understanding of the origin & evolution of the
Dupal anomaly [2]. Additionally, we will use the isotope data
to investigate models to explain the apparent depleted nature
of the source of Rheic Ocean basalts [3].

[1] Kroner & Romer (2013) Gond Res. In press. [2] Dupre &
Allegre (1984) EPSL 71, 71-84. [3] Murphy et al. (2010)
Lithos 123, 165-175.

DOI:10.1180/minmag.2013.077.5.2
WWW.Mminersoc.org

https://doi.org/10.1180/50026461X00008550 Published online by Cambridge University Press


https://doi.org/10.1180/S0026461X00008550

Goldschmidt2013 Conference Abstracts 649

Clumped isotope thermometry in
Belemnite shells from the Early
Cretaceous Karai Shale Formation,
Trichinopoly, India
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AND RAMANANDA CHAKRABARTI
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Well-preserved Belemnites fossils are hosted in the upper
Albian Karai Shale Formation, India, which represents an
offsore high stand depositional environment (1,2). It has been
argued that 80 variability in these Belemnites — growth
bands reflect seasonal —paleo-temperature changes in the sea
water (2). We investigate paleo-seawater temperatures by
analyzing clumped isotopes (A,; in 15 petrographically and
chemically well-characterized unaltered samples of Belemnite
guard shells. Sample powders were drilled from the exterior
growth bands, avoiding the outermost portion. 8'*0 and §"C
were also determined. Our A,, measurements Yyield a
temperature range of 20°C (A, = 0.667+0.005) to 42°C
(Ay; =0.624+ 0.005) using the Ghosh et al., (2006)
thermometry equation. The spread in A,, values together with
8BC and 80 and inferred salinity values allowed
characterization of the 15 samples into three suites with
distinct temperature and salinity ranges. Considering the
nektonic behaviour of Belemnites (3), we propose an
alternative mechanism to explain the spread in our paleo-
temperature data by invoking the role of thermohaline
circulation during Early Cretaceous, similar to modern mid-
latitude modern oceanic conditions.

[1] Sundaram et al. (2001) Cret.Res 22,743-762. [2] Zakharov
etal. (2011) Cret.Res 32, 623-645. [3] Mutterlose et al. (2010)
EPSL 298, 286-298.

Major and trace element
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Patancheru Industrial Area, Andhra
Pradesh, India

B.DASARAM*

CSIR-NGRI, Habsiguda AND Uppal, Hyderabad-500 007,
India (*correspondence: bdram11@gmail.com)

Patancheru Industrial Development Area is located about
40 km from Hyderabad City, AP. This is one of the
contaminated areas identified by the Central Pollution Control
Board (CPCB) New Delhi. More than 200 small and large-
scale industries manufacture pharmaceuticals, paints,
pesticides and chemicals and metallic products in this region.
All effluents drain through the area to join the main
Nakkavagu stream, which merges into Manjira River, and is
one of the major drinking water sources to some parts of
Hyderabad and adjoining areas.

During pre- and post-monsoon seasons the ground water
samples were collected from open and bore wells. The
samples were analysed for major, minor and trace
constituents. Several heavy and toxic trace elements were
estimated by Inductively Coupled Plasma Mass Spectrometry
(ICP-MS). The geochemical data obtained was utilized to
assess the extent of pollution and its impact on human health.
Some of the toxic and trace elements (As, Se, Pb, Cr, Cu and
Mn) were found to be more than the desirable levels in
drinking water (WHO guidelines). The Contour maps for these
trace elements were prepared to know their spatial and
temporal distribution and to identify the point source and
transport of the contaminant. These studies would emphasis
the need to adopt some remedial measures and combat
pollution.
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The Minfeng area is located in the northeast of Dongying
Depression. The characteristics of the gas chromatography of
saturated hydrocarbons and the steroid terpane biomarkers
show that there are three sets of source rocks with obvious
differences including the upper part of the fourth member of
the Shahejie Formation (simplified as Es4s) , the middle part
of the third member of the Shahejie Formation(simplified as
Es3z), and the lower part of the third member of the Shahejie
Formation(simplified as Es3x). There are four types of oil.

Further studies focus on oil-source correlation. Based on
the techniques of fingerprint indetification, scatter diagram
analysis and mathermatical statistics, the results indicate that
oils in reservoirs of the second member of the Shahejie
Formation(simplified as Es2) (from7 to 10 sand units) of
Yong3 fault-block , Es2(No.4 sand unit) of Yong51 fault-
block and Yanjia area came from Es4s source rock. Oils in
reservoirs of Minfeng sag came from Es3z and Es3x souce
rocks. Oils in reservoirs of Es2 ( No.3 and No.5 sand
units ) of Yong3 fault-block, Yong66 fault-block, Yongl2
fault-block, Yong51 fault-block are mixed by oils coming
from Es4s and Es3x. Oils in reservoirs of Es2 ( No.3 and No.5
sand units ) of Yong2 fault-block, Yong63 fault-block came
from Es3z source rock.

It is possible to infer that oils from Es4s source rock,
which were main along the favorable sandbodies and
uncomformity, migrated lateraly from sag to Yanjia area and
eventually filled in the sandy conglomerate bodies of Es3 and
Es4 because of lack of oil-source faults. Oils are diverse types
because of many oil-source faults in Yong Anzhen area. It
implies that traps in Yonganzhen area formed in the same
period according to the distribution of the types of oils on the
plane. Early generated oil accumulated in the reservoir which
was near to the source rocks. With the further burial depth of
the source rocks, overlying source rocks gradually entered the
hydrocarbon generation period, the oil began to accumulate in
traps which were further distance from the source rocks.

Direct atmospheric O; and O,
signatures from the deep past and
their first-order pattern

HUIMING BAO

Department of Geology and Geophysics, Louisiana State
University, Baton Rouge, LA 70803
(bao@Ilsu.edu)

The isotope compositions of atmospheric O, and O,, two
of the most important molecules in the atmosphere, offer us
windows to the deep history and evolution of the Earth.
Sulfate is an oxyanion capable of recording direct O; and/or
O, signatures from the distant past. Recently, an improved
understanding of the triple oxygen isotope systematics of
various sulfur oxidation processes has demonstrated that
secondary atmospheric sulfate bears O, signature (A0
positive), while sulfate of oxidative weathering origin bears O,
signature (A0 negative). The ultimate source of the '"O
anomalies in O; and O, is the Chapman reaction in the
stratosphere, which via stratosphere-troposphere exchange
links the concentrations and triple oxygen isotope
compositions of atmospheric O,, CO,, and O, to the rates of
bioproductivity, weathering, and organic burial on the Earth
surface.

Despite many unfilled gaps in its record, I propose here
that, from existing data, a first-order temporal pattern for
sulfate A'O for the last 3.5 billion years has emerged. There
are three outstanding features. (1) The Marinoan O-17
Depletion (MOSD) event at 635 Ma is a clear anomaly in
which the A"O of sulfate reached as negative as —1.64%o. The
most viable explanation for this event is a post-glacial, ultra-
high pCO, world, which is consistent with the “snowball”
Earth hypothesis. Data for other alleged “snowball” Earth
periods are lacking at this time, and other secondary
“depletion” events are predicted. (2) The Archean sulfate has
an average A0 value of —0.05 + 0.05%0, while the post-
Archean sulfate has an average A0 at —0.12 +0.05%o
(MOSD data excluded), a pattern that is consistent with the
lack of O, shield, i.e. the absence of Chapman reaction, in the
Archean. However, the role of thermal alteration has yet to be
examined. (3) The oldest sulfate with distinct positive A0
values has been traced back to the Eocene (~35 Ma).
However, if O, became essential in atmospheric oxidation of
SO, as soon the **S anomaly ceased to exist in rock records,
A"O-positive sulfate should have been produced since the
Early Proterozoic Era. Bear in mind that any geological record
is the net result of production and destruction. By
understanding the geologic context of sulfate records, and by
exploring diverse and continental deposits in particular, we
shall piece together a first-order, direct geological record of
atmospheric O,, O, and CO, for the last 3.8 billion years.
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U-Pb dating of hydrothermal zircon
and its implications for the
metallogeny of the Donping gold
deposit in North China

ZHIWEI BAO', WEIDONG SUN' AND CHUANGIIU LI?

"' CAS Key Laboratory for Mineralogy and Metallogeny,
Guangzhou Institute of Geochemistry, Chinese Academy
of Sciences, Guangzhou, 510640, China

’Guangdong Nonferrous Metals Geological Exploration
Institution, Guangzhou, 510080, China

The large Dongping gold deposit is located in the northern
margin of the North China Craton, northwestern Hebei
province, China. The ores are hosted by the Shuiquangou
syenite complex and consist mainly of auriferous quartz veins
and K-feldspar altered and silicified disseminated ores, both of
which are characterized by low sulfide volumes, Te-rich and
As-poor. U-Pb dating of zircons from the hornblende syenite
on the western margin of the complex yields an age of
crystallization of 400+3.5Ma. The close spatial relation of the
gold mineralization with the syenite complex, and S, Si, and
Pb isotope compositions of the ore-related mienrals, suggest
that the ore deposit might be genetically related to the syenite
complex. However, almost all of the published age of ore-
formation vary in range of 157~177 Ma (“°Ar-*’Ar ages of
hydrothermal K-feldspar''?), which caused considerable
controversy over the metallogeny of the Dongping gold
deposit. Morphology, cathodoluminescence image and rare
earth element concentrations of zircons from the first stage
disseminated ore and grey auriferous quartz vein, and late
stage low grade quartz vein suggest that the zircons are
neocrystallized hydrothermal. The hydrothermal zircons from
the disseminated ore and auriferous grey quartz vein are dated
at 389+1.0Ma and 385+5.7Ma, respectively, which are close
to the crystallization age of the syenite complex and might
have been formed during post-magmatic hydrothermal
processes. Considering the two type of ores are dominant parts
of the ore deposit, we argue that the pervasive post-magmatic
hydrothermal alteration is the main ore forming stage. U-Pb
dating of the hydrothermal zircon from the low grade
auriferous quartz vein yields an age of ~140Ma, which
represents Yanshannian hydrothermal superimposition. Thus,
the Dongping gold mine is a post-magmatic hydrothermal ore
deposit with later stage hydrothernal overprint.

[1] Jiang & Nie (2000), Geol Rev 46, 621-627. [2] Hart et al.
(2002), Miner Deposit 37, 326-351

Distribution of rare earth elements in
marine Co-rich ferromanganese
crusts of the South Atlantic

A P.M.G.BARANDAS'2, M.A.I. DUARTE!'
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"LAMIN (Laboratério de Andlises Minerais) - Geological
Survey of Brazil (CPRM) (ana.barandas@cprm.gov.br)

2 University of Campinas, P.O. Box 6152, CEP13083-970,
Brazil, (*correspondence:jacinta@ige .unicamp.br)

Rare earth elements (REE) are of great geological,
technological, economic and strategic interest. The increasing
use of REE in high-tech products and the restrictive politics of
some countries for commercialization of some REE raw
products resulted in search for new deposits of these elements
as well as the feasibility of unexplored reserves. One of the
possible sources of REE are cobalt-rich seamount
ferromanganese crusts. These are unconventional ores
abundant in the deep ocean. Co-rich crusts are enriched in
metals such as Co, Pt, REE, Ti, Ni, Tl, Te, Zr, W, Mo and Bi.
The chemical and mineralogical characterization of Co-rich
crusts occurrences has been carried out in several oceans [1,2].
In the South Atlantic, they are well known in the Rio Grande
Seamount [3]. Ferruginous vernadite is a common phase in
Co-rich crusts and moderate amounts of carbonate-fluorapatite
(CFA) are found in thick crusts, as weel as low amounts of
quartz and feldspar[4].

In this work, samples of cobalt-rich crusts from the Rio
Grande Seamount, South Atlantic were chemically
characterized. Trueness of analytical data was checked by
analysis Co-rich seamount crust reference materials GSMC-1
and GSMC-3 [5]. The content of REE in the analysed samples
is variable (ZREY 320-3,100 mg/kg) and only 5-10% of these
totals it is of heavy REE. Almost all samples show strong
enrichment in Ce, as evidenced by PAAS normalized REE
patterns. Such type of finding was previously interpreted as
related to hydrogenetic Fe-Mn crusts [6]. Their formation is
ascribed to the oxidative scavenging of Ce and its preferential
removal from seawater by hydrous Fe—Mn oxides.

[1]Kato et al (2011) Nature Geoscience 4, 535-539.
[2]Yingchun et al (2009) Journal of Rare Earths 27, 169-176.
[3]1Souza (2000) Brazilian Journal of Geophysics 18, 455-466.
[4]Cronan (1999) Handbook of Marine Mineral Deposits, in:
CRC Press. Cap. 9, p.239-279. [5] Wang et al (2003)
Geostandards and Geoanalytical Research [6] Kuhn et al
(1998) Earth and Planetary Science Letters 163,207-220.
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On regularities in accumulation and
distribution of elements in living
matter of natural and technogenic
ecosystems

NATALIA BARANOVSKAYA

Tomsk Polytechnic University, Tomsk, 634050, Russian
Federation
(*correspondence: natalya.baranovs@mail.ru)

The task of gaining information on element composition
of living matter was set by V.I. Vernadskiy at the beginning of
the last century. In spite of the long history of study in this
problem, there is still a number of questions to be answered.

For this purpose we have revealed the regularities in
accumulation and distribution of elements in living matter on
the sites with various rates of natural-technogenic ecosystem
transformations. The research is based on the results of up-to-
date high-sensitivity analytical methods - instrumental
neutron activation and inductively coupled mass-spectrometric
plasma (ICP-MS).

Living matter is not homogeneous in its composition. The
analysis of materials obtained by us attests the fact that in
regularities of element mean content distribution in living
matter the conformities of their accumulation are observed
that correspond to general distribution laws for material
objects: that of Mendeleyev-Clark on element distribution in
different masses and Oddo-Harkins rule on element
interchange with even and uneven numbers. It was revealed
that in the zones of geochemical abnormities conditioned by
geologic and metallogenetic features there is an increase in
concentration of specific elements in composition of living
organisms against the background of observing geochemical
regularities. Element composition of living matter is subjected
to significant transformation in the zones of technogenesis. In
such zones the disruption in basic element accumulation
regularities is observed. As a result it was stated that
technogenic factor has an effect on organism of modern urban
residents in the form of intensive accumulation of such
elements as lead, gold and cadmium.

The results of research in living matter from different sites
shows that the indicators of its internal changes under the
influence of the environment are mostly the element
relationships. The most informative is Th/U, as well as the
relationship of rare-earth elements and some others.

Geochemistry of mineral springs
ecosystems of Baikal region

NATALIA BARANOVSKAYA, BULAT SOKTOEV*,
LEONID RIKHVANOV AND TATIANA PERMINOVA

Tomsk Polytechnic University, Tomsk, 634050, Russian
Federation
(*correspondence: bulatsoktoev@ gmail.com)

The Baikal rift area is characterized by a rich variety of
mineral springs. The research of microbial communities has
been started quite recently, but there is a lot of information
showing the important role of microbial communities of hot
springs in the evolution of life in the Precambrian [1].

The complex studies in thermal springs have shown that
severe environmental conditions (high temperature, alkaline
pH and high sulfide content) contribute to the development of
specific ~ microbial =~ communities, having  significant
biodiversity and high intensity of biogeochemical processes,
comparable to the microbial communities of neutral thermal
spring. The main feature of these communities is the
formation of microbial mats, often in collaboration with
travertines [1].

The objective of our study is to identify geochemical
features of different springs in the Baikal rift area. Thus, the
mat samples were taken in several springs of the Baikal region
in the summer of 2012. The chemical composition was
determined by multi-element neutron activation analysis
(Department of Geoecology and Geochemistry of Tomsk
Polytechnic University, Russia).

The data shows that the mats of different mineral springs
are characterized by absolutely different content of elements.
Thus, mats of the tonic spring are characterized by the largest
content of Na, the mats of methane spring — that of Ca. The
mats of some springs are characterized by higher content of
some elements. For instance, the mats of cold Arangatuy
stream have higher content of Ba, Ce, Nd, Th, Tb, Yb, Ta, Sm.
We should bear in mind the higher accumulation of the mats
in the stream of U (177 mg/kg).

All this suggests that the mats help to assess
biogeochemical role of microorganisms in ecosystems, shows
an important role of microbial communities in hot springs in
the evolution of life on the Earth, as well as taking an active
part in the formation of travertine.

[1] Namsaraev et al. (2011) Academic Publishing House
"Geo". 302 p.
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Petrological constraints on formation
of the martian crust
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CNRS & Université Paul Sabatier, Toulouse III, 14. Av.
Edouard Belin, 31 400 Toulouse.

(*correspondance: david.baratoux @irap.omp.eu)

’Earthquake Research Institute, University of Tokyo, 1-1-1
Yayoi, Bunkyo-ku, Tokyo, Japan

3CNRS, Institut de Physique du Globe de Paris, 5, rue Thomas
Mann. Université Paris Diderot, 75205 Paris Cedex 13,
France.

The 4 Ga-record of Martian volcanic activity has been
characterized over the last decade by various remote sensing
instruments, including gamma ray spectroscopy and
visible/near-infrared spectroscopy. Based on these data, the
martian crust is viewed as a basalt-dominated world with
limited crustal differentiation. This relatively simple situation
(when compared to the Earth) may be responsible for observed
trends in surface chemistry and mineralogy with age, such as
an increase with time of the abundance of high-calcium
pyroxene relative to that of low-calcium pyroxene. Indeed,
petrogenetic modeling suggests that these trends can be
explained in terms of variable degrees of partial melting of a
martian mantle of constant composition [3.4], providing a
quantitative estimate of the average cooling rate of the martian
interior. On the other hand, further work is needed to reconcile
this model with the existence of distinct geochemical mantle
reservoirs inferred from the analysis of the SNC meteorites.
The idea that the martian mantle has been cooling for at least
the last 4 Ga, as constrained from data spanning the entire
Noachian-Hesperian-Amazonian  periods, has  several
petrological, geochemical and geophysical implications. For
example, mineralogical transitions observed around 3.7 Ga
may be related to minor changes in mantle temperature.
Furthermore, even the oldest exposed surface rocks could be
an expression of this ancient volcanism rather than being
associated with a mantle overturn following the crystallization
of a magma ocean. In light of these results, we also argue that
the density of the martian crust should be revised to higher
values, in agreement with [5]. A lower density contrast with
the mantle implies a thicker crust for which a basalt-eclogite
transition would appear to be very likely (at least in some
regions), providing a motivation to explore mechanisms of
crustal recycling and implications for the fate of heat-
producing elements.

[1] Baratoux, D., et al. (2011). Nature, 472, 7343, 338-341.
[2] Baratoux, D., et al. (2013) JGR-Planets, 118; 1-6. [3]
Grott, M. and Wieczorek, M. (2012), Icarus, 221, 43-52.

Hydrogeochemical and isotopic
characterization of the Saturnia
thermal aquifer

A.BARBAGLI'*, F. BROGNA', E. GUASTALDI', G. LIALI',
C.REZzA? AND M. TROTTA'

'CGT Center for GeoTechnologies, University of Siena, Via
Vetri Vecchi, 34 - 52027 S. GiovanniValdarno, Italy.
(*correspondence: barbagli.alessio@gmail.com)

’Corso Italia n 16,80011, Acerra, Naples Italy.
(carmelarezza@yahoo.it)

The thermal area of Saturnia was discovered and visited
for several centuries before the Roman Empire and is still one
of the most visited thermal springs in the world. It is located in
central Tuscany between the Monte Amiata and the Tuscan
volcanic area to the south. Herein, we study the thermal
aquifer by chemical and isotopic analyses.

At first time, chemical-physical analyses have been used
to a preliminary choose between all the sampled waters. Later,
some elements and compounds (Na, Ca, Mg, K, Cl, SO,*,
NOj, total alkalinity, Li, Sr, B, F, SiO,, CO,, Sb, As, Se, Fe,
Mn, Hg e Pb) have been analyzed ad used to classified the
previously chosen samples. In particular, Lithium (according
to [1]), Boron and Strotium shows that the main important
host of the studied thermal water is the calcareous geological
formation of “Calcare Cavernoso”; high values of Selenium,
according to [2, 3], also shows the influence of volcanic fluids
in the thermal anomalies of the Saturnia thermal area.

Finally, some isotopes have been analyzed (*H; °H,
*He,'He, "“C, "0, %Sr, ¥Sr) to obtain others important
information. The isotopes in the water molecule show that the
recharge area of the thermal aquifer is located some km
towards north regarding to the Saturnia spring, and his
residence time is greater than 30 years. The *’Sr/*’Sr ratio,
measured in the Saturnia thermal water, allowed distinguish
the aquifer (according to [4]) from the other host of the near
thermal aquifer of Mt. Amiata, sampled in Bagni San Filippo.
The isolation from the surface infiltration during the
underground flow of the thermal water of Saturnia has been
checked by the values of 8'°C. And by the analysis of *He/*He,
sampled in a larger area, the influences of the mantle in the
Saturnia thermal area has been excluded, in according to [5].

[1] Brondi et al (1973), Geothermics 2, 142-153. [2] Aiuppa et
al (2005), Chemical Geology 216, 289-311. [3] Floor et al
(2012), Applied Geochemistry 27, 517-531. [4] Cortecci et al
(1994), Mineralogia et Petrographica acta 37, 63-80. [5]
Hooker et al (1985), Geochimica et Cosmochimica Acta 49,
2505-2513.
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Probing the interactions between iron
oxides and sediment organic matter
using X-ray absorption spectroscopy
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(*correspondence andrew .jack .barber@gmail.com;
k_lalonde@hotmail.com; yves.gelinas@concordia.ca)

Sediments and sedimentary rocks make up the largest sink
for organic carbon one the planet while approximately 20% of
the organic carbon found within marine sediments is bound to
reducible iron oxide species [1]. Here we use Scanning
Transmition X-ray Microscopy (STXM) as well as X-ray
Absorption Near Edge Spectroscopy (XANES) in order to
probe the local envrionment of iron oxide-bound organic
matter within a variety of marine surface sediments and water
column suspended particles. STXM data was collected on
beamline 10ID-1 (SM) at the Canadian Light Source, where
we analyzed regions with iron co-localized organic carbon,
and then obtained spatially relevent NEXAFS images and
spectra for these regions at both the carbon K-edge and iron
L, edge. From these we are able to determine the speciation
of both carbon and iron with a spatial resolution of 40 nm. We
see important contributions from aromatic and carboxyl
functionalities independent of the presence of iron but see an
increase in the relative proporation of aliphatic functionalities
in the presence of iron-organic mineral phases.

XANES spectra at the iron K-edge were collected at
beamline X26a at the Brookhaven National Synchrotron Light
Source and were used to probe the effect bound organic matter
has on the X-ray absorption spectra of iron. A shift towards
lower energies was seen at the iron edge for synthetic iron
oxides precipitated in the presence of organic matter,
demonstrating that we can distinguish between iron oxide-
bound organic matter and pure iron oxide minerals. XANES
spectra were also collected on a variety of surface sediment
samples; using linear combination fitting and well-defined
end-members, we were able to determine the proportion of
sediment iron which is bound to organic matter based on the
effect of organic matter on the synthetic iron co-precipitates.

[1] Lalonde, Mucci, Ouellet, Gélinas (2012), Nature 483, 198-
200

The role of iron in the diagenesis of
organic carbon and nitrogen in
sediments: A long-term incubation
experiment

ANDREW BARBER, ' KARINE LALONDE,
ALFONSO MUCCI?> AND YVES GELINAS'*

'Concordia University, Montreal, Quebec, Canada
(*correspondence: Yves.Gelinas@concordia.ca)
2 McGill University, Montreal, Quebec, Canada

The burial and preservation of organic matter (OM) in
marine sediments is tightly coupled to the diagenetic cycles of
iron and manganese. These strong iron-OC complexes, formed
within the oxic layer of the sediment, are transferred to the
deeper anoxic sediment layers through sedimentation, physical
reworking and bioturbation; and are metastable over
geological timescales [1]. Using a long-term (400-day)
incubation, we examined the effect of iron on the early
diagenetic transformations of OM in marine sediments. The
fate of fresh, algal-derived DOM was monitored by tracking
its stable carbon isotopic signature (8'°C). We demonstrate the
incorporation of the '*C-depleted tracer into the sediment
through sorption (adsorption and co-precipitation with iron
oxides). In the presence of iron oxides, we observed increased
transfer of the dissolved algal material to the solid phase,
revealing the role of iron in shuttling OM from sediment
porewaters to sediment particles. Furthermore, we show that
the presence of iron has a differential effect on OC and
organic nitrogen (ON), with preferential preservation of OC
and accelerated degradation of ON in the presence of reactive
iron oxide surfaces. Hence, we propose that redox-sensitive
metals may play a crucial role in regulating the global redox
balance through increased carbon preservation as well as
controlling the concentration of reactive nitrogen species in
the open ocean.

[1] Hease et al. (1997) Geochim. et Cosmochim. Acta 61, 63-
72.
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U behaviour under acid mine
drainage conditions: Preliminary
results from an experimental
approach in Rio Tinto area (Spain)
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Preliminary results show that dissolved U and Th
concentrations in water samples collected from rio Tinto area
is 2-3 orders of magnitude higher than that in the
environmental base-levels in undisturbed areas with
2340U/238U activity ratios (UAR) much higher than 1, thus
indicating a strong disequilibria. Taking into account that
under low pH conditions, congruent dissolution rates are high,
this disequilibrium is surprising. Different waste pile rocks
that include bedrock Fe oxi-hydroxides, gossans and country
rocks have been used for conducting a set of leaching
experiments. Results indicate that: 1) Distilled water leaching,
although creating an acidic media very rapidly, do not
generate leachates with UAR higher than 1.8 in most cases
UAR being close to unity; 2) Leaching with different mixtures
of acetic acid and ammonium oxalate lead to very high UAR
ratios in leachates from Fe-bearing ochre bedrock sediments;
3) Sulphuric acid leaching experiments also generate leachates
with high UAR ratios in Fe-rich materials, this not being
dependent on acid concentration; and 4) Sulfuric acid leaching
after annealing of Fe-oxi-hydroxides at 800°C during several
hours results in leachates with UAR close to unity. All these
results indicate that not only the leachant but also the extent
(?7) of radiation damage in Fe-oxi-hydroxides play an
important role in the origin of U isotope disequilibrium under
acidic conditions.

Melting of an hybryd source below
the Danakil Region

E. BARBIERI', A.CIPRIANI'?, D. BRUNELLI'?
AND E. PAGANELLI!
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Italy

’Lamont-Doherty Earth Observatory of Columbia University,
10964 Palisades , NY, USA

3Istituto di Scienze Marine, Geologia Marina, CNR, Via
Gobetti 101, 40129 Bologna, Italy

The Danakil region is a modern example of rifting located

atop a mantle plume. Along the rift system, a large number of
shield volcanoes erupted large volumes of tholeiitic magmas
with a wide compositional range, generally enriched in
incompatible and trace elements, reflecting the source
heterogeneity and the variability of melting processes that
contributed to their generation. The Danakil lavas represent
the combined product of continental rifting and ascending
mantle plume processes.
Major and trace elements were analyzed in modern lavas
sampled from the Erta Ale Chain and the Asal region and
compared to literature data. Although highly enriched in trace
elements, our lavas are significantly different when compared
to the Oligocene main lava suites generated in the earliest
stages of mantle plume activity. Based on La/Sm, Rb/Sr and
Zr/Nb ratios and REE abundances they are intermediate
between the high-Ti primitive lavas and the low-Ti tholeiitic
basalts erupted 30 Ma ago due to the arrival of the plume-
head. Trace elements abundances and geochemical modelling
indicate that our lavas derive from a “hybrid” source
characterized by a great complexity, possibly a metasomatized
sublitospheric-mantle component that includes hydrous phases
and melting at depths lower than those that generated the
Oligocene lavas.

The wide compositional range of the Afar lavas suggests
that those modern lavas erupted along the rift are not simply
the product of melting of a deep mantle plume but derive from
a composite source resulting from the interaction between the
plume tail and the surrounding sublithospheric mantle
previously metasomatized by the plume activity. As a
consequence, this very complex and heterogeneous source
undergoes extremely variable melting processes as testified
by the characteristic chemistry of each volcanic complex.

Further geochemical and isotopic investigations will help
to better constrain the signature and contribution of each of the
reservoirs and to what extent the mantle is metasomatized by
hydrous phases below the Afar region.
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Geochemical analysis of the pigments
and affinity of the Jurassic calcareous
algae Solenopora jurassica
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The enigmatic fossil calcareous algae Solenopora
Jjurassica is known for its distinctive pink and white banding.
Though widely accepted as an algae, there has been some
debate over its taxonomic affinity, as well as the derivation of
its visible banding pattern which thougth to be seasonal.
Despite these hypotheses little geochemical work has been
carried out to test them. This study represents the first in depth
geochemical analysis of this fossil in order to study its affinity
and the possible seasonal origin of its banding pattern.
Seasonal growth is shown by differences in calcite density,
and increased Mg/Ca molar ratios and chlorine levels indicate
higher temperatures during the time that white bands were
deposited when compared to the pink bands. Pyrolysis gas
chromatography mass spectrometry and infrared spectroscopy
show the presence of tetramethyl pyrrole, protein moieties
and carboxylic acid groups, indicative of the red algal pigment
phycoerythrin. This supports the identification of S. jurassica
as an algae, given that the pigment is only known to occur in
cyanobacteria and algae. There is no evidence that the fossil
is bacterial and no other taxonomically indicative biomarkers
were identified.

Serpentinites as catalysts for vapor
conversion of methane in the Earth
crust

VICTOR BARELKO ', OLEG SAFONOV 2, NATALIA
BYKOVA !, VICTOR DOROKHOV ' AND LEONID BYKOV !

'Tnstitute of Problems of Chemical Physics, Russian Academy
of Science, Chernogolovka, Russia (barelko@icp.ac.ru)

“Institute of Experimental Mineralogy, Russian Academy of
Science, Chernogolovka, Russia (oleg@iem.ac.ru)

Serpentinites of the oceanic lithosphere are an active
source of reduced gases, such as H,, CH,, as well as an
abiogenic source of complex hydrocarbons. Appearance of H,
is related to the serpentinization of ultrabasic rocks of the
oceanic floor. However, production of H, in the CH, and H,O-
bearing fluids is possible according to the catalytical reaction
knows as «vapor conversion of methane», since serpentinite
composition and structure can serve as close analogy of the
artificial catalysts. We performed an experimental study of the
reaction of the methane conversion by vapor using massive
lizardite-antigorite ~serepentinite, which in addition to
serpentine contains chromite, magnetite and few chlorite. The
sample has not crushed to the fraction 0.5-0.71 mm before
experiment. The volume ratio H,O/CH, in the reaction zone
was 8-10/1, filtration rate through the rock 1 cm-thick layer
was 0.5-0.6 cm/s, while the time of the contact of the vapor-
methane mixture with serpentinite was 1.5-2 s. During
interaction with the vapor-methane mixture, serpentinite was
partially dehydrated with presumable formation of olivine and
silica-rich aqueous solution. Chromatography shows that the
conversion of CH, to H, increases with temperature and
reaches 14 % at 825°C. The conversion of CH, to CO and CO,
at 825°C is 3 % for both components. Along with H,, CO and
CO, the reaction products include ethanol and methanol,
which do not form on standard catalysts. The present
experimental results support the conclusion on the high
catalytical effectiveness of serpentinite: at short time of
contacts of the vapor-methane flux with this rock resulted in
relatively high degree of conversion. Experiments inspire
testing of the catalytical properties of other crustal rocks.
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Spatially resolved fully simultaneous
determination of large numbers of
isotope concentrations and isotope

ratios by LA-MH-ICP-MS

D. ARDELT, W. BARGER*, M. REIINEN'AND O. PRIMM

SPECTRO Analytical Instruments GmbH, Boschstr. 10,
47533 Kleve, Germany
(*correspondence: willi.barger@ametek.com)

Laser Ablation-ICP-MS has developed into a powerful
tool for the determination of elements, element ratios and
isotope ratios in solid samples. The analysis of more and more
elements with high spatial resolution and from ever smaller
sample sizes is a challenge for this technology.

The development of a fully simultaneous ICP-MS brings
several advantages for resolving this challenge: ‘all’ elements
and isotopes can be determined in the same analytical run
without sacrifying analysis time for any isotope. The
simultaneous measurement also allows elimination of
correlated noise, like flicker noise from the plasma or noise
generated by the ablation process itself.
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Figure 1: Mattauch-Herzog MS with Solid State Detector.

A double focussing sector field mass spectrometer in
Mattauch-Herzog (MH) geometry (Figure 1) was combined
with a 4800-channel, large CMOS based semiconductor direct
ion detector, placed in the focal plane of the magnet. Each of
the channels operates fully simultaneously, using two different
amplifications, covering the mass range from ~5 to 240 amu.

The use of this new technology with laser ablation, for
simultaneous chemical imaging of large numbers of isotopes,
and analytical results for relevant samples, will be presented,
with special emphasis on the expected advantages of the fully
simultaneous detection.

Microstructures and compositions of
melt inclusions from Jubrique
(S Spain): Implications for anatexis

AMEL BARICH', ANTONIO ACOSTA-VIGIL',
CARLOS J. GARRIDO!, BERNARDO CESARE?
AND OMAR BARTOLI?

Tnstituto Andaluz de Ciencias de la Tierra, CSIC, Univ.
Granada, Spain
(amelbarich@iact.ugr-csic.es)

*Dipartimento di Geoscienze, Univ. Padova, Italy
(bernardo.cesare@unipd.it)

Melt inclusions (MI) are small droplets of silicate liquid
trapped by minerals growing either with or from the melt [1].
Most MI in anatectic terranes appear partially or totally
crystallized due to slow cooling at depth, and have been
named “nanogranites” [2]. MI represent a new and powerful
method to study anatexis, because they can give information
about melt compositions at the source region of crustal
granites, including concentrations of H,O [3].

There are very few studies of nanogranites, and only one
has reported the presence of MI along a prograde metamorphic
sequence from metatexites to diatexites [4]. We present a new
occurrence of nanogranites along the prograde metamorphic
sequence of Jubrique, located on top of the Ronda peridotites
(S Spain). Jubrique represents a complete though strongly
thinned (<5 km) section of upper to middle-lower continental
crust, ranging from carbonates and low-grade phyllites at the
top to felsic Grt-bearing metatexites and granulites at the
bottom and in contact with the peridotites.

MI show partially irregular to well facetted negative
crystal shapes and occur in cores and rims of Grt
porphyroblasts. They show a variable size, from ~5-10um to
several tens of ym in diameter; some of them reach up to
~200-300ym. Because of the large size, nanogranites at
Jubrique have the potential to be remelted and analyzed by
EMP but also by LA-ICP-MS. Nanogranites are composed of
rare glass, daughter phases Qtz, PI, Kfs, Bt and Ms, and solid
inclusions of Ky and less frequently Gr, He, Rt, Ilm, Zrn, and
Mnz. Ky was the main solid phase that favored the trapping of
MI by poisoning crystal surfaces during Grt growth.

Previous studies concluded that anatexis in the granulites
occurred in the Sil field during decompression and thining.
The presence of Ky+Rt within MI, and their occurrence in the
high-P cores of Grt, indicate that partial melting in granulites
and migmatites initiated at high P conditions, and that most
Grt in these rocks crystallized in the presence of melt.

[1] Cesare et al. (2011) J. Virt. Expl., 40, paper 2. [2] Cesare
et al. (2009) Geology, 37, 627-630. [3] Bartoli et al. (2013)
Geology, 41, 115-118. Bartoli (2012) Ph.D. Thesis, Univ. of
Parma, Italy.
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Study of Zsolnay building ceramics in
aspect of deterioration by
environmental factors

AGNES BARICZA'*, BERNADETT BAINOCZL,
MARIA TOTH? AND CSABA SZABO!

'Lithosphere Fluid Research Lab, Institute of Geography and
Earth Sciences, E6tvos University, H-1117, Budapest
Pazmany Péter sétdny 1/c, Hungary

Institute for Geological and Geochemical Research, Research
Centre for Astronomy and Earth Sciences, Hungarian
Academy of Science, H-1112 Budapest, Budadrsi u. 45,
Hungary
(*correspondance: baricza.agnes@gmail.com)

The Zsolnay products are the one of the most famous
Hungarian ceramics. The glazed building ceramics produced
by the Zsolnay Factory were often applied to decorate the
buildings, mainly around the turn of the 19th-20th century and
since their outplacements the ceramics have suffered
numerous environmental and human influences. Our purpose
is to observe the alterations by environmental factors
considering that these ceramics have never been studied in this
aspect before. The studied objects were used on two buildings
in Budapest. We have examined the major characteristics of
the glaze and the ceramic body on two buildings in Budapest,
the depositions on the surface of the glazed and the unglazed
sides of some selected ceramics. Several types of Zsolnay
ceramics were used as building materials on these buildings.
We distinguished different kinds of damage, black deposition
layer and alterations. Natural and artificial particles (e.g.
carbonaceous and Fe-rich), spherules and a characteristic
gypsum layer frequently cover the studied objects. Traces of
biological activity (hyphaes) were also found and connected to
these organic residues calcium-oxalate (weddellite) was
identified. On some samples the glaze has started to weather
and the lead leached from the thin surface layer of glaze by
rainfall and, if this phenomenon continues for a long period, it
will result in the deterioration of the whole glaze.

Trends in urban biogeochemistry at
the Anthropocene

S. BARLES*

Université Paris 1 Panthéon-Sorbonne, 191 rue Saint-Jacques,
75005, Paris, France
(*correspondence: sabine.barles@univ-parisl .fr)

As socio-natural sites [1], cities create a specific
biogeochemistry [2], mainly because they attract huge
amounts of materials concentrated in very small areas. This
urban metabolism 1is the result of two intertwinned
phenomema: the natural processes on one hand, the technical
ones on the other. Its study calls for an interdisciplinary
approach as illustrated in [3]. In order to better characterise
urban metabolism, we chose Paris urban area as a case study.
By crossing historical methods and material/substance flow
analysis, we were able to describe long term trends and
changes. These results, together with other ones for other
cities, allow to give a general insight into urban key issues in
terms of biogeochemistry.

The very characteristic of cities is the externalisation of a
great (and up to now growing) part of their metabolism. Cities
were borne from a specialisation that made possible for some
people to not produce their food and then to develop other
activities in specific places — cities. This externalisation
peacks with industrial revolution(s) with, for instance the
partial externalisation of water cycle, the one of urban by-
products transformation, etc. The shift of cities from sink (up
to the end of the 19" century) to source of emission to air and
water for substances like N or P is another characteristic of
cities metabolism. This is due to changes in waste
management and to the devalorisation of urban fertilisers
(especially human manure) that occurred at the beginning of
the 20" century together with the increase in fossil fuel
consumption (for N).

As a result, urban metabolism goes far beyond the urban
limits and cities can be considered as one of the main drivers
of biogeochemical cycles, considering both their direct and
indirect impacts on them. Today, one of the great challenges
faced by urban managers and biogeochemists is the
improvement of urban metabolism (its re-internalisation?), its
transformation from a constraint to an asset — for the provision
of nutrients, the reduction of urban heat island, etc.

[1] Winiwarter & Schmid (2008) In: Knopf (ed.)
Umweltverhalten in Geschichte und Gegenwart. Tubingen:
Narr. [2] Kaye et al. (2006) Trends Ecol. Evol. 21, 192-199.
[3] Svirejeva-Hopkins & Reis (eds.) (2011) In: Sutton et al.
The European Nitrogen Assessment. Cambridge Univ. Press.
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Investigating instrumental mass bias
in MC-ICP-MS using isotope ratio
plasma profiles

J.BARLING',N.S. BELSHAW' AND A.N. HALLIDAY'

! Department of Earth Sciences, University of Oxford, South
Parks Road, OX1 3AN, UK (jiey@earth.ox.ac.uk)

In  multi-collector inductively-coupled-plasma mass
spectrometry (MC-ICP-MS) heavy/light isotope ratios are
fractionated to high values relative to the true value. Accurate
and precise correction of this instrumental mass bias is a
prerequisite for accurate MC-ICP-MS isotope ratio data.
However, understanding of this phenomenon is limited.

As a step towards gaining insight into the processes
involved in generating instrumental mass bias we have
measured the variation of heavy/light isotope ratios as
sampling depth in the plasma is varied. These axial plasma
profiles were measured at ~250pm intervals over a sampling
depth of ~3.5 mm. Each experiment consisted of 6 profiles
sampled over the same sampling depth range but tuned at
different sampling depths.

Pb and Mg were chosen as the analytes. These elements
though very different in mass have similar first and second
ionisation potentials, therefore any differences in heavy/light
isotope ratios variation with sampling depth should be mass
dependent. All profiles were curvilinear. For Pb the
heavy/light isotope ratio (*®Pb/**Pb) increased with
decreasing sampling depth, whereas for Mg (*Mg/*Mg) it
decreased. *®Pb/**Pb values on individual profiles varied by
0.56 — 0.70% of the average value measured on the profile and
the magnitude of variation increased as the tuned sampling
depth decreased. Variation in *Mg/**Mg was much greater,
1.1 — 1.3% of the average value measured on each profile and
increased dramatically to 7.1% for the profile tuned at the
shallowest sampling depth. If only ratios measured at the
tuned sampling depth on each profile are considered, the
trends are reversed e.g. *®Pb/*Pb generally decreases with
decreasing sampling depth.

These apparent variations in instrumental mass bias with
sampling depth in the plasma result from a combination of
processes occurring during transport of the analyte through the
plasma (e.g. radial mass dependent dispersion of ions and
attoms and ionisation potential effects) and additional mass
dependent effects produced during sampling and transport
through the interface. The contrast in apparent mass bias
response between Mg and Pb allows us to speculate on the
relative significance of plasma versus interface processes in
producing the instrumental mass bias.

Subduction channel or fossil rifted
margin? Serpentinite geochemistry of
the Punta Rosa Unit, Western Alps

JAIME D. BARNES!, MARCO BELTRANDO?,

CIN-TY A.LEE®, STACI LOEWY'! AND EMILY CHIN®

'Department of Geological Sciences, University of Texas,
Austin, Texas, USA 78712, (jdbarnes@jsg.utexas.edu)

*Dipartimento di Scienze della Terra, Universita di Torino,
Via Valperga Caluso 35, 10125 Torino, Italy

*Department of Earth Science, MS-126, Rice University,
Houston, Texas 77005, USA

The Punta Rosa unit (PR), now stacked in the Valaisan
domain (Western Alps) preserves evidence of Mesozoic
mantle exhumation at the seafloor, despite having undergone
pervasive Alpine deformation/metamorphism. Serpentinites
are overlain by slivers of continental basement or meta-
sedimentary breccia and have been interpreted as an ocean-
continent transition (OCT) based on structural data [1].
However, similar lithological associations throughout Alpine-
type orogens are often interpreted as subduction-related
“tectonic mélanges” [e.g., 2]. Here we present the first
geochemical study of PR serpentinites to further test the
interpretation of their tectonic setting.

Stable isotope and major and trace element compositions
of PR serpentinites with varying distances from the contact
with meta-sedimentary material were determined. 8*’Cl, §'%0,
and 0D values range from +1.1 to +2.7%o, +7.0 to +8.5%oc, and
-50 to -73%o, respectively. 8’Cl values are some of the highest
reported for serpentinites and increase towards the contact
with the metasediments, indicating interaction with
metasediments/altered  oceanic  crust during  Alpine
subduction/exhumation. O and H isotope data are consistent
with low-T interaction with seawater (with partial resetting of
H by meteoric fluids) or slab-derived fluids. Bulk serpentinite
samples have high REE concentrations, compared to typical
mid-ocean ridge serpentinites, with nearly flat to slightly
convex up REE patterns (La,/Smy = 0.38 — 0.62; La,/Yby =
020 — 047; Smy/Yby = 041 — 0.89). These high REE
concentrations are similar to those observed in OCTs (Iberia
Abyssal Plain; Newfoundland) [3] and the Malenco and Platta
peridotites (Switzerland), which are the type localities for
preserved OCTs [4]. Serpentinite geochemistry supports
stratigraphic and structural evidence for an abyssal origin of
the PR serpentinites, providing a powerful tool to determine
tectonic  setting in poorly exposed/highly deformed
metamorphic units.

[1] Beltrando er al. (2012) Tectonophysics 579, 17-36. [2]
Gerya et al. (2002) Tectonics 21, doi:10.1029/2002TC001406.
[3] Kodolanya et al. (2012) J Petrology 53, 235-270. [4]
Miintener et al. (2010) J Petrology 51,255-294.
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Archean andesites as products of
plume/crust interaction?

STEPHEN J. BARNES!, CARISSA ISAAC?
AND MARCO L. FIORENTINI?

ICSIRO, Perth, Western Australia, (steve.barnes@csiro.au)
University of Western Australia, Perth, WA,
(20685898 @student.uwa.edu.au)

A key line of evidence for Archean plate tectonics rests on
the presence of andesites, the signature rock type of modern
subduction zones. This study considers the petrogenesis of
andesites from the 2.7 Ga East Yilgarn Craton (EYC) in
Western Australia, a richly mineral-endowed terrane that has
been a prime focus of debate between proponents of a
uniformitarian, plate-tectonic driven interpretation, and
advocates of an alternative plume-driven model. While EYC
andesites have incompatible trace element characteristics
similar to those of modern island arc andesites, they have
unusually high Ni, Cr and MgO contents. This suggests the
possibility that they contain a substantial mantle plume
component. To test this hypothesis, we consider the major and
trace element compositions of these rocks in relation to the
entire assemblage of EYC volcanic rocks with ages between
2690 and 2710 Ma, including komatiites, plume-derived
basalts and dominantly dacitic felsic rocks. The dacite
component occurs as part of a bimodal association with
simultaneously erupted komatiites, has characteristic TTG-like
trace element chemistry, and chondritic to slightly depleted Nd
and Hf isotopic characteritics. This component is interpreted
as the partial melting product of underplated juvenile or near-
juvenile mantle-derived mafic material. Numerical modelling
of fractionation of plume-related tholeiitic basalts coupled
with contamination by the TTG-like dacite component
provides a good fit to all of the essential major and trace
element characteristics of the EYC andesites, and is also
consistent with the chondritic to slightly depleted Nd and Hf
isotopic characteristics of the andesites[1]. Thus, a rock type
previously taken as a key line of evidence for plate tectonic
processes can be explained just as well by an alternative
plume-driven mechanism, consistent with the overwhelmingly
plume-derived character of basalts and komatiites across the
entire craton[2]. This explains a paradox, noted in a number of
Archean volcanic rock sequences, that apparently subduction-
related rocks are interleaved with voluminous basaltic
magmatism derived from 1000 km-scale plume-head arrival
events. The problem is moot if Archean andesites are products
of plume, not subduction zone, magmatism.

[1] Barley ME et al., (2003) AMIRA Project 624 final report.
[2] Barnes SJ et al., (2012), Aust J Earth Sci 59, 707-735.

Isotopic tracing of ancient metal
production using geological and
mining archaeological research —
Gaul mining from Limousin and
Morvan (France). A case study

S.BARON*!, B. CAUUET! AND C.G. TAMAS?

ITRACES-CNRS, 5, allées A. Machado, 31058 Toulouse
Cedex 09, France.
(*correspondence: sbaron@univ-tlse2.fr)

*University Babes-Bolyai, 1, M. Kogalniceanu str., 400084
Cluj-Napoca, Romania

The isotopic tracing from mines/ore bodies to
archaeological materials (slags, metals, objects) constitutes a
powerful tool in metal provenance studies. The progress of
high resolution mass spectrometers (MC-ICP-MS) during the
last decade currently facilitates accurate analyses of traditional
and non-traditional isotopes, allowing thus precise and
consequently more accurate interpretation [1]. Nevertheless,
these high precision isotope analyses on ores are often carried
out in an elusive way ignoring the geological approach as well
as the mining archaeology background. The currently used
lead isotope ores database is not completly relevant for the
tracing of the ancient metals for several reasons: i) the isotopic
composition of the analysed ores is usually not linked with
their mineral paragenesis, and ii) the analysed ores are not
those really exploited by the ancient miners. Futhermore, the
ancient chaine opératoire from ores to metal(s)/objects is not
systematically considered [2].

Through an example of metal production in Gaul (France)
during Protohistoric times, we demonstrate the importance of
establishing a geochemical tracing based on geological and
chronological/archaeological samples.

Our aim is to characterize the mining activity and the
metal production at regional scale (Limousin and Morvan) and
in a second stage to acquire the isotopic and trace element
signature of the exploited ores and the produced metals (Au,
Ag and Sn). This approach based on geological, mining
archaeological and geochemical studies will refine the tracing
of the metals at least for Limousin (5" to 1% centuries BC) and
Morvan (2™ to 1% centuries BC) and will allow to obtain
isotopic data bases needed for relevant metal provenance
studies.

Acknowledgments: Research carried out in the frame of
ANR MINEMET project (France).

[1] Rehkdmper et al. (2004). Handbook of Stable Isotope
Analytical Techniques, Elsevier Science Ltd Eds, 1258pp. [2]
Baron et al. (in press), Archaeometry.
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Silica and germanium cycling in a
coastal shelf environment: Insights
from northern Gulf of Mexico
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'Department of Earth Sciences, Univeristy of Southern
California, 3651 Trousdale Pkwy, Los Angeles, CA
90089, USA (correpondence: baronas@usc.edu)

College of Earth, Ocean, and Atmospheric Sciences, Oregon
State University, 104 CEOAS Admin Bldg, Corvallis, OR
97331-5503, USA

*Institute of Marine & Coastal Science, Rutgers University, 71
Dudley Road, New Brunswick, NJ 08901-8521, USA

The Ge/Si ratio recorded in sedimentary opal covaries
with glacial-interglacial cycles as far back as the Mid-Miocene
[1], demonstrating its potential as a proxy for Si cycling.
However, there are multiple mechanisms potentially
influencing the Ge/Si recorded. These include the intensity of
terrestrial rock weathering, variations in the size of the
diagenetic Ge sink, and biological fractionation by marine
silicifiers.

We have measured Ge and Si concentrations in the water
column and sediment pore waters in the Gulf of Mexico
(GOM). Results indicate extensive fractionation, enriching the
shelf surface water Ge/Si to 2.3 (all Ge/Si ratios are in
pmol/mol), significantly higher than the main Si source - the
Mississippi River (Ge/Si = 1.5). Preliminary box model
calculations predict a fractionation factor of Ry;genic sitica/ Rwater =
0.5-0.6, where R is Ge/Si ratio. GOM deep water (500-2100
m Ge/Si = 0.82-0.86) is also enriched relative to the published
global ocean values (Ge/Si = 0.70-0.76). Porewater
observations in coastal sediments (Ge/Si = 0.3-0.7) and
modelling suggest that 10-30% of Ge is diagenetically
sequestered into an unidentified (possibly iron-rich) authigenic
precipitate.

[1] Shemesh et al. (1989) Paleoceanography, 4(3),221-234.

Ferrian chromite formation in
podiform chromitites from south-
central Chile
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2Andean Geothermal Center of Excellence (CEGA),
University of Chile, Santiago, Chile

3Dept.of Mineralogy and Petrology, University of Granada,
Granada, Spain

The metamorphic basement of the Coastal Cordillera in
south-central Chile comprises two units with constrasting
characteristics. The Eastern series is characterized by high
T/low P conditions, whereas the Western Series represent high
P/low T metamorphic conditions [1]. These units have been
interpreted as an accrecionary prism, where the Eastern series
formed by frontal accretion and the Western series was
produced by basal accretion [2]. The Western series comprises
mainly metapsammopelitic rocks, metabasites and minor
serpentinized ultramafic rocks. The serpentinite bodies are
scattered within the Western series and show variable degrees
of serpentinization. Although most of these serpentinites have
accesory chromian spinels, only in one locality podiform
chromitites have been found. Here we present the chemical
composition of these chromitites determined using electron
microprobe analysis (EMPA) in order to provide some
insights on the formation of ferritchromite as an alteration
product of chromite.

Chromitites are highly brecciated with a matrix
completely altered to Cr-rich chlorite. Chromite spinel grain
cores are high-Al in content, whereas ferrian chromite (i.e.,
ferritchromite) is Fe* rich and usually formed along cracks
and margins. The observed pattern of alteration is similar to
that described for other locations [3] with volume reduction
associated with dissolution of chromite and formation of
porous chromite. Unaltered chromite cores show Cr# [Cr/(Cr
+ Al) atomic ratio] = 0.65-0.70, Mg# [Mg/(Mg + Fe*?) atomic
ratio] = 0.50-0.70, and Fe**/(Fe** + Fe*?) <0.15. The chemical
composition of chromites evolved towards higher #Cr (0.75-
0.95), lower #Mg (0.40-0.10), and higher #Fe (0.20-0.40). The
observed trend is consistent with a reaction of chromite with
olivine to produce chlorite. The alteration process is
concomitant with mass loss and development of a porous
texture in chromite.

[1] Aguirre et al. (1972) Kristalinikum 9, 7-19. [2] Willner et
al. (2005) J Petrology 46, 1835-1858. [3] Gervilla et al.
(2012) Contrib Mineral Petrol 164, 643-657.
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Reconstructing past hydrology from
annual cycles in trace elements in a
Moroccan Stalagmite

J.J.BARROTT*, C.C. DAY AND G.M. HENDERSON
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(*correspondance: julia.barrott@earth.ox.ac.uk)

We present annually resolved trace element and stable
isotope data from a laminated Mid-Holocene north Moroccan
stalagmite. All reported analyses were performed on the same
200-pm micro-milled calcite samples, yielding an entirely
inter-comparable dataset. In addition to 8'*0, 8"°C, Mg, Sr,
Ba, U and P, we present the first measurements of Cd in
speleothem carbonate. Recent cave-analogue experiments [1]
demonstrate that Cd/Ca is highly sensitive to variation in the
amount of calcite precipitated from solution, with high Cd/Ca
particularly indicative of low degrees of prior calcite
precipitation. We employ a multi-proxy approach, using Cd
alongside other trace elements and stable isotopes to
reconstruct changes in hydrology at this site.

With the exception of 8'0, highly distinct annual cycles
occur in all reported proxies and correspond closely to
changes in laminae colour. The observed annual cycle in
Cd/Ca implies that % calcite precipitated is a major driver of
annual trace element cycles in this sample. The agreement
between the trace elements, laminae colour and 8“C agrees
well with that expected in calcite precipitated in a site where
rainfall is highly seasonal. Weaker correlations with §'80
reflect the more integrated nature of the information recorded
by oxygen isotopes, indicating that some regional signal is
being captured.

Despite differences in seasonal cave ventilation these
observations show remarkable agreement with annual trace
element cycles from a modern speleothem at St Michael’s
Cave, Gibraltar [2], which lies 27 km northwest of our site.
Such a parallel between sites gives confidence that trace
element geochemistry can potentially be used for robust
regional palaeoclimate reconstruction, and perhaps also for the
careful extrapolation of monitoring studies between sites.

[1] Day & Henderson, Geochimica et Cosmochimica Acta, in
review. [2] Mattey, Lowry, Duffet, Fisher, Hodge, & Frisia
(2008), Earth and Planetary Science Letters 269, 80-95.

Ancient recycled nitrogen isotope
signatures in Siberian xenoliths

P.H.BARRY'*,D.R. HILTON? AND L.A.TAYLOR!

'Planetary Geosciences Institute, Dept. of Earth and Planetary
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(*Correspondence: peter.barry @utk.edu)

2Scripps Institution of Oceanography, La Jolla, CA 92093

Siberian xenoliths display compelling evidence for a
recycled crustal origin. In order to assess if nitrogen is also
recycled in ancient subducted-oceanic crust we have measured
N-isotopes (8'°N) and elemental (N,/Ar) ratios for a suite of
peridotitic and eclogitic xenoliths (n=10) from two
petrologically-distinct kimberlite pipes (i.e., Udachnaya and
Obnazhennaya). Additionally, all samples have been well-
characterized, mineralogically, petrographically, and for major
and trace element chemistry.

Crustally-derived xenoliths (Gt, Cpx and Ol) of Siberia are
believed to originally be derived from subducted oceanic crust
which has since amalgamated to form the Siberian craton. The
occurrence of non-mantle-like oxygen isotope signatures in
Siberian xenoliths suggests that these lithologies are artifacts
of partially-melted subducted ocean crust [1, 2].
Subsequently, this material was transported to Earth’s surface
via kimberlitic volcanism. The age of Siberian xenoliths have
been constrained to be within 2.7 - 3.1 Ga using Re-Os and
Sm-Nd isotope dating techniques [3]. Mg#g, ranges from 86 -
96, suggesting relatively primitive magmas. Major and trace
element chemistry indicates that these samples have been
subjected to varying degrees of metasomatism. Due to the
antiquity of these particular xenoliths, they represent prime
targets for N-isotopes, which have been previously suggested
to show a secular variation throughout Earth history [4].

N-isotopes (8'°N) of Siberian xenoliths range from -0.7 to
-10.8 %o and are consistent with both upper mantle (MORB =
-5 + 2 %o) and recycled contributions (modern sediments = +6
+ 2 %o). N,/Ar values range from 32 to 178, spanning both
atmospheric (84) and typical mantle values (84-164). Cpx
mineral separates retained the most nitrogen gas. Notably, all
Obnazhennaya samples display N-isotope values above the
MORB range, indicating a larger contribution from a recycled
component vs. Udachnaya samples, which span the MORB
range. These results suggest xenoliths of different kimberlite
pipes sample isotopically-distinct parts of the mantle, and may
preserve varying mantle/crustal contributions throughout Earth
history.

[1] MacGregor and Manton, (1986). [2] Taylor and Anand,
(2004). [3] Pearson et al., (1995). [4] Marty and Dauphas,
(2003).
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Tracking Indian-type mantle at its
western limit during the closure of
Neo-Tethys and opening of the
Indian Ocean
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Since the work of Mahoney et al. [1] on old west Indian
Ocean and east Tethyan MORBs, we have known that Indian-
type (DUPAL) mantle resided beneath at least parts of Neo-
Tethys at the time of opening of the Indian Ocean.
Furthermore, work on a ~350 Ma ophiolite from China [2]
demonstrates that Indian-type mantle must have contributed,
in some places, to MORB genesis during the formation of
Paleo-Tethys. Together, this evidence suggests that Indian-
type mantle has at least to some extent remained within the
shallowmost asthenosphere during multiple Wilson cycles,
over 100’s millions of years.

In the western Pacific the margins of the Indian-type
mantle have been recognised and, in places, mapped adjacent
to Pacific-type mantle [e.g. 3-5]. Detailed work along this
boundary has shown that very little mixing has taken place,
but what happened to the Indian-type mantle at its western
limit during the diachronous closure of Neo-Tethys?

Using robust Hf-Nd isotopes on an extensive suite of
MORB rocks from Neo-Tethyan ophiolites, extending from
the Himalayas, through the Mediterranean and Europe, to
earliest central Atlantic and proto Caribbean ocean crust, we
assess where Indian-type mantle occurred beneath Neo-
Tethys. Inferences from these results are then linked to 3D
numerical spherical geodynamic models (run using mantle
circulation code TERRA) and used to investigate models of
how this isotopically distinct Indian-type mantle may have
been preserved in the upper mantle during successive events
of ocean closure and re-opening, with little apparent tendency
to mix laterally.

[1] Mahoney et al., (1998) J. Pet 39, 1285-1306. [2] Xu &
Castillo (2004) Tectonophysics 393, 9-27. [3] Pearce et al.,
(1999) J. Pet 40, 1579-1611. [4] Kempton er al., (2002)
Geochem Geophys Geosyst 3(12), 1074. [S] Nebel et al.,
(2007) EPSL 254, 377-392.

Water contents of natural anatectic
melts: constraints from NanoSIMS
analysis of remelted nanogranites and
glassy inclusions
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omar.bartoli@unipd.it; bernardo.cesare @unipd.it

2 Instituto Andaluz de Ciencias de la Tierra, CSIC, Univ.
Granada, Spain; email: aacosta@ugr.es

3 Muséum National d’Histoire Naturelle, Paris, France; email:
remusat@mnhn.fr

4 Dipartimento di Scienze della Terra, Univ. Milano, Italy;
email: stefano.poli@unimi.it

Formation, extraction and ascent of hydrous anatectic
melts to upper crustal levels represent the most important
mechanisms for the reworking of the Earth’s continental crust
[1, 2]. In this scenario, the water content of melts is of prime
importance in the formation and evolution of the continental
crustal and so far the experimental approach has been largely
applied for obtaining constraints on the water content of
anatectic melts.

The study of melt inclusions hosted in peritectic phases of
partially melted rocks represents a recent, small-scale
powerful approach to a better understanding of melting in the
continental crust [e.g. 3-5]. Successful experimental
rehomogenization of the inclusions to a glass allows the direct
analysis of the natural anantectic melts produced in the source
region of crustal magmas [5]. This approach provides the
precise melt composition for the specific anatectic rock under
study.

We report the results of NanoSIMS analyses on melt
inclusions hosted in peritectic garnet of partially melted
metasedimentary rocks. Data are discussed in order to i)
combine information from classical petrology and melt
inclusions, ii) compare them with previous estimations from
experiments and thermodynamic calculations and iii) deal with
new questions, such as the water content heterogeneities of
natural anatectic melts in the source region.

[1] Brown et al. (2011) Elements, 7, 261-266. [2] Sawyer et
al. (2011) Elements, 7, 229-234. [3] Cesare et al. (2009)
Geology, 37, 627-630; [4] Acosta-Vigil et al. (2012) J. Pet.,
53, 1319-1356. [5] Bartoli et al. (2013) Geology, 41, 115-118.
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activated sludge bioreactor
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Widespread use of Engineered Nanomaterials (ENMs) in a
myriad of consumer products and technologies has lead to
release of ENMs to the environment. A likely first route of
environmental exposure of ENMs is thrugh the waste stream.
Within wastewater treatment plants (WWTPs) ENMs undergo
transport and transformation processes different from
traditional organic contaminants.  Understanding ENM-
specific fate and transport is thus a critical void in current
nanomaterial research.

In this study, we tracked the mobility and transformations
of a common ENM, CeO, to determine releastic
concentrations and the nature of the ENMs released from
WWTPs in solid and effluent. An aerobic bioreactor seeded
with sampled activated sludge was dosed with pristine and
citrate coated CeO, chronically at enviornmentally relevant
concentrations for a six week period. Two samples of CeO,
were employed to observe the impact of surface chemistry on
fate. During the lifetime of the reactor, affinity of the ENM
for the solid versus liquid phase was measured and it was
observed that > 90% of the added CeO, associated with the
solid phase regardless of the surface coating. In addition, Ce
speciation was monitored with XANES to explore the CeO,
transformations. It was found that after 5 weeks in the reactor
environment, strong reduction of the Ce(IV) in the ENM to
Ce(III) occurred. Reduced Ce(IIl) was only measured in
association with the solid phase indicating the key role of the
microbial communities in promoting this reduction. In
addition, it was seen that the citrate coating altered the kinetics
of this reduction by preventing it until consumption of the
coating by the bacteria. Determination of the interaction with
the biomass and nature of the Ce(IlI) complexes is ongoing.
Studies such as these can help inform the modeling
community attempting to predict exposure and risk of ENMs
released to the enviornment.

New interpretation of kinematics and

morphogenesis of block structures of

the Black Sea-central transcaucasian
terrane

LEVAN BASHELEISHVILI

"Javakhishvili Tbilisi State University A .Djanelidze geology
institute, Georgia,
levanbash@yahoo.com

Modern structure of the Black Sea-Central Transcaucasian
Terrane is mainly conditioned both by meridional and
latitudinal fault systems. They encompass different depth of
the Earth's crust crystalline basement. They as a whole make a
mosaic-block pattern. The analysis of lithofacies and
thicknesses of sedimentary cover sometimes establishes their
autonomous and inverse nature of development as well as
differentiated kinematics. The research data enables to make
the following conclusions: The Caucasian molasse depression
(within the territory of Georgia) is divided into eastern and
western subsiding zones by the Dzirula (crystalline basement)
salient; they are also divided by faults into separate restricted
blocks. Westwards and eastwards of the central uplift zone,
along the faults is outlined a gradual "stepwise" submergence
and tilting of blocks of the crystalline substrate. In the modern
literature the analogous structures are known as the so called
"tilt" blocks and kinematically they are related to tensile
strains.

Thus, in contemporary structure of the pre-Alpine
crystalline basement of the South Caucasian molassics
depression (along the latitudinal profile) is marked the
existence of tension structure mainly in condition of stepped-
inclined blocks, which subsequently turn into the so-called
listric faults. The appearance of this one is bound up, on the
one hand, with uplift of the mantle masses in some parts of the
region and on the other hand, with advance of the Arabian
plate to the north and connected with them lateral squeezing
out of masses both to the west and the east especially at the
late-orogenic (collision) stage of development.
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Effects of heating on the leaching of
U-Th series radionuclides in a suite of
natural minerals

BASKARAN, M! AND GARVER, E!
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The differences in the extent of leaching (with 0.1 N
HNO; for ~25 days) and recoil of U-Th series radionuclides
[U (234U), Th (230'234Th), Ra (224226,228Ra)7 Pb (ZIU'ZIZPb), ZIOPO,
28Ac and *Rn] from a suite of natural minerals (zircon,
monazite, thorite and cerite) were assessed at room
temperature and after heating these minerals at 200°C and
600°C. Our results indicate the following: i) The
concentrations of U-Th series radionuclides in the leachate
depend on the amount of the accumulated radiation dose in the
minerals; ii) The amount of radionuclides leached from
annealed (200°C or 600°C) minerals is lower by 3 orders of
magnitude compared to unannealed minerals; and iii) The
differences in the daughter/parent ratios of a number of pairs
in the 28U and ?*?Th series (*'°Po/*'°Pb, !Ac/***Ra, 2*Th/**U,
212pp224Ra, 2*Ra/*Th and *Rn/**’Ra) between the heated
and heated minerals range over several orders of magnitude.

This study provides insight on the location of **U and
»2Th and possibly their daughter products in mineral grains
(in paritcular, if they are located in grain boundaries), the
effects of track density on the leaching of U-Th series
radionuclides from mineral grains, the effects of the internal
radiation damage on the escape of radon and the leaching of
other non-gaseous daughter products in the U-Th series. This
study has implications on the assessment of the performance
of nuclear wasteforms in groundwater environment. This
study has also bearing on the mobility of U-Th series
radionuclides in rocks/minerals that are in contact with
erupting magma.

We will present possible mechanisms for the differences
in the extent of leaching of radionuclides between the heated
and unheated minerals in our presentation.

Internal Lu-Hf isotope systematics of
the quenched angrite D’Orbigny and
two plutonic angrites

R.BaST'*,E.E. SCHERER', K. MEZGER?,
M. FISCHER-GODDE® AND P. SPRUNG’
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’Institut fiir Geologie, Universitit Bern, CH-3012, Switzerland

*Institut fiir Planetologie, Westfilische Wilhelms-Universitit
Miinster, D-48149 Miinster, Germany

The long-lived radioactive decay of 'Lu to !Hf
potentially provides a precise and disturbance-resistant
chronometer for dating early Solar System processes.
However, some meteorites (e.g., the quenched angrite
Sah 99555 [1]) show excess '"Hf [1-3], resulting in Lu-Hf
dates significantly older than the Solar System. One possible
explanation for this is that irradiation in the early Solar System
produced the short-lived isomer '"*"Lu (t,,, = 3.7 hr) and thus
accelerated the '"*Lu-decay [4-5].

In contrast to the results of Sanborn et al. [6], we found
excess 'Hf in the quenched angrite D’Orbigny and the
plutonic angrite NWA 4801. Our internal Lu-Hf isochrons
yield dates of 4760 +64 Ma for D’Orbigny (8 fractions) and
4635 £19 Ma for NWA 4801 (10 fractions). The initial
*Hf/'""Hf values are 0.279736 (37) and 0.279788 (89),
respectively, which are in the same range as the CHUR values
of [7-8] back-calculated to 4567 Ma, and 3-6 €-units higher
than the initial Hf isotope composition of the Solar System
suggested by Bizzarro et al. [1].

Our new data do not preclude irradiation on the angrite
parent body as a possible cause for the old apparent ages.
However, not all Lu-Hf dates are too old: our 8-point Lu-Hf
isochron for the plutonic angrite NWA 4590 yields
4580 +46 Ma, which is in agreement with the Pb-Pb age
reported by [9-10]. Its initial '°Hf/'"’Hf value of
0.279794 (16) agrees with the CHUR values of [7-8] back-
calculated to 4567 Ma.

[1] Bizzarro et al. (2012) G713, 10.1029/2011GC004003. [2]
Blichert-Toft er al. (2002) EPSL 202, 167-181. [3] Bast et al.
(2012) LPSC 43, abstr. 2542. [4] Thrane et al. (2010)
Astrophys J 717, 861-867. [5] Albarede et al. (2006) GCA 70,
1261-1270. [6] Sanborn et al. (2012) LPSC 43, abstr. 2039. [7]
Blichert-Toft & Albarede (1997) EPSL 148, 243-258. [8]
Bouvier et al. (2008) EPSL 273, 48-57. [9] Amelin & Irving
(2007) LPI Contrib 1374, 20-21. [10] Amelin et al. (2011)
LPSC 42, abstr. 2542.
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Zeolites and mafic phyllosilicates in
Livingston Island, Antarctica
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The present work is a report on the geochemistry and
petrology of the very low-grade alteration minerals developed
in the volcanic successions from Punta Hannah (PH) and
Shirreff Cape (SC), Livingston Island, Antarctica.

The outcrops consist of andesitic-basaltic rocks from
volcanic successions assigned to the Upper Cretaceous [1].
These rocks are one of the most extensive volcanic exposures
in the South Shetland Islands.

The alteration minerals occur in amygdules, veins,
veinlets, groundmass, or patches. This replacement of the
phenocrysts can be partial, affecting the crystal edges and
fractures or total. Primary plagliocases have been strongly
altered to albite, zeolites and calcite, and clinopyroxenes to
mafic phyllosilicates and celadonite.

Petrographic, XRD and EMP analyses show the
occurrence of the zeolites: laumontite, stilbite, faujasite and
heulandite in PH, and natrolite and analcime in SC. Mafic
phyllosilicates correspond to interstratifications between
chlorite and trioctahedral smectite. Chlorite layer percentages
range between 57% and 84%, and display diabantite
compositions [2]. Equilibrium temperatures of mafic
phyllosilicates ~ from  PH, calculated using two
geothermometers [3, 4], range between 160 and 190°C for
those with chlorite layer percentages above 75%. This range is
in agreement with temperature estimates for zeolites of 150-
230°C. Zeolites from SC suggest temperatures below 150°C.

The characteristics of these rock successions indicate a
Ca-Na remobilization in the light of albitization and the
widespread occurrence of Ca-rich zeolites. Hydrothermalism
and burial processes would account for the genesis of the
secondary minerals.

Project Anillo CONICYT ACT 105 financed the research.

[1]Leppe et al.(2007) UGSG Srt Rsrch Pprs 1407. [2] Hey
(1954) MinMag 30, 272-292. [3] Cathelineau (1988) Cly
Min26, 471-485. [4] Jowet et al. (1991) SEG Jnt Annl Mtng
16, A62.
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Increasing demand in reactive-transport modelling for the
purposes of CO, sequestration, use of geothermal energy, and
nuclear waste disposal requires ready access to standardised
thermodynamic data. These must be adopted for multiple
formats for ever increasing number of modelling applications.

FreeGs [1, 2] is a web-enabled database developed at
Geoscience Australia by the Predictive mineral discovery
Cooperative Research Centre (2001-2007). It was intended as
a unified Australian hub of thermodynamic data for
geochemical modelling for economic geologists. The database
was complemented by integrated software to calculate
thermodynamic properties of species and chemical reactions at
elevated temperatures and pressures. The end users had put a
critical emphasis on the following decisive features:

. High end-user usability in an interactive mode

. Transparency of the compiled data

. Extendibility (data formats & incorporated models)
. Options for remote access and maintenance

In the interactive mode, FreeGs readily facilitates
(1) comparison of TD data compiled from different sources,
(2) their model presentation via alternative algorithms
(equations of state), and, (3) output of data in alternative
formats (e.g., Ag(T,P) vs log Kr(T,P)).

Despite these features and a friendly web GUI, practical
usage of the database system by the scientific community was
rather limited. As we see it, the development of a human
interface and integration with calculation algorithms were
over-emphasised at the expense of the implementation of the
data delivery web service. That hindered efficient access to
data by external parties and created avoidable development
and maintenance overheads.

The future of a similar database will lie in the realm of a
database located on a cloud server with (1) HTML access
(“find and read”) for simple and infrequent ineractions, and
(2) web service for the delivery of plain standardised data that
can be further processed by users applications as needed.

[1] Bastrakov et al. (2005) GCA 69, A845. [2] Voigt et al.
(2007) Pure and Applied Chemistry 79, 883-894.
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A new strategy for identifying shales
with high gas retention using noble
gas, nitrogen and carbon
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Noble gases have been used to distinguish between
hydrocarbon maturities, and evaluate the fracture network in a
shale [1]. Carbon and nitrogen isotopic ratios, and noble gases,
have the potential to identify the origin of shale gas. A
combined study using all three simultaneously can strengthen
previous applications, and have the potential of further
utilizations. But such studies on shale gas cuttings are non-
existent.

The preferential adsorption of Xe and Kr is higher for
kerogen than shales [2]. So, distinct fractionation pattern
should set apart organic-rich shales. In conjunction with
carbon and nitrogen isotopes, C/N and N/Ar ratios, they can
provide useful insights on the type of sedimentary organic
matter. A combination of stepwise combustion and vacuum
crushing can be used to decouple the free and bound gases.

Acknowledgement: We thank the BG Group for a
Research Grant 2013-17

[1] Hunt, Darah & Poreda (2012), AAPG Bulletin 96, 1785-
1811. [2] Prinzhofer (2013), Noble Gases in Oil and Gas
Accumulations In: The Noble Gases as Geochemical Tracers
Burnard P. (ed.) 225-248.

A new analytical protocol for high
precision EPMA of olivine
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Composition of olivine provides critical information on
the composition and origin of primary mantle derived melts
and their sources. Especially informative are minor and trace
elements Ni, Mn, Ca, Al, Cr, Co, Ti, Zn, P, Na [1, 2], which
being in the concentration range over 10 ppm are assessable
by EPMA.

Long counting times (up to 300 sec) on WDS at high
beam current (300 nA) reported in [1] yield precision of
individual analysis around 30 ppm (2 standard errors) for Ni,
Mn, Ca, Al, Cr and 300 ppm for Fo content of olivine. Here
we report 2-3 fold improvement of EPMA precision for larger
range of trace elements in olivine (Ni, Mn, Ca, Al, Cr, Co, Ti,
Zn, P, Na).

The analytical protocol built up on brand new JEOL JXA
8230 EPMA in ISTerre, UJF, Grenoble, France. Facility has
tungsten source gun, is equipped by five WDS and one SDD
EDS and placed in the environment with controlled
temperature (22+/-0.3 degrees C) and humidity (50+/-3%).

The analytical conditions are the following: acceleration
voltage 25kV, 900 nA beam current, WDS recording for trace
elements (Ni, Mn, Ca, Al, Cr, Co, Ti, Zn, P, Na) and EDS
recording for Si, Mg, Fe, total counting time 12 minutes, ZAF
correction. Instrumental drift during analytical sessions is
monitored by repeated measurements of olivine standards. For
trace elements this protocol yields detection limits from 3 to
10 ppm and average precision of individual analysis of 10
ppm (2 standard errors). For Fo of olivine precision is 300
ppm (2 standard errors).

Comparison of EPMA and LA ICP-MS data for the large
range of olivine compositions suggests that accuracy of
EPMA is similar to precision noted above. For elements with
concentration over 100 ppm the obtained EPMA precision and
accuracy are better than these of LA ICP-MS. For the
concentration of elements between 50-100 ppm both methods
show similar precision and accuracy; and for concentration
between 10-50 ppm LA ICP-MS yields better precision and
accuracy. Spatial resolution of EPMA, however, is
significantly better: 3-5 micrometres compared to 30-50 for
LA ICP-MS. This makes our new EPMA protocol of great
advantage for measurement of zoned or small olivine grains.

[1] Sobolev et al., 2007. Science 316 (5823), p.412-417. [2]
De Hoog et al., 2010. Chemical Geology 270, p. 196-2015
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hydrochemical and multiple isotopic
data, Ulaanbaatar, Mongoila
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The water demand in Ulaanbaatar (UB), the capital of
Mongolia, is quickly increasing due to significant population
growth. Municipal water supply in UB depends solely on
groundwater withdrawn from alluvial aquifer that is developed
along and near the Tuul River. To overall understand the
status of groundwater in UB, we performed a hydrochemical
and environmental isotopic survey. Concentrations of cations
and anions, 8"°C of dissolved inorganic carbon, 8"°N and 8'%0
of nitrate, and ™S and 8'%0 of sulphate were analysed. Three
major hydrochemical types of groundwater occur in UB: 1)
Ca-HCO; type, 2) Ca(-Mg)-HCO; type, and 3) Ca(-Na)-CI(-
NO;) type. Types 1 and 2 mainly occur in forest and grassland
areas at outskirts of UB and represent the natural water
chemistry without anthropogenic contamination. Type 3
occurs predominantly in urbanized areas and is characterized
by increased concentrations of TDS, Cl+NO; (and NO,)+SO,
due to significant contamination. The 8"°N and &'*0 values of
nitrate in type 3 groundwater indicate the main source of
contamination from latrines (manure) and sewage. To
delineate several groundwater zones under contamination
risks, we conducted digital image processing techniques of
remote sensing and GIS. Then, multi thematic maps on
lithology, slope, land-use, lineament, drainage, soil and
rainfall were integrated in a raster based GIS (i.e., weighted
overlay analysis) to identify the weighted factors of
groundwater contamination and to classify and map the
groundwater zones as very poor, poor, good, and very good in
relation to contamination susceptibility. The results of this
study will be helpful for planning schemes for sustainable
groundwater management in UB.

Raman spectroscopy and powder
diffraction study of synthetic
Coffinite (USiO,) at high pressures

J.D.BAUER!,S.LABS?, S. WEISS®, L. BAYARJARGAL',
H. CURTIUS?, W. MORGENROTH', D. BOSBACH?,
C.HENNIG® AND B. WINKLER'

!Goethe-Universitit Frankfurt am Main, Inst. f. Geowissen-
schaften, 60438 Frankfurt am Main, Germany
(*correspondence: J.Bauer@kristall.uni-frankfurt.de)

*Forschungszentrum Jiilich GmbH, Inst. f. Energie- und
Klimaforschung — Nukleare Entsorgung (IEK-6),

52425 Jiilich, Germany

SHelmholz-Zentrum Dresden Rossendorf, Inst. f. Ressourcen-

okologie, 01314 Dresden-Rossendorf, Germany

Coffinite, USiO,, can form under reducing conditions
from UO, in contact with silica-rich waters (Langmuir’s
criterion) [1]. Spent nuclear fuel (SNF) consists to > 90% of
UO,, therefore the safety assessment for a final repository in
deep geological formation will benefit greatly if coffinite is
taken into account as a potential secondary phase. While high
pressures are not of specific relevance for a final repository for
SNF, its structural behaviour at high pressures is of general
interest to understand the phase stabilities and to benchmark
model calculations. The high pressure behaviour of coffinite
has been studied before on natural and synthetic samples [2,3].
A pressure-induced irreversible phase transformation from the
zircon- to the scheelite-type structure was found at about 15
GPa using an alcohol-water mixture as a pressure medium [3].

Here, synthetic coffinite was studied under high pressure
conditions in the diamond anvil cell with neon as quasi-
hydrostatic pressure medium up to pressures of 35 GPa. The
samples are free of impurities of UO,, as characterized by
XRD and HRTEM. Powder diffraction experiments with
synchrotron radiation indicate a pressure-induced phase
transformation at 18-20 GPa. In contrast to the earlier high
pressure study [3], this transformation is reversible on pressure
release and no UO, is formed during the process. A detailed
data analysis is currently in progress.

Raman spectra were obtained up to a pressure of 18 GPa.
Further measurements at higher pressures are on-going.

Financial support from the German Federal Ministry of
Education and Research (BMBF) under grants 02NUKO019C
and 02NUKO19E is gratefully acknowledged.

[1] Langmuir (1978), Geochim. Cosmochim. Acta 42, 547-569
[2] Liu (1982), Earth Plan. Sci. Lett. 57, 110-116 [3] Zhang et
al. (2009), Am. Min. 94, 916-920
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Oxygen and hydrogen stable isotopes
in Alpine waters and fine-grained
soils near Saas Fee, Switzerland

KERSTIN K. BAUER!*, THIERRY ADATTE!
AND TORSTEN W. VENNEMANN!

nstitut des sciences de la Terre, Géopolis, Université de
Lausanne, CH-1015 Lausanne, Switzerland
(*correspondence: kbauer@unil.ch)

Samples of soil and surface water were collected along a
transect of 30 km with 1600 m of difference in altitude in the
valleys of Saas Fee and Visp in the Swiss Alps. Mineralogical,
chemical, and isotopic (O and H) compositions were measured
to study the water-rock interactions, clay mineral formation,
and the influence of altitude on the isotopic composition of
soils during weathering of the parent rock, in order to draw
conclusions for the usability of hydrous minerals derived from
alpine soils for paleoelevation studies.

Waters have a range of 8'%0 and 8D values typical of
those for precipitation and glacial melt water, decreasing with
altitude of the catchments. The major dissolved ions
characterize the composition of the substrate lithologies by
elevated contents of Ca, sulphate, K, and Mg ions. This is also
the case for the mineralogical composition of the soils that
corresponds to the occurrence of ophiolitic material in higher
elevations and granitic gneisses and schists in lower regions.
While phyllosilicates from early-stage weathering and
transformation of illite and chlorite to interstratified minerals
(vermiculite, illite-vermiculite, chlorite-vermiculite and illite-
smectite) are present, their abundance is relatively low. The
isotopic composition of the fine earth fraction and the < 2 um
clay component in the soil was in average identical, and
corresponds to the range of values of the host rock material.
This suggests that the present climate and this environment do
not allow for the neoformation of larger quantities of clay
minerals in contact with ambient water.

Pore scale visualization of chemical
gradients at biogeochemical
interfaces using micromodels and
Raman microspectroscopy

T.BAUMANN*, C.METZ,N.P.IVLEVA
AND R. NIESSNER

Institute of Hydrochemistry, Technische Universitidt Miinchen,
81377 Miinchen, Germany
(*correspondence: tbaumann@tum.de)

Biogeochemical interfaces (BGI) are controlling the fate
of organic chemicals at the interface between the terrestrial
and the aquatic environment. BGI are highly dynamic in the
spatial and temporal domain. One of the key features of BGI is
their limited temporal and spatial accessibility which is hard to
imitate in conventional laboratory test designs.

Processes at BGI can be visualized and quantified using
microfluidic structures mimicking the pore topology of the
soil, so called micromodels. In combination with Raman
microspectroscopy chemical information can be retrieved
from a micromodel experiment with a spatial resolution on the
order of 1 ym? and a temporal resolution in the s-range. To
increase the sensitivity, silver nanoparticles have been added
to the water phase flowing through the micromodel to make
use of the amplifying surface-enhanced Raman effect.
Currently chemical gradients of moderately lipophilic
substances have been acquired with a limit of detection of 10
mol/L. Challenges to overcome include the interactions
between silver nanoparticles and target analytes which might
alter the mass transfer rates, and the settling of nanoparticles
in the channel.

As high resolution acquisition comes with a limited field-
of- view (FoV) and, e.g., the growth of a biofilm outside of the
FoV alters the flow pattern, the flow velocity has to be
monitored using fluorescent latex beads and single particle
tracking. For a fast measurement of well-defined variables,
like the pH-value or the oxygen concentration, thin film
polymers with encapsulated sensor dyes are chosen.

When looking at microbial growth in porous media, not
only the development of a biofilm changes the flow paths and
the accessibility to the microbes, but also the development of
locally confined gas bubbles, as with P. denitrificans. Here,
the growth rate is correlated with bacterial activity and the
results indicate different bacterial densities in pore bodies and
pore throats.
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Diverse hydrothermal venting at the
Jan Mayen vent fields, AMOR

T.BAUMBERGER'*, M.D. LILLEY?, R.B. PEDERSEN', . H.
THORSETH! AND A. STENSLAND'
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(*correspondence: tamara.baumberger@geo.uib.no)
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The basalt-hosted Jan Mayen vent fields (JMVF) are
located at 71° N on the southern end of the ultra-slow
spreading Mohns Ridge (AMOR). Over the past few years,
scientific cruises have repeatedly visited and extensively
sampled these vent fields. Researchers have identified several
types of hydrothermal venting and have noted significant
differences in hydrothermal fluid compositions within
relatively short distances. The types of venting range from
focused high-temperature fluid venting from numerous
chimney structures, to low-temperature diffuse fluid flow
areas. In addition free gas bubbles were observed being
released from the seafloor. The chemical composition of the
high-temperature endmember vent fluids is primarily
characterized by high concentrations of carbon dioxide
together with low hydrogen and methane concentrations.
Fluids from the diffuse flow areas are characterized by an
increased concentration of methane, which is strongly
reflected in the hydrothermal plume observed above these
diffuse systems. High concentrations of dissolved methane
together with low concentrations of dissolved hydrogen were
measured in the water column close to the seafloor for the
diffuse flow hydrothermal plume, while high hydrogen/low
methane concentrations were found in the high-rising non-
buoyant plume. The main constituent of the gas bubbles,
however, was carbon dioxide. In addition, at 560 m water
depth along the flank of a high-temperature venting chimney,
formations of gas hydrate were observed. A few tens of meters
away, a ridge segment with several small chimneys with a
flame-like discharge was observed, suggesting subcritical
phase separation through boiling at relatively low pressures.
Here we present a study on the diverse geochemical fluid and
gas characteristics of the Jan Mayen hydrothermal systems
located on the ultra-slow spreading Arctic Mid-Ocean Ridge
and compare the results with the fluid composition of other
mid-ocean ridge hydrothermal systems.

The SwissSIMS ion probe facility

L. BAUMGARTNER"AND A .-S. BOUVIER'

'ISTE, University of Lausanne, Lausanne, Switzerland,
(lukas.baumgartner @unil.ch)

A new ion probe laboratory, housing a CAMECA IMS
1280-HR has been established at the University of Lausanne,
Switzerland in the Institute of Earth Sciences. The SIMS
facility was obtained through funding from the Swiss National
Science foundation, the wuniversities of Bern, Geneva,
Lausanne, and the ETHZ. It is organized as a Swiss National
Facility, with a scientific steering committee. The instrument
was installed in the second half of 2012, and it passed
specification late 2012. The NanoSIMS facility of the EPFL
under the direction of Dr. Anders Meibom is housed in the
same building. The combination of facilities offers the users a
unique opportunity for in situ surface analysis.

We will focus on basic and applied research in all domains
of earth science. The IMS 1280-HR is equipped with high-
density cesium and oxygen primary ion sources, 5
interchangeable electron-multiplier spectrometers (EMS) or
Faraday cup and 2 fixed Faraday cups for multi-collection and
one electron multiplier and two Faraday cups for mono-
collection. The magnetic sector is stabilized with a Hall probe
to improve reproducibility of isotopic ratios; transmission is
optimized for IMS sensitivity.

So far we have tested and adapted existing methods on
using NIST or MPI-DING standards and we improved
existing method for CI isotope measurements [1]. We are
currently developing and establishing various carbonate
standards for O and C isotopes, in house quartz standards for
O and Si isotopes, as well as standards for oxygen isotopic
composition for olivine, titanite, biotite for O isotopes. We are
now ready to start the first scientific projects.

[1] Bouvier & Baumgartner, Session 201, Golschmidt 2013
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of an old mercury mining town
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Detailed soil geochemical survey tackles the urban area of
Idrija, which is the oldest mining town in Slovenia with about
7000 population. Strong legacy of 500 years of mercury
mining and ore processing in Idrija have resulted in
widespread contamination. Environmental impacts on a
regional scale caused by atmospheric emissions from the Idrija
ore roasting plant were established in investigations of
mercury spatial distribution in soil on regional scale [1, 2].

This study is part of the URGE project (Urban
Geochemistry) and brings into focus urban area of Idrija town.
Soil was systematically sampled (45 sampling sites) in 4 km?
of Idrija urban area. Two soil horizons (0-10 cm and 10-20
cm) were sampled in order to distinguish between different
metal sources. Samples were prepared and analysed according
to URGE project. A sampling model grid was developed for
collection of 9 soil samples per km?. Due to higher population
density, the density of samples was increased in the town
centre. Contents of potential harmful elements were
determined using aqua regia digestion. As expected, Hg
contents were extremely elevated and ranged from 8 to 1210
mg/kg with a median of 60 mg/kg for upper soil horizon and
from 7 to 1550 mg/kg with a median of 50 mg/kg for lower
soil horizon. Spatial distribution analysis shows that higher
contents appear along river banks, where ore residues were
dumped in the past and in the part of the studied area, where
soils overly rocks containing mercury ore. Other potential
harmful elements didn't show critical elevations according to
legislation. so the study was further directed into analysis of
mercury species and their water-soluble and bio-accessible
portions using different extraction methods.

[1] Gosar & gajn (2001) Geologija 44, 137-159. [2] Gosar et
al. (2006) Sci Total Environ 369, 150-162.

The Chronology of Dehydration
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*Department of Geosciences, Virginia Tech, 5060 Derring
Hall, Blacksburg, Virginia 24061 USA

The global geologic water cycle including the hydration
and dehydration of the lithosphere during tectonic and
metamorphic processes plays a first order role in shaping our
planet. In subduction zones, dehydration is responsible for
mantle melting, arc magmatism, seismic triggering, slab
densification, and more. It is challenging to constrain the rate
and timing of paleo-dehydration unless a passive mineral
marker of the dehydration process can be identified and dated
in the dehydrated rock residue. We use thermodynamic
modeling to show that the growth of garnet may be used as a
proxy for dehydration in diverse bulk rock compositions and
tectonic contexts. Generally, as garnet grows in a subducting
rock, fluid is produced due to metamorphic dehydration of
hydrous precursor phases including chlorite, lawsonite,
epidote, and amphibole. = We quantify the proportional
relationship between garnet and water production in common
lithologies along three representative subduction geotherms
[1]. Over the garnet growth interval ~400 to 700 °C (and
corresponding depths for each geotherm) the average
production ratio for altered MORB compositions is 0.52 (wt %
water per vol % garnet) in cooler geotherms (Honshu and
Nicaragua) and 0.27 in hotter (Cascadia) geotherms, with
predictably lower ratios if the input basalt previously
experienced less hydrous alteration. Over the same interval
the water production ratios are approximately 50 % lower for
pelitic sediment (0.24 and 0.13, respectively). Garnets can
also be dated at high precision (<+1 Myr) with the Sm-Nd (or
Lu-Hf) system, thus constraining the timing of dehydration by
proxy. With large single crystals (>5mm diameter),
concentrically growth zoned garnets may be microsampled
and dated from core-to-rim, thus constraining the duration of
dehydration. When coupled with thermodynamic analysis, a
complete P-T-H,O chronology can be extracted. Example P-T-
H,O chronologies from Sifnos, Greece reveal rapid, focused
dehydration around 46 Ma spanning just hundreds of
thousands of years [2].

[1] Baxter & Caddick 2013, Geology, in press,
doi:10.1130/G34004.1 [2] Dragovic et al. 2012, Chemical
Geology, v. 314-317, p. 9-22.

DOI:10.1180/minmag.2013.077.5.2
WWW.MmIinersoc.org

https://doi.org/10.1180/50026461X00008550 Published online by Cambridge University Press


https://doi.org/10.1180/S0026461X00008550

672 Goldschmidt2013 Conference Abstracts

Precise U-Pb (ID-TIMS) and
SHRIMP ages on single zircon for
Achaean TTG rocks on Baltic Shield
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Voche-Lambina polygon lies on the boundary between
Belomorian mobile block and Central —-Kola domain
(Morozova et al, 2011). New neoarhaean U-Pb data on single
zircon from TTG of international polygon named of the
Voche-Lambina yielded 3158.2+8.2, which are situated on
Central-Kola block in the Baltic Shield. Zircon are
characterized by low concentration U and Pb, low U/Th ratio
with 0.2. REE diagrams of grey gneisses reflect high
fractionation La/Yb>30,encriched by light REE and depleted
by heavy Yb<0.6 ppm. Model Sm-Ng ages on the rocks have
protolith from with the ages 3.4 to 3.2 Ga, positive éNd from
+1.29 to +3.3, ISr equals 0.702. Precise age of amphibolites
metamorphism has been dated on single zircon with
2704.3+5.9 Ma. In the frame of the Central-Kola domain there
is an Ingosersky TTG complex. Firstly U-Pb dating on single
zircon from Bt-gneisses reflects 3149+49 Ma. Metamorphic
alterations were in 2725.2+2.5 Ma and connected with origin
of Amf-Bt gneisses and 2733.6+6.6 with Bt-Amf gneisses.
(NItkina at all, 2012). Achaean gneisses in Monchegorsk ore
region were firstly dated in the Central-Kola domain and near
Murmansk. Single zircon from gneisses in Monchegorsk
region which are the basement for Paleoproterozoic PGE
layered intrusions with U-Pb ages on zircon and baddeleyite
from 2.4-to 2.5 Ga (Bayanova et all, 2009) has 3.16 Ga and
single zircon with 2776+3 Ma is considered as amphibolites
metamorphism. New U-Pb (ID-TIMS) data on single zircon
from high alimunia gneisses near Murmansk in the Central-
Kola domain gave 3.17 Ga, core from these zircon population
has the age 3695+5 Ma by SHRIMP. Time of amphibolites
metamorphism was dated with 2753+3 Ma. Therefore based
on the new data on single zircon from TTG and gneisses from
Central-Kola domain leads to the long history of continental
crust origin in the Baltic Shield from 3.16 to 3.7 Ga.

We thank to D. Wasserburg for 205 Pb artificial spike, J.
Ludden for 91500 and Temora standards, F. Corfu, V. Todt
and U. Poller for assistance in the establishing of the U-Pb
method for single zircon and baddeleyite grains. The study is
contributed and supported by IGCP 599 and Department of
Earth Sciences RAS, program 4.

Improvements of the coherent and
precise ice core dating tool Datice:
new data and parameterization

L.BazIN'*, A.LANDAIS!, G. DURAND?, C. RITZ?,
M. MONTAGNAT?, B. LEMIEUX-DUDON?
AND D. RAYNAUD?

'LSCE, CEA-CNRS-UVSQ, 91191 Gif sur Yvette, France
(*correspondence: lucie.bazin@Isce.ipsl.fr)

’LGGE, CNRS-UIJF, St Martin d’Heres, France

3LJK, Grenoble, France

Recently, we published the new ice core reference
chronology AICC2012 common for 5 ice cores (EDC, EDML,
Vostok, TALDICE and NorthGRIP) back to 800 ka (thousand
of years before 1950) [1, 2]. To construct this optimized
chronology we used the “Datice” Bayesian tool [3], using a
background chronology and data constraints (absolute and
orbital age markers, stratigraphic links between the ice cores)
for both the ice and gas phases.

One of the limitations of AICC2012 was the lack of a
good characterization of variance associated with the thinning
background scenario respecting the deformation history. We
thus propose a new definition of this variance using numerous
data of microstructure and fabric for the EDC ice core [4].

A second limitation of AICC2012 was the lack of orbital
constraints on the long EDC ice core. We present a new high-
resolution record of 8'*0,,, and 80,/N, between 100-800 ka
obtained on EDC ice of high quality exempt of gas loss.
Together with the complete record of air content [5], another
orbital dating tool, we provide an important step for improving
the reference ice core chronology for Antarctic ice cores.

[1] Veres et al. (2012) CPD 8, 6011-6049. [2] Bazin et al.
(2012) CPD 8, 5963-6009. [3] Lemieux-Dudon et al. (2010)
OSR 29, 8-20. [4] Durand et al. (2007) CP 3, 155-167. [5]
Raynaud et al., in prep.
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High- to low- pressure features of

compound xenoliths: implications

from Fe-Ti-Ca metasomatism and
glass formation
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Mantle xenoliths preserve invaluable information on
chemical and thermal events in the earth’s mantle and on the
ages and rates of such events. The presence of Fe-Ti oxides
such as ilmenite or armalcolite in areas affected by mantle
metasomatism, for example, could contstrain the oxidation
state of the metasomatic event and provide information about
the metasomatic agent(s). Here we focus on lherzolite- and
clinopyroxenite- rich xenoliths from Cima Dome (California)
and Chino Valley (Arizona), their unusual mineral
assemblages, and their formation.

Fe-Ti minerals identified in the selected xenoliths include
armalcolite and ilmenite. In the Chino Valley clinopyroxenite,
Nb-rich and Nb-free rutile both occur, either included in or
included by ilmenite. Moreover, ilmenite is initially replaced
by Fe-oxide + kassite (a rare hydrous Ca-Ti oxide). Both
ilmenite and rutile are rimmed by titanite. These successions
imply a change from Fe-Ti to Ca-rich silicate metasomatic
agents percolating through the host rock. In the amphibole-
bearing lherzolite from Cima Dome, Ti-rich pargasite is
surrounded by glass-1, spinel, plagioclase, clinopyroxene,
olivine and armalcolite. The latter is entrained within the glass
pocket and has a skeletal crystal shape suggesting rapid
growth at high pressures ~1.0 GPa and low oxygen fugacity
at mantle depths. The presence of glass-1 is associated with
rapid melting and breakdown of pargasite to Ol+Cpx+Spl+Gl-
1) en route to the surface. Glass-2 is observed along grain
boundaries of pyroxenes and olivine, however is Si-enriched
and depleted in Ca, Mg, Al, Ti compared to glass-1. Both
samples suggest extended multi-stage histories involving
partial melting to form primary minerals, a period of
metasomatic  alteration, and a short timescale of
decompression upon eruption.

Storage of Initially Organic Nitrogen in
Silicate Minerals and Volcanic Glasses
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We are investigating pathways by which initially organic
N can be incorporated and stored in silicate minerals and
glasses, focusing on phases other than the clays and micas, the
latter known to house N as NH,*. Despite its volatility, N is
surprisingly compatible in various silicates, largely as NH,*,
but also as molecular N, in microporous phases (e.g., beryl,
cordierite, zeolites, melanophlogite). These species can
provide a record of ancient organic processes.

Along relatively warm prograde P-T paths, a significant
fraction of the organic, mica-bound N in metasedimentary
rocks can be lost at lower grades, due to partitioning into H,O-
rich fluids generated by breakdown of layer silicates such as
chlorite. This N loss could affect the degree to which ancient
(e.g., Archean) low-grade suites can be used to extract paleo-
environmental information. However, at higher grades, the
remaining N is retained to a surprising degree, even in rocks
that experience partial melting, in phases such as K-feldspar
and cordierite. Thus uptake and long-term storage of
atmospheric/organic N in early-formed continental crust is
possible (Goldblatt et al., 2006). AN values for coexisting
cyclosilicates (N,) and micas (NH,*) in some pegmatites and
metasedimentary rocks indicate preservation of N isotope
fractionations like those predicted by theoretical studies.

Incorporation of N with organic 8"°N in seafloor basalts
can result in a seafloor N budget rivalling that in overlying
sediments, strongly influencing the N subduction budget (Li et
al., 2007). Our work on palagonitized volcanic glasses on the
modern seafloor and in Mesozoic basalts, some of the glasses
bearing microbial ichnofossils, demonstrates this uptake and
that analyses of such glasses could be useful in the search for
signs of ancient life on Mars. Low-grade metabasalts in the
Abitibi Complex (2.7 Ga) contain small amounts of N, now in
mica, with organic 8"°N that could reflect Archean seafloor
incorporation of sedimentary/organic N, likely via a pore
fluid. Melanophlogite, a silica clathrate found in low-T
hydrothermal settings, contains up to 1700 ppm of N, also
with organic 8'°N. Our ongoing work considers the extent to
which such phases can store N without isotopic change for
geologically significant time periods.
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The thermal conductivity » is one important physical
property that controls the structure and the dynamics of the
Earth’s mantle [1,2]. Furthermore, » influences the heat flux at
the core-mantle-boundary and thus the generation of the
Earth's magnetic field [3]. In spite of its significance, this
parameter is insufficiently constrained due to the great
technical challenges to measure thermal transport properties at
pressure and temperature conditions relevant for the lower
mantle. Here, we use an alternative approach and predict the
thermal conductivity of model (Mg,JFe)O by equilibrium
molecular dynamics simulations. We first investigate the
effect of isotope disorder on » in pure MgO with natural
isotopic composition by randomly distributing the three most
abundant Mg isotopes in the simulation cell. At ambient
conditions we find that earlier simulations of Haigis et al. [5],
which used an average isotope mass for all Mg ions,
overestimate the thermal conductivity by about 32%. This
overestimation is comparable to the predicted 46% from
phonon lifetime calculations [4]. With rising temperature, the
influence of isotope disorder on » decreases and becomes
almost insignificant at deep mantle conditions. Next, we
analyse how the substitution of 10% or 20% of Mg by Fe
masses affects . Due to the larger mass difference between Fe
and Mg ions compared to that between Mg isotopes, the
reduction is now much larger at ambient conditions and still
relevant at pressures and temperatures of the lower mantle.
Combining our new results with those of Manthilake et al. for
(Mg ,Fe)SiO; perovskite [6], an aggregate mantle of 20%
Mg, 5Fe2)0 and 80% (Mg, o, Fe,0;)SiO; perovskite has a
thermal conductivity of 10+2 W/(m K) at 3000 K and 138
GPa.

[1] Dubuffet & Yuen (2000) Geophys. Res. Lett., 27, 17-20.
[2] Naliboff & Kellogg (2007) PEPI 161, 86-102. [3] Gubbins
& Sreenivasan (2007) PEPI 162, 256-260. [4] Tang & Dong
(2010) PNAS 107, 4539-4543. [5] Haigis et al. (2012) EPSL
355, 102-108. [6] Manthilake ef al. (2011) PNAS 108, 17901-
17904.

Composition of the oceanic crust:
where have all the noble metals gone?
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It has been speculated that the low noble metal
abundances of many evolved MORBs may reflect sulfide
fractionation, either during melting, or, as a consequence of
fractional crystallization in the oceanic crust [e.g., 1].

The depletion of incompatible noble metals and Re in
lherzolitic fractional melting residues from the depleted
mantle [2] can be used to estimate bulk peridotite-silicate melt
partition coefficients for these elements at the specific P-T-f,-
fs, conditions of melt extraction (Dp=0.7, D,=0.12,
Dg.=0.08). The data for Re are in good agreement with bulk
partition coefficients calculated from experimental data at
suitable upper mantle f,,. Calculated abundances of these
elements in primitive melts at 5-10 % melting are 10 ppb for
Pd, 10 to 6 ppb for Au, and 2 to 1 ppb for Re. This contrasts
with typical abundances in MORB of 0.05-2 ppb Pd and 0.1-3
ppb Au, whereas Re shows good agreement [e. g., 1,34].
Because partial melting of depleted mantle lherzolite cannot
explain noble metal abundances in “primitive” MORBs,
fractional crystallization in the crust is commonly invoked
[1,3]. New data for the PGE+Re in different lithologies of the
lower oceanic crust at hole 735B (crust formed by very slow
spreading at the SW Indian ridge), indicate even lower
abundances of Pd, Au and Re than in many MORBs. Clearly,
the main site of fractionation of the PGE must be deeper than
the drilled section. Recent data from lower crust of the Wadi
Tayin section of the Oman ophiolite suggests significantly
higher PGE abundances in fast spreading oceanic crust [5].
However, even these higher abundances fall short of expected
concentrations in the oceanic crust. We conclude from this
that most of the noble metal fractionation in MORB magma
likely occurs during magma transport in the uppermost mantle.
Dunites and harzburgites from the mantle section of the Oman
ophiolite are strongly enriched in Pt, Pd and Re, thus
providing hints for such fractionation processes [6, 7].

[1] Hertogen et al. (1980), GCA 44, 2125-2143. [2] Wang, Z.
et al. (2013), GCA 108, 21-44. [3] Rehkamper et al. (1999),
GCA 63,3915-3934. [4] Gannoun et al. 2007, EPSL 259, 541-
556. [5] Peucker-Ehrenbrink er al. (2012) Geology doi:
10.1130/G32431.1 [6] Lorand et al. (2009) Terra Nova 21, 35-
40. [7] Hanghoj et al. (2010) J. Petrol. 51, 201-227.
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Component specific Hf-W dating of
Allende and Vigarano CV3
chondrites
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! Institut fiir Geologie und Mineralogie, Universitit zu Koln,
Germany, (*correspondence: maike.beckerl @gmx.net)
2 Department of Lithospheric Research, University of Vienna

The formation of chondrules, matrix and other
components of chondrites is not yet fully understood.
Knowing their relative formation ages and genetic
relationships can provide crucial information on their
formation conditions. Short lived radionuclides can provide
new insights into the chronology of the formation of early
solar system materials. In the past, the *Al-**Mg system has
been mainly used for this purpose, but recently the 'S?Hf-'W
system emerged as a promising tool to date chondrule
formation. Thus, components of chondrites that never
underwent high temperature metamorphism, like CV3
chondrites, are well suited candidates for Hf-W investigations.
Earlier studies of Allende chondrules with the AI-Mg und Pb-
Pb systems indicate that they formed up to 3.2 Ma after CAI
formation'™.

We prepared 23 Allende and 13 Vigarano separates for Hf
and W isotope measurements, covering both reduced and
oxidized CV chondrites. These include pure handpicked
chondrule and matrix fractions as well as magnetic separates
and bulk aliquots. The separates all define isochrons which
indicates a contemporaneous formation of all components.
The ages defined by the isochrons suggest formation of
Allende and Vigarano components within 3 Ma after CAI
formation. These ages are consistent with chondrule formation
ages obtained from other isotopic systems.

Notably, W and Hf concentrations in chondrule and matrix
fractions from Allende and Vigarano vary considerably.
Chondrules from Allende exhibit high Hf/W ratios (2.5 to
3.0), whereas matrix and strong magnetic fractions exhibit low
Hf/W ratios (0.5 to 0.9). Unlike in Allende, Vigarano contains
chondrules with extremly low Hf/W ratios. As suggested from
petrological observations, these low ratios can be attributed to
the presence of metal inclusions within the reduced Vigarano
chondrules.

[1] Bizzarro et al. (2004) Nature 432, 275-278; [2] Connelly
et al. (2008) Astroph. Journal 675, 1L121-1.124; [3] Connelly
& Bizzarro (2009) Chem. Geol. 259, 143-151; [4] Amelin &
Krot (2007) Meteor. & Plan. Sci. 42, 1321-1335.

Actinide redox processes on iron
sulfides: an electrochemical,
microscopic, and computational
approach

UDO BECKER'*, KE YUAN' AND DEVON RENOCK?

'Department of Earth and Environmental Sciences, University
of Michigan, Ann Arbor, MI 48109, USA, *Department of
Earth Sciences, Dartmouth College, Hanover NH, 03755
(*correspondence: ubecker@umich.edu)

Little is known about the reaction mechanism of actinyl
complexes on mineral surfaces, i.e. the role of the redox
potential, the nature of the reductant, the importance of
minerals in terms of providing catalytic surfaces, the role of
anions in solution that polarize a mineral surface to promote or
inhibit electron transfer, and the activated states that may slow
down the kinetics of the redox process.

In order to resolve these, electrochemical studies using a
micropowder electrode technique were performed in
combination with a quantum-mechanical and microscopic
(AFM) approach. The electrochemical approach allows us to
determine the specific redox potential of actinide reduction on
a given mineral surface. For example, uranyl reduction takes
place at -0.22 V on hematite, -0.17 V on magnetite, and at -
0.14 V on pyrite. Further electrochemistry experiments were
performed on machinawite, in order to be able to compare
these with quantum-mechanical calculations on the
thermodynamics, charge and spin  transfer, and
electrochemical potential for reduction and oxidation to occur.
The calculations show that the energy gain of the co-
adsorption of hydroquinone (as an analogue for microbial
reduction) and uranyl is on the order of 0.5 eV (=50 kJ/mol) as
compared to the separate adsorption of wuranyl and
hydroquinone. Similar co-adsorption on FeS (mackinawite)
reveals that Fe(Il) cations in the mineral surface become high
spin (Fe(Il) in bulk mackinawite is low spin), thereby
increasing its potential for electron transfer.
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Atmospheric CO, starvation of trees
arrests mycorrhizal-driven silicate
weathering

DAVID BEERLING!, JOE QUIRK', LYLA TAYLOR',
STEVE BANWART? AND JONATHAN LEAKE'

'Department of Animal and Plant Sciences, University of
Sheffield, Sheffield S10 2TN, UK. Email:
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Trees dominate terrestrial silicate mineral weathering by
converting solar energy into chemical energy that fuels roots
and their ubiquitous nutrient-mobilizing fungal symbionts.
These biological activities regulate atmospheric CO, over
geological timescales by driving calcium and magnesium
fluvial ion export and marine carbonate formation. However,
the important stabilizing feedbacks between CO, and biotic
weathering anticipated by geochemical carbon cycle models
remain untested. This presentation will show experimental
evidence for a non-linear feedback across a Cenozoic CO,
range from 1500ppm to 200ppm, whereby low CO, curtails
mineral surface alteration via trenching and etch pitting by
arbuscular mycorrhizal and ectomycorrhizal fungal partners of
tree roots. Integrating our experimental findings into a
process-based model revealed a CO, drop from 1500ppm to
200ppm caused the flux of calcium and magnesium weathered
from silicate rocks to drop three-fold. It is proposed that ‘low’
CO, effectively acts as a ‘carbon starvation’ brake on tree-
driven weathering. These findings have implications for the
role of forests and fungi in regulating Earth’s minimum
atmospheric CO, concentration over the Cenozoic.

Ore deposits and lithosphere
evolution in the early Earth

*G.C.BEGG!?, W.L. GRIFFIN!,
SUZANNE Y.O’REILLY', AND J. M.A. HRONSKY'".

'CCFS/GEMOC, Macquarie University, Sydney, Australia

*Minerals Targeting Intl., 17 Prowse St., W. Perth, WA 6005,
Australia

*Western Mining Services (Aust.) Pty Ltd, 17 Prowse Street,
W. Perth, WA 6005, Australia

(*correspondence: graham.begg@bigpond.com)

Plate tectonic processes, including subduction-related
magmatism, rifting and collision are critical for the formation
of many types of magmatic and hydrothermal ore deposits.
Given the evidence for the existence of plate tectonic
processes from as early as 3.9Ga, the absence of significant
mineral deposits older than about 3Ga is attributed to either of
a failure to survive, or the absence of another key ore-forming
environment. Subcontinental Lithospheric Mantle (SCLM),
which appeared between ca 3.6-3.0 Ga, provides the solution
to understanding both of these issues. Pristine SCLM, formed
as a residue of high temperature plume melting, is depleted
(Fe-poor), buoyant, refractory, and has very high viscosity.
These traits make for a durable lithosphere, a home for
mineral deposits, in contrast to the easily removed (subducted,
delaminated) dense oceanic lithospheric mantle. Integration of
geological, geophysical and geochemical data from the crust
and mantle, indicates that Archean SCLM underlies the
majority of today's continental crust. Plate tectonics (forces,
fluids, magmas) has resulted in metasomatism, fracturing,
melting and suturing of the SCLM. These processes, along
with the impact of mantle plumes and the rise of atmospheric
oxygen, have provided the metals, energy and focus for ore
systems in a range of associated crustal environments.
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Seismic anisotropy changes across
upper mantle phase transitions

CAROLINE BEGHEIN'* AND KAIQING YUAN!
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Constraining mantle flow near the mantle transition zone
(MTZ) can help better understand its role in Earth’s
thermochemical evolution and mantle dynamics. Using a
higher mode surface wave seismic dataset [1] we modeled
global 3-D azimuthal anisotropy in the top 1000km of the
mantle, thereby providing constraints on mantle deformation
to much greater depths than in previous studies.

Our model unravels significant seismic anisotropy in the
MTZ, challenging common views of mantle deformation, and
reveals a striking correlation between minima in anisotropy
amplitudes, changes in the fast axes of propagation, and the
location of phase transitions. This relation between anisotropy
changes and phase transformations suggests lattice preferred
orientation of anisotropic material in the deep upper mantle.

The detected global
changes in the fast axes
could indicate mantle
flow layering,
consistent with mantle
geochemistry. The
interpretation of our
results in terms of
convection style and
therefore in terms of
heat transport is
however  non-unique

o o5 1 15 20 05 1 15 due to a lack of
RMS(GIL) [%] Gradient(©) [*/km)
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laboratory data on MTZ
mantle anisotropy.
Seismic anisotropy
might not be a good
proxy for mantle flow
at these depths, in
which case whole mantle convection cannot be ruled out.

Nevertheless, our model provides unique new constraints
on mantle deformation and advances toward a better
understanding of Earth's convective pattern and heat transport
will require stronger constraints on the effects of pressure,
temperature, melting, and water content on the deformation
mechanisms and slip systems of MTZ materials.

Figure 1: Root mean square
anisotropy amplitude (left) and
average vertical gradient of fast
axis (right)

[1] Visser et al. (2008) Geophys. J. Int. 172, 1016-1032.

Volatile distribution in the Taupo
Volcanic Zone, New Zealand
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The central Taupo Volcanic Zone (TVZ) is an actively
rifting continental arc where more than 6000 km® of rhyolitic
magma has erupted from at least eight caldera centres over the
past 1.6 Ma. The extensive magmatism in the TVZ is
intimately associated with the high heat flux and active
geothermal systems. These geothermal systems have
previously been subdivided into two groups: 1) low-gas (i.e.
CO,), high Cl, low B and Li/Cs ratio systems suggested to
have chemical affinities with basaltic (and rhyolitic) magmas,
and 2) high-gas, low Cl, high B and Li/Cs ratio systems
having chemical affinities with andesitic magmas.

Here we present new trace and volatile data on quartz-
hosted melt inclusions from eight large, rhyolitic eruptions to
examine the relationship between slab-derived fluid input and
the geographic distribution of the two chemical groups
observed in the present-day hydrothermal systems.

Based on trace element and volatile content, the rhyolites
can also be subdivided into two distinct groups; R1 which is
enriched in Li, Ba and B, and has CI contents of ~0.2 wt%;
and R2, which has lower content of these fluid-mobile
elements, but higher CI contents (0.25 to 0.35 wt%) than R1.

These differences in volatile contents are related to distinct
parental magmas (i.e. two distinct sources), with “wetter” R1
having a higher slab-fluid component compared with the
“dryer” R2. The difference in chlorine content between R1
and R2 magmas is related to the Cl solubility, which increases
with decreasing H,O content (i.e. higher CI content in the
dryer R2 melts).

A comparison between the new volatile data on the
rhyolites and these present-day geothermal systems reveals
that the observed differences in the fluid composition of
surface springs are correlated with the distribution of the two
rhyolite types. We, therefore, suggest that the variation in
geothermal fluids does not necessitate a separate andesitic
magma as a source, but is a continuation of different slab-
derived fluid contributions producing slightly different
rhyolite types. While the correlation observed here is strong,
we do not rule out the influence of fluid-rock interaction as a
possible contributor and this remains to be explored.
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Constraints on the Composition of
the Lower Continental Crust from
Joint Inversion of P- and S-wave
Seismic Velocity Data
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Seismic velocity data constitute one of the primary
constraints on the bulk composition of the lower continental
crust. P-wave velocity data are frequently used to infer the
composition of the deep crust and to support petrologic
models for the origin of the continental crust. Unfortunately,
recent work has demonstrated that a large range of
compositions can be associated with the same P-wave
velocity, rendering the interpretation of these crustal velocity
models to be highly non-unique. Alternatively, the ratio
between P- and S-wave velocity (Vp/Vs) can be directly
inferred from receiver function studies (though not the
absolute P- or S-wave velocity). However, Vp/Vs ratios alone
also lead to highly non-unique estimates for lower crustal
composition.

In order to provide more robust constraints on lower
crustal compositions, we calculate elastic properties for an
expansive suite of crustal compositions (anhydrous and
hydrous) and invert for major element chemistry as a function
of P- and S-wave velocity over a range of pressure and
temperature conditions. We show that the combination of P-
and S-wave data significantly improves compositional
resolution, particularly when a priori pressure and temperature
constraints can be used to determine whether the lower crust
resides in the alpha- or beta-quartz stability field.

We apply this inversion technique to a range of geologic
settings with high quality P-wave S-wave data (e.g., cratonic
North America, the African and Indian shields, and the
Aleutian arc crust—which may represent a building block for
continental crust). Compositional models for each region are
derived based on expected crustal geotherms, along with
complementary estimates for lower crustal physical properties
including density and viscosity. These data are then used to
test different models for crustal evolution.

Geodynamic implications from
element fluxes in the Tonga-Lau
system

CHRISTOPH BEIER!, MARCEL REGELOUS!
AND KARSTEN M. HAASE!

'GeoZentrum Nordbayern, Universitit Erlangen-Niirnberg,
Schlossgarten 5, D-91054 Erlangen, Germany,
christoph.beier@fau.de

It is well known that lavas from active back-arc spreading
centres contain a 'subduction component' (e.g. high Pb/Ce,
U/Nb), the strength of which decreases with increasing
distance of the spreading axis from the volcanic arc. However,
it is not well understood how the Ba-, Pb- and U-rich
subduction component is transported from the subducting
plate to the shallow melting zone underneath the ridge axis.
Many tectonic models for subduction zones assume vertical
transport of fluid or aqueous melt from the surface of the
subducting slab to shallower levels beneath the back-arc
spreading axis, and the decreasing subduction signal with
distance from the arc is thought to result from a decreasing
fluid release from the subducting slab at greater depths. To test
these hypotheses, we present new data from the Tonga-
Kermadec arc, a 3000 km long arc in the southwestern Pacific,
along with new and published data from the Valu Fa, Central
and Eastern Lau back-arc basin spreading centres. The
distance between the arc and back-arc increases from less than
10 km at ~23°S to ~150 km at 19°30’S, allowing the
interaction between the arc and back-arc melting regimes to be
constrained. Assuming that Nb is immobile in fluids, and that
Ba/Nb, Th/Nb ratios are not fractionated during melting, we
map out the subduction-related enrichment of Ba and Th
underneath the Tonga Arc-Lau Basin system, and show using
mass-balance arguments that the simplistic model of vertically
rising fluids or melts is unrealistic. We suggest that the
overlap in melting zones beneath the arc and beneath the back-
arc spreading centre allows horizontal flow of melt from
beneath the arc towards the back-arc (i.e. in the opposite
direction to the flow of solid mantle induced by plate
subduction) at shallow levels in the mantle, and this best
explains a subduction zone signature underneath the back-arc.
Our work demonstrates for the first time that melt can be
focussed from the extreme edges of the melting zone
underlying an active spreading ridge to the ridge axis, over
distances of up to 200 km. Our model provides an alternative
explanation for (***U/*Th) > 1 in back-arc lavas, and
indicates horizontal melt flow velocities of 0.4-1 m/y.
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Contrasting style of Iron formations
deposited before and after the GOE
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Iron Formations are typically interpreted to indicate
anoxic deep-water conditions before the rise of atmospheric
oxygen and ocean ventilation. However, deposition of iron
formations continued after the Great Oxidation Event (GOE)
in shallow-marine conditions above the fairweather wavebase.
Their deposition on several continents at ca. 1.89 Ga has been
linked to a mantle plume breakout event and indicates
development of the shallow-water redoxcline in the global
ocean separating deep-water, anoxic and ferruginous
conditions from shallow-water oxic and well-mixed
environments. Iron oxidation at the dynamic redoxcline has
been linked to iron-oxidizing microbial ecosystems, oxygenic
photosynthesizers, and abiotic iron oxidation. In contrast,
Archean iron formations were typically deposited below the
storm wavebase and lack indicators of wave or storm activity.
Conspicuous absence of Archean iron formations with
granular structures and Fe-coated grains might indicate lack of
mechanisms for quantitative iron oxidation in Archean
shallow-marine settings, suggesting that oxidizing conditions
and a strong redoxcline were lacking even in highly
productive shallow-marine settings. Iron isotope values of
Archean and Paleoproterozoic iron formations are also
consistent with non-quantitative Fe-oxidation in the Archean
oceans arguing against a significant role of oxygenic
photosynthesis in deposition of Archean iron formations. It
seems therefore likely that anoxygenic photosynthesis in
depositional settings with low sedimentation rates is
responsible for deposition of Archean iron formations. The
prediction from the contrasting style of deposition of iron
formations before and after the GOE is that deposition of iron
formations occurred at lower sedimentation rates before the
rise of atmospheric oxygen. If this is the case, it has
implications for scavenging capacity of iron oxyhydroxides
and thus interpretation of geochemical records of iron
formations.

Ge, related trace elements, and Ge
isotopes in sphalerite from the Saint-
Salvy deposit (France) by LA-ICP-
MS and MC-ICP-MS.
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AND CATHELINEAU M.

!GeoRessources, Université de Lorraine, Vandoeuvre-les-
Nancy, France

’CRPG, CNRS, Vandoeuvre-les-Nancy, France
remi.belissont@univ-lorraine .fr

The recent increasing worldwide demand in germanium
(Ge) encourages research for the understanding its geological
cycles and the factors controlling its concentration in minerals.
Ge occurs in a wide variety of geologic environments and
though it averages 1.6 ppm in the Earth’s crust, high Ge
contents may occur in both oxide and sulphide minerals (up to
100-3000 ppm), especially sphalerite so that Zn ores represent
a major source of Ge, with coal. The Ge-bearing sphalerite of
the Saint-Salvy Zn-Ge-Ag-(Pb-Cd) vein-type deposit was
subjected to an integrated mineralogical, geochemical and Ge
isotopic study in order to understand the mechanisms and
processes that conduct Ge and related minor/trace elements
(e.g. Cu, In, Ga, Ag, Sb, Sn) to be enriched in sphalerite
regarding source, transport, and deposition conditions.

In situ analyses of trace elements using LA-ICP-MS,
coupled with optical and electron microscopy and multivariate
statistics, pointed out an opposite distribution of Ge between
compositional zoning types in sphalerite, with contents
ranging from 15 to 2580 ppm. In rhythmic bandings, Ge
anticorrelates with Fe, Cd, In and Sn, and averages 500 and
200 ppm within light brown and dark brown bands,
respectively. In sector zonings, Ge is enriched and correlates
with Cu, Ga, Sb, Ag and As, and averages 1100 ppm. Cu
would enhance the incorporation of trace elements, beeing
involved in many coupled substitution mechanisms, among
which the most notable: 2Zn* <> Cu*+ Sb*. In addition,
the main coupled substitutions 3Zn**<>Ge*+2Ag* and
3Zn**<>In*+ Sn**+ also occur. Trace element features of the
sphalerite from Saint-Salvy compared with those of other
deposits worldwide revealed to be efficient to discriminate
among genetic types of ores, which may find interests in
exploration guidance. Bulk Ge isotope analyses by MC-ICP-
MS showed 8™Geyrsinga ranging from -1.97 to +1.01%o
(£0.25%0 20 SD) that positively correlate with Ge content and
highlight large sub-surface fractionation processes during
sulphide precipitation in low temperature hydrothermal open
system.

Funded by LABEX RESSOURCES21 (ANR-10-LABX-
21).
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The attachment of microbes to solid surfaces is controlled
by the macromolecular structure of the cell wall as much as
driven by functional genes that are induced to produce cell
wall macromolecules. We present here a quantification of the
molecular conformation and sorption forces involved in the
attachment of cell wall macromolecules such as
lipopolysaccharides (LPS), alginates and extracellular
polymeric compounds (EPS) extracted from bacteria. Our
hypothesis is that the molecule-surface interfacial forces
mediate the physicochemical interactions of bacteria cell wall,
and its adaptation to the host environment. Photophysics
techniques were used to investigate adsorption of biopolymer
onto mineral surfaces which should act as model systems for
bacterial growth. Adsorption of dilute aqueous solution of
macromolecules was studied as a function of pH in the
presence of alumina and silica using Time resolved anisotropy
studies (TRAMYS), fluorescence and ICP-MS. The alumina and
silica particles were used to mimic active sites existing on the
surface of kaolin-like particles. It was found that LPS for
example, had a high adsorption affinity for Al,O; and in
contrast adsorbs weakly to SiO, surface. Strong adsorption
was observed at low pH for both minerals. The dependence of
adsorption on the mineral concentration was also examined at
different pH conditions: the adsorption amount was observed
to increase by increasing the mineral concentration.
Macromolecular folding and conformation of the LPS,
alginate and EPS at the solid-solution interface was also
quantified using TRAMS. The results showed a high pH and
ionic strength dependence demonstrating that macromolecule
adhesion is favoured and mediated by ions such as H* and
Ca*? in solution. These findings indicate that proton bridges
and van der Waal forces are responsible for interactions at the
interface. A model for macromolecule adhesion at the
interface including the role of ions in solution and folding was
proposed. This model is representative of the behaviour of
biological macromolecules at the aqueous-surface interface in
natural environments. The processes described here have a
direct implication on bacteria mediated mineralisation via
concentration of ions from solution.

Magmas, solutions and metals

AARON BELL', ADAM SIMON**#, ELIZABETH TANIS>
AND LAURA BILENKER?

"Institute of Meteoritics, University of New Mexico
’Earth & Environmental Sciences, University of Michigan
[*simonac @umich.edu]

Holland" demonstrated experimentally that Cl-bearing
magmatic-hydrothermal aqueous fluids can scavenge metals
from silicate melt and transport the metals into the
surrounding crustal environment where fluid-rock reactions
and decompression may cause metal precipitation and form
ore deposits. Specifically, the abundance of CI in the fluid
phase was demonstrated to be a master variable that controls
the total mobilized quantity of metal. Holland™ stated: “It
remains to be seen just how useful these criteria will turn out
to be; the results of preliminary tests are encouraging”. This
was a prescient statement indeed. Over the ensuing four
decades, scientists have constructed a wonderful house of
experimental knowledge on the scaffolding that Holland built,
and these data guide our undersanding of the incredible role of
aqueous fluids in magmatic-hydrothermal systems.

Our research group continues to  investigate
experimentally the mobility of transition row metals, high
field strength, and rare earth elements in aqueous fluids
ranging from those exsolved from silicate melt in shallow-
level magma chambers to fluids evolved during the blueschist
to eclogite transition in subduction zones. Specifically, we are
investigating how the complexity of aqueous fluid, ie.,
dissolved chloride salts, fluorine, albite, etc., affects element
mobility.

Data for the mobility of iron in a silcate melt — aqueous
fluid — magnetite — sulfide assemblage indicate that the mass
transfer of iron can moderate oxygen fugacity, sulfide
stability, the composition of ferromagnesian silicates, and the
fractionation of stable iron isotopes. These data have
important implications for using iron as a geochemical
fingerprint for processes that form porphyry, high-sulfidation,
iron-oxide-copper-gold (IOCG), and iron-oxide-apatite (IOA)
deposits. New data for the mobility of Y (a proxy for the
heavy-REE) and Nb (a proxy for all HFSE) in xenotime- and
rutile-saturated aqueous fluids, respectively, indicate that these
elements are orders of magnitude more soluble at the moderate
temperature and high pressure conditions where fluids evolve
in subduction zone environments. These new data have
significant implications for element recycling during the high-
pressure metamorphism that accompies subduction, and
ultimately for evolution of continental crust.

[1] Holland, H.D. (1972) J. Economic Geology, 67, 281-301.
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Solubility of Nickel Ferrite (NiFe,0,)
from 100 to 200°C

ALEXANDRE BELLEFLEUR', MARTIN BACHET!,
PASCALE BENEZETH? AND JACQUES SCHOTT?

' EDF R&D Site des Renardiéres, Avenue des Renardieres
77818 Moret Sur Loing, (alexandre.bellefleur@edf fr)

2 GET Toulouse University, 14 Avenue Edouard Belin 31400
Toulouse (benezeth@ get.obs-mip.fr)

Nickel ferrite is one of the oxides present on surfaces of
the components of the primary circuit of pressurized water
reactors (PWR). Its dissolution contributes to the release of
nickel in the primary water, at the origin of the contamination
phenomenon. A complete understanding of the behavior of
nickel in the primary circuit must include solubility
measurements of nickel oxides, including mixed oxides such
as nickel ferrite.

The solubility of nickel ferrite was measured in a
Hydrogen-Electrode Concentration Cell (HECC), which has
been described in [1], at temperatures of 100°C, 150°C and
200°C and measured in situ pH between 4 and 5.25. The
experimental solution was composed of HCl and NaCl
(0.1 mol.L"). Based on previous studies ([2,3]), pure nickel
ferrite was experimentally synthesized by calcination of a
mixture of hematite Fe,O; and bunsenite NiO in molten salts
at 1000°C for 15 hours in air. The so obtained powder was
fully characterized. After the experiment, the powder showed
no significant XRD evidence of Ni(II) reduction. Nickel
concentration ~was measured by atomic absorption
spectroscopy and iron concentration was measured by UV
spectroscopy. The protocol has been designed to enable the
measurement of both dissolved Fe(II) and total iron [4].

The solution was slightly undersaturated relative to nickel
oxide [1] and to both hematite and magnetite. The nickel/iron
ratio indicated a non stoichiometric dissolution. The solubility
measurements were compared with equilibrium calculations
using the MULTEQ database. The solubility of nickel ferrite
in a reducing acidic solution is reasonably well described by
the available thermodynamic data.

[1] Palmer et al. (2011) J. Solution Chem. 40, 680-702.
[2] Hayashi et al (1980) J. Materials Sci. 15, 1491-1497.
[3] Ziemniak et al (2007) J. Physics and Chem. of Solids. 68,
10-21. [4] Bénézeth et al. (2009) Chem. Geol. 265, 3-12

Alternative nitrogenases in terrestrial
ecosystems?

JEAN-PHILIPPE BELLENGER, YAN XU, XINNING ZHANG,
AND ANNE KRAEPIEL !

'Chemistry department, Sherbrooke University, Sherbrooke,
Quebec, JIK2R1, Canada

*Department of Molecular and Cellular Physiology, School of
Medecine, Stanford University, Stanford, CA 94305, USA

*Gesoscience department, Guyot Hall, Princeton University,
Princeton, NJ 08544, USA

“Chemistry department, Princeton University, Princeton, NJ
08544, USA

Recent studies have shown that molybdenum (Mo), which
is used in the Mo-nitrogenase, can limit N, fixation in
temperate and tropical ecosystems. This suggests that
alternative nitrogenases, which use V or Fe in place of Mo,
may contribute to N, fixation. The acetylene reduction assay
(ARA) is commonly used to estimate N, fixation rates but
requires the use of an adequate conversion ratio (R ratio =
acetylene reduction/N, fixation). The theoretical value for R is
3-4, but measured values in the field range from less than 1 to
more than 10. In this study, we show that even in pure
cultures, the R ratio is variable and dependent on the culture
growth phase. Nonetheless, low R values (below 2) can be
consistently attributed to N, fixation by alternative
nitrogenases. Interestingly, an analysis of the literature shows
that low R ratios are measured almost exclusively in soils, and
are not found in the surface oceans (where Mo is abundant,
and alternative nitrogenases are unlikely to be important) or in
plant symbions (which do not possess the genes for the
alternative nitrogenases). The low R ratios may thus be
indicative of alternative nitrogenases in soils. In a series of
microcosm experiments with temperate soils from New
Jersey, we were able to confirm that alternative nitrogenase
genes were present, and expressed, even though N, fixation
did not appear to be Mo-limited. The R ratios were low at the
beginning of the incubations, suggesting that alternative
nitrogenases contribute to the bulk to N, fixation in these
samples. The R ratios also tended to increase over time,
possibly reflecting depletion of the fixed carbon pool, or
increased contribution from the Mo-nitrogenase. The
possibility that alternative nitrogenases may contribute to N,
fixation in systems that are not Mo limited is intriguing and
deserves further investigation.
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Development of the La-Ce
systematics : application to arc
magmas

N.BELLOT!, M.BOYET!, C.PIN!, C. CHAUVEL?,
R.DOUCELANCE! AND D. AUCLAIR!

!'Laboratoire Magmas et Volcans, Université Blaise Pascal,
CNRS UMR 6524, 5 rue Kessler, 63038 Clermont-
Ferrand, France
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2ISTERRE, Maison des Géosciences, CNRS, 1381 rue de la
piscine 38400 Saint Martin d’Heres, France.

In the 1980’s, the'**La-'**Ce systematics (T,,= 302 Ga)
has been developed [1,2]. Since La/Ce fractionation is strong
in some supergene conditions (due to the occurrence of Ce*),
this isotope system is able to offer new information on the
material involved in the genesis of magma in subduction
zones. Here, we present Ce isotope data measured on
Martinique lavas that have been thoroughly characterized in a
previous study [3].

The Ce purification involves 3 steps: 1) REE isolation in
HCI medium on cationic resin; 2) La-Ce-Pr-Nd separation
using 2MLA acid; 3) purification of the Ce fraction using
LnSpec resin. The Ce isotopic compositions were measured as
the oxide species by TIMS, (Triton). In order to increase the
signal size of the two minor isotopes ('**Ce and '*#Ce), '*’Ce
was not measured. The oxygen isotope composition is
determined in situ following the method developed by [4].
18Ce/'*?Ce ratios are normalized to '**Ce/'**Ce=0.01688.
138Ce/!3%Ce ratio measured in the AMES standard is equal to
1.33745+4 (n=10, or *8Ce/'**Ce=0.0225761+7) in agreement
with previous measurements [4]. The '**Ce/'**Ce ratios
measured on the standard basalts BHVO-2 and BCR-2 are
0.0225662+15 (n=13) and 0.0225684+13 (n=3), respectively.
The '*¥Ce/'*’Ce ratios of the Martinique lavas define a large
range (0.0225660 — 0.0225706) showing that the Ce isotopic
system can be a powerful tool to trace heterogeneities in the
source of arc lavas.

The Ce isotopic tracer applied to 30 Martinique lavas
shows a clear correlation with Nd, Sr and Pb isotopes
suggesting a varying contribution from sedimentary material.
Complementary data on sediments located in front of the arc
should provide further constraints on the mixing relationships
between sedimentary components and the mantle wedge
underlying the Lesser Antilles arc.

[1] Tanaka et al., 1982, Nature 300; [2] Dickin, 1987, Nature
325; [3] Labanieh et al., 2010, EPSL 298; [4] Willbold, 2007,
JAAS 22.

Rb and Sr adsorption at the
Quartz(101) — water interface

F.BELLUCCI'*,S.S.LEE', Z. ZHANG', P. FENTER'
AND D.J.WESOLOWSKI?

' Argonne National Laboratory, Argonne, IL, 60439, USA
’Oak Ridge National Laboratory, Oak Ridge, TN, 37831, USA

Quartz is an abundant and ubiquitous rock-forming
mineral in Earth’s continental crust, and influences the
chemistry of numerous aqueous systems [1]. The sorptive
property of quartz changes the mobility of ions in water while
its dissolution process controls long-term silica cycling
through the earth system. Batch experiments [2, 3] showed
that the dissolution rate of quartz at near-neutral pH increases
substantially in the presence of cations while the degree of
enhancement depends on the choice of cation. However, the
detailed understanding on the mechanism remains unclear
mainly because of the lack of atomic-scale information on the
processes to explain the complexity of the interface chemistry.
Molecular-scale investigation of the quartz surface-cation
interaction is the first step in understanding this cation-
induced mechanism. Here, we report on Rb* and Sr** cation
adsorption at the quartz(101)-water interface observed in
10mM salt solutions at pH 10 using x-ray reflectivity (XR)
and resonant anomalous XR measurements.

The best fit models of the experimental data suggest that
Rb* adsorbs at an average height of 2.7 A above the surface
(defined as the average position of the two terminal oxygens),
which may be a mixture of inner- and outer-sphere species.
Adsorbed Sr** is prevalently located at 4.6 A above the
surface, suggesting the formation of an outher sphere
complex. The occupancies of these complexes with respect to
the unit cell area (UC) are 0.19 Rb*/UC, and 0.07 Sr**/UC.
The smaller coverage of Sr** compared to that of Rb" is likely
due to the difference in cation valency. The charge of the
quartz(101) surface calculated based on the coverages at pH
10 is approximately 0.14 to 0.21 ¢/UC or ~1 ¢ for 5 to 7 UC.

[1] Schulz, M.S. and A .F. White, Geochim. Cosmochim. Acta,
1999. 63 (3-4): p.337. [2] Dove, PM. and D.A. Crerar,
Geochim. Cosmochim. Acta, 1990. 54 (4): p.955. [3] Dove,
P.M., Geochim. Cosmochim. Acta, 1999. 63 (22): p.3715.
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Pyroxenites from mantle section of
Voykar Ophiolite (Polar Urals) —
pathways for melt and fluid
migration
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!CODES, Hobart, Australia, ivan.belousov@utas.edu.au
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3[STerre, University J. Fourier, Grenoble 1, France
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Late stages of formation of rocks from mantle section of
Voykar Ophiolite were shown to take place in SSZ
environment [1,2]. Dunite bodies and pyroxenite veins mark
different stages of melt migration [2]. Best evidence for SSZ
environment is preserved in mineral compositions from
pyroxenite veins — high #Cr of spinel and LILE enrichments in
Cpx and high-Al amphibole. Pyroxenite compositions display
variability which is a function of their modal compositions,
morphological features and spatial location.

Minerals from orthopyroxenites usually have high mineral
#Mg, are most depleted in incompatible elements, show low
Al in pyroxenes and spinel (#Cr’*' >0.6). Other group of
pyroxenites with high mineral #Mg is represented by thin (cm-
scale) clinopyroxenites and websterites and complex dunite-
pyroxenite veins. Their major element compositions were
equilibrated with adjacent harzburgites. Minerals from thicker
websterites and clinopyroxenites have lower #Mg and
subparallel boninite-like trace element patterns of Cpx [1].
Cpx compositions across harzburgite-pyroxenite contacts
show depletion in HREE (opposite to harzburgite-dunite
contacts) and Zr and enrichment in LREE and Sr. High-Al
amphibole from websterites display trace element patterns
with different LREE/HREE and MREE/HREE ratios, which
could reflect their formation from melt to fluid-like agent.

Therefore, Voykar mantle section pyroxenite veins
represent pathways for melts variously depleted in
incompatible elements or in some cases fluids with boninite-
like trace element patterns and elevated silica contents. Those
melts were produced by melting of hybridized mantle source
formed as a result of transformation of mantle olivine to
orthopyroxene under the influence of slab-derived fluids/melts
[2]. Different areas of massif could be arranged in order of
increasing HREE contents in Cpx from dominated type of
pyroxenite which could reflect relative depth or degree of melt
fractionation.

[1] Belousov et al., 2009. Dokl Earth Sci, 429 (1), p.1394-
1398. [2] Batanova et al.,2011.JP, 52 (12), p.2483-2521.

New insights into the history of an
ophiolite from zircons
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'GEMOC/CCFS, Macquarie University, Sydney, Australia
(elena.belousova@mgq.edu.au)

2School of Biological, Earth and Environmental Sciences,
University of NSW, Sydney, Australia

The Coolac Serpentinite Belt is part of the Tumut
ophiolitic complex in the Lachlan Fold Belt, southeastern
Australia. The 63 km belt contains a high proportion of
massive (unfoliated) ultramafic rocks that have undergone
only lower greenschist-facies metamorphism [1]. New U-Pb,
Hf- and O-isotope and trace-element data have been obtained
for zircons from the rocks of the belt. These include zircons
separated from two (high-Al and high-Cr) massive chromitites
and rodingites and grains recovered from gullies draining
mainly weakly serpentinised massive porphyroclastic
harzburgite. The Belt is either faulted against, or intruded by,
the S-type Young Granodiorite. Zircons from the Young
Granodiorite collected at the contact with the serpentinite belt
were also studied to refine the tectonic relation and timing of
the granitic magmatism,

The U-Pb age obtained on the zircons from the
serpentinite belt display a wide range of ages, from Silurian to
Paleo-Proterozoic, with the main age population clustering
around 430 Ma. This main peak coincides within the
analytical error with the age obtained for the Young
Granodiorite (427.6 + 3.2 Ma) and inherited zircon ages for
plagiogranites from the Belt [1]. The ages for the inherited
zircon populations in the granodiorite correlate well with the
older zircon populations from the Coolac ultramafic rocks.

Most of the Coolac zircons have negative ¢eHf and heavy
(>6) 8'30 indicative of a crustal origin. Combined with U-Pb
age information, this implies that the zircons in the peridotites
are xenocrystic. One possibility is that zircons derived from
subducted sediments were incorporated into the ophiolitic
rocks (as in the Luobusa (Tibet) ophiolite [2]). However, the
similarity of the Coolac ophiolite-derived zircons with those
from the Young Granodiorite may indicate that they were
introduced into the Coolac peridotitic complex during the
granitoid magmatism and thus may carry no information on
the origin of the Tumut ophiolitic rocks. In the latter case, the
Coolac rocks should be older than the granitic magmatism of
the 420-390 Ma age of the Lachlan Fold Belt.

[1] Graham et al. (1996) Geology 24, 1111-1114. [2]
Yamamoto et al. (2013) Island Arc 22, 89-103.
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sorption on calcite
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Literature data about sorption of dissolved silica by calcite
is fairly sparse and contradictive. Klein and Walter [1]
investigated silica uptake at pH 6-8.3 and reported adsorption
to be strongly pH dependant, with a maximum at pH 6. On the
other hand, in flotation studies where sodium silicate was used
as a depressant to suppress the flotation tendency of calcite,
the experiments were mostly performed at pH > 8 and silica
adsorption by calcite was reported to reach maximum at pH 9
to 10 [2, 3, 4]. In addition, the role of silica polymer
adsorption in suppressing calcite flotation is unclear. Some
authors [2] did not find any relationship with polymeric silica
while others [3, 4] reported polymer adsorption to be
responsible for suppression. Our study aimed to clarify the pH
dependence of silica uptake by calcite and the importance of
silica polymers in the process.

We investigated sorption of dissolved silica on calcite at
25 °C in calcite equilibrated solutions with pH ranging from 6
to 11, with varying initial silica concentration (< 2 mM) and
surface area to liquid ratio (= 480 m%L). The experimental
conditions were designed such that polymeric silica introduced
with the concentrated stock solution is stable at pH > 9 but
unstable at lower pH.

Silica uptake was observed to increase with pH. At pH 11,
almost 50% of the dissolved silica was removed from the
solution, while no silica sorption was found at pH 6.1. The
presence of stable silica polymers at pH > 9, is at least partly
responsible for this pH dependence. At pH 8.3, we observed a
significant, but temporary uptake of silica. It was released
again to solution after several hours. This is consistent with
silica being dominantly adsorbed as polymeric species and
desorbed in response to depolymerisation.

[1] Klein and Walter (1995) Chem. Geology 125, 29-43 [2]
Marinaki and Shergold (1985) Int. J. Miner. Process. 14, 177-
193. [3] Hanumantha Rao et al. (1989a) Colloids Surf. 34,
227-239. [4] Hanumantha Rao et al. (1989b) Int. J. Miner.
Process 26, 123-140.

Melt evolution from the mantle
wedge to the crust: insights from
South Kamchatka and West
Bismarck arc xenoliths
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(*correspondence: antoine.benard@anu.edu.au)

Rare xenoliths carried by recent andesites or arc tholeiites
are the only direct witnesses of active sub-arc processes. We
present a detailed study on such xenoliths from Avacha
volcano in southern Kamchatka (Russia) and Ritter volcano,
West Bismarck Arc (Papua New-Guinea Region). Avacha is
located on a ‘mature’ subduction zone (~120 km Pacific slab
depth, ~40 km crustal thickness). Harzburgites cut by
websteritic veins, as well as massive olivine- and hornblende-
clinopyroxenites and hornblendites occur in Avacha andesitic
deposits (<7000 yrs. BP). Based on the compositions of
minerals, melt inclusions and interstitial glass, we infer that
the websteric veins formed from high-Ca boninites (HCB).
Unlike a previous study [1], this inference is consistent with
recent reports of complementary low-Ca boninites (LCB) in
these rocks [2]. Similar datasets show that clinopyroxenites
and hornblendites crystallized respectively at Moho and mid-
crustal depth, producing residual liquids similar to Avacha
andesites. Modelling suggests that these ‘cumulate’ rocks can
form from an ascending HCB melt, modified by fractionation
and melt-rock reactions in the lithospheric sub-arc mantle.

Ritter is part of an active and complex subduction zone
(~120 km depth for the Solomon Sea Plate slab and ~20 km
crustal thickness). Harzburgites, pyroxenites and dunites are
found in picritic arc tholeiites (<125 yrs. BP) from Ritter. We
show with the same toolbox, that pyroxenites and dunites are
former primitive sub-arc melt channels. Evidence for LCB
percolation in veins through these samples supports the
current generation of boninitic mantle melts, like for Avacha.

In line with literature datasets on exhumed arc sections,
we propose that boninites are common primary mantle wedge
liquids in various types of subduction zones. Supported by our
dataset on harzburgites, this puts direct constraints on mantle
wedge melting beneath arcs. The possible HCB-andesite
liquid line of evolution leads us to re-examine melt ascent and
element flux models for subduction zones.

[1] Ishimaru & Arai (2011), CMP. [2] Bénard & Ionov (2012),
G3.
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Non-traditional stable isotopes and
surface complexation models for ion
binding to humic substances (NICA-
Donnan) and oxide mineral surfaces

(CD-MUSIC)
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Non-traditional stable isotopes (i.e. Zn, Fe, Ni and Cu) are
increasingly used for environmental studies [1]. Considering
the wide range of possible sorbents (Mn or Al oxides,
phyllosilicates, carbonates, biologic surfaces...), the
importance of the reactions at the sorbent/water interface for
these numerous studies emphasized the importance of
modelling approaches that are needed to quantify the isotopic
fractionation of these elements caused by their sorption at
mineral/water, organic moieties/water interfaces.

The present work will show how the use of EXAFS
spectroscopy and CD MUSIC and NICA Donnan modelling
can help to better understand the changes in isotopic ratio. Zn
isotopic fractionation upon sorption onto Hydrous Feric Oxide
(HFO) and goethite will be discussed to assess the influence of
reactions at the Fe-(hydr)oxide/water interface on the isotopic
distribution of Zn [1]. The Zinc isotopic fractionation during
interaction onto natural organic matter will be discussed. The
Donnan Membrane device was successfully adapted for
isotopic measurements and used to separate Zn bound to the
PHA from free Zn** ions in solution and allowed the
measurement of isotopic ratios of free Zn**. The NICA-
Donnan model, is used to simulate the corresponding isotopic
fractionation and the composition of free Zn in the Seine river,
France and allows a better understanding of Zn isotope
fractionation mechanisms associated with organic matter
binding [2].

[1] D.M. Borrok, R.B. Wanty, W. Ian Ridley, P.J. Lamothe,
B.A. Kimball, P.L. Verplanck, et al., Applied Geochemistry.
24 (2009) 1270-1277. [2] F. Juillot, C. Marechal, M.
Ponthieu, S. Cacaly, G. Morin, M. Benedetti, et al.,
Geochimica Et Cosmochimica Acta. 72 (2008) 4886—4900

[3] D. Jouvin, P. Louvat, F. Juillot, C.N. Maréchal, M.F.
Benedetti, Zinc Isotopic Fractionation: Why Organic Matters,
Environ. Sci. Technol. 43 (2009) 5747-5754.

In-situ IR spectroscopic study of
forsterite carbonation in wet-scCO,
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!Géosciences Environnement Toulouse (GET)-CNRS, 14
Avenue Edouard Belin, 31400 Toulouse, France
(benezeth@get.obs-mip.fr)

?Pacific Northwest National Laboratory (PNNL), Richland,
WA 99352 (*correspondence: john.loring@pnnl.gov)

Capturing and storing CO, in basaltic formations is one of
the most promising options for reducing the effects of energy
production from fossil fuel on the Earth. These geologic
reservoirs have high reactive potential for CO,-mineral
trapping due to an abundance of divalent-cation containing
silicates, such as forsterite (Mg,SiO,). Recent studies [1-4]
have shown that carbonation of these silicates is more
effective in wet scCO, conditions, encountered near a CO,
injection well, than in dry and/or CO,-saturated aqueous
fluids. More interestingly, formation of magnesite under
supercritical fluid conditions has been reported in some of
these previous studies at temperatures as low as 35°C [3], in
spite of its known sluggish formation under aqueous scenarios.

In this study, we used high pressure IR spectroscopy to
investigate the carbonation of nanometer-sized forsterite at 35
and 50°C by systematically titrating water that subsequently
dissolves in scCO, at 90 bar. The results show that at low total
dissolved water concentrations, only highly structured
adsorbed water and bicarbonate are detected at the forsterite
surface. However, as the water concentration increases up to a
critical value, but below H,O-saturated scCO,, a more liquid-
like water film is detected on the forsterite particles, the
bicarbonate  concentration decreases and  magnesite
precipitates, as shown in our in situ IR spectra, as well as from
ex-situ XRD, TGA and SEM analyses.

The results of these studies provide important insights into
metal silicate carbonation mechanisms in low water scCO,
environments. They reinforced the concept of a water
threshold for carbonation to occur, which has also been
demonstrated for steel corrosion in the presence of wet scCO,
[5]. These results will also constrain thermodynamic models
and molecular dynamic simulations used to predict mineral
trapping extent in basaltic host rocks.

[1] Kwak et al. (2011) Int. JGGC., 5, 1081-1092. [2] Loring et
al. (2011) ES&T, 45, 6204-6210. [3] Felmy et al. (2012)
GCA, 91, 271-282. [4] Schaef et al. (2013), ES&T, 47, 174-
181. [7] McGrail et al (2009) Energ. Proc., 1,3415-3419.
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Mantle Potential Temperature Trend
for the Central Atlantic Magmatic
Province

ALAN BENIMOFF AND JOHN H.PUFFER J

'Dept.of Engineering Science and Physics, College of Staten
Island/CUNY, Staten Island, NY 10314

2Dept.of Earth and Environmental Sciences, Rutgers
University, Newark, NJ 07102,

Recently published high precision geochronology by
Blackburn et al. [1] dates each of eight basaltic magmatic
events intruded and extruded during the Central Atlantic
Magmatic Province (CAMP) over a 0.6 Ma time span. Each
of the four major CAMP magma compositions including High
titanium quartz normative, High Iron quartz normative, Low
titanium quartz normative, and Olivine normative are
represented. Geochemical data from a variety of sources are
available for each of the eight basaltic units and being applied
to PRIMELT?2 software developed by Herzberg and Asimow
[2] that will enable the determination of mantle potential
temperatures. These data will enable us to calculate
temperature trends that will have a direct bearing on the
petrogenesis of CAMP magmatism. Preliminary data yield
mantle potential temperatures for the mean High titanium
quartz normative and Olivine normative primary compositions
determined by Salters et al. [3] of 1394°C and 1449°C
respectively. These temperatures are lower than the > 1500°C
melting range generally applied to the mantle plume model but
are consistent with decompression melting of a subduction
enriched  subduction  metasomatised sub-continental
lithospheric mantle source (SCLM). The temperature trend
that we establish will allow us to further evaluate the
application of mantle plume and SCLM source models to
CAMP.

[1] Blackburn et. al (2013) Sciencexpress, 21 March 2013 /
Page 1/ 10.1126/science.1234204. [2] Herzberg, C. and
Asimow, P.D., (2008) Geochem. Geophys. Geosyst., 9 ,
Q09001 , doi:10.1029/2008GC002057. [3] Salters et al.
(2003) Geophys. Monogr. Ser., 136 163-177, AGU,
doi:10.1029/136GM09

Planets, Minerals and Life’s Origin

STEVEN A. BENNER'?

'Foundation for Applied Molecular Evolution, PO Box 13174,
Gainesville FL 32604

>The Westheimer Institute for Science and Technology, 720
SW 2™ Ave., Gainesville FL 32601

Four paradoxes stand astride any effort to understand how
life originated on Earth:

(a) The Tar Paradox. Organic molecules, given energy and
left to themselves, devolve into complex mixtures, “asphalts”
better suited for paving roads than supporting Darwinian
evolution. Any scenario for origins requires a way to allow
organic material to escape this devolution into a Darwinian
existence, where replication with imperfections, where the
imperfections are themselves heritable, allows natural
selection to avoid a tarry fate.

(b) The Water Paradox: Water is commonly believed to be
essential for life. So are biopolymers, like RNA, DNA, and
proteins. However, the biopolymers that we know find water
corrosive. Any scenario for origins must manage the apparent
need of life for a substance (water) this is inherently toxic to
life.

(c) The Single Biopolymer Paradox. Even if we can make
biopolymers prebioically, it is hard to imaging making two or
three (DNA, RNA, proteins) at the same time. At the same
time, genetics versus catalysis place different demands on the
behavior of a single biopolymer intended to support life.
Catalytic biopolymers should fold, for example, while genetic
biopolymers should not fold. Catalytic biopolymers should
contain many building blocks; genetic biopolymers should
contain few.

(d) The Probability Paradox. Some biopolymers, like
RNA, strike a reasonable compromise between the needs of
genetics and the needs of catalysis. However, emerging data
suggests that RNA is more likely to deliver catalytic power
that destroys RNA than catalytic power that makes RNA.

This talk will review experimental data that makes
suggestions about early planetary environments and
mineralogy that might avoid, mitigate, and possibly resolve
certain of these paradoxes. Key are the presence of minerals,
including borates and molybdates, that interact with organic
species that are intermediates between atmospheric carbon
dioxide and dinitrogen and RNA. Productive interaction
requires as well a subaerial environment having only
intermittent interaction with water. Recent data suggests that
such environments might even be found today on Mars.
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An integrated isotopic-geologic view
of early continental crust formation
from the oldest rock record

VICKIE C. BENNETT'* AND ALLEN P. NUTMAN?

*Research School of Earth Sciences, The Australian National
University, Canberra, Australia;
vickie.bennett@au.edu.au

’GeoQuest Research Centre, School of Earth and
Environmental Sciences, University of Wollongong;
allen.nutman@gmail.com

A cornerstone of Earth sciences for many years was the
assumed complementary of mantle and crustal chemical
evolution, with extraction and recycling of continental crust
through time thought to be the main processes controlling the
composition of the upper mantle. This view has been brought
into question following discoveries of extinct nuclide
signatures in Archean rocks (e.g. "*Nd, '*W) requiring early
differentiation and/or a non-chondritic Earth. Linked to this
are questions of which isotopic and geochemical monitors of
continental crust formation processes and continental mass are
most reliable.

Here we present an integrated geochemical and geologic
examination of Archean continent formation with an emphasis
on the patterns of *Hf and '**Nd isotopic variations. Focus is
on the largest extent of early crust located within the 3000 km?
Eoarchean Itsaq Gneiss Complex of SW Greenland. This
complex preserves evidence of several temporally and
spatially distinct episodes of juvenile crust formation between
~3.89 Ga and 3.66 Ga, which are dominated by TTG rocks. In
each event, TTG suites were emplaced into slightly older
gabbros, basalts and andesites, which have geochemical
signatures consistent with fluid-fluxing of upper mantle
sources. The TTG suites are characterized by magmatic zircon
with initial eHf of ~0 and positive whole rock initial eNd of
+4 to +2. The most likely geodynamic settings for generation
of this early crust were convergent plate boundary
environments analogous with, but not identical to, modern
island arcs. The pattern of near constant eHf values in
primitive granitoids for >300 m.y. argues against derivation of
these magmas by repeated sampling of a mafic crustal source,
from reworking of older crustal material, or from a mantle
source previously experiencing large amounts of Hadean
crustal extraction. Starting at 3.66 Ga, granitic rocks first
begin to show Hf isotopic evidence for reworking of older
crust. Varying '**Nd isotopic compositions of Eoarchean rocks
likely reflect early Sm/Nd fractionation unrelated to crustal
extraction. We propose that the shift to correlated '"*Hf-'**Nd
isotopic temporal trends, as typify Phanerozoic style arc
accretion processes, began as early as ~3.5 Ga.

Geochemistry and Carbon
Management

SALLY M. BENSON

Energy Resource Engineering Department, Stanford
University, Stanford, California

Without a doubt, meeting human energy needs while
dramatically reducing greenhouse has emmissions is one of
the grand challenges of our time. Geochemistry plays a critical
role in assessing both the impacts of changing the chemical
composition of the atmosphere due to emission of greenhouse
gases and designing solutions. Over the coming decades, a
radical transformation of our energy system is needed to
reduce global greenhouse gas emissions by over 80%.
Solutions for achieving needed emission reductions include
improving enegy efficiency, shifting to renewable energy
resources for producing electricity, reducing emissions from
fossil fuel by capturing and storing CO,, switching from coal
to natural gas for power generation, and sustaining use of
nuclear power, In this paper, the critical role that geochemistry
plays in developing and evaluating solutions is highlighted.
Examples from carbon dioxide capture and storage, nuclear
waste disposal, shale gas development, and providing the
critical materials for renewable energy and storage systems are
provided. Over the coming decades, Earth’s resources will be
taxed in new and unforseen ways. The discipine of
geochemisty will play a crucial role in anticipating and
responding to these challenges.

DOI:10.1180/minmag.2013.077.5.2
WWW.MmIinersoc.org

https://doi.org/10.1180/50026461X00008550 Published online by Cambridge University Press


https://doi.org/10.1180/S0026461X00008550

688 Goldschmidt2013 Conference Abstracts

Intracellular calcification by
cyanobacteria: a significant
controlled biomineralization process

KARIM BENZERARA*', FERIEL SKOURI-PANET',
MARIE RAGON!, NITHAVONG CAM!*?, JINHUA L1!,
CELINE FERARD!, JEAN-FRANCOIS LAMBERT®,
THOMAS GEORGELIN’, MAGUY JABER?,

DAVID MOREIRA? AND PURIFICACION LOPEZ-GARCIA?

'IMPMC - ERC Calcyan, CNRS & UPMC, 75005 Paris,
France, *correspondence: karim.benzerara@upmec.fr
*3Ecologie, Systématique et Evolution, UMR 8079 CNRS &

Université Paris-Sud, France
3 Laboratoire de Réactivité de Surface, UPMC & CNRS,
Ivry-sur-Seine, France.

Cyanobacteria had a pivotal role on several global
geochemical cycles throughout Earth’s history in particular,
by biomineralizing CaCO,. Calcification by cyanobacteria has
so far been considered exclusively as an induced extracellular
biomineralization process. However, we recently discovered
deep-branching cyanobacteria that form intracellular
amorphous Ca-Mg-Sr-Ba carbonates [1]. The existence of
such intracellularly calcifying cyanobacteria may modify
significantly our view on the past and modern role of
cyanobacteria in the formation of carbonate deposits and the
degree of control they achieve on this geochemically
important process. However, several questions remain open: is
this biomineralization process widespread phylogenetically or
restricted to one single species? Does it occur under specific
or diverse environmental conditions? To what extent do
phases formed intracellularly by these cyanobacteria differ
from abiotically-formed carbonates?

We will address these questions using diverse approaches
including  high  spatial and  spectral  resolution
spectromicroscoscopies and molecular biology.

Figure 1: SEM image of Candidatus Gloeomargarita
lithophora.

[1] Couradeau, Benzerara, Gérard, Moreira, Bernard, Brown
Jr.., Lopez-Garcia (2012), Science 336, 459-462.

Polysulfides as intermediates in the
bacterial metabolism of stored sulfur

J.S.BERG*,J. MILUCKA, A. SCHWEDT ,
A .-C.KREUTZMANN AND M.M .M. KUYPERS

Max Planck Institute for Marine Microbiology, 28359
Bremen, Germany
(*correspondence: jberg@mpi-bremen.de)

Zero-valent sulfur is a key intermediate in the microbial
oxidation of sulfide to sulfate. Many sulfide-oxidizing bacteria
therefore produce and store large amounts of sulfur intra- or
extracellularly. It is still not well understood how the stored
sulfur is metabolized as the most stable form of S° under
standard biological conditions — orthorhombic o-sulfur — can
most likely not be utilized by bacterial enzymes.

In this study, the speciation of sulfur in single cells of
living bacteria was investigated by Raman spectroscopy. Four
different strains of Beggiatoa were used to compare the
chemical nature of sulfur under various ecological and
physiological conditions. Results showed that in microaerobic
cultures at circumneutral pH, stored intracellular sulfur
consisted of Sq rings and inorganic polysulfides (S,>). Linear
sulfur chains were detected during both the oxidation and
reduction of stored sulfur suggesting that S,* species comprise
a pool of activated sulfur utilized by bacteria. The formation
of S,* results from the cleavage of sulfur rings, either
biologically by membrane-bound thiol groups and glutathione
or chemically by the strong nucleophile HS". It is likely that
Beggiatoa in the environment utilize both of these
mechanisms to generate S, intermediates as they migrate
vertically between oxic and sulfidic sediment zones.

With Raman spectroscopy it was possible to further track
the fate of sulfur during its oxidation to sulfate. Unexpectedly
high concentrations (up to ~2 M) of internal sulfate were
detected in Beggiatoa sp. Although the reason for the
intracellular accumulation of sulfate remains unknown we
could show for the first time that Beggiatoa contain sulfate in
concentrations 100-1,000-fold higher than that of the external
environment.
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Non-classical nucleation of minerals
and the multiple roles of additives

JOHN K. BERG*, MATTHIAS KELLERMEIER, ASHIT RAO,
HELMUT COLFEN AND DENIS GEBAUER

Physical Chemistry, University of Konstanz, D-78457
Konstanz, Germany, [*correspondence: john.berg@uni-
konstanz.de, denis.gebauer@uni-konstanz.de]

Recent reports have demonstrated the existence of stable
clusters of calcium carbonate (CaCO;) prior to nucleation
through various experimental methods and also computer
simulations [1, 2, 3, 4]. In contrast to classical notions, it
appears cluster aggregation, not the assembly of their
constituent ions, plays the significant role in nucleation of
amorphous calcium carbonate (ACC), which later transforms
into crystalline polymorphs.

This multi-stage process can be influenced by additives in
several ways, which is of particular interest for
biomineralization, as various additives, e.g. proteins,
polysaccharides, and inorganic salts, are present throughout
the nucleation processes. Though many systems have been
investigated [5, 6, 7], the exact roles of additives are yet
unknown, especially when it comes to mechanistic insights.

In the current contribution, we summarize the concept of
non-classical nucleation of CaCO, by means of pre-nucleation
clusters and recent advancements, including other mineral
systems. Moreover, through potentiometric titration assays in
the presence of additives, we exemplify the role of additives
from simple salts to complex proteins on the early stages of
precipitation, e.g. pre-nucleation cluster stability, time of
nucleation, solubilities of the subsequently-formed phases, and
on further phase transformations to the various crystalline
polymorphs. Beyond insight into the fundamentals of
biomineralization, understanding of the effect of additives on
crystallization is also crucial in the creation of biomimetic
materials and the formulation of novel anti-scalant methods of
industrial importance.

[1] Gebauer, et al. (2008), Science 322, 1819-1822. [2]
Gebauer & Colfen (2011), Nano Today 6, 564-584. [3]
Demichelis et al. (2011), Nat. Commun. 2, 590. [4] Pouget et
al. (2009), Science 323, 1455-1458. [5] Gebauer et al. (2009)
Adv. Mater. 21, 435-439. [6] Gebauer et al. (2011) Phys.
Chem. Chem. Phys. 13, 16811-16820. [7] Picker et al. (2012)
Z. Kristallogr. 227, 744-757.

3D visualisation of core formation in
deforming planetesimals

M. BERG*!,I.B.BUTLER', S .REDFERN?, Y .LEGODEC’
AND G.D. BROMILEY'#

'School of Geosciences, Grant Institute, University of
Edinburgh, Edinburgh, UK maddy.berg@ed.ac.uk*

*Dept. Earth Sciences, University of Cambridge, UK

*Inst. de minéralogie et de phisique condensés, Université
Pierre et Marie Curie, Paris, France

“Centre for Science at Extreme Conditions, University of
Edinburgh, Edinburgh, UK

Deformation may significantly enhance permeability of
small fractions of metallic melt in a solid silicate [1]. This is
an important factor in constraining processes of core
formation, as a permeable network in solid silicate could have
led to segregation of a core and mantle much earlier than
previously thought, importantly long before the onset of a
molten silicate ‘Magma Ocean’. Few experiments examine
effects of low strain-rate deformation at realistic conditions of
core formation in small planetary bodies. In addition, 3D melt
geometry and permeability is usually inferred indirectly from
2D textural analysis of polished sample slices.

We have conducted experiments on a synthetic solid
olivine — liquid FeS system at extreme P-T conditions using
the rotational Paris-Edinburgh Cell (roPEC), and have
analysed 3D melt geometry of quenched samples have using
micro- and  nano-tomographic  imaging techniques.
Deformation at strain rates as low as 10° s' aids grain
boundary wetting and the formation of melt veins that appear
to locally ‘drain’ certain areas of the sample. Results support
theories of complex, multi-stage core formation in which pre-
differentiated planetary bodies collided to form the Earth.
These proto-cores may have sunk directly to the Earth’s centre
without re-equilibration with the Earth’s mantle, which has
major implications for the inferred geochemical composition
of the lower mantle [2].

1

[1] Rushmer, Petford, Humayun, & Campbell (2005) Earth
and Planetary Science Letters 239, 185-202. [2] Rudge,
Kleine & Bourbon Nature Geosci 3,439-443 (2010)
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Voluminous outburst of silicic low
00 magma in NE-Iceland inferred
from zircon 6'*0 and U-Pb
geochronology

BERG S.E.'”* TROLL,V.R.2, RuSHUUS,M.S.!,
BURCHARDT, S 2, DEEGAN, F. M. * AND HARRIS, C

! Nordic Volcanological Center, Reykjavik, Iceland
(*sylvia@hi.is)

“Dept. of Earth Science, CEMPEG, Uppsala University, Sweden

3Laboratory for Isotope Geology, Swedish Museum of Natural
History, SE-104 05 Stockholm, Sweden

*Dept. of Geological Sciences, University of Cape Town,
Rondebosch, South Africa

The Borgarfjordur Eystri area in NE-Iceland represents the
second-most voluminous outcrop of silicic eruptive rocks in
Iceland and is a superb locality to unravel bimodal volcanism
(cf. “Bunsen-Daly” compositional gap), which has struck
petrologists as abnormal for this tectonic setting for decades.
Several explanations have been proposed; closed system
fractional crystallisation, partial melting of hydrothermally
altered crust, or partial melting of an underlying fragment of
old continental or oceanic crust. To contribute to a solution to
this issue we focus on zircon to unravel the origin, timing and
evolution of voluminous evolved rhyolites in the Neogene
silicic volcano complexes in the greater Borgarfjordur Eystri
area. We report zircon U-Pb geochronology and 6'®0 values
measured by SIMS, and on whole rock 8"0 values of felsic
and intermediate units from Dyrfjoll and Breidavik central
volcanoes. With this new dataset we are able to decipher
timing, primary magmatic processes, as well as contamination
and/or post emplacement alteration. Zircon U-Pb ages of key
units reveal prolonged silicic activity represented by several
rhyolite flows as the systems were gradually building up (from
1342 + 0.15 to 12.79 + 0.15 Ma), followed by explosive
caldera forming volcanism in the Breidavik and Dyrfjoll
centres (12.44 + 0.27 and 12.40 = 0.19 Ma). The lifetime of
these volcanic centres ended abruptly with eruption of a dacite
flow at 12.26 + 0.33 Ma and younger basaltic volcanism.
Zircon 80 values range from 1.1 to 4.7 %o (n = 179),
corresponding t0 8'°0 4 Values of 3.3 to 6.0 %o. These
data imply significant contamination by hydrothermally
altered crust. Whole rock 8'*O values ranging from 2.9 to
18.5, confirm contamination by hydrothermally altered
material but also indicate the influence of low-temperature
alteration in some samples. We propose a relatively short,
though violent, eruptive episode of the Borgarfjorour Eystri
volcanoes, with voluminous and explosive outbursts of felsic
volcanics from a low 8'®0 magma source, likely spanning 1
M.yrs. in total duration.

Pyroxenites and the construction of
oceanic arc roots

J.BERGER!, R. CABY? AND J-P. BURG'

'Geological Institute, ETH Zurich, 8092 Zurich, Switzerland
(julien.berger@erdw .ethz.ch)

’Géosciences Montpellier, Université de Montpellier 11, 34095
Montpellier, France

Pyroxenites are a major component of arc roots. They bear
important information on the igneous and metamorphic
evolution of arcs. In the Jijal and Sapat complexes of the
Cretaceous Kohistan oceanic arc (Himalaya, Pakistan),
pyroxenites formed by reactive flow of basalts within residual
mantle peridotites [1,2]. In the Talkeetna Jurassic arc (Alaska),
pyroxenites are high-pressure fractionation products of
primitive hydrous basalts [3].

The Neoproterozoic Amalaoulaou oceanic arc root
(Gourma belt, West Africa) exposes dykes of spinel and
garnet pyroxenites cutting across interlayered garnet granulites
and plagioclase pyroxenites [4]. Spinel pyroxenites were
crystallized at about 1.0 GPa. Isobaric cooling down to 850-
900 °C induced the formation of garnet around spinel. In the
vicinty of the pyroxenite dykes, lower crustal gabbros were
partially molten leading to the formation of garnet granulites
and garnet-clinopyroxene-rutile residues.

Spinel pyroxenites were fractionated from a primitive
hydrous basalt (Mg# ~ 60-70). Calculated equilibrium liquids
are similar to melt-like hornblende gabbros forming the
middle to lower crust of the Amalaoulaou arc. One peculiar
orthopyroxene-rich spinel pyroxenite found as a xenolith
within the garnet granulites shows high Mg# and Cr content
but high incompatible elements contents (LREE, Zr, Nb). It is
interpreted as a product of melt-peridotite reaction before the
intrusion of the garnet granulite precursor.

The strong planar-linear, high-temperature fabric of spinel
pyroxenites in dykes is oblique to layering and metamorphic
foliation of garnet granulites. These dykes are representing
magma paths where the primitive mantle-derived basalt
differentiated en-route by segregation of pyroxene and spinel.
The Kohistan and Amalaoulaou complexes do not display a
thick sequence of cumulate pyroxenites. Instead, scattered
cumulate pyroxenites resulted from fractionation and/or melt-
rock reaction in dykes or channels.

[1] Garrido et al. (2007) Geology 35, 683-86. [2] Bouilhol et
al. (2009) Lithos 107, 17-37 [3] Greene et al. (2006) J. Pet.
47, 1051-93. [4] Berger et al. (2011) Comtrib. Min. Pet. 162,
773-96.
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Fluoride in groundwaters of regolith
and bedrock (0-900 meters depth) in
a granitoidic setting, SE Sweden

T.BERGER'*, F. MATHURIN!, H. DRAKE!
AND M.ASTROM!

!'School of Natural Sciences, Linnaeus University, 39233 SE-
Kalmar
(*correspondence: tobias.berger@Inu.se)

Parts of Scandinavia show elevated fluoride in
groundwaters which can be linked to the igneous host
bedrocks of the Baltic Schield [1]. We investigated fluoride in
groundwaters down to 900 meters depth in a small area
located in southeastern Sweden. Just north and south of the
study area intrusions of fluorine-rich (average 0.43 wt%) 1.45
Ga old granites are situated [2, 3]. Fluoride in private
excavated wells are approximately five times higher here
compared to Sweden in general [4]. Groundwaters in regolith
(boreholes with plastic-casings; 0.3 mm slot screens) and
fractures in the bedrock (boreholes with packed-off sections)
were monitored for several years and were evaluated with
respect to fluoride hydrogeochemistry. In addition, fluorine
content in the host rock minerals have been investigated using
wavelength dispersive spectrometry.

Fluoride in the regolith groundwaters ranged from below
level of detection (LOD, <0.2 mg/L) to 5.1 mg/L (median 1.4
mg/L) and were overall stable over time. In the bedrock
groundwaters, concentrations ranged from below LOD to 7.4
mg/L (median 2.7 mg/L). The area closest to the Gotemar
granite showed the highest fluoride concentrations in both
water types, which suggests presence of F-rich secondary
mineral coatings on fracture walls (fluorite is overrepresented
here) and F-rich glacial deposits originating from the intrusion
of the Gotemar granite as major sources.

This granite and associated greisen contain higher
amounts of F-rich fluorite and apatite, than surrounding rocks
and in addition, biotite, muscovite and apatite are much more
F-rich. Further on, the fluoride concentrations in the bedrock
groundwaters increased closer to the surface in waters
classified as of meteoric origin [5]. This pattern may indicate a
downward transport of fluoride from the regolith into the
bedrock fracture system.

[1] Lahermo & Backman (2000) Rep. of Inv. 149, GTK. [2]
Berger et al. (2012) Aq. Geochem 18, 77-94. [3] Kresten &
Chyssler (1976) GFF 98, 155 — 161. [4] Trojbom & Soderbéck
(2006) SKB rep. R-06-18, 149. [5] Mathurin et al. (2012)
Environ. Sci. Technol. 46(23), 12779-12786.

Carbonate clumped isotope
thermometry in the subsurface

KRISTIN D. BERGMANN*!, SAID AL-BALUSHI?, J
OHN P. GROTZINGER' AND JOHN M. EILER!

!California Institute of Techonology, 1200 E California Blvd
Pasadena, CA 91125
(*correspondence: bergmann@caltech.edu)

*Petroleum Development Oman, Muscat, Sultanate of Oman

The carbonate clumped isotope thermometer potentially
can be used to reconstruct the temperature and d18O of the
ocean in the distant past. However, there is considerable
uncertainty regarding how the thermodynamically controlled,
temperature dependent abundance of carbonate groups
containing both *C and '®0, is affected during burial. There is
evidence that both recrystallization and solid state diffusion
within the crystal lattice are important processes. There is
likely a time-depth dependence to these processes, though the
details of these dependencies are currently poorly constrained.
This study explores how the burial and exhumation history
modifies the primary distribution of isotopes in host
carbonates from the subsurface and surface of Oman. The
study includes rocks of Eocene to Neoproterozoic age that sit
at current burial depths of 360 m to 5850 m. Additionally, we
analyzed exhumed carbonates from the same formations,
estimated to have been buried from 1-2 km up to 8-10 km.

Results from this work suggest two dominant modes of
diagenesis: 1) Texturally well preserved carbonates measured
from the subsurface yield seawater compositions similar to
today of around 0%o with Phanerozoic samples yielding
temperatures <40°C and Neoproterozoic samples yielding
temperatures <60°C. 2) Highly recrystallized carbonates
affected by low-water-to-rock diagenesis sit close to the
current geothermal gradient. Samples exhumed from depths
>8km yield higher temperatures (120-150°C) and very
enriched fluid compositions (~8%o) and also indicate low
water-to-rock diagenesis.
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From shale oil to shale gas:
mineralogical and geochemical
evolution of Barnett Shales

S.BERNARD!, R. WIRTH?, A. SCHREIBER?,
H-M. SCHULZ? AND B. HORSFIELD?

'LMCM, UMR 7202, MNHN and CNRS, Paris, France
(sbernard @mnhn.fr)

2GFZ German Research Centre for Geosciences,
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potsdam.de, horsf@gfz-potsdam.de)

Tight oil is a rapidly growing unconventional energy
resource that is increasingly viewed as an abundant global
commodity. An issue is that tight oil reservoirs are highly
heterogenous. As a result, fluid production assignments and
mixing, drainage zone definition and reservoir performance
remain poorly constrained. Here, we report the
characterization of samples from the organic-rich
Mississippian Barnett shale gas system (Fort Worth Basin,
Texas, USA) at varying stages of thermal maturation. Using a
combination of compositional organic geochemistry and
spectromicroscopy techniques, including transmission electron
microscopy (TEM) and scanning transmission X-ray
microscopy (STXM - 5.3.2.2. ALS STXM Polymer beamline
[1] - 10ID-1 CLS SM beamline [2]), we document the
mineralogical and geochemical evolution of the investigated
samples and evidence the net increase in sample geochemical
heterogeneity with increasing maturity [3]. We distinguish
kerogen from bitumen in samples of oil window maturity from
the estimation of aromaticity and polarity using STXM-based
XANES spectroscopy. The formation of nanoporous
pyrobitumen has been inferred for samples of gas window
maturity, likely resulting from the formation of gaseous
hydrocarbons by secondary cracking of precursor bitumens.
By providing in situ insights into the origin and fate of organic
fluids as a response to the thermal evolution of the
macromolecular structure of kerogen, the present contribution
constitutes an important step towards better constraining
reservoiring within unconventional systems.

[1] Kilcoyne et al. (2003), J. Synchrotron radiat 10, 125-136,
[2] Kaznatcheev ef al. (2007), Nucl. Instr. Meth. Phys. Res. A
582, 96-99, [3] Bernard et al. (2012), Int. J. Coal Geol. 103,
3-11.

Flux particle size and composition
effects on the evolution of sanitary-
ware vitreous body
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via Cavassico Inferiore 160, Trichiana (BL), Italy

“Sibelco, Group Central Laboratory, Moneystone Quarry,
Whiston, Stoke on Trent ST10, 2DZ, United Kingdom

A combination of three industrial flux compositions
(sodium fedspar > 67 wt.%, potassium feldspar > 69 wt.% and
a 1:1 mix of them) and two particle size distributions (d50 =
45 and 75 pum) have been used to prepare sanitary-ware slips
(flux amount about 25 wt.%). Samples have been fired up to
1200 °C, and then characterized in terms of water absorption,
density, X-ray diffraction (at ambient and HT conditions) and
micro-structure occurrence by Scanning Electron Microscopy.

Despite of the small differences in the samples, some
trends have been observed. Water absorption and
interconnected porosity (obtained by density measurements)
are minimized if sodium feldspar is used, suggesting a better
densification, in agreement with [1]. The same effect is
achieved by decreasing the flux particle size, which leads to a
higher reactivity of the starting slip, in keeping with [2]. The
application of RIR-Rietveld method [3] to powder diffraction
patterns shows that also differences in phase composition are
present: in particular, the highest glass content has been
observed if the smallest flux particle size is used, in
combination with a sodium bearing feldspar. Moreover,
observations from HT-powder diffraction experiments
(thermal range 900-1100°C) do not yield significant
differences in the feldspar thermal decomposition as a
function of flux composition and particle size.

[1] Das & Dana (2003) Termochimica Acta, 406, 199-206. [2]
Alves, Melchiades & Boschi (2012) Journal of European
Ceramic Society, 32, 2095-2102. [3] Gualtieri (2000) Journal
of Applied Crystallography, 33,267-278.

DOI:10.1180/minmag.2013.077.5.2
WWW.Mminersoc.org

https://doi.org/10.1180/50026461X00008550 Published online by Cambridge University Press


https://doi.org/10.1180/S0026461X00008550

Goldschmidt2013 Conference Abstracts 693

Microbial extracellular polymeric
substances modulate the product of
uranium biomineralization
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(* correspondence: rizlan.bernier-latmani @epfl.ch)
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3Stanford Synchrotron Radiation Lightsource, SLAC National
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Microbial biomineralization influences the cycling and
sequestration of a variety of metals and metalloids in the
environment. Uranium biomineralization by Shewanella
oneidensis MR-1 was shown to produce two distinct U(IV)
products under different chemical conditions. Here, we report
that the uranium product is modulated by the formation of
extracellular polymeric substances (EPS), a biological
response that improves cellular resistance to U toxicity. When
imaged by cryo-electron microscopy and analyzed by X-ray
absorption spectroscopy, the two uranium products have
distinct morphologies and atomic environments. This
difference is shown to be due to the presence or absence of
EPS using a spectro-microscopy method —scanning
transmission  X-ray microscopy (STXM)- that can
differentiate amongst carbon biomolecules and localize U.
When EPS is present, U is largely associated with it instead of
the cell surface. Furthermore, we show that when the
suspected U reductases are removed by mutation, EPS
production and cellular viability decrease. Hence, the structure
of the product of uranium biomineralization is intricately
linked to the formation of EPS. We posit that a single U(IV)
product is favored in the subsurface due to the prevalence of
biofilms and because EPS are major component of those
structures.

Hydromagnesite reactivity in aqueous
solutions

U.-N. BERNINGER'?*, V. MAVROMATIS',
G.JORDAN?,J. SCHOTT' AND E.H. OELKERS'

'GET, CNRS, UMR 5563, Toulouse, France
(* corresponding author, berninger@ get.obs-mip.fr)
2 Dept. f. Geo- u. Umweltwiss., LMU, Miinchen, Germany

Hydromagnesite (Mgs(CO;),(OH),*4H,0) is the most
common hydrous Mg-carbonate occurring at Earth’s surface
environments. It usually forms as a secondary phase in
alkaline and Mg-rich natural waters where magnesite
(MgCO,) formation is inhibited by the strong hydration of
aqueous Mg [1]. Formation of hydromagnesite is commonly
mediated by microbiological activity [2], so that its dissolution
and growth may be closely coupled to promoting primary
productivity in aquatic environments.

A critical factor defining the role of minerals in natural
processes is the link between their dissolution and
precipitation rates. In accord with transition state theory,
precipitation rates should be readily calculated from
corresponding dissolution rates using simple functions of
chemical affinity. ~ This possibility has proven to be
challenging to validate due to the difficulty in measuring the
precipitation rates of most minerals in the laboratory. The
relative ease to which hydromagnesite precipitates at ambient
conditions makes it ideally suited to assess the link between
dissolution and precipitation rates.

Hydromagnesite dissolution and precipitation rates have
been measured in closed-system reactors from far to near to
equilibrium conditions in NaHCO,/Na,CO, bearing aqueous
solutions at pH from 8.5 to 11.2 and temperatures from 25 to
75 °C. Resulting rates () have been modeled using:

r=k(1-8°)"

where k is the surface area normalized rate constant, £2 the
saturation degree of hydromagnesite, o the Temkin’s
coefficient [3] (o0 = 0.2), and n the reaction order (n = 1).
Preliminary data interpertation suggests that the rate constants
describing dissolution are from one to two orders of
magnitude faster than those describing precipitation. For
example, at 25 °C and pH 8.5 dissolution and precipitation
rate constants were determined to be 3.0x10° and 5.4x10™"
mol/m?/s, respectively. Such differences could be attributable
to the changing density of reactive sites on the mineral surface
as a function of fluid saturation state.

[1] Lippmann, F. (1973) Sedimentary Carbonates Springer
(New York). [2] Shirokova et al. (2013) Aquat. Geochem. 19,
1-24. [3] Temkin, M. (1963) The kinetics of stationary
reactions. Dolk. Akad. Nauk SSSR, 152, 782-785.
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Recovering and refurbishing of the
SILNUC code, a tool to mitigate and
prevent amorphous silica scaling
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Modelling the fate of silica in geothermal brines is of
utmost importance to prevent and mitigate amorphous silica
scaling both in surface installations and in the geothermal
reservoir upon reinjection of spent fluids.

In principle, these theoretical predictions can be done
using the software code SILNUC which was written by Weres
and coworkers over thirty years ago. In practice, as far as we
know, only the listing of this software is presently available in
their report [1]. Thus, we decided to try to recover and
refurbish this code.

SILNUC models the homogeneous nucleation and growth
of colloidal particles of amorphous silica. It comprises three
major algorithms.

The first one is the molecular deposition or particle growth
algorithm. The Runge-Kutta approach is used to compute the
particle radii and the dissolved silica concentration, both as a
function of time. The second one is the nucleation algorithm,
which simulates the generation of classes of colloidal
particles. The third one specifies the temperature, pH, and
fraction of water lost through steam separation as functions of
time. Review of the recent literature is also planned during
refurbishing of the SILNUC code.

[1] Weres O., Yee A., Tsao L. (1980) Kinetics of silica
polymerization. Report LBL-7033, Lawrence Berkeley
Laboratory, University of California.

The oxidation states of cerium and
europium in silicate melts as a
function of oxygen fugacity,
composition and temperature
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'Department of Earth Science and Engineering, Imperial
College London, South Kensington, SW7 2AZ, UK
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(*correspondence: Andrew.Berry@anu.edu.au)

*Department of Earth Sciences, Natural History Museum,
London, SW7 5BD, UK

“*Diamond Light Source Ltd, Didcot, OX11 ODE, UK

Ce and Eu are the only rare earth elements (REE) to occur
in oxidation states other than REE** under terrestrial magmatic
conditions.  The stability of Ce* and Eu** results in
anomalous, chondrite normalised, abundances of these
elements relative to the other REE due to the effect of
oxidation state on trace element partitioning [1]. The link
between oxidation state and oxygen fugacity (fO,) means that
fO, may be determined if Ce*/Ce** or Eu**/Eu** can be
evaluated directly or inferred from the magnitude of an
anomaly.

Ce and Eu L;-edge XANES spectra were used to
determine Ce**/Ce** and Eu*/Eu** in melts in situ [2], and
quenched to glasses, as a function of fO, (from -14 to +6 log
units relative to the quartz-fayalite-magnetite, QFM, buffer),
composition (MORB plus ten Fe-free systems), temperature
(1200-1500 °C) and pressure (1 atm and 1 GPa). Ce*/Ce™ and
Eu**/Eu** vary systematically with the thermodynamically
predicted dependence on fO,. For both elements higher
oxidation states are favoured by less polymerised
compositions (large values of optical basicity and NBO/T) and
lower temperatures. Pressure appears to have a negligible
effect. A general expression for Eu**/Eu** in geological melts
has been derived. An fO, window, beginning near QFM, exists
where both Ce* and Eu** are stable. Coexisting Ce and Eu
anomalies in minerals such as zircon are thus not necessarily
related to plagioclase fractionation. In  Fe-bearing
compositions, neither Ce*/Ce** nor Eu**/Eu’* are preserved on
quenching from a melt to a glass due to electron exchange
reactions between Ce** and Fe?* and Eu** and Fe**. This limits
oxybarometry to estimates of Ce*/Ce** and Eu*/Eu**
determined from partitioning derived anomalies.

[1] Burnham & Berry (2012) GCA 95, 196-212. [2] Berry et
al. (2003) J. Synch. Rad. 10, 332-336.
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Experimental investigation of K
incorporation into tourmaline at high
temperature and pressure
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Tourmaline’s extensive stability in pressure-temperature
space and ability to incorporate a multitude of elements in its
structure have motivated investigation into its potential as a
recorder of its formation conditions, especially in terms of
temperature and composition [1]. However, the discovery of
microdiamond-bearing K-dominant dravitic tourmaline, with
up to 0.576 apfu K (2.76 wt.% K,0), in the Kokchetav Massif,
Kazakhstan, [2] has increased interest in the relationship
between formation pressure and tourmaline’s composition,
particularly with respect to the incorporation of K. Indeed, a
comparison of tourmaline’s composition with its inclusion
mineralogy has revealed a correlation between K
incorporation and increasing pressure [3]. However, whether
or not the presence of microdiamond inclusions is sufficient
evidence for high pressure formation of K-dominant
tourmaline has been questioned [4].

A series of piston-cylinder and hydrothermal synthesis
experiments was conducted to begin addressing the absence of
experimental data on K-bearing tourmaline and to investigate
the effect of pressure and fluid composition on the Na/K ratio
of hydrothermal dravitic tourmaline
(NaMg;Al(SigO,4(BO;);(OH);0H). Approximate unit cell
dimensions were determined by Rietveld refinement of X-ray
diffraction patterns and chemical formulae were calculated
from electron microprobe analyses. To date, the highest
pressure and temperature conditions investigated (40 kbar,
700°C) have yielded dravitic tourmaline with up to 0.7 apfu K
when exposed to a pure KCl fluid. This is the first time Na-
absent  “potassium  dravite” has been synthesized
experimentally.

[1] van Hinsberg et al. (2011) The Canadian Mineralogist 49,
1-16. [2] Shimizu & Ogasawara (2005) OMG 150, 141. [3]
Shimizu &Ogasawara (2013) Journal of Asian Earth Sciences
63, 39-55. [4] Marschall et al. (2009) Journal of the
Geological Society, London 166, 811-823.

Deconstructing the dissimilatory
sulfate reduction pathway: Isotope
fractionation of a mutant unable to
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Dissimilatory sulfate reduction plays a significant role in
shaping the sulfur isotope composition of sedimentary
sulfides, which are, in turn, a record of Earth’s surface redox
history. The fractionation produced by this microbial
metabolism is controlled by the flux of sulfur through the
respiratory reaction network and the isotopic effect associated
with each reaction. Although the net isotope fractionations of
this metabolism have been well studied, unravelling the
isotopic influence of each component of its pathway is still a
challenge. The sulfite to sulfide reduction step is a particularly
complicated one. Its full biochemistry is not fully understood
and the associated isotope effect is inferred from
fractionations associated with the entire metabolic pathway.
Here, we investigated a mutant strain of Desulfovibrio
vulgaris Hildenborough in batch and continous culture to
address these issues. This deletion mutant is missing its
QmoABC complex, a principal enzyme in the reduction of
adenosine phosphosulfate (APS) to sulfite. Thus, this strain is
incapable of using sulfate as a terminal electron acceptor. By
hindering APS reduction, this mutation also eliminates sulfite
disproportionation. In all experiments, lactate and sulfite
consumption are concomitant with sulfide and thiosulfate
production. Rates of thiosulfate production were one order of
magnitude larger in batch than continuous culture
experiments. Results from batch culture show a 8**S between
sulfite and sulfide of = -9 %o. The two components of the
thiosulfate pool (sulfonate and sulfane moieties) present a
large **S/**S fractionation, with sulfonate more **S enriched
than sulfane by 30 %0. However, the net fractionation between
thiosulfate and sulfite is = +1 %o. This is inconsistent with
isotopic observations of abiotic thiosulfate formation. Steady-
state models are presented to understand the mechanism of
fractionation during sulfite reduction and incorporate this step
into the overall metabolism of sulfate reduction.
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In-Situ Monitoring Of Water-Rock
Interaction By Micro FT-IR- An
Example Of Calcium Silicate Hydrate
Formation-
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In the geological disposal of high level radioactive wastes,
cementitous grout materials are planned to be used and
Calcium Silicate Hydrates (C-S-Hs) are supposed to be
formed by water-rock interactions. The current study presents
a new methodology of monitoring the C-S-H formation in situ
by micro Fourier transform infrared (FT-IR) spectroscopy.

An in situ hydrothermal cell was constructed from
titanium alloy with a diamond window to allow the
transmission of an IR beam (Fig.1). In this study, thin sections
of quartz were placed in the cell, with the remaining space
filled with saturated Ca(OH), solution. The in situ
hydrothermal cell was then sealed and heated at 140 °C at a
pressure of 3 MPa. IR spectra were collected every 5 minutes
for 24 hours using an IR microspectrometer.

Fig.1 Fig.2
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Fig.1 The schematic figure of the in situ hydrothermal cell
Fig.2 Infrared spectral changes with time for 5 hours at 140
°C. The absorption band around 970 cm™' (C-S-H) increased
with time.

An IR absorption band around 970 cm™ due to stretching
vibration of Si-OH increased with time indicating the
increasing formation of C-S-H (Fig.2). The temporal changes
with 5 minute intervals of the peak heights in the first 240
minutes can be used to determine apparent formation rate
constants of the C-S-H. Based on these experimentally
determined kinetic parameters, mechanisms and rates of the C-
S-H formation processes can be discussed.

Water in Na montmorillonite - A
neutron scattering study
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Swelling clays, like Na montmorillonite, are important
sealing materials for radioactive waste repositories. The
negative charge of crystalline layers is compensated by cations
surrounded by water in interlayers. At low hydration, all water
is located in interlayers in up to 2 molecular water layers; at
higher hydration, interparticle pores between clay particles
also contain water.

To model and understand transport properties, e.g. water
diffusion, it is important to know the water distribution at
different hydrations and densities. Relative fractions of water
in the two pore environments were measured directly and for
the first time using Fixed Window scans on a neutron
backscattering spectrometer. The decisive parameter was
found to be the water content (total water / dry clay). In the
range from O to 0.7 g/g the obtained water amount in the
interparticle pores increases monotonically, but not linearly
from O to 64%. These results were compared with values
obtained based on surface area measurements.

They were also used to derive local diffusion coefficients
from quasielastic neutron scattering. In the literature local
diffusion coefficients can be found only for low hydrations (1
or 2 water layer) because of the difficulties in interpretation of
the spectra when more than one water population exists. Here,
from our combination of methods (quasielastic neutron
scattering and fixed window scans) we can present local
diffusion coefficients for up to 4 water layer in the interlayers.
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Carbon flow from volcanic CO, into
soil microbial communities of a
wetland mofette
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We investigated mofettes, i.e., cold Volcanic CO,
exhausts, in a wetland area in the NW Czech Republic. Here,
continous emanations of CO, lead to lower pH and anoxic
conditions. Recent findings suggest that such alteration might
cause a shift of the microbial community towards anaerobic
and acidophilic organisms.

In this study we i) analyzed differences in the active
archaeal and bacterial community structure in different depths
of a mofette compared to the surrounding wetland soil by 16S
rRNA pyrosequencing and ii) used DNA- and lipid-based "*C-
CO, Stable Isotope Probing (SIP) to identfy microbial
communities which can incorporate the emanating CO,.

16S rRNA pyrosequencing revealed that the overall active
bacterial community composition was similar for the mofette
and reference soil in all sampled depths. However, in the
mofette soil Acidobacteria showed a higher relative
contribution (55% to 70%) compared to the wetland reference
(17% to 22%) primarily consisting of sequences closely
related to Cand. Koribacter sp. and isolate ,Ellin 624 of
Subdivision 1. The active archaeal community of the mofette
soil was dominated by methanogens in all depths which were
not represented in the wetland reference soil.

Analysis of incorporation of '*C-labeled CO, into PLFAs
and ether-lipid derived hydrocarbons in the mofette soil
showed continuous enrichment over 28 days in almost all
bacterial and archaeal biomarkers. Archaeal CO, utilization
was restricted to the first 10 cm of the soil, while a depth-
independent labeling pattern was found for bacterial
biomarkers. Archaeal 16S rRNA and formyl tetrahydrofolate
synthetase (fhs) gene labeling analysis of the first 10 cm
suggested  that “CO, was  potentially utilized
chemolithoautotrophically by two novel groups of acetogens
and methanogens, with the latter primarily being affiliated
with the family Methanoregulaceae. On the other hand,
bacterial 16S rRNA gene labeling analysis indicated a non-
obligate autotrophic utilization of *CO, by bacterial families
of the Anaerolineaceae, unclassified Bacteroidetes and
Syntrophaceae.

Characterization of hydrocarbon and
functionalized silica nanoparticle
adsorption on mineral surfaces
through advanced First Principles
techniques
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Brazil — caetano.miranda@ufabc.edu.br

Atomistic simulations have come to play an increasingly
important role in advancing understanding of the fundamental
properties related to the hydrocarbon and nanoparticles
interaction with mineral surfaces. In this work, we will present
an integrated methodology based on First Principles methods
to characterize the surface properties (structural, energetic and
electronic) and the adsorption of hydrocarbons and
funcionalized (hydroxylated, sulphonic acid and pegylated)
SiO, nanoparticles within mineral surfaces (Carbonate and
Silicates). The simulations were based on the Density
Functional Theory (DFT) with solid state Nuclear Magnetic
Resonance calculations (1) and simulation of noncontact
Atomic Force Microscopy (nc-AFM) (2) including van der
Waals corrections (3). It was possible to assign the peaks in
the NMR spectra for all structures studied and determine the
force distance models based on simulated AFM. Our results
show a chemical shift differentiation for atoms located on
different sites (bulk and surface) for calcite and silicate
systems as well as the differences on force versus distance
curves. Interestingly, the presence of hydrocarbon molecules
also modifies the chemical shift of adsorbed the Ca and Si
sites with respect to the pristine and isolated surfaces.
Calculated AFM forces allow us the differentiation between
the different chemical sites and a clear understanding of the
adsorption processes. Within the combining theoretical AFM
and NMR simulations with DFT with van de Waals, it should
be possible to elucidate the coordination environment of
chemical species in many important complex materials in the
context of geochemical phenomena.
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[1] Pickard, C. J. and Mauri, F. PRB 63, 245101 (2001). [2]
T.~L.Chan et al., PRL 102, 176101 (2009). [3] V. A. Rigo, C.
O. Metin, Q. P. Nguyen, and C. R. Miranda, J. Phys. Chem. C,
116, 24538 (2012).
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The INFLUINS (Integrated fluid dynamics in sedimentary
basins) project investigates coupled dynamics of near surface
and deep flow patterns of fluids, transported materials and
component substances in the Thuringian Basin. The extensive
basin landscape is located in eastern Germany and belongs to
the Triassic period of Bunter sandstone (Buntsandstein), shell
limestone (Muschelkalk) and Keuper, which crop out at the
surface. Older sediments and Permian (Zechstein) can be
found at the edges of the basin.

With microbial investigations, we are analyzing the
bacterial diversity of groundwater at different locations to see
whether there are special patterns in bacterial distributions
originating from the different rock strata. Furthermore, we are
interested in the bacterial diversity of drilling cores and salt
formations from the same locations. This will facilitate
understanding fluid movement in the Thuringian Basin. We
determined bacterial community from water samples out of
nine natural springs and sixteen groundwater wells by
cultivation and subsequent morphological, physiological and
molecular identification.

First results show that the largest proportions were found
to be members of Bacilli and vy- proteobacteria, including the
genera Pseudomonas, Marinomonas, Bacillus, Marinobacter
and Pseudoalteromonas.

Next steps will be a comparison of cultivation-dependent
and cultivation-independent methods to gain further
information on bacterial strains which where uncultivable or
suppressed by other bacteria strains.

Experimental Calibration of a
Garnet-Clinopyroxene Geobarometer
for Mantle Eclogites

BEYER, C'* AND FROST, DJ!

"Bayerisches Geoinsitut, University of Bayreuth, 95440
Bayreuth, Germany
(*christopher.beyer@uni-bayreuth.de)

We present a geobarometer applicable to eclogitic mantle
xenoliths based on the exchange reaction involving the
incorporation of Al in 4-fold coordination present as Ca-
Tschermak in omphacitic clinopyroxene coexisting with
garnet solid solutions. The barometer is calibrated with piston
cylinder and multi-anvil experiments between pressures of 3
to 7 GPa and temperatures from 1200 to 1542 °C. Starting
materials are synthetic mixtures of varying basalt
compositions (hydrous N-MORB), yielding a homogeneous
bimineralic garnet-clinopyroxene phase assemblage. We
expand our own data set by implementing additional
experimental studies conducted in eclogitic systems granting
the applicability to a wider range of eclogitic compositions.
All experiments are buffered in terms of Al with garnet as the
Al-bearing phase. Our calibration reproduces the experimental
pressures with 0.4 GPa within the 95% confidence interval.
The barometer was then tested with natural eclogites from
various mantle xenolith locations covering a wide P-T-X
regime. The herein presented barometer opens up the
possibility to determine pressures of formation for bimineralic
eclogite xenoliths without requiring additional accessory
phases. With this barometer we provide an additional tool to
investigate the P-T state of upper mantle heterogeneities.
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Organic carbon export in Taiwan:
insights from marine sediments

OLIVIER BEYSSAC!, VALIER GALY?
AND CHIH-CHIEH SU?

' CNRS, IMPMC Paris, france.
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2 Woods Hole, USA. vgaly@whoi.edu

* National Taiwan University, Taiwan.

Terrestrial organic C (OC) delivered to the ocean by rivers
is a mix of recent OC and fossil OC derived from erosion of
rocks. Burial of fossil OC in marine sediments is a simple
recycling of reduced carbon and has no effect on atmospheric
CO, and O, levels. Conversely, its oxidation consumes
atmospheric O, and returns CO, to the atmosphere. In large-
scale erosion systems (Himalaya), only graphite resists to
oxidation during river transport and/or transient storage in
floodplains. In contrast, disordered fossil OC observed in
mountainous bedrocks and mountain rivers disappear during
transport in large rivers, and are not observed in marine
sediments [1]. In addition, such large scale systems may act
like a CO, pump as a huge amount of modern OC is delivered
and buried in the Bengal Fan marine sediments [2].

Here, we investigate the isotopic composition ("*C, '*C),
organic geochemistry and structure (Raman spectroscopy) of
OC in recent turbidite deposits all around Taiwan. We show
that the bulk OC is primarily composed by terrestrial modern
and fossil OC, but also includes marine OC. We discuss the
geochemistry of OC in marine sediments with respect to the
modern and fossil OC sources on the Taiwan island. We
quantify the respective contributions of these three end-
members to the total OC, and discuss the sediments
provenance based on the structure and geochemistry of fossil
OC. Comparison of the OC in marine sediments with data
existing for Taiwanese rivers [3] allows for discussing the
carbon budget of erosion. In particular, unlike large-scale
systems, fossil OC is massively transfered to marine sediments
during erosion in Taiwan. Globally, such small-scale systems
with very active erosion and short transfer to the ocean may
act as an important sink for OC in the long-term carbon cycle.

[1] Galy V. et al. (2007) Nature 450, 407-410. [2] Galy V.
(2008) Science 322 943-945. [3] Hilton R.G. et al. (2010)
GCA 74 3164-3181.

Assimilation of sediments embedded
in the oceanic arc crust: myth or
reality?

R.BEZARD"*,J P. DAVIDSON!, S. TURNER?,
C.G.MACPHERSON!, ] M. LINDSAY? AND A .J. BOYCE*

'Durham University, UK.

2CCFS/GEMOC, Macquarie University, AUS.

*School of Environment, The University of Auckland, NZ.
4 Scottish Universities Environment Research Center, UK.
*rachel.bezard@mgq.edu.au

Volcanic products from oceanic arcs afford a unique
opportunity to study the subduction factory. Although most of
these products are not primitive, the impact of assimilation of
the arc crust is often ignored with the consequence that trace
element and isotopic compositions are commonly attributed
only to varying contributions from different source
components. This jeopardises the integrity of recycling mass
balance calculations. Here we use Sr and O isotope mineral
data from a suite of volcanic rocks from the Lesser Antilles
arc to show that assimilation can be significant in oceanic arc
basement. Analysis of ®’Sr/*Sr in single plagioclase
phenocrysts from the Soufriere Volcanic Complex (St Lucia)
reveal isotopic heterogeneity within and among hand samples
ranging from 0.7083 to 0.7094. 8"0 measurements show
extreme variation beyond the mantle range: up to +10.9%o for
plagioclase, +11.8%¢ for quartz, +9.8%c for amphibole and
+9.5%o for pyroxene. Such ¥Sr/*Sr isotope disequilibrium and
extreme 8O values strongly argue for assimilation of
material located within the arc crust. A positive correlation
between mineral "0 and the whole rock radiogenic isotopes
shows that assimilation seems to be responsible for the
isotopic heterogeneity observed in St Lucia but also in the
whole Lesser Antilles since St Lucia covers almost the whole-
arc range of isotopic composition. This highlights the need for
detailed mineral-scale investigation of oceanic arcs suites to
quantify differentiation that could lead to misinterpretation of
source composition and subduction processes.
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Constraining the Thermal History of
an Ultra-hot Orogen from
Metamorphic Reaction History and
Garnet-Orthopyroxene Diffusion
Modelling Studies

S.K.BHOWMIK'*AND S. CHAKRABORTY?

'Department of Geology & Geophysics, Indian Institute of
Technology, Kharagpur 721 302, India
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% Institut fuer Geologie, Mineralogie und Geophysik
Ruhr-Universitaet Bochum, D-44780, Germany
(Sumit.Chakraborty@rub.de)

The southern margin of the Central Indian Tectonic Zone
experienced a history of metamorphism at different sets of
conditions during the Proterozoic. A primary, high
temperature assemblage of aluminous orthopyroxene (X,=
0.585) + calcic plagioclase (An,s,) + magnesian ilmenite
(Xygrios = 0.06-007) experienced three recrystallization
events (M, with a Ty, of ~1000 °C at 9.5 kbar and M, at
900°C, 6.7 kbar and M3 at 770°C, 7.5 kbar) to produce two
generations of garnet, orthopyroxene and biotite. We have
integrated observations on metamorphic reaction textures,
mineral compositional zonation, calculated pseudosections,
available geochronological data, and diffusion modelling of
compositional profiles in garnet and orthopyroxene to
constrain the timescale of thermal evolution for this complex
sequence. We find that at least a three stage thermal history is
necessary to account for all observations consistently. Cooling
rates on the order of 10’s of °C/ my indicate that high
temperatures of M, ; metamorphism were sustained for tens of
million years, providing evidence of a long lasting (i.e. > 60
my) regional metamorphic event.

The origins of detrital clays on the
East China Sea shelf

L.BI',S.Y.YANG'*, C.LI', Q. WANG' AND J.T. L1U?

! State Key Lab. of Marine Geology, Tongji Uni., Shanghai
200092, China
(*correspondence: syyang@tongji.edu.cn)

’Institute of Marine Geology and Chemistry, National Sun
Yat-sen University, Kaohsiung, Taiwan 80424

There are two kinds of sediment source-to-sink (S2S)
systems on the East China Sea shelf. One is “large river/delta
— wide shelf — huge input — slower sediment transfer — strong
anthropogenic impact” represented by the Changjiang
(Yangtze) River; another is “mountainous river — narrow shelf
— huge input — rapid sediment transfer — extreme climate
event” represented by the rivers in Taiwan Island. To study the
contributions of these two S2S systems to clayey sediments
accumulated on the shelf, a total of 66 clay samples were
selected from the shelf, the Changjiang and mountainous
rivers entering the East China Sea. A multivariate analysis
technique (EOF) was used to process elemental geochemical
data.

The covariance between elements explained by the first
two eigenmodes is about 76%. The first mode can explain
about 62% of the data variability, in which elements are
divided into two groups according to the sign of their
eigenvectors. One group is dominated by Ca, Fe, Mg, Mn, P,
Co and another by Al, Si, K, Na, Ti and REE. We interpret
Mode 1 to be different clay mineral assemblages in the source
areas. The second mode can explain about 14% of the data
variability. One group consists of K, Na, Rb and LREE while
the other elements belong to another group. Mode 2 probably
indicates the proportion of non-clay minerals in the clay
sediments. Based on the corresponding eigenweights of each
sample, the spatial distribution patterns of the clays were
revealed. The clay from the Changjiang River was primarily
transported southeastward and formed an inner shelf mud belt
that mixes with the Taiwan-derived clays in northern Taiwan
Strait. Some clay from the Changjiang River may disperse
eastward and mix with the clay sourced from the old Yellow
River delta in the southwestern Yellow Sea. The oceanic
circulation in the East China Sea predominately controls the
dispersal and deposition of detrital clays on the shelf.

Acknowledgements: This work was supported by NSFC
research fund (Grant No: 41076018, 41225020).
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Enhanced stability and inhibited
dissolution of uraninite by
nanoparticulate iron sulfide under
oxic conditions

YUQIANG B1 AND KiM HAYES*

University of Michigan, Ann Arbor, Michigan 48109, USA
(*correspondence: ford@umich.edu)

Redox transition of uranium from dissolved U(VI) species
to insoluble U(IV) precipitates can result in successful
sequestration of uranium in contaminated soils and sediments.
Recent studies have shown that naturally-occuring
mackinawite (FeS) can provide an electron source for U(VI)
reduction and retard uraninite reoxidation upon oxygen
intrusion[1]. However, few studies have provided mechanistic
and kinetic information on the interactions of uraninite with
FeS solid under oxic conditions. The present study
investigated the mechanism(s) and reaction kinetics of
inhibited U(IV) reoxidation and transport by nanoparticulate
FeS. The oxidative dissolution of uraninite by dissolved
oxygen (DO) in FeS-bearing groundwater were conducted
using batch and flow-through reactors as a function of pH, FeS
content, DO and calcium concentrations, to assess the impact
of critical geochemical factors on UO, dissolution kinetics.
The results indicated that the dissolution rate of UO,
decreased by an order of magnitude when FeS was present
relative to control. The rate decreased rapidly with decreasing
DO levels and increasing FeS content. In the presence of Ca**,
the rate was even lowered owing to the formation of Ca-
containing passivation layer on uraninite surfaces. Until the
depletion of FeS, DO concentration remained at significantly
low levels, suggesting FeS was an effective oxygen scavenger.
During the inhibition period, dissolved Fe(Il), Fe(III)
hydroxides, and elemental sulfur were produced from FeS
oxidation. In contrast, uraninte remained as U(IV) solid as
verified by X-ray absorption spectroscopy (XAS) and X-ray
photoelectron spectroscopy (XPS). Although dissolved Fe(II)
was not shown to reduce U(VI) under oxic conditions, residue
FeS particles was responsible for inhibiting UO, dissolution
by reducing soluble U(VI). This study suggests that naturally-
occuring FeS may serve as an oxygen scavenger and a U(VI)
reductant for effective uranium sequestration. These findings
have direct implications for our understanding of uranium
redox transition and long-term stability in the subsurface.

[1] Bargar et al. (2013), PNAS

The Mesozoic dolomites of the Levant
margin - evaluating dolomitization
style and mechanism from
configuration and stable isotope
geochemistry

O.M.BIALIK!*,I. HALEVY'! AND J.A. HIGGINS?

'Weizmann Institute of Science, Rehovot 76100, Israel
or.bialik@weizmann.ac.il (*correspondence)
*Princeton University, Princeton, NJ 08544, USA.

The record of the Levantine margin provides a unique
window into dolomitization through the Mesozoic [1] and
dolomitization in general. Ample carbonate sediments have
accumulated through the Triassic, Jurassic and Cretaceous in
this region, maintained at relatively shallow burial depth [2],
and currently exposed at the surface. We examined the
depositional configuration, and the geochemical and stable
isotope compositions across several limestone-dolostone
transitions, with  the intention of inferring the
paleoenvironmental trends leading to these transitions and the
style of dolomitization in these rocks.

Sequences where selected based on the presence of
repeated interchanges between limestone and dolostone, in
settings where the occurrence of the dolomite is likely to be
derived from early diagenetic processes and interaction with
marine or evaporated marine water. Three different settings
were targeted: i) sub-tidal, open marine, evaporite-free
(Cretaceous), ii) intertidal, open marine, evaporite-free
(Jurassic), and iii) restricted lagoon, in association with
sulphate evaporites (Triassic). In each case, a cross-section
was sampled at a spatial resolution of about 50 cm to evaluate
lithological changes and variability in stable isotope ratios.
Following the identification of transitions of interest, these
were sampled at a spatial resolution of 1-3 cm.

Mineralogy and Ca to Mg ratios in the carbonates were
determined by X-ray diffractometry, and the isotopic ratios of
carbon and oxygen (8"°C and 6'®0) were measured by mass
spectrometry. Sedimentary textures were investigated in hand
samples and in some cases by petrographic microscopy. The
results of these analyses will be presented and their
implications for mechanisms of dolomite genesis discussed.
Future work will include analysis of Ca and Mg isotope ratios
in the samples to further illuminate dolomitization
mechanisms.

[1] Sass & Katz (1982) American J. Sci. 282. 1184-1213. [2]
Gyvirtzman (2003) Isr. J. Earth Sci. 53. 47-61.
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Links between diel vertical
migrations and ocean oxygen

D. BIANCHI, E.D. GALBRAITH, K.A.S. MISLAN,
C.STOCK, J.L. SARMIENTO AND D. CAROZZA

Diel vertical migration of zooplankton and micronekton -
the largest migration on Earth, is a major but poorly quantified
component of the ocean’s biological pump. The impact of this
migration on oceanic oxygen has received relatively little
attention, partly due to the lack of a predictive framework. By
using a global synthesis of acoustic data we show that diel
vertical migrations are characterized by coherent large-scale
patterns, which are strongly correlated with the distribution of
subsurface oxygen. Open ocean oxygen minima, when
present, emerge as potential refuges for vertical migrators.
Including a representation of the respiratory needs of
migrating populations in a three-dimensional ocean model
suggests that, by focusing respiration in poorly-ventilated
regions of the upper ocean, diel vertical migrations intensify
oxygen depletion at the upper margin of oxygen minimum
zones. This coupling between migrating animals and marine
oxygen may have important implications for fisheries and
oxygen minimum zone chemistry in a changing ocean.

The river Po: geochemical fluxes and
related insights on weathering
processes and erosion rates

BIANCHINI G.!, MARCHINA C.'*, KNOELLER K 2
AND PENNISI M ?

! Dip. Fisica e Scienze della Terra, Universita di Ferrara, Italy
(correspondece: *mrcchr@unife.it)

2 Dep. Catchment Hydrology, Helmholtz Centre for
Environmental Research — UFZ, Halle, Germany

3[stituto di Geoscienze e Georisorse, CNR, Pisa, Italy

The Alps and the Apennines both convey water and
sediments to the Po river that is the most important fluvial
system of the Italian Peninsula, characterized by a length of
650 Km, an hydrological basin of 74000 km? and an average
discharge of 47 Km®yr. Major and trace elements, stable
isotope composition of water and radiogenic strontium
isotopes were used to characterize the sources and fluxes of
solutes. Compared with the local meteoric isotopic signature,
stable isotopes (8'%0 between -10.8 and -9.2; 8D between -
70.0 and -65.4) reveal that most of the recharge occurs in the
north-western part of the basin, i.e. conveyed mainly from the
highlands. Although subordinate, carbonatic lithologies are
preferentially involved in the weathering processes inducing
the typical Ca-HCO, hydrochemical facies and a specific
strontium isotopic signature (¥’Sr/*Sr 0.7090-0.7092) that is
intermediate between that of Mesozoic carbonates (0.707-
0.708) and felsic igneous and metamorphic rocks (> 0.701).
The data also provide insights on the erosion and denudation
rates of the orogens bordering the basin. The observed TDS
(average and median of 39 measurements are 268 and 292
mg/l, respectively) suggest that a solute flux in the order of
13%10° t/yr is transferred from the Po River toward the
Adriatic Sea. A total erosion of 68*10° t/yr is estimated within
the Po River drainage basin, assuming that solute represent a
fraction (of ca 20%) of the weathering products. This
estimation conforms to other recent investigations [1].

[1] Hinderer et al, 2013. Earth Science Review 118, 11-44.
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CO, Dissolution rates during CO,
injection: a consequence and measure
of reservoir heterogeneities
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! Dept. Earth Sciences, University of Cambridge, Downing
St., Cambridge CB2 3EQ, UK (correspondence:
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CO, dissolution during and after injection into geological
storage sites is potentially an important mechanism for
stabilising and securing the storage but may lead to enhanced
fluid-mineral reactions with both positive and negative
consequences for the security of storage. Important questions
are how does reservoir heterogeneity influence CO,
dissolution rates and does the tendency of the low-viscosity
CO, to finger during injection increase dissolution rates? Here
we evaluate the rates of possible CO, dissolution in an
injection setting by simple pseudo-1D flow modelling with
diffusion in the orthogonal direction and compare this with
numerical modelling of flow and diffusion in 2D. The results
show that the magnitude of CO, dissolved is strongly
controlled by the rapid flow of brines determined by reservoir
heterogeneities. The consequences for fluid-mineral reactions
are that these may be strongly localised and this could have
important implications for feedbacks between flow and
permeability changes in reservoirs.

The results are tested against an injection experiment
which utilised CO, injection for enhanced oil recovery (EOR)
in which we monitored sampled fluid chemistries for 6 months
after initiation of CO, injection into a five-spot pattern.
Interpreting the results required 1) identifying the various
water masses present in the reservoir as a consequence of a
long history of water injection and then 2) modelling changes
in fluid chemistry in terms of CO, injection and fluid mineral
reactions. The results show a surprisingly rapid increase of
dissolved CO, in the extracted brines and that this rise was
accompanied by initial rapid dissolution of carbonate minerals
but longer term dissolution of silicate minerals. The rates of
carbonate dissolution are sufficient to cause small increases in
formation porosities but these would cause significant
increases in the permeability of sandstones which exhibit
power law permeability-porosity relations with an exponent of
~9.

Fluid geochemistry of the deep CO,-
rich Caprese Reservoir (Northern
Apennines, Italy)

G.BicoccHI'. F. TASSI'?, M. BONINI®,
F. CAPECCHIACCI?, G. RUGGIERI?, G. CHIODINT,
A.BUCCIANTI' AND O. VASELLI'?

'Dipartimento di Scienze della Terra, Universita di Firenze via
La Pira 4, 50121 Firenze, Italy (*correspondence:
gabriele.bicocchi @unifi.it)

Istituto di Geoscienze e Georisorse, Consiglio Nazionale delle
Ricerche, sezione di Firenze via La Pira 4, 50121 Firenze,
Italy

*Istituto Nazionale di Geofisica e Vulcanologia, Sezione di
Napoli, OV, via Diocleziano 328, 80124 Napoli, Italy

The chemical and isotopic composition of (i) CO,-rich
fluids exploited from Caprese Reservoir (CR) by the ~5,000 m
deep Pieve Santo Stefano 1 (PSS1) borehole located in the
Upper Tiber Basin (Northern Apennines, Italy) and (ii) natural
gas discharges located in the surrounding of the Mt. Fungaia
ophiolitic-bearing complex (Ligurian Units), are presented and
discussed.

The CR fluids are hosted in fractured dolostones layers of
Burano Fm. [1] and consist of CO,-, N,-rich gas phase and
saline (~82 g/L) NaCl brine. The 8"C-CO, and 8“N-N,
values are interpreted as produced by mixing of deep fluids
originated by mantle degassing and thermometamorphic
processes involving Mesozoic limestones. Water isotopes and
*H values indicate that the CR brine is recharged by a long
(>50 yr) hydrologic circuit fed by meteoric precipitations.

The naturally discharging gases from the study area are
fed by CR, likely due to the fact that the steep Arbia Val
Marecchia Line transverse tectonic eclements provide
preferential paths for these deep-seated fluids, favoring their
uprising up to the surface gas vents [2]. The interaction of the
ascending CR gas with ophiolite-bearing Ligurian Units and
Cervarola-Falterona Unit produces secondary H,, H,S and
light hydrocarbons in Mt. Fungaia gases.

[1] Trippetta et al. (2013) Int. J. Greenh. Gas Con. 12,72-83.
[2] Bonini (2009) J. Struct. Geol. 31, 44-54.
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Precise U-Pb zircon CA-ID-TIMS
ages and Sr isotopes for the Plana
pluton, Srednogorie, Bulgaria
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We report new, high precision CA-ID-TIMS U-Pb single
zircon ages for the Plana pluton, a part of the ABTS belt in SE
Europe. The pluton is located at the Central Srednogorie -
Rhodopes border, ~60km SE of Sofia. in situ differentiation of
high potassium calc alkaline magmas produced gradually
varying rock compositions [1]. We analyzed a granite from the
central parts of the pluton (A); and a monzogabbro-diorite
from the periphery of the pluton (B).

The three youngest grains in (A) overlap and yield a
weighted mean 206Pb/238U age of 77.87+0.07 Ma (20,
MSWD=1.01), our best estimate for the crystallization age of
the granite. Two zircons, interpreted as antecrysts, are
concordant at ~78 Ma. The remaining two grains, interpreted
as xenocrysts, are concordant at ~440 Ma. In (B), two of five
grains are concordant at ~440 Ma; the remaining three zircons
are discordant and older. Ages of ~440 Ma, are also reported
for inherited zircons in other Upper Cretaceous intrusives and
Variscan granitoids from Central and Eastern Srednogorie [2,
3, 4]. The presence of inherited zircons provides direct
evidence for wall-rock assimilation.

Comparison of our data with published U-Pb ages [3, 5]
suggests that the Plana pluton crystallized in the late stages of
Upper Cretaceous magmatism in Srednogorie. Initial Sr
isotopes of seven studied rocks are between 0.7043 and
0.7050, within the range of the least radiogenic Upper
Cretaceous rocks in the Srednogorie region. Studies from
Central Srednogorie show a trend toward younger and more
mantle-influenced magmatism from north to south [5]. Our
high precision 77.87 Ma age, and the mantle-dominated Sr
isotope signature of the rocks, correlate the Plana pluton with
the magmatic activity of southern Central Srednogorie.

We thank Momchil Dyulgerov and Svetoslav Georgiev for
analytical help, and Judy Hannah and Holly Stein for support

[1] Bidzhova et al., 2007, Advances in Reg. Geol.; [2]
Carrigan et al., 2005, Lithos; [3] Georgiev et al., 2012, Lithos;
[4] Peytcheva & von Quadt, 2004, 5th Mediterran. Symp.
Greece; [5] von Quadt et al., 2005, Ore Geol Rev.

Colloidal properties of
biomineralized nanoselenium:
implications for bioremediation,
resource recovery and environmental
transport
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Diibendorf
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Microbial selenium (Se) bioremediation is based on
conversion of water soluble, toxic Se oxyanions to water
insoluble, biogenic pure elemental Se of particle sizes in the
nanometer range (bioNSe). The colloidal stability of the
bioNSe suspensions hamper a straightforward removal and
recovery by gravitational settling. BioNSe that is not removed
from suspension may leave bioremediation reactors with the
effluent and is subject to transport and re-oxidation to the
original toxic oxyanions. For the first time, colloidal stability
fields of pure bioNPSe were determined by electrophoretic
mobility (T-potential) measurements’ and column settling
experiments (ICP-MS). It was demonstrated that
circumneutral pH, commonly applied in bioremediation,
prevents settling of bioNPSe, since the particles are strongly
negatively charged. Counter cations and protons were used to
screen efficiently this intrinsic negative charge. In this
manner, settling could be significantly accelerated (up to 86.2
+ 3.5% within 0.5 h) at cation concentrations that would only
increase overall treatment costs to minor extents. The C-
potential measurements showed furthermore, that significantly
dissimilar transport behaviour is to be expected in different
natural waters (salt, dissolved organic matter rich), which can
result in accumulation of Se in certain environments, if
bioNPSe leaves bioremediation reactors.

[1] Buchs, B.; Evangelou, M. W. H.; Winkel, L. H. E.; Lenz,
M. Environ. Sci. Technol. 2013, 47, 2401-2407.
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Opening the foraminiferal proxy
black box a bit further
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Even though our geochemical proxy toolbox is ever
increasing and our analytical techniques are getting more
sophisticated, our fidelity at reading past ocean climate
information has only slightly improved. This is mainly due to
the fact that most relationships are still empirical and
controlled by more than just the target parameter. The
outstanding challenge is to open the black box and develop a
mechanistic understanding of proxy incorporation and
preservation. We have carried out a whole suite of laboratory
experiments to better understand the calcification processes
and the pathways of Mg, Sr, Ba, U and B using confocal laser
microscopy, TEM, AFM and simultaneous analyses of B/Ca
and 8'"'B using femtosecond laser ablation and MC-ICP-MS.
Together, the results show a high degree of biological control
during calcification and proxy incorporation. We have used
the benthic foraminifers Ammonia aomoriensis, Amphistegina
lessonii, Heterostegina depressa and the planktonic
foraminifer Orbulina universa. Lessons learned and a tentative
model will be presented.

Experimental constraints on Fe
isotope fractionation in fluid-melt-
oxide-sulfide assemblages

LAURA BILENKER*!, ADAM SIMON',
CRAIG C. LUNDSTROM?, NORBERT GAJOS>
AND ZOLTAN ZAJACZ?

'University of Michigan, Ann Arbor, MI, USA
(*bilenker@umich.edu)

2Unive:rsity of Illinois, Urbana-Champaign, IL, USA

3Institute of Geochemistry and Petrology, ETH Ziirich

We report the first experimental data that quantify directly
the effect of a fluid phase on stable iron isotope fractionation
at magmatic conditions. Our investigation was stimulated by
the hypothesis that degassing causes the heavy iron isotope
signature measured in degassed rhyolites [1,2], but published
experimental studies of iron isotope fractionation lacked a
fluid phase.

We used a rhyolite melt, NaCl-bearing aqueous fluid, and
magnetite or pyrrhotite. Charges were run at 400, 600, or
800°C, 150 MPa for mineral-fluid, and 800°C and 100 MPa
for mineral-melt—fluid; f,, was buffered at ~NNO. Isotopic
compositions of starting and quenched phases were obtained
by MC-ICP-MS. Time-series runs and the three-isotope
method were used to assess equilibrium

Our data indicate that rhyolite melt at 800°C is
isotopically lighter than co-existing fluid (A, fuiq ~ -0-20%0 +
0.07 1SD).Magnetite behaves as predicted (Apyigmagnedie ~
+0.75%0 +0.07 1SD at 800°C), becoming isotopically heavier
relative to both fluid and melt. An andesite-fluid experiment
(FMQ+0.5, 1000°C, 150 MPa) yielded an isotopically lighter
melt relative to the starting glass, consistent with the
coexisting fluid being isotopically heavier than andesite melt.
These data suggest that fluid exsolution from silica-rich melts
is not the cause for the increased **Fe/**Fe ratio in degassed
rhyolites. Interestingly, magmatic and hydrothermal magnetite
show distinct iron isotope signatures, suggesting that the iron
isotope values of minerals deposited by these processes may
serve as geochemical fingerprints of the source reservoir for
iron. Additional data from sulfide runs support the observation
that individual minerals can fractionate iron differently and
that pyrrhotite preferentially incorporates Fe into its structure
(A et pyrhotice ~ ~0.75%0 +0.01 SD at 800°C).

These data corroborate the hypotheses that both fluid
exsolution and crystal fractionation could influence the
isotopic composition of a melt, but perhaps not as predicted.
Owing to the importance of melt degassing as a critical
process for the formation of ore deposits, our data may also
help resolve debates regarding the origin of deposits that may
have formed by either magmatic or hydrothermal processes.

[1] Potraisson and Freydier (2005) Chem. Geol., 222, 132-
147, [2] Heimann et al. (2008) GCA, 72, 4379-4396
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Magmas going through Icelandic
crustal filter
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Eruption of large-volume basalts in large igneous
provinces and hotspots occurs throughout areas of preexisting
thick crust and crust overloaded by early eruptions from the
same plume. Iceland represents a good testing ground for
estimating the amounts of upper crustal contamination of
mantle-derived magma in long-lived propagating rifts -
magmatic  pipelines going through the isotopically
fingerprinted low-8"0 thick crust affected by rain and glacial
meltwaters. We report analyses of individual primitive
olivines across Iceland and demonstrate that the Icelandic
plume is not severely depleted in '*O neither contains higher
than mantle values (5.2-4.6%0 for Ol >Foy). We observe a
positive correlation of Fo and §'*O(olivine) down to Foos
suggesting  that crustal differentiation and assimilation is
responsible for low-8'0 evolved olivines and host basalts. We
report new data and interpretation of oxygen isotope diversity
in olivines from large volume rift basaltic eruptions and
investigate in detail olivine-basalt oxygen isotopic equilibria.
Up to 3%o variations of Fo,5 to Fog olivines suggest rapid
transformation of mantle-derived magmas in the magma
plumbing systems. Low- 80 values of large volume basalts
(e.g. Laki, Veidivotn), with MgO <5wt%, require that tens of
percent of a low-8'*0 mafic component was added to normal-
880 mantle derived basalt. Only limited 8'*0 whole rock
heterogeneity is present in large volume basalts suggesting
effective mixing and homogenization prior to eruption.
Diffusive reequilibraion of disequiibrium olivines and
plagioclase require hundreds of years, and their longest
residence is in the semi-frozen cumulates underneath
volcanoes. Rapid transport along a bifurcating network of
dikes and sills inside of the hyaloclastitic upper crust provide a
viable mechanism for crystal entrainment and basalt mixing
by forced convection. We provide a simple numerical model
of this process. We further discuss the effect of flowing basalt
in upper crustal lithologies leading to crustal melting and
generation of low- 8'%0 silicic melts with heterogeneous
crystal cargos.

Rhyolites-Hard to Produce, Easy to
Recycle: Isotopic diversity in zircons
as petrogenetic tool

I. BINDEMAN', A. SIMAKIN?, D. DREW' AND D. COLON!

! Dept Geological Sciences, University of Oregon, Eugene,
OR, 97403, USA;

(bindeman@uoregon.edu)
’Inst Physics of the Earth, RAS, Moscow, Russia

Rapid pace of discovery of oxygen isotope diversity in
zircons and other minerals in large volume ignimbrites
worldwide suggests that this phenomenon characterize many
silicic units studied so far by in situ methods. We report new
results from calderas in the Snake River Plain: Picabo, early
Bruneau, in addition to previously reported Yellowstone and
Heise), Kamchatka, and rhyolites from rifts of Iceland (Askja,
Hekla, Torfajokull). As low-8'®0 oxygen values fingerprint
petrogenesis to the upper crust, these observations lead to a
model of silicic magma by "double-recycling" of zircon-
saturated, silicic to intermediate rocks. Initial melts are
produced slowly in diverse batches and the isotopic signature
of zircons record their immediate environment of growth.
Next, magma batches with diverse zircons merge into larger-
volume magma bodies, which mix crystals together and erupt
quickly. Concave-up crystal size distributions of zircons and
quartz in studied voluminous ignimbrites can be explained by
just two episodes of reprecipitation.

Following the melting simulation of [1] we use visco-
plastic rheology for surrounding rocks to explain the
formation of magma batches generated side by side and
merging them together. We observe: 1) Fast convective
melting with low heat dissipation. 2) Efficient mixing on large
(kilometers) horizontal scales, due to the vigorous flow field
induced by compositional convective melting of silicic
predecessors by superheated rhyolites. Chaotic, meter-scale
vortexes of altering directions cause disintegration of the
liquid parcels to diminishing size. The marker method allows
us to track particle mixing (i.e., how zircons with diverse
isotopic values brought together). 3) Mechanical interaction of
the closely-spaced sills in hot visco-plastic upper crust with
low yield stress (<100 MPas) leads to mechanical failure (both
brittle and plastic) of separating screens leading to the
coalescence of sills into a single body. We suggest that
analogous processes of rapid two-stage segregation may
characterize granitic batholith, and large supervolcanic magma
bodies formed by remelting.

[1] Simakin A., Bindeman I., 2012, EPSL, 337-338, 224.
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Space-Time Kriging of Precipitation
Reconstructed at 12-km Grid
Intervals from Tree-Ring Records
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Understanding and preparing for future hydroclimatic
variability greatly benefits from long (i.e., multi-century)
records at seasonal to annual time steps that have been gridded
at km-scale spatial intervals over a geographic region. Kriging
is a geostatistical technique commonly used for optimal
interpolation of environmental data, and space-time
geostatistical models can improve kriging estimates when long
temporal sequences of observations exist at relatively few
points on the landscape. Here I present how a network of 22
tree-ring  chronologies from single-leaf pinyon (Pinus
monophylla) in the central Great Basin of North America was
used to extend hydroclimatic records both temporally and
spatially. First, the Line of Organic Correlation (LOC) method
was used to reconstruct October-May total precipitation
anomalies at each tree-ring site, as these ecotonal
environments at the lower forest border are typically moisture
limited. Individual site reconstructions were then combined
using a hierarchical model of spatio-temporal kriging that
produced annual anomaly maps on a 12x12 km grid during the
period in common among all chronologies (1650-1976).
Hydro-climatic episodes were numerically identified and
modeled using their duration, magnitude, and peak. Spatial
patterns were more variable during wet years than during dry
years, and the evolution of drought episodes over space and
time could be visualized and quantified. The most remarkable
episode in the entire reconstruction was the early 1900s
pluvial, followed by the late 1800s drought. The 1930s ‘Dust
Bowl’ drought was among the top ten hydroclimatic episodes
in the past few centuries. These results directly address the
needs of water and natural resource managers with respect to
planning for ‘worst case’ scenarios of drought duration and
magnitude at the watershed level.

The absolute Cr isotopic ratios of the
components of carbonaceous
chondrites

JL.BIRCK* aND C. GOPEL

IPGP, 75238 Paris, France
(*correspondance: birck@ipgp .fr), (gopel @ipgp .fr)

Non linear isotopic anomalies are common for Cr in
carbonaceous chondrites at the mineral scale where percent
level variations are common for *Cr [1,2]. When these
anomalies are small relative to the dispersion of mass
discrimination during TIMS measurements, the identity of the
anomalous isotope(s) is not unambiguous. For the stepwise
dissolution fraction of C1 and C2 carbonaceous chondrites
former experiments designate **Cr as the major varying
isotope and *Cr as varying only according to **Mn decay.
Nevertheless below about 10 € variations some effects can still
be present on the two normalizing isotopes **Cr and *’Cr. As
evaporation and condensation in the forming solar system is a
credible possibility, significant fractionation can also be
present between the components that constitute carbonaceous
chondrites. We address this issue in this presentation.

In Orgueil, Tagish Lake, Tafassasset and Paris, dissolution
fractions in which non-mass-dependent 3*Cr effects can spread
up to close to 2% [1-3] were investigated. A Neptune MC-
ICPMS was wused in the medium resolution mode
(M/AM~5000) to avoid interferences from Ar compounds in
the Cr mass range. *Cr/*’Cr ratios are measured within a 0.05
0 (permil deviation relative to NIST 979). Radiogenic
contributions on **Cr can be substracted using the TIMS data
obtained on the same Cr fractions.

3Cr/?Cr ratios in fractions from stepwise dissolution in
C1 and C2 chondrites [1-3] are identical to their respective
whole rocks within 0.1 8. This implies that despite large
differences in 3Cr the other three isotope: *°Cr, **Cr and **Cr
are initially in identical proportions in all the mineral fractions
investigated with the present procedure. At present,
carbonaceous chondrites seem to contain only only two
primordial Cr isotopic components: one with normal *Cr,
2Cr, Cr and a deficit in **Cr, and a second one which
consists of pure **Cr. Data on new, recently found
carbonaceous chondrites will also be presented [4].

[1] Rotaru M. et al. 1192. Nature 358 465-470. [2] Trinquier
et al. (2007) Astrophys. J. 655, 1179-1185. [3] Petitat M. et al.
2011. Astrophysical Journal 736 23-30. [4] Gopel et al (2013)
MinMag this volume.

DOI:10.1180/minmag.2013.077.5.2
WWW.MmIinersoc.org

https://doi.org/10.1180/50026461X00008550 Published online by Cambridge University Press


https://doi.org/10.1180/S0026461X00008550

708 Goldschmidt2013 Conference Abstracts

Protracted cooling from
Neoproterozoic metamorphic events
in the NW Highlands, Scotland
investigated using garnet Lu-Hf and
Sm-Nd geochronology
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The Moine Supergroup of the Northern Highland Terrane
in Scotland records several orogenic events. The earliest of
these is the Knoydartian (830-740 Ma). All previously
published evidence for this event comes from West Inverness-
shire. Lu-Hf and Sm-Nd garnet geochronology records much
more widespread Neoproterozoic metamorphism, with
evidence from Shetland to Mull. This data also shows that the
Morar Group has been affected by the Renlandian event of the
Valhalla Orogen. It also demonstrates that the younger limit of
Morar Group deposition is older than previously thought
(>950 Ma).

All of the samples all record a systematic difference
between the Lu-Hf and Sm-Nd ages, the Sm-Nd ages being
10-20% younger than the Lu-Hf ones. Garnet cores and rims
have been dated using Lu-Hf and Sm-Nd and the difference
between the cores and rims is the same for both isotopic
systems. This suggests that the difference between Sm-Nd and
Lu-Hf is due to the difference in closure temperatures. One
exception gives Lu-Hf and Sm-Nd ages which are within error
and could suggest that this sample records garnet growth in
both isotopic systems or relates to very fast cooling.

Iron Oxidation and Reverse Electron
Flow In a Photoferrotroph

BIRD, LINA !, NITSCHKE, WOLFGANG>
AND NEWMAN, DIANNE *!

! California Institute of Technology, Pasadena, Ca, USA
(linabird@caltech.edu)
(* correspondence: dkn@caltech.edu)

3CNRS Marseilles, France (nitschke@imm.cnrs.fr)

Biological iron oxidation is of interest to geobiologists as
an oxygen independent mechanism of ferric iron production.
Rhodopseudomonas palustris TIE-1 is a versatile purple
phototroph with the ability to grow using ferrous iron (Fe[II])
as the sole electron donor. Previous studies showed that the
pio operon, encoding an outer membrane porin, a decaheme
cytochrome, and a high potential iron protein (HiPIP), are vital
to Fe(Il) oxidation. This work further explores the iron
oxidation pathway through in vitro characterization of the
HiPIP and in vivo visualization of photosynthetic electron
transport with flash induced absorbance spectrometry. In vitro
studies showed that the HiPIP can donate electrons to the
reaction center at a rate much slower that that found in energy
generation. Our in vivo studies, however, show that antimycin
(a bc, complex inhibitor) blocks reduction of the quinone pool
by Fe(Il), indicating that electrons may reduce the quinone
pool of the cell through the bc, complex instead of through the
reaction center as previously thought. We have also found
that the quinone pool of R. palustris TIE-1 is reduced by
Fe(Il) over short time scales even in mutants lacking the pio
genes, although the precise rates of this reaction were not
determined. These results indicate that the mechanisms of
iron oxidation are more complex than originally thought, and
that the path electrons take from Fe(II) to carbon reduction is
similar to the pathway found in acidophillic Fe(II) oxidation.
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Crystallization kinetics of apatite
nanocrystals from amorphous
calcium phosphate in water by in situ
synchrotron powder diffraction
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Crystallization of minerals from amorphous precursor
phases is emerging as a major pathway for crystallization in
several systems but remains poorly understood. Here we use
in situ X-ray diffraction to study the crystallization kinetics of
nanocrystalline apatite from amorphous calcium phosphate in
water. We find a striking dependence of crystallization
behavior on whether K* or Na* is used as counter ion.

In situ X-ray diffraction experiments were performed with
~10 s time resolution [1, 2, 3]. The data were analyzed by
Rietveld refinement procedures determining the nanocrystal
size, the amount of crystalline material present, the lattice
constants, and the background [1, 2]. The amorphous
precursor phase was clearly observed in the first time points
[2] and was gradually replaced by the nanocrystal diffraction
pattern of the forming apatite phase.

The crystals were found to be formed as almost spherical
crystallites that soon after formation started growing
preferentially in the c-axis direction of the hexagonal apatite
crystals giving needle-shaped nanocrystals. This rapid
anisotropic growth was followed by an Ostwald ripening
stage, with slower crystallite size growth rates. During this
stage, growth was preferentially perpendicular to the c-axis
slightly lowering the shape anisotropy.

Using K* instead of Na* as counter ion resulted in drastic
changes in growth kinetics. Sodium allows the incorporation
of dissolved carbonate into the forming apatite while
potassium does not. This difference led to more rapid
crystallization for sodium as a counter ion and resulted in
crystallites with different sizes and size anisotropies.

The present work provides detailed insights into how
anisotropic crystal morphologies develop and shows that
seemingly innocent changes in environment, such as choice of
counter ions may have profound impacts on crystallization
behavior.

[1] Ibsen & Birkedal (2010) Nanoscale 2, 2478-2486. [2]
Ibsen & Birkedal (2012) J. Appl. Cryst. 45, 976-981. [3]
Jensen et al. (2010) Chem. Mater. 22, 6044-6055.

Origin of porphyries related to Cu-
Mo mineralization, California-Vetas
district, Colombia
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'Mineral Deposit Research Unit, University of BC,
Vancouver, Canada.
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2Universidad Industrial de Santander, Bucaramanga,
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Porphyry Mo- Cu mineralization in the California-Vetas
district, Eastern Cordillera, Colombia is coeval with 10.9 - 8.4
Ma granodiorite porphyry stocks and overprinted by
epithermal Au-Ag mineralization. Mineralization is hosted by
Grenvillian-aged paragneisses (Bucaramanga Gneiss) and Late
Triassic to Early Jurassic peraluminous granites with > 70%
SiO, and metaluminous diorites with SiO, 54.9 - 60.4 wt%.
Late Miocene rocks are weakly peraluminous granodiorite
porphyries with SiO, 61- 67%, sharing some characteristics
with adakite-like rocks widely associated with porphyry
mineralization elsewhere in the Andes. Although Miocene
rocks do not have low Y (<15 ppm) or depleted HREE, they
have high Ba (930-1500 ppm), high Ba/La (28 to 50), high Sr
(850 to 1100 ppm), high Sr/Y (50-78) only minor Eu
anomalies and depleted MREE compared to the Mesozoic
granites (400-700 ppm Ba; Ba/La 14-25; 80-150 ppm Sr; St/Y
2.5-14), and diorites (900 -1200 ppm Ba; Ba/La 20-32; 610-
750 ppm Sr; Sr/Y 22-25). Their initial ¥Sr/**Sr ratios of
0.7052-0.7066 are significantly less radiogenic than those of
the Mesozoic diorites (0.70712-0.7072), granites (0.7094-
0.710) and the paragneiss (0.7144-0.7332, @ 199 Ma).
Miocene granodiorite porphyries represent water-rich
subduction related melts. Their initial %'Sr/*Sr is less
radiogenic than Neogene Caribbean sediments, precluding a
sedimentary source for the high Sr and Ba. Instead, a fluid
source from serpentinized lithospheric mantle, fluxing the
overlying subducted oceanic crust and mantle wedge is
suggested. The geochemical signal may have been enhanced
by the overlapping subducting Nazca and proto-Caribbean
slabs at depth.
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Estimating the role of competing ions
on the arsenic mobilization processes
in the aquifers of Bengal basin by
surface complexation modeling
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This study investigates the relative roles of the different
competing ions on the arsenic (As) mobilization in the
sedimentary aquifers of Bengal basin by surface complexation
modeling of the temporal varaibility of As in shallow (<50 m)
groundwater. Two sets of piezometers (2 x 5 = 10), installed
at the two sites with relatively contrasting dissolved As
concentration in groundwater, were monitored bi-weekly for
As and other hydrogeochemical parameters over a period of
20 months. The estimation of the standard deviation (SD) for
As(III) reflects strong temporal variation (SD =10 pg/L) in all
the piezometers of two sites over the monitoring period.
Particularly, the variation is more prominent in the shallowest
part of the aquifer, where the site specific cyclic trends are
evident. While, As(V) shows significant temporal variation in
the piezometers of high As site only and no specific trend is
reflected in the variation.

Two different surface complexation models (SCMs),
developed for ferrihydrite and goethite have been explored to
account for the observed temporal variation in As(III) and
As(V) concentrations. The SCM for ferrihydrite has provided
the better estimation for both As(III) and As(V) variations.
Among the different competing ions, PO, appears as the
major competitor of As(IIl) and As(V) adsorption onto
ferrihydrite and the competition ability decreases in the order
PO,* >> Fe(Il) > H,Si0, = HCO;". It is further revealed that a
small decrease in pH significantly increases the concentration
of As(IIl) and decreases the As(V) concentration and vice
versa. The present study suggests that the reductive dissolution
of Fe oxyhydroxides alone cannot explain the observed high
As concentration in groundwater of the sedimentary aquifers.
Perhaps, the reductive dissolution of Fe oxyhydroxides
followed by competitive sorption reactions with the aquifer
sediment is the processes conducive for As enrichment in the
groundwater of Bengal basin.

Neoproterozoic late to post-

collisional, quartz-bearing

ultrapotassic syenites from
southernmost Brazil
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2 Instituto de Geociéncias, Universidade de Sdo Paulo, Rua do
Lago, 562, Sao Paulo, 05508-080, SP, Brazil.
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Continental collision is registered in southernmost Brazil
at ca. 650 Ma by tectonic interleaving of paragneisses and
orthogneisses of different ages under granulite facies
metamorphic conditions. Megacrystic and fine-grained
syenites are intrusive subparallel to the main gneissic banding
and have locally undergone subsolidus deformation at around
700 °C. The syenites contain slighly perthitic K-feldspar and
variable proportions of pyroxene, amphibole and red biotite,
with small amounts of plagioclase and quartz. Their
crystallization age is 642 + 10 Ma (U-Pb zircon LA-MC-ICP-
MS), determined in least deformed variety. Their main
geochemical features (SiO, 58-62 wt%) are high HFSE, REE,
Rb, Sr, and Ba contents, as well as K,0/Na,O ratios (4-10),
typical of ultrapotassic rocks. The trace-element patterns
suggest that they are derived from OIB-type sources. Their
initial ¥’Sr/**Sr ratios vary from 0.719 to 0.729, and
3Nd/"**Nd ratios from 0.5116 to 0.5118. Similar values for
both isotope ratios have been reported for post-collisional
ultrapotassic magmatism in southwest Tibet. Melting of
phlogopitic, Rb-enriched mantle sources may account for the
extremely high Sr; values found in the studied syenites. The
ultrapotassic character, trace-element and isotope patterns are
consistent with sources previously affected by subduction, and
are therefore compatible with structural data indicative of
post-collisional setting.
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The Lu-Hf BSE parameters and the
early Earth zircon record
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The long-lived '"Lu-to-'"Hf decay system is a powerful
tool to understand ancient chemical fractionation events
associated with planetary differentiation. Intrinsic to
application of such isotopic tracers to study the early Earth is
knowledge of chondritic reference values for the Lu-Hf
system (bulk silicate Earth, BSE) and the precise value of the
decay constant for the parent '"°Lu isotope. Using a BSE
estimate based on chondrite meteorites [1], detrital Hadean
zircons (>3.8 Gyr) from the Jack Hills metasedimentary belt
record extremely enriched Hf-isotope signals suggesting early
extraction of a continental crust (>4.5 Gyr) but fail to identify
a prevalent complementary depleted mantle reservoir.
However, this conclusion assumes that the present-day Hf-
isotope composition of bulk chondrite meteorites can be used
to estimate the composition of BSE. Recent internal "*Lu-
'7°Hf systematics of the pristine 4564.58+0.14 Myr SAH99555
angrite [2] define a Lu-Hf age that is ~300 Myr older than the
age of the solar system [3]. This confirms the existence of an
energetic process yielding excess 'Hf in affected early
formed solar system objects through the production of the
SLu isomer (t,,=3.9 hours). This conclusion is now
supported by new '"*Lu-'"Hf data of eucrite meteorites [4].
This implies that chondrite meteorites contain excess '"°Hf
(~5¢-unit) and their present-day composition may not be used
to infer the Lu-Hf parameters of BSE. Using a revised BSE
estimate based on the SAH99555 isochron, we note that
Earth’s oldest zircons preserve a record of coexisting enriched
and depleted hafnium reservoirs as early as 4.3 Gyr in Earth’s
history, with little evidence for the existence of continental
crust prior to 4.4 Gyr. This contrasting interpretation of the
early zircon record requires reassesing the validity of using
chondrites to define the Lu-Hf BSE parameters. To better
understand the extent of '*Hf excesses in meteorites and the
solar system’s initial 7*Hf/'”’Hf value, we initiated a '"Lu-
Hf study of additional quenched angrites via the internal
isochron approach, including D’Orbigny, NWA 1670 and
NWA 7203. Our new U-corrected Pb-Pb dates for these
meteorites indicate coeval formation of NWA 7203,
SAH99555 and D’Orbigny. NWA 1670 crystallized ~1 Myr
earlier and, thus, is the oldest known angrite.

[1] Bouvier er al. (2008) EPSL 273, 48 [2] Connelly et al.
(2008) GCA 72, 4813 [3] Bizzarro et al. (2012) G-cubed 13,
Q03002 [4] Righter et al. LPSC 44,2745

Sulfur isotopic evidence for sources of
volatiles in Siberian Traps magmas

BENJAMIN A. BLACK'*, ERIK H. HAURP,
STEPHANIE M. BROWN! AND LINDA T. ELKINS-TANTON?

'MIT EAPS, Cambridge, MA USA, bablack@mit.edu
(* presenting author)
*Carnegie Institution of Washington, Washington, DC, USA

We present new measurements of &**S in melt inclusions
from the Siberian Traps. The Siberian Traps flood basalts
transferred a large mass of volatiles from the Earth’s mantle
and crust to the atmosphere [1]. The eruption of the large
igneous province temporally overlapped with the end-Permian
mass extinction, and also generated ore deposits of major
economic importance. Constraints on the sources of Siberian
Traps sulfur and other volatiles are critical for determining the
overall volatile budget, the role of assimilation of crustal
materials, and genesis of Noril’sk massive sulfide deposits.
Sulfur isotopic ratios vary among mantle and crustal materials,
with characteristic mantle 8*S values around 0+2 %o with
respect to Vienna Cafion Diablo Troilite (VCDT), and crustal
&*S values between -50 %o and +40 %o. In conjunction with
previously published whole rock measurements from Noril’sk
[2], our sulfur isotopic data suggest that crustal assimilation
was widespread and heterogeneous—though not universal—
during the emplacement of the Siberian Traps. Evidence for
open-system degassing implies that episodes of explosive
volcanism may have been phreatomagmatic. Carbon
concentrations constrain minimum entrapment depths of melt
inclusions to shallow crustal depths. Magmas likely interacted
with sedimentary materials depleted in **S such as shale or
coal, in addition to evaporites enriched in *S. These crustal
materials may have increased the total volatile budget of the
large igneous province, thereby contributing to Permian-
Triassic environmental deterioration.

[1] Black et al. (2012) EPSL 317-318: 363-373. [2] Ripley et
al. (2003) GCA 67: 2805-2817.
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Chlorite dissolution experiments
under CQO, saturated conditions

JAY R.BLACK'?2 AND RALF R. HAESE!?

'Cooperative Research Centre for Greenhouse Gas
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’Geoscience Australia, GPO Box 378, Canberra, ACT 2601,
Australia (jay.black@ga.gov)

*The University of Melbourne, VIC 3010, Australia
(ralf .haese@unimelb.edu.au)

The injection and long-term storage of supercritical CO,
(scCO,) into geological reservoirs is seen as an important
option to mitigate rising levels of atmospheric CO,. Predicting
what changes take place to geochemical and petrophysical
properties of a reservoir once CO, has been injected requires
an understanding of how mineral dissolution and precipitation
proceed. The dissolution of CO, in groundwaters in contact
with an scCO, plume leads to a decrease in the pH of pore
fluids, driving the system far from equilibrium and
accelerating the dissolution of minerals in the reservoir.
Experiments exposing a siltstone to CO, saturated fluids have
shown that the dissolution of carbonates and clays, including
chlorite, lead to increased porosity and permeability in a
sample of a siltstone caprock [1].

The dissolution kinetics of chlorite have been extensively
studied [2], but not under CO, saturated conditions. Here we
present the results of batch reactor experiments on a
clinochlore chlorite (CCa-2, The Clay Minerals Society);
testing the potential effects of pH, chloride and bicarbonate
concentration, temperature and pressure (pCO,) on the
dissolution rate of the mineral. The dissolution rates observed
are of a comparable magnitude (c. -12 log mol m? sec” at
50°C) to previous studies, but the proton promoted dissolution
normally observed is not as prominent. The results suggest
that dissolved bicarbonate affects the dissolution mechanism
and new rate laws are presented accounting for the effect of
[HCO;5]. An apparent activation energy for the dissolution
process of 19 kJ mol' is calculated assuming a simple
empirical rate law with an Arhhenius form. This result is much
lower than the activation energy of 88 kJ mol’ previously
reported under acidic conditions [3], and often used in
geochemical models under all pH regimes. However, it is
consistent with the results of a recent study using flow-through
techniques [4].

[1] Armitage et al. (2013) Nature Geosci. 6, 79-80. [2]
Lowson et al. (2007) Geochim. Cosmochim. Acta, 71, 1431-
1447. [3] Ross, G.J. (1967) Can. J. Chem. 45, 3031-3034. [4]
Smith et al. (in press) Chem Geo.

U-Pb thermochronology and the
thermal history of planetary crusts

TERRENCE BLACKBURN!

'Carnegie Instituion for Science

U-Pb accessory phase thermochronology (minerals:
apatite, titanite and rutile) allows estimates of cooling rates of
rocks as they pass through moderate temperatures (400-800
°C). Despite a growing number of datasets employing these
techniques, these data--like all thermochronologic data-- are
highly non-unique and can often be interpreted as the result of
any number of geologic scenarios. This problem of non-
uniqueness can largely be resolved by exploiting the U-Pb
system’s dual decay scheme, where two parent isotopes, U
and *U, decay to daughter isotopes **Pb and **’Pb
respectively. The difference in decay rates between parent
isotopes imposes a time-variant parent and instantaneous
daughter isotopic composition for any point in Earth’s history.
This new thermochronologic methodology works to capture
this isotopic evolution using the variation in the time of Pb
retention between both: 1) samples of different crustal depths,
where variations in the timescale of cooling result from the
thermal gradient within a conductively cooling crust, and; 2)
crystals of different size, where volume diffusion behavior, in
particular for slowly cooled systems, result in larger crystals
retaining lead at higher temperatures and over a longer and
older timescales in comparison to smaller crystals, which
retain lead at lower temperatures and at younger times. The
differences in U/Pb and *"Pb/**Pb among samples from
different depths, and within each sample—between grains of
different size — can be used to reconstruct the long-term
thermal histories within planetary crusts. By moving beyond
assigning nominal closure temperatures to dated minerals one
can avoid the cooling rate uncertainties that propagate from
experimental diffusion kinetics. The sensitivity to cooling rate
lies in the topology of U-Pb data and has been demonstrated
using forward modelling to be highly insensitive to diffusion
kinetics. I’ll work to demonstrate how this methodology can
be employed to reconstruct the thermal histories of: 1) the
continental lithosphere through reconstruction of thermal
histories of lower crustal xenoliths, and; 2) the chondrite
parent bodies, through reconstruction of chondrite meteorite
thermal histories. In each example, I’ll focus on interpreting
thermochronologic data with the aid of thermal models in
order to elucidate the relative roles of heat conduction,
production and advection (erosion/burial) and in doing so
provide constraints on the timing and processes controlling
continent stabilization and the assembly of planetesimals.
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The reactivity of microbially-reduced
goethite: assessing the potential of a
naturally-occurring waste material

for mine drainage remediation
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’Institute of Biological, Environmental and Rural Sciences,
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*School of Biological Sciences, Bangor University, UK

“British Geological Survey, Keyworth, UK

Naturally occurring iron (Fe) oxides are ubiquitous in
nature, particularly at abandoned mine sites where extraction
processes have resulted in the oxidation of Fe-bearing
sulphide minerals. Goethite, an Fe(IIl) oxide, is stable over a
wide range of Eh and pH conditions and is present at several
coal mine drainage treatment systems in the South Wales
Coalfield, UK.

Microbial investigations at the Ynysarwed mine in the
Coalfield revealed the presence of bacteria closely related to
known Fe(Ill)-reducing species within the goethite deposit.
Microcosm experiments designed to investigate the activity of
these naturally-occurring bacteria were prepared using sodium
acetate as the electron donor and the naturally occurring
goethite as the electron acceptor.

After 100 days the solid phase Fe(Il) content was
determined and the results show an increase from ~1.5%
Fe(I) in the starting material to ~9% in the microbially-
reduced material. No increase in Fe(Il) was observed in the
kill or live controls. Dilute acid extractions (0.1M HCI) of the
material, designed to solubilise Fe(II) weakly bound to the
goethite crystal surface, recovered 97-99% of the total Fe(II).

The ability of Fe(Il) bound to the surface of goethite to
reduce potentially harmful elements has been shown in several
studies. The reactivity of microbially-reduced natural goethite
and its ability to remove problematic elements, such as zinc
(Zn), from natural mine waters through addition of the slurried
reduced material (5g L' dry weight) was investigated. The
results show a 5-fold increase in Zn removal from a circum-
neutral mine water when compared to natural goethite. These
data show the potential of naturally-occurring mine waste for
the remediation of contaminated mine waters.

The Fate of Small Active Margin
River POC in the Marine
Environment

NEAL BLAIR'*, CATHERINE GINNANE?,
LAUREL CHILDRESS' AND LONNIE LEITHOLD®

'Earth & Planetary Sciences, Northwestern University,
Evanston, IL 60208, USA (*correspondence n-
blair@northwestern.edu)

2GNS, PO Box 30-368, Lower Hutt 5040 New Zealand,
(c.ginnane@gns.cri.nz)

*Marine, Earth & Atmospheric Sciences, North Carolina State
University, Raleigh, NC 27695-8208, USA
(leithold@ncsu.edu)

Small active margin rivers export a mixture of particulate
organic carbon (POC) pools derived from contemporary
primary production, aged soils and uplifted sedimentary rocks.
These pools are expected to exhibit a wide range of
reactivities in the marine environment because of their vastly
different ages and diagenetic histories. The stable carbon and
radiocarbon isotopic compositions of sedimentary POC and
pore water dissolved inorganic carbon (DIC) from the Waiapu
River shelf, New Zealand were measured to determine the fate
of the exported riverine POC. The Waiapu River exports
material that is dominated by fossil C derived from the rapidly
eroding Cretacceous to Paleocene mudstones (riverine POC
Foa ~0.3). Shelf sediments incorporate both riverine and
marine POC as indicated by an enrichment in *C and
accumulation of '*C-rich material (F,,, ~ 1).

Porewater DIC carbon isotope compositions are controlled
primarily by the addition of remineralized organic carbon to a
seawater background. In the case of the Waiapu shelf, DIC
&C values indicate preferential oxidation of terrestrial OC
nearshore (~60 meters water depth) with a transition to more
marine C-supported remineralization further offshore (80-130
m water depth). In all cases, the remineralized C is modern in
age, thus no appreciable oxidation of fossil C or aged soil C is
evident.

Oxidation of the modern terrestrial OC is far from
complete based on POC isotopic data from both the Waiapu
and the adjacent Waipaoa system. The terrestrial OC is well
preserved in areas of fine-grained sediment accumulation as a
result of rapid and episodic deposition. On balance, we argue
that small active margin river continental margins have the
potential to be efficient carbon sinks regardless of POC age.
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Expanding potential source area
studies of dust in East Antarctica by
integrating trace element chemistry

and radiogenic isotopes
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(*correspondance: mollybla@umich.edu)
2University of Milan-Bicocca, Milan, Italy
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By studying dust records preserved in Antarctic ice cores,
we can evaluate variability in dust source areas over geologic
timescales. For instance, it has been determined that during the
Last Glacial Maximum (LGM), South America was the
dominant dust source for the entire East Antarctic Plateau
[1,2], whereas ice core analyses from the Talos Dome reveal
that the fraction of large particles deposited during the
Holocene was significantly greater than during the LGM,
indicating contribution from proximal, Antarctic sources.
These findings differ from cores drilled further inland on the
East Antarctic Ice Sheet (EAIS), such as the Dome C core
[1,34].

Here we provide new results of trace Rare Earth Element
(REE) chemistry and Sr-Nd, Hf signatures of <Sym diameter
and bulk samples from 19 potential source areas (PSAs) in
northern and southern Victoria Land (NVL and SVL),
including from the ice-free McMurdo Dry Valleys (MDV).
Because records from the Talos Dome currently suggest that
ice-free areas such as the MDV may be important sources for
local, wind-driven dust transport on the EAIS after the LGM,
we expect to observe similar trends when comparing our PSA
samples from SVL to Holocene dust profiles from the Taylor
Dome core, and likewise from NVL to Holocene profiles in
the Talos core. ¥Sr/%Sr and €y, compositions from our PSAs
are similar to existing PSA records from Antarctica.

At present, Sr and Nd isotopic systems are commonly used
to identify dust provenance in Antarctic ice cores [1],
however, such studies have yet to be complimented with Hf
signatures and REE chemistry. Thus, forthcoming results from
this study may be especially useful for distinguishing dust flux
evolution during the last deglaciation.

[1] Delmonte et al. (2010) Journal of Quarternary Science 25,
1327-1337. [2] Gaeiro et al. (2007) Chemical Geology 238,
107-120. [3] Delmonte et al. (2002) Annals of Glaciology 35,
306-312. [4] Kohfeld and Tegen (2007) Treatise on
Geochemistry, 1-26.

Modelling the migration of mercury
in a column experiment: biotic
against abiotic mechanisms

P.BLANC'*, A. BURNOL!, J. HARRIS-HELLAL!
AND V. LAPERCHE!

'BRGM, BP36009, 45060, Orléans, France
(*correspondance : p.blanc@brgm .fr)

Apart from the behavior of mercury in terrestrial surface
aquatic environnement, few data are still available concerning
its migration in subsurface and deep aquifers. A column
experiment had been design in order to reproduce the Hg
methylation by sulphate and iron reducing bacteria. Based on
the experimental results, a modelling exercise had been carried
out to enlighten the chain of reactions responsible for
methylmercury formation in such an environnement.

The numerical modelling is realised by using the PhreeqC-
2 code [1] and the Thermoddem database [2]. The
hydraudynamics of the column is first parameterized by
modeling a tracer test, allowing to realistically adjust a double
porosity model. Then, the inorganic part of the model imputs
include the solid substrates used (silicic sand + iron
hydroxydes previously spiked with a mercury nitrate solution)
and the inflowing solution. In the latter cases, this includes the
chemical perturbations induced by three successive bacterial
innoculation events. The organic part of the model strats from
the innoculum preparation and takes into account the nature of
the bacterial load (sulphate and iron reducing) and the addition
of an organic substrate (Na-Lactate).

For the parameters pH, Eh, [S];, [Fe]; and [Hg]; , a
satisfactory agreement is found by considering only the
inorganic part of the chemical system. The total dissolved
mercury concentration is slighlty improved by adding a non
electrostic Hg surface complexation model. Methyl mercury is
also produced. However, its amount in the analysed samples is
shown to depend strongly on the presence of potential methyl
donnors in the inflowing solution.

[1] Parkhurst and Appelo (1999) USGS WRIR 99-4259, [2]
Blanc et al. (2012) Appl. Geochem. 27,2107-2116.
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Computational science in nuclear
waste management: ab initio
investigation of f-elements bearing
Monazite.
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A safe disposal of nuclear waste is of great importance not
only for the nuclear engineering but also for the general safety
of society. One of the challenges in nuclear waste storage is to
find suitable materials that are able to immobilize minor
actinides such as Np, Am and Cm. The monazite-type
orthophosphates are known to be able to incorporate actinides
into their structure and preserve their crystalline character.
Because of its resistance to radiation damage and chemical
durability monazite is a promising host matrix [1]. In our
institute we perform systematic experimental and
computational studies of monazite ceramics that aim into in-
depth understanding of the properties of these materials and
their behavior upon incorporation of actinides. In our research
we extensively use first-principles calculations to complement
the experimental effort. Combination of both approaches
allows us to learn how to reliably compute “tricky” 4f and 5f
materials using modern methods of computational quantum
chemistry.

In this contribution we present a systematic first-principles
studies of the structural, thermodynamic, electronic and
vibrational properties of Monazite-type LnPO, ceramics
(where Ln=La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy). The
calculations were performed using Density Functional Theory
(DFT) with different variations of the generalized gradient
approximation as well as with the DFT+U approach to correct
for the strong on-site Coulomb repulsion. We calculated the
structural parameters, vibrational frequencies, and the
enthalpies of formation as well as the excess enthalpies of
solid solutions of these compounds. Our results are confronted
with a variety of experimental data (structural data [2,3], solid
formation and solution enthalpies [3.4], IR and Raman
spectroscopies [3,5]) and previous DFT calculations [3]. We
will show that such a comparison allows for a proper
assessment of the computational methods, and a better
constraint of Hubbard U parameter for DFT+U method.

[1] H. Schlenz, J. Heuser, A. Neumann et al. (2013) in press
[2] H. Schlenz and J. Heuser (2013) in press [3] J. R. Rustad
(2012) American Mineralogist 97, 791 [4] K. Popa, R.
Konings, and T. Geisler (2007) J. Chem. Thermodynamics 39,
236 [5] K. Ruschel et al. (2012) Miner. Petrol 105, 41.

First-principles investigation of
equilibrium iron isotope fractionation
in oxide and sulfide minerals
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The equilibrium isotope fractionation factor between two
phases, which is a key parameter for the interpretation of
isotopic variations among natural samples, can be determined
from their reduced partition function ratios, also called S-
factors. In most cases, S-factors cannot be measured directly
but they can be calculated from vibrational properties
following various approaches. For solids with Mdossbauer-
sensitive elements like Fe, the B-factor can be determined
either from Maossbauer spectroscopy by measuring the
temperature dependence of the isomer shift [1], or from
nuclear resonant inelastic X-ray scattering spectra (NRIXS) by
measuring the partial density of states of the resonant atom or
by using the moments of the raw NRIXS spectrum [2,3]. An
alternative approach consists in determining the theoretical
vibrational density of states of the solid using first-principles
calculations [4].

In this presentation, the Fe [(-factors of oxide and sulfide
minerals (mainly hematite, goethite and pyrite) computed
using first-principles methods based on density functional
theory with or without the addition of a Hubbard U correction
(DFT and DFT+U) will be compared with the available
Mossbauer- and NRIXS-derived data. While all three methods
must give consistent results, discrepancies are observed in
some cases. The possible sources of discrepancy will be
discussed.

[1] Polyakov (1997) GCA 61, 4213-4217. [2] Polyakov et al.
(2005) GCA 69, 5531-5536. [3] Dauphas et al. (2012) GCA
94,254-275. [4] Blanchard et al. (2009) GCA 73, 6565-6578.
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Cosmogenic *He and '’Be production
rates at high elevation (> 3800 m)
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Aix-en-Provence, France

Recent cross-calibrations of cosmogenic *He in pyroxene
and '“Be in quartz [1] showed that, at low elevation (< 2000
m), the *He/'°Be production ratio was probably ~40% higher
than the value of ~23 initially defined in the 90's. This recent
update is consistent with the last independent determinations
of the sea level high latitude production rates of '’Be and *He,
that are about 4 and 125 at.g’.yr’, respectively [e.g. 2, 3].
However, major questions remain about these production rates
at high elevation, notably because the elevation dependence of
the *He/'"Be production ratio is controversial [4]. It is thus
crucial to produce new high precision cross-calibration data at
high elevation.

Here we report new precise measurements of °He in
pyroxenes and '“Be in quartz, from dacitic moraines located at
4820 m in the Southern Altiplano (22°S, Tropical Andes). The
obtained *He/'"Be production ratio is 33.3+0.9 (1o). This
value is statistically undistinguishable from the production
ratio measured at 1333 m [1], which reveals that the *He/'°Be
production ratio in pyroxene and quartz is almost invariant
with elevation. When combined with the absolute *He
production rate locally calibrated in the Central Altiplano, at
3800 m, from a 15.3+0.5 ka old surface, these new data permit
to define the absolute production rate of cosmogenic '"Be at
high elevation. After scaling to sea level and high latitude, this
calibration yields a sea level high latitude P,, ranging from
3.7+0.2 to 4.120.2 at.g”.yr', depending on the used scaling
scheme.

This new refinement of the cosmogenic dating tool will
significantly improve both the accuracy and the precision of
paleoglaciers chronologies in the Tropical Andes.

[1] Amidon et al. (2009) Earth Planet. Sci. Lett. 280, 194-204.
[2] Putnam et al. (2010) Quat. Geochron. 5, 392-409.
[3] Blard et al. (2006) Earth Planet. Sci. Lett. 247, 222-234.
[4] Gayer et al. (2004) Earth Planet. Sci. Lett. 229, 91-104.

Calcium isotopes in evaporites
constrain sulfate- vs calcite-rich
seawater chemistry

C.L. BLATTLER* AND J.M. HIGGINS

Department of Geosciences, Princeton University, Guyot Hall,
Princeton, NJ 08544, U.S.A.
(*correspondence: blattler@princeton.edu)

The calcium-isotope behavior of evaporite formations is
proposed as a new method for constraining the composition of
ancient seawater. Evaporite cycles that reach the halite facies
are expected to record a different range of calcium-isotope
values depending on the initial major-element chemistry of
seawater. In the modern ocean, where sulfate is far in excess
of calcium (28 mmol/kg SO,* compared to 10 mmol/kg Ca*),
approximately 90% of the initial calcium is removed as
carbonate or sulfate minerals by the time halite saturation is
attained. In contrast, an excess of calcium relative to sulfate,
as suggested for intervals such as the Cretaceous and the
Silurian [1], leads to significant depletion of sulfate, but a
much smaller proportion of calcium removed at the point of
halite saturation. Isotopic fractionations associated with the
precipitation of carbonates, gypsum, and anhydrite lead to
Rayleigh distillation of calcium within an evaporite basin,
where precipitates from more concentrated brines become
enriched in the heavy isotopes of calcium, dependent on the
total amount of calcium removed. The range in calcium-
isotope ratios obtained by sampling different stages of the
carbonate—sulfate evaporite facies is therefore diagnostic of
initial sulfate- or calcium-rich seawater.

In beaker evaporation experiments, the *“*Ca value of
modern sulfate-rich seawater becomes enriched by 1.2%o from
its initial composition to the beginning of halite precipitation,
whereas the 6***Ca of a calcium-rich and sulfate-poor
solution evolves by <0.2%. The &¥*Ca values of
accompanying  precipitates  demonstrate  the  same
characteristics, but are offset from the fluid by 0.5-0.7%o.
Analyses of geological evaporites from various Phanerozoic
periods show how this behavior translates to natural samples
as well. This new method provides an independent test for
variations in the major-element chemistry of paleoseawater.

[1] Lowenstein et al. (2001), Science 294, 1086—1088.
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The study of the ferruterous mineral
water in Kareliya by isotopic and
chemical tracers.

BLAZHENNIKOVA I.V.!, AVRAMENKO [.A.2
AND TOKAREV L.V 2

! blazhennikova@mail .ru
?i.a.avramenko@gmail.com
? tokarevigor@gmail.com

From 1979 to 2012 the ferruterous mineral water in
Karelia (northwest of Russia) was studied by monitoring the
isotope and chemical tracers.

In 1979-1980 stable isotopes (*H, '®0) had fractionated
composition (on the plot §°H vs. §'%0 the points shifted right
from the meteoric line), which was caused by cryogenic
metamorphism at partial freezing of water in the last glacial
period. The composition of stable isotopes has strongly
changed for the last 25 years (the points fit on the global
meteoric line now). Other isotope tracers (6"°C, *He, “He,
®Ne, #*U/**U, *H) also have changed and become closer to
the recharge water. So the isotope data show that the water of
the studied area in 1979-1980 was formed by mixing “old”
and “young” components. But now we observe the rapid
penetration of the atmospheric precipitation and gradually
disappearance of the "old" component.

Though the seasonal variations are detected, the average
chemical composition of the mineral water (major components
and microelements) has not changed for the last decades in
contrast to the isotope tracers. Probably the relative constancy
of the chemical composition indicates that iron accumulation
in the water is due to melanterite (Fe[SO,]-7H,0) dissolution.
Melanterite has formed from pyrite during the last glaciations
and filled cracks and pores. The reserves of this mineral are
not known and because of the rapid changes in the isotopic
characteristics we can talk about the over-exploitation of the
mineral water deposit. Data suggests the need for strict
sanitary control of water quality.

Selenium distribution linked to
monsoon climate in the Chinese Loess
Plateau

TiM BLAZINA'*YOUBIN SUN?> MICHAEL BERG!
LENNY H.E. WINKEL !

' Eawag: Swiss Federal Institute of Aquatic Science and
Technology, 8600 Duebendorf, Switzerland
(*correspondence: tim.blazina@eawag.ch)
michael.berg@eawag.ch, lenny.winkel@eawag.ch

2 Institute of Earth Environment, Chinese Academy of
Sciences, 710075 Xi’an, China, sunyb@ieecas.cn

? Swiss Federal Institute of Technology (ETH) Zurich, 8092
Zurich, Switzerland, lwinkel @ethz.ch

Selenium (Se) is a vital trace element for human health
with a narrow range between deficiency and toxicity. Diets
deficient in Se have been linked with various diseases, while
those with an excess can lead to toxicity. Predicting where Se
deficiency/toxicity occurs is challenging due to the
heterogeneous terrestrial distribution of Se and limited
knowledge on what controls this heterogeneity. It has been
proposed that the largest natural flux of Se to the terrestrial
environment is via wet deposition from the atmosphere.

Our research uses the loess-paleosol and red clay deposits
on the Chinese Loess Plateau (CLP), the largest area of
windblown sediments on Earth and one of the best available
records of climate change, to elucidate how atmospheric
deposition of Se relates to its terrestrial distribution. We
present a 6.8Ma record of variation in the Se concentration in
the Lingtai section from Central CLP. In interglacial climatic
periods from 2.31-1.56Ma and 1.6-1.3Ma, we find very strong
positive correlations (R>=0.97 and 0.85 respectively) between
Se concentration and summer monsoon index, a proxy for
effective precipitation. In later interglacial periods from 1.26-
0.83Ma and 0.78-0.16Ma, the strong positive correlation with
precipitation is absent or there is a negative correlation
(R?=0.21 and 0.50, respectively) and we find dust input plays
a greater role. As both precipitation and dust inputs are
determined by the strength of the East Asian Monsoon, we are
able to show that Se deposition in the CLP (at the Lingtai
section), is directly related to past changes in the monsoon
climate system.
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Methanotrophic bacteria drive
seasonal anoxia and the formation of
a benthic nepheloid layer in a deep
alpine lake

J.BLEES', H. NIEMANN', C.B. WENK!', J. ZOPFI',
M. VERONESI?, C. J. SCHUBERT> AND M.F. LEHMANN !

'Department of Environmental Sciences, University of Basel,
Basel Switzerland; moritz.lehmann@unibas.ch

2 Institute of Earth Sciences, University of Applied Sciences of
Southern Switzerland, Canobbio-Lugano, Switzerland

? Swiss Federal Institute of Aquatic Science and Technology
(EAWAG), Kastanienbaum, Switzerland

We investigated the composition and formation
mechanisms of a seasonal benthic nepheloid layer (BNL), a
layer of high suspended particle concentration, in the
monomictic southern basin of Lake Lugano. During stratified
water column conditions, lasting from early summer until
winter mixing in January/February, the BNL developed from
the sediment-water interface and expanded 20-30 m into the
water column, in tandem with the rising redox transition zone.
Methanotroph-derived fatty acids (Cjq.,,s.5), With 8"°C values
as low as -90%o, dominated the fatty acid pool within the
BNL. Based on C-isotope data, we calculated that up to 98%
of the lipid carbon is methane-derived, suggesting that the
BNL is primarily composed of aerobic methane oxidising
bacteria. The lipid composition indicates that the
methanotrophic community in the BNL in Lake Lugano is
dominated by Type I methanotrophic bacteria. Total cell
numbers ranged between 0.9 and 3.6 x 10° cells mL™" during
full development of the BNL. In incubation experiments we
determined CH, turnover rate coefficients that translate into
potential CH, oxidation rates as high as 20 yM d'. The
corresponding cell-specific rates were up to 49 x 10° pmol
cell’ h', which is reasonable for Type I methanotrophic
bacteria. CH, oxidation in the BNL was limited by the
diffusive supply of O, from the upper hypolimnion, implying
that CH, oxidation is the primary driver of the seasonal
expansion of the anoxic bottom water volume, and explaining
the vertical migration of the BNL in response to its own O,
consumption. Our study demonstrates that methanotrophic
activity at the interface between oxic and anoxic water masses
can drive the formation of a BNL. Such a layer of high
bacterial density and high CH, oxidation potential may thus
function as an efficient CH, barrier, preventing CH, transport
into surface waters, and eventually evasion to the atmosphere.

Niobium Mineralization in a
Magnetite-Rich Carbonatite, Elk
Creek, Nebraska (USA)

'M. BLESSINGTON, 'R. KETTLER, ?P.VERPLANCK
AND *G.L. FARMER

'Department of Earth and Atmospheric Sciences, University of
Nebraska, Lincoln, NE, 68588-0340, USA

2U.S. Geological Survey, Central Mineral Resources Science
Center, Box 25046, Denver Federal Center, MS-973,
Denver, CO 80225-0046, USA

*Department of Geological Sciences, University of Colorado,
Boulder CO 80309-0399, USA

The Elk Creek carbonatite is a roughly circular 7km*7km
intrusive carbonatite-alkaline syenite complex located in
Southeast Nebraska. The complex is overlain by younger
marine sediments and quaternary glacial till — No surface
exposure exists, but drill cores collected by Molycorp in the
1970s-80s have been made available to the public for research.
The carbonatite comprises several geochemically distinct
intrusive phases with notable anomalous enrichment in rare
earth elements and niobium. These phases include a dolomite-
magnetite carbonatite (“magnetite beforsite”) phase which
consists of two lobes, each approximately 0.1 square kilometer
in size and extending downward to the maximum extent of
drilling (900 meters). This dolomite-magnetite carbonatite is
typically an aphanitic microbreccia including accessory
apatite, biotite, and pyrite. Hematite dusting on mineral
surfaces is pervasive, and veining is widespread. Fragments of
dolomite-magnetite carbonatite are also present in a spatially-
associated breccia along with fragments of apatite-dolomite
carbonatite.

XRF analysis of a powdered bulk sample of the dolomite-
magnetite carbonatite yields data that indicate that the
dolomite-magnetite carbonatite differs from other carbonatite
phases in that it has much higher Ti, Th, and W compared to
the other intrusive phases. It also differs from the other
instrusive phases in that Fe > Mg and it is depleted in light
REE relative to the other rocks. The magnetite carbonate also
contains micron-scale (0.01-0.10mm diameter) accessory
niobium pyrochlore, disseminated in dolomite and biotite, in
economically-significant concentrations (10,000ppm or higher
Nb in bulk sample). The prevalence of pyrochlore across the
entire complex is directly related to the presence of this
dolomite-magnetite carbonatite.
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Tuning the Torch for Lead Isotopes:
The Battle in Lugdunum

JANNE BLICHERT-TOFT'
'ENS Lyon, 69007 Lyon, France (jblicher@ens-lyon.fr)

To celebrate Francis Albarede’s pioneering work in
developing high-precision, high-throughput Pb isotope
analysis by Tl doping and sample-standard bracketing MC-
ICP-MS [1], I here review some selected contributions by the
Lyon group to cosmochemistry, geochronology, Mars, mantle
geochemistry, and archeometry using this technique. The
superior precision of MC-ICP-MS compared to unspiked Pb
TIMS work led us to revisit several classic but crucial
questions involving Pb isotopes. We determined the age of the
Solar System from Pb-Pb measurements of refractory
inclusions in meteorites [2], a result only now confirmed by
independent means despite tumultuous revisions of U isotope
compositions and major improvements in analytical precision
and blanks since our early work. We further re-determined the
initial Pb isotope composition of the Solar System and the
solar nebula Th/U [3] and found Pb isotope evidence that
some asteroids accreted and differentiated within only one
million year of the formation of the Solar System [4], thereby
placing constraints on nebular evolution. Our Pb-Pb ages of
SNCs [5], the shergottites in particular, are important because
they finally bring the ages of Martian meteorites (4.1 Ga) into
agreement with cratering chronology and satellite observations
for Mars, as well as with extinct radioactivities, but are
controversial because ages inferred from other chronometers
are far younger (160 Ma). The high throughput of MC-ICP-
MS further changed the geochemical approach to
understanding mantle heterogeneities in volcanic time series,
such as in Hawaii [6], and the exploring of length and time
scales of isotopic heterogeneities along the world’s mid-ocean
ridges and, hence, the deep Earth, allowing for full-fledged
spectra amenable to physical and statistical modeling to be
obtained [7, 8]. A spectacular new result is the evidence of Pb-
Hf isotopic ‘toggles’ along the SEIR, and their random
distribution, indicating that the local mantle has lost all
memory of its mixing history [9]. Another key result was the
Pb-Hf correlation in Hawaiian lavas showing that entrainment
of the upper mantle by plumes is minimal [10]. We currently
apply Pb isotopes to tracking Pb ore provenance in ancient
Rome in order to shed new light on the heavy metal record of
local economic activity, urban development, and warfare.

[1] White et al. (2000) [2] Bouvier et al. (2007) [3] Blichert-
Toft et al. (2010a) [4] Blichert-Toft e al. (2010b) [5] Bouvier
et al. (2009) [6] Blichert-Toft & Albarede (2009) [7] Agranier
et al. (2005) [8] Meyzen et al. (2007) [9] Hanan er al.
(submitted) [10] Blichert-Toft et al. (1999).

Impact of long-term nitrogen
deposition on the fate of nitrogen in
peatlands

CHRISTIAN BLODAU'? KATARZYNA ZAJAC?
AND YUANQIAO WU'!

'University of Miinster, christian.blodau@uni-muenster.de
*University of Bayreuth, katatzyna..zajac @uni-bayreuth.de

Large areas of northern peatlands in Europe and North
America have been affected by elevated long-term nitrogen
deposition at levels of 0.5 — 2 ¢ N m? yr', and in extreme
cases upt to 5 ¢ N m? yr'. The consequences of this
deposition for the fate of nitrogen, especially the allocation of
the element between vegetation and peat and the mobility in
dissolved form, and for the carbon cycle are only poorly
known to date. We investigated this issue using ecosystem
modelling based on a long-term fertilized site and
experimentally with mesocosms from five different European
peatlands that have been exposed to range of 0.2 to 5 ¢ N m™
yr!. The mesocosms were placed in a greenhouse under
controlled light and water table conditions for a period of 160
days after an initial equilibration period. We added a "N-NO,
tracer with irrigation water to determine how the allocation of
nitrogen in these peatlands differed and also investigated the
carbon exchange and productivity of the sites under these
conditions. The results show that the Sphagnum moss layer
was not severly impaired at any site and that even under
severely N polluted conditions nitrogen was still taken up by
the moss layer. The effectivity of the moss filter for the
element declined, however, and some breakthrough occurred,
whereas nitrogen in the pristine sites seemed to be indirectly
transferred into peat by the root system of vascular plants.
Overall more nitrogen was taken up by vascular plants in the
more polluted sites. Elevated nitrogen deposition lead to raised
ammonium and DON concentrations even at lower deposition
levels but strongly elevated nitrate concentrations only
occurred at the most polluted site. Substantial differences in
carbon cycling between sites did not occur in the mesocosm
experiments. The ecosystem modelling exercise using the new
model PEATBOG showed that the most important impacts of
nitrogen deposition are to be expected are through indirect
changes in the ecosystem structure, which was altered from
moss to shub and then grass dominated in the simulated
system. The replacement of plant functional types lead to a
higher rate of nitrogen processing in the system and higher
productivity and carbon uptake. Also in the simulations the
peatland remained a sink of nitrogen with only moderately
raised nitrogen export.
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Characterization of metabolically
active microorganisms in an
hydrothermal active field in the
Okinawa Trough (IODP Exp. 331)

MACRO BLOTHE*, ANJA BREUKER
AND AXEL SCHIPPERS

Federal Institute for Geosciences and Natural Resources
(BGR), Stilleweg 2, D-30655 Hannover, Germany
(marco.bloethe @bgr.de; anja.breuker@online.de;
axel.schippers@bgr.de)

The BGR project, as part of the post-cruise research of
IODP Expedition 331, Deep Hot Biosphere, shall test the
hypothesis that the quantitative microbial community
composition and the cultivable microorganisms in
hydrothermally influenced deeply-buried marine sediments are
significantly different from those in cold and temperate
deeply-buried marine sediments. The previously successfully
applied molecular techniques real-time PCR (qPCR) and
catalyzed reporter deposition - fluorescence in situ
hybridisation (CARD - FISH) shall be used as well as
cultivation and stable isotope-probing to proof the existence of
a deep hot biosphere, to describe it and to isolate novel
microorganisms. The domains Archaea, Bacteria and Eukarya
as well as the JS1 -candidate group, Chloroflexi,
Geobacteraceae, Crenarchaeota and the functional genes
dsrA, mcrA, aprA, and Rubisco (cbbL) have been quantified
via qPCR. All genes have been detected in different copy
numbers. The overall order of abundance is Archaea >
Bacteria > Eukarya. Directly after IODP Expedition 331 in
October 2010, culture media were inoculated with IODP
samples at different temperatures and the enrichment cultures
are maintained since then. Growth is continuously checked
about every three months and in case of growth, colonies are
picked and transferred to fresh media. Several aerobic and
anaerobic enrichments have been obtained so far. To explore
microbial activity in the original samples microcalorimetric
measurements showed a considerable activity at 90°C which
was partly attributed to microbial activity. The
microcalorimetric  measurements revealed activity of
thermophilic microorganisms in the IODP Exp. 331 samples.

Sulfur and iron speciation in warm
deep sediments affected by dry
deposition of iron

B. BLONDER'* AND A. KAMYSHNY, JR.!

'Department of Geological and Environmental Sciences, The
Faculty of Natural Sciences, Ben-Gurion University of the
Negev, P.O. Box 653, Beer Sheva 84105, Israel,
(*correspondence: blonderbarak@gmail.com,
alexey93@gmail.com

The Gulf of Aqgaba is a unique natural laboratory for a
research of the impact of atmospheric dry deposition on
biogeochemistry of marine sediments. Atmospheric iron
deposition is 3.65 mmol m™ year" [1], and total iron content
of sediment at 700 m depth is 2.0 — 5.7 mmol kg’ wet
sediment. We sampled sediment at four locations with various
overlaying water depths.

At water depths 300 — 700 m the depth of oxygen
penetration into warm upper sediment (c.a. 21°C) is 8-14 mm.
In anoxic sediments, combination of moderate TOC content
(0.1-0.6%) with high sulfate concentration (32 mM) fuels
organoclastic bacterial sulfate reduction. Concentrations of
Fe(Il) in the pore-waters are as high as 78 uM, and
concentrations of dissolved Mn are as high as 76 uM.
Combination of low hydrogen sulfide concentration in pore-
waters (<0.37 uM), low concentrations of soluble sulfide
oxidation intermediates ([S,0;>] < 0.55 uM, [SO;*] < 0.14
uM) and low sedimentary S° content (<0.37 mmol kg wet
sediment) indicate that transformation of hydrogen sulfide to
pyrite is fast enough to prevent sulfide oxidation by Fe(IlI)
phases. Pyrite is the main sulfur pool in the sediment solid
phase, and its content is up to 10.6 mmol kg', with a
maximum at 15 — 25 cm bsf.

At the shallow sediments (21 m water depths) penetration
depth of oxygen is only 1 mm, and hydrogen sulfide
concentration in pore-waters is as high as 12 yM. Dissolved
iron and manganese concentrations below 5 cm bsf are lower
than in the deeper sediments <1 yM and <0.5 uM,
respectively. Concentrations of sulfide oxidation intermediates
in pore waters ([S,0;>] < 4.05 uM, [SO;*] < 3.64 uM) as well
as in the solid phase [S°] = 0.07-1.37 ymol kg wet sediment
are higher than at deeper locations.

The sediment of the Gulf of Aqaba presents an interesting
example of transition of pore-water composition with depth
from sulfidic (H,S-rich) to ferruginous (Fe(Il)-rich).

[1] Chase et al. (2006) Global Biogeochem Cy 20, GB3017.
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Mass independent isotope
fractionation of mercury: Why it is
such a useful tool in biogeochemistry
and ecology

J.D.BLUM'

'Dept of Earth and Environmental Sciences, University of
Michigan, Ann Artbor, MI 48109
(jdblum@umich.edu)

Mercury is a globally distributed and highly toxic heavy
metal with both natural and anthropogenic sources. Its
mobility, toxicity and bio-accumulative properties change
dramatically as it 1is transformed through microbial,
photochemical and dark abiotic reactions in the environment.
Multiple  biogeochemical transformations of mercury
determine its movement and bioavailability, and knowledge of
these processes can aid in developing strategies for
minimizing human and wildlife exposure to its most toxic
forms. The seven stable isotopes of mercury fractionate in the
environment due to an unusually wide range of physical
processes. Mass-dependent fractionation (MDF) occurs during
most biotic and abiotic reactions that have been investigated.
Mass-independent fractionation (MIF) of mercury can be
caused by the magnetic isotope effect, the nuclear volume
effect and by UV self-shielding. Each fractionation
mechanism imparts a diagnostic pattern of isotopic variation
and thus mercury isotope ratios can be used to unravel
complex biogeochemical pathways for mercury. Large-
magnitude MIF of odd isotopes is uniquely produced by
photochemical reactions, which are important because they
can degrade mercury from the toxic methylated form to a
volatile gas. In addition to isotopic fingerprinting of sources,
MIF and MDF in natural samples have been calibrated against
experimental determinations of fractionation factors to
identify reactions in natural systems and estimate their
reaction progress. Because MIF is unaffected by biotic
processes it preserves a memory of biogeochemistry before
entry into the base of foodwebs.

Seawater Trace Metals in acidified
condition: an accumulation study in
the blue mussel Mytilus
galloprovincialis off Vulcano Island
submarine vents (Italy)

BOATTA F.'*; D’ ALESSANDRO W.2; GAGLIANO A.L.};
FEDERICO C.2; CALABRESE S.'; LIOTTA M 2%,
MiLAZzO M.! AND PARELLOF.!

'1DiSTeM University of Palermo, via Archirafi, 36, 90123
Palermo, Italy (*fulvioboatta@gmail.com)

2 INGV, Palermo, via U. La Malfa 153, 90146 Palermo, Italy

* DiSTABIF; Seconda Universita degli Studi di Napoli, 43,
81100 Caserta, Italy

Ocean acidification is linked to the increasing
concentration of atmospheric anthropogenic carbon dioxide,
and this process might have negative ecological and economic
effect worldwide.

Areas with naturally high levels of CO, can help us to
achieve a better understanding of this issue. Submarine vents
in the Levante Bay of Vulcano Island (Italy) are CO,-
dominated resulting in seawater acidification, and producing a
stable pH gradient (from 8.2 down to 5.5) across the bay [1].
We now know that ocean acidification is tightly linked to the
mobility and bio-availability of heavy metals.

In that area a transect covering the pH conditions which
will be found up to the end of this century has been
individuated and a Blue Mussels transplant experiment was
done along this gradient in order to estimate the trace metal
accumulation capability related to the seawater acidification.

Major and Trace elements were analyzed both in seawater
and in the mussels’ tissue.

At the end of the experiment, the animals showed an
increase of concentration for some elements such as Fe and V
with respect to blanks.

The present study provides preliminary data on a
particular aspect related to the ocean acidification problem.

[1] Boatta et al. (2013) Marine Pollution Bulletin, in press.
DOI: 10.1016/j.marpolbul.2013.01.029
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MgSO04 phases: hydration,
spectroscopy and S isotope
partitioning
EMA BOBOCIOIU AND RAZVAN CARACAS

Laboratoire de Geologie de Lyon (LGLTPE) CNRS UMR
5276, Ecole Normale Supérieure de Lyon Universite
Claude-Bernard Lyon 1, 46, allée d'Italie, 69364 Lyon
cedex 07, France

We study the relative stability of several magnesium
sulfate minerals using first-principles calculations based on the
density functional theory in the ABINIT implementation.
These phases might be present on the surface of Mars or on a
variety of smaller icy bodies form the outer solar system. Our
calculations show that, if involved in the water cycle of Mars,
the magnesium sulfates must be already present as hydrated
phases: the anhydrous phases are easily absorbing water and,
in turn, the complete dehydration of these phases requires
large temperature, unattainable on Mars. We equally compute
the Raman and infrared spectra of several phases to offer
reference spectra for in situ spectroscopic identification. Apart
from the appearance of the water bands, the hydration also
changes the position of several lower-frequency bands. Using
the spectroscopic calculations we determine the influence of
hydration on the S isotope partitioning. We show that it is
highly dependent on the temperature. For temperatures
specific to the surface of Mars, hydration of the anhydrous
phase leads to an enrichment in the S34. The effect on the
already hydrated phase is opposite: further hydration enriches
lighter isotopes.

Partitioning of trace elements
between Na-bearing majoritic garnet
and melt at 8.5 GPa and 1500-1900°C

A.V.BOBROV'*, YU.A.LITVIN>, A.V.KUZYURA?, A M.
DYMSHITS® AND T. JEFFRIES*

'Geological Faculty, Moscow State University, Moscow,
Russia (*correspondence: archi@geol.msu.ru)

“Institute of Experimental Mineralogy, Chernogolovka, Russia

3Sobolev Institute of Geology and Mineralogy, Novosibirsk,
Russia

“National History Museum, London, UK

The new experimental data on trace element partitioning
between Na-bearing majoritic garnet and melt at 8.5 GPa and
1500-1900°C applicable to partial melting of Na-rich eclogite
is presented. The Na-bearing garnet is a liquidus phase of the
system at 1850-1650°C being accompanied by enstatite-rich
pyroxene at lower temperatures. With the temperature
decrease, Na concentration in garnet increases up to >1 wt %
Na,0 due to progressive incorporation of Na majorite
(Na,MgSi;O,,). Most of the studied trace elements are
incompatible, except for Er, Tm, Yb (in some runs), Lu, and
Sc (in all runs), which partition into garnet. The main feature
of the trace-element partitioning in our experiments is the
different behaviour of the LREE (La, Ce, Pr) in comparison
with MREE and HREE (Nd, Sm, Eu, Gd, Tb, Dy, Y, Ho, Er,
Tm, Yb, and Lu). Significant increase of D values for LREE
with increase of Na,O concentration in garnet is observed. As
predicted from lattice strain, partitioning coefficients for REEs
entering the X site of garnet exhibit a near-parabolic
dependence on ionic radius. Other elements including the
LILE (Rb, Sr, Ba), Sc, as well as Zn, Ta, and Pb have a clear
affinity for aluminosilicate melt. The results of the study are
applied to the formation of inclusions of Na-bearing majoritic
garnets in diamonds and equilibrium melts, which are
significantly enriched in LREEs being very similar to
kimberlitic and OIB melts.

This study was supported by the Russian Foundation for
Basic Research (project no. 12-05-00426).
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Nitrifying potential in Beggiafoa mats
from marine mangroves

AUDREY Boc!*, OLIVIER GROS!, ANNIET M.
LAVERMAN? AND MATHIEU SEBILO®

! Equipe Biologie de la Mangrove, UMR 7138, Laboratoire de
Biologie Marine, Université des Antilles et de 1a Guyane,
97159 Pointe-a-Pitre, Guadeloupe, France aboc@univ-
ag fr (*presenting author)

2 Sysiphe, UMR 7619 UPMC/CNRS, Université Pierre et
Marie Curie, 75252 Paris Cedex 05

3 Bioemco, Equipe Géochimie organique et minérale de
I’environnement, UMR 7618 UPMC, Université Pierre et
Marie Curie, 75252 Paris Cedex 05

Marine mangroves are intertidal marine ecosystems found
in tropical and sub-tropical areas. A development of white
bacterial mat can be found in Guadeloupian marine
mangroves. This mat consists of a layer of micro-organisms
deposited above the anoxic sediment consisting of eukaryotes
(e.g. diatoms, nematodes) and prokaryotes (e.g. filamentous
cyanobacteria, filamentous sulfur-oxidizing bacteria, archae).
Most of the filamentous bacteria found in the mat belong to
the genus Beggiatoa. These bacteria contain genes encoding
both for sulfur oxidation (production of sulfate) and
ammonium oxidation (production of nitrate).

The aim of this study was to determine the potential for
nitrification is these Beggiatoa mats. Potential nitrification
rates were carried out with the Beggiatoa mat collected in a
marine mangrove. The Beggiatoa mat or filaments were
amended with sea water containing different NH,"
concentrations and incubated under oxic conditions. The
increase in nitrate concentration was measured after 15 hours
of incubations. Potential nitrification rates showed a large
variation ranging from 0.2 to 2200 g nitrate N L' h™'. Our
study showed the potential for nitrification in Beggiatoa
filaments, implying an important link between the N and S
cycles, by sulfur oxidizing bacteria, in these mangrove
systems.

Examination of Magma Degassing
Paths Based on Melt Inclusions

R.J.BODNAR!, R. ESPOSITO?, E. GAZEL', L. MOORE', M.
STEELE-MACINNIS! AND P. WALLACE®

'Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061
USA. rjb@vt.edu; egazel @vt.edu; moorelr@vt.edu;
mjmaci@vt.edu

’DISTAR, Universita degli Studi di Napoli Federico II,
Napoli, 80134, Italy. rosario.esposito3 @unina.it

3Dept. of Geological Sciences, University of Oregon, Eugene,
OR 97403 USA. pwallace@uoregon.edu

In a landmark paper, Newman et al. [1] suggested that the
CO, and H,O contents of volcanic glasses could be used to
understand magma degassing processes. This approach was
immediately adopted by Anderson et al. [2] and applied to
melt inclusions (MI) in quartz phenocrysts from the Bishop
Tuff to investigate the pre-eruptive volatile contents and
pressures in the magma chamber during phenocryst growth
and MI entrapment. In the nearly three decades since these
pioneering studies, numerous MI studies have been conducted
to determine magma degassing paths using this method.

The scientific basis for using CO,/H,0O systematics in MI
is robust and supported by experimental data, but several
unstated assumptions are required for the results to accurately
define a magma degassing path. First, the trapped melt must
have been at volatile saturation. Additionally, the melt (glass)
that is analyzed must represent the melt that was originally
trapped and must be free of any post-entrapment modifications
(or it must be possible to reverse these processes before
analysis or account for these changes by other means). Thus,
post-entrapment crystallization on the walls of the MI,
diffusional loss of H,O from the MI and exsolution of a vapor
bubble after MI entrapment are all processes that will affect
the CO,/H,0O systematics of the MI.

Examination of data from a variety of sources suggests
that in many cases there is clear evidence for post-entrapment
modifications (primarily shrinkage bubble formation) that
have not been corrected for during analysis or data
interpretation. Moreover, recent studies have shown that these
modifications can produce “false degassing paths” that cannot
be distinguished from true degassing paths. It is also critical
that MI be studied within a paragenetic context in order to
constrain relative times of MI formation, and that other
indicators of crystallization progress and/or depth of formation
be monitored along with the CO,/H,O systematics to confirm
that the volatile data record a degassing history.

[1] Newman er al. (1988) J. Volcanol. Geotherm. Res. 35, 75-
96. [2] Anderson et al. (1989) Geology 17,221-225.
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Cordierite nucleation and growth
rates in the Torres del Paine contact
aureole

' ROBERT BODNER, 2 LUKAS BAUMGARTNER
AND C. THOMAS FOSTER

1 University of Lausanne, Switzerland, Institute of Earth
Sciences [robert.bodner@unil.ch]

2 University of Lausanne, Switzerland, Institute of Earth
Sciences [lukas.baumgartner@unil.ch]

3 University of Iowa, USA, Department of Geoscience [tom-
foster@uiowa.edu]

The Torres del Paine (~ 12.59 Ma) intrusion consists of
three granite and four mafic batches, which formed within 160
* 11 ka (Michel et al. 2008, Leuthold ez al. 2012). It intruded
into fine grained pelites, sandstones, and conglomerates of the
Cerro Toro and Punta Barrosa formations at a depth of 2-3
km. Its contact aureole is characterized by the occurrence of
porphyroblastic cordierites (crd). The crd forming reactions
are the chlorite break-down reaction (ca. 480°C) and the
phengite break-down reaction  (530-550°C), which is
accompanied by a modal decrease in biotite and the
appearance of k-feldspar

We present differences of crystal size distributions (CSDs)
in a 400m long sample profile from the igneous contact to the
outer part of the aureole. Samples close to the contact have the
smallest crystals (radius < 0.06mm), while samples at 400m
from the intrusion contain the largest crystals (radius < 0.09
mm). The maximum population density decreases from
11.5mm™ close to the intrusion to 9.5mm™ at distances
between 200 and 400m from the intrusion. T-t paths close to
the intrusion are characterized by rapid heating (e.g. to 610 °C
at 40 m), while the temperature increases much slower to the
cordierite-in reaction temperature in the outer aureole. The
observation on crd textures were fit with with a numerical
nucleation-crystallization model. We assumed diffusion
controlled mineral growth and we tested different nucleation
laws (e.g. Ridley and Thompson 1986, Carlson et al. 1995).
The large differences in the temperature-time paths for
samples of similar chemistry allowed us to fit nucleation and
growth parameters by matching calculated and observed
textures.

The resulting parameters indicate rapid completion of
reaction before the thermal peak in the inner parts of the
contact aureole, and continued reaction after the thermal peak
in the outermost contact aureole. In the innermost part of the
aureole the overstepping is several tens of degrees (50-150
°C), depending on the nucleation model and the choice of
parameters. Calculations with these parameters further show a
narrow transition zone (~ 5m width) of full reaction to no
reaction between the prograde contact aureole and the
unreacted host rock, indicating a relatively sharp isograd for
sampling purposes.

Interpretation of Calcium Isotope
Variations in Marine Fossil Records

BOHM, F. AND EISENHAUER, A.

Geomar, Helmholtz Centre for Ocean Research Kiel, Kiel,
Germany; fboehm@ geomar.de; aeisenhauer@geomar.de

Many studies indicate the existence of calcium isotope
excursions and trends in sequences of fossil marine carbonates
(e.g.[1, 2]). However, interpretation of these calcium isotope
variations is still controversial [3]. Several studies explain
calcium isotope excursions as indicators of an imbalance
between the major calcium fluxes in the oceans, riverine input
and output by carbonate sediments (e.g. [2, 4]). These studies
tend to neglect the direct coupling between calcium and
carbonate ion fluxes in both weathering and carbonate
precipitation. As a consequence the neglection may lead to
very unlikely scenarios for the corresponding ocean carbon
cycle. Here we present a simple numerical model to calculate
mass balances for both marine calcium and carbonate ion
concentrations in response to changes in the weathering and
carbonate sediment fluxes. The model results clearly show that
neither weathering nor carbonate sedimentation may explain
observed calcium isotope variations unless extreme scenarios
for the inorganic carbon cycle are assumed. Hence alternative
explanations other than weathering and carbonate
sedimentation are necessary to explain the calcium isotope
excursions observed in the Phanerozoic record.

Yet for interpretation of the marine Ca isotope record it
has not been taken into account that precipitation rate has a
significant influence on calcium isotopes in calcium carbonate
minerals [5, 6, 7]. Nielsen et al. [8] recently suggested that the
influence of the Ca®:CO,” ratio on precipitation rate has a
significant impact on calcium isotope fractionation. Variations
of the marine Ca**:CO,” ratio by up to one order of magnitude
may have occurred in the Phanerozoic oceans and may explain
at least some of the observed calcium isotope trends.

[1] Farkas et al. (2007) Geochim. Cosmochim. Acta, 71, 5117-
5134, [2] Bléttler et al. (2011) Earth Planet. Sci. Lett., 309,
77-88; [3] Fantle (2010) Amer. J. Sci., 310, 194-230; [4] De
La Rocha and DePaolo (2000) Science, 289, 1176-1178; [5]
Lemarchand et al. (2004) Geochim. Cosmochim. Acta, 68,
4665-4678; [6] Gussone et al. (2005) Geochim. Cosmochim.
Acta, 69, 4485-4494; [7] Tang et al. (2008) Geochim.
Cosmochim. Acta, 72, 3733-3745; [8] Nielsen et al., (2012)
Geochim. Cosmochim. Acta, 86, 166-181;
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Weathering processes and supergene
formation of uranium bearing
minerals at U-mines in the Saint-
Sylvestre Area (French Massif
Central)
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(*presenting author)

In France, uranium mines were exploited between 1945
and 2001 leading to the production of 76,000t of U but also
200 Mt of waste rocks. We present the supergene evolution of
waste rock piles generated during mining operations at the
Vieilles Sagnes site (Fanay) located in the Saint-Sylvestre
leucogranite complex (northwestern Limousin, French Massif
Central). This two-mica granite was emplaced at 324 + 4 Ma
and hosts an important U-ore mineralization deposited at 270-
280 Ma, due to sustained hydrothermal circulation.

At the Vieilles Sagnes site mining operations between
1957 and 1965 generated waste rock piles of dominantly
granitic rocks that have been exposed to supergene processes
since the mining time. The U content of the blocks in the
waste rock pile is 10-120 ppm, while in the ore body it is
around 1000-3000 ppm.

To assess their supergene evolution and the neo-formation
of uranium bearing phases two trenches were escavated
through the waste rock pile, enabling the sampling of both
superficial blocks and samples from the interior of the pile.
Granitic blocks, proto-soils and alteration products that form
the matrix of the waste rock pile, as well as paleo-soils
underlying the rock pile were sampled.

The micromorphology, mineralogy and geochemistry of
the samples representative of the different horizons of the
profile investigated were examined by optical microscopy, and
SEM observations, XRD and ICPMS whole rock analyses,
respectively.

The degree of weathering of the granitic blocks is
evidenced by the occurrence of chlorite and kaolinite
alteromorphs after biotite and smectite and kaolinite after
feldspar. The liberation of Fe gives rise to the local formation
of Fe-phosphates and sulphates. Magmatic and hydrothermal
U-bearing minerals release U as alteration and arenisation of
the granites take place. So far no coffinite or uraninite from
the initial mineralization have been observed.

Preliminary results suggest that the migration of uranium
and formation of uranyl phosphates is at least partly associated
with the supergene formation of Fe-phosphates. U-sorption
onto clay minerals also seems to play an important role in
decreasing U-mobility during meteoritic weathering.

Non-mass-dependent oxygen isotope
enrichments in O; and CO,: New
insights from experiments,
observations, and modeling

K.A.BOERING'*

! Departments of Chemistry and of Earth and Planetary
Science, University of California, Berkeley, Berkeley,
California, 94720-1460 USA
(boering@berkeley.edu)

Results from recent laboratory experiments, atmospheric
observations, and photochemical kinetics modeling provide
new insights inot the anomalous O and '®O enrichments in
ozone and their transfer to carbon dioxide. In particular, new
observations of the triple oxygen isotope composition of
stratospheric CO, reveal surprisingly large anomalous
enrichments that vary with latitude, altitude, and season. The
triple isotope slopes were 1.95+0.05(10) in the middle
stratosphere and 2.22+0.07 in the Arctic vortex versus
1.71£0.03 from previous observations and a factor of 4 times
larger than the mass-dependent value of 0.52. Kinetics
modeling of laboratory measurements of CO,-ozone isotope
exchange demonstrates that non-mass-dependent isotope
effects in ozone formation alone quantitatively account for the
70 anomaly of CO, in the laboratory, resolving long-standing
discrepancies between models and laboratory measurements.
Model sensitivities then provide a framework for
understanding '"O in stratospheric CO, and the larger three
isotope slopes observed there than in laboratory experiments
and, thus, a firmer foundation for the many biogeochemical
and paleoclimate applications of 7O anomalies in tropospheric
CO,, O,, minerals sulfates, and fossil bones and teeth, all of
which derive from isotope exchange between ozone and
stratospheric CO,. Finally, measurements of the pressure and
bath gas dependence of the 7O and '®O enrichments in ozone
in bulk photochemistry experiments in the laboratory [1]
provide new insight into and constraints on the physical
chemical origin of the dynamically-driven symmetry isotope
effects in ozone formation.

[1] Feilberg, Wiegel, & Boering (2013), Chem. Phys. Lett.
556, 1-8.

DOI:10.1180/minmag.2013.077.5.2
WWW.MmIinersoc.org

https://doi.org/10.1180/50026461X00008550 Published online by Cambridge University Press


https://doi.org/10.1180/S0026461X00008550

726 Goldschmidt2013 Conference Abstracts

Algal mats of the North Pole:
How sea ice melt can cause anoxic
spots on the Arctic deep-sea floor

ANTIE BOETIUS,
FRANK WENZHOFER'®* AND THE SCIENTIFIC TEAM OF
RV POLARSTERN ARK 27-3

'Alfred Wegener Institute Helmholtz Center for Polar and
Marine Research, D-27515 Bremerhaven

*Max Planck Institute for Marine Microbiology, D-28359
Bremen
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The centric diatom Melosira arctica forms kelp-like

accumulations under the Arctic sea ice, in the form of meter-
long filaments, anchoring in troughs and depressions under ice
floes. These mat-forming algae are extremely sensitive to
warming and melting of the ice, leading to their rapid sedi-
mentation. The research icebreaker POLARSTERN visited the
ice-covered eastern-central basins between 82° to 89°N and
30° to 130°E in summer 2012 in the framework of the
expedition ICEARC. By September, the Arctic sea ice had
declined to a record minimum of 3.6 million square kilo-
meters. Consequently, we observed the massive sedimen-
tation of sub-ice algal biomass of up to 150 g C per m?
(median: 9 g C per m?) to the deep-sea floor of the Arctic
basins. Patches of algal mats of 1-50 cm in diameter covered
up to 10% of the seafloor at 3300-4500m water depth. in situ
and ex situ microprofiling of diffusive oxygen fluxes into
sediments covered by algal aggregates showed elevated rates
of 5-6 O, mmol m™ d', compared to <0.4 mmol m? d"! in the
surrounding sediments. Apparently only sediment bacteria,
and large mobile megafauna were able to profit of the ice-
algae deposition event. In cores covered by Melosira strands,
oxygen penetration in the sediment was reduced to a few mm
as compared to the surrounding sediment, where oxygen
penetrated >50 cm deep. From the in situ oxygen profiles we
conclude that the sinking Melosira strands had contributed
>85% of total carbon flux to the deep-sea floor in 2012, but
that such massive algal falls were previously rare. Our
observations support the hypothesis that the thinning ice cover
enhances under-ice productivity and export. If this
phenomenon repeats seasonally, substantial changes in the
biogeochemistry and biodiversity of the ice-covered Arctic
basins are expected.
Figurel:Sea cucumbers
feeding on freshly
deposited algal mats at
4500 m water depth

Aqueous Li* speciation and ancient
climate monitoring

STUART BOGATKO', PHILIPPE CLAEYS?,
FRANK DE PROFT' AND PAUL GEERLINGS!

'Free University of Brussels, General Chemistry, Pleinlaan 2,
1050, Brussels, Belgium. Email: sbogatko@vub.ac.be
“Free University of Brussels, Earth System Science, Pleinlaan

2, 1050 Brussels, Belgium

Lithium is recognized as a valuable trace metal in the area
of ancient climate monitoring. This arises from the isotopic
composition of Li in seawater being strongly influenced by
continental weathering, one of the major sources of Li in
seawater, and the incorporation of aqueous Li* into calcium
carbonate shells. By systematically analyzing the isotopic
composition of Lithium in ancient calcium carbonate it is
possible to reconstruct a record of Li isotope fractionation (IF)
in seawater over the past 68 Ma. Due to the close association
of Li IF with ancient weathering, this record is able to provide
critical information concerning the ancient earth climate.

Previous studies base their paleo-reconstructions on the
close correspondence between modern values of Li isotope
ratios in calcium carbonates and seawater. Implicit is the
assumption that Li IF is not sensitive to environmental
conditions such as Temperature and pH. This assumption is
not supported from a molecular structure point of view; there
is little information concerning the identity and molecular
structure of aqueous Li* species and it is not clear to what
extent ligand coordination effects may play in the
incorporation of Li* into calcium carbonate.

We have carried out a theoretical (Density Functional
theory) study of aqueous Li* speciation including effects of
ligand coordination, temperature and solutin pH. We have
calculated the isotope exchange equilibrium constant
associated with the Li Acid/Base equilibium and can constrain
it to positive values. The consequences of this species
dependent IF are then studied using a model for Li-Carbonate
coordination. We define an effective IF to model temperature
and pH induced changes in Li IF in Li-Carbonates. We predict
that under normal oceanic conditions Li IF is not sensetive to
pH but may be significantly influenced by temperature.

Based on our results we revisit the basic assumption that
Li IF is not sensitive to environmental conditions such as
Temperature and pH. Namely, our observation of significant
species dependent Li IF strongly suggests that the mechanism
through which Li is incorporated into calcium carbonate is not
sensetive to the Li speciation.
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Geochemical spectra as an integral

characteristic of the concentration

and dispersion of elements in soils,
peats and natural waters
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(*correspondence: pogozhevaea@mail.ru)
2“Geoforum”, Vernadsky avenue, 51, Moscow, Russia

Geochemical spectra are the useful tool for comparison of
elements concentration or dispersion in the different
components of the biosphere. In this work elements
distribution patterns were studied in soil samples from
Yakutia, West Siberia and European Russia. Geochemical
spectra were also obtained for particle-size fractions and
ortsteins isolated from some soils of taiga zone, as well as for
natural waters.

Geochemical spectra depend largely on soil mineralogical
composition. Investigation of the elemental composition of
sand, silt and clay fractions showed clear divergence of their
geochemical spectra. Geochemical spectra of iron-manganese
nodules from different horizons of sod-podzolic soils were
quite similar. This suggests that they were formed in single
geochemical space from similar soil formation products and in
presence of similar soil solutions. This supposition also seems
to be true for mineral horizons of alluvial soils and underlying
peats. Probably, geochemical spectra of elements for soils are
inherited from the parent rock and represent some sort of the
“genetic code” [1]. Preservation of this code is determined by
the lifetime of the soil. soil geochemical spectra provides
stable functioning of terrestrial ecosystems.

This work was supported by RFBR grant No 13-0500542.

[1] Bogatyrev et al. (2003) Eurasian Soil Sci. 36 501-510.

Zircon from Mesoarchean enderbites
of Volgo-Uralia: U-Pb age, REE, Hf-
and O-isotope compositions
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*Gubkin State University of Oil and Gas, Moscow, Russia
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As shown by numerous drillings, Archean charnockitic
rocks are common in most of the lower crust in southern
Volgo-Uralia, which is one of the major crustal megablocks of
the East European Craton [1]. They are mainly enderbites that
form large bodies (e.g. the Kolyvan intrusion, this study).
Zircon from the enderbites contains relics of inherited cores
with magmatic oscillatory zoning. These are surrounded by
CL black-and-bright alternating bands of curved metamorphic
rims. The crystallization age of the cores is between 3140+7
Ma (SHRIMP) and 3127+46 Ma (LA-ICPMS), while the
outmost CL-bright rims are ca. 1945 Ma. The ages in-between
are interpreted as a result of different degrees of Pb-loss
caused by the high grade metamorphism. The ingressive
recrystallization of primary magmatic zircon correlates with
depletion in REE, which is observed consistently in each
studied core-rim pair. No differences in O-isotope
composition are detected between the cores and rims; the §0O'®
values vary from ca. 5 to 6.5. The Hf-isotope compositions of
magmatic cores (-3 to -9 ¢Hf) and metamorphic rims (-14 to -
28 eHf), and their similar crustal model ages from 3.42 to 3.86
Ga, imply Eo- to Paleoarchean crustal sources for the
charnockitic magmas and very little, if any, juvenile additions
during the metamorphic event at ca. 1945 Ma. The dated
Kolyvan enderbites belong to calc-alkaline, meta- to
peraluminous, mainly ferroan series, also indicating
substantial participation of crust in charnockitic melt sources
relevant to a continental arc setting at 3.1 Ga. We reported
similar results on rocks from the Bakaly block to the northeast
of the Kolyvan region [1] confirming widespread Early
Archean crust in Volgo-Uralia.

[1]Bogdanova et al., 2010, Am.J.Sc. 110, 1345-1383.
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Element accumulation in peat of the
Vidrino highmoor
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Almost 90 years ago, V.. Vernadsky [1] created the
holistic doctrine of the Biosphere where he demonstrated the
primacy of life as a geological force. Concentrative function
of living matter plays a significant role in biomineralization,
which is the process when living organisms assemble
structures from naturally occurring inorganic compounds [2].

The purpose of this work was to investigate biomineral
formation in peat and show an important role of living matter
in element accumulation. The objects were peat of the Vidrino
highmoor (south-east of the Baikal region, Russia).

The high concentrations of Zn and Cu (500-600 g/t) were
determined in peat of the Vidrino highmoor in the layers of
early Holocene (360-440 cm) which were formed in period
11-8.5BP. It was shown that authigenic sulfides of Zn and Cu
with micron dimension (0.5-3 um) were formed in the plant
cells of sphagnum. Also particles of native silver (5-7 um)
were found out in the peat of the Vidrino highmoor and which
were accumulated in cell membrane of sphagnum. The
mechanism of silver micro-particles formation in the cell
membrane of sphagnum was proposed in this work.

The obtained results show a considerable role of biogenic
mineral formation in the investigated peat that is a very
important result in discussion about genesis of ore formation
in which the preference is given to physical and chemical
processes and often the role of living matter is not considered.
This research was supported by the RFBR grant 11-05-12038-
ofi-m-2011 and grand OPTEC.

[1] Vernadsky (1926) The Biosphere. Leningrad. [2]
Leadbeater and Barker (1995) Biomineralization and scale
production in the Chrysophyta // In: Chrysophyte algae.
Sandren, Smol, Kristiansen, eds., Cambridge, UK: Cambridge
University Press.

A tool for exploring the impact of
crustal contamination: The Magma
Chamber Simulator

WA BOHRSON', FJ SPERA%, MS GHIORSO?
AND J. CREAMER?

! Geological Sciences, Central Washington University,
Ellensburg, WA 98926, USA
(*correspondence:bohrson@geology .cwu.edu)

2 Earth Science, University of California, Santa Barbara, CA
93106, USA

3 OFM Research - West, 7336 24th Ave NE, Seattle, WA
98115, USA

The Magma Chamber Simulator is a new computational
tool that quantifies the impact of simultaneous recharge,
assimilation and crystallization on melttsolids+fluid in a
magma-recharge ~ magma-wallrock  composite  system.
Enthalpy from magma cooling/crystallization and recharge
heats wallrock (WR). When the fraction of anatectic melt
attains or exceeds a critical percolation limit of ~0.05-0.15,
assimilation begins. Magma cooling/crystallization, addition
of recharge magma and anatectic melt, and WR heating
continue until magma and WR reach thermal equilibrium. For
each simulation step, thermodynamic and material balance
assessment provides major/trace element and isotopic
compositions, masses and temperatures of all phases in each
part of the composite system. Initialization includes bulk
composition, temperature and pressure of all subsystems, as
well as relevant solid/melt and solid/fluid partition
coefficients. Simulation of high alumina basalt intruding
dioritic to granitic WR at 500-550°C and 0.1 GPa yields a
large volume of dacitic melt at equilibrium temperatures of
950-975°C. Assimilation enhances pyroxene crystallization
but suppresses plagioclase; this and addition of anatectic melt
yield a melt body up to 5x larger than that generated by FC
alone. Selected trace element and isotopic results for magma
show that, at the equilibrium temperature, Sr isotopes are
>0.708, with only 2% of Sr contributed by crust. Nd isotopes
are <0.5126, with <11% of Nd from crust. In contrast, the total
mass of anatectic melt assimilated is ~40%, highlighting the
critical difference between mass of element and total mass of
assimilated melt. Trace element results also illustrate that
variations in mass of element and mass of magma melt can
yield dilutions of incompatible element concentrations in
contaminated magma, providing an explanation for systems
that have "decoupled" trace element and isotopic signatures.
Because the MCS predicts detailed phase abundance, mass
and compositional information, exploration of a wide range of
open-system problems in igneous petrology is possible.
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Mineral Surface Hydroxyl Group
Identity and Reactivity
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Mineral surfaces are reactive transformation centres and
sinks for gases, solutes and solvents. These surfaces are
populated by (hydr)oxo functional groups that can undergo
protonation, ligand exchange, and form extensive networks of
hydrogen bonds (Figure 1). Knowledge of the types,
distributions and orientations of these groups is consequently
essential understanding molecular-scale processes taking place
at mineral surfaces.

This work is focused on the properties of hydroxo groups
on important crystallographic planes of synthetic nano-sized
(a, P, v)-FeOOH particles exposed to vacuum, water vapor
and carbon dioxide. Vibration spectroscopic signatures of
isolate and hydrogen bonded hydroxo groups on these
minerals will be presented alongside predictions from
molecular dynamics simulations. This body of work forms the
basis for a molecular-scale understanding of reactions taking
place at surfaces of geochemically relevant mineral particles.

®
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Figure 1. Schematic representation of dominant

configurations of gaseous water molecules (blue) adsorbed on
the (010) (left) and the (001) (right) planes of y-FeOOH.

[1] Song X., Boily J.-F (2013) Chem. Phys. Lett., 560, 1-9. [2]
Song X., Boily J.-F (2012) Phys. Chem. Chem. Phys. 14,
2579-2586. [3] Boily J.-F (2012) J. Phys. Chem. C. 116, 4714-
4724,

Reaction chain modeling of
denitrification reactions during a
push—pull test
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Field quantitative estimation of reaction Kkinetics is
required to predict biogeochemical reactions in aquifers. We
extended the analytical solution developed by Haggerty et al.
[1] to model an entire 1% order reaction chain and estimate the
kinetic parameters for each reaction step. We then evaluated
the ability of this solution to model experimental results from
a push pull test in a fractured crystalline aquifer (Ploemeur,
Brittany). Nitrates were used as the reactive tracer, since
denitrification is a sequential reduction of nitrates to nitrogen
gas occuring in a chain reaction (NO;” — NO,” — NO — N,0
— N,) under anaerobic conditions. The kinetics of nitrate
consumption and by-products formation (NO, and N,O)
during autotrophic denitrification were quantified by using a
reactive tracer (NO;) and a non-reactive tracer (Br-).
Comparison of the Br and NO;™ breakthrough curves showed
that 10 % of the injected NO; molar mass was transformed
during the 12 hour experiment. Similar results, but with slower
kinetics, were obtained from laboratory experiments in
reactors. The good agreement between the model and the field
data shows that the complete denitrification process can be
efficiently modeled as a sequence of first order reactions. The
variability of biogeochemical reactivity in the field will be
also discussed.

[1] Haggerty et al. (1998), Ground Water 36 (2), 314-324.
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Copper contamination of lake
sediments in the vicinity of Konin
(Poland)

[ZABELA BOJAKOWSKA*, STANISLAW WOELKOWICZ
AND JOANNA KRASUSKA

PGI-NRI, 4 Rakowiecka, 00-975 Warsaw, Poland
(izabela.bojakowska@pgi.gov.pl)

Copper is an element essential to the life of many
organisms. However, excessive concentrations of copper can
be toxic. Due to the harmful effects of copper to aquatic
organisms, its PEC level in sediments has been fixed at 149
mg kg-1.

Sediment samples were collected from the 5-cm thick
surface layer of the profundal zone of 14 lakes located in the
near Konin (central Poland). Determinations of the
concentrations of Al, Ag, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Mg,
Mn, Ni, P, Pb, S, Sr, Ti, V and Zn were determined by ICP-
AES methods from solutions obtained after digestion in aqua
regia. The Hg concentration determinations were made using
TMA method and the organic carbon content (TOC) was
determined by coulometric titration method.

The concentrations of the some trace elements varied over
a wide ranges of content: for Cu - 9-674 mg/kg, Ba 57-409
mg/kg, Hg — 0.058-0.366 mg/kg, Ni - 5-25 mg/kg, Pb - 16-53
mg/kg, St - 53-758 mg/kg and Zn - 30-184 mg/kg. It has been
found that the sediments of five lakes (Gostawskie,
Lichefiskie,  Patnowskie, Slesir’lskie, and  Wasosko-
Mikorzynskie), whose waters are included in the power plant
cooling system, are characterized by much higher contents of
Cu, Ba, Hg, Mn, Sr and Zn, as compared to the other lakes.
The average concentrations of Cu, Ni, Pb, Hg and Zn in the
sediments of the latter lakes are comparable with the
concentrations of these elements in sediments of lakes from
other regions. The sediments of lakes included in the Konin-
Patnéw power plant cooling system are conspicuous by a very
high concentration of Cu (avg. - 415 mg/kg), which is 35-
times higher than its average concentration in lake sediments
(7 mg/kg). The average content of Ba in the sediments of these
lakes is three times higher; of Ni, Hg and Zn — twice higher.

The studies of the Konin region lakes sediments have
shown that they contain high Cu concentrations that may
cause harmful effects on aquatic organisms. However, it is
necessary to perform further tests to determine the copper
content in fish tissues due to the fact that these lakes are used
for recreational and angling purposes on a large scale.

A comparison of Pitzer databases for
nuclear waste disposal modelling

FRANK BOK'*, ANKE RICHTER'
AND VINZENZ BRENDLER'

"Helmholtz-Zentrum Dresden-Rossendorf e.V., Dresden,
Germany, (*correspondence: F.Bok@hzdr.de)

For the modelling of different chemical aspects of a nu-
clear waste repository in salt rock, the Pitzer formalism is
necessary. Therefore, a comprehensive database with the rele-
vant species reaction constants and associated ion-ion inter-
action parameters including temperature-dependencies is re-
quired. A number of different tailored Pitzer databases are
available [1]. To judge their capabilities and limitations we
performed comparative calculations for well-defined chemical
systems (binary or ternary solubility diagrams). To avoid
possible deviations due to different speciation codes all
databases where transformed into the format specific for
Geochemist’s Workbench [2]. Additionally, model results are
compared to experimental values from the literature.

Most results for the Oceanic Salt Systems (Na*, K*, Ca**,
Mg* / CI7, SO,* — H,0) at 25 °C show a good agreement
between experiment and model. At higher temperatures,
sparse temperature-dependent data causes strong differences
in the results.

For the radionuclides (e.g. Nd, Np), the solubility of their
amorphous hydroxides in high salinar solutions was calculated
as a function of pH. Missing anionic hydroxo-complex species
or less reliable data produce inadequate predictions of the
increasing solubility of mineral phases (e.g. fresh amorphous
Nd(OH); or NpO,OH) in the strongly alkaline medium. This
demonstrates the importance of complete chemical speciation
data.

Caesium was chosen as example for a fission product.
Only minor differences can be found in the calculated
solubility diagrams and the occasional absence of solubility
data for Cs phases is not significant for real-world scenarios
due to the high solubility of these phases in comparison to
other salts.

The revealed dsicrepancies illustrate the need for further
database work. Joint benchmark activities could help to
identify missing or weak data, enhance the quality of all
databases and consequently increase the confidence in
modelling results.

[1]  http://www.thereda.de [2] Bethke, C.M. (2008),
“Geochemical and Biogeochemical Reaction Modeling” 2™
Ed., Cambridge University Press, 123-134 (see also:
http://www.gwb.com).
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The determination of homogeniety of
geological reference material

SYED N. H. BOKHARI AND THOMAS MEISEL

! General and Analytical Chemistry, Montanuniversitit, 8700
Leoben, Austria (*correspondence: syed-nadeem-
hussain.bokhari@unileoben.ac.at)

Reference materials (RM) support measurements in
geological research due to the degree of homogeneity,
traceability and confidence interval of their property values.
Homogeneity testing is essential in certification of reference
materials, as it should demonstrate the validity of the certified
values and their uncertainties. Ingamells sampling theory [1]
has been applied to test homogeneity of IAG Candidate RM
trachyandesite (MTA), rhyolite (MRH), RM CGL MGL-AND
andesite and uncertified USGS Granite (G-3). The sample
digestion for test portions 50 mg to 500 mg was performed
following the protocol [2] by sodium peroxide sintering and
measurements with ICP-MS.

It is proposed that at least 300 mg is the minimum test
portion size for trachyandesite (MTA) and Granite G-3 and
100 mg test portion for Rhyolite (MRH) and MGL-AND
andesite to assure acceptable precision less than 2%. Complete
digestion of all the analytes including mineral zircon is
possible with sample/Na,O, ratio 1:6.
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In establishing reference values for reference materials,
the contribution of detectable heterogeneity to the overall
uncertainty of individual reference values has been quantified.
The method has been developed to recover all analytes in
particular zircon for 50 mg test portion size but it is suggested
that 50 mg test portion is not representative for the particular
rock types. It is also recommended to use ICP-MS as a tool of
analysis as WD-XRF cannot determine homogeneity in
specified test portion due to lower detection limits.

[1] Ingamells & Switzer (1973) Talanta 20, 547-568.
[2] Meisel et al. Geostand. Newsl. 26, 53-61.

Isotopic Studies of Rapid Carbonate
Precipitates

J.R.BOLES'*, S. OMELON? AND G. GARVEN®

'University of California Santa Barbara, CA , 93106, USA
(*correspondence: boles@geol.ucsb.edu)

*University of Ottawa, Ottawa, ON, K1N 6N5, Canada

*Tufts University, Medford, MA, 02155, USA

In geologic systems, where crystallization is rapid, the
carbonate isotopic systems may be out of equilibrium. Our
studies of well scales in hydrocarbon production tubing and
tunnel speleothems indicate carbonate to be out of equilibrium
when growth rates exceed mm/year. Calcite scales resulting
from CO, degassing results in covariance in '*'?C and '®'%0 of
the precipitate where the limited CO, degasses from a thin
fluid film. Vaterite occurrences have extremely light isotopic
values (>10 per mil) relative to calcite scales in the same
reservoir.

Recent experiments to sequester CO, from coal
combustion involve extremely rapid CaCO, precipitation, and
oxygen values 10 to 20 per mil lighter than expected for
equilibrium. These observations suggest that during extremely
rapid crystallization rates the low mass light isotopes are
preferentially incorporated into the carbonate, as observed by
McCrae [1]. Light isotopes may reach the reaction site, and
may form CaCO; species in solution more rapidly, once
crystallization rates exceed some threshold rate. We are
currently conducting experiments to determine the relation
between crystallization rate, carbonate poly morph type, and
stable isotopic composition, by CaCO; precipitation by CO,,
addition at different CO, partial pressures in calcium chloride
solutions at neutral pH.

[1] McCrae, J. M. (1950) J. Chem. Phys. 18, 849-857.
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Water storage in the Earth’s mantle

N. BOLFAN-CASANOVA' AND ANAIS FEROT

'Laboratoire Magmas et Volcans, CNRS, Université Blaise-
Pascal, OPGC, Clermont-Ferrand France,
* correspondance : N.Bolfan@opgc.univ-bcpclermont.fr

Experiments were performed under water-saturated
conditions in the MFSH and MFASH systems as a function of
pressure and temperature from 2.5 to 13.5 GPa covering the
whole depth range of the upper mantle. Water contents were
analysed by Fourier transform infrared spectroscopy ['] and
water values reported here use the new extinction coefficient
for olivine [*]. The incorporation of Al enhances water
incorporation in olivine and pyroxene, but only at pressures of
2.5 and 5 GPa. The partitioning of water between pyroxene
and olivine is very high (4.4) at 2.5 GPa and below 1250°C,
but decreases to an average value of 1.2+4/-0.4 for higher
pressures and temperatures. At 13.5 GPa and 1400°C, the
water content of olivine is 1100+200 ppm wt H,0. We
conclude that the water storage capacity of the upper mantle
just above the 410 km discontinuity can be anchored to ~900
ppm wt H,O. If we interpret that the Low Velocity Layer
observed near 350 km is due to mantle melting, we can
constrain the water content of the mantle at that depth to be
~650+150 ppm wt H,O. This new value is twice higher than
previous estimates for the mantle source of Mid Oceanic
Ridge Basalts but within the range of OIB sources.

[1] Férot A. and Bolfan-Casanova N.(2012), EPSL
349-350:218-230. [2] Withers et al. (2012) Chem. Geol. 334,
92-98.

Gujba age formation revisited : a
possible use as time anchor

J.BOLLARD!, J.N. CONNELLY' AND M. BIZZARRO"

!Centre for Star and Planet Formation, University of
Copenhagen, @ster Voldgade 5-7, Copenhagen K, 1350
Denmark

The meteorite Gujba is a primitive CBa carbonaceous
chondrite (Bencubbin-type) that differs markedly from
common chondrites. It displays a high metal abundance
(metal/silicate ~1.7-3), a depletion in volatile elements, a quasi
absence of CAls and matrix, and large silicate chondrules (up
to one cm) [1]. Metal and silicates are proposed to have both
formed by condensation in a high temperature environnement,
as completely molten droplets and both exhibit quench
textures. These features suggest a formation from a vapour-
melt plume produced by a giant impact between planetary
embryos after dust in the protoplanteray disk had largely
dissipated [2]. This supposed formation in a single event
followed by a rapid cooling predicts that all chronometric
systems closed at the same time such that Gujba is an ideal
candidate to anchor the short-lived chronometers onto an
absolute timescale.

We have undertaken a project to date individual Gujba
chondrules, using the precise assumption-free U-corrected Pb-
Pb dating method [4,5] to first confirm the single-event
formation model and refine its absolute age.

Five cm-sized chondrules from a single slab of Gujba have
been extracted and characterized by SEM. Three of them have
been processed by a stepwise dissolution method [4]. Using a
202ph_25Ph  double spike, we analyzed the Pb isotopic
composition by thermal ionization mass spectrometry to
obtain  well-constrained internal isochrons on single
chondrules. For now, ages were calculated using the >3U/*U
ratio of 137.786+0.013 that was determined by [5] for inner
solar system materials except CAls.

Three chondrules have been dated with ages that range
from 4562.61+0.28 to 4562.32+0.48 Myr, with a weighted
average of 4562.52+0.44Myr. This is ca 1 Myr older than
previously published absolute Pb-Pb age [2], when it is
adjusted for a U isotopic composition of 137.786. If the
adjusted-age from [2] is correct, this discrepency could
suggest different populations of chondrules within Gujba,
which, in turn, requires a new formation model.

[1] Rubin A.E. (2003) GCA, 67, 3283 [2] Krot AN. et al.
(2005) Nature, 436, 989 [3] Yamashita K. er al. (2010) APJ,
723, 20 [4] Connelly J.N. & Bizzarro M. (2009) Chem. Geol.,
259, 143 [5] Connelly et al. (2012) Science, 358, 651.
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Isotopic composition of water vapour
in strong convective updrafts

M. BorLoTr'*, E.J. MOYER? AND B. LEGRAS!

"Laboratoire de Météorologie Dynamique, CNRS/ENS, UMR
8539, Paris, France (*correspondance: bolot@lmd.ens.fr)

’Department of the Geophysical Sciences, University of
Chicago, Chicago, USA

The isotopic composition of water is a tracer of interest for
understanding convective processes, and the last decade has
seen a surge of modelling and observational studies in that
field. Yet, the physics of convective clouds governing the
transformation of water across its different phases is
potentially very complex and the exact dependence of isotopic
compositions upon it is not well known nor has been
extensively documented since the pioneering work of Jouzel et
al. [1]. Important processes to consider include kinetic effects
that arise from super-/subsaturated conditions due to liquid-ice
disequilibrium in mixed phase zones and to lengthy phase
adjustment over ice; isotopic re-equilibration between vapour
and a variable reservoir of cloud liquid water; and different
routes to cloud glaciation (freezing vs. the Wegener-Bergeron-
Findeisen process). Using a simplified adiabatic model, we
clarify the role of those processes in altering the isotopic
composition of water vapour in strong convective updrafts.

We find that the deuterium-excess, which is the
conventionally used metric of the joint distribution of
deuterium and oxygen 18, is highly sensitive to cloud physics
at low temperatures (< -30°C), with a complicated structure of
variability resulting from multiple factors. We propose new
metrics that relate deuterium and oxygen 18 isotopic ratios at
cloud base and cloud top and that are better related to the
structure of evolution of those isotopic ratios [2]. We show
that, in a statistical sense, those metrics are respectively
informative on the level of supersaturation reached by the
cloud upon the completion of glaciation (which removes the
control of saturation by liquid water); and on the temperature
at which cloud glaciation is effective. The retrieved
information can serve as a probe of the physics of deep
convective clouds.

[1] Jouzel, Merlivat & Roth (1975), J. Geophys. Res. 80 (36),
5015-5030. [2] Bolot, Legras & Moyer (2012), Atmos. Chem.
Phys. Discuss. 12,22451-22533.

Early Eocene Climatic Optimum:
numerical modelling of the impact of
the Neo-tethys closure.

BRAHIMSAMBA BOMOU'?*, GUILHEM HOAREAU?,
Y ANNICK DONNADIEU?, GUILLAUME LE HIR?
AND DIDIER MARQUER'

'UMR-CNRS 6249 Chrono-environnement, Univ. de Franche-
Comté, 16 route de Gray, 25030 Besangon Cedex, France
(*correspondence: bomou@ipgp.fr)

’Institut de Physique du globe de Paris, 4 place Jussieu 75005
Paris, France

*LSCE/UVSQ/IPSL CEA Saclay, Orme des Merisiers, F-
91191 Gif-sur-Yvette, France

“Environmental Hydrogeochemistry, Dept. Geosciences, Univ.
of Pau, BP 1155, 64013 Pau Cedex, France

The Early Eocene Climate Optimum (EECO, 53-50 Ma)
was the warmest interval of Cenozoic time. This warm
climatic interval was induced by a high atmospheric pCO,.
Several mechanisms have been proposed to explain this
climatic anomaly (e.g. LIP of North Atlantic). However one of
them seems to be the most convincing in term of carbon fluxes
degassing: the Neotethys closure, resulting in large amounts of
pelagic carbonates recycled as CO, in arc volcanoes during the
subduction process. Hoareau er al. (submitted) [1] have
modelled the volume of subducted sediments and the related
amount of CO, and CH, emitted at active arc volcanoes along
the northern Tethys margin. The volume of hemipelagic
carbonates and the Indian continental margin carbonate
sediments subducted, can produced a maximum of 3.7x10"
molCO,/Ma during the EECO, corresponding to a maximum
of 85% of the modern CO, outgassing rate. A numerical
modelling has been performed to test the impact of these
carbon fluxes on the climate using a model of biogeochemical
cycles of carbon (COMBINE) coupled with a general
circulation model (FOAM). Different parameters, as the size
of Greater India continental margin and the timing of the
continental subduction, have been tested in order to
reconstruct the potential scenarii which could occurred during
this interval.

[1] Hoareau G., Carry N., Marquer D., van Hinsbergen D.J.J.,
Vrielynck B. & Walter-Simonnet A. (submitted) Did
Neotethys subduction rates contribute to the Early Eocene
Climatic Optimum? Submitted to EPSL.
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Highly variable “N-enrichments in
Solar System reflect different routes
of interstellar N isotopic fractionation

BONAL L.*, HILY-BLANT P., FAURE A. AND QUIRICO E.!

'TPAG , Institut de Planétologie et d’ Astrophysique de
Grenoble, UJF-Grenoble 1 / CNRS-INSU, France,
[lydie.bonal@obs.ujf-grenoble .fr]

Large nitrogen (N) isotopic variations are observed in our
Solar System (*N/N ~ 50 to 450), with most of the objects
being '’N-enriched compared to the presolar nebula (PSN,
“N/N = 442) [1]. We suggest that these variations originate
from distinct sampled N interstellar reservoirs. Indeed, N-
bearing molecules detected towards dark clouds may be
divided into two groups, whether they carry the amine (-NH)
or nitrile (-CN) chemical function. Our recent observations
towards interstellar dense clouds, together with a review of
data from the literature, suggest these two reservoirs are
characterized by distinct isotopic ratios [2]. Compared to the
PSN, (i) nitrile carriers (e.g., HCN) might be systematically
enriched in >N "N/"*N=100-320 and (ii) amine carriers (e.g.,
NH,) are characterized by comparable isotopic ratios (**N/'°N
~ 400). Gas-phase chemical networks suggest that nitriles
derive from N while amines are formed via N*, product of the
dissociative ionization of N,. The "“N/'*N exchange reactions
are therefore different for nitriles and amines, most likely with
different timescales and efficiency [2], explaining the
differential fractionation of these two reservoirs.

The proposed scenario [2] appears to explain several
observations on Solar System objects. In particular, the
absence of significant ""N-enrichments in interstellar clouds,
as previously assumed, is no longer a valid argument to reject
an interstellar origin of organic precursors in primitive
cosmomaterials.

[1] Marty et al (2010) GCA 74, 340 [2] Hily-Blant et al.
(2013) Icarus 223, 582.

A bimodal crystallite size distribution
for mackinawite (FeS)

BONE, S.E.! SPosITO, G. !
AND BARGAR, JR.2

"University of California, Berkeley, CA
“Stanford Synchrotron Radiation Lightsource, Menlo Park, CA

The nanomineral mackinawite (tetragonal FeS, space
group P4/nmm), ubiquitous in sulfidic sediments, impacts the
cycling of metals and metalloids through sorption and
reduction reactions. The crystallite size, hence the specific
surface area, of FeS precipitated from supersaturated solutions
is poorly described; variations in crystallite size may arise
from differences in mineral synthesis conditions and from
differences in measurement techniques used to estimate
crystallite size. Transmission electron microscopy (TEM)
images and X-ray diffraction (XRD) patterns have been used
to study FeS crystallite size. However, XRD is sensitive to the
largest crystallites and identification of small crystallites in
TEM images can be difficult when the crystallites are
embedded in a matrix of aggregated particles.

In this research, we employ a combination TEM, XRD,
and Fe K-edge extended X-ray absorption fine structure
(EXAFS) spectroscopy to estimate the size of FeS crystallites
formed under varying conditions of pH, ionic strength and
reaction time. X-ray absorption spectroscopy is sensitive to the
smallest crystallites, providing an estimate of size that is
complementary to TEM and XRD. Furthermore, we calculate
crystallite size distributions that are able to reconcile the
XRD-, TEM-, and EXAFS spectroscopy-derived estimates of
size. We suggest that the crystallite size may be bimodal, with
a larger number of crystallites less than 2 nm in size than has
previously been estimated using TEM and XRD. The presence
of numerous small (< 2 nm) crystallites will have large
ramifications for the properties of FeS, including its solubility
and the rate and mechanism of particle growth. Lastly, the
crystallite size distribution can be used to inform studies of
particle reactivity by constraining the reactive surface area and
the number of surface sites.
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Demixing instability in dense molten
MgSiO,
STANIMIR A. BONEV!? AND BRIAN BOATES!

'Department of Physics, Dalhousie University, Halifax, Nova
Scotia, Canada B3H 3J5

’Lawrence Livermore National Laboratory, Livermore,
California, 94550, USA

The phase diagrams of MgSiO; and MgO are studied from
first-principles theory for pressures and temperatures up to
600 GPa and 20,000 K. We present evidence for a vast
pressure-temperature  regime where molten MgSiO,
decomposes into liquid SiO, and solid MgO. The demixing
transition is driven by the crystallization of MgO - the reaction
only occurs below the high-pressure MgO melting curve. The
predicted transition pressure at 10,000 K is in close proximity
to an anomaly reported in recent laser-driven shock
experiments of MgSiO;. We also present new results for the
high-pressure melting curve of MgO and its B1-B2 solid phase
transition, with a triple point at 327 GPa and 11,800 K.
Comparison with experimental measurements and explanation
of the observed phase boundaries in terms of the computed
free energies will be discussed.

Clumped isotope thermometry of
marbles as an idicator of the closure
temperatures of calcite and dolomite
with respect to solid-state reordering

of C-O bonds

MAGALI BONIFACIE!, DAMIEN CALMELS'
AND JOHN EILER?

'Institut de Physique du Globe de Paris, France
(bonifaci@ipgp.fr, calmels @ipgp.fr)
2 California Institute of Technology, Pasadena, CA, USA

Carbonate clumped isotope thermometry is based on the
temperature-dependent preference of rare isotopes *C and %0
to bond with each other within lattices of carbonate minerals
(as measured by A4; of CO, extracted by phosphoric acid
digestion). In rocks that have experienced burial and/or high
temperature histories, this phenomenon may be controlled by
solid-state diffusion of C and O within the mineral lattice.
Here we examine this issue through clumped isotope
measurements of a variety of natural marbles that differ in
metamorphic environment, age, cooling rates, grain sizes, and
mineralogical and chemical compositions; and compare them
to heating experiments conduced at laboratory timescales.

Calcitic marbles increase in A,; (by a range of ~ 0.05%0)
with decreasing cooling rates (from ~ 100 to few °C/My),
suggesting that *C—"*0 reordering during cooling is controlled
by solid state diffusion. Also, dolomite marbles are
systematically lower in A, (by at leat 0.06%o) than calcitic
marbles, all other factors being the same. This does not appear
to reflect differences between calcite and dolomite in the
temperature dependence of clumping or the fractionation on
acid digestion; rather, it appears that the blocking temperature
with respect to solid-state '*C—'80 reordering is significantly
higher in dolomite (~300°C) than in calcite (~150-200°C), due
to currently unknown chemical and/or structural controls.

These data are relevant for the use of clumped isotope
thermometry to study deeply buried sedimentary carbonates
and carbonate bearing diagenetic, metamorphic and igneous
rocks. Perhaps most importantly, this work suggests that
authigenic or early diagenetic dolomite may provide a means
of recovering clumped isotope surface temperature records
from even deeply buried sedimentary sections and sub-
greenschist facies metamorphic rocks.
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Underestimation of the authigenic
fraction of Cu and Ni in organic-rich
sediments and particles

P. BONING'?*, H. FROLLJE'? AND H.-J. BRUMSACK'

'ICBM, University of Oldenburg, 26129 Oldenburg, Germany
(*correspondence: p.boening@icbm.de)

*Max-Planck Research Group for Marine Isotope
Geochemistry, 26129 Oldenburg, Germany

Organic-rich sediments from marine environments
typically show authigenic enrichments in Ni and Cu.
However, the exact determination of the authigenic metal level
is difficult given the considerable level of the lithogenic metal
background. The authigenic metal level can be estimated
according to M4, = M = (M/Alyeiground Alio) While M =
metal of interest and Al = aluminum. Alternatively, a metal
enrichment factor (EF) is calculated according to EF =
M/Alyy /' M/Alyggome- Both  techniques rely on  the
appropriate use of the M/Al ratio of the lithogenic
background. For the latter, the M/Al ratio of average shale or
crust is widely applied as lithogenic background in marine
geochemistry. Here, we show that the authigenic level of Cu
and Ni in sediments and particles (upwelling areas of Peru,
North and South Chile, Gulf of California, Norwegian
Kyllaren fjord and German Wadden Sea) is significantly
underestimated when using the M/AI ratio of average shale or
crust as lithogenic background. The correlation between Cu/Al
and Ni/Al with organic carbon in the samples indicates the
apparent M/Al ratio of the background, which is 2-4 times
lower than the M/AI ratio of shale or crust. A prerequisite for
our technique is high linearity and high quality of correlation
(® = 0.8) otherwise the lithogenic background cannot be
exactly determined. The resulting higher authigenic level of
Cu and Ni underlines their use as productivity indicators in
modern and paleo records while the enrichment of Cu and Ni
shifts from moderate to high if it is assessed via EFs.

The stable chromium isotopic
composition of Lunar basalts

P. BONNAND'?#,1.J. PARKINSON'> AND M. ANAND*®

"Department of Environment, Earth and Ecosystem, The Open
University, Milton Keynes, UK.

*Department of Earth Sciences, University of Oxford, Oxford,
UK (*correspondence: pierre.bonnand@earth.ox.ac.uk).

*Bristol Isotope Group, School of Earth Sciences, Unversity of
Bristol, UK.

*Department of Physical Sciences, The Open University, UK.

*Department of Earth Sciences, The Natural History Museum,
UK.

Planetary formation has been widely studied using major-
element constituents of planetary mantles [e.g. 1]. The Moon’s
formation is a highly debated topic and it has been proposed
that the Moon is the result of a Mars-sized impactor which
collided with the proto-Earth [2]. Non-traditional stable
isotopes have been used to try to understand the formation of
the Moon and its differentiation [e.g. 3].

Chromium isotopes are fractionated during core formation
and differences in Cr isotopic composition between meteorites
and the Earth’s mantle suggest that light Cr isotopes have been
preferentially partitioned into the metal fraction [4]. Lunar
samples are characterised by a lack of nucleosynthetic
anomalies for Cr isotopes [5].

In the absence of samples from the Moon’s interior and in
order to better constrain the lunar mantle composition and
understand its formation we report stable chromium isotopic
composition for a suite of low-Ti and high-Ti mare basalts.
We find resolvable Cr isotopic variations within the lunar
sample suite but no clear differences between low-Ti and
high-Ti basalts. There is no correlation between &*Cr and
5'80. However, Cr isotopes seem to be correlated with Mg#
and TiO, content which suggest that Cr isotopes are
fractionated during magmatic differentiation on the Moon.
The more primitive samples have Cr isotopic composition
similar to the Earth’s mantle.

These results suggest that the terrestrial and lunar mantles
have similar stable Cr isotopic composition. This implies that
processes responsible for the difference in isotopic
composition between the Earth’s mantle and chondritic
material occurred before the formation of the Moon.

[1] Dauphas et al. 2009, EPSL, 288, 5855-5863. [2] Cameron
1997, V. Icarius, 126, 126-137. [3] Liu et al., 2010. GCA, 74,
6249-6262. [4] Moynier et al. 2011, Science, 331, 1417-1420.
[51 Qin et al. 2010, GCA, 74, 1122-1145.
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Fungi-mineral interface : hotspot of
weathering in soils
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Throughout geological times, tectonic forces have
continuously exposed rocks to the slow but inexorable actions
of weathering at the Earth's surface. This geological process
forms soils upon which the entire terrestrial biosphere
depends. Weathering of primary rocks also has a key-role in
the carbon cycle as the alteration of Mg- and Ca- silicates
coupled to the deposition in sediments of Mg- and Ca-
carbonates results in a net flux of CO, from the atmosphere to
the lithosphere. Over geological timescales, this transfer
controls atmospheric CO, levels and hence the climate.
Initially conceptualized in terms of abiotic dissolution
reactions alone, there is now growing evidence that plants and
their root-symbiotic partners, mycorrhiza, are key to the
weathering because of their impressive capacity to interact
physically and chemically with minerals.

In soils, mycorrhiza grow preferentially around, and on the
surface of nutrient-rich minerals, making such contact zones
potential hot-spot of mineral alteration. Here, we present a
compilation of results and observations from alteration
experiments in which ectomycorrhiza (Paxillus involutus)
were grown symbiotically with a pine tree (Pinus sylvestris) in
presence of freshly-cleaved biotite under humid, yet
undersaturated, conditions typical of soils. Using FIB
(Focussed Ion Beam), cross-sections of fungi-biotite interfaces
were sampled along single, surface-bound hypha and analysed
for (i) their contents in Si, O, Fe, Al, Mg and K at a
nanometer-resolution (by STEM-EDS) and for (ii) the
speciation of redox-sensitive elements (by STXM) [1]. In
parallel to the biotite characterization, the chemical conditions
in the near-environments of hypha and their biochemical
composition were analyzed by molecular probes coupled to
confocal microscopy and synchrotron-based u-FTIR. This
dataset shed light into mechanisms and also allowed for a first
estimation of chemical alteration rates at the interface between
fungi and rock-forming minerals [2].

[1] Bonneville Et Al. (2009) Geology, 37, 615-618
[2] Bonneville Et Al. (2011) GCA, 75, 6988-7005

XAS and isotopic approaches to
identify Zn and Cu sources in the
Seine River watershed

C.A.BONNOT'*, A. GELABERT!, G. MORIN?, P. LOUVAT!
AND M_.F. BENEDETTI'

! Université Paris Diderot, Sorbonne Paris Cité, Institut de
Physique du Globe de Paris, UMR 7154 CNRS, F-75013
Paris, France, (* correspondence: bonnot@ipgp.fr)

2 UPMC, UMR CNRS 7590, IMPMC, Paris, France

In order to preserve the global freshwater resource, new
directives on water policy have been established imposing a
good ecosystem status for 2015. For the Seine-Normandie
basin, it includes the metals sources determination in order to
identify the metal amount resulting from the geochemical
background, and the metal amount arising from
industrialisation. The combination of isotopic and XAS
approaches should allow to identify the different sources, and
to understand the different processes controlling the Zn and
Cu cycling. Variations on the 8°Zn and 8%Cu can provide
information relative to the main sources of metals. XAS
spectra study (through the knowledge of Zn and Cu
speciation) is needed to understand the processes acting on the
rivers (isotopic fractionation induced by biogeochemical
processes [1,2,3] versus water mixing) and determine the
bioavailability of Zn and Cu. As a potential Zn source, the
sediment dynamics in the river have been investigated. To do
so, sediment traps representative of river bottom sediments
have been analysed using XAS at the Zn K-edge. In these
samples, poorly crystallized Zn sulfides constitute the Zn
major species, and could explain the presence of ZnS in
suspended particulate material in the river water column. In
addition, two “geographic” sampling campaigns have been
performed to estimate the impacts of the different
environmental conditions on the Zn/Cu signal, and to help
locating the potential metal sources in the system. These two
campaigns highlight a general seasonal effect linked to the
discharge, in addition to punctual concentration anomalies.

[1] Gélabert et al. (2006) GCA 70, 839-857. [2] Jouvin et al.
(2009) ES&T 43, 5747-5754. [3] Juillot et al. (2008) GCA 72,
4886-4900
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Paroxysmal degassing at Mt. Etna in
2011-12

E.BONNY'?,C. MANDON!?, S.A. CARN?, A.J. PRATA?,
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Between January 2011 and April 2012, Mt. Etna produced
a series of 25 paroxysmal lava fountaining events,
representing a significant change in its eruptive style.
Understanding the causes and impacts of this activity is crucial
for improved hazard assessment at Etna, and for refinement of
models of the volcano’s magma plumbing system. Sulfur
dioxide (SO,) emissions associated with most of these
paroxysms were measured by the ultraviolet (UV) Ozone
Monitoring Instrument (OMI) on NASA’s Aura satellite and
the Atmospheric Infrared Sounder (AIRS) sensor on the Aqua
satellite. The ground-based OPGC VOLDORAD 2B L-band
Doppler radar system, operated in cooperation with INGV-CT,
also detected the associated ash plumes, providing accurate
constraints on the timing and duration of the lava fountains.
We present a comprehensive analysis of the OMI and AIRS
SO, data for the Etna paroxysms in 2011-12. Back trajectory
analysis of the observed SO, clouds using the HYSPLIT
trajectory model indicates that SO, emissions generally
coincided with the peak lava fountain intensity detected by
VOLDORAD. By combining the UV OMI and IR AIRS SO,
measurements we constrain the SO, loss rate in the Etna SO,
clouds, many of which were tracked for several days after
emission. Using SO, loadings corrected for the time of
emission, we observe a correlation between SO, production
and inter-paroxysm repose time. Comparison of the erupted
magma mass estimated from the radar data and the SO,
loadings also indicates a vast excess of gas in the emissions.
Of the two models typically invoked for explosive basaltic
eruptions (the rise speed dependent (RSD) and collapsing
foam (CF) models [1]) we propose that our dataset supports
the CF mechanism as the predominant driver for paroxysms at
Etna in 2011-12. Satellite data indicate low or undetectable
ash content in the drifting eruption clouds, suggesting efficient
separation of ash and gas in the eruption column, with
implications for aviation hazards.

[1] Parfitt (2004) J. Volcanol. Geotherm. Res. 134, 77-107.

Dissolved gases and radioactivity in
spring waters of southeast Brazil

D.M. BONOTTO

Instituto de Geociéncias e Ciéncias Exatas, UNESP,
Rio Claro, Brasil (dbonotto@rc.unesp.br)

Twenty two spring water samples from spas located at Sao
Paulo and Minas Gerais states, southeast Brazil, have been
sampled and analyzed for temperature (T), conductivity (C),
pH, redox potential Eh, dissolved gases O,, CO,, H,S and
radionuclides ?*®Ra, *Rn and **’Rn. The samples provided
from different geological contexts, i.e. Parand sedimentary
basin, Pocos de Caldas alkaline massif and high grade
metamorfic suites. The RAD7 portable detector (Durridge
Co.) has been used for Rn and **Rn analyses, as well
traditional ~ potentiometric/colorimetric ~ methods  and
radiochemical steps followed by gamma ray spectrometry
through Nal(T1) scintillation detector.

The following data range has been found: T=21.7-28.4 °C;
C=0.04-4.73 mS.cm™’; pH=5.56-9.38; Eh=-115-122 mV; O,
=1.3-9.0 mg.L"'; CO,=~<1.0-800 mg.L"; H,S8=<1.0 — 3064
pg L' 2Ra=<54-1232 mBq.L"'; ?°Rn=<0.1-23.4 pCi.L";
Rn=0.6-2020 pCiL"'. Such great variability of values
reflects the different lithologies, mineralogy of the rock
matrices, discharge and climatic conditions, among others
factors.

According to the Brazilian Code for Mineral Waters
(BCMW) established by Register 7841 published on 8/8/1945,
in terms of T values, the springs analyzed are cold (<25°C)
and hypothermal (25-33°C). Several significant correlations
were found involving the parameters analyzed, for instance:
Eh and pH (r=-0.58), H,S and C (1=0.64), T and **Rn (r=-
0.61), T and *°Rn (r=-0.42), ***Rn and **’Rn (r= 0.59). Neither
O, nor CO, and H,S exhibited significant correlation with T, as
expected, however, this scenario may modify if an expanded
database including values for mesothermal, isothermal and
hyperthermal waters is taken into account. According to the
BCMW, in terms of radiological aspects, the springs analyzed
can not be considered thoriferous as the **Rn activity
concentration is lower than 26.9 Bq.L"'. One spring may be
classified as weakly radioactive, as exhibited *’Rn activity
concentration between 67.2 and 134.5 Bq.L"'. Most of the
28Ra activity concentration data were below the detection
limit, whereas one spring exhibited a value exceeding the
guideline value of 0.1 Bq.L"' established by the Brazilian
Health Ministry Register 2914 published on 12/12/2011.
Therefore, the acquired data are relevant for the appropriate
management and use of the studied spring waters.
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Complexation of Sr in aqueous
solutions equilibrated with silicate
melts: Implications for fluid-melt

partitioning
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Fluid-melt partitioning of Sr, Ba, La, and Y strongly
depends on fluid and melt composition [1-2]. That is, partition
coefficients of these elements increase with i) salinity of the
fluid and ii) increasing alumina saturation index (ASI:
Al/(Na+K) in moles) of the silicate melt (Fig.1).

"y - Fig. 1.
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Fluid-melt
partition coefficients of Sr,
Ba, La and Y as function
of melt composition at
750°C, 200 MPa, and
using a chloridic fluid.

On one hand, the
distinct affinity for
chloridic fluids points to a
preferential complexation
of these elements with
chlorine. On the other hand, the strong dependence on melt
composition suggests that a different release of melt
components into the aqueous fluid in peralkaline systems
changes the speciation in the aqueous fluid. Up to now, the
exact nature of the complexation in the fluid is not clear.

Here, we present experimental and theoretical data on the
complexation of Sr in three fluid-melt systems. X-ray
absorption spectroscopy was applied to probe the local
environment around Sr in silicate-bearing fluids, ie.,
peralkaline or peraluminous melts completely dissolved in the
aqueous fluid, and in various model systems, e.g., crystalline
compounds, silicate glasses, and aqueous solutions. In order to
decode the complexation of Sr in model systems and silicate-
bearing fluids, theoretical spectra are calculated either using
model structures, by testing several small cluster geometries or
based on snapshots of trajectories produced with MD
simulation to account for atom movements in aqueous
solutions. Experimental data clearly show differences in the
local environment around Sr in studied silicate-bearing fluids.
Theoretical spectra point to a predominant formation of i)
StOq cluster in chlorine-free peralkaline fluids, ii) distorted
SrOg clusters in chloridic-peralkaline fluids, and iii)
complexes that very likely incorporate Cl' in chloridic-
peraluminous fluids.

fluid-melt partition coefficient
121913902 uoned Jjaw-pinj)
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[1] Borchert et al. (2010a), GCA 74, 1057-1076. [2] Borchert
et al. (2010b), Chem. Geol. 276, 225-240.

Formation of arsenic bearing apatite
from calcite. Chemistry and
microstructures
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Apatite, a calcium phosphate mineral, can form naturally
as solid solutions with between 0-100% of the phosphate
anions substituted with compatible molecules in the crystal
lattice [1]. Arsenate, As¥O,> is one such molecule, and there
are many examples in nature of high As bearing apatite [2].

In order to track the chemistry of ancient fluids that
formed the observed composition variation in apatite and
related mineral deposits, a series of hydrothermal synthesis
experiments were performed, aiming to establish a
relationship between apatite composition and fluid chemistry.
Utilising a general method from a previous study [3], we have
generated a range of synthesised apatite samples starting from
calcite, primarily by reaction with phosphate (PO,*),
substituting with similar molecules (e.g. AsO,”, SO/).
Chemical analysis of thus formed apatite-like compounds
show differing level of incorporation depending on the
molecule being substituted, while SEM and CL mapping of
grains show very interesting and complex textures and
element distribution patterns. Two stage experiments, where
one solution composition is reacted with pure calcite, then a
different solution is reacted with the product, show that
phosphate is an important driver for As-bearing apatite
growth, and that arsenic incorporated into the apatite structure
is not readily remobilised. This level of understanding is
important when considering natural apatite samples as
indicators to track ore fluids.

[1] Pan and Fleet (2002) Rev. Mineralogy 48, 13-49. [2]
Mailloux et. al. (2009) Appl. Environ. Microbiol 75,8, 2558-
2565. [3] Kasioptas et al. (2011) Geochimica et
Cosmochimica Acta 75,12, 3486-3500.
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Meter-scale chemical interaction
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and mantle peridotites in the
Northern Apennine ophiolites (Italy)
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Mantle peridotites from the Northern Apennine ophiolites
are characterized by the occurrence of cm-thick pyroxenite
layers originated by rather deep segregation of MORB-type
melts. Our recent work documents that during the pyroxenite
emplacement portions of the country peridotite have been
significantly modified in their modal, chemical and isotopic
compositions by reaction with melts percolating from
pyroxenite veins [1]. Here we report the results of detailed
bulk and mineral major and trace element profiles carried out
through pyroxenite-peridotite boundaries to investigate the
physico-chemical parameters governing the melt-rock reaction
process. Relative to the peridotites far (> 2 m) from the
pyroxenite veins, wall-rock peridotites show i) modal
orthopyroxene enrichment at the expense of olivine, ii) higher
Al, Ca, Si contents and slightly lower Mg# iii) Al-richer spinel
and lower-Mg# pyroxenes. Moreover, clinopyroxenes in the
wall-rock peridotites have LREE-depleted patterns and initial
eNd(430 Ma) = +4.7-+7.6, pointing to a reaction with an
enriched tholeiitic silica-saturated melt. Along the pyroxenite-
peridotite traverses, clinopyroxenes record a trace element
gradient: at the pyroxenite-peridotite contact they have the
lowest MREE-HREE abundances, with lower Sm/Nd ratios
than the distal pyroxenite-free peridotites. The overall REE
abundances progressively increase away from the pyroxenite-
peridotite boundary up to about 20 cm as a result of
percolative reactive flow at decreasing melt mass. Beyond 20
cm from the contact, the HREE content decreases with
distance from the pyroxenite, while the LREEs remain at
nearly constant level, pointing to a more efficient chemical
buffering of the host peridotite on the HREE composition of
the percolating melt through ion exchange chromatographic-
type processes.

[1] Borghini et al. (2013), Geology, in review.

How do organic molecules affect
interactions of water with
environmental sorbents?

M. BORISOVER

Institute of Soil, Water and Environmental Sciences, ARO,
The Volcani Center, Bet Dagan, Israel;
correspondence: vwmichel @volcani.agri.gov.il

Water is the integral component of environmental phases
and interfaces (e.g., in soils and sediments) and affects their
structure and reactivity. Sorption interactions of water with
environmental phases can be probed by their response to
sorption of organic molecules. Such a test examines a sorbent
hydration in a local microenvironment specific for a given
probe. However, the direct measurement of the response of
water-sorbent interactions to the presence of organic
molecules at environmentally relevant conditions is difficult,
due to typically low organic sorbate concentrations. Therefore,
the use of the model-free thermodynamic approach [1] is
proposed which allows determining the effect of organic
compounds on sorbent-water interactions from the equilibrium
sorption isotherms of organic molecules measured at varying
water activities. The analysis included the data on (/) organic
vapor sorption on such important soil components as minerals
(i.e., quartz, clays, metal oxides) and organic matter (OM),
and (2) the liquid phase sorption on the model soil OM. The
amount of water expelled from a sorbent or co-sorbed, per an
organic molecule sorbed, was obtained for different extents of
sorbent hydrations. The water-expelling effect of organic
molecules on minerals was analyzed by using Linear Free
Energy Relationship (LFER). The LFER analysis suggested (i)
the significance of organic sorbate polarizability associated
with n- and 7t- electrons in driving water into the sorbent phase
and (ii) the control of water driving-out effect by molecular
size, H-bond acidity and basicity of sorbates. As distinct from
minerals, water interactions with strongly hydrated OM phases
(i.e., at water activities approaching one) become enhanced
upon sorption of multiple organic sorbates containing oxygen,
nitrogen or sulfur atoms. This OM hydration enhancement
may involve several water molecules per a sorbed organic
molecule and seems to be cooperative, which may need to be
incorporated into models of organic compound sorption by
soils and sediments. Importantly, this effect of the OM
hydration enhancement suggests that a pre-hydration of OM
does not necessarily create the OM configuration appropriate
for further accommodation of other molecules.

[1] Borisover (2012) Adsorption, DOI 10.1007/s10450-012-
9446-7).
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Fe species in the melt can include 4-Fe2+, 5-Fe2+, 4-
Fe3+, and 5-Fe3+. The relative proportions between these
species can vary according to bulk glass composition and
oxygen fugacity conditions. RedOx state and coordination of
Fe can considerably affect important physical properties
(density and viscosity) of magma, even where bulk
composition and Fe content are constant. A set of silicate
glasses with pantelleritic composition have been synthesized
at different oxygen fugacity conditions (from air down to IW
buffer) and then were analyzed by 57Fe Moessbauer
spectroscopy (MB). The spectra were taken at 298K in
transmission mode and fitted by applying an extended Voigt-
based lineshape according to [1]. The MB spectra of all
samples display three lines which can be described to two
different doublets. One doublet with an isomer shift (IS) of ca.
0.9 mm/s relative alpha-iron and a quadrupole splitting (QS)
of ca. 2 mm/s can be attributed to ferrous iron. The second
doublet with IS of ca. 0.3 mm/s relative alpha-iron and QS of
ca. 0.9 mm/s can be attributed to ferric iron. The later values
are close to that of ferric iron on tetrahedral site in
ferrobasaltic glasses [2]. With increasing oxidation the QS of
ferric iron increases slightly from 0.85 mm/s (0.3
Fe3+/Fetotal) to 0.95 mm/s (0.8 Fe3+/Fetotal) where a
decrease of QS for ferric iron as a function of oxidation was
observed. The IS of 0.9 mm/s for ferrous iron remains
constant up to an oxidation state of about 0.6 Fe3+/Fetotal and
with increasing oxidation a rapid decrease to IS of 0.6 mm/s at
0.8 Fe3+/Fetotal occurs. At the oxidation state of 0.6
Fe3+/Fetotal the constant QS of 2.0 mm/s for ferrous iron
increases up to 2.45 mm/s at 0.8 Fe3+/Fetotal in contrast to
ferrobasaltic glasses, where a QS of 2.0 mm/s remains
constant over the whole oxidation state [2]. Meanwhile, for
tektites and alumino-silicate glasses [3, 4] the doublet with IS
of 0.9 mm/s and 0.6 mm/s was attributed to ferrous iron on a
five-fold and four-fold coordinated sites, respectively.

[1] Lagarec and Rancourt (1997) Nucl. Instr. And Meth. B
129, 266-280. [2] Botcharnikov et al. (2005) Geochim.
Cosmochim. Acta 69, 5071-5085. [3] Rossano et al. (1999)
Phys Chem Minerals 26, 530-538. [4] Rossano et al. (2008)
Phys Chem Minerals 35,77-93.

Luminescence of products of
hypergenesis ore deposits
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(boroznovskaya@mail.ru)

Luminescence analysis (L) can be successfully used in
mineralogical studies of hypergene products. We studied the
spectra  of  roentgenoluminescence (RL), and the
thermoluminescence (TL) of minerals the oxidized zone
Rubtsovsk deposit (Russia, Ore Altai). Found that the species
composition of the loose mono and polymineral formations
consisting of basic sulphate Cu, Pb, Al, and clay minerals can
be determined from the characteristic spectra of RL and TL
schedules. L studied minerals associated with defects in
silicon-aluminum-oxygen tetrahedra, the excited states of
oxygen and the presence of other native defects. Monoclinic
dickite is diagnosed by the intense RL at A = 350-360 nm, and
very different from the triclinic kaolinite, which is
characterized by weak luminescence in a wide wavelength
range (285-300 and 340-350 nm). RL of kaolinite varies
depending on the degree of crystallization and structural
regularity. Halloysite is allocated by short-wave radiation with
a peak in the spectral range 290-310 nm. In contrast to clay
minerals alunite and osarizavaite spectra RL very low in
intensity. Quantitative ratios of clay minerals and sulfates in
their common units can be determined from the graphs of TL
ignition minerals up to 450 °C.
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Studied the L of hypogene and hypergene barite. RL
spectra of barite formed in the oxidation zone differ from
those of RL hypogene barite primary sulfide ore intense
radiation in the wavelength range of 350-400 nm due to the
excitation of oxygen. Thus, the study of products of hypergene
luminescence methods allow: 1) to determine the degree of
crystallinity of the mineral aggregates and order of the crystal
lattice of minerals; 2) to use the luminescence for diagnostic
purposes; 3) to solve individual genetic issues.

This study was funded by the Russian Ministry of Education
and Science (projects 5.3143.2011, 14.B37.21.0686,
14.B37.21.1257).
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Zinc (Zn) is used in many industrial processes, including
the galvinization of steel and the vulcanization of rubber. Due
to its relatively low volatilization temperature, Zn is emitted to
the atmosphere in greater quantities than any other trace metal
worldwide. The fractionation of stable Zn isotopes during
anthropogenic processing provides a potential opportunity to
understand and evaluate the sources, transport, and
accumulation of pollutant Zn in the environment.

Here we present the results from a series of investigations
of Zn isotopes in anthropogenic systems, including a new
investigation of lake sediment cores from seven urban lakes
and one reference lake in the USA. The time-resolved records
of sediment (and Zn) accumulation suggest that, on average,
the 8%Zn (measured relative to JMC 3-0749L) of Zn from
sediments deposited during intense urbanization is 0.09 =+
007%0 (n = 12), while the average isotopic signal for
sediments deposited prior to urbanization (and in the non-
urban reference lake) is 0.33 = 0.07% (n = 23). The
anthropogenic isotope signal for Zn fits well with previous
investigations of Zn processing related to combustion, which
may suggest that automobile emissions and waste burning are
important contributors to urban Zn pollution. The natural
background isotopic signal of Zn for lake sediments is similar
to that reported for many igneous rocks. This may suggest that
processes like weathering, transport, and biological uptake do
not appreciably change the isotopic signature of the natural
lake sediments.

This lake sediment study, as well as previous
investigations of Zn-contaminated sediments, water, and
atmospheric particles confirm that Zn isotopes can be useful to
help distinguish between natural and anthropogenic Zn
sources. However, because of the small amounts of
fractionation and overlapping isotopic signatures, Zn isotope
investigations are most successful when they are combined
with other chemical and/or isotopic measurements.

Antigorite dissolution rates as a
function of pH at 25 and 80 °C

0O.Bosc,J. DECLERCQ, V. MAVROMATIS
AND E. H. OELKERS

'GET, Université Paul Sabatier-CNRS/UMR 5563, Toulouse,
France (*corresponding author bosc@get.obs-mip.fr)

Antigorite (Mg,;Si,05(OH),) is a common serpentine
mineral that could provide the divalent metal cations required
for mineral carbonation as part of carbon storage efforts. Such
carbonation could occur via the dissolution of acidic CO,
saturated H,O. Antigorite dissolution into this fluid would
both release aqueous Mg and neutralize the fluid promoting
carbonate precipitation [c.f. 1].

In an attempt to better quantify this carbonation process
antigorite dissolution rates have been measured as a function
of pH from 2 to 10 temperatures of 25 and 80°C in closed
system reactors. Rates were calculated from measured
aqueous Mg and Si concentrations

r = (dC/dt)v/S
where r is the dissolution rate, dC/dt is the time derivative of
Mg or Si concentration, v is the fluid volume in the reactor
and S is the surface area.

Magnesium is released preferentially at the beginning of
most of the experiments compared to silica suggesting the
importance of Mg for proton exchange reactions in the
antigorite dissolution mechanism. Also similar to the behavior
of other Mg-silicate minerals including talc and tremolite [2],
antigorite dissolution rates decrease systematically with
increasing pH over the whole pH range considered in this
study; antigorite dissolution rates at pH 2 are ~1.5 orders of
magnitude faster than corresponding rates at pH 10. The
addition of ~0.1 mol/kg citrate to the aqueous fluid appears to
increase constant pH rates by less than an order of magnitude
suggesting that the addition of organic ligands would be an
inefficient method to accelerate the carbonation of Mg silicate
minerals.

[1] Oelkers et al. (2008) Elements 4, 333-337. [2] Saldi et al.
(2007) GCA 71, 3446-3457.
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Insights on the protracted evolution
of the deep crust of the Arabo-
Nubian Shield.

BOSCH DELPHINE*

! Géosciences Montpellier, Montpellier France.
(delphine.bosch@gm.univ-montp2.fr)

The Arabian-Nubian Shield (ANS) represents a mosaic of
more than 15 Neoproterozoic juvenile island-arc terranes
(850-600 Ma) formed in the Mozambique ocean realm. In
spite of amalgamation events that subsequently led to
accretion of the ANS, most exposed terranes are characterized
by low- to moderate metamorphic overprint, greenschist-facies
rocks being prevalent in the shield. It is thus difficult to
examine how and when the lower crust of the ANS formed
since it is mostly inaccessible. In this study, we analysed 3
gneisses from Zabargad Island (Egypt) corresponding to lower
crustal units exposed at surface level during the Oligo-
Miocene thinning of the ANS lithosphere related to the Red
Sea rifting. Zircons from a felsic granulite have both low and
high Th/U ratios (0.3 and 0.07), but yield undistinguishable
ages of 652 + 10 Ma, which we interpret as dating the age of
the protolith and its conversion to granulite. Some zircons
however yield low Th/U ratios and a significantly younger age
of 597 + 4 Ma, reflecting a second metamorphic event,
possibly related to collision between island arc terranes of the
ANS and the Saharan craton on the West. Monazites from a
granulitic gneiss yield a much younger age of 497 + 2 Ma
which may reflect far-field stress associated to the latest stages
of amalgamation of eastern Gondwana. Lastly, zircons
extracted from a granulitic gneiss sampled at the contact with
the Northern peridotite massif yield an age of 25.1 + 0.4 Ma
related to contact metamorphism during juxtaposition of the
hot peridotite and lower crustal units. Gneisses from Zabargad
island constitute a unique window to look at the
polymetamorphic evolution of high-grade lower crustal units
of the ANS.

Micro-fracturing induced by
radioactivity of minerals:
consequences on the permeability of
rocks.

V.BOSCHERO'?, A M. SEYDOUX-GUILLAUME', M.
MARCOUX?, C. NOIRIEL! AND L. ORGOGOZ0"

' GET, UMRS5563 CNRS-UPS-IRD, Université de Toulouse,
14 av E. Belin, 31400 Toulouse, France

2IMFT, UMRS5502 CNRS-INPT-UPS, 2 Allée du Professeur
Camille Soula, 31400 Toulouse, France

Some rocks may contain radioactive (U-Th) minerals
ranging from micrometric to millimetric sizes. These minerals
are submitted to intense self-irradiation (a-decay of U and Th
chains) that can lead to amorphization and also modify their
environment by irradiating the host minerals. Amorphization
induces volume increase, leading to the formation of cracks
which eventually connected into a network through the rock.
This fracturing allows fluid circulation, and promotes
alteration of source minerals and dispersion of elements (e.g.
Pb and U). These observations highlight the importance of
understanding the impact of radiation damage on radioactive
transport by fluids passing through such fractured rocks. The
aim of this study is, through the caracterization of natural
samples, to explore the consequences of such fracturing on the
ability of rocks to transfer radioactive elements within fluid
phases. The study was made up of imaging, laboratory
measurements and numerical modelling.

First, the permeability of natural rocks with high-level of
radioactivity, was measured. Such low permeability needs the
use of specific gaz-permeameter. In agreement with the
Klinkenberg effect, permeability of the samples can be
obtained.

In a second step, these results were compared with those
from numerical modelling. For that, the geometry of a micro-
fracture network was used after SEM image processing. The
model simulates both the flow in the fractures and the reactive
transport associated with the dissolution of the radioactive
minerals and helped us to evaluate the flow and the transport
heterogeneity in a natural sample, induced by this local
fracturation surrounding radioactive minerals.

For a better understanting of this process, the use of X-ray
CT-scan is necessary to develop a 3D model.
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Carbonation of serpentine mine
tailing: the example of Montecastelli
mine (Tuscany, Italy)

BoscHIC.!,DINI A.!, BEDINI F.!, BANESCHI L. -
NATALI C.' AND DALLAIL.

Istituto di Geoscienze e Georisorse, CNR (Pisa, Italy);
c.boschi@igg.cnr.it

Carbonation of serpentinite or asbestos mine tailing is a
passive, weathering-related process that take advantage of the
thermodinamically driven natural transformation of ultramafic
rocks into carbonate and thus it is cost and energy effective.
The enhancement of this natural weathering is a challenge
including multiple advantages: CO, capture, and remediation
of asbestos tailing. Here, we present an example of natural
carbonation of a small mine dump at Montecatelli (Tuscany,
Italy).

At Montecastelli (Tuscany, Italy), a pluri-kilometric body
of serpentinite, embedded in shales, has been deeply eroded by
the Pavone River providing good exposures and sections. The
central portion of the serpentinite body host a small copper ore
deposit that was intermittently exploited during the XIX
century, and was definitively closed in 1869. Bornite,
chalcopyrite, chalcocite and pyrite veinlets and nodules, in a
chlorite-serpentine-brucite-amphibole soapy gangue,
characterize narrow deformation zones crosscutting the
serpentinites. Most of the low-grade Cu-ore extracted in the
past was not reliable for industrial processing and directly
dumped in front of the entrances of the mine, forming by the
time a small mining dump. Mining activity stopped 60 years
ago.

Intense natural carbonation produced crust of hydrated
Mg-carbonates (hydromagnesite, nesquehonite, manasseite,
pyroaurite, brugnatellite) coating the serpentinite clasts of the
mining dump and the serpentinite walls of the mine tunnels.

The Montecastelli carbonated serpentinite mine tailings
represent an example of rapid atmospheric CO, uptake. Their
study improved our knowledge of the carbonation processes.
Future quantification of the amount of carbon sequestered in
geologic samples from Montecastelli would give an estimate
for the sequestration capacity of ultramafic mine tailings in
general and will provide a framework for the development of
standard protocol for enhanced mineral sequestration at mine
sites.

The Behavior of Beryllium in Soils
and Aquatic Environments

VANESSA BOSCHI'* AND JANE K. WILLENBRING'

"University of Pennsylvania, 240 South 33rd Street
Philadelphia, PA 19104; *vaboschi@sas.upenn.edu

Beryllium is an important metal utilized in a diverse range
of applications. Aside from its numerous industrial uses, it is
as a central tool used in the field of geochronology and
geomorphology. Recent work indicates °Be leached from
mineral lattices during weathering processes moves through a
landscape adsorbed to soil particles and in solution. As such,
the flux of °Be from rivers is indicative of the weathering
extent of soils within the catchment. Another isotope,
cosmogenic '°Be, is formed in the atmosphere and is
precipitated onto the Earth’s surface, adsorbing onto surface
sediments. The concentration of '’Be in soils and sediments
scales with the residence time of sediments in a landscape.
Although these applications are dissimilar, they require an
understanding of the behavior of beryllium in soils and aquatic
environments. A better understanding of the mobility of
beryllium will help constrain its use for such geologic
techniques.

In order to evaluate the interactions of beryllium with soil
and aquatic related materials, we selected model organic
compounds and minerals to perform distribution coefficient
experiments. Model organic compounds such as graphite,
cellulose, an amine compound and phenolic acid in addition to
dissolved organic matter samples were selected on the basis of
their chemical composition and potential ability to adsorb
beryllium. Clay-sized fractions of montmorillonite, illite,
kaolinite and hectorite were also selected. The retention of
beryllium onto each of these compounds was evaluated over a
pH range and various equilibration times to determine which
conditions allowed for the greatest retention of beryllium.
Preliminary results conclude that mineral compounds more
efficiently adsorb beryllium relative to the selected model
organic compounds. Retention of beryllium increases with
increasing pH from 2 to 6. We also examined the effect of pH
on the speciation and colloidal nature of beryllium. For
beryllium concentrations typical of natural soil solutions, we
find that the colloidal behavior of beryllium may play a
significant role in its mobility within soils.
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Determination and quantification of
fatty acids in speleothems and cave
drip water using HPLC-ESI-IT/MS

J.M.BOSLE'*, D. SCHOLZ? AND T. HOFFMANN?

nstitute of Inorganic and Analytical Chemistry, Johannes
Gutenberg-University Mainz, Germany;
(*correspondece: bosle@uni-mainz.de)

“Institute for Geoscience, Johannes Gutenberg-University
Mainz, Germany;
(scholzd@uni-mainz.de)

*Institute of Inorganic and Analytical Chemistry, Johannes
Gutenberg-University Mainz, Germany
(hoffmannt@uni-mainz.de)

Cave drip water, speleothems and the proxies preserved
within them have significant potential to record
palacoenvironmental changes in the regional vegetation [1].
The most common proxies measured in stalagmites are
inorganic proxies, in particular oxygen isotopes [2]. More
recently the importance of organic matter analyses in this field
is examined. This study focuses on the research of lipid
biomarkers. The lipids contained in stalagmites originate from
the overlying soil and different plants, bacteria and fungi.
Therefore different compositions of lipids may provide
records of environmental changes [3].

In the following the development of a new method for the
extraction of fatty acids (FA) from stalagmites and cave drip
water and their measurement by HPLC-ESI-IT/MS (high
performance liquid chromatography coupled to electrospray
ion trap mass spectrometry) is presented. Five different FAs
with chain lengths from C12 to C20 were applied as analytical
standards. A mixture of these was used to optimize the
separation by HPLC. The FAs were measured in negative
polarity, so a time consuming derivatization of the analytes
was not necessary. To simulate the extraction of the FAs
several spiking experiments were performed. Solid phase
extraction and liquid liquid extraction were used for the
extraction procedure. Both methods were optimized and good
reproducibilities with deviations below 10% were achieved.
Quantitative analyses were accomplished and the limits of
detection determined. As a proof of principle, first
applications to the actual samples were successfully fulfilled.
To testify the role of the FAs as palacoclimate proxies further
experiments will be performed.

[1] Blyth et al., (2008) Quaternary Sci Rev 27, 905-921.
[2] Fairchild et al., (2006) Earth-Sci Rev 75, 105-153.
[3] Blyth ez al., (2006) Org Geochem 37, 882-890.

Sub-micrometer scale chemical
mapping of complex monazites: the
contribution of the NanoSIMS.

V.BOsSE'*,A.DIDIER!, J.L. PAQUETTE',S.
MOSTEFAOUI® AND J.L. DEVIDAL'

! Clermont Université, Université Blaise Pascal, Laboratoire
Magmas et Volcans, BP 10448, 63000 Clermont-Ferrand,
France.(*V .Bosse@opgc.univ-bpclermont.fr)

2 Laboratoire de Minéralogie et Cosmochimie du Muséum,
UMR 7202, CNRS INSU, Muséum National d’Histoire
Naturelle, 57 Rue Cuvier, 75231 Paris Cedex 05, France

Monazite [(Ce,La,Nd,Th)PO,] is a very robust

geochronometer which can record and preserve U-Th-Pb ages
in various geological environments. For around ten years,
monazite has also been increasingly studied because it is a key
tracer for geological processes, especially fluid/rock
interactions. Monazite grains often display variable chemical
compositions at the grain scale and complex chemical zoning,
sometimes correlated to age domains, reflecting the changes in
physical and chemical parameters of the host rock. The
development of in situ techniques (EMPA, LA-ICPMS,
SHRIMP) enables the combined study of chemical and
isotopic characteristics in the monazite at the scale of few pm.
However, many recent studies show that: (1) it is not always
possible to correlate age and chemical domains at these scales,
(2) monazite often display very complex chemical zoning at
infra ym scale and (3) TEM analyses show strong
perturbations of the crystal lattice between 10 and 200 nm. In
order to better understand the ages recorded by monazite it is
necessary to obtain chemical informations at nm scale. In this
context, the NanoSIMS appears to be the best suited tool.
We present here chemical elements (*Y, '*La, *®Pb, *Th
and #%U) NanoSIMS images and analyses obtained in
monazites studied in thin section or separates. *Y, '*La, ***Pb,
Z2Th and ***U ion images were obtained in monazite areas
previously studied with EMPA and dated with LA-ICPMS.
The NanoSIMS maps allow to characterise isotopically and
chemically distinct domains that were not distinguishable on
WDS X-ray maps. *®Pb/**?Th maps derived from NanoSIMS
images offer the possibility to correlate different age domains
with the measured ®Pb/**’Th ages obtained at larger scale
(few ym) by LA-ICPMS.

These results are very promising for compositional and
isotopic mapping with a highest spatial resolution in the
monazite geochronometer.
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Simulation of physical and chemical
processes of polluted air masses
during the Aegean-Game airborne
campaign using WRF-Chem model

E.BoOsSIOLI'*, M. TOMBROU', J. KALOGIROS?,
J.ALLAN?, A. BACAK?, S. BEZENTAKOS* G. BIskos*®, H.
COE’, G. KOUVARAKIS® AND N. MIHALOPOULOS®

'Department of Physics, Univ. of Athens, 15784 Athens,
Greece
(*correspondance:ebossiol@phys.uoa.gr,
mtombrou@phys.uoa.gr)

*Nat. Observatory of Athens, 15236 Athens, Greece
(jkalog@noa.gr)
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Sciences, Univ. of Manchester, M13 9PL, UK
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*Univ. of the Aegean, Mytilene 81100, Greece
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*Fac. of Applied Sciences, Delft Univ. of Technology, Delft
2628BL, The Netherlands
(biskos@aegean.gr, g.biskos@tudelft.nl)

*Department of Chemistry, Univ. of Crete, Heraklion 71003,
Greece
(mihalo@chemistry.uoc.gr.kouvarak @chemistry.uoc.gr)

The chemical and dynamic processes as well as the
atmospheric composition, in the Planetary Boundary Layer
(PBL) over the Aegean Sea, are investigated during an
‘Etesian’ event (29/8-9/9/2011) based on modeling results and
a combination of airborne and ground observations. During
this period atmospheric parameters, concentrations of gaseous
species and size-resolved aerosol chemical composition have
been measured using instrumentation flown on the UK's BAe-
146-301 Atmospheric Research Aircraft operated through
FAAM [1,2]. The simulations were performed by the on-line
meteorological and chemical transport WRF-Chem model.
Anthropogenic and on-line calculated natural (biogenic, sea-
salt) emissions have been considered. Fire emissions
generated by the FMI Fire Assimilation System [3] have been
also included. The horizontal and vertical distribution of
gaseous and aerosol species is interpreted in relation to the
evolution of the PBL, and is shown that the model captures the
geographical and temporal variations observed.

[1] Tombrou et al. (2013) Advances in Meteorology,
Climatology and Atmospheric Physics 1239-1244. [2]
Bezentakos et al. (2013) ACPD 13, 5805-5841. [3] Sofiev et
al. (2009) ACP 9, 6833-6847.

Polyoxometalates and Their Effect on
Tungsten Speciation and Transport

BENJAMIN BOSTICK'* AND JING SUN'2

'Lamont-Doherty Earth Observatory, Palisades, U.S.A,
bostick@ldeo.columbia.edu

Columbia University, New York, U.S.A, AND Lamont-
Doherty Earth Observatory, Palisades, U.S.A,
jingsun@1ldeo.columbia.edu

Tungsten (W) is a toxic element with complex aqueous
speciation. Tungstate, W(VI), is the dominant oxidation state
of tungsten in soils, forms a variety of insoluble tungstate
minerals, and often adsorbs strongly to iron oxides. This
W(VI) often is significantly more readily transported than
expected based on the available thermodynamic data. We have
examined the role of metastable and heteropolyatomic
polytungstates in enhancing the solubility of tungsten in
natural systems. We have measured W concentrations
following reaction with model soil minerals, and natural soils,
over a variety of solution compositions and reaction periods in
which a variety of polytungstate species may form in solution.
In particular, we examined the effect of initial W(VI)
concentration and speciation, pH, and the presence of silicate
and phosphate on W(VI) sorption. The speciation and
structure of adsorbed W(VI) on ferrihydrite also were
examined using synchrotron-based X-ray absorption
spectroscopy (XAS). Adsorption isotherms and envelopes
show a complex relationship between pH and W(VI)
adsorption, with more W(VI) retained at circumneutral pH.
Adsorption was less extensive in solutions containing more
polymeric species, suggesting that these species do not adsorb
to ferrihydrite surface as strongly as does the tungstate anion.
Polyoxometalate (POM) clusters form in the presence of
phosphate, or persist as metastable complexes for sufficient
duration to considerably enhance the solubility and transport
of tungsten in natural environments. XAS confirmed that
tungstate usually represents the bulk of adsorbed W(VI), but
polytungstates also appear to be adsorbed to the mineral
surface, particularly in systems in which W(VI) was most
soluble. Equilibrium adsorption onto ferrihydrite was not
achieved and takes more than one month; this unusually slow
adsorption is due to the slow decomposition of weakly-
adsorbing polyatomic anions to monomeric tungstate anions.
The kinetic stability of metastable polytungstates thus may
further enhance W solubility in natural waters and its
migration in natural environments.
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Relating U-Th-Pb ages of accessory
minerals to metamorphism: A case
study from the Barrovian sequence of
the Central Alps, Switzerland

KATE BOSTON'*, DANIELA RUBATTO',
JORG HERMANN', YURI AMELIN' AND MARTIN ENGI?

'Research School of Earth Sciences, the Australian National
University, Building 142 Mills Rd Acton ACT Australia.
(Correspondence: Katherine.Boston@anu.edu.au)

“Institute of Geological Sciences, University of Bern,
Baltzerstrasse 1 + 3 CH3012 Bern Switzerland.

Accessory minerals allanite, monazite and rutile from
amphibolite facies rocks across the Barrovian sequence of the
Central Alps (Switzerland) were investigated for composition
and U-Th-Pb ages. The growth ages of these minerals record
stages of prograde and peak metamorphism.

Allanite formed during the prograde path at 26-33 Ma. It
occurs aligned along an early foliation that is overprinted by
later generations of mica. In some cases, the foliation along
which allanite is aligned is only preserved in garnet. Rutile
from one metapelite in the central region also records a ~33
Ma age. Zr-in-rutile thermometry yields a temperature of
550+20°C, which is lower than the 620°C peak temperature
deduced from the main mineral assemblage [1], indicating that
rutile crystallised under prograde conditions. We interpret this
early age as the time when the rocks reached peak pressure
conditions.

The timing of peak temperature conditions is recorded in
monazite, rutile and, in one sample, allanite rims. Monazite
yields an age of 22 Ma and grew at the expense of allanite and
after the first stage of garnet growth. In monazite-bearing
samples, allanite is preserved as inclusions in garnet, whereas
monazite is part of the matrix. Zr-in-rutile thermometry
suggests that 23 Ma rutile in a calcschist records the timing of
peak temperature conditions. 20 Ma allanite rims in one
metapelite crystallised on older (27 Ma) cores, and are also
interpreted to reflect the timing of peak to retrograde
conditions.

Through multi-mineral geochronology a prograde
metamorphic history, spanning some 10 Ma, can be
reconstructed: from prograde greenschist facies to peak
amphibolite facies conditions. The observation that 33 Ma
prograde rutile is preserved despite the later temperature peak
at 22 Ma suggests a closure temperature of Pb in rutile in
excess of 620°C.

[1] Todd & Engi (1997) J. metamorphic Geol. 15, 513-530

A multi-isotope (H, O, C, S, B, Mg,
Ca, Ba) approach to study diagenesis
in Black Sea-type sediments

M.E.BOTTCHER'*, L. LAPHAM*'!, N. GUSSONE®,

U. STRUCK*, D. BUHL?, A. IMMENHAUSER®,
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' current: University of Maryland, Salomons, USA

Like The Black Sea, The Baltic Sea Has Switched
Between Fresh Water And Brackish Water Modes. The
Changes In Paleo-Environmental Conditions Caused
Downcore Gradients In The Concentrations Of Dissolved
Species In The Pore-Waters With Consequences For
Microbial ~Activity And Physicochemical Water-Solid
Interactions Associated With Multiple Stable Isotope
Fractionation Processes. Here, We Introduce A New
Combined Multi-Isotope And Trace Element Approach To
Investigate Diagenesis In These Non-Steady State Systems.

In a Gotland Basin core, it is found that concentrations of
conservative elements and the pore water H-2 and 18-O
contents decrease with depth due to diffusion from brackish
waters into underlying fresh waters. A downward increase
and decrease of Ca and Mg concentrations, respectively, is
associated with decreasing Ca-44 and Mg-26 isotope values.
B-11 isotope values decrease in the limnic part. An increase in
Ba concentrations with depth is associated with a slight
increase in Ba-137/134 isotope values. Microbial activities
lead to an increase in DIC, but a decrease in SO4
concentrations and in C-13 contents of DIC with depth.
Desorption of Ba from glacial sediments due to downward
diffusing ions is responsible for the formation of sedimentary
barites. S-34 and O-18 isotope values of barites suggest that
these were formed in glacial sediments from pore waters
strongly depleted in O-18. Impacts of diagenetic processes on
multi-isotope signals in pore waters and authigenic phases are
discussed. Mixing between brackish and fresh waters, solid-
liquid interactions, and transport reactions explain most of the
observed isotope variations along the vertical pore water
profile.
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High Velocity Collisions Recorded in
Asteroidal Meteorites: New Ways to
Constrain Planet Formation

W.F.BOTTKE'> AND S. MARCHI'*

! Southwest Research Institute, Boulder, CO, USA
% Center for Lunar Origin and Evolution, NLSI

It was recently shown that 40Ar-39Ar ages in meteorites
reflect unusually high impact velocities exceeding 10 km/s [1].
Compared with typical impact velocities for main-belt
asteroids of about 5 km/s, these collisions produce 100-1,000
times more highly-heated material by volume. It was proposed
that the 40Ar-39Ar ages between 3.4 and 4.1 Gyr ago from
Vesta, the H-chondrite parent body and the Moon record
impacts from numerous main-belt asteroids that were driven
onto high velocity and highly eccentric orbits by the effects of
the late migration of the giant planets. The timing of these
asteroidal and lunar impact signatures help define the so-
called Late Heavy Bombardment.

An intriguing implication of this work concerns the 40Ar—
39Ar events seen between ~4.4-4.53 Gyr ago among many
stony meteorite groups. Although some of those ages may
reflect cooling through the blocking temperature after igneous
crystallization, others are unambiguously related to early
impact events on primordial asterioids during the planet
formation era [e.g., 2]. More recent impacts in the main
asteroid belt ejected this material off the parent body,
allowing it to reach Earth through dynamical processes. We
postulate that these early high-velocity impacts likely came
from leftover planetesimals residing in the terrestrial planet
region, many of which had highly eccentric and inclined
orbits. If true, these ~4.5 Gyr ago events constrain the nature
and decay rate of this putative population, as well as early
planet formation processes. Using numerical simulations, we
will explore the implications of these results in our talk. We
will also probe how these same methods and data allow us to
glean insights into the timing of the giant impact that formed
the Moon.

[1] Marchi, Bottke et al. (2013) Nature Geosci., 6, 303-307.
[2] Bogard, D. D. (2011) Chem. Erde Geochem.T1,207-226.

Hypersaline volatiles in a palladium-
enriched mafic pegmatoid from the
2.48 Ga East Bull Lake intrusion,
Sudbury District, Ontario, Canada

BRANDON BOUCHER', JACOB HANLEY'
AND RICHARD JAMES?

!Saint Mary’s University, Halifax, NS, Canada. B3H 3C3
(boucher.brandon. m@gmail.com;
jake hanley @gmail.com)

’MERC, Laurentian University, Sudbury, ON, Canada
(rjames@]aurentian.ca)

The East Bull Lake intrusion (EBLI) is a Paleoproterozoic
mafic-ultramafic (low-Ti, high-Al tholeiitic) intrusion located
roughly 90 km west of Sudbury, ON. The intrusion itself
consists primarily of massive- and layered leucogabbro and
leucogabbronorite and is interpreted to be the product of
crystallization of partial melts from sublithospheric depleted
mantle, a remnant of a ~2.48 Ga large igneous/metallogenic
province. The heavily contaminated lower zones of the
intrusion host disseminated-blebby PGE-Cu-Ni sulfide
mineralization (up to ~10s ppm PGE locally in massive sulfide
pods).

Microthermometry was conducted on fluid inclusion
assemblages containing late-stage magmatic-hydrothermal
fluids in interstitial quartz from a mineralized pegmatitic
leucogabbro from the central portion of the intrusion. The
FIAs contain three-phase liquid-rich inclusions with halite
daughter phases. Final homogenization occurred by halite
dissolution at temperatures significantly higher than vapour
bubble disappearance. Using a method for -calculating
minimum trapping pressures at the T of homogenization [1,2],
FIAs not influenced by post-entrapment modification show
minimum trapping pressures from 1.6-3.0 kbars, with final
homogenization temperatures ranging from 291° to 367°C
(bulk salinities of 38-44 wt% NaCl equiv.) For comparison,
Ti-in-quartz thermometry for fluid inclusion-rich domains in
the quartz indicate crystallization from 650-750°C. The data
suggest that if the inclusions are primary then actual trapping
pressures are significantly higher than the minimum values
estimated above, constraining the depth of emplacement of the
mineralized intrusion to at least 18km.

The study provides first constraints on the nature of late-
stage magmatic-derived fluids associated with the EBLI and
provides a means for comparison to other mineralized
intrusions that show involvement of magmatic fluids in the
redistribution of chalcophile/highly siderophile ore metals.

[1] Lecumberri-Sanchez et al. (2012) Geochim et Cosmochim
acta 92, 14-22. [2] Becker et al. (2008) Econ. Geol. 103, 539-
554
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Deep crustal melting revealed by Pb
isotopes and seismology in the
western US

R.A.BOUCHET!, J. BLICHERT-TOFT!?, A. LEVANDER?,
M .R.REID® AND F. ALBAREDE'?

'Ecole Normale Superieure de Lyon, 69007 Lyon, France
(romain.bouchet@ens-lyon.fr)

“Rice University, Houston, Texas 77005, USA

3Northern Arizona University, Flagstaff, Arizona 86011, USA

In comparison to the uniform coverage of the western US
(WUS) provided by the USArray, the NAVDAT database
shows many poorly sampled regions. We therefore measured
the Pb isotope compositions of crustal xenoliths from
numerous volcanic and plutonic rocks across the Colorado
Plateau (CP), and also sampled felsic plutonic rocks
outcropping east of it, where data for the crust have been
particularly scarce. When possible, we separated low-U/Pb K-
feldspars to obtain the Pb isotope composition of the host
magmas. We combined our new data with literature Pb isotope
data from ores and felsic plutonic rocks, all of which we cast
into the geologically informative variables of Pb model ages,
U/Pb, and Th/U using a two-stage model. These parameters
were then imaged on isotopic maps of the WUS using grid-
cell averaging. Comparing the isotopic maps to seismic maps
of tomographic anomalies [1] and Moho and LAB depths
determined from receiver functions [2] leads to the following
observations: (1) Pb model ages match geological ages only
where the continental mantle is cold and the Moho is deep.
Elsewhere, Pb model ages have been reset. (2) While U/Pb
does not vary systematically with other geochemical or
seismic data, Th/U, as inferred from measured 2**Pb/*°Pb
systematics, is high in the Snake River plain, in Northern
Utah, along the Uinta Mountains, along the western rim of the
CP, along the Rio Grande Rift, and in the Laramide uplifts in
Colorado, all places where Vp/Vs is high, and represent
regions of either crustal thinning or basement exposure. We
suggest two scenarios: (1) The Th/U systematics, which are
not visibly controlled by heat flow, attest to thinning of the
local continental crust above hot mantle. Lateral removal of
the upper and middle crust, by extensional faulting or channel
flow, allowed the uplift of deep high-Th/U crustal rocks and
their melting. (2) Exhumation of basement rocks by either
deep-seated Laramide style thrust faults or as metamorphic
core complexes provides access to deeper levels of the crust,
providing the observed high Th/U values.

[1] Schmandt and Humphreys, EPSL, 2010 [2] Levander and
Miller, G-Cubed, 2012.

Large river floodplains: weathering
without erosion?

J.BOUCHEZ!, M. LUPKER?, J. GAILLARDET?,
C.FRANCE-LANORD*, P. LOUVAT® AND L. MAURICE®

'GFZ - Helmholtz Centre Potsdam, Potsdam, Germany
’ETH, Ziirich, Switzerland

SIPGP — CNRS, Paris, France

“CRPG - CNRS, Vandoeuvre-les-Nancy, France
SGET - IRD, Toulouse, France

On their journey to the ocean, large river sediments
undergo a series of sedimentation, temporary storage and
reworking episodes in active floodplains, in which time is
available for sediments to mature chemically. Weathering
affecting material eroded from tectonically active mountain
belts in these flat, non-erosive areas is a potential mode of
coupling between erosion and weathering fluxes at the
continental scale.

We quantified the chemical fluxes associated with
weathering of sediments in the floodplains of the Amazon and
Ganga river systems [1,2]. To this end, river sediments were
sampled upstream and downstream four river reaches across
these basins. Sampling along depth-profiles grants access to
the whole grain size and chemical composition range of river
sediment. Weathering intensities of major elements (i.e. losses
of Na, K, Mg and Ca) associated with chemical weathering in
floodplains were examined as a function of grain size and
integrated over the entire grain size range. Finally, we
computed weathering fluxes, using a steady-state mass
balance model at the scale of the river reach.

Across the four river reaches (Marafnon, Beni, Madeira,
and Ganga rivers), two consistent features emerge: (1)
significant carbonate dissolution and subsequent Ca and Mg
release to the dissolved load; (2) retention of K and Mg in the
silicate phase of the sediment. These observations are in
agreement with what is predicted from mineral kinetics. In this
respect, sediment transport time across the river reach is a
controlling factor on the floodplain weathering flux. However,
across the studied river reaches, the variable extent of Na and
Ca release by plagioclase dissolution points at an additional
control on the intensity, namely the potential exhaustion of
weatherable minerals before the sedimentary material enters
the floodplain (be it in modern soils of the erosive area, or
during ancient weathering episodes).

Altogether, our results show that floodplains constitute the
predominant locus of weathering in the Gangetic system but
not in the Amazon Basin. However, CO, consumption fluxes
associated with silicate weathering in floodplains in these two
river basin floodplains is on the order of magnitude as those
resulting from weathering in their erosive areas.

[1] Bouchez et al., 2012, Chem. Geol. 332-333: 166-184 [2]
Lupker et al., 2012, Geochim. Cosmochim. Acta 84: 410-432
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Biogeochemical responses to gamma
irradiation treatment of Alberta oil
sands fluid fine tailings

RYAN BOUDENS'*, THOMAS REID', JAN CIBOROWSKI'
AND CHRIS WEISENER'

'Great Lakes Institute for Environmental Research,University
of Windsor, Windsor, Canada
(*boudens@uwindsor.ca, weisener@uwindsor.ca)

Exploitation of the oil sands in Alberta has created large
volumes of waste materials termed fluid fine tailings (FFT).
These materials are stored in large settling basins to allow
adequate separation of the oil sands process water and the
FFT. The separated water in these holding areas are used
either for future processing or it is allowed to settle before
reclamation into functional wetlands and end pit lakes. A
major concern is the presence of Naphthenic Acids (NA);
these are a toxic, recalcitrant group of carboxylic acids
naturally released from bitumen during the extraction process.
An unexplored treatment option to promote or speed the
degradation process and reduce in situ effects of NA’s is
gamma irradiation. In this study we examined the
development of chemical REDOX gradients; and kinetic
responses of indigeneous microbes inoculated into irradiated
FFT material using laboratory microcosms.

The systems will be set up using representative young and
aged FFT material in both oxic and anoxic environments.
Temporal changes to porewater and headspace water
geochemistry was tracked along with in situ microsensor
profiles and microbial community succession patterns. These
results will have implications in development of a model
framework to optimize treatment based on biogeochemical
responses to waste type.

Closed system vs. open system
degassing: a combined textural and
geochemical approach

G.BOUDON'* AND H. BALCONE-BOISSARD?

!Institut de Physique du Globe de Paris, Sorbone Paris Cité
Paris, France (*correspondence : boudon@ipgp.fr)
2ISTeP, Université Pierre et Marie Curie, Paris, France

Eruptive styles of volcanoes span a wide range of
dynamic, from effusive to explosive. They depend on the
magma composition, the volume of ejected magma and the
magma ascent conditions in the conduit, from the reservoir to
the surface. Magmas with the same composition and pre-
eruptive conditions can generate different eruptive styles (eg.
multistyles eruptions) evidencing the dominant effect of the
ascent conditions of magmas. Understanding the behavior of
the volatile phase in relation with the rheology of the magma
(viscosity) during magma ascent is one of the main stake.

A detailed study of the textural characteristics
(vesicularity, microcrystallinity) of the products of explosive
eruptions associated to their composition and volatile content
(pre-eruptive and residual) allow to better define the relations
between the magma behavior in the upper part of the conduit
and the eruptive style. In low-viscous basic magmas, pre-
eruptive volatile content is low (2-3 wt%) and bubbles move
independantly in the melt, with a higher ascent velocity. Their
coalescence forms large bubbles that blow up at the surface:
the explosivity is low (strombolian eruptions). On the
contrary, in high-viscous differentiated magmas, the pre-
eruptive volatile content is high (up to 5-7 wt%) and bubbles
display generally the same ascent velocity. The magma
reaches the surface with a large proportion of bubbles (up to
75vol%) as an unstable foam, the fragmentation of which
generates a high explosivity (plinian to vulcanian eruptions).
In some cases, with similar magma composition and volatile
content, part of the volatiles may escape through permeable
conduit walls generating a bubble flattening and melt
microcrystallisation, which in turn increase the magma
viscosity, decreasing its ascent rate. At the vent, this magma is
partly degassed with a very low explosivity potential (dome-
forming eruptions), excepting some particular cases. All
intermediate eruptive style exist between high and low
explosivity, depending of the behavior of the magma during
its ascent in the conduit.

We’ll discuss all these cases including the extremes and
inusual cases as basaltic plinian eruptions or explosive dome-
forming through several examples taken in recent eruptions.
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Thermodynamics of Lower Mantle
Minerals

M.A.BOUHIFD!, D. ANDRAULT"
AND N. BOLFAN-CASANOVA'

"Laboratoire Magmas et Volcans, CNRS UMR 6524,
Université Blaise Pascal, Clermont-Ferrand, France

There is a general consensus that the Earth’s lower mantle
is mostly composed of (Mg Fe)SiO, perovskite (Mg-Pv) and
(Mg Fe)O ferropericlase (Fp). Knowledge of the chemical and
physical properties of these minerals is, therefore, essential for
understanding the structure and dynamics of the lower mantle.

In this work, we performed a new compression study of
Mg-perovskite (MgSiO;) and periclase (MgO) phases
synthesized at variable conditions of the Earth’s lower mantle
by using pure Mg,SiO, as a starting material. In our
experiments a Double-sided Laser-Heated Diamond Anvil
Cell at the ESRF — ID27 (Grenoble) was used up to 100 GPa
and 3000 K. The equation of state (EOS) at various conditions
of P and T for Mg-Pv and Fp were obtained by integrating the
available experimental data into a single P-V-T EOS to
constrain the elastic parameters (bulk modulus, densities, etc
...) under conditions of the Earth’s lower mantle, which
provides a basis for evaluating the compositional models of
the Earth’s lower mantle.

In this study, we will also combine our new results and the
existing data in the literature to discuss and compare the
combined effects of Fe and/or Al on the EOS of both phases
and the chemical constraints that we can obtain from such
comparisons. Finally, we will discuss our results on the light
of the most recent studies on the melting curves of the
lowermost Earth’s mantle and the stabilization of the ultra-low
velocity zones associated with partial melting at the core-
mantle boundary [e.g. 1-3].

[1] Andrault et al. (2012) Nature 487, 354-357. [2] Andrault
et al. (2011) EPSL 304, 251-259. [3] Fiquet er al. (2010)
Science 329, 1516-1518.

C and O isotope compositions of the
Matongo carbonatite (Burundi) : new
insights into alteration and REE
mineralization processes

P.BouLvals*!, S. DECREE?, C. COBERT', G. MIDENDE?,
L.TACK?, V. GARDIEN* AND D. DEMAIFFE®

! Géosciences Rennes — UMR 6118 - Université de Rennes 1
(France)
(*correspondence : philippe.boulvais@univ-rennes1.fr)

% Royal Museum for Central Africa, Tervuren (Belgium)

* Université de Bujumbura (Burundi)

*LGL-TPE, UMR CNRS 5276 Université Lyon 1/ENS-Lyon
(France)

5 Université Libre de Bruxelles (Belgium)

The Matongo carbonatite intrusion is part of the
Neoproterozoic Upper Ruvubu alkaline plutonic complex
(URAPCQ), located in Burundi along the western branch of the
East African Rift. This alkaline complex, which also
comprises feldspathoidal syenites, diorites, quartz-bearing
syenites and granites, emplaced around 750 Ma [1].

Most of the oxygen and carbon isotope compositions
obtained on the several carbonatitic facies are typical of
carbonatites: the 880 values are between 7.2 and 8.5%o (vs.
SMOW), the 8"C value are between -4.7 and -5.4%o (vs.
PDB). These values correspond to the magmatic signature of
the intrusion. Some samples show a significant increase in the
880 value, between 11 and 20%o, with an extreme value of
21.6%o. Rare Earth Element fractionation is visible in the most
isotopically altered samples, which points to mobilization of
these elements. The site of re-deposition of the leached
elements may well be found in distal hydrothermal veins,
which contain albite, calcite, apatite and REE-
fluorocarbonates. The Matongo carbonatite thus appears as a
complete metallogenic hydrothermal system where both the
source and sinks of REE are identified.

[1] Tack et al. (1996), In Petrology and geochemistry of
magmatic suites of rocks in the continental and oceanic crusts.
A volume dedicated to J. Michot (Demaiffe, ed.), ULB-
MRAUC, Brussels, 219-226,91-114.
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Hadean crustal relics and evidence
for lifetime of early crust

B. BOURDON'* A.S.G.ROTH?, M. GUITREAU'?,
J. BLICHERT-TOFT! AND S.J. MOJzSIS!*?,

"ENS Lyon, CNRS and UCBL, Lyon, France

’ETH, Ziirich, Switzerland

3University of New Hampshire, Durham, NH, USA
*University of Colorado, Boulder, CO, USA
*Hungarian Academy of Sciences, Budapest, Hungary
* Correspondence: bernard .bourdon@ens-lyon.fr

The Nuvvuagittuq supracustal belt (Québec) and the
Acasta gneiss complex (NWT), Canada represent some of the
oldest crustal remnants on Earth and are thus outstanding
archives for inferring the early history of the continental crust.
There are, however, controversies about how existing data
should be interpreted in terms of geochronology and time
scales. In this study, Sm-Nd isotope data, combined with U-Pb
dating and Lu-Hf isotope data, were examined.

We analyzed thirteen samples, previously dated by U-Pb,
zircon and Lu_Hf geochronology from the Acasta gneiss
complex for high-precision "*6'¥’Sm-'*>'**Nd-systematics. The
47Sm-'Nd data yield an alignment corresponding to an age
of 3371 Ma age. Ten out of the thirteen samples show
negative '’Nd anomalies with an average deficit of -9.6+5
ppm.

We show that, unlike previous claims, the “*Sm-'*Nd
systematics are susceptible to resetting. Furthermore, when
combined with the corresponding '¥’Sm-'“Nd and '"°Lu-'"°Hf
data for the same samples, these data provide a fairly accurate
picture of the evolution of Nuvvuagittuq and Acasta rocks. To
examine quantitatively the effect of thermal resetting, we
designed a new model whereby isotopes undergo exchange in
a closed system at whole rock lengthscale. The Nuvvuagittuq
mafic rocks were only partially reset, implying that direct
dating of these rocks is not possible. In contrast, the degree of
resetting was more extreme in Acasta, which yields rather
constant '’Nd anomalies, while the ''Sm-'*Nd system
records a younger age of ~3400 Ma. In both cases, the
existence of negative '’Nd anomalies can be attributed to
Hadean crustal extraction between 4500 and 4300 Ma. The
lifetime of this crust was investigated using time-dependent
box models, including recycling into the mantle, and is shown
to persist over 0.5-1 Gyr. In addition, the existence of positive
"INd anomalies in younger rocks was found to depend
strongly on this parameter, and on the mantle stirring time.

Diffusive heavy metal fluxes in
bottom river sediments

ALAIN C.M. BOURG'* AND CHRISTOPHE MOUVET?

"EA4592 Georessources and Environment, Dept Geosciences,
Univ. of Pau, BP 1155, 64013 Pau Cedex, France
(*correspondence: alain.bourg@univ-pau.fr)

BRGM, BP 6009, 45060 Orléans Cedex 2, France

Suspended particles are scavengers of contaminants in
streams. When they become deposited on the river bed they
can act as efficient traps. Early diagenetic processes in bottom
sediments are known to induce diffusive fluxes towards the
overlying water in lakes and seas for some elements and
downwards for others [e.g., 1,2].

We applied to a river one of the methodologies commonly
used for non turbulent water bodies, i.e., porewater peepers.
The Lot River (in SW France) was selected because of its
history of long-term metallic contamination and the
consequent concern about the possible re-entering in the river
dissolved flux of previously trapped heavy metals. The benthic
pore water samplers (with a 10 mm vertical resolution) were
installed manually by a SCUBA diver at a depth of ca. 2 m in
a slow channel of the river.

The interstitial water redox potential, pH, dissolved sulfate
and phospahe all decrease with depth, contrary to Fe and Mn
which increase with depth. All of this is coherent with
diagenesis.

For Cd and Zn we observe a peak in dissolved
concentration 1 to 3 cm below the sediment-water interface,
this implies a double flux, one towards the river and the other
towards the sediments. This last component is in favor of
removal of Cd and Zn from the river flux to the ocean, but in
turns it might cause some concern for groundwater supply in
local well fields in alluvial aquifers. These observations are
explained in terms of geochemical processes.

[1] Gaillard et al. (1986) Mar. Chem 18, 233-247. [2] Gaillard
et al. (1987) Chem Geol 63,73-74.
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Particulate matter in Sao Paulo City:
comparison between industrial and
urban area

BOUROTTE C."*, FORNARO A .2, FORTIM.C 2,
CAVICCHIOLI A.! AND MIRANDA R.!

1 EACH-University of Sdo Paulo, Rua Arlindo Béttio, 1000,
CEP 03828000 Sao Paulo-SP, Brazil (*correspondence:
chrisbourotte@usp.br,)

2JAG-University of Sdo Paulo, Rua do Matdo, 1226, CEP
05508-090, Sao Paulo-SP, Brazil

3INPE, Centro de Ciéncia do Sistema Terrestre CCST,
C.P.515 - CEP 12245-970, Sdo José dos Campos-SP,
Brazil

Airborne particulate matter in urban atmosphere is derived
from natural and anthropic sources. The chemical composition
of coarse and fine particles is critical when considering their
hazardous effect. This particulate matter study is part of a
greatest research project that investigates the relationship
between aerosols, road dusts and surface soils.

The sampling sites are located in two region (eastern and
western zones) of the Sao Paulo City, in the two Campi of the
University of S@o Paulo that present distinct characteristics i.e.
industrial and commercial/residential backgrounds. The
eastern area (EACH) is located in the floodplain of the Tieté
River, near several industries, a highway and the international
airport. The western area (Butantd) is located in a commercial
and residential area and submitted to intense vehicular traffic.

The particulate matter (PM2s and PMo2sio) was
continuously collected during day and night periods,
simultaneously in the two areas. Sampling was initiated on
August 22th, 2012 and finalized on December 7th, 2012 in the
eastern area and from July, 7th to September 9th, 2012 in the
western area. This period includes winter and the beginning of
summer (raining season). Black Carbon and multi-elemental
composition where quantified in the fine fraction by
reflectometry and FRX, respectively.

The results show that particulate matter concentrations
during winter, in the eastern area were 23.70 +13.05 ug msin
the fine fraction and 42.73 £37.71 in the coarse one.
Concentrations in the western area were 21.09 +£14.00 ug m-
in the fine fraction and 16.19 +8.17 ug main the coarse one.
During summer, concentrations were lower and similar
between the two fractions. Concentrations were 20.05 +£7.72
ug msand 21.75 £13.93 ug min the fine and coarse fraction,
respectively, in the eastern area. In the western area,
concentrations were 17.25 +8.36 ug msand 17.09 £8.12 ug m-
3, in fine and coarse fraction, respectively. During winter,
higher concentrations in the coarse mode in the industrial area
may be due to higher soil resuspension since the vegetation
area is reduced comparing with the western one. Chemical
analysis are still being done but preliminary results showed
that for the industrial area, black carbon contributed to 18.2%
of the fine particulate matter mass. The elements with higher
concentrations were S, Si, Fe, K, Al, Na, Zn, Pb and Cd.

New method for precise Cl isotopes
measurement by SIMS

A.-S.BOUVIER! AND L. BAUMGARTNER'

'ISTE, University of Lausanne, Lausanne, Switzerland

Chlorine is an important volatile element. Its two stable
isotopes are used to track the global halogen cycle and to
determine fluid sources. Chlorine isotopes are fractionated by
fluid/rock interaction, degassing, diffusion and mineralogical
transformation. However, the range of Cl isotopes on Earth
may be relatively limited [e.g., 1], requiring precise
measurements of &*’Cl. Usually CI isotopes are measured by
TIMS or IRMS, and only a few measurements have been
performed so far by ion probe. Previous SIMS studies reported
a reproducibility of 0.8 to 1.5%0 (2 Standard Deviation (SD))
for glasses with > 200 ppm Cl [e.g., 1, 2]. We develop a new
SIMS method to improve the precision of &V Cl
measurements. Analyses were done on a CAMECA IMS
1280-HR, using a cesium source. One analysis consists of two
minutes presputtering using a 25um raster to clean the surface,
followed by 7 minutes of analysis using a ~10um rastered
beam. ¥CI' and *Cl" were simultaneously measured on
electron multipliers in multicollection mode.

Results show internal precisions as good as <0.2%o (2SE)
and reproducibility (spot to spot) of 0.6 to 0.8%0 (2SD) for
standard glass with Cl content down to 100 ppm. For standard
glasses with CI content < 100 ppm (down to 5 ppm), the
reproducibility reaches 1.5%o (2SD).

With this precision reached it is now possible to
investigate in situ 6*'Cl variations at small scale, even in
minerals with low Cl content, using the appropriate standard
material.

1. Straub and Layne, (2007), AGU Fall Meeting 2007, abstract
#V41B-0610.

2. John et al. (2010), Earth and Planetary Science Letters, 298,
p- 175-182.
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Lu-Hf and Sm-Nd systematics of the
first solids in the Solar System

A.BOUVIER! AND M. BOYET?

'University of Minnesota, Minneapolis, MN, USA.
(abouvier@umn.edu)

Laboratoire Magmas et Volcans, Clermont-Ferrand, France.
(m.boyet@opgc.univ-bpclermont.fr)

Hafnium-176 excesses are found in bulk chondrite and
eucrite isochrons, and in some (not all) eucrite [1] and angrite
mineral isochrons [2,3]. It was proposed that cosmic rays
accelerated by supernova(e) shocks in the early Solar System
could produce a higher decay rate of a '"*Lu isomer within the
irradiated planetary materials [2]. This hypothesis complicates
the direct determination of the initial Lu-Hf isotopic
composition of the Solar System and by extent that of the
terrestrial planets [4]. The interpretation of the earliest
terrestrial Lu-Hf isotopic records relies on knowing these
initial conditions [5].

Such external irradiation sources should affect any objects
already formed and exposed in the protoplanetary disk. We
thus investigated the stable and radiogenic Lu-Hf and Sm-Nd
compositions of CAls, the first solids formed in the Solar
System. The selected five CAls were formed after injection of
%Al into the protoplanetary disk [6]. The '**Sm/"*>Sm ratios
have the largest variations with p-process deficits typically at
~-250ppm. Deficits in *Sm (<100ppm) are correlated to
excesses in ’Sm within the same CAI suggesting small
neutron capture effects. All stable Nd isotope ratios have
deficits smaller than 50ppm. The bulk CAIs have no
resolvable Hf isotopic variations for 'Hf, small positive
anomalies (<20 ppm) for 'Hf and '°Hf which demonstrate
minimal corrections (<40ppm) for '"°Hf/'""Hf ratios. The bulk
and mineral 'Sm-'Nd and '"°Lu-'Hf isochron ages for
three melted CAls together are 4519 140 Ma (MSWD =0.77,
3Nd/'"*Nd;= 0.50675 +20) and 4560 +190 Ma (MSWD =59,
CH{/""THS, = 0.27985 £15) respectively. We thus interpret the
anomalous Lu-Hf isochron slopes [1,2] as the consequence of
secondary parent body processes. Our direct determination of
the initial ""*Hf/'”’Hf of the Solar System is consistent with,
but less precise than, those obtained from present CHUR
values and from updated bulk chondrite isochrons [7].

[1]. Righter et al. (2013), 44th LPSC, A#2745. [2]. Thrane et
al. (2010), ApJ 717, 861-867. [3]. Sanborn et al. (2012), 43rd
LPSC, A#2039. [4]. Bizzarro et al. (2012), Geochem.
Geophys. Geosyst. 13, Q03002. [5]. Harrison (2009), Annu.
Rev. Earth Planet. Sci. 37, 479-505. [6]. Krot et al. (2012),
MAPS 47, 1948-1979. [7]. Bouvier et al. (2008), EPSL 273,
48-57.

Ion concentration at the kaolinite —
water interface

N.BOVET*,T.BAUR, T. CLAUSEN, M. OLSSON,
B.LORENZ AND S.L.S. STIPP

Nano-Science Center, Department of Chemistry, University of
Copenhagen, Denmark (*bovet@nano.ku.dk)

Kaolinite is a clay present in soils, sediments and rocks,
including sandstones and carbonates, as well as shales and
mudstones. Its high surface area and large cation exchange
capacity make it reactive in natural environments. For
example, it plays an important role in uptake of contaminants
in the environment and in tertiary oil recovery.

To observe the surface chemical composition of kaolinite,
as it is during contact with solution, we used X-ray photo-
electron spectroscopy (XPS) with the fast freezing technique.
This allows the mineral - fluid interface to be preserved and
investigated, even under ultrahigh vacuum which is necessary
for XPS, because the ion distribution is “frozen in” as it was in
the original liquid phase.

Solutions  investigated were NaCl, CaCl, and
Ca(C,H;,COOH), at pH 5.5, in their reaction with pure
kaolinite (KGal-b). The results show that the relative ion
concentration is different at the surface than in the bulk,
consistent with electrical double layer (EDL) theory. We also
observed that the ratio of Ca and ClI ions is not constant with
distance out from the interface. For low CaCl, concentrations
(< 6 mM), the Ca:Cl ratio is higher at the interface, whereas at
higher Ca concentration, more negative counter ions, i.e. Cl,
are present to balance charge. Results from molecular
dynamics (MD) simulations (figure) and atomic force
microscopy (AFM) experiments complement the XPS results
with structural information to build a full picture of interface
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adsorbed on kaolinite during exposure to solution. Water is
present but we have made it invisible.
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The co-evolution of Fe-,Ti-oxides and
other microbially induced mineral
precipitates during the diagenesis of
sandy sediments

D.M.BoweR',D.R. HUMMER 2, A. KYONO?,
A.STEELE' AND J. ARMSTRONG'

'Geophysical Laboratory, Carnegie Institution of
Washington,Washington, D.C., 20015,

(dbower@ciw .edu.asteele@ciw .edu jarmstrong@ciw .edu)

’Department of Earth and Space Sciences, UCLA, Los
Angeles, CA, 90095, (dhummer@ess.ucla.edu)

*Division of Earth Evolution Sciences, University of Tsukuba,
Tsukuba, Ibaraki 305-8572, Japan,
(kyono@geol.tsukuba.ac.jp)

Ilmenite (FeTiO,) and related Fe-,Ti-oxides are ubiquitous
components of modern beach sands and are often associated
with “fossil” microstructures in ancient sedimentary rocks
[1,2]. The mineral composition of the ancient sedimentary
rocks we see today, however, differs from what was originally
formed in the sediments billions of years ago. This change in
composition is usually attributed to long, complicated histories
and atmospheric influences, while the contribution of
microbes is not typically considered. Here the goal is to
understand the co-evolutionary path of microbes and minerals
in sandy, shallow sub-aquatic environments under early
diagenetic conditions. Laboratory experiments were done to
document the precipitation of minerals on cyanobacterial
cellular material as well as the phase changes in natural
ilmenites to determine if microbes passively influence mineral
phase pathways. The precipitates, ilmenite grains, and
fossilized cells were analyzed using scanning electron
microscopy (SEM), x-ray diffraction (XRD), and micro
Raman spectroscopy. The results show that microbial
fossilization occurs and a variety of mineral phases precipitate
under early diagenetic conditions (T<70°C) in wet, sandy
environments. The minerals that form in the presence of
microbes differ in crystal habit and chemical composition
from those without microbes. This study aids in understanding
the microbial role in diagenesis and helps redefine
geochemical biosignatures that can be used for the detection of
ancient microbial life in sedimentary rocks on Earth as well as
for future planetary life exploration missions.

[1] Morad & Aldahan (1982) Journal of Sedimentary

Petrology, 52, 1295-1305. [2] Bower (2011) Journal of

Raman Spectroscopy, 42 (8), 1626-1633.

Using Genomics to Reveal the Secrets
Underlying the Ecological Success of
Marine Diatoms

CHRIS BOWLER !

! Head of Environmental and Evolutionary Genomics Section,
Institut de Biologie de I’Ecole Normale Supérieure, Paris,
France. cbowler@biologie.ens.fr

Diatoms are thought to be the most successful group of
eukaryotic phytoplankton in the modern ocean. Recently
completed whole genome sequences from two species,
Thalassiosira pseudonana and Phaeodactylum tricornutum,
have revealed a wealth of information about the evolutionary
origins and metabolic adaptations that may have led to their
ecological success. A major finding is that they have acquired
genes both from their endosymbiotic ancestors and by
horizontal gene transfer from marine bacteria. This unique
melting pot of genes encodes novel capacities for metabolic
management, for example allowing the integration of a urea
cycle into a photosynthetic cell. Our studies focus on P.
tricornutum and exploit the availability of techniques for
reverse genetics, digital gene expression profiling, genome
and epigenome maps, ecotypes with differential capacities to
adapt to different conditions, and distinct morphotypes that
can be induced to change shape in response to ecologically
relevant stimuli. Using these resources we explore both the
physiological functions of diatom gene products and the
evolutionary mechanisms that have led to diatom success in
contemporary oceans.

A next objective is to explore the functional roles of
diatom biodiversity in the world’s oceans. With biology
becoming quantitative, systems level studies can now be
performed at spatial scales ranging from molecules to
ecosystems. Biological data generated consistently across
scales can be integrated with physico-chemical contextual data
for a truly holistic approach. While the marine planktonic
ecosystems that diatoms inhabit comprise the base of the
ocean food web, and are crucial in the regulation of Earth’s
biogeochemical cycles and climate, their organization,
evolution and dynamics remain poorly understood. The Tara
Oceans expedition was launched in September 2009 for a 3-
year study of the global ocean ecosystem aboard the schooner
Tara. A unique sampling programme encompassing optical
and genomic methods to describe viruses, bacteria, archaea,
protists and metazoans in their physico-chemical environment
has been implemented. The project aims to generate
systematic, open access datasets usable for probing the
morphological and molecular makeup, diversity, evolution,
ecology and global impacts of plankton on the Earth system,
as well as to explore and exploit their biotechnological
potential.
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Global distribution of sulfate
reduction rates in marine sediments

M. W.BOWLES"*, J. M. MOGOLLON?, S. KASTEN?,
M. ZABEL' AND K.-U. HINRICHS'

' MARUM Center for Marine Environmental Sciences,
University of Bremen, Bremen, Germany
(*correspondence: bowlesmw @uni-bremen.de)

2Alfred-Wegener-Institut fiir Polar- und Meeresforschung,
Bremerhaven, Germany

Sulfate is the dominant terminal electron acceptor in
marine sediments. Sulfate reduction proceeds under anoxic
conditions and is supported by a variety of electron donors
(e.g. hydrogen, acetate, methane, propane, and butane), most
of which are supplied by the decomposition of sedimentary
organic matter. Consequently, a combination of primary
productivity and water column depth is often thought to
control sulfate reduction throughout most of the ocean’s
seafloor [1, 2]. However, global models of sulfate reduction
do not resolve the many different physical and ecological
parameters that are encountered on a global scale, and that
ultimately play a major role in driving local and regional
sulfate reduction rates. We sought to better determine sulfate
reduction rates on a global scale, irrespective of region or
location by 1) including sulfate profiles from diverse settings
and 2) compiling multiple geochemical parameters that are
relevant to sulfate reduction and can help discern the
magnitude of sulfate reduction rates. All available sulfate
concentration profiles from DSDP/ODP/IODP (to Exp. 312)
and additionally those in the database Pangaea
(www.pangaea.de) were compiled reaching a total >600 non-
repetitive concentration profiles. Basic metadata describing
the cores was included, such as water depth and distance to
shore. Water column data such as minimum percent O,
saturation, bottom water O,, NO,", PO,*, and concentrations of
surface water chlorophyll a and POC [3, 4] were included as
additional variables that describe the biogeochemical setting
of the cores. All compiled data and concentration profiles
were applied to a training algorithm to estimate global sulfate
reduction rates. The result was the most precise depiction of
global sulfate reduction rates at the highest resolution to date.
Our model serves as a platform for the examination of
biogeochemical processes on the global scale and lets us
predict energetic constraints for microbial metabolism in the
subseafloor.

[1] Canfield (1991) AJOS 291, 177-188. [2] Middelburg et al.
(1997) DSR 44, 327-344. [3] Levitus & Boyer (1994) NOAA4
Atlas NESDIS [4] NASA, Aqua-MODIS

Geometry of carbon and oxygen
isotope exchange fronts in the Alta
aureole, Utah: Records of
hydrodynamic dispersion and scale-
dependent permeability during
infiltration-driven metamorphism

J.R. BOWMAN*

Dept. of Geology and Geophysics, Univ. of Utah, Salt Lake
City, UT 84112 USA (*corr: john.bowman@utah.edu)

A carbon (C) isotope exchange front, periclase reaction
front and an oxygen (O) isotope exchange front are developed
with increasing distance from the igneous contact in dolomitic
marbles of the south Alta aureole, Utah in response to
infiltration-driven metamorphism of the marbles. Their
relative distances from the igneous contact, approx. 100, 200
and 380 m, respectively, are consistent with down-temperature
infiltration of water-rich fluid [X(CO,) <0.1 to 0.15] that was
equilibrated isotopically with the adjacent Alta stock. At the
aureole scale both the C and O isotope exchange fronts exhibit
significant dispersion: there is significant variation in both
8'%0 and 8"C values at any given position for >50 to 100m to
either side of the geometric centers of both fronts.
Applications of one-dimensional models of advection-
dispersion to these aureole-scale dispersed fronts yield a
minimum dispersion coefficient of 2E-8 m*sec. However at
outcrop and bedding scale, steep, coherent gradients in both
80 and 8"C exist at or near bedding boundaries between
marble layers of contrasting lithology and isotopic
compositions; modeling of these profiles requires much lower
diffusion/dispersion coefficients in the range of 7E-12 to 1E-
14 m%sec.

The variable characteristics of the exchange fronts can be
explained by scale-dependent heterogeneity and anisotropy in
permeability of the marbles. Both C and O exchange fronts
are characterized by significant dispersion at the aureole scale
because of significant bed-to-bed variations in permeability,
which are reflected by significant bed-to-bed variations in
8"%0 and 8"°C values. These bedding-controlled variations in
permeability lead to significant permeability anisotropy, with
permeability parallel to bedding>>permeabillity normal to
bedding. In contrast, permeability within individual beds
appears to be relatively homogeneous, as suggested by
relatively consistent mineral modes and homogeneous §'30
and 8"C values within individual beds, and by steep, highly
coherent 8'%0 and 8'°C gradients preserved at or near bedding
boundaries.
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Petrologic and Metasomatic Controls
on H and CI Abundances and
Isotopes in Lunar Rocks

JEREMY W.BOYCE'?, ALLAN H. TREIMAN®, J
OHN M. EILER?, CHI MA?, YUNBIN GUAN?,
JAMES P. GREENWOOD*, JULIANE GROSS’

AND EDWARD M. STOLPER?

'Dept. of Earth & Space Sciences, UCLA
(jwboyce@alum.mit.edu)

*Division of Geological and Planetary Sciences, Caltech

*Lunar and Planetary Institute, Houston TX

“Dept. of Earth & Environmental Sci, Wesleyan University

Dept. of E & P S, American Museum of Natural History

Abundances and isotopic compositions of H and Cl have
been measured in apatites from twelve lunar samples,
permitting systematic comparison of relationships between
these properties and other petrologic and geochemical
characteristics. High d*’Cl values are found in relatively H-
rich apatites, apparently falsifying the hypothesis that elevated
&%'Cl arises only from single-stage degassing of anhydrous
magmas. Nevertheless, high 6*’Cl is preferentially associated
with relatively low H apatites and so seems to be a property of
relatively degassed reservoir(s). The most H-rich apatites tend
to have ‘low’ 8’Cl, < +25%o.. Higher d*’Cl values (> +25%0)
are seen only in highlands rocks and breccias, and the highest
value is in a rock that may be from an impact melt/breccia
sheet. Among the eight mare basalts analyzed by us and
others, 8D of apatite shows no correlation with H abundance
or 8”Cl. 8D is, however negatively correlated with pyroxene
homogeneity [(minimum Mg#)/(maximum Mg#)]; basalts that
experienced protracted thermal histories (igneous, impact, or
metamorphic) have low 8D. Finally, it is common to observe
both significant heterogeneity in abundance and isotopic
composition of H and Cl within apatites from a single sample,
or even individual crystals, indicating a lack of equilibrium.

These results can be interpreted in terms of planet-scale
evolution; for example, the high d*’Cl of highlands rocks
could be inherited from a partially degassed (H-poor) magma
ocean. However,it is also possible that elevated d*’Cl in some
samples arose through devolatilization during impact
metamorphism and/or metasomatism of the crust. Variations
in dD could represent mixing of a high 8D (>+500%¢)
component in pristine igneous rocks (either because this is a
signature of their mantle sources or because of magmatic
degassing) with a low-0D component like solar wind
implanted into regolith. If so, much of the volatile element
geochemistry of lunar rocks may reflect crustal and near-
surface processes.

Hot spring environments as
accessible portals into the metabolic
underpinnings of the deep hot
biosphere

ERIC S. BoYD!, ERIC A. ALSOP?, EVERETT L. SHOCK?
AND JASON A.RAYMOND*

'Department of Chemistry and Biochemistry, Montana State
University, Bozeman, MT, USA, eboyd@montana.edu

2School of Earth and Space Exploration, Arizona State
University, Tempe, AZ, USA, ealsop@asu.edu

*Department of Chemistry and Biochemistry, Arizona State
University, Tempe, AZ, USA, eshock@asu.edu

“School of Earth and Space Exploration, Arizona State
University, Tempe, AZ, USA, jraymond@asu.edu

The Earth’s crust contains an extensive and diverse deep
biosphere that is sustained by chemical energy under dark and
oligotrophic conditions. Much remains unknown and in need
of discovery in these ecosystems due to their deep and hard-
to-reach nature. Herein, it is proposed that much information
directly relevant to the deep, hot, biosphere of continental
subsurface systems is directly accessible in the form of
sediments and near-subsurface investigation in the globally
relevant hot springs of Yellowstone National Park (YNP),
Wyoming, USA. We investigated the composition of ~30
community metagenomes in YNP wusing a suite of
bioinformatic and ecological modeling tools. The results
suggest that the metabolic composition of microbial mat
communities can be accurately predicted based on the physical
and chemical attributes of the environment. Of particular
significance is the strict temperature-dependent demarcation
noted between the metabolic composition of chemotrophic
communities and phototrophic communities as well as the pH-
dependent demarcation in the metabolic composition of
chemotrophic communities. Additional results from
modeling and in sifu activity-based studies will be presented
that reveal the environmental constraints that shape the
distribution of metabolic processes in these accessible portals
to the deep hot biosphere.
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Seasonal variation in biological
methane production in a subglacial
ecosystem
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*Department of Earth Sciences, Montana State University,
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Montana State University, Bozeman, MT, USA,
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Department of Chemistry and Biochemistry, Arizona State
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Reports of seasonal plumes of methane emanating from
the near sub-surface of Mars have fueled speculation that they
may be the result of biological activity. The biological
production of methane is catalyzed by a unique group of
anaerobic archaea, the methanogens. Common to all
methanogens is a unique metabolic pathway that enables
methane production from a limited number of substrates such
as H, + CO,, formate, CO, methanol, methylamines, and
acetate. Methanogens live close to the thermodynamic limit
of life, a problem exacerbated at extremes of cold temperature.
Here, we present genetic, physiological, geochemical, and
thermodynamic data in support of the presence of a unique
and active assemblage of methanogens in the near freezing
(~0-1°C) and oligotrophic subglacial environment of
Robertson Glacier, Alberta, Canada. Dominant methanogens
present in the RG sediments may constitute a new order that
bridges the physiologically distinct Methanomicrobiales and
Methanosarcinales lineages. Methane flux measurements
(2011) indicate seasonal variation in the release of methane
from this permanently cold extraterrestrial analog
environment.

What are the “Sm-'*>Nd reference
parameters for the Earth?

M. BOYET!, A. BOUVIER?, A. GANNOUN'
AND R.W. CARLSON?

! Laboratoire Magmas et Volcans, Université Blaise Pascal,
CNRS UMR 6524, 5 rue Kessler, 63038 Clermont-
Ferrand, France. boyet@opgc.univ-bpclermont.fr

?Department of Earth Sciences, University of Minnesota, 310
Pillsbury Drive SE Minneapolis, MN 55455-0231, USA.

3 Carnegie Insitution of Washington, Dept. of Terrestrial
Magnetism, Washington DC 20015, USA.

Since the first publication of high precision '**Nd/**Nd
ratios in chondrites [1], different early Earth differentiation
models have been proposed. The excess in '**Nd measured in
terrestrial samples relative to the average chondrite value
requires that all terrestrial rocks sampled by volcanism over
the Earth’s history come from a geochemical reservoir
characterized by a super-chondritic Sm/Nd ratio. Some
authors proposed that the complementary enriched reservoir
has been lost during the Earth’s accretion [2,3] whereas others
suggested that a hidden reservoir may have been preserved in
the deep Earth [1.4]. The measurement of stable Sm and Nd
isotope ratios in chondrites has created additional confusion in
the interpretation of '*Nd deviation. Different groups of
chondrites clearly have different '’Nd signatures and
variations in stable Sm and Nd isotopes were found [5-7], all
of which likely reflect different mixtures of r-, s-, and p-
process nucleosynthetic products.

We will present a summary of the data available on Sm-
Nd systematics of chondrites as well as new data obtained on
enstatite chondrites (whole rocks and leaching experiments),
achondrites and CAls from CV3 chondrites. On the basis of
these results, carbonaceous chondrites must be considered as a
minor constituent of the Earth. Enstatite chondrites overlaps
with the terrestrial '*Nd/'**Nd ratio. CAIs Sm/Nd-'*’Nd/'"*Nd
isochrons pass through the terrestrial value.

Considering the level of precision now achieved on Sm-
Nd isotope measurements and looking at the results obtained
on stables Sm and Nd isotopes our opinion is that the Earth-
chondrite difference in '**Nd suggests that silicate part of
Earth experienced a very early differentiation event. However
these models will be discussed considering these new results.

[1] Boyet & Carlson 2005, Science 309; [2] O’Neill & Palme
2008, Phil. Trans. R. Soc. A 306; [3] Caro et al. 2008, Nature
452; [4] Andreasen et al. 2008, EPSL 266; [5] Andreasen &
Sharma 2006, Science 314; [6] Carlson et al. 2007, Science
316; [7] Gannoun et al. 2011, PNAS 108.
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A bioturbation-induced decrease in
atmospheric oxygen across the
Precambrian-Cambrian boundary
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Copenhagen, Denmark.
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*Nanjing Institute of Geology and Palaeontology, Chinese
Academy of Sciences, Nanjing, China.

$Department of Earth Sciences, University of Oxford, UK.

"Institute of Biology and Nordic Centre for Earth Evolution,
University of Southern Denmark.

Bioturbation is the reworking of sediments by animal
motility, and its emergence across the Precambrian-Cambrian
boundary occurred against the backdrop of major changes in
the biogeochemigal cycles of oxygen , phosphorus and
organic carbon . Bioturbatios substantially increases
sedimentary phosphate content , limiting the phosphate
available for primary productieg and thus reducing the marine
organic carbon burial flux , which is the source of
atmospheric oxygen over geological timescales. We use
simple modelling to show how an increase in marine organic
phosphate burial associated with the onset of bioturbation
caused a net decrease in atmospheric oxygen across the
Precambrian-Cambrian  boundary. The resulting de-
oxygenatiog of the ocean restricted the spread of oxygen-
demanding bioturbating animals, and established negative
feedback loops that stabilised atmospheric oxygen at a lower
level. Although more data are needed to quantitatively
constrain model parameters, our results are supported by
evidence for a resurgence of anoxic and sometimes euxinic
conditions in the early Paleozoic.

[1] Mcllroy, D. & Logan, G. (1999). Palais 14. 58-72.
[2] Och, L. & Shields-Zhou, G.A. (2012). Earth Science
Reviews 110. 26-57. [3] Papineau, D. (2010). Astrobiology
10 (2). 165-181. [4] Maloof, A.C., Porter, S.M., Moore, J.L.,
Dudas, F.L., Bowring, S.A. Higgins, J.A., Fike, D.A. & Eddy,
M.P. (2012). GSA Bulletin 122. 1731-1774. [5] Ingall, ED.,
Bustin, RM. & Van Capellen, P. (1993) Geochim.
Cosmochim Act. 57. 303-316. [6] Redfield, A.C. (1958) Am.
Sci. 46. 205-221. [7] Betts, J.N. & Holland, H.D. (1991)
Paleogeog, Palaeoclimatol. Palacoecol. 97. 5-18. [8] Catling,
D.C., Glein, CR. Zahnle, KJ. & McKay, C.P. (2005)
Astrobiology 5 (3). 415-437. [9] Schroder, S. & Grotzinger,
J.P. (2013) J. Geol. Soc. Lond 164. 175-187.

The rate of iron compounds
precipitation from AMD waters in
the Leknica region (the Muskau
Arch, western Poland)

P. BOZECKI AND G .RZEPA

AGH - University of Science and Technology, Faculty of
Geology, Geophysics and Environmental Protection,
Departament of Mineralogy, Petrography and
Geochemistry, Krakow, Poland (pbozecki@agh.edu.pl)

The Muskau Arch is a large horseshoe-shaped
glaciotectonic belt formed mainly during the Mid Polish
Glaciation. Lignite deposits containing pyrite were excavated
there till the end of the 70-ties of the 20th century. Abandoned
excavations are recently filled with water forming large so
called “anthropogenic lake district” (with about 110
reservoirs). Oxidation of sulphide leads to the generation of
abundant quantities of sulphuric acid. Therefore many of these
lakes, especially at the Leknica area, are of acidotrophic type
characterized by low and very low pH values (usually < 4.0).
This is associated with the formation of numerous ochreous
precipitates as a consequence of iron oxidation and hydrolysis.

The aim of this study is to assess the precipitation rate of
iron compounds from acid mine drainage waters. Experiment
was conducted in over one year period, from July 2009 to
September 2010, in eleven locations. For this purpose,
unglazed ceramic plates (dimensions: 10x10 cm) were, after
removing possible traces of iron, placed on the bottom of
selected lakes. The plates were collected monthly and the
amount of precipitated iron compounds was evaluated by the
determination of Fe leachable in hydrochloric acid.
Mineralogical analyses of the precipitates using X-ray
diffractometry and SEM-EDS were carried out as well.

The amount of precipitated iron compounds turned out to
be very variable, ranging from ca. 50 [mg Fe*cm™] per month
to nearly 13 000 [mg Fe*cm] per month. The average value
for all monitored locations was approximately 1100 [mg
Fe*cm™] per month.

X-ray diffractometry indicate that the only mineral phase
formed was schwertmannite — poorly crystalline iron
oxyhydroxysulfate.. Images obtained with use of scanning
electron microscope reveal the presence of numerous bacteria
structures, confirming that the precipitation of schwertmannite
was microbially-mediated.

This work was supported by AGH-UST (Faculty of
Geology, Geophysics and Environmental Protection statutory
grant).
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Coupled LA U-Pb chronology of
detrital zircon and rutile:
A powerful provenance tracer
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The development of improved precision dating methods,
increased diversity of methods and proliferation of high spatial
resolution approaches in recent years has made a dramatic
impact to Earth Science research. However, focusing on the
right method/procedure to address different geological
problems is essential to solve problems and maximise the
impact of research. Dating techniques are widely applied to
provenance studies in order to discriminate between potential
source areas, to track the evolution of river drainage basins, to
assess sediment budgets and erosion patterns across orogens
and to infer feedback relationships between erosion, tectonics
and climate. These methods involve high throughput analysis,
and it is not uncommon to lose sight of the complexity of
zircon and other grains in relation to the problem being
addressed.

We have developed a new approach to LA-ICP-MS U-Pb
dating of rutile and characterised two new reference materials
[1]. We have also refined an approach to LA ICP-MS U-Pb
dating of detrital zircons that uses CL imaging to identify and
date all zircon components with a focus on very thin (<5 pm)
rims that record the latest growth events that otherwise would
be missed due to their <5 ym width on a polished surface.

U-Pb dates on zircon and rutile records medium- to high-
temperature igneous and metamorphic crystallisation events
and cooling through ~500 °C, respectively. The U-Pb analysis
of detrital zircon and rutile from the same sample allows
tracking of multiple crystallisation and tectono-thermal events
of the source areas over a broad range of temperatures in a
much more definitive and revealing manner than zircon alone.
This is key to provenance studies where the detritus is sourced
from areas with complex polyphase metamorphic histories
such as collisional orogens. We have applied our method to
Himalayan-derived sediments in the Eastern Himalaya to
unravel Neogene tectonic-erosion relationships, and have
found rutile and zircon rim ages as young as 1 and 5 Ma,
respectively, inferring derivation from the Namche Barwa
eastern syntaxis area.

[1] Bracciali et al. (2013) Chemical Geology

Insight on formation and evolution of
cratonic mantle: Re-Os dating of
single sulfides from Somerset mantle
xenoliths (Rae Craton, Canada)
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Cratonic mantle xenoliths provide an unique opportunity
to study the formation and evolution of the Archean
lithosphere. However, widespread metasomatic processes that
cause profound textural and geochemical changes, make it
difficult to determine the original melting age. Mantle
xenoliths from Somerset Island (North Rae Craton) are
characterized by a large range of whole-rock Re-depletion
ages (Typ) ranging between 1.3 and 2.8 Ga [1]. Moreover, the
oldest samples have low Pd/Ir ratio inherited from the original
melting process, whereas younger samples are characterized
by variable enrichments in Pd, Pt and Re suggesting extensive
metasomatic overprint [1].

To better constrain the age distribution in the mantle root
of the Rae Craton and to evaluate whether cratonic lithosphere
formation may be older than recorded by the whole-rocks, we
performed a Re-Os isotopic study on sulfides from four mantle
peridotite xenoliths showing variable HSE (highly siderophile
elements) signature (Pd/Ir=0.03-0.6). Sulfides (down to @<10
pum) were micro-sampled from thick sections, with Os
extracted via y-distillation and analyzed by N-TIMS.

Sulfides from the peridotite with the most HSE residual
signature yield Ty, ages of 2.7-2.8 Ga, in agreement with its
whole rock Ty, age. Sulfide Ty, ages from metasomatised
xenoliths vary from 2.8 Ga to future ages, with the 2.8 Ga age
significantly older than the whole rock Ty, ages (even Ty,).
The 2.7-2.8 Ga age, recorded in sulfides from three xenoliths
out of four, overlaps with widespread magmatism in the Rae
Craton [2] suggesting possibly a synchronous event of crustal
and lithospheric mantle formation. Our results show that
xenoliths with residual HSE signatures are likely to preserve
the original melting age while the more metasomatic xenoliths
have been rejuvenated by extensive addition of ‘younger’
sulfides.

[1] Irvine et al. (2003) Lithos 71, 461-488. [2] Hartlaub et al.
(2004) Precambrian Research 131, 345-372.
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Ocean drilling: MORB geochemistry
in the third (and fourth) dimension
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Most of our knowledge on the composition and formation
of the oceanic igneous crust derives from lava samples
collected from active ridge axes by dredging or submersible.
However, lavas erupted at the ridge axis eventually make up
the lowermost part of the extrusive section. If these differ in
composition from those emplaced off-axis, then compilations
of axial mid-ocean ridge basalt (MORB) may not yield an
accurate estimate of the composition of the bulk crust.

Lavas drilled from the oceanic crust provide another way
to estimate the composition of the bulk crust. In addition, they
record changes in MORB chemistry over both long and short
timescales. We have shown previously [1] that mantle
temperatures recorded in the major element composition of
ancient drilled MORB vary systematically over long
timescales (10°-10% a) in rifted ocean basins due to continental
insulation effects. The chemical stratigraphy of lavas from
individual drillsites could be used to investigate chemical
changes over 10°-10° a timescales, which may result from
variations in fractionation, magma replenishment rates or
source and melting effects.

We carried out major element analysis of 340 fresh glasses
(>110 also for trace elements) from 30 different DSDP and
ODP sites in the Atlantic and Pacific. First results indicate that
lavas from single drill sites are remarkably uniform in their
chemical composition when compared to the chemical
variation present at the corresponding segment of the active
ridge axis. We find systematic chemical variations with depth,
sigmoidally shaped in the slow-spread crust of site 417D
(Atlantic) and unregularly-shaped in the drillcore of site
1256D, drilled into superfast-spreading crust. This may
indicate major differences in the residence time of magma in
crustal magma chambers as well as in the magma
replenishment rate, e.g. size and time intervals of rising
magma batches. The oscillation between magmatic
differentiation and magma recharge may be responsible for
some of the globally observed trace element patterns in
MORB as recently suggested by [2] but based on
predominantly dredged samples.

[1] Brandl et al. (2013), Nature Geoscience, doi:
10.1038/ngeo1758. [2] O’Neill, H.St.C and Jenner, F.E.
(2013), Nature, doi: 10.1038/nature11678.

Testing models for continental
growth and melt-rock interaction
from '**Qs-'*"Os isotopes in southwest
usa mantle xenoliths
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Melting in the convecting mantle results in lower density
residual peridotite that may stabilize as subcontinental
lithospheric mantle (SCLM), results in juvenile crust
production, and is likely a primary mechanism to grow
continents over Earth history. Perdidotite and pyroxenite
xenoliths provide a compositional record of formation and
subsequent modification of the SCLM.

Xenolith samples 3 classic locales in the Southwestern
United States - Dish Hill (California), Kilbourne Hole (New
Mexico), and Vulcan’s Throne (Arizona), span an 860
kilometer-wide region within two crustal provinces, the 2.0-
23 Ga Mojavia, and the 1.7-20 Ga Yavapai-Mazatzal
provinces. Preliminary '¥’0s/'®0s data for spinel-bearing
peridiotites show positive correlations with melt depletion
indicators such as Al,O,;. Applying the aluminachron age
concept gives "*"Re-"*’0s model ages ranging from 2.0 to 2.3
Ga, broadly consistent with the ages of the overlying
continental crustal provinces. If so, these data support models
where continental growth is directly linked to stabilization of
its underlying SCLM via partial melting in the convecting
mantle. It also indicates that large off-craton continental
regions may grow in rapid pulses through large-scale mantle
melting events. A potentially viable alternative is that the
aluminachrons record melt-rock interaction subsequent to
earlier partial melting. If so, then these data instead only
provide minimum model ages of partial melting via the lowest
1870s/"*80s ratio measured in each suite and thus may be
unrelated to the initial stages of juvenile crust production
leading to continental growth, and alternatively represent later
continental magmatic processes.

To futher evaluate the timing and mechanisms of SCLM
stabilization and evolution and their potential link to
continental growth, Os isotope data for pyroxenites from these
locales will be presented to constrain compositional signatures
imparted to the peridotites via melt addition or melt-rock
interaction. Further, the first high-precision '%%0s-'"*’Os
measurements of continental peridotite xenoliths will be
obtained to monitor Pt-Re-Os fractionation events. Coupled
180s-'%0s  fingerprints partial melting versus melt-rock
interaction to the Os budgets of each of these xenolith suites.
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Solid solution formation and uptake
of Radium in the presence of barite
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The phase relations in the BaSO,-RaSO,-H,O system may
determine the solubility of radium in natural waters due to the
formation of a solid solution. In the near-field of nuclear waste
repositories for spent fuel, radium may enter a system in
which barite is in equilibrium with the aqueous solution.
Thermodynamically, a Ra,Ba, ,SO, solid solution is expected
to form as solubility controlling phase rather than RaSO,.
However, due to a lack of reliable data, the solid solution
system RaSO,-BaSO,-H,0 is currently not considered in long
term safety assessments for nuclear waste repositories. The
solubility product of the pure RaSO, endmember is poorly
constrained between pKg,sos = 10.26 to 1041 by only very
few experimental data [1,2]. Published interaction parameters
Wgara Of the RaSO,-BaSO,-H,O system varies varies in
different studies [3, 4] between 0.9 and 3.9 - 6.5 kJ/mol.

In this study we have combined experimental data,
atomistic calculations and thermodynamic modeling to study
in detail how a radium containing solution will equilibrate
with solid BaSO, under repository relevant conditions. Batch
sorption experiments at close to equilibrium conditions
indicate the formation of a RaBa,,SO, solid. Our first
principles calculations based on the single defect method [5]
indicate a value of Wy, = 2.5 = 1.0 kJ/mol, implying a non-
ideal solid solution. Thermodynamic assessment calculations
indicate that the final experimental Ra(aq) concentration at
room temperature and 90 °C can be matched with
Weara = 1.5 kJ/mol and pKgasos = 10.41.

[1] Lind, S. C., et al (1918). J Am Chem Soc 40, 465-472. [2]
Paige, C. R. et al.(1998). Geochim. Cosmochim. Acta 62, 15-
23. [3] Zhu, C., 2004. Geochim. Cosmochim. Acta 68, 3327-
3337. [4] Curti, E., et al. (2010). Geochim. Cosmochim. Acta
74, 3553-3570. [5] Sluiter & Kawazoe (2002) Europhys Lett.
57, 526-532.
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foraminiferal calcite
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The analysis of boron in foraminiferal calcite is a
burgeoning palaeo-proxy for past ocean-acidification events
[1]. This is particularly relevant to today’s ‘carbonated ocean’
[2]. However, considerable uncertainty surrounds the
mechanisms of boron incorporation into the shell.
Foraminiferal calcite is known to be highly chemically
heterogeneous [3], and understanding how boron fits into this
complex structure is central to our understanding of, and
confidence in, this important proxy.

We have applied synchrotron NEXAFS spectroscopy to
examine the distribution and coordination of boron in

X (Um)
Figure 1: A Scanning Transmission X-ray Microscope
(STXM) image of a section of foraminifera test at the trigonal
B edge, showing variations in the concentration of B [4].

STXM results reveal clear homogeneity in boron
concentration, which appears to be uniformly hosted in a
trigonal coordination in the calcite crystal lattice (BO,
groups). Analysis of boron coordination is ongoing.

[1] Spivack, et.al. (2002) Nature 363, 1-3 [2] Elderfield
(2002) Science 296, 1618-1621 [3] Erez (2003) Rev. Min.
Geochem. 54, 115-149. [4] Fleet & Muthupari (2000) Am.
Min. 85,1009-1021.
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The establishment of the steady-state
activity at Stromboli volcano (Italy):
evidence from diffusion and mixing
processes revealed at mineral scale
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The present-day activiy of Stromboli is characterized by
strombolian explosions ejecting black scoriaceous lapilli and
ash. This persistent activity is interrupted by effusive eruptions
and more energetic explosions (paroxysms) also emitting a
small volume of light pumices. The entire system is in a
persistent steady-state activity whose driving forces are still
not completely understood. Investigating the evolution of the
plumbying system toward the present-day condition is thus
crucial to better constrain and understand the onset and
development of the present-day activity.

We studied in detail two selected samples representative
of the transitional eruptive period from the more explosive
phase forming the Pizzo Sopra la Fossa tuff cone (ca. 2 ka) to
the present-day activity: (i) an older spatter-lava sample
(shoshonite) from the Post-Pizzo fountain-fed fallout activity;
(i) a large and flattened, black scoriaceous spatter
(shoshonitic basalt) probably ejected during one of the early
paroxysms of the present-day activity. Both samples have
similar ~ paragenesis  with  phenocrysts of olivine,
clinopyroxene, plagioclase. We recognize several types of
clinopyroxene textures with different recurrence among the
two samples. In detail, multiple banded clinopyroxene with
evident resorption features, characterizes the older sample,
recording several pulsatory intrusions of new mafic magmas
into the system and pointing to the establishment of the
steady-state condition. Contrarily, single diffused band and/or
patchy cores are found in the present-day sample. We applied
the diffusion chronometry to suitable clinopyroxene crystal
zones to estimate the timing of these refilling events in the
shallow magma reservoir from the Post-Pizzo period onward
pointing to a progressive transition toward the present-day
steady-state conditions.

A 813 record from marine carbonates
deposited below diamictites between
ca. 2430 and 2440 Ma

AT BRASIER'*, A P. M