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X-ray microspectroscopic
investigations of Ni(ll) uptake by
argillaceous rocks of the Boda
Claystone Formation in Hungary
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One of the main aspects for evaluating the safety case of a
potential radioactive waste repository in a deep geological formation
is to understand and quantify the geochemical and physical processes
that influence the mobility of the radionuclides in the geochemical
environment imposed by the host rock. This information is needed to
make reliable predictions of the long-term retardation behaviour of
radionuclides. The present study focuses on the interaction of a key
radionuclide with the Boda Claystone Formation (BCF) of the
planned high level radioactive waste repository in Hungary. BCF is
rich in illite and hematite. The aim is to identify the mineral phases
responsible for the uptake of Ni by BCF, and to investigate the uptake
mechanisms of radionuclides on clays and other minerals present in
the host rock.

Small pieces of selected BCF core hole samples from a depth of
540 m were prepared as thins sections and equilibrated with NiCl,
solutions at pH = 7.05 in a 0.1 M NaCl background electrolyte.
Combined p-XRF/XAS/XRD measurements were performed at
HASYLAB Beamline L (Hamburg, Germany) and p-XRF/XRD at
the ANKA FLUO Beamline (Karlsruhe, Germany). u-XRF maps
were recorded from pre-selected areas of the samples, using a step
size comparable to the beam size (20 um at HASYLAB and 5 pm at
ANKA) and 1 s counting time per pixel. The elemental maps served
as a basis for selection of small areas of interest where p-XRD
images were collected by a CCD detector. The p-EXAFS
measurements were measured in fluorescence mode at HASYLAB
Beamline L, at 20 um lateral resolution for certain points of interest.

The distribution maps indicate that Ni is mainly associated to K-
and Fe-rich phases. u-XRD analyses with a 5 pm beam diameter
indicate that the composition of the argillaceous rock matrix on the
micro-scale agree well with the mineral composition of the clay rich
areas obtained by bulk-XRD measurements. The good correlation of
Fe with K is mainly caused by the high K content in illite (a K-rich
2:1 clay mineral). Micro-EXAFS investigations demonstrated that
inner-sphere complexation of Ni occurred to clay minerals. At higher
Ni concentrations (10° M Ni) surface precipitation processes
prevailed. The formation of Ni precipitated phases such as Ni-
phyllosilicates has important geochemical implications because
layered silicates are stable minerals in mildly acidic to basic pH
conditions and can irreversibly bind metals in waste and soil matrices.
The uptake of contaminants on mineral surfaces forming inner-sphere
complexes strongly reduces the mobility of metals in the geosphere.
The results of the analyses demonstrated that for Ni(Il) the clay
mineral illite is an effective sinks in the BCF sample.
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Tracing Euxinia in Ancient Oceans
with molybdenum
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Elevated molybdenum (Mo) concentrations in organic-rich
sediments are a characteristic feature of deposition in sulfidic
waters. A comparative study of modern sediment cores from more
than 200 marine sites worldwide show that all euxinic basins display
>25 ppm Mo [1]. Conversely, all organic-rich sediments with >25
ppm Mo are deposited from a permanently or intermittently sulfidic
water column. We show that this last observation can now be
determined in <30 seconds using handheld X-Ray absorption
Fluorescence spectroscopy (HH-XRF). The new tool enables
euxinic classification in the field.

The Mo enrichment process in euxinic settings is expected
based on the critical role that aqueous H,S plays in breaking Mo=0
double bonds when soluble MoO,* forms reactive Mo sulfides [2].
However, we have identified Neoproterozoic euxinic settings based
on Fe-speciation indicators [3] with only small sedimentary Mo
enrichments [4]. The Fe speciation technique is unlikely to give
false-positive identifications of euxinia, and the question remains
what controlling factors could have obstructed the Mo enrichment
process at that time.

First, we speculate that the Mo supply to the basins was
particularly slow. However, the Mo enrichment process takes place
today even in settings with low Mo supply, whether limited by
basinal restriction and a slow deepwater renewal rate (e.g. Black
Sea) or low Mo load in the source waters of only (e.g. 10 nM in
Lake Cadagno).

We have established a one-box model for the oceanic Mo cycle,
where Mo burial rates are linked 1st order with respect to ambient
Mo reservoir. It shows that seawater Mo concentrations, today 105
nM, never decreased below modern riverine values (~6 nM). Hence,
a low seawater inventory is insufficient to obstruct the Mo
enrichment process in settings with supply comparable to Lake
Cadagno, but a combination of both widespread euxinia (lowering
seawater Mo inventory) and basinal restriction (lowering basinal Mo
relative to open ocean) could potentially compromise Mo
enrichment in the Neoproterozoic sediments.

This illustrates how expansion of oceanic euxinia derived from
our models rests on a rigorous understanding of the key factors
involved in the removal pathway of Mo from oxic surface waters to
euxinic sediments. We discuss how laboratory and field-based
studies elucidate which factors, other than H,S, could influence the
Mo burial pathway in the past. Overall, we illustrate the linkage
between studies of modern euxinic systems and reconstructions of
global-scale ocean conditions of the past.

[1] Lyons et al. (2009) Annu. Rev. Earth Planet Sci. 37 507-534 [2]
Erickson and Helz (2000) GCA, 64 1149-1158; Dahl et al. (2012)
in prep. [3] Canfield et al. (2008) Science, 321 (5891) 949-952, [4]
Dahl et al. (2011) EPSL, 311 (3-4), 264-274
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The nature of orogenic lithospheric
mantle: constraints from geochemistry
of postcollisional mafic-ultramafic rocks
in the Dabie orogen
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Oceanic and continental arc volcanic rocks are a window into crust-
mantle interaction in oceanic subduction zones, with involvement of the
asthenospheric mantle. They are assumed to originate from partial melting
of altered peridotite in the overlying mantle wedge, with trace element
geochemical signature inherited from aqueous fluids released from
subducting oceanic crust. While this process-product link has been a
common percept in geochemistry, it is intriguing whether there is the
similar relationship in continental subduction zones. Ultrahigh-pressure
(UHP) metamorphic rocks are a typical product of continental deep
subduction to mantle depths, but arc magmatism is absent above
continental subduction zones. While the subducted continental crust can be
reworked as postcollisional granitoids, it is unclear whether the overlying
subcontinental lithospheric mantle (SCLM) was involved in postcollisional
mafic magmatism.

Postcollisional mafic-ultramafic rocks from the Dabie orogen were
studied for their zircon U-Pb ages and Lu-Hf isotopes, whole-rock major-
trace elements and Sr-Nd-Pb isotopes as well as whole-rock and mineral O
isotopes. The results provide insights into the nature of orogenic
lithospheric mantle in the continental collisional orogen. The zircon U-Pb
dating gave consistent ages of 125 + 3 to 129 + 1 Ma for magma
crystallization. Few residual zircon cores have U-Pb ages of 234 + 5 Ma
and 739 + 9 Ma, respectively, in agreement with tectonothermal events for
UHP metamorphism and protolith formation in the Dabie orogen. The
mafic-ultramafic rocks have high contents of MgO (up to 18.0 wt.%), Cr
(up to 1546 ppm) and Ni (up to 349 ppm), but low contents of SiO, (41.0-
519 wt.%), and show the arc-like patterns of trace elements distribution
and the enriched signature of Sr-Nd-Pb-Hf isotopes. These geochemical
features indicate their derivation from partial melting of the orogenic
lithospheric mantle that is fertile in lithochemistry and enriched not only in
LILE and LREE but also in radiogenic isotopes. The orogenic lithospheric
mantle is suggested to be generated by metasomatic reaction of the
overlying SCLM-wedge peridotite with hydrous felsic melts derived from
the subducted continental crust during the Triassic continental collision,
with the enriched signatures imparted by the felsic melts. In this regard, the
crust-mantle interaction is implicated during the continental deep
subduction, with the postcollisional mafic-ultramafic rocks as its
derivatives. On the other hand, significant differences in elemental and
isotopic compositions between different mafic-ultramafic intrusions
suggest that the orogenic lithospheric mantle is geochemically
heterogeneous, with the possible presence of hornblende-rich and
pyroxene-rich lithologies in mantle sources. This difference is attributed to
differences in the compositions of subducted crustal-derived melts with a
tectonic affinity to the South China Block, but the same SCLM wedge of
the North China Block was involved in the crustal metasomatism.
Therefore, the compositional variations in the orogenic lithospheric mantle
are recorded by the geochemical compositions of postcollisional mafic-
ultramafic intrusions.
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A spatially-structured model for
Proterozoic ocean biogeochemistry
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The picture for Proterozoic ocean biogeochemistry from marine
proxy data and simple box models has been of an anoxic and
ferruginous ocean prior to 1.85 Ga, with a switch to either oxic or
euxinic conditions then responsible for removing iron from the deep
ocean and halting Banded Iron Formations ~1.85 Ga [1]. However,
recently-gathered geochemical data from what remains of the
Proterozoic ocean margins reveal a more complex picture with some
euxinic intervals prior to 1.85 Ga, and a largely ferruginous ocean
with only some sulphidic intervals and/or sulphidic waters at
intermediate depths post-1.85 Ga [2],[3].

Here we use a spatially-structured biogeochemical model GENIE
to propose a scenario consistent with proxy data, and also consistent
with constraints from both oxygen demand and ventilation, and
ocean mixing and Fe, S residence timescales. A robust feature of
scenarios that avoid global euxinia is a vertical redox gradient from
an oxygenic mixed layer, through euxinic mid-depths in shelf or
upwelling regions, to a suboxic deep ocean. A suboxic (rather than
fully anoxic and ferruginous) deep ocean is consistent with evidence
from hematitic cherts [4]. This model makes two testable predictions:
(i) that the “ferruginous” water column state inferred from iron-
speciation proxy data arises from iron transport in a marginally
suboxic or anoxic region underlying euxinic region, and (ii) that
feedback processes must exist to balance the deep ocean on the edge
of anoxia.

Nitrogen cycling in the mixed aerobic/anaerobic surface/mid-
depth regions results in relatively high levels of denitrification and
nitrification with small marine nitrogen reservoirs and short
residence times.

[1] Canfield (1998) Nature 396, 450-453. [2] Kendall (2010) Nature
Geoscience 3, 647-652. [3] Poulton (2010) Nature Geoscience 3,
486-490. [4] Slack (2007) EPSL 255, 243-256.
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Figure 1: Meridional sections for [O;] and [H,S] with localized
euxinia and suboxic deep ocean.
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Selection for Gaia at multiple scales
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Biological regulation of the environment is present at scales
from individuals, to ecosystems, to the global biosphere. However,
the emergence of regulation at scales which cannot have been units
of natural selection is a very different problem from the Darwinian
evolution of organism-level homeostasis. Nevertheless, at local
ecosystem level, regulation is beginning to be understood as a
consequence of “niche construction” [1]. Recent work [2] has also
demonstrated the evolutionary emergence of global regulation from
local selection in spatially structured environments that tend to
distribute the benefits from regulation preferentially to regulators
(and not free-riders or organisms with a destabilising effect). At
global scales, biosphere regulation must in addition be reconciled
with geochemical feedbacks, often involving well-mixed global
reservoirs such as the atmosphere, or geological time delays. This
temporal and/or spatial decoupling of effects from actors make
evolutionary explanations problematic.

Here we investigate mechanisms by which global regulation
might emerge by a non-evolutionary process of self-organisation. We
argue that the global biota is assembled over time by a process
analogous to ecological community assembly [3], but operating at
global scale over geological and macroevolutionary timescales and
perturbed by macroevolutionary innovations [4] and geological
events. By a process of “sequential selection” [5], fragile systems, or
those that destabilise their environment, are then short-lived, and
result in extinctions and reorganisations until a relatively stable (but
possibly lifeless) state is temporarily reached. We employ simple
conceptual models for community assembly, evolutionary
innovation, life-environment interaction, and anthropic bias to test
three hypotheses for the implications of this mechanism for the
stability and regulation of an observed biosphere. The limited
information input and the “satisficing” (rather than optimising)
nature of the sequential selection mechanism make it probable that:
(i) regulation at the global level involves only simple configurations
of multiple (individually local and Darwinian) physiologically
limited “biotic plunder” mechanisms [7],[8] combined with abiotic
feedbacks, and (ii) regulation of the environment is strongest at
limits, rather than at optimal conditions for life. Anthropic bias [6]
applies a further filter to the distribution of biosphere properties such
that (iii) our observed biosphere need be only sufficiently stable for
the evolution of complex life.

[1] Odling-Smee (1996) Am. Nat. 147, 641-648. [2] Williams
(2008), PNAS 105, 10432-7. [3] Post (1983), Math. Biosci. 64,169-
92. [4] Williams (2010) Oikos 119, 1887-99. [5] Betts (2007) Gaia
Circ.2007, 4-6. [6] Watson (2008) Astrobiology 8, 175-85. [7] Tyrell
(2004) Scientists Debate Gaia, Schneider ed, 137-47. [8] Lenton
(2000). J Th. Biol. 206, 109-14.
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A bottom-up perspective on N and P
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the Baltic Sea versus the Peruvian
shelf
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This study presents a combination of field measurements and state-
of-the-art modeling to investigate N and P cycling in sediments of
two contrasting oxygen stressed systems. Boknis Eck is a 28 m deep
channel in the southwest Baltic Sea which experiences severe
hypoxia (< 2 uM O,) in boreal summer lasting until October [1]. A
time series analysis of benthic nutrient analyses based on monthly
samplings from February to December 2010 revealed that N and P
fluxes were elevated in winter due to porewater pumping by
bioirrigating organisms which efficiently flushed the upper 10 cm of
sediment. During hypoxia, no bioirrigation was measurable,
macrofauna were absent and phosphate accumulated to
concentrations exceeding 400 uM, resulting in a large diffusive flux
to the water column. At the same time, denitrification rates were
elevated yet dissimilatory nitrate reduction to ammonium (DNRA)
by sulfide oxidizing bacteria (Beggiatoa spp) played a much larger
role in recycling N between the water column and sediments, thus
conserving reactive N in the system. By January 2011, typical winter
conditions were once again established.

In the Peruvian OMZ, anoxia is more permanent and ventilation
events are less predictable. Benthic N and P cycling investigated at
six stations along 11 °S using landers revealed very high rates of
ammonium and phosphate fluxes on the shelf and upper slope (80 —
250 m water depth) where extensive areas of mats of Beggiatoa
were present [2]. DNRA dominated total N turnover (< 2.9 mmol N
m > d") and accounted for > 65 % of nitrate uptake by the sediments
from the bottom water. Only at greater water depths within the OMZ
(300 — 1000 m) were the sediments a net sink for reactive N due to
denitrification. Overall, our findings in Peru and the Baltic Sea show
that high measured benthic uptake rates of oxidized N within OMZs
do not necessarily indicate a loss of fixed N from the marine
environment, but are instead recycling sites converting nitrate into
ammonium. Phosphate release is elevated in both environments,
which altogether indicate that similar processes occur in sediments
underlying seasonal and more permanent OMZs. Due to the high
rates of benthic N and P turnover in OMZs, pelagic models ought to
incorporate benthic dynamics in their calculations.

[1]Bohlen et al. (2011) Geochim. Cosmochim. Acta 75, 6094-6111.
[2] Dale et al. (2011) Estuar. Coast. Shelf Sci. 95, 14-28.
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Osmium and oxygen isotopes in
Etendeka picrites and their olivines:
mantle melts and crustal interaction
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The existence of basal picrites and picritic dykes in the
Etendeka large igneous province (LIP) provides the opportunity to
study high-degree, relatively unfractionated melt products from a
hot plume head and hence gain the best insight into the source
composition. Moreover, highly magnesian olivine phenocrysts
(occasionally up to Fo 93.3), which reflect crystallisation from
melts with up to 24 wt% MgO [1], provide particularly primitive
isotopic information. Such high MgO melts require mantle potential
temperatures up to 1700°C [1], amongst the highest known for the
Phanerozoic. At the same time, the eruption of the picrites through
continental crust allows the role of assimilation, in imparting an
isotopic signature, to be investigated.

Here we present major and trace elements and Sr, Nd, Pb and Os
isotopes for whole rocks, and combine these with major elements
and osmium and oxygen isotopes for olivine phenocrysts. Highly
siderophile element abundances are also presented.

The Pb isotopic compositions of whole rocks covary with Pb
content and are clearly controlled by a local crustal sedimentary
input, and give little information on the source. Strontium and Nd
isotopes in the Horingbaai dykes covary negatively, indicating
variable contributions from depleted and slightly enriched
endmembers, the latter likely local crust.

The '®"0s/"**0s compositions of the primitive Horingbaai and
more evolved Spitzkoppe picrites (0.128-0.131) are in the same
range as some other high-T plume melts (e.g. North Atlantic Igneous
Province picrites: 0.127-0.134 [2]). The least radiogenic values
support a predominantly mildly-depleted peridotite source for the
highest temperature volcanism in the region, which is also
consistent with MORB-like REE patterns. The Os data exclude the
possibility of a long-term strongly Re-depleted source input, such as
old lithosphere. ~The more radiogenic values could reflect a
contribution from an isotopically enriched mantle component.
Olivines from the Horingbaai and Spitzkoppe picrites, however, have
similar or slightly lower isotopic compositions than their respective
whole rocks, suggesting that, at least in part, the more radiogenic Os
isotope values are a result of crustal assimilation after olivine
crystallisation, even in these Os-rich picritic melts.

Oxygen isotope compositions in olivines (8'80 up to 6.5%o)
extend higher than typical mantle, and are associated with more
radiogenic "¥"0s/"**0s. Although it is difficult to rule out a mantle
eclogite component as a source of coupled O-Os enrichment, a
crustal input is the likely cause of this effect, and is supported by the
combined isotopic and elemental data.

[1] Thompson & Gibson (2000) Nature 407, 502-506.
[2] Dale et al. (2009) EPSL 278, 267-277.
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Fe(III) reduction by the Gram-
positive bacterium
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Microbial Fe(Ill) reduction, specifically that of solid phase
Fe(Ill), presents a challenge to bacteria as electrons must be
transported to an extracellular electron acceptor. This process has
been studied extensively for Gram-negative bacteria such as
Shewanella oneidensis and Geobacter sulfiurreducens. Several
strategies have been documented in these microbes: (a) the secretion
of endogenous redox mediators that are reduced by cells following
oxidation by Fe(Ill); (b) direct contact of outer-membrane multi-
heme cytochromes with the solid-phase substrate or (c) the extension
of micron-long electroconductive pili that can transport electrons
away from the cell. The transfer of electrons in the latter two cases
was dependent on several multi-heme cytochromes located in the
cytoplasmic and outer membranes as well as in the periplasmic space.

In the case of Gram-positive bacteria, there is evidence either for
the involvement of redox mediators [1] or the requirement for direct
contact with the electron-receiving surface [2]. In both cases, the
mechanism remains unknown. In this study, we probe the reduction
of soluble Fe(Ill) [as Fe(Ill)-citrate] and of solid-phase Fe(Ill) [as
hydrous ferric oxide, HFO] by the Gram-positive bacterium
Desulfotomaculum reducens. The best growth was obtained with
pyruvate due to fermentation but some growth was detected with
lactate as an electron donor. In the presence of HFO, pyruvate was
rapidly (~3 days) converted to acetate and Fe(Ill) slowly reduced
over 25 days. Tests with spent medium from pyruvate- and HFO-
grown cells indicate the presence of an endogenous redox mediator
able to reduce anthraquinone disulfonate (AQDS). In contrast, HFO
reduction occurred concomitantly with lactate oxidation to acetate
and there was no evidence for a redox mediator. Experiments with
HFO enclosed in glass beads (and thus only accessible to diffusable
redox mediators) confirmed those findings as reduction of Fe(IIl) was
observed in the pyruvate case but not detectable in the lactate case.

The D. reducens genome harbors a sole multi-heme c-type
cytochrome complex (NrfHA) with homology to the nitrite reductase
in Desulfovibrio vulgaris. Quantitative reverse transcription PCR
(qQRT-PCR) showed that while nrfHA was expressed during
fermentation, there is no evidence for expression during Fe(IIl)
reduction. Hence, we conclude that (a) HFO reduction occurs via a
redox mediator with pyruvate while it is mediator-independent in the
presence of lactate; (b) the sole c-type cytochrome complex present
in the genome of D. reducens is not involved in Fe(Ill) reduction.
Ongoing work focuses on the characterization of the mechanism of
lactate-dependent HFO reduction and aims at providing a mechanistic
understanding of electron transfer across the Gram-positive cell wall.

[1] Pham et al. (2008) Appl. Microbiol. Biotechnol. 77, 1119-1129.
[2] Wrighton et al. (2011) 4ppl. Environ. Microbiol. 77, 7633-7639.
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Plutonic and sub-volcanic igneous rocks have been shown
to be a promising source of data relevant to paleo-temperature
reconstruction. A first Antarctic terrestrial record of climate
variations through the Cenozoic has been recently published, based
on the hydrogen isotope composition of hydrothermally altered
minerals of intrusive rocks from the coastal areas of the Wilson
Terrane, Northern Victoria Land, Antarctica (Dallai & Burgess,
2011). Cenozoic land surface temperature data for this remote area
located at 73-74°S latitude are poorly known but may be crucial to
understand how and possibly why, the climate changed in continental
Antarctica before and during the Eocene-Oligocene transition. In this
investigation, the variations of hydrogen isotope composition of
hydrothermal waters have been studied in detail. By dating the
minerals formed upon hydrothermal alteration, a record of meteoric-
hydrothermal water compositions has been reconstructed, enabling
the atmospheric conditions during the Cenozoic era to be inferred.
This continental record of polar climates in Antarctica is in
reasonable agreement with the global climatic records derived from
oceanic deep cores and with the model curve for atmospheric pCOs.
These observations give insights into the climatic evolution of
continental areas in an important region over a critical time interval
suggesting that temperature fluctuations as large as 20°C occurred
repeatedly during the Eocene. The aim is to determine continental
paleo-temperatures for different periods of the Cenozoic and to merge
data from hydrothermal systems from high latitude regions of both
hemispheres to define bi-polar climatic conditions through geological
time. Preliminary data of hydrothermal systems from high latitude
regions of the Northern Hemisphere fit the hydrogen based paleo-
temperature curve, thereby implying that extending this study to
other Cenozoic (and older) intrusive bodies may better constrain
continental paleo-temperature records both in space and in deeper

times.

References

Dallai L., & Burgess R., 2011. A record of Antarctic surface
temperature between 25 and 50 million years ago. Geology 39, 423~
426.
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The origin of compositional gaps (e.g. the Daly Gap) and high
volumes of silicic rocks among volcanic deposits in ocean islands
have remained controversial subjects. Although silicic magmas can
be produced by fractional crystallization of parental basalts, the
paucity of intermediate compositions and the relatively large
volumes of silicic compositions amongst erupted materials are
difficult to explain by this mechanism. Several hypotheses have been
proposed for the scarcity of erupted intermediate rocks, including
development of physical/chemical properties (density, viscosity
and/or volatile content) that may inhibit them from erupting [1].
Alternatively, melting of altered mafic crust may produce bimodal
volcanism without formation of intermediate magma compositions,
and can potentially explain large volumes of silicic deposits [2].

Santa Barbara volcano (Terceira, Azores) is an ideal locality for
investigating these problems. Terceira has an uncommonly high
percentage (~50%) of silicic volcanic rocks relative to mafic
compositions [1], and Santa Barbara exhibits a well defined Daly Gap
from 54 to 64 wt.% SiO, amongst eruptive products, including flank
basalts and trachytes erupted from the central vent [3]. However, we
show that the compositional gap closes if plutonic nodules
contained in air fall deposits from Santa Barbara are considered.

We have performed petrographic, major and trace element, and
Sr—Nd-Pb isotopic analyses on eruptive products from the relatively
recent (<2ka) Santa Barbara-G trachyte deposit [4], as well as flank
basalts [5] and plutonic nodules collected from older trachytic air
fall deposits from Santa Barbara. These data demonstrate an
essentially continuous compositional variation from 45 to 69%
Si0,, with the plutonic nodules ranging from 45 to 65 wt% SiO,, and
thus effectively filling in the compositional gap defined by the
bimodal basaltic-tracyhtic volcanic products. Trace element
systematics indicate that the plutonic nodules are genetically related
to the basalts and trachytes, following a common fractional
crystallization path. The plutonic nodules exhibit large (~4- to 10-
fold) variations in concentrations of trace elements including highly
incompatible elements (Hf, Nb, and Zr) and compatible elements
(Ba and Sr). Most significantly, some of the plutonic nodules have
incompatible element concentrations equal to those in the Santa
Barbara G trachytes. Together, these data suggest that the plutonic
nodules represent liquid rather than cumulate compositions, as
inferred for syenites from Fogo volcano (Sao Miguel, Azores; [6]).

These results indicate that intermediate magma compositions are
produced during fractional crystallization from parental basalts to
trachytes, and that these intermediate magma compositions
generally fail to erupt as volcanic products. Ongoing Sr-Nd-Pb and
planned U-series isotopic analyses of the plutonic nodules will
further constrain their genetic relationship to the Santa Barbara
basalts and trachytes, and potentially allow evaluation of their
crystallization ages.

[1] Mungall & Martin (1995) Contrib. Mineral. Petrol. 119(1), 43-
55 [2] Bindeman et al. (2006) Earth and Planet. Sci. Lett. 245(3-4),
245-259 [3] Self (1976) J. Geol. Soc. of London 132(6), 645-666
[4] Daly et al. (2010) Goldschmidt [abs.] A204 [5] Yu & Widom
(2010) Goldschmidt [abs.] A1191 [6] Widom et al. (1993) J. Pet.
34,929-953
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Sediments of the Toulon bay (SE, France) are significantly
polluted by trace metals, metalloids and organic contaminants, due to
historical events (2nd World War...). Contaminants behavior in
sediments and transfer to the water column should be investigated to
evaluate the risks linked to such pollution. This work focused on As
dynamics in the Toulon Bay by studying two major processes: effect
of early diagenesis and subsequent diffusive flux.

Interface sediment cores were sampled at contrasted locations
and seasons, followed by porewater analysis of physico-chemical
parameters (pH, Eh, DOC), diagenesis tracers (Fe, Mn, S, Ca, DIC,
...) and As species. The obtained sediment depth profiles showed a
significant variation of Eh, SO,*, DOC and arsenic in porewaters
between the campaigns. Such observation could result from different
diagenesis activities, linked to inputs of labile organic matter (e.g.
plankton bloom). Additionally, in the deepest layer (> 15 cm), As
appeared to be significantly correlated (R? 0.89) to the DOC content,
indicating a possible association between As and organic matter.

Based on the measured phyco-chemical parameters and the
dissolved species concentration (majors, diagenesis tracers,
arsenic,...), PHREEQC was used to calculate As chemical speciation
[1]. Then, PROFILE fitting of diagenesis tracers and As depth
profiles allowed the evaluation of their diffusive fluxes at the
sediment/water column interface [2]. Finally, As depth profiles were
successively simulated by PHREEQC, taking account of solid As
concentration, dissolved organic matter, carrier solid phases (clays,
calcite, iron oxy(hydroxide), iron (mono)sulfide), and the affinity of
these components for each As species.

The As dynamics in Toulon coastal sediment appears to be
mainly controled by its chemical speciation in porewater,
immobilization on carrier phase, and interaction with dissolved
organic matter (as AsV but also as AsllII). Association of analysis and
modelling tools (thermodynamic calculation, reactive transport fitting
and sorption simulation) is suitable to better understand trace
elements behavior at the sediment/water interface.

[1] Couture et al. (2010) Geochim. Cosmochim. Acta 74, 1238-1255.
[2] Berg et al. (1998) Limnol. Oceanogr. 43, 1500-1510.
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Nanotechnology is a rapidly growing industry, which leads to an
increased amount of synthetic nanoparticles released into the
environment. Nanoparticles generally have higher reactivity than
larger particles of the same material. As the particle size is decreased
to the nanometer size range (1-100nm), the surface chemistry
changes and this might influence the surface charging and
aggregation behavior. Further, nanoparticles can interact with natural
organic material (NOM), such as humic and fulvic acids, which is
present in most natural waters. Adsorption of NOM affects the
surface speciation and net charge of the nanoparticles and is therefore
of great importance for their colloidal stability. This might alter the
mobility of nanoparticles in surface waters and in soils, thus
determing their bioavailability and toxicity.

The focus of the present study was to investigate the aggregation
behavior of nanoparticles in aqueous solution as a function of pH,
ionic strength, and in the presence of NOM. Well-characterized TiO,
nanoparticles obtained from hydrolytic synthesis were used as test
nanoparticles, and selected phenolic carboxylic compounds were
used as model substances to mimic the interactions of nanoparticles
with NOM. The selection of organic compounds was based on the
possibility of determining the influence of various types, numbers,
and positions of functional groups on the surface charging and
colloidal stability of the TiO, nanoparticles. The aggregation and
surface charging of the particles were studied by simultaneously
monitoring the changes in particle size and zeta potential during the
reactions.
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Combined **U/**"Th disequilibrium and (U-Th)/He dating of
zircon [1] is a novel approach for dating young (<350 ka) volcanic
eruptions. This method with great potential for the Quaternary
geochronology has been successfully applied in various settings [e.g.
2,3], however its accuracy and limitations has not been rigorously
tested and validated by independent methods. New Zealand's record
of late Quaternary tephras provides an excellent natural laboratory
for conducting such inter-calibration experiments.

In this study we apply the combined ***U/**°Th disequilibrium
and (U-Th)/He zircon dating to the deposits of the coeval Rotoiti and
Earthquake Flat eruptions in the Taupo Volcanic Zone to investigate
consistency of the method. In addition, wood sampled below and
above the Rotoiti tephra is dated by high-precision radiocarbon
method to provide independent constraints on the accuracy of the
zircon eruption ages.

Results and Conclusion

The two independent methods revealed concordant ages, which
are also in accord with the stratigraphic position of the samples.
Based on these results we assign new ages of ~45 ka to the Rotoiti
and Earthquake Flat eruptions. This is by ~16 kyr younger than the
currently accepted age, which has implications for paleoclimatic
reconstructions and volcanic hazards assessment in the Taupo
Volcanic Zone. This study proves the combined B8y/20Th
disequilibrium and (U-Th)/He dating of zircon reliable at late
Quaternary time scale and also demonstrates demonstrates
reliability of the radiocarbon dating method at higher end of its
sensititvity at ~50 ka.

[1] Schmitt et al. (2006) J. Volcanol. Geoth. Res. 158 (3-4), 281-
295. [2] Schmitt et al. (2010) Earth Planet. Sci. Lett. 295 (1-2),91-
103. [3] Schmitt et al. (2011) Contrib. Mineral. Petrol. 162 (6),
1215-1231.
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The island of Pantelleria, the type locality for pantelleritic
rocks, is an active volcanic field located in the Sicily Channel Rift
Zone, an intraplate setting affected by transtensional tectonics
related to the complex geodynamics of the Western Mediterranean
area. The island, dominated by a nested, resurgent caldera, has been
affected by regional tectonism and volcano-tectonism that
controlled both evolution of the magmatic system and distribution
of eruption vents. The eruptions were fed through time by magmas
of variable composition, typically bi-modal, both mafic and silicic.
The island is divided into two sectors by a NE-SW fault system,
which likely represents a crustal discontinuity along the axial ridge
of the rift. The north-western sector, affected only by NW-SE
crustal structures, includes most of the exposed transitional to
alkaline basaltic rocks. The south-eastern sector includes silicic
peralkaline rocks, variable from comenditic trachyte to rhyolite
(pantellerite). Eruption of differentiated magmas and occurrence of
the nested caldera, suggest that crustal magma chambers were
established in this sector, probably at the intersection of the main
tectonic lineaments. On the other hand, eruption of abundant mafic
magmas in the north-western sector of the island suggests a deeper
plumbing system linked to the mantle source region. The
geochemistry of volcanics representative of the younger-than-15 ka
activity has been investigated with the aim of better understand the
magmatic processes governing the behaviour of the Pantelleria
shallow plumbing system. The investigated volcanic rocks, products
of both explosive and effusive activity, range in composition from
comenditic trachyte to pantellerite, matching the typical range of
evolved peralkaline composition of Pantelleria. Alkali-feldspar-rich
enclaves are common in these rocks, testifying to diffuse mingling
phenomena. Electron microprobe and micro-Raman analyses of
interstitial glass of enclaves has revealed unusual compositions even
more evolved than the host rocks. These data, integrated with recent
experimental petrology results on peralkaline silicic magmas,
allowed us to put forward hypotheses on the extreme differentiation
processes and dynamics occurred within the Pantelleria shallow
plumbing system in the past 15 ka.
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Analysis of the kinetics of post-entrapment re-equilibration of
melt inclusions in high-Fo olivine phenocrysts in lavas suggests
their common short residence times (< 6-12 months). This implies
that if eruption does not happen within a few months after a primitive
magma begins cooling and crystallisation within the plumbing
system, early formed olivines are unlikely to be erupted as
phenocrysts, being efficiently separated from the melt, and rapidly
incorporated into the cumulate layers within the plumbing system.

These results suggest that in most cases erupted high-Fo olivine
phenocrysts retain their original composition, which explains
commonly observed large compositional variations between olivine
phenocryst cores in a single sample. Short residence times imply
that large unzoned cores of high-Fo phenocrysts cannot reflect
diffusive re-equilibration of originally zoned phenocrysts. The
unzoned cores are a result of fast efficient accumulation of olivines
from the crystallising magma, i.e., olivines are separated from the
magma faster than melt changes its composition. Thus, the main
source of high-Fo crystals in the erupted magmas is the mush zone
of the plumbing system. Olivine-phyric rocks represent mixtures of
an evolved transporting magma (which forms the groundmass of the
rock) with crystals that were formed during crystallisation of more
primitive melt(s). Unlike high-Fo olivine phenocrysts, the evolved
magma may reside in the magmatic system for a long time. This
reconciles long magma residence times estimated from the
compositions of rocks with short residence times of high-Fo olivine
phenocrysts.

Olivines incorporated in the cumulate layers are sometimes
erupted in gabbroic/ultramafic xenolith. Unlike phenocrysts in lavas,
olivines in xenoliths commonly have uniform compositions,
reflecting diffusive re-equilibration during long residence times.

Slow cooling rates and extensive re-equilibration within the
plumbing systems results in complete re-equilibration of the
cumulate crystals at near solidus temperatures. In parts of these
systems where cumulate compaction and intercumulus melt
migration were minimal, correlations between compositions of
olivine and the bulk samples can be used to estimate the
compositions of the parental magmas and the amount and
composition of phenocrysts they carry. Having established the
composition of parental magmas, comparing them to the bulk
compositions of different parts of the plumbing system can indicate
their open or closed behaviour.

Using the Dovyren magmatic system (Northern Baikal region,
Siberia, Russia) as an example, we show that the parental magmas
were phenocryst rich, the supplying conduits were thermally and
compositionally zoned, and the large layered intrusive body of the
complex represented an open plumbing system feeding the
associated volcanic centres.
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Magnetite forms under a wide variety of conditions,
crystallizing at high temperature from silicate magmas or
precipitating at low temperature from hydrothermal fluids or
seawater. Trace element content of magnetite may reflect the
differences in these conditions. Therefore as part of a larger project
examining the trace element content of magnetite, by laser ablation
ICP-MS, we have characterized magnetite in magmatic massive Fe-
oxide deposits (magnetite-ilmenite, =+ apatite) from layered
intrusions (Bushveld and Sept Iles Complexes) and a massif
anorthosite (Lac St. Jean) in order to study how magmatic processes
affect the trace element compositions. We have also collected trace
element data from the enigmatic “magnetite lava flows” from El
Laco, Chile, in order to consider whether these magnetites are
indeed of igneous origin.

Magnetite from the layered intrusions record the evolution of
the fractionating silicate liquid (Fig. la), with those found lower in
the sequence (more primitive) being richer in Cr, Mg, V and Ni
whereas those found higher (more evolved) being richer in Ti, Nb
and Ta. Magnetite layers from the uppermost parts of the intrusions
contain apatite and this magnetite shows the most evolved
composition (Fig. 1a). Magnetite from the anorthosite shows similar
compositions to those of the layered intrusions. However, magnetite
from the El Laco lava flow are much richer in Si (0.4 wt.%), Ca and
P and poorer in Ti (<0.1 wt%), Al (<0.2 wt%) and Ga than magnetite
from any magmatic Fe-oxide deposit (Fig. 1b) which raises doubts
about the El Laco “magnetite lava flow” having formed by igneous
processses.

a) Magmatic magnetite

Primitive magnetite-
R ield Nes
™\

0.001

Magnetite / Bulk Continental Crust
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{4 ® Evolved magnetite
0.001 | ~—7 ’ El Laco magnetite field

Magnetite / Bulk Continental Crust
°

v
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SiCaY P Pb 2 H Al Ge W Sn Sc Ta Nb Mo GaMnMg Ti Zn Co V Ni Cr

Figure 1: Trace element patterns for (a) magmatic magnetite and
(b) El Laco magnetite compared to evolved magmatic magnetite.
Order of elements: increasing compatibility into magnetite to the
right.
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The Nuvwuagittuq Greenstone Belt in northern Québec is a rare
~10 km® fragment of the Earth’s early crust. The belt contains
metamorphosed supracrustal rocks that are at least 3.77 billion years
old [1,2], and amphibolites (the Ujaraaluk Unit) that may have
protoliths as old as 4.3 Ga [3]. Primary contacts and relative age
relationships have been obscured by multiple episodes of intensive
ductile deformation, however the geological history of the belt is
beginning to be unraveled via geochronology and geochemistry.

In this study we have undertaken SHRIMP U-Pb analysis of
zircons from key meta-igneous and meta-sedimentary units of the
belt. The analysed samples fall into three categories: (a) felsic bands
(0.5 to 1 m in width) and tonalitic orthogneiss interlayered with the
Ujaraaluk Unit; (b) fuchsite-bearing quartz-rich bands and a newly
identified metasedimentary unit; (c) garnet-biotite amphibolite from
the Ujaraaluk Unit and a meta-gabbro.

The felsic lithologies place contraints on the minimum age of
the supracrustal assemblage. Oscillatory zoned zircons separated
from a plag-qtz-bt schist form a discordant array with an upper
intercept of 3774 + 32 Ma, consistent with previous analyses of
similar lithologies [1,2]. The tonalitic orthogneiss yields concordant
zircon ages between 3740 and 3800 Ma, consistent with the
observation of oscillatory zoned cores and rims from CL imaging.

Zircons from the fuchsite-bearing quartz band are subrounded
and have oscillatory zonation textures very similar to the
orthogneiss zircons, with little textural variation, and concordant
ages of between 3750 and 3800 Ma, similar to the orthogneiss. In
contrast, a quartz-albite-clinozoisite dominated metasediment
identified within a lower strain domain, interfolded with
amphibolites, has highly variable zircon CL textures. The zircons are
dominated by concordant ages of 3630 to 3680 Ma, similar to the
age of nearby tonalites [2], with minor concordant populations at ca.
3800 and 3500 Ma. Accordingly, the belt must have been exhumed
following intrusion of the ca. 3660 Ma tonalite [2], and prior to
high-T metamorphism and deformation.

Electron microscopy of polished thin sections was used to
locate zircons within 4 samples of the Ujaraaluk Unit mafic
amphibolites. Large (< 500 pm) zircons separated from a gt-bt rich
sample, together with those from the meta-gabbro sample, are sector
zoned and yield metamorphic ages of ca. 2700 Ma.

Although unequivocal constraints on the primary age of the
Ujaraaluk Unit amphibolites remain elusive for now, continued
geochronological studies are revealing that the belt contains a
detailed record of Eoarchaean to Paleoarchaean crustal processes.

[1] Cates and Mojzsis (2007) EPSL 255, 9-21
[2] David et al. (2009) GSA Bulletin 121, 150-163
[3]1 O'Neil et al. (2008) Science 321, 1828-1840
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Micrometer-scale, multiple-solid inclusions occur in garnet
from metapelitic gneiss extracted from the hydroelectric plant on
the Black River at Port Leyden, NY (western Adirondack Highlands).
The garnet host grains are small (0.5-1.0 mm diameter), euhedral
neoblasts that formed peritectically during biotite dehydration
melting accompanying the Ottawan phase of the Grenville Orogeny
(ca. 1040 Ma; [1]). Partial melting conditions of 4 to 6.4 kbar and
735°C, and a peritectic reaction of bio + sil + vapor = gar + melt, or
bio + sil + qtz = gar + melt + K-feldspar have been proposed for
these rocks [1].

The inclusions are typically 10-20 pum in diameter and occur
randomly in garnet. Both negative crystal and irregular inclusion
morphologies are present. Many, if not all, of the inclusions contain
alarge (5-8 um), often euhedral, zircon grain surrounded by finer-
grained (some less than 1 pum) phases with EDX spectra consistent
with biotite, K-feldspar, quartz, and albite. The inclusions are
similar in size and composition to those described in garnet from
other migmatites (e.g. [2], [3], [4]) and are similarly interpreted as
anatectic melt inclusions.

Low Zr solubility in silicate melts [5] indicates the large
zircon grain in each inclusion is a trapped phase. Therefore, it
appears that micrometer-scale droplets of anatectic melt adhered to

refractory zircon grains while peritectic garnet grew around them.

[1] Florence et al., 1995, CMP, v. 121, p. 424-436. [2] Hartel, et al.,
1990, GAC-MAC Program Abs. v. 15, p. A54-AS55. [3] Cesare et al.,
2009, Geology, v. 37, p. 627-630. [4] Ferrero et al., 2012, J. Meta.
Geology, (in press). [5] Watson and Harrison, 1983, EPSL, v. 64, p.
295-304.
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The different compartments of the hydrosphere are major sinks
or sources of CO, and the role of freshwaters in the global carbon
cycle has been recently reevaluated as substantial [1]. Freshwaters
show variations of the carbonate system variables at hourly time
scales and in a large range. A key limitation for the carbonate system
studies is the necessity of accurate, in-situ and high frequency
measurements that would provide data with suitable spatial and
temporal resolutions to enlighten the processes affecting the
carbonate system.

With the aim of in-situ and high frequency sensor development
to assess the freshwaters whole carbonate system with the
simultaneous measurement of the pH-Alkalinity couple [2],
spectrophotometric  measurement of these parameters is
developped. Spectrophotometric pH measurements already exist [3]
this work focuses mainly on the alkalinity (Alk) measurement, which
is an original contribution. This new method, based on [4], consists
to neutralize all the basic species taken into account in the Alk by a
weak acid mixed with a pH sensitive dye to measure accurately the
pH end point value and thus deduce the alkalinity of the sample.

The performance of spectrophotometric methods is assessed in
low pH buffer solutions for pH, commercial mineral and spring
waters for Alk and natural freshwaters for both, by a comparison to
conventional potentiometric measurements and theoretical
calculations.

pH measurements show a precision of +0.005 and an accuracy
of 0.01 pH unit; Alk measurements show a precision of +8 M and an
accuracy ranging from 19 to 2 uM. The best accuracy is obtained by
downplaying the excess acid term and thus its associed uncertainty.
Additionnaly, accuracy relies upon the performance of the
spectrophotometer, carefully prepared and defined indicator
solution and all very controlled and reliable thermodynamic
constants with their temperature and ionic strength dependence. The
somewhat poorer precision reported might be ascribed in a larger
part to the totally handmade procedure steps that introduce more
errors than an automatic device. Tests on our pH and Alk in-situ
sensor (still in development), shows that a precision better than
+0.001 unit on pH and better than +2 pM on Alk are expected.

This work provide a strong theoretical basis for its future use as
an in-situ high frequency sensor, which precision and accuracy meet
the requirements of scientist working on freshwaters systems.

[1] Prairie (2008) Can. J.Fish.Aquat. Sci. 65, 543-548.
[2] Park (1969) Limnol. Oceanogr. 14 (2), 179-186.

[3] Clayton (1993) Deep-Sea Res. 140 (10),2115-2129
[4] Podda (1994) Compt. R Acad. Sci., 319 (2), 651-657
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Abstract

Osborn et al [1] recently reported 17-times higher concentrations
of thermally mature methane (CH,), consistent with production gases
from the Marcellus shale, in drinking water wells within 1km of
hydraulically fractured horizontal drilling sites producing from the
Marcellus Shale in northeastern Pennsylvania. We employ a
combination of hydrologic (groundwater age dating [*H-*He and fluid
flow modeling]), noble gas geochemistry, and carbon isotopic
composition to distinguish the potential sources of gases present in
drinking water aquifers within the region. These techniques
simultaneously distinguish Marcellus/Devonian gas from deeper
Trenton Group/Ordovician gases and other potential sources (e.g.
shallow biogenic methane, stray landfill gases, other organic-rich
lithologies, and natural gas that has migrated naturally over geologic
time) providing a powerful technique for delineating the source and
potential for fugitive gas migration in areas active or targeted for
drilling. We will present preliminary results of noble gas and isotope
geochemistry for Pennsylvania and New York areas of the Marcellus

fairway.

[1] Osborn SG, Vengosh A, Warner NR, & Jackson RB (2011)
Methane contamination of drinking water accompanying gas-well
drilling and hydraulic fracturing. Proceedings of the National
Academy of Sciences 108:8172-8176.
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Method

Demonstrating reproducibility of Pb isotopic ratios in zircon is
sufficient for accurate dating of Precambrian samples without the
need for isotope dilution and U analysis, which require total
dissolution of sample and chemical processing to remove Zr. The
Kober [1,2] and Davis [3] methods of thermal extraction of Pb are
simple but both provide relatively inefficient ionization and neither
is amenable to double Pb isotope spiking, which limits the accuracy
of ages that they can provide. We have experimented with a
modification of Kober method that overcomes these limitations.
Zircon is folded into a 0.03 in x 0.0005 in Re filament and thermally
pre-treated at about 1450C for 30-45 min in vacuum to evaporate
disturbed Pb from chemically altered domains. A condensation
surface is then exposed to the sample and the zircon is heated at
1600C over 15 min to totally evaporate Pb. The condensation
surface consists of either a 0.25 in wide Re ribbon (thermally
cleaned using high current in a carbon coating chamber) or the inside
of a 3 ml Savillex vial. Condensation of common Pb from the posts
of the filament is prevented by the use of blinders welded to the
posts of the evaporation filament. Operations are carried out inside a
bell jar normally used for filament outgassing. Deposited silica from
the zircon is subsequently removed using HF, by swabbing the Re
surface using a pipette or open fluxing in the vial. The recovered Pb
in the solution is dried, converted to HCI and spiked with ET2535
202:205p, 233-333(J gpike, then loaded onto a conventional Re filament
with phosphoric acid and silica gel for conventional TIMS analysis.
The vial condensator is more convenient than the wide filament but it
produces relatively high blanks probably because of partial melting
of a thin teflon surface layer by the hot silica. The Re condensator
gives negligible blank but is less efficient for collecting Pb.
Results

The TEC method has been tested on two Precambrian zircon
populations from northwest Ontario previously dated by
conventional methods. One of them is from the Marmion tonalite
which has a conventional U-Pb age of 3002.6 + 1.5 Ma [4]. Four
fractions of it gave an average TEC age with 2 standard deviation of
3001.9 + 0.6 Ma. The other one consists of two zircon fractions
from a rhyolite at Nevison Lake (conventional age of 2998.6 + 0.8
Ma) with a TEC age 0f 2998.5 + 0.4 Ma.

[1]Kober (1986) Contrib. Min.& Petr. Vol. 93, 482-490. [2] Kober
(1987) Contrib. Min.& Petr. Vol. 96, 63-71.[3] Davis (2008) Geol.
Vol. 36, 383-386.[4] Tomlinson et al. (2003) Contrib. Min.& Petr.
Vol. 144, 684-702.
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Chondrules were formed ~ 2-3 Myr after the formation of CAls
(the first solid condensates of solar system) and then accreted into
large bodies with fine-grain matrix material [e.g.,1]. Chondrules
might experience excess exposure to energetic solar particles and
cosmic rays before their compaction. To investigate such pre-
compaction exposure, cosmogenic noble gas isotopes and
radionuclides were studied for individual chondrules from Dhajala
and Bjurbole.

Separated individual chondrules from Bjurbdle (L/LL4) and
Dhajala (H3.8) meteorites were crushed to small and uniform grain
size and then divided into three aliquots for composition,
radionuclide and noble gas analyses. To calculate production rates of
cosmogenic nuclides, major element compositions of the samples
were determined by a Thermo Electron Corporation iCAP 6000 series
mass spectrometer. Measurements of '"Be, *Al, and *°Cl were
performed by AMS at Primelab, Purdue University. He, Ne and Ar
measurements were carried out using noble gas mass spectrometry at
Washington University in St. Louis. The cosmic ray exposure age of
Bjurbole (> 8 Myr, [2]) is greater than five half-lives for all the
radionuclides measured, indicating that the production rate is equal to
the activity of the sample. The production rates of '’Be, *°Al, and **Cl
were calculated based on irradiation depth using the model suggested
by [3]. Estimates for the pre-atmospheric size of Bjurbole are ~
400kg with a density of 228 g cm™ [4]. Assuming a spherical shape,
the pre-atmospheric radius of Bjurbéle is ~ 35 cm. From radionuclide
analysis, we find the Bjurbole samples were located from 2-5 cm
inside the parent body. For Dhajala (CRE age ~ 4 Myr, [5]), **Cl and
%Al activity is at the saturation point. Based on 2°Al, the most likely
size and location of the sample is 70 cm inside a 120 cm body. At this
depth, the '°Be activity is saturated and the minimum CRE age is 6.8
Myr. The noble gases in chondrules are dominated by cosmogenic
component however a detectable amount of trapped gases are also
present. We are initially using the *Ne/*'Ne as a depth indicator,
allowing us to calculate production rates of *He, *'Ne and **Ar [6].
An alternative method is to deduce the irradiation depth based on
radionuclide activity [3]. *He, *'Ne and **Ar CRE ages suggest that
chondrule D#10C from Dhajala and chondrule BCO6C from Bjurbdle
were exposed to cosmic rays longer than the host matrix. The
remainder of the chondrules show CRE ages similar to matrix. The
excess exposure duration is within the range of earlier reports [2, 5].
Radionuclide data in this study were used to find size and depth
profile of the samples; future radionuclide data will be used to
quantify recent exposure history with the goal of elucidating pre-
compaction exposure from the total exposure history.

[1] Kita et al. (2005) Chondrites & the protoplanet. Disk, ASP conf.
series, 341, 558-587. [2] Polnau et al. (2001) Geochim. Cosmochim.
Acta 65, 1849-1866. [3]Leya et al. (2001) Meteor. Planet. Sci 36,
1547-1561. [4] Flynn (2004) Earth Moon and Planets 95, 361-374.
[5] Eugster et al. (2007) Meteor. Planet. Sci 42, 1351-1371. [6]
Eugster and Michel (1995) Geochim. Cosmochim. Acta 59, 177-199.
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Introduction

A dominant control on the mobility and speciation of
many toxic elements from mining and milling operations is their
adsorption onto the surface of iron oxy-hydroxides, of which two-
line ferrihydrite (hereafter called ferrihydrite) is one of the most
common and reactive. For example, tailings generated from uranium
(U) mining and metallurgical operations are a potential source of As,
Mo, Se, and Ra™® (termed Elements of Concern; EOCs) to the
geosphere and biosphere. Generally, these elements are removed
from oxic, acidic leach solutions (pH ~1.5) in the U mill via
neutralization with lime and co-precipitation with ferric iron.
Ferrihydrite starts to precipitate at pH ~3.5-4 during this
neutralization process, which ultimately increases the pH to ~9.5 in
the tailings prior to discharge. The EOCs subsequently adsorb onto
the ferrihydrite, which thus controls their mobility in the pore
waters. Because ferrihydrite is metastable and can transform to
more structurally ordered oxy-hydroxide phases such as goethite
and, under certain geochemical conditions, hematite, this study was
conducted to assess the ability of ferrihydrite to act as a long-term
sink for As and Mo in U tailings bodies. The results will also be
useful in determining the long-term stability of ferrihydrite in other
mine environments.
Materials and Methods

A comprehensive study was carried out to determine the
rate of transformation of pure ferrihydrite (i.e., no adsorbed As or
Mo) to goethite and hematite as a function of temperature (25, 50,
75, and 100°C) and pH (2, 7, and 10) via batch experiments.
Subsequently, the impact of adsorbed arsenate and molybdate on the
rate of ferrihydrite transformation was determined based on As/Fe
(0.500-0.010) and Mo/Fe (1.000-0.010) molar ratios (to
approximate elemental concentrations measured in the tailings) at
pH ~10 and 75°C. These rates were extrapolated to the
environmental conditions measured in the tailings (i.e., 1°C and
pH=10) at Cameco Corporation’s Deilmann Tailings Management
Facility, Saskatchewan, Canada. Pure and transformed phases were
characterized and quantified using XRD, XANES, AFM, SEM, BET,
and Raman spectroscopy.
Results and Discussion

The rate of transformation of pure ferrihydrite to
hematite increased with increasing temperature at all pH values
considered and followed first order reaction kinetics. In the case of
As adsorbed to ferrihydrite, the rate of ferrihydrite transformation
decreased by two orders of magnitude as the As/Fe ratio increased
from 0.010 to 0.018. No transformation was observed at higher
As/Fe ratios (0.050, 0.100, and 0.500). Calculations show that the
rate of ferrihydrite transformation under in situ conditions (~1°C;
pH ~10; As/Fe ratio >0.250) is negligible and thus the ferrihydrite
should continue to act as a sink for As for at least 10,000 years.
Results of the ferrihydrite-molybdate testing remain to be analyzed.
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Carbon in the Earth’s mantle has critical influence on planetary
geodynamics, chemical differentiation, long-term climate, and
habitability. But how early did the bulk silicate Earth acquire its
current inventory of carbon? Is the mantle carbon mostly recycled or
primordial? Answering these questions requires knowledge of the
element’s fate during magma ocean processes and parameters such as
carbon solubility and partitioning between metal and silicate during
core formation are key.

Experiments were performed at 2-7 GPa, 2000-2100 °C on
mixtures of silicates (tholeiitic basalt/ komatiite/ fertile peridotite)
and Fe-Ni-Co-C-S mix contained in graphite or MgO capsules. All
the runs produced immiscible Fe-rich metallic and silicate melts at
fO, between IW-1.0 and IW-2.2. Carbon concentrations of basaltic
glasses and non-glassy quenched silicate melts were determined using
secondary ionization mass spectrometry (SIMS) and speciation of
dissolved C-O-H volatiles in silicate glasses was constrained using
Raman spectroscopy. Carbon contents of metallic melts were
determined using both electron microprobe and SIMS. Our
experiments indicate, that at reduced, core-forming, conditions,
carbon in mafic-ultramafic magmas dissolves primarily as a
hydrogenated species and its storage capacity remains low. The total
C content in our reduced melts at graphite saturation increases with
increasing melt depolymerization (NBO/T), consistent with a recent
spectroscopic study [1]. Carbon behaves as a metal-loving element
during core-mantle separation and D¢ (metallic melt/ silicate melt)
varies between ~3500 and >100 and increases with increasing
pressure and decreases with increasing melt NBO/T.

Our data suggest that if only a trace amount of carbon (~730 ppm
C; [2]) was available to participate in the early differentiation of
Earth, most of it was partitioned to the core and no more than ~10-
30% of the present-day mantle carbon budget (50-200 ppm CO,) can
be derived from a magma ocean residual to core formation. With core
formation removing most of the carbon initially retained in the
terrestrial magma ocean, explanation of the modern Earth carbon
inventory requires a later replenishment mechanism. Addition of
volatile-rich, late veneer and inefficient core formation both remain
viable mechanisms. Alternatively, carbon ingassing by magma ocean-
atmosphere interaction, soon after core formation, may also make the
Earth’s primordial carbon inventory similar to that of the present-day
budget.

[1] Mysen et al. (2009) Geochimica et Cosmochimica Acta 73, 1696-
1710. [2] McDonough (2003) Treatise on Geochemistry 2, 547-568.
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Meltwater released at the southern margin of the Laurentide ice
sheet during the last deglaciation led to the development of Lake
Ojibway in NE Ontario and NW Quebec. The late-stage evolution of
Lake Ojibway was marked by ice (Cochrane) readvances, while
recent mapping of low-elevation lakeshores indicate abrupt
drawdowns of Ojibway lake level prior to its final discharge into
Hudson Bay ~8200 cal yr BP. Additional late-stage events are also
suggested by the presence of thick (10-15 cm) bands of massive silt
that truncate Ojibway rhythmites. This silt band is in turn overlain by
~1 m of rhythmites. Although this sequence suggests the occurrence
of drainage episode(s), the late-stage history of Lake Ojibway
remains inadequatly documented. Here we report results from the
study of 12 Ojibway sediment sequences that contain the silt band.

Grain-size analyses of bulk Ojibway rhythmites (winter and
summer beds) show a textural composition consisting of 73% clay
(<2 pm) and 25 % of fine silt (2—8 um), with the remaining material
being composed of medium silt (§—16 pum). This contrasts with the
thick silt band that consist primarily of ~54—-86% of fine to coarse
silt (2—63 pm), with the clay fraction typically representing < 20%.
The detrital carbonate content of rhythmites samples shows values
ranging from 0.72 to 2.02%, while silt band samples commonly
show a slight increase with respect to the bounding rhythmites,
going from 1.85 to 3.34%. Ostracods were extracted from specific
sediment intervals for oxygen isotope (5'°0) measurements.
Preliminary results indicate that ostracods from the silt band and
underlying rhythmites have 8'°0 values ranging from —23.26 to —
25.04 %o (vs VPDB), typical of glacial metltwater. In contrast, the
rhythmites overlying the silt band show &'*0 ranging from 10.03 to
16.62 %o.

Interpretation of the results is still limited at this stage of the
study. Nonetheless, the textural changes reported could be
associated with a drainage episode(s) that was followed by a
deepwater phase(s). Alternatively, this drainage varve (?) could
represent a drastic change in the sediment supply (or source) to the
lake. This appears to be supported by the increase in detrital
carbonate of the silt band. Because the Ojibway basin lies primarily
on crystalline bedrock, the presence of detrital carbonate in Ojibway
sediments is commonly attributed to the late-glacial dynamics
(metlwater runoff or ice readvances) of the decaying ice in Hudson
Bay, which is underlain by carbonate rocks. Any explanation for the
origin of this silt band and associated compositional changes must
also take into account the sharp change in 'O composition
obtained for the sediments overlying the silt band, which shows an
evolution towards post-glacial values. Upcoming '*C ages from the
ostracods extracted from the silt bands and bounding rhythmites
should also help refining our understanding of these events.
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Laboratory experiments were performed to track the fate of
dissolved Cu and Fe at a fixed pH of 5.2 during the gradual,
incremental oxidation of dissolved Fe(Il) and precipitation of iron
oxide in the presence of Anoxybacillus flavithermus cells. The
experimental data reveal significant and complex controls on Cu
immobilization, related to progressive changes in 1) ratio of Cu to
dissolved Fe(Il) concentration, inferred to result from competition
for bacterial sorption sites; 2) ratio of precipitated iron oxide to
bacteria, inferred to result from desorption of Fe(Il) initally
associated with the bacterial surface; and 3) reaction time, inferred
to result from Cu complexation by increasing quantities of biogenic
dissolved organic matter. Surface complexation models were
developed to describe the experimental data, with constraints on
reaction mechanims provided by polarography and X-ray absorption
spectroscopy. Differential pulse polarography demonstrated that Cu
complexes form with dissolved organic ligands in filtered bacterial
suspensions. The concentration and Cu complexation capacity of
these bacterial exudates could be quantified and related to the
conditions and history of the suspensions. The bacterial exudates
significantly inhibited Cu adsorption onto the bacterial cells but
slightly enhanced adsorption onto the iron oxide under the
experimental conditions. X-ray absorption spectra were collected at
the Cu K-edge on the bacterial exudates and wet pastes of the
bacteria, the iron oxide, and the bacteria-iron oxide composites. The
EXAFS data suggest that Cu complexation by the bacterial exudates
involves binding by carboxyl or phosphate sites. The EXAFS data
also show that under the experimental conditions Cu in the solid
phase is associated predominantly with carboxyl structures on the
bacterial cell walls, not with bacterial phophoryl structures or with
binding sites on the iron oxide. This study demonstrates that the
immobilization of metal cations in bacteria-bearing settings should
not be examined independently of progressive oxidation, hydrolysis
and precipitation of iron.
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Previous studies have suggested that iron isotopes could be
good tracers of redox conditions during melting [e.g., 1]. However,
we lack a reliable database of equilibrium fractionation factors
between melts and igneous minerals such as olivine to interpret the
rock record [2]. Iron equilibrium fractionation factors (or more
specifically reduced partition function ratios, ) can be derived from
Nuclear Resonant Inelastic X-ray Scattering (NRIXS) experiments
at a synchrotron facility [3,4]. We have developed a new method
(i.e., the general moment approach), based on a Bernoulli expansion
of the reduced partition function ratio, to calculate p-factors from
the moments of raw NRIXS spectra [4]. The first term in this
expansion corresponds to the mean force constant of the iron bonds
[5], a quantity that is readily measured and often reported in NRIXS
studies [6]. We have used this technique to determine the f-factors
of olivine and geologically relevant silicate glasses.

At a given Fe*/Fe*" ratio, the force constants of basaltic,
andesitic, and dacitic glasses are almost identical. However, the
force constant of rhyolitic glass is higher. For all samples, the force
constant increases with the Fe’" content. Thus, for mafic melts,
there is little structural control on iron isotopic fractionation; redox
effects seem to dominate. The relationship between force constant
and Fe’*/Fe,o for basalt, andesite, and dacite is approximately linear.
We can estimate the force constants of Fe?" and Fe’' in basalt by
interpolating the data to Fe*'/Fei=0 and Fe’/Fe,o=1. At 1,100 °C,
we calculate an equilibrium 8°°Fe fractionation of +0.25 %o between
the two oxidation states of iron in magmas. The olivine-melt and
melt Fe?*-Fe*" iron isotopic fractionations derived from NRIXS data
may explain the heavy iron isotopic compositions measured in
MORB:s.

This study provides a solid reference for interpreting Fe

isotopic variations in igneous rocks. Specifically, it reveals the
potential of using Fe isotopes to trace redox variations and
magmatic differentiation processes in planets.
References: [1] Dauphas N. et al. (2009) EPSL 288, 255-267. [2]
Teng F.-Z., Dauphas N., & Helz R.T. (2008) Science 320, 1620-
1622. [3] Polyakov V.B. (2009) Science 323, 912-914. [4] Dauphas
N. et al. (submitted) Geochimica et Cosmochimica Acta. [5]
Bigeleisen J. & Goeppert Mayer M. (1947) Journal of Chemical
Physics 15, 261. [6] Lipkin H.J. (1995) Phys. Rev. B 52, 10073-
10079.
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Mollusc shells are among the best known calcareous
biominerals. The calcitic prisms of Pinna and Atrina are often used
because of their large size and simple geometry. As other
biominerals, they are organo-mineral composites [1,2]. Thin
sections observed in polarized light show they behave as
monocrystals [3]. However, polished and etched sections show they
are composed of growth zonations. Thickness of a growth line is
about 1-3 um. Moreover, the distribution of chemical elements is
not uniform. Outer organic walls have low Mg and high S contents.
Within the prisms, more or less intense zonations are visible. In both
structural and chemical images, zonations are synchronous across
adjacent prisms, showing the strict physiological control of the

biomineralization processes. The comparison of chemical maps
show that the rhythm and intensity differ according to the element.

Figure: structural growth lines and chemical zonations in the
calcitic prisms of Pinna

AFM images show that prisms are made of granules surrounded
by a cortex. TEM data show that in distinct regions of a prism,
granules are amorphous, while others are crystallized as subunits of
a large single crystal. At the boundary of the two regions, granules
display a crystallized core and an amorphous rim [4]. Such a limit

probably marks out an arrested crystallization front having
propagated through a previously biocontrolled architecture of the
piling of amorphous micro-domains.

Such a crystallization process, developed within the organic
matrix, differs from the usual model occurring within a fluid, the
composition of which is assumed to be close to sea water. Such a
model, used in the palaco-climate/ geochemical areas, cannot
account for any species-specific property of the calcification
process. A matrix-driven crystallization within the spheroids of the
growth layers provides us a reasonable way to explain the black-box
of the “vital effect”.

[1] Grégoire (1961) Bull. Inst. R. Sci. Nat. Belg. 37, 1-34. [2]
Dauphin (2003) J. Biol. Chem. 278, 15168-15177. [3] Dauphin et
al. (2003) J. Struct. Biol. 142, 272-280. [4] Baronnet et al. (2008)
Miner. Mag. 72, 617-626.
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Whereas the dissolution rate of silicate minerals has been
extensively studied at far-from-equilibrium conditions, extrapolating
such rates over a broad range of solution compositions has proven
challenging. In particular, a growing amount of studies have pointed
out that the simplest TST-based rate-affinity dependence commonly
implemented into most of geochemical codes was the source of
dramatic overestimations of the actual fluid-rock interaction rates
[1, 2]. Such limitations acted as a driving force for developing
alternative dissolution models of solids over the past 10 years [3, 4].

Diopside was shown to belong to that category of minerals for
which rate-affinity relationships do not follow a simple TST-like
model, since an unexpected drop of the rate was evidenced at
AG/(diopside) as low as —76 kJ.mol™' [5]. An examination of these
data led us to envisage that two different, non-exclusive aspects were
worth investigating: (i) the possible passivating ability of interfacial,
nm-thick Si-rich layers developed on weathered silicate surface, and
(i1) the stop of etch pits formation on crystal surface, which were
found to be responsible for drops of olivine [2] and albite [3]
dissolution rates, respectively. The former mechanism should be
evidenced by the dependence of diopside dissolution rate on
[SiOa(aq)], whereas the latter should verify a strong anisotropy of
diopside dissolution, with (4 k /#0) faces dissolving noticeably
faster than (4 k [=0) faces. Both of these models were tested by
running either classical flow-through experiments with controlled
[SiOa(aq)], and face specific dissolution experiments. In this latter
case, single crystals were immersed in solution. The dissolution
features were monitored by AFM imaging and the dissolution rates
were calculated by measuring the global surface retreat between
masked and unmasked regions using VSI [1].

Our results show that the dissolution rate of diopside drops as
SiO»(aq) is added to the solution, consistently with a dissolution
mechanism controlled by the stabilization of a passivating,
interfacial Si-rich layer, as already suggested for glass [6]. On the
other hand, our preliminary results on the face-specific dissolution
of diopside show that the dissolution rate of faces varies following:
(021) >> (110) ~ (110)>> (010) ~ (100), which does not
invalidate the etch pit nucleation control of diopside dissolution
kinetics. The results of the ongoing experiment on (001) face, as
well as upcoming investigations of the interfacial layers by TEM,
will help to make a final decision between the two proposed models.

[1]Beig (2006) Geochim. Cosmochim. Ac. 70, 1402-1420. [2]
Daval (2011) Chem. Geol. 284, 193-209. [3] Arvidson (2010)
Chem. Geol. 269, 79-88. [4] Cailleteau (2008) Nat. Mater. 7,978-
983. [5] Daval (2010) Geochim. Cosmochim. Ac. 70,2615-2633. [6]
Daux (1997) Chem. Geol. 142, 109-126.
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The fluxes of elements into, and out of, subduction zones dictate
both the composition of the crust and the heterogeneity of the mantle.
Most flux estimates are predicated on the basis of the compositions of
magmas erupted from arc volcanoes. However, volcanic rocks
represet only 10-20% of the total magma flux from the mantle at arcs,
and these magmas have undergone the maximum amount of filtering,
having passed through the entire thickness of the upper plate
lithosphere. In order, therefore, to realistically determine the
contributions from the mantle wedge and slab (sediments and fluids)
to arc magmas, it is critical to account for the effects of
differentiation.

We have done this at the Lesser Antilles arc for two volcanoes;
The Quill (Statia) in the north and Mt Pelee (Martinique) in the
central part of the arc. An evaluation of the volcanic rocks, their
constituent minerals and associated cumulate blocks allows us to
show that 1) differentiation was controlled by an amphibole-
plagioclase-dominated assemblage, as reflected in the cumulate
blocks, and 2) differentiation was open system, involving
assimilation of the arc crust.

Even though amphibole is not present in the phenocryst
assemblage of the volcanic rocks, it is common in the cumulate
xenoliths. Thus fractionation control is cryptic, with compositions
determined largely by mineral assemblages not represented in the
erupted fractionates. Indeed amphibole may be more common as a
fractionating phase at arcs than has previously been appreciated [1]:
By increasing SiO, and generating LREE enrichment, amphibole
might have an important role in generating crust-like differentiates at
arcs. The inferred assimilation of the arc crust modifies Pb and Sr
isotope compositions in the magmas, suggesting that even at intra-
oceanic arcs the isotopic compositions of erupted magmas cannot a
priori be taken as indicative of their mantle source.

Once differentiation trends are established they can be back-
extrapolated. When this is done, differentiation trends for The Quill
and Mt Pelee do not converge on a common primitive/ parental
composition, suggesting that mantle source compositions vary along
the arc. The mantle sources of both volcanoes can be modlled by
addition of <5% sediment or <1% sediment melt, along with LILE-
bearing fluid. The differences between the sources of the two
volcanoes can be explained by different sediment compositions
delivered along the arc, or a slightly greater sediment contribution at
Mt Pelee [2].

References

[1] Davidson, J., Turner, S., Handley, H., Macpherson, C., and
Dosseto, A., (2007) Geology 35, 787-790. [2] Turner, S.,
Hawkesworth, C., Macdonald, R., Black, S. and van Calsteren, P.,
(1996) Earth Planet. Sci. Lett., 142, 191-207.
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Introduction

Understanding water flow processes in the near-surface
environment is crucial in determining movement of nutrients and
pollutants. The majority of hydrological models used employ
continuum-based expressions to derive mass flow linked with
advective dispersive equations (ADEs) if transport is also
considered. The appliability of these approaches to real soils which
contain structural heterogeneities is questionable. Continuum-based
models requires sub-grid equilibrium of potentials and fluxes,
leading to impracticably fine grid-scales if the heterogeneities are to
be represented, and the assumption of Brownian motion in ADEs is
not representative of preferential flow features that allow solute
movement at velocities much in excess of the wave celerities.
Multiple Interacting Pathways Model

The Multiple Interacting Pathways (MIPs) concept is an
alternative approach to modelling transport and flow that directly
acknowledges the presence of preferential flow pathways. Water in
the slope or catchment is represented as a set of discrete particles,
the movement of which is simulated through random particle
tracking. Velocity distributions are applied to the particles, which
attempt to characterise the range of pathways available to the water.
These pathways are interacting as movement between them is
simulated with exchange probabilities, which may also be used to
simulate evapotranspiration or bedrock losses.

This concept provides unified simulation of transport and flow,
allowing analysis of input/output/storage residence times and water
origin, with the potential of adding chemistry to the particle
interactions.

Application to Hydrometric and Isotopic Data

The MIPs model has previously been applied to simulating plot
scale hydrometric and artificial tracer data at a site in Gérdsjon,
Sweden with some success [1]. This modelling has been extended to
simulate a catchment-scale step-change in isotopic input that
occurred at the site on construction of a roof. Hypotheses are
sought which provide consistent results across both spatial scales
and temporal scales of transport. Having found a behavioural model,
a fuller analysis is made of the input/output/storage residence time
distributions suggested by the model.

[1] Davies (2011) Hydrological Processes 25, 3602-3612.
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The ‘Scourie’ dykes are a NNW trending dyke swarm in the Lewisian
gneiss terrain of Northwest Scotland. They represent important time
markers in the evolution of the Lewisian as the majority were
intruded between two regional high-grade metamorphic events — the
Inverian (~2.5 Ga) and the Laxfordian (~1.7 Ga). Importantly, the
area around Loch Assynt was variably affected by the Laxfordian
event leaving some of the dykes un-metamorphosed with primary
igneous textures and minerals. The dykes therefore are perfectly
placed to distinguish between the metamorphic events and provide
information on the Paleoproterozoic history of the Lewisian terrain.
Numerous field, geochemical and geophysical studies have been
conducted on the Scourie dykes over the past 30 years, despite this
the age and origin of the dykes is still poorly known.

Field relationships and geochronology indicate that there are at
least four separate Paleoproterozoic dyking events intruding the
Lewisian crust spanning a period of more than 400 m.y. The majority
of dated dykes using high precision U-Pb zircon/baddeleyite
geochronology were emplaced between 2420 and 2380 Ma, which is
the time period focus of this study. Whole rock and clinopyroxene
oxygen isotopic analyses have shown that some of the dykes have
low 8'%0 si gnatures (~2%o) whereas other dykes have normal mantle
values (~5.5%o). Geochemical studies of the dykes indicate that
there maybe at least two mantle sources involved in dyke genesis
that are variably enriched in trace elements.

Here we combine new Sm-Nd, Rb-Sr, §'%0, geochronological
and trace element data on the dykes to suggest a new model for the
origin of the ‘Scourie’ dykes. Preliminary results indicate that the
initial pulse of dyke emplacement (~2420-2400 Ma) was
characterized by normal mantle oxygen isotope signatures and
mantle source enrichment. A second period of dyke emplacement
occurred subsequently (~2400-2380 Ma) in which the dykes are less
geochemically enriched and contain low 8'%0O signatures possibly
indicating the involvement of subducted oceanic crust. Using the
new geochemical and geochronological classifications we define the
‘Scourie dyke suite’ senso stricto as those emplaced between ~2420
and 2380 Ma with a concentration of these dykes in geographic
proximity to the town of Scourie.
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The effective reaction kinetics of chemical species transported
in solution in the subsurface depends on the probability of reactants
to mix. While chemical reactions ultimately occur by diffusive
mixing at the molecular scale, the effective reaction kinetics can be
greatly enhanced by the shear and stretching action of the flow field,
which increases the surface available for diffusive mass transfer [1].
Understanding and quantifying the effect the flow field
heterogeneity on the upscaled mixing and reaction rates is thus a key
issue for the prediction reactive transport in the subsurface.

We use pore scale Smooth Particle Hydrodymanic (SPH)
simulations to investigate effective mixing and reaction kinetics for
reaction fronts where an initially resident reactant is displaced by an
incoming reactant. The reaction kinetics is found to be faster than
that of homogeneous diffusion-reaction fronts, for which the mass
of product grows like the square root of time. At early time, the
effective reaction rate is controlled by the formation of fingers of
incoming reactant, which invade the porous media, rapidly increasing
the reaction front area. At late time, the reaction kinetics is
governed by the longitudinal dispersive growth of the mixing area
and by the spatial distribution of concentration gradients in the
mixing zone, which characterize a persistent state of incomplete
mixing [2.3]. We discuss the effect of changing the relative
contribution of advective and diffusive motions (quantified by the
Peclet number) on the temporal evolution of effective mixing and

reaction rates.
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[1]Dentz M., T. Le Borgne, A. Englert, B. Bijeljic (2011) Review
Article J. of Cont. Hydrol., 120-121, 1-17

[2] Le Borgne T., Dentz M., Davy P., Bolster D., de Dreuzy, J. R. and
Bour O. (2011) Phys. Rev. E, 84, 1

[3]de Anna, P., T. Le Borgne, M. Dentz, D. Bolster and P. Davy
(2011) J. of Chem. Phys., 135, 174104
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The thus far longest (13,000 km) complete deep ocean section of
iron (Fe), aluminium (Al) and a suite of other trace elements and
isotopes was realized in 2010-2011 in the West Atlantic Ocean. The
more than 1200 data values reveal the major sources and processes
controling Fe and Al in the oceans. Overall Fe is decoupled from Al
except in the uppermost surface layer of dust input. Overall the Al
shows an amazing inverse relationship with Si.

The background concentrations of Fe are quite uniform around
0.5 nM but there are several major enhancements. In the 10-30 °N
region the uppermost samples (10m depth) have maximum
concentrations of Fe exceeding 2nM and Al exceeding 40 nM,
respectively, due to partial dissolution of dust supply from the
Sahara. This extra Fe supports N, fixation by diazotrophs in the
Sargasso Sea, that upon sinking of plankton debris and mineralization
causes a high anomaly of the nitrate/phosphate ratio in the 200-800m
depth zone. The Amazon River plume provides a signal of high Fe
and Mn but Al is not enhanced. Underlying the equator the strong
oxygen minimum zone contains higher Fe concentrations, that by
upward mixing may well be the major source of Fe to surface waters
supporting plankton growth. The Confluence zone (~30 °S) of the
Brazil and Malvinas Current is a well known region of high
biological productivity and chlorophyll biomass. We now find this is
supported by very high dissolved Fe from below at ~3 nM or more,
the supply of which may also be due to influence of the Rio de la
Plata or submarine groundwater discharge. The North Atlantic Deep
Water shows a very strong correlation of Al and silicate (Si) in the
subArctic Gyre, yet going southwards the NADW content of Al
decreases and of Si increases and far south no relationship exists
anymore. This is consistent with ocean simulation modeling of steady
remineralization of Si versus continuous loss of Al due to adsorptive
scavenging. An enhanced Fe pool at 2000-3000m depth below and
south of the equator (4°N - 15°S) is consistent with hydrothermal
input, confirmed by higher Mn but no extra Al.
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Iron (Fe) is an essential trace element for all biota but the
dissolved Fe in ocean waters is extremely low and limiting for
phytoplankton growth in over 40% of world ocean surface waters.
Indeed in the Southern Ocean extremely low dissolved Fe was found
in surface waters along the Greenwich meridian, both in the Antarctic
Circumpolar Current and in the most southerly Weddell Gyre
adjacent to the ice-covered Antarctic continent [1]. The low dissolved
Fe is maintained in solution by organic complexation [2]. The
extending continental ice-sheet floating over the continental shelf is
unique in largely preventing biological processes and cycling. As a
consequence Antarctica is the only continent that does not supply Fe
[1] and Mn [3] from shelf sediment sources into adjacent surface and
intermediate waters. In contrast the shelves at both sides of the
Antarctic Peninsula are a source for dissolved Fe, Mn and Al into the
western Weddell Sea and southern Drake Passage, respectively.
Otherwise dissolved Fe concentrations are extremely low in the entire
water column of the Weddell Sea and Drake Passage. In West
Antarctica the local Pine Island Glacier is a source of dissolved Fe [4]
fueling intensive phytoplankton blooms [5] in the Amundsen Sea
where organic complexation [6] of Fe plays a key role. In deep waters
there is a significant hydrothermal plume of Fe and Mn over the
Bouvet Triple Junction region. One water mass in Drake Passage also
shows hydrothermal Fe and Mn associated with 8°He anomalies
originating from the Pacific Ocean [7]. In the Arctic Ocean a very
strong hydrothermal Fe and Mn plume was found over the Gakkel
Ridge [8, 9]. The large spatial extent of Fe of hydrothermal origin is
ascribed to its stabilization in solution by organic complexation [10].
Surface waters in the central Arctic Ocean have fairly high dissolved
Fe concentrations due to the Transpolar Drift bringing along coastal
waters, mainly of Siberian riverine origin with high dissolved Fe
contents [11]. As a result the Arctic Ocean has fairly adequate Fe
abundance for phytoplankton growth, this in contrast to the very low
and bio-limiting dissolved Fe in large areas of the Antarctic Ocean.

[1] Klunder et al. (2011) Deep-Sea Res. 11, 56, 2678. [2] Thuroczy et
al. (2011) Deep-Sea Res. 1, 56, 2695. [3] Middag et al. (2011) Deep-
Sea Res. |1, 56, 2661. [4] Gerringa et al. (2012) Deep-Sea Res. 11, in
press. [5] Alderkamp et al. (2012) Deep-Sea Res. 11, in press. [6]
Thuroczy et al. (2012) Deep-Sea Res. 11, in press. [7] Middag et al.
(2012) J. Geophys. Res. Oceans, in press. [8] Middag et al. (2011)
Geochim. Cosmochim. Acta, 75, 2393. [9] Klunder et al. (2012a)
J.Geophys. Res. Oceans, in press. [10] Thuroczy et al. (2011) J.
Geophys. Res. Oceans, 116, C10009, doi:10.1029/2010JC006835.
[11] Klunder et al. (2012b) J. Geophys. Res. Oceans, in press.
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The atmospheric components of past climatic changes are often
constrained from ice records of polar ice sheets. In temperate areas,
this kind of study is more difficult to apply due to the low spatial and
temporal resolution of the iced records.

In this study, we propose an alternative method based on
analyses of atmospheric gases trapped in bubbles of archaeological
glasses from the Western Europe and dated between the I century
BC to the present. Indeed, during the shaping of ancient glasses,
bubbles are created in glass paste, from the melting of raw materials
inside furnace and glass-paste degassing, or from the step of glass
working in open air. In this second case, the surrounding atmosphere
could be trapped, particularly during the glass-making of ancient and
medieval stained windows.

While the study of Vesicule Size Distribution (VSD) [1] of
archaeological flat glasses show a bimodal size bubbles distribution
in flat glasses, the distribution of the other kind of glasses (blown
cup or vessel, and raw glasses) are unimodal. Geochemical analyses
of major gases included in bubbles in flat glasses, show a chemical
dichotomy between two groups of bubbles, independent of chemical
composition of glass paste. The smallest bubbles (@<100-500 pm)
are exclusively composed of CO,. In contrast, the largest bubbles
(©>250-500 um) are N, rich (~80%), CO, poor and contained Ar
(~1%), and sometimes O,. So, the origins of the two populations of
bubbles are obviously different and the largest vesicles seem to have
an atmospheric origin (the Ar/N, ratios of these large bubbles are
closed to the modern atmosphere).

Despite these gases look like an atmospheric composition, the
CO; contents are too high and the oxygen contents are too low. The
carbon excess could have different origins (mixing between
atmosphere and furnace/combustion gases, and/or chemical
reactions between trapped gases and particular soots). SEM analyses
have shown some deposits in the inner wall of the largest bubbles
(graphite, carbon oxides etc.), supporting the idea of a catch of
elements as alien to glass and in-situ chemical reactions.

We need to take care of these soot-reactions and the gases
diffusion rates through the glass, to estimate the initial
compositions of gases included in vesicles, and to extract the
atmospheric contribution from the bubbles gases set using mixing
models. Finally, we suggest that the archaeological glasses could
appear like a new but complex source of archeo-climatic recording.

[1] Sarda & Graham (1990), EPSL 97, 268-289.
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Glasses melts and magmas

A widely debated question in Geosciences is how viscous
magmas with extreme viscosity contrast mix under natural
conditions. In order to study how chaotic dynamics may control
chemical interactions, and therefore timescales of hybridization
during magma mixing, we developed a modified Journal Bearing
System device [1] for experiments on chaotic mixing silicate melts at
high temperature [2]. In this work we focus on preliminary Raman
spectra of mixed glasses obtained by mixing two end-members at
1,673K: (i) a peralkaline haplogranite melt (HPG8N5KS), and (2) a
haplobasaltic melt corresponding to the 1-atm eutectic composition of
the Anorthite-Diopside (An-Di) binary system. These two
compositions are intended to act as analogues for natural dry granitic
and basaltic magmas. Raman spectra were obtained along two
transects along filaments from the resultant glasses, next to the same
points analysed for major and trace elements (microprobe and Laser
Ablation ICP-MS) [3]. Experimental conditions were kept ‘extreme’,
since most of melt fraction consisted of a high-viscosity melt (95%)
and small amounts of lower viscosity mafic melt (5%).

Figure 1: Raman spectra along two transects crossing filaments
of mixed haplogranite and An-Di
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Results and Conclusion

We observe some changes, in particular the arrows a, b and ¢
show changes in the Raman spectra, and they can link at changes in
the polymerization network. Spectra 648 is probably more
polymerized than spectra 666 (not shown in Figure 1). This
observation is also confirmed for the spectra 670, consisting of the
more polymerized melt. Although the changes are still subtle, these
point towards changes in the polymerization degree, which are due to
differential hybridization of the two stating compositions. For the
preliminary results peak-changes vary with the geometry and
interaction degree among filaments. Results are consistent with those
obtained from microchemical studies along the same lines [3].

[1] Ottino etal. (1988) Nature 333, 419-425; [2] De Campos et al. (2011)
Contrib. Mineral Petrol 161, 863-881; [3] Perugini et al. (in prep.).
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Ingurtosu mine characterization

The Ingurtosu Pb-Zn mine (S-W Sardinia) was in production for
about a century until 1968. Huge amounts of tailings were
abandoned, resulting in long-term heavy metal dispersion in both
stream sediments and waters. Downstream from the mine wastes, the
Naracauli waters discharge directly into the Mediterranean Sea. At
least two biomineralization processes (Fig. 1) are known to be
effective in the abatement of Zn and other heavy metals transported
in solution.

In this work, many different techniques were used to study the
mineralogy and geochemistry controlling the biomineralization
processes. Microbial consortia within biofilm associated with
seasonal precipitation of an amorphous mineral made of Si, Zn and
O were examined. In addition, the load of metal dissolved in the
Naracauli waters was measured using hydrologic tracers with
synoptic sampling.

The results presented in this work show that a) the consortium
of bacteria changes along the river, creating a cascade of processes
that results in biologically mediated formation of different Zn-
bearing minerals [1]; b) the changes in water chemistry along the
river are moderate for the major constituents, but large changes in
trace-element concentrations are observed [2]; ¢) the heavy metals
load derives from the interaction between mine wastes and Naracauli
water, and about half of the metal load comes from tributaries with
high water flow but relatively low heavy metal concentrations.
Figure 1. SEM images of Naracauli biominerals: hydrozincite on
the left, and Zn-Si-O phase on the right.

e

Conclusion

This work indicates that any remediation plan for the Ingurtosu
abandoned mine must take into account the whole Naracauli basin,
and water treatment is needed before river water is allowed to
discharge to the sea. Finally, biomineralization processes could
offer a way for a natural abatement of Zn and some other heavy
metals.

[1] De Giudici et al. (2009) American Mineralogist 94, 1698-
1706. [2] Medas et al. (2011) in Soil Biology- Kothe and Warma
eds. 31, pp-pp.113-130.
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The biomineral hydroxyapatite nucleates at an organic collagen
matrix, which controls the growth process and eventual morphology
of the apatite crystallites. An important but largely unresolved issue
is the way in which nature controls the nucleation, growth and
morphology of the inorganic crystallites and the function of the
templating biomolecules, here collagen, in these reactions.
However, as it is not yet possible to study directly, by experiment
alone, the molecular mechanisms of biomineralisation processes,
we have employed a combination of ab initio and classical
Molecular Dynamics simulations to investigate the early processes
of the nucleation of hydroxyapatite at a collagen template, by
immersing a triple-helical collagen molecule in a stoichiometric
solution of Ca”, PO,* and OH ions.

The average number of water molecules in the first hydration
shells of the Ca ions and PO, groups from the classical MD
simulations are all in excellent agreement between with the ab initio
MD and experiment. Very quickly, a number of stable calcium
phosphate (CaP) clusters form in solution, although preferential CaP
formation occurs at the collagen matrix.

Figure 1: Graphical representation of the collagen triple helix
in stoichiometric hydroxyapatite solution.

Electrostatic attractions are prevalent between calcium ions and
oxygen atoms of the glycine and hydroxyproline residues, which
were the starting point for the formation of the calcium phosphate
clusters. At body temperature, calcium ions interact with water
molecules to form stable complexes, but attracted by electrostatic
forces, they coordinate to PO, ions and start forming clusters. Some
phosphate ions form hydrogen-bonds with the hydroxy groups of
hydroxyproline residues, whereas due to strong water-OH
interactions most of the hydroxy ions stay in solution, although
some become attached to calcium phosphate clusters. These results
agree with suggestions that HA growth follows initial amorphous
CaP formation.

Comparison of our results' with those of Kawska et al.” shows
that fluoride ions inhibit calcium phosphate formation by
competitively binding the Ca ions into calcium fluoride clusters.

[1] Almora-Barrios (2012) Cryst. Growth Des. DOLI:

10.1021/cg201092s. [2] Kawska (2008) Angew. Chem. Int. Ed. 47,
4982.
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The assessment of expected long-term CO,-induced mineral
alterations of reservoir and cap rock is crucial to ensure the long-term
stability of the storage project, and to evaluate the potential carbon
trapping provided by mineralization. In the first european on-shore pilot
site at Ketzin, nearby Potsdam, Germany, about 60,000 t of CO, were
injected (as of February, 2012) in a saline aquifer in a Triassic sandstone at
about 650 m depth. A rich set of analyses of pristine formation fluids [1] as
well as mineralogical and geochemical composition of the reservoir rock
[2] made possible a precise parametrization of the reference geochemical
model.

Batch 0-D simulations including reaction kinetics were run using the
speciation code PHREEQC under the assumption of a constant CO,
pressure over the simulation time of 5,000 y. The pore pressure itself was
found to have a negligible impact on mineral alterations, at least in the
considered range of approximately 50 to 80 bar expected for the site. The
reference simulation predicts the precipitation of kaolinite, K-feldspar, and
plagioclase (represented by the end-member albite) which greatly
compensate the partial dissolution of illite, Fe-rich chlorite, and anhydrite
cement. Of all carbonate minerals included in the model (siderite,
magnesite, calcite, and dolomite), siderite is the only one which
precipitates in significant amounts, and thus contributes to mineral
trapping. However, the precipitation of carbonates always starts after
several hundreds years in the models.

To investigate the robustness of these results, different scenarios were
run, each representing a different choice for primary and secondary
minerals and different hypothesis for the parametrization of mineral
reactive surfaces with respect to the reference model. The simulated results
are quite variable, but the simulated total relative change in pore volume
after 5,000 years was always below 2%. This can be considered irrelevant
in terms of influence on the hydrodynamic properties of the rock. These
results are confirmed by the observations from laboratory experiments on
core samples exposed to CO,.

[1] Wiirdemann et al. (2010) CO,SINK—From site characterisation and
risk assessment to monitoring and verification: One year of operational
experience with the field laboratory for CO, storage at Ketzin, Germany
International Journal of Greenhouse Gas Control 4(6), pp 938-951

[2] Forster et al. (2010) Reservoir characterization of a CO, storage
aquifer: The Upper Triassic Stuttgart Formation in the Northeast German
Basin, Marine and Petroleum Geology 27, 2156-2172.
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We examine S degassing and S isotope fractionation at basaltic
volcanoes using S isotope compositions of scoria and magmatic gases
from three active basaltic volcanoes in contrasting tectonic settings:
Masaya and Cerro Negro (Central American Arc), and Erta Ale (East
African Rift). We present S contents and S speciation of gases and
melt inclusions to constrain degassing conditions. An equilibrium
isotope fractionation degassing model is used to assess the S
systematics considering oxygen fugacity, temperature, and pressure
of degassing.

Erta Ale is a reduced system at A QFM ~0 [1]. Pristine scoria
from Erta Ale have an average ™S value of +0.9 0.3 %o (n = 5)
and gas samples have §*'S values of + 0.7 %o to -1.9 %o, spanning the
MORB range of + 0.3 + 0.5 %o [2] and extending to lighter values.
Synchrotron micro-X-ray Absorption Near Edge Spectroscopy
(XANES) analysis of an olivine-hosted melt inclusion from Erta Ale
indicates that S* is the dominant S species in the melt (rather than
S¢). High temperature (1086°C) fumarolic gas samples have SO, as
the dominant S species. Significantly, the scoria are isotopically
heavier than the gases, which is the opposite of that expected for
equilibrium conditions between S* in the melt and SO, gas because at
equilibrium the more oxidized S species retains the heavy isotope.
We interpret the low 5*S values of the gas to reflect a kinetic effect
that occurs as S diffuses from the melt into the gas phase (on the
bubble scale) that favours the transfer of the light isotope into the gas.

Gas and scoria samples from the oxidized arc volcanoes (Cerro
Negro and Masaya; ~AQFM +2 [3]) have a range of §**S values from
+2.2 %o to + 9.3 %o. Scoria are isotopically heavier than the gases by
~3 %o at Masaya and by ~5 %o at Cerro Negro. XANES analysis of an
olivine hosted melt inclusion from Cerro Negro shows that S° is the
dominant S species in the melt. The negative A34Sgas-melt
relationship observed at Masaya and Cerro Negro is consistent with
degassing of SO, or H,S from a melt containing S**. Howe ver,
equilibrium modelling predicts that the gas should be isotopically
lighter than the melt by only 1%o to 1.7%o for degassing between 1
bar and 4 kbar (higher degassing pressure favours H,S over SO,,
resulting in larger fractionation between gas and S** in the melt). The
large A*S,umer Observed at Masaya and Cerro Negro can be
explained by equilibrium fractionation in addition to a kinetic effect
as observed at Erta Ale. In all three cases the compositions of the
gases are isotopically lighter than predicted by equilibrium modelling
by 2 %o to 4 %o, suggesting a common kinetic effect that favours the
transfer of the light isotope into the gas phase.

[1] Giggenbach and Le Guern (1976) GCA 40, 25-30. [2] Sakai et al.
(1984) GCA 48,2433-2441. [3] Mather et al. (2006) JGR 111, D18.
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In situ and ex situ technologies based on carbonate mineralization
offer ways to insure the permanent and safe storage of this greenhouse gas.
In our opinion, both anthropogenically produced CO,, at a cement plant,
for example, and saline wastewaters can be utilized as valuable resources.
The brines recovered from desalination operations and produced water
associated with oil and gas exploitation are promising sources of alkalis
and alkaline earths needed in the carbonation process. Our ex situ
approach involves the formation of hydrated carbonate minerals (e.g.,
nesquehonite, MgCO;-3H,0) at room temperature through the reaction of
gaseous CO, bubbling in Mg (7 g L) wastewater, similar to what is
commonly available industrially [1]. The reaction rate is rapid, with
carbonate deposition in about ten minutes. We have demonstrated that the
method can be efficiently applied to more concentrated solutions, up to 32
g L' of Mg. The efficiency of the carbonate mineralization process ranges
between 65 and 80%, depending on the salinity of the solution [2]. The
thermal behavior and structural stability of the nesquehonite precipitate
suggest that it will remain stable at the temperature conditions that prevail
at the Earth’s surface, ie., below 600 K, the threshold of periclase
nucleation [3]. Moreover, our results indicate that if this mineral is left in
contact with the simulated brine or heated, it can be expected to transform
to other carbonates thermodynamically more stable, up to about 650 K,
e.g,  dypingite [Mgs(CO;)4(OH),'5H,0]  and  hydromagnesite
[Mgs(CO;)4(OH),'4H,0]. These experimental results also provide
information about the fate of secondary carbonates that form in a CO,
injection environment.

i T

"

Figure 1: Nesquehonite (left), obtained by direct synthesis, and dypingite
(right), obtained by transformation of early-formed carbonate.

The resulting carbonate precipitates formed in our approach can profitably
be used in many applications, for example in the production of building
materials. Our approach offers a complementary solution to CO,
abatement in countries where the production of saline waste is significant.

[1] Ferrini et al. (2009) Journal of Hazardous Materials 168, 832-837.
[2] Mignardi et al. (2011) Journal of Hazardous Materials 191, 49-55.
[3] Ballirano etal. (2010) Journal of Hazardous Materials 178, 522-528.
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Abstract

Few attention has been given to pre-anthropogenic signals recorded
in peat bogs, especially in the Southern Hemisphere. Yet they are
important to 1/ better understand the different particle sources
during the Holocene and 2/ to tackle the linkage between
atmospheric dust loads and climate change and 3/ to better
understand the impact of dust on Holocene palacoclimate and
palacoenvironments in a critical area for ocean productivity.

In this poster, we will present the preliminary results and the main
objectives of the PARAD project, which are: 1) to provide high-
resolution continuous records of natural atmospheric dust using the
elemental and isotopic signature of peat cores from Tierra del
Fuego, and 2) to assess the linkage between dust inputs and
climate.In this project, we will explore the use of a broad range of
trace elements as dust proxies (soil particles, volcanism,
cosmogenic dusts, marine aerosols). Radiogenic isotopes (Pb, Nd,
Hf) will be used as tracers for fingerprinting predominant sources.
Coupling these findings with biological proxies (plant macrofossils,
pollen) and detailed age-depth modeling, we expect not only to
identify and interpret new links between atmospheric dust chemistry
and climate change but also to significantly improve our
understanding of peat bogs as archives of climate change, and the
role of dust in both palacoenvironmental and palacoclimatic

changes.
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Introduction

Recent investigations of crystallization in the calcium carbonate
and phosphate systems have conclusded that classical concepts of
crystal growth fail to predict observed pathways of nucleation. These
pathways appear to start with pre-nucleation clusters and depend
upon particle mediated growth processes that involve amorphous
precursors. These conclusions follow upon a body of research
documenting aggregation-based growth mechanisms in which
primary crystalline particles are found to be co-aligned in the final
crystal structure. However, little is known about the formation,
structure and energetics of pre-nucleation clusters, and the
mechanism by which co-alignment of primary particles occurs has
not been established. Here we report results of novel simulations
and experiments exploring these phenomena.

Results and Conclusion

Using replica-exchange molecular dynamics techniques
previously applied to protein folding, we investigate initial
formation and onset of order within hydrated calcium carbonate
clusters. The clusters initiate as short linear chains that rapidly
evolve into 2D and 3D structures with continued growth.
Establishment of order is hindered by incomplete ion desolvation.
However, in ~1 nm diameter particles, ordered motifs emerge that
resemble the local order within crystalline carbonate phases. The
free energy along the simulated growth pathways is currently being
calculated to determine whether the clusters are thermodynamically
stable or metastable with respect to ions in solution and to predict
the free energy barrier that separates the cluster species from
supercritical nuclei.

We investigated mechanism of oriented attachment (OA) of
iron oxyhydroxide nanoparticles using high-resolution fluid cell
TEM. The particles undergo continuous rotation and interaction until
they find a perfect lattice match. A sudden ‘jump to contact” then
occurs over < 1nm, followed by lateral atom-by-atom addition at the
contact point. Interface elimination proceeds at a rate consistent
with the curvature-dependence of the chemical potential.
Translational and rotational accelerations show that strong, highly-
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Groundwater geochemical signatures are typically considered
derived from rock-water dissolution and weathering interactions.
However, many major ions (Ca2+, K', HCOy', Mg2+, S, and Si) are
essential plant nutrients, and are removed from rainfall, soil-water
and groundwater, where soils are depleted in these species. This in
turn affects the solute composition of infiltrating water.

Conventional methods [1] of determining relative groundwater
solute contributions from specific rock weathering reactions were
carried out for a pair of sub-catchments in the Dwyer Granite,
southwest Victoria, Australia. This method was adapted for semi-
arid, southwest Victoria by standardising all ions to rainfall Cl" to
remove the effects of evapotranspiration. While this step is
commonly omitted in high rainfall, northern hemisphere studies [2],
it is important for the Australian setting, where groundwater solutes
are primarily derived from the concentration of rainfall by
evapotranspiration [3,4].

In a few groundwater samples in the study area, enrichment with
respect to rainfall of Na®* and H,4SiO, is ascribed to plagioclase
weathering, while SO4> enrichment is ascribed to pyrite oxidation,
indicating that rock weathering reactions play a role in this setting.
However, in most samples, after subtracting rainfall input (as per
[1]), there is wholesale depletion of all measured ions. This prevents
the use of the plagioclase, biotite and k-feldspar chemical
weathering reactions in the mass-balance, as these release cations
(Na®*, K', Mg® and Ca™), all of which are depleted in the
groundwater with respect to rainfall.

This ion depletion is not due to mineral precipitation as neither
geochemical modelling nor X-ray diffraction analyses show
evidence of this occuring. Nor is it due to ion exchange as there is
no balancing import of ions or significant acidification of the
groundwater. Having already ruled out evapotranspiration effects
through CI” standardisation, the depletion is instead attributed to
vegetation uptake, which has been identified as a significant process
elsewhere in the region [5], causing depletion of recharge solutes.

[1] Garrels and Mackenzie (1967) Equilibrium Concepts in
Natural Water Systems Advances in Chemistry Series, 222-242.
[2] Velbel and Price (2007) Appl. Geochem. 22, 1682-1700. [3]
Herczeg et al. (2001) Mar. Freshwater Res. 52, 41-52. [4] Bennetts
etal. (2006) J. Hydrol. 323, 178-192. [5] Edwards and Webb
(2009) Hydrogeol. J. 17, 1359-1374.
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Abstract

The lithium isotope system holds great allure as a tracer of
recycled subducted materials in the Earth’s interior, owing to the
striking isotopic contrast between lithium at the Earth’s surface and
that in the mantle, combined with the presence of Li at measurable
quantities in mantle minerals. Unfortunately, measurements of
lithium isotope ratios in mantle xenoliths have proven difficult to
interpret. Mantle xenolith data compiled from samples worldwide
have revealed that lithium elemental and isotopic distribution
between olivine and clinopyroxene is highly variable. At high
temperatures such as those found in the mantle, the isotopic
fractionation factor epepx [=(7Li/°Li)01/(7Li/6Li)ch] is expected to
approach 1, and experimental constraints on equilibrium partitioning
show that the partition coefficient (DLiul/cpx) is between 1.5-2. Many
xenolith samples exhibit equilibrium behavior with respect to both
isotopic fractionation and equilibrium partitioning, but some
samples do not. Xenoliths with apparent D“(,l/cpX < 1 trend toward
isotopically lighter Li in clinopyroxene relative to olivine, with
A7Liol_Cpx [267Li01 — 87chx] ranging from 3 - 25%.. A physical
process explaining this relatively extreme isotopic fractionation
between co-existing mantle phases has yet to be satisfactorily
demonstrated. One proposed hypothesis to explain the apparent Li
isotopic disequilibrium in mantle xenoliths is that upon exhumation,
closed system redistribution of Li between mantle minerals occurs
as a function of cooling, meaning the partition coefficient is
temperature dependent. Ric