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An unexpected mineral in reef-building massive coral
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Coral reefs are important for ecology by providing habitat to many animals in tropical and subtropical zones. Coral skeletons
are also mineralogically interesting, because they consist of aragonite (Ca@ioh is a thermodynamically metastable mineral
phase under growth environments of corals. So far, the calcification process has been still unknown. It is generally known thg
XRD patterns of reef coral skeletons show only aragonite phase peaks, although chemical analyses reveal that coral skeleto
contain various elements. Recently it was suggested that such elements directly break into calcification medium from seawate
This indicates that abundant elements in seawater, such as, K& —, SO, — may precipitate in coral skeleton during calcifi-
cation as halite and gypsum. To confirm these mineral phases, we observed massive coral skeleton of Porites lobata by Analy:
Transmission Electron Microscope (ATEM) and Fourier Transform Infrared spectrometer (FT-IR) which are powerful tools to
detect small amount of mineral phases. In this observation, we found an evidence that halite precipitates almost simultaneous
with aragonite during calcification. The existence of halite is one of strong supports for the supporting a model of extracellular
calcification. On the other hand, gypsum could not be observed. This suggests that coral have ion selectivity from seawater t
calcification medium. The halite phase in coral skeleton will provide a new perception for understanding the process of coral
calcification.
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Behavior of nickel in wastewater during the precipitation of layered double hydroxide
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Nickel is one of the most valuable heavy metals used in the electronics and metal plating industries. The demand has bee
increasing year by year due to the advances in technology. Some industrial wastewater contains a large amount of Ni. General
the removal of Ni from contaminated wastewater is accomplished by adding an antalkaline reagent to increase the pH to 10 c
above, which would result in the generation of Ni-hydroxides and oxides after treatment. After that, it is necessary to adjust
the pH below 8.6(effluent standard is pH5.8 to 8.6). However, this method has some disadvantages, such as the high cost
chemical reagents and problems in the disposal of alkali sludge. Therefore, a more efficient remediation method is require!
to achieve a more sustainable wastewater treatment technology. On the contrary, natural attenuation processes can reduce
mass, concentration, and mobility of contaminants, such via neutralization, adsorption, and mineral precipitation. They are safe
cost-effective and more environmentally friendly than traditional methods. Therefore, a sustainable remediation method may
be developed by understanding and applying the mechanisms involved in the natural attenuation process. For example, mil
drainage at Dougamaru abandoned mine at Shimane Prefecture, Japan contains concentration of Cu and Zn exceeding we
standard, but Cu- and Zn-bearing mine drainage was naturally attenuated by the formation of green precipitates composed of C
bearing layered double hydroxide (LDH), hydrowoodwardite (Okamoto et al., 2010). Because a LDH has hydroxide structure,
six-coordinate heavy metals such as not only Cu but also Ni and Co can be incorporated into the structure.

In this context, to check the applicability of LDH in Ni-bearing wastewater treatment, synthesis experiments were carried out
by coprecipitation method to synthesize Ni-bearing LDHs with different concentration of dissolved Al. The results of ICP-AES
measurements showed that the removal efficiencies of Ni from the synthetic wastewaters by the precipitation have increased wi
adding Al. Al addition method selected LDH as a precipitated phase can remove Ni at pH lower than previous methods which
precipitated Ni-hydroxides. From the extraction experiments, the most of all Ni should be incorporated in to the structure of
LDH. However, spectroscopic data is necessary to know about the bonding state and bond distance between Ni and Ni, or Ni ar
the other ions. XAFS analysis was conducted to evaluate those for the precipitate qualitatively. In this presentation, the results «
XAFS analysis will be involved to show chemical behavior of Ni in the precipitation process.
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iches of marine sediment using in situ DNA and electron
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Ubiquitous presence of microbes and their inherent activity make them extremely important for a better understanding of
physical, chemical, and biological processes in the subsurface environments. In situ detection of submicron microbial cells ir
the marine sediments is initial steps towards the detailed understanding of microbial life in subseafloor biosphere. Howevel
there are almost no adequate techniques to observe microbes in their in situ condition. Here, we developed a technique th
enables the observation of in situ microbes within subseafloor sediments. The technique includes resin-embedding followe
by thin sectioning of marine sediments to fix the microbes as well as microstructures in the sediments. Microbial cells in the
sediment are visualized under a fluorescent microscopy by staining with SYBR Green |. Then, cells are also visualized with
a scanning electron microscopy/energy dispersive spectrometry (SEM-EDS) by applying electron staining of microbial cells.
Under SEM-EDS observation, we could match the points where heavy elements used for electron staining are concentrate
with the points where SYBR Green I-stained cells were observed in fluorescent microscopy, indicating the microbial cells are
selectively recognized in SEM-EDS observation. The coupled SYBR Green staining and electron staining method facilitate the
observation of in situ microbes and their interaction with sedimentary minerals even in soft sediment samples with high spatia
resolution.

Keywords: electron staining, microbe, SYBR Green staining
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Effect of water film on weathering of rock under unsaturated condition
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Reactive-transport modeling in water film in rock pores: Implication to the dissolution of

water-unsaturated rock
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Structure of mica and calcite/water intefaces
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Mineral/liquid interfaces are ubiquitous in the Earth surface and control a range of processes such as ion exchange, con-
taminant migration, biomineralization, oil reservoir, and many others. These processes occur in the atomic scale and therefol
we need techniques having atomic scale resolution for observing and analyzing the interfaces. A combination of x-ray crysta
truncation rods (CTR) method and molecular dynamics (MD) simulations are powerful methods for observing the structure anc
dynamics of these interfaces [1]. The pioneered works of X-ray CTR scattering measurements on the mineral/liquid interface
by Fenter group [2] revealed the electron-density distribution of the interfaces with sub-angstrom resolutions. A limitation of the
CTR scattering technique is the lack of identification of atomic species. The MD simulation is a candidate that overcomes this
limitation by comparing the results with those of the X-ray CTR scattering measurements.

Here we talk about the recent results of mica/salt solutions and calcite/artificial sea water (ASW) interfaces. Mica is a gooc
model mineral for clay minerals and the interaction with water should be important for understanding the frictional strength of
faults. The X-ray CTR scattering and MD simulations revealed the structure of electrical double layer for mica/NaCl solution
interface [3] and the presence of the hydrated Ma the interface can be the high lubrication among mica surfaces [4]. Calcite is
a biomineral preferred by many organisms and plays an important role in the carbon and oxygen cycles. It is the main constituer
of chalk and limestone, which serve as hosts for oil reservoirs and water aquifers in Europe. The modification of the affinity
of the surface for water and the attachment of organic molecules is critical for enhancing oil recovery and the crystal growth.
Can dissolved ions in water change the affinity of the calcite surface? The X-ray CTR measurements may give some clues t
understand the effects and the underlying mechanism.

References: [1] Sakuma, H. and Kawamura, K. (2009) GCA 73 4100-4110, Sakuma, H. and Kawamura, K. (2011) GCA 75
63781. [2] Fenter, P. and Sturchio, N. C. (2004) Prog. Surf. Sci. 77 171-258. [3] Sakuma, H. et al (2011) JPCC 115 15959. [4
Sakuma, H. et al (2006) PRL 96 046104,

O0000:XOCTROO,MDOO,00,00,00,00
Keywords: X-ray CTR scattering, MD simulation, hydration, surface, friction, oil

1/1



Japan Geoscience Union Meeting 2013 ‘e < ;’

(May 19-24 2013 at Makuhari, Chiba, Japan)

©2013. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc
Union
U03-07 0 0:302 00:50 200 12:00-12:30
ODodddoooooodddooooooodoooooooddoooood
goooood

Submerged atomic resolution imaging of hydration structure on calcite in the presence o
the synthetic polypeptide
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Dehydration is an important growth rate-determing process in solution growth (Bennema, 1967). Recently, it has been sug
gested that hydration was eased by hydrophilic organic material from the result that the step velocity of calcite was increase
by the addition of hydrophilic peptide(Elhadj et al., 2006). However, the influence of organic material on hydration has not been
revealed. In order to verify the influence of the organic material on the hydration of the crystal surface visually, we tried in situ
observation of hydration structure on calcite surface in atomic level during solution growth.

The observation was conducted by a recently developed high-resolution and low-thermal-drift Frequency Modulation AFM
(FM-AFM) working in liquids (Fukuma et al., 2005). Hydration imaging was realized by force mapping of FM-AFM (Kimura et
al., 2010) . The prove is scanned on the vertical line to the crystal surface. Hydration layer is detected by the frequency shift du
to the interaction of tip and water molecule. The supersaturated solution of CaCO3 was prepared to be supersaturated for bo
calcite and aragonite at pH 8.1 and room temperature. A cleaved calcite crystal was glued to the bottom of an open fluid cell, an
the solution was put on the surface. The synthetic polypeptide was adopted as organic material in our experiment. The synthet
polypeptide consists of fifteen amino acid residues including six aspartic acids periodically (Takagi and Miyashita, 2010). This
polypeptide is considered as important material to control the polymorph of calcium carbonate in the field of biomineralization.

We obtained atomically image of lacy network of hydration on calcite (104) face. Water molecule formed four layers to be
piled up alternately in the vertical direction of calcite surface. Water molecules were above gaps between calcium ions on calcit
surface in the first and third layer. In the case of the second and fourth layer, water molecules were located above calcium ion:
Furthermore, 3D hydration structure was constructed by multiple 2D hydration images which were taken at interval of 0.15 nm
to the one direction. The hydration structure on each layer was described after construction of 3D image. As a result, it wa:
confirmed that water molecules keep stable structure corresponding to the calcite surface structure until the height 0.5 nm abo
calcite surface.

Our result shows that the hydration can be visualized in the level that we can compare the structure in atomic resolution. It i
strongly expected that the influence of organic material on hydration structure would be revealed.
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Factors controlling barite-water distribution of selenium
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Geochemical behavior of trace elements in water is controlled by their interaction with major minerals through ion exchange,
sorption/desorption, and coprecipitation/dissolution processes, which finally govern the concentrations of trace elements in na
ural water. Especially, the coprecipitation into the structure of mineral is potentially important because trace elements is les:
available and can be immobilized in the crystal lattice at least until the dissolution of the minerals. Previous studies showec
that the partitioning behaviors of the trace elements to such minerals were controlled many complex factors, such as crystal col
straints of ion substitution, complexation effects in water, crystallization rate, and changes in temperature and/or pressure. F
instance, Yokoyama et al. [2011, 2012] demonstrated that, in the case of arsenic (As) and selenium (Se) incorporation into calcit
calcite selectively incorporated arsenate rather than arsenite, and selenite rather than selenate because of their high stability
calcium arsenate and calcium selenite complexes compared with those for arsenite and selenate. In this study, we focused
the Se incorporation mechanism to barite to examine the influence of or chemical effect and structural effect to the solid-wate
distribution behaviors.

The coprecipitation experiments of Se with barite were conducted to examine the influence of (a) the chemical effect at variou:
pH conditions (pH = 3-8), and (b) structural effect of ion substitution as a function of the reaction time (0-42 days). Barite
was precipitated from a mixture of artificial seawater (ASW) and Ba@H,O solution in the presence of selenite or selenate
solution. The total concentration and valence ratios of Se in barite were measured by ICP-MS and X-ray absorption near-edg
structure (XANES) at Se K-edge, respectively.

[Chemical effect |

The results showed that Se(IV) was preferentially incorporated into barite@itiZ8 whereas Se(VI) at3pH<6, which
reveals its correlation with the pH dependence of Se(IV) and Se(VI) speciation. These results suggest that the pH has a strol
influence on the coprecipitation of trace elements into barite. Thus, the chemical affinity is an important factor controlling the
species of Se incorporated into barite, as also found in Se and As incorporation into calcite.

[Structural effect ]

The results showed that both the Se(VI)/Se(IV) ratio and total Se concentration in barite increased at first, and reached cor
stant as time passed, suggesting a strong correlation between the Se(VI)/Se(lV) ratio in barite and crystallinity. The correlatiol
indicates that the aging effect in the first stage was dominated by the chemical effect, or larger affinity of Se(IV) than Se(Vl),
while the aging in the second stage was influenced by the structural similarity between sulfgte)(8@ selenate (Se®").

It is considered that the Se(lV) was dissociated at barite due to the low structural affinity, thus, the Se(VI)/Se(IV) ratios in barite
relatively increased through crystallization.
Keywords: distribution behavior, selenium, barirte, chemical effect, stracture effect, XAFS
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Sulfate reduction may be one of the dominant microbial metabolisms among the subseafloor ecosystem. In order to demot
strate and quantify the potential sulfate reducing activity, we analyzed sulfur isotopes (32S/33S/34S/36S) of pore water sulfat
extracted from core samples and mineralized sulfide at the Iheya North hydrothermal system in the Okinawa drilled by CHIKYU,
2009 (IODP Leg 331). Based on pore water chemistry and temperature profile, the subseafloor environment is divided into Unit
1, -2 and -3 from top to bottom. In the Unit-1, fresh seawater is circulated, whereas in Unit-3, hot hydrothermal3R0AC)
is stored below anhydrite cap rock. The Unit-2 is a mixing zone between the hydrothermal fluid and seawater. We found that the
d34S value of sulfate in the Unit-2 was higher than those expected by simple mixing between seawater sulfate and the hydrothe
mal component. The observed 34S-enrichment and decreased sulfate concentration suggest sulfate reduction took place in t
hydrothermal system. Based on our model calculation, apparent isotope effect 34e is estimated to be -32.2 permil. The large fra
tionations together with slight D33S enrichment and D36S depletion all suggest that the sulfate reduction is not thermochemice
process but microbial reduction with high reaction rate. Our numerical simulation indicates that the sulfate is reduced probably
within the recharge zone of seawater before mixing with high temperature fluid. Additionally, we estimate the contribution of
microbial sulfate reduction from mineralized sulfide. In spites of sulfide dominantly deposited from hydrothermal fluid, deep
(>16 m) sulfide sulfur shows characteristic isotopic composition suggesting incorporation of microbial sulfide, roughly "50%.
Consequently, rapid seawater circulation in the Iheya North hydrothermal system may support active microbial sulfate reductiol
below the seafloor.

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]’;‘;g‘;‘sgiem

Union

u03-10 00:302 00:50 200 14:30-15:00

00000000oooooopooooooon
Ecophysiology of microaerophilic iron-oxidizing bacteria
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Although various geological records indicate that there was a great rise of oxygen in the Paleoproterozoic (2.5 - 1.6 Ga) (the
Great Oxidation Event, Holland, 2006), the quantitative knowledge about how oxygen increased is still unclear. The paleosol:
formed during the Neoarchean-Paleoproterozoic (2.8 - 1.6 Ga) can be used to strongly constrain the atmospheric oxygen leve
because they are formed by direct interactions with the contemporary atmosphere and water. Quantification of oxygen levels h:
been tried using Fe records, because iron is redox-sensitive element (Holland, 1984; Murakami et al., 2011). Recently, Murakan
et al. (2011) demonstrated that the amount ratio of precipitated Fe(lll) to dissolved Fe(ll) in weathering process (the phi ratio)
can be used to quantify the atmospheric levels, because the phi ratio can be converted to Fe(ll) oxidation rate, which is a definit
function of oxygen concentration. Although the phi ratios are useful, all the literatures of the Neoarchean-Paleoproterozoic
paleosols have not always reported both Fe(ll) and Fe(lll) contents required to calculate the phi ratios; some literatures repo
only total iron contents (Fe(ll) + Fe(ll)), from which only the Fe retention fraction can be calculated. Although the time-transition
of Fe retention fraction levels throughout the Neoarchean-Paleoproterozoic paleosols indicates qualitatively the gradual rise «
oxygen (Murakami et al., 2011), quantitative use of Fe retention fraction is more desirable but not yet attempted.

Using Fe retention fraction along with those of the other major cations (Mg, Ca, Na and K) and Si, we attempted to estimate
Fe(ll) oxidation rate at the time of weathering. The estimation is based on (1) the mass balance of elements (Fe, Mg, Na, K an
Si) between the solid and water phases and (2) the volume balance during chemical weathering, with an assumption that Fe(ll
oxyhydroxides are the dominant secondary minerals of iron. The validity of the method is confirmed by reasonable agreemer
of the estimated Fe(ll) oxidation rates based on the method with those calculated from measured phi ratios in olivine dissolutior
experiment under various oxygen levels conducted by Sugimori et al. (2012), although, when oxygen level is decreased, th
method tends to calculate the oxidation rate higher than that calculated from the phi ratio. By application to the paleosols witt
known phi ratios (Cooper Lake, Pronto/NAN, Gaborone, Drakenstein and Flin Flon paleosols), we further assessed the validity
For the 2.2 Ga Gaborne, "2.1-Ga Drakenstein and “1.8-Ga Flin Flon paleosols, oxidation rates estimated by phi ratios and F
retention fractions are consistent, while for the "2.5-Ga Cooper Lake and Pronto/NAN paleosols, again the Fe retention fractiol
method calculated Fe(ll) oxidation rates higher than those calculated from the phi ratios. The deviation of Fe(ll) oxidation rates
derived from Fe retention fractions are attributed to the violation of the assumption that Fe(lll) oxyhydroxides are the major
secondary minerals of Fe. Under low; @onditions, some Fe(ll)-bearing clay minerals can be also secondary minerals of Fe
(MacFarlane et al., 1994). Therefore, although Fe retention fraction method cannot calculate Fe(ll) oxidation rates as precisel
as phi ratios when oxygen level is low, it still can give strong upper constraints on Fe(ll) oxidation rates and therefore oxygen
levels at the time of weathering, even for the paleosols with phi ratios unavailable.
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Microorganisms in the environment critically impact global geochemical cycles and redox reactions of various elements.
Many geochemically important redox reactions (e.g., sulfate reduction and Fe(ll) oxidation) are largely associated with micro-
bial activity. In addition, microbes can mediate mineral formation by a process called biomineralization. Recent studies sugges
a significant relationship between Fe(ll)-oxidizing bacteria and ancient Banded Iron Formation, one of the large geochemica
events in Earth’s history. The general ecological importance of environmental microbial reaction and biomineralization has beet
well recognized; however, the specific mechanisms of the reactions in the environments such as the reaction rate and spat
dynamics are poorly understood. In the environment such as soils, microbial reactions and habitability vary locally and form
complicated geochemical networks, which makes it difficult to characterize the specific biogenic reactions in detail.

In the present study, we developed a novel method using synchrotron microprobe (micro-XAFS) combined with fluores-
cence in situ hybridization (FISH) to determine directly microbial communities and chemical species with high spatial resolution
(XAFS-FISH), and applied it to bacteriogenic Fe oxidation in natural hot spring. We successfully conducted in situ visualiza-
tion of potential Fe(ll) oxidizers in Fe mats and characterization of Fe biominerals with 1-5 micrometer spatial resolution by
the XAFS-FISH technique. The present study shows that coupled XAFS-FISH could be a potential technique to provide direc
information on specific biogenic reaction mediated by target microorganism, even if the microbe is uncultivable species.

In my presentation, I'll talk about not only details of the XAFS-FISH technique but also its application into biogeochemical
reactions of trace metal(loid)s such as arsenic in the natural environments.

00000:0000 XAFS,FISH,OOOOO,00
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A study on the adsorption mechanism of organoarsenic compounds in soil
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Inorganic arsenic compounds are predominant cause of water-related disease of arsenic in natural systems. In additio
organoarsenic compounds, phenylarsonic acid (PAA) and diphenylarsinic acid (DPAA) were detected in well water, which is
suggested to cause serious health problems in Kizaki region of Kamisu City, Japan [1]. These phenyl arsenic compounds are co
sidered as a product of decomposition of chemical warfare agents during World Wars | and 1l. Recently, adsorption and mobility
of these aromatic arsenic compounds in agricultural soils have been investigated [2]. However, their adsorption mechanisms c
soil particles are still unknown. In general, the adsorption property of chemical compounds influences its migration process ir
natural environments such as soil-water system. Thus, it is important to understand the adsorption mechanism of the arser
compounds to predict future fate of them in environment. In this study, we conducted As K-edge XAFS measurements and al
initio MO calculations for PAA and DPAA as well as methylarsonic acid (MMA) and dimethylarsenic acid (DMA) adsorbed
on ferrihydrite, a strong absorbent of arsenic compounds, to determine their adsorption structures and understand the effects
substitution of organic functional groups on their adsorption. EXAFS analysis suggests that all organic arsenic compounds in thi
study form the inner-sphere complex with ferrihydrite regardless of the organic functional groups and the number of substitution
The As-Fe distances are ca. 3.25 A which agree with the results of ab initio MO calculations. The coordination number (CN) of
the As-Fe shell was less than 2 indicating the formation of bidentate structure which was reported for the adsorption of arsenat
[3]. This fact implies that the ratio of monodentate structure increases due to steric hindrance.

References:
[1]Hanaoka S, Nagasawa E, Nomura K, Yamazawa M and Ishizaki M 2005 Appl. Organometal. Chem. 19 265.

[2]Maejima Y, Murano H, Iwafune T, Arao T and Baba K 2011 Soil Sci. Plant Nutr. 57 429.
[3]JFarquhar M L, Charnock J M, Livens F R and Vaughan D J 2002 Environ. Sci. Technol. 36 1757.
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Recent studies of biomineralization mainly treated biominerals produced by evolved organisms. There exist uncertainties i
primordial microbes are precipitating biominerals. In addition, importance exists to examine interaction between primordial mi-
crobes and minerals to constrain the pre- to early- biotic mineral-organic interactions.

Okuoku-hachikuro hot spring, located in Kosaka, Akita Prefecture, Japan, is a hot springs where carbonate minerals are pr
cipitating. In this hot spring, aragonite is dominating minerals in entire area. Color of hot spring precipitates change from red
to mixture of red and green, corresponded to difference in microbial type: Fe-oxidizing bacteria to cyanobacteria. We collectec
sinters, soft to solidified sediments and microbial mats then constituents were observed using field emission-scanning electrc
microscopy (FE-SEM). Analyses of X-ray diffraction, pH, DO, dissolved amino acids and carbon isotope compositions were
also performed.

Most samples contain radial aggregates of needle-shape aragonite. Such morphology was found in bubble in the first dischar
ing fluid, which is not influenced by microbial activities. Each needle in radial aggregates seems to be bigger depending on :
distance from the discharging point. Aggregates of coarser and random orientated needles of aragonite are found in lower stree
zone, where evaporation and cooling of hot spring water are more visible. Because of no systematic correlation to biological ac
tivities (microbial mat, amino acid, organic carbon, etc.) to those morphological changes, all aragonites are formed inorganically
On the other hand, ferrihydrite covering sheath of Fe-oxidizing bacteria and cyanobacteria are found locally. It is noteworthy tha
no ferrihydrite showed perfect crystalline signature or conversion to hematite. They can possibly be influenced by microbes o
organic molecules. Furthermore Si was detected in ferrihydrite. This result suggests that ferrihydrite probably adsorbs amorphot
silica selectively.

Keywords: aragonite, ferrihydrite, Fe-oxidizing bacteria, cyanobacteria, biomineralization, FE-SEM
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Seasonal changes of physical and chemical properties in Mn-rich cold spring
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Microbial roles on the formation of manganese deposits at Sambe hot spring
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Hydrogen generation by interaction between ultramafic rocks and water
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Hydrogen is generated by the interaction between ultramafic rocks and ground water in the Oman Ophiolite and Lost City in
the Atlantic Ocean. Previous studies have shown that hydrogen is generated via low temperature serpentinization. However, th
process has not been verified experimentally. Previous experimental studies have succeeded in generating hydrogen only at h
temperatures*200 degree C). Therefore, the objective of this study is to clarify the mechanism of hydrogen generation by low
temperature serpentinization.

In order to clarify the process of hydrogen generation by low temperature serpentinization, batch experiments were conducte
at 90 degree C and 180 degree C using three different ultramafic rocks, (dunite, harzburgite and wehrlite) from the Omat
ophiolite reacted with deionized water. Samples were taken at various reaction times. Liquid samples were analyzed by ICF
AES, ion chromatography, UV-Vis, and pH and ORP meters. Mineral phase changes in the solid samples were characterized t
SEM-EDX and XRD. The concentration of dissolved hydrogen was determined by GC-TCD. A geochemical reaction model of
the hydrogen generation process was then constructed.

Hydrogen generation was observed only at 90 degree C because the experiment utilized a system designed to minimi:
hydrogen loss. In the experiment at 180 degree C, the generated hydrogen would be loss during experimental procedure. T
solutions after the interaction with dunite and harzburgite at 90 degree C showed higher concentrations of dissolved hydrogen the
that of wehrlite. Eh and pH of all the solutions decreased and increased, respectively, indicating the occurrence of serpentinizatio
However, the changes in Eh and pH are inconsistent with the observations in Oman. XRD analysis of the solids did not shov
significant changes in the amounts of olivine, magnetite and serpentine. Geochemical modeling of the reaction showed the
hydrogen generation was accomplished by the dissolution of olivine, which is the dominant mineral in the ultramafic rocks.

However, the amount of hydrogen produced calculated by the geochemical model is lower than the amount observed in thi
experiments. This discrepancy would be attributed to the catalytic effect of the other components such as Fe-Ni alloy minera
in the samples. This also explains the higher hydrogen amounts generated by dunite and harzburgite, both of which contain tt
higher amounts of Ni.

In this study, the hydrogen generation has been confirmed at a temperature of less than 100 degree C using experimen
techniques. The hydrogen generation process catalyzed by the Fe-Ni alloy mineral would be checked by the experiments usir
materials composed by mono-mineral such as olivine, pyroxyne and Fe-Ni alloy mineral.

Keywords: hydrogen, ultramafic rocks, Oman ophiolite, serpentinization, Fe-Ni alloys
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Hydrogen isotopic composition of ca. 3.5 Ga seawater estimated from Archean MORB in

South Afriva
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Origin of Earth’s seawater and its subsequent evolution are still poorly understood. Hydrogen isotopic composition is a key tc
constrain secular change of seawater volume through hydrogen escape and degassing from mantle, and thus critical to estim
the original isotopic composition of the primitive ocean. A fragment of the Arhcean seafloor is well preserved in Barberton Green-
stone Belt, South Africa. We have systematically analyzed hydrogen and oxygen isotopic compositions of sub-greenschistfacie
pillow basalts in upper part of Hoogenoeg Complex. Petrographic observation together with XRD analysis showed that almos
hydrous mineral in the sample is composed of chlorite with minor amounts of epidote and actinolite. Chlorite is useful to deduce
seawater isotopic composition because of little temperature dependence both for hydrogen and oxygen isotope fractionatiol
against H20. Based on the relationship between isotopic composition and water contents, we have concluded that the 3.5 C
seawater was depleted in deuterium by more than 20permil compared to modern seawater. These results indicate the seaws
volume may have decreased by hydrogen escape into space through the Earth’s history.
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