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It is well known that concentrations of trace elements in sea water are primarily correlated with their concentrations in serum
levels in animals. This fact suggests that the availability of each trace element from the environment is an important factor whethe
the element is essential or not for biota. Thus, the chemistry deciding the concentrations of trace elements in sea water can |
basic information on the understanding of the history of essential elements in biota. From this point of view, a twin element,
Mo and W, is of great interest, since (i) Mo is an essential element but W is toxic to almost all biota at present, but (ii) some
hyperthermophilic archaea appear to be W dependent. These facts suggest that W could be more abundant in primordial oce
or in hydrothermal water. To approach this matter, we think that it is primarily important to compare the chemistries controlling
the solubilities of Mo and W in the preset seawater and primordial marine environment where primitive life evolved.

Solubilities of trace elements in sea water are often controlled by adsorption reactions on solid phases in contact to the aqu
ous phase. Based on our laboratory experiments and analyses of natural samples in terms of their concentrations and speciat
by X-ray absorption spectroscopy (XAS), we found that the solubilities of W and Mo in oxic seawater at present are controlled
by their surface complexes on Fe hydroxides, outer sphere complex or inner sphere complex. The former is more soluble the
the latter, since the latter has direct chemical bonding to the oxide surface. The formation of inner-sphere complex, in turn, i
related to the acidity of the oxyanions such as molybdate and tungstate ions. Thus, it was revealed that the concentrations
oxyanions including Mo, W, As, and Se in sea water are primarily controlled by the acidity of the oxyanions.

On the other hand, solubilities of Mo and W in possible primordial marine environment that can be rich in sulfide were
discussed based on the adsorption reactions of Mo and W on sulfide minerals (pyrite and pyrrhotite) and analyses of sedime
core samples collected near the hydrothermal vent systems in the Izena Cauldron, Okinawa Trough. The core sample was p:
ticularly selected since the sulfide minerals were formed at 20 cm depth, but not at the surface within the core. The analyse
of the samples at various depths from the core enable us to compare the Mo and W solubilities and reactions controlling thi
concentrations. As a result, formation of sulfidic species of Mo was confirmed at the 20 cm depth, but not at the surface for Mo.
Although W species cannot be determined by XAS, formation of sulfidic species of W was not found in the sediment samples
which were incubated under reducing condition in laboratory, where a small amount of Mo was in the sulfide form. This result
suggests that the solubilities of Mo and W in "sulfide world”, or the environment where primitive life evolved, can be controlled
by their affinities to sulfur.
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Molybdenum (Mo) shows large mass-dependent isotopic fractionation during adsorption on ferromanganese oxides, whicl
affects isotopic composition of Mo in modern oxic seawater. Due to this fractionation process, isotopic ratio of Mo in marine
environment is expected to be used as a paleocean redox proxy. The aim of this study is to reveal the fractionation mechanisms
Mo isotopes during adsorption on natural ferromanganese oxides. We investigated surface complex structures of Mo on variot
Fe/Mn (oxyhydr)oxides, key factors for isotopic fractionation, and compared them with previously-reported isotopic fractiona-
tions.

Adsorption experiments were conducted using synthetic amorphous ferrihydritieiadInO,, and crystalline goethite and
hematite as adsorbents. Solutions were adjusted to pH 8 and | = 0.70 M YaN®e structures of adsorbed species were
investigated by conventional fluorescence XAFS method. Measurements for Mo K-edge EXAFS were performed at BLO1B1 in
SPring-8, and those for Moskedge were at BL-9A in Photon Factory.

Our XAFS analyses revealed that Mo formdd outer-sphere complex on ferrihydrite and distort@b inner-sphere com-
plexes ondeltaMnO, (Kashiwabara et al., 2009). In addition, Mo forms inner-sphere complexes on crystalline goethite and
hematite:Td edge-sharing (46%) an@h double corner-sharing (54%) for goethitEg double corner-sharing (14%) ar@h
edge-sharing (86%) for hematite. These structural information showed the excellent correlation with the degree of isotopic
fractionation during adsorption reacton of Mo reported in previous studies: the proport®@h sfhecies or their magnitude of
distortion in Mo surface complexes become larger in the order of ferrihyerigwethite< hematite< deltaMnO,, a trend
identical to the degree of isotopic fractionation (Goldberg et al., 2009). Based on the comparison with previous reports for Mo
surface species on various oxides such as Mg@DAl and TiQ;, chemical factors that affect Mo surface complex structures
were also discussed. The hydrolysis constant of cation in oxides, dgg Kor the acidity of the oxide surfaces, PZC) is well
correlated with the mode of attachment (inner- or outer-sphere) of Mo surface complexes. Furthermore, the symmetric chang
in Mo species fromrd to Oh is suggested to be driven by the formation of inner-sphere complexes on specific sites of the oxide
surfaces.

References
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Cerium (Ce) anomaly that appears in rare earth element (REE) pattern is a tool to estimate paleoredox condition and he
been used for many studies. Discussion in previous studies, however, has been limited to qualitative based on a REE pattel
In addition, the formation process of Ce anomaly is not fully understood. This study, therefore, aims to provide fundamental
information on the redox condition in paleoenvironment by Ce stable isotope ratio related to the redox-sensitive property of Ce
If fractionations of Ce stable isotope respond differently to various geochemical processes such as (i) oxidative scavenging o
Mn oxide, (i) precipitation as CeQor Ce(OH), and (iii) adsorption of C&" without oxidation, it is possible that Ce stable
isotope ratio can give much information on redox condition in paleoenvironment. It is expected that the coupling of the Ce stable
isotope ratio and Ce anomaly can be a unique paleoredox tracer.

In this study, a laboratory experiment under equilibrium condition was conducted. Cerium(lll) chloride solution was
added to manganese oxide and iron hydroxide, respectively, with various Ce concentration. In both systems, pH was adjuste
to 5.00 (#0.05) and shaken for 6 hours before the filtration using 0.2 micrometer membrane filter. In addition, precipita-
tion of Ce was obtained by bubbling of;@as in the same CefLbkolution. Stable isotope ratios of Ce in both liquid and
solid phases were determined using a MC-ICP-MS at Kochi Institute for Core Sample Research. The isotope ratios are ex
pressed in standard epsilon notation relative to the average standards, which is shown in an equation as'f3ieavs; e
[(112CelOCe)umpic/ (112 CerOCe) i3 - 1] X 10000. For solid phase sample, Cg l-edge XANES was measured at BL-12C
in Photon Factory, and Ce K-edge EXAFS was measured at BLO1B1 in SPring-8.

Mean isotopic fractionation factors between liquid and solid phasgs (a) of the systems of (i) adsorption on man-
ganese oxide (ii) adsorption on iron hydroxide, and (iii) spontaneous precipitation of Ce were 1.000400¢¥9), 1.000145
(+0.000022), and 1.000196@#00031), respectively. In this case, Ce adsorbed onto Mn oxides was oxidized to tetravalent, while
that on Fe hydroxide remains trivalent. In addition, XANES spectrum of the spontaneous precipitation of Ce clearly showed tha
Ce was tetravalent. These facts indicate that isotopic fractionation of Ce between liquid and solid phases becomes larger as t
redox condition becomes oxic in the order of adsorption without oxidation, Ce(IV) precipitation, and oxidative adsorption. Thus,
it is suggested that the combination of Ce stable isotope ratio and Ce anomaly which respond differently to various redox condi
tions can be a useful tracer to discuss the change of redox condition of paleocean.

ooooD:00bo,00oo0o, XAFS
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Although there have been numerous studies on Fe(ll) oxidation kinetics, few have paid attention to the kinetics under very
low Os conditions. The importance of Fe(ll) oxidation under very low é@nditions has been recognized recently; Fe(ll) oxi-
dation kinetics has been shown to be applied to the Fe(ll)/Fe(lll) compositions of paleosols, ancient soils formed by weathering
which can give a quantitative pattern of atmospheric oxygen increase during the Paleoproterozoie (frh atm to >
10~3 atm of partial pressure of atmospheric oxygenypQhe effects of p@ on Fe(ll) oxidation rate was investigated to es-
tablish Fe(ll) oxidation rate-prelationship under very low ©conditions. All oxidation experiments were carried out in a
glove box by introducing Ar gas under conditions of 0 10~ atm of pQ, and 7.57 - 8.12 of pH at room temperature. Be-
cause of very low concentrations of Fe(ll) (down to ~ 0.1 ppb), new methods were developed to measure Fe(ll) concentrations
The dominant species related to oxidation in the pH range examined is suggested to be, F&{@Htate law changes from
d[Fe T )/dt=-K o_pign [Fe(I)][OH]%°[02]* to -K'g_i0w[Fe(I)][OH 120 [05]%5 (K, the rate constant; [§), the concentra-
tion of dissolved oxygen) at 0.2 - 0.005 ard0.005 atm of p@, respectively. The former rate law is explained by well-known
mechanisms of the four-step reactions. The latter law is established for the first time, where the Fe(ll) oxidation rate is faster tha
that predicted by the classical rate law. To explain the mechanisms, it is suggested that reactions where oxygen produces radic
and hydrogen peroxide play a critical role in addition to the four-step reactions. Such a reaction occurs due to dilute nature o
the solutions of ” 5 - 0.5 ppb of [pand ™ 10 - 0.1 ppb of [Fe(ll)], and therefore, will have impact on red-ox chemistry in very
dilute solutions. Application of this new oxidation rate law to Fe(Il)/Fe(lll) ratios of paleosols gives a new quantitative pattern
of atmospheric oxygen evolution between 2.5 and 2.0 Ga; atmospheric oxygen evolved rapidly from vesyéel(pQ <
10~ atm) to “10°% atm of pQ at~ 2.45 Ga and then gradually increased to18tm of pQ at 2.0 Ga. Although the constraints
set by geological records such as mass independent fractionation of sulfur (L@-° atm prior to ~ 2.45 Gay> 10~% atm at
2.32 Gaand> 10~3 atm at< 2.0 Ga) were not used for the calculations, the atmospheric oxygen evolution model proposed here
is consistent with these constraints.

O0000:Fe(hOOOOO,000,00,000000
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Here | present several examples of my current researches on resource geology. One is a research on a new type of subr
rine mineral deposit that may potentially produce huge amounts of rare-earth resource. Last September, a "rare-earth shoc
accompanied the announcement that China would reduce its exports of rare-earth elements to the West. The newly-discover
mineral deposit may break such a concern about a deficient supply of rare-earth resource to the world in the future. Secondly,
discuss about a genesis of Besshi-type Cu deposits in the Sambagawa metamorphic belt in Japan. The Besshi-type Cu depo
are strata-bound volcanogenic massive sulfide deposits that were the ancient counterparts of modern Cu-rich seafloor mass
sulfide deposits and were formed/preserved as products of environmental changes of the Earth’s surface. Finally, | present a n¢
concept on origins of hydrothermal deposits in the Japanese island arc. These hydrothermal deposits in the island arc crust m
have been directly formed from slab-derived fluids in the deep crust.
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Coexistence of magnetite and hematite is observed in various hydrothermal systems (e.g., banded iron formations (BIF
seafloor hydrothermal systems, volcanogenic massive sulfide (VMS) deposits, iron oxide copper gold ore (IOCG) deposits)
They have often been used to constrain the redox potential of fluids, assuming that the redox equilibrium is attained among a
minerals and aqueous species. However, as temperature decreases, disequilibrium mineral assemblages may occur due to
slow kinetics of reaction involving the minerals and fluids. In this study, we conducted a series of experiments in which hematite
or magnetite was reacted with an acidic solution undgrieh hydrothermal conditions (T = 100-250 degree C, P of hydrogen
= 0.05-5 MPa) to investigate the kinetics of redox and redox-independent transformations between hematite and magnetite, at
the mechanisms of iron oxide transformation under hydrothermal conditions.

The formation of euhedral crystals of hematite in 150 and 200 degree C experiments, in which magnetite was used as th
starting material, indicates that redox-independent transformation of magnetite to hematite occurred within 24 hours:

F8304(mt) + 2H+(aq) = FeZOB(hm) + Fe2+(aq) + H,0

The chemical composition of the experimental solutions was controlled by the redox-independent transformation betweer
magnetite and hematite throughout the experiments. While solution compositions were controlled by the redox-independer
transformation in the first 3 days in a 250 degree C experiment, reductive dissolution of magnetite became important after !
days and affected the solution chemistry. At 100 degree C, the presence of maghemite was indicated in the first 7 days. Bas
on these results, equilibrium constants of redox-independent transformation between magnetite and hematite and those of redc
independent transformation between magnetite and maghemite were calculated. Our results suggest that the redox transformat
of hematite to magnetite occurs in the following steps: (1) reductive dissolution of hematité*‘t{qﬁemd (2) non-redox trans-
formation of hematite and Fé& ,, to magnetite.

We propose that transformation mechanisms observed in the experimental study are applicable to various natural syster
involving low-temperature hydrothermal solutions. For example, coexistence of magnetite and hematite is commonly observe
in typical oxide-type BIFs. Many geochemical and mineralogical studies (e.g., Hoashi et al., 2009) suggested that hematite is
primary mineral in the BIFs, and that magnetite is a transformation product of primary hematite. Our study showed that redox-
independent transformation of hematite to magnetite is a plausible process in the BIFs, by a reaction between primary hemati
and Fé*-rich hydrothermal fluids during early diagenesis. An important implication in considering the origin of magnetite in
BIFs is that magnetite was likely formed under the conditions where the system was far from redox equilibrium. Therefore, the
presence of magnetite in BIFs cannot be used to constrain the atmospheric or oceanic oxygen levels during the deposition
BIFs.

Reference
Hoashi, M., Bevacqua, D. C., Otake, T., Watanabe, Y., Hickman, A. H., Utsunomiya, S., and Ohmoto, H. Nature Geoscience
2, 301-306, 2009.

0 0 0O 00O : hydrothermal system, iron oxide, redox reaction, banded iron formation, hematite, magnetite
Keywords: hydrothermal system, iron oxide, redox reaction, banded iron formation, hematite, magnetite
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Nanoscale iron (oxyhydr)oxide minerals are omnipresent in natural environments and initial studies have found their size cal
influence chemical reactivity, e.g., dissolution kinetics. Their dissolution behavior is important because it influences the bioavail-
ability of nutrients for plant growth and the migration of pollutant metals and organic compounds. In natural environments,
reductive dissolution is the most important dissolution mechanism (Sulzberger et. al. 1989). Madden and Hochella (2005) re
ported the oxidation of Mn2+ catalyzed by hematite nanoparticles depended upon nanopatrticle size. These results suggest
other redox reactions occurring on hematite surfaces may be size-dependent as well. In this study, we have investigated the si
dependence of the reductive dissolution of hematite with ascorbic acid using two types of nanoparticles with average diametel
of 7. nm and 30 nm.

Hematite nanoparticles were synthesized by forced hydrolysis of ferric nitrate and characterized with powder XRD, TEM, and
BET surface area measurements. Reductive dissolution experiments were carried out in continuously stirred Teflon beakers
302 K in the absence of light under approximately 1 atm nitrogen gas. Aqueous [Fe(Il)] was measured by the ferrozine assay. Th
evolution of crystal morphology by reductive dissolution was examined by high resolution TEM (HRTEM). In addition, electron
tomography technique was employed to understand the real three-dimensional structure of individual particles and aggregate
This technique allows us to reconstruct 3D images from a series of TEM images taken from an area of interest. HRTEM re-
vealed that the 7 nm hematite crystals are pseudo-hexagonal plates and the 30 nm hematite crystals are rhombohedral. Hema
nanoparticles of both sizes have defective surfaces. The two types of dissolution rates, initial rate and steady state rate, we
determined and compared after surface areanormalization. The surface area-normalized initial rates of reductive dissolution a
more than 2 times greater in 7 nm hematite. However, no significant size dependence is observed for steady state rates. TE
observation of individual crystals and aggregates of partially-dissolved hematite reveal that dissolution initiates from surface
defects or sharp edges on crystals. Also, aggregation state changes as the dissolution progresses. This study directly shows
importance of surface roughness, defects, crystal morphology and aggregation states on dissolution rates.

oooo0:00000,0000,00,0000,0000,0000000
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Introduction

lodine-129 is one of the most problematic radionuclides, which is produced by nuclear related activities such as nuclear powe
generation and nuclear fuel reprocessing, because of its long half-life (15.7 million years) and high mobility. To investigate
behavior of iodine in sedimentary rocks is important to evaluate the effectiveness of the natural barrier for nuclear waste reposi
tories. In Horonobe area, iodine rich brine exists in deep underground. The region is underlain mainly by Neogene to Quaternar
marine sedimentary rocks, the Wakkanai Formation (Wk Fm), and the overlying Koetoi Formation (Kt Fm): siliceous and di-
atomaceous shale. We determined iodine distribution, speciation, and isotop&fatit?(l), to investigate long-term migration
of iodine in diatomaceous and siliceous shale.

Experiment

All core and groundwater samples were collected by at JAEA Horonobe underground research center. lodine concentre
tions in groundwater samples were determined by ICP-MS. For core samples iodine was separated by pyrohydrolysis or alkalin
extraction (using Tetramethyl ammonium hydroxide) and determined by ICP-MS. lodine species in groundwater were separatel
detected by high performance liquid chromatography (HPLC)-ICP-MS, using anion exchange column and size exclusion columt
for separation of I~ and I, and organic and inorganic iodine, respectively. lodine species in core samples were determined
by iodine K-edge XANES (SPring-8 BLO1B1). Thin sections of core samples were prepared, and iodine mapping were obtainec
by micro-XRF analysis (SPring-8 BL37XU)!2°l/ 127] ratios in groundwater and core samples were measured by accelerator
mass spectrometry (MALT, Univ. of Tokyo).

Results and discussion

Concentration of iodine in groundwater varied widely and was much higher than that of seawater with high correlation with
that of chlorine (R = 0.90). lodine in core samples decreased near the boundary between Wk and Kt Fm. lodine existed as |
in groundwater, while that in shale was a mixture of organic and inorganic I. lodine mapping showed that iodine accumulated tc
micro region & 30 micron). lodine isotope ratios?’1/ 1271) were higher in siliceous shale compared with that of groundwater.
According to these results, migration of iodine in this area can be expected as follows; 1) iodine accumulated as organic iodin
in siliceous sediment, 2) iodine was released from layers deeper than Wk Fm during diagenetic process whgididsolved
into iodine-rich groundwater, 3) iodine-rich groundwater was distributed to Wk and Kt Fm due to the compaction of the layers,
4) both iodine and chlorine were diluted by freshwater from the surface.

It was suggested that lis released to the ground water during the maturation of organic matter. Dissociated imove
toward the surface because of the upward water flow driven by compaction. Thus, iodine rich brine is created by integration o
iodine released from underlying formation. Because of high mobility oféleasedT remains in solution phase, and concen-
tration of the iodine in solution has increased during sedimentation history.

0o0o00o0D:000,XO0000oooo,HPLC-ICP-MSODODOOOO
Keywords: lodine, XANES, HPLC-ICP-MS, lodine isotope ratio
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In Japanese transuranic (TRU) waste disposal facilities, 1291 is the most important key nuclide for the long-term safety as
sessment. Thus, the distribution coefficients (Kd values) of | to natural minerals are important factor in the safety assessmen
However, the degradation of cement materials in the repositories can produce high pH pore fluid which can affect the anior
transport behaviour. Therefore, it should be necessary to understand the behaviour of anions such as I- under the hyperalkali
conditions.

This study examined the naturally-occurring hyperalkaline conditions near the springs in Oman as natural analogue for the
interaction between cement pore fluid and natural Mg-HCOS3- river water. The generated natural hyperalkaline spring wate
(pH>11) from the partly serpentinized peridotite in the Oman ophiolite is characterized as hyperalkaline, reducing, low-Mg, Si
and HCO3-, and high-Ca while the river water where the alkaline spring, is moderately alkaline, oxidizing, high-Mg and HCO3-.
The mixing of these spring and river water resulted in the formation of secondary minerals, forming river terrace with height of
more than 10 meters. The present aim of this paper is to examine the conditions of secondary mineral formation and the anic
uptake capacity of these mineral phases generated. The long-term stability of this sorption behaviour in this system was als
investigated.

Water and precipitate samples were collected at various distances from the spring vent to identify the effect of mixing ratios
between spring and river water on mineral composition and water-mineral distribution coefficient of various anions. On-site syn-
thesis was also carried out to support these data quantitatively. Furthermore, samples of deposits were collected from the riv
terrace at different height which corresponds approximately to the depositional age in order to find out the alteration of minerals
and possible anion desorption.

The results of the mineralogical and chemical characterization of the collected samples confirmed that the formation of sec
ondary mineral was dominated by aragonite at the mixing points of the spring and surface water, due to high Mg content of the
latter. Hydrotalcite like compound (Mg-Al hydroxides) was also detected as accessory minerals since the hyperalkaline spring
contain relatively rich in Al

During the formation of the minerals at the mixing points, HCO3- in the river water was fixed as carbonate minerals in arag-
onite and calcite phases while H3SiO4- in the river water was dominantly fixed into the interlayers and surfaces of HTIc. lodine
in spring and river water was mainly fixed in aragonite. XRD quantitative analysis by Rietveld method indicated Kd values of io-
dine increase proportionally to the aragonite content in the precipitate samples. Consequently, in terms of short-term assessme
particularly for I-, uptake by secondary minerals can be expected at hyperalkaline conditions as observed at Oman hyperalkalir
springs.
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Iron is an essential nutrient and plays an important role in the control of phytoplankton growth. Atmospheric dust has been
thought to be the most important source of iron, supporting annual biological production in the Western Subarctic Pacific (WSP)
We argue here for another source of iron to the WSP. Multi-year (2003-2008) time series observations along the A-line pro-
vided information on the temporal variability of the dissolved iron (diss-Fe) concentration in the Oyashio region of the western
subarctic Pacific and the data indicate that an annual cycle of surface diss-Fe occurs every year. Diss-Fe was supplied into tl
surface water in this region every winter and supports the spring phytoplankton bloom after development of the thermocline
The diss-Fe concentration was drawn down during the phytoplankton bloom period, and was depleted in summer in some watt
masses. Then diss-Fe increased from autumn to winter with the increasing depth of the surface mixed layer. The high diss-F
concentrations in the surface layer in winter were controlled by mesoscale oceanic intrinsic processes, such as vertical winte
mixing and horizontal Fe-rich intermediate water transport. Difference in magnitude of the winter mixing processes among
different water masses caused the heterogeneous distribution of diss-Fe concentration in the surface layer. Moreover, the vertic
section profiles along a cross-Oyashio transect showed the occurrence of Fe-rich intermediate water, and upward transport
materials from the intermediate water to the surface layer via winter mixing processes are important mechanisms to explain th
high winter surface diss-Fe concentrations. Additionally, the substantially higher diss-Fe/NO3 ratio in the winter surface layer in
this studied area than the other HNLC region indicating that the winter surface water in the Oyashio and the Oyashio-Kuroshic
transition zone has a high potential to stimulate phytoplankton growth.

goooo:0b0,0,0000,0000,0000000O
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Comparison of crystallographic texture coral skeleton with synthesized aragonite
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Coral skeletons are constituted of aragonite (Cg@C@ragonite is a metastable phase compared to calcite under the coral
growing environment. The growth process of aragonite has been interested for long years but not been raveled clearly, althoug
it should be greatly important for the reconstructing paleoclimate using variation of the trace elements and isotope in coral skele
tons.

Organic matters play important role in biomineralization, and sometimes controll the growth texture of minerals. For example,
the nacre of the shell is composed of layered aragonite platelets shaped hexagonal and the crystallographic c-axis normal to t
plane of platelets. It is well known that organic matrix sheets between the platelets control the formation of mineral texture in
nacre. However aragonite crystals in coral skeletons formed by biomineralization show needle-like shape and elongate along t
c-axis.

In this study, we compared mineral textures of the synthetic of aragonite with natural coral skeleton in order to consider the
biomineralization process of coral skeleton growth.

Synthetic aragonite was prepared by precipitating from quasi-seawater without organic matrix at 25 degrees C. Observatio
was made by using a scanning microscope and a transmission electron microscope.

Keywords: coral skeleton, aragonite
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Effects of magnesium ion on alteration rate and solubility of hydrated calcium carbonate
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INTRODUCTION

Calcium carbonates are abundant in nature. There are six distinct calcium carbonate species. Anhydrous polymorphs a
calcite, aragonite, and vaterite, and hydrated forms are monohydrocalcite (monohydrate), ikate (hexahadrate), and amorpho
calcium carbonate. Although calcite is most stable among these six phases, solutions contaftin@®g—, and organic
matter, such as sea waters and brines have been known to inhibit the formation of calcite [1]. Monohydrocalcite have been foun
in saline and alkaline lakes and sea water environment [2]. Monohydrocalcite is metastable unlike anhydrous calcium carbonate
and transformed to aragonite in aqueous solutions [3]. However there have been few studies that examine the metastability
monohydrocalcite quantitatively. In the present study, effects of magnesium ion on the alteration rate of monohydrocalcite tc
aragonite and on the solubility of monohydrocalcite have been examined in the laboratory experiments.

METHODS

Monohydrocalcite was synthesized by mixing solutions containing 60 mM Laf 6, 30, 45, 60, and 120 mM MgCl
([Mg]/[Ca] ratio was 0.1 to 2), where N&O; was added to yield a 80 mM G®~ solution. The resulting suspension was col-
lected every several hours and filtered through a 0.22um membrane. Total alkalinity of filtered solutions were evaluated by aci
titration and the total concentrations of 8aand Mg+ were measured with inductive coupled plasma optical emission spectrom-
etry (ICP-OES, Sll SPS7700). The filtered solid were air-dried, and analyzed by X-ray diffraction (XRD, Rigaku RINT2000).
The amounts of monohydrocalcite and aragonite contained in the resulting solid were evaluated by the external standard methe
[4]. Solubility products of monohydrocalcite were calculated by Geochemist's Workbench [5] based on total alkalinity, total
concentrations of cations, and pH.

RESULT AND DISCUSSION

Monohydrocalcite formed when mother solution contained?™gf 30, 45, 60, and 120 mM. XRD analyses revealed that
aragonite was formed 78-98, 101-126, 79-106, and 101-126 hours after beginning of the experiments of 30, 45, 60, and 120 m!
of Mg2t, respectively. After aragonite was formed, the peak intensity of monohydrocalcite decreased with time, while that of
aragonite increased with time. Alkalinity, Mg, and pH of the solution gradually decreased with time?**Cimcreased with
time until XRD peak intensity of monohydrocalcite completely disappeared. After monohydrocalcite disappe#reslightly
decreased. The increment of Garesulted in decrement of alkalinity, because the concentrations of dissolved components must
be determined by a solubility product of solid phase. The calculated solubility products of monohydrocalcite were constant in
the series of Mgt concentrations, but different among experimental conditions. The solubility products of monohydrocalcite
may be affected by the concentration of ¥gin solution. However, our result suggests the induction time of transformation of
monohyrocalcite to aragonite were not affected macroscopically B3 Mgntents in mother solutions.

REFERENCES
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Biogeochemistry of laminated travertines in Central Java, Indonesia
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Travertines are calcite or aragonite precipitates from hot-spring water containing a sufficient amount of calcium and carbor
dioxide. Most of travertines show sub-mm order laminations that were formed by daily microbial activities. Two previous studies
have suggested different processes in terms of responsible microbe for lamina formation; cyanobacteria that can grow and tr:
detritus on the travertine surface in the daytime and heterotrophic bacteria that can quickly degrade organic matter from cyanoba
teria on the travertine surface in the daytime. The former model was consistent to some calcite travertines (e.g. Takashima ar
Kano, 2008) and an aragonite precipitates on microbial mat (Okumura et al. 2010), while the latter model was confined to one
aragonite travertine (Okumura et al. 2011). Here, we study a huge travertine mound in Indonesia to consider the applicability o
these processes for the diverse laminated texture of the travertines.

Pancuran Pitu is one of the hot springs that occur around Mt. Slamet, an active stratovolcano in Central Java, Indonesia. Her
a huge travertine mound was formed along the water passage flowing on the mountain surface, which is 180 m long, 60 m wid
and 70 m relative elevation. The water temperature wa€ %t the vent, 45 to 3% at the mid stream, and decreased t6Q9
at the downstream. pH increased from 6.2 to 8.3, artt Gancentration decreased toward the downstream (273 to 100 ppm)
with respect to C@degassing and CaGQrecipitation. The other chemical components were constant throughout the water
passage. The mineralogy of the travertines was mainly aragonite throughout the mound, which likely reflects high Mg/Ca mola
ratio (1.6 to 3.8) in water. Three types of travertine were observed in the mound; (1) brown hard travertine at the upper stream
(2) light yellow friable travertine with green microbial mats at the midstream, and (3) light yellow crystalline hard travertine at
the downstream cascade. All types of travertines have sub-mm order lamination, however irregularity in the lamina thickness wa
recognized only in the brown hard travertine formed near the vent where the water had the highest temperature and iron conce
tration. The lamination of the brown travertine was unlikely formed by the daily cycle. Light yellow crystalline travertine was
formed only under high flow condition as in the cascade, while friable travertine with green microbial mat was formed under low
flow condition. The microbial abundance in the friable mat increased with decreased water flow and temperature. Observatio
using fluorescence microscope revealed that distribution of phototrophs along the lamination was only recognized in the friabls
travertine with microbial mat, but not in the other types of travertines, in which some other microbes were responsible for the
lamination.

The difference in depositional conditions, such as temperature and water flow, resulted in different types of laminations tha
were likely formed by different microbial processes. Understanding such variations provide some useful information for inter-
pretation of the ancient stromatolites.
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Timing of the emergence of oxygenic photoautotrophs (e.g., cyanobacteria) is critical to understanding the evolution of life and
the earth’s surface environments. Yet, no palaeontological or biochemical signature in rocks has provided unequivocal evidenc
for the emergence of cyanobacteria in the Archean era. Recently, Javaux et al. (2010) discovered large, well-preserved micr
fossils, which are possibly the remnants of eukaryotes, from sedimentary rocks of the Moodies Group, South Africa (-3.2 Gyr).
Since the emergence of eukaryotes likely requires molecular oxygen, cyanobacteria is expected to have been evolved before :
Gyr if the microfossils are indeed the remnants of eukaryotes. Therefore, the objective of this study was to find geochemica
signatures for the emergence of cyanobacteria in a shallow ocean environment from the same stratigraphic unit as that Javaux
al. found the microfossils.

We collected 26 sample of the Moodies Group both from outcrops and underground mining sites (e.g., Sheba gold mine) ir
the Barberton Greenstone Belt, South Africa. Sedimentary rock samples from the Sheba mine were divided into Magnetite-Ricl
Shale (MRS) group and Banded Chert (BC) group. Samples in the MRS group contain quartz, magnetite, hematite, chlorite
biotite, and chromite. While fine-grained hematite (less than 5 micro meter in diameter) is interpreted as a primary mineral in the
rock, large-grained (more than 100 micro meter in diameter) magnetite is interpreted as a secondary mineral transformed frot
hematite during diagenesis. All chromites observed in the MRS group is euhedral and overgrowthed by magnetite. The boundal
between chromite and magnetite is sharp. These characteristics of the chromites in the MRS group indicate that they were sy
genetically formed during diagenesis. On the other hand, samples in the BC group contain quartz, siderite, chlorite, biotite, ani
chromite. Chromites in the BC group are included in silicate minerals (e.g., chlorite and biotite), and often unhedral crystals.

Chemical compositions of the bulk samples in the MRS group showed that U/Th ratios have a negative correlation with both
Cr/Ti and Fe,,/Ti ratios. This correlation is very difficult to explain if minerals containing these elements were detrital in origin,
because while U is enriched in a felsic rock, Cr is enriched in a mafic rock. Furthermore, the changes in the U/Th and Cr/Ti
require the oxidation of U and Cr to decouple geochemical behaviors of U relative to Th and Cr relative to Ti. Correlations of
Fetot/Ti ratios with U/Th and Cr/Ti ratios indicate that dissolved Cr and U species (e.g,2Cidd UGQ2") in ocean were
adsorbed onto the surface of ferric (hydr)oxides during the formation of iron-rich sediments. These results suggest that a part
shallow ocean was oxygenated -3.2 Gyr, containing oxidized Cr and U species, and that ferric (hydr)oxides were precipitate
due to the oxidation of dissolved ferrous iron by molecular oxygen. Therefore, our findings imply that oxygenic photoautotrophs
flourished in the photic zone of the 3.2 Gyr ocean.

Keywords: South Africa, hematite, magnetite, chromite
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Geological and geochemical study of Archean sedimentary rocks of the 3.0 Ga Lumby
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Ecosystems at ca. 3.0 Ga on the Earth’s surface environments are not well understood. In particular, it is uncertain (1) whethe
phototrophic microorganisms were active and (2) where methanogens and methanotrophs were active. In order to answer tho
guestions, we have conducted geological survey of sedimentary rocks of the Lumby Lake Group, located in the Atikokan aree
Ontario, Canada.

Ultramafic-mafic volcanic rocks, including pillow and massive lavas and hyaloclastite were dominant in the area. In the stud-
ied area, marine sedimentary rocks, including banded iron formations (BIFs), were also observed. Black shales were spatial
associated with the BIFs making alternate layer.

Petrographical and geochemical analyses were performed on the BIFs and black shales. The BIFs were composed of alte
nating magnetite-rich and silica-rich layers. Apatite was found in magnetite-rich zone. This support that a primary phase before
magnetite was hematite (or goethite) because phosphates are easily adsorbed on Fe-(hydro) oxides. The black shales contain
to 4.3 wt% of total organic carbon and 0.0 to 24.9 wt% of Ssulfide. The carbon isotope compositions of organic carbon in the
black shales showed a bimodal distribution: -47 to -38 per mil (studied area A) and -27 to -20 per mil (studied area C). The
carbon isotope compositions of the black shales is negatively correlated with Ssulfide contents. The lighter values suggest tf
activity of methanogens and methanotrophs while the heavier values suggest the activity of photoautotrophic primary produce
Methanogens could have been active in this anoxic part of ocean water.

These shales also contain two types of pyrite: fine-grained layered type and nodular type. Layered deposition of pyrites in
dicates that these pyrites were formed syngenetically with other matrix materials. On the other hand, the nodular pyrites wer
composed of aggregates of pyrite and other sulfides (e.g., chalcopyrite, sphalerite and pyrrhotite), indicating that they were pre
cipitated from later hydrothermal fluids. Therefore, alterations of the sedimentary rocks by submarine hydrothermal activities
was widely recognized in the area.

REESs concentrations in the BIFs were analyzed by inductively-coupled plasma mass spectrometry (ICP-MS). BIFs in the al
studied area contain insignificant or positive Ce anomalies. This trend in Ce anomalies indicates that the BIFs would have forme
in low oxygen condition. On the other hand, studied area A contains significant positive Eu anomalies which contrast with studiec
area C having insignificant Eu anomalies. This suggests that submarine hydrothermal activities in the studied area A was mol
larger than studied area C. In particular, methanogens activities were constrained in very reducing bottom water environmen
where hydrogen from hydrothermal fluids was available.

00000:000000,000000,000000,00000
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Mineralogical and geochemical characteristics of pyrite spherulites found in the Nishi

Kannondou Kuroko deposit
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Pyrite spherulites are often observed in modern seafloor hydrothermal vents as well as ancient hydrothermal systems. St
fide spherulite has been proposed as an important material in the origin of life by catalyzing metabolisms or acting like a cell.
However, formation processes of the pyrite and their association to biotic processes are not well understood due to a lack «
detailed investigations on mineralogical and geochemical characteristics of the pyrite. We have recently found a possible foss
chimney and abundant pyrite spherulites in a small sulfides deposit (Nishi Kannondo deposit), an ancient (ca. 13Ma) seafloc
hydrothermal system, in Hokuroku district, Akita Prefecture, Japan. Objectives of this study are (1) to compare the mineralogica
and geochemical characteristics of spherulitic pyrite and non-spherulitic pyrite found in the Nishi Kannondo deposit, and (2) to
investigate the relationship of the formation of spherulitic pyrite and biological activities.

We collected various ore samples. Pyrite-rich ores are commonly found in western and northern side of the ore deposit. Blac
ores containing sphalerite and galena are found in the center of the ore deposit, and barite ores are from southern side of tl
deposit. These lithological variations correspond to the paleo-structures of chimney and mounds. Pyrite spherulites are foun
in barite-rich ores which may be located at the chimney out wall or mound inside: those were formed in low temperature anc
sulfate-rich environments, thus in distant from black smoker activities.

Based on microscopic observations, an individual pyrite spherulite, a few mm in diameter, is divided into (a) central, (b) mid-
dle, and (c) outer parts. Central and middle parts are mostly composed of radial pyrite crystals. Other sulfide minerals (e.g.
chalcopyrite, tennantite and molybdenite) were also observed in the central part. Middle parts are composed of concentric laye
of radial pyrite crystals and other minor minerals (e.g., chalcopyrite, tennantite and molybdenite). In chemical mapping of the
pyrite layers, concentric zonings of As and Cu were observed from central to middle parts. Outer parts are composed of cubic:
pyrite aggregates. These characteristics of pyrite spherulites indicate that the pyrites record periodical rapid and slow precipite
tion processes. We also propose that these characteristics of pyrite spherulite reflect changes in surrounding environments duri
the formation of pyrite spherulites, such as repeated dissolution and precipitation of sulfates in chimney or mounds.

Samples containing abundant pyrite spherulites are also enriched in organic carbon content (up to 1.6 wt%), compared t
those mostly containing non-spherulitic pyrite. S isotope analyses of these samples showed that S isotope compositions of pyri
spherulites were about 15 per mil lighter than those of non-spherulitic pyrites. This indicates that hydrogen sulfide for the for-
mation of pyrite spherulites was supplied through bacterial sulfate reduction. Therefore, our preliminary investigation suggeste
that biological activities were related to the formation of pyrite spherulites.

goooo:booo,0ob,0g,bbobo,oobo
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chemical studies on pyrite framboids
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In the Hokuroku district of Akita Prefecture, Kuroko deposits were formed at “13 Ma by submarine hydrothermal activities.
Previous study (Komuro et al., 2004) suggested that, during the formation of Kuroko deposits bottom of an ocean water becom
anoxic locally. When an ocean becomes anoxic, it may further become euxinic either by hydrothermal or microbial activities. Ex-
tents of anoxic or euxinic ocean and their duration have been poorly understood when and after Kuroko formations. In this study
geological, geochemical, and mineralogical investigations, including the size measurements of pyrite framboids, were carried ot
on mudstones in the Hokuroku district. Size distribution of pyrite framboids in sedimentary rocks has been used as indicators
distinguish oxic and euxinic ocean water (Wilkin et al., 1996). Sulfur isotope ratios of pyrite in the rocks were also analyzed to
evaluate activities of sulfate reducers.

Mudstones, named M3, M2b, M2a and M1 were collected from outcrop in the Hokuroku district. The size and chemical com-
positions of pyrite framboids in the samples were examined by standard petrographic microscopy, SEM, and EPMA. Contents c
organic carbon and pyrite sulfur of the samples were determined by an elemental analyzer (EA). The sulfur isotope composition
of the samples were determined by EA-IRMS.

Detailed size analyses of the pyrite framboids showed that mean sizes of pyrite framboids in the lower M2b mudstones (5.
micro meters) were smaller than those of the upper M2b, M2a and M1 mudstones (6.3 micro meters). This trend indicates the
the lower M2b mudstones were deposited under euxinic conditions, and that the upper M2b, M2a and M1 mudstones were de
posited under oxic conditions. Therefore, the bottom oceans were anoxic and euxinic soon after the Kuroko formation, and th
euxinic water overlaid the entire Hokuroku basin. Here we propose that such euxinic conditions prevent oxidation of Kuroko
deposits and contributed their preservation. Then the bottom oceans became oxic a few million years after the Kuroko formatior
The sulfur isotope compositions of pyrites in the mudstones deposited under euxinic environments range from -50 to -30 per mil
which indicates that redox sulfur cycling were driven by sulfate-reducing and sulfur-oxidizing bacteria at the redox boundary in a
water column. Interestingly, there is no signs of hydrothermal sulfur in pyrites in the lower M2b, suggesting the euxinic condition
was generated by microbial activities. The results of sulfur isotope analyses suggest that microbial activities were involved in the
change of oceanic environments to euxinic, even near submarine hydrothermal activities. On the other hand, the sulfur isotor
compositions of pyrites in the M2a and M1 mudstones range from -30 to -15 per mil, which suggests that only sulfate reducing
bacteria were active in the sediment a few million years after the Kuroko formation.

References

Komuro K., Kubota H., Sato T., Kajiwara Y. and Tanimura S. (2004) Trace fossils and sulfur isotopes in mudstones around the
Kuroko deposits in Hokuroku basin, northeast Japan: an attempt to delineate the depositional environment. Resource Geoloc
54, 4, 425-436

Wilkin R. T., Barnes H. L. and Brantley S. L. (1996) The size distribution of framboidal pyrite in modern sediments: An
indicator of redox conditions. Geochimica et Cosmochimica Acta, 60, 20, 3897-3912

00000:0000000000,0000,00000, euxinic
Keywords: pyrite framboids, Kuroko deposits, bacterial activity, euxinic



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
U020-P03 00:00000o0oooa Oood:50 240 10:30-13:00

0000000000000 0D000Dooooopoooon N
Evolution of water chemistry of paleolake recorded in the mineral compositions of the
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Experimental study on hydrogen production through hydrothermal alteration of komati-

ite
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Hydration of komatiite can be a source of significant amount of hydrogen in the Hadean and early Archean ocean floor. We
report the direct evidence for this process based on the results of our hydrothermal alteration experiments on the synthetic koma
itic glass and spinifex komatiite at 300 degree C and 500 bars. Starting materials were synthesized by dehydration and remeltir
of weathered Al-depleted komatiite collected from the early Archean Komati Formation, the Barberton Greenstone Belt, South
Africa. The komatiitic glass contained 10% aluminum and the spinifex komatiite contained 5% aluminum.

Since the composition of seawater in Hadean ocean have not been known, we use pure water and NaCl fluid for reaction wat
to examine the salt concentration dependence. In the experiment of komatiitic glass with pure water, accumulation of hydroge
(2.4 mmol/kg) over 2,600 hours is observed. This amount of hydrogen is truly significant and is comparable to those observet
by hydration of peridotitic rocks. Another experiment was performed using komatiitic glass with NaCl fluid at 300 degree C and
500 bars. This experiment is conducted to compare H2 generation process with alkalinity. The run is still continuing in our lab,
and the concentration of H2 was up to 2.8 mmol/kg after 1000 hours. The H2 concentration and the trend of H2 accmulation ar
comparable to experiment using pure water.

In contrast, 21 mmol/kg of hydrogen was produced in the experiment of spinifex texture with NaCl fluid at 300 degree C and
500 bars. The different of textures were reflected in the quantitative ratio of glass and olivine crystal in the starting materials.
This result indicates that the amount of hydrogen production is not so much by controlled by the seawater composition but by
the texture and the amount of alumiunm.

Our results suggest that hydrothermal alteration of komatiite may have provided the H2 in the vicinity of hydrothermal vents
that fueled the early evolution of living ecosystems in the Hadean and early Archean.

oo000:0000,0000,000000,0000,00
Keywords: hydrothermal experiment, early Earth, komatiite, hydrothermal alteration, hydrogen
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Solid-water distribution of molybdenum and tungsten under reducing ocean
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The concentrations of trace elements in the ocean are controlled by their adsorption onto ferromanganese oxide. Molybdenu
(Mo) and Tungsten (W) have similar chemical characteristics since they are congener of belonging to Group 6 family, so they
have similar chemical feature. However, the concentration of the dissolved W in the ocean is considerably smaller lower that
that of Mo, since the concentration of trace elements in the ocean is dominated by adsorption to ferromanganese oxides. Tun
sten is easier adsorbed significantly onto the ferromanganese oxides is and is removed from seawater, while Mo is difficult to b
adsorbed on the ferromanganese oxides and is readily dissolved in seawater. On the other hand, under the reductive ocean |
early earth, the concentration of these trace elements in the ocean might be dominated by adsorption on sulfides. In other worc
by changes in redox status condition due to the Earth’s evolution, the water solubility of Mo and W are expected to be reverse
to the present ocean. However, the solubility of Mo and W under reductive ocean is largely unknown. Therefore, in this study,
adsorption experiments were conducted under various systems conditions to simulate reductive ocean in order to investigate t
solid phase-liquid phase distribution behaviors of Mo and W under these systems. Adsorption structure and distribution coef
ficients of Mo and W were determined by using X-ray adsorption fine structure (XAFS) and inductively coupled plasma mass
spectrometry (ICP-MS), respectively. The measurement results showed that adsorption distribution coefficient of Mo is about ¢
times larger than that of W, and the two elements can be readily adsorbed onto pyrite under low-pH condition. Although their
adsorbed chemical species are also sulfide, while the formation of Mo sulfide is did not affected by the pH, while formation of
W sulfide did not proceed under high pH condition, where W sulfide was not generated. Thus, the water solubility of W is more
likely greater than that of Mo under reductive condition where the solubility is dominated sulfide.
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Mineralogy of natural and synthesized Bacteriogenic Iron Oxides (BIOS)
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Mineralogy of natural and synthesized bacteriogenic iron oxides (BIOS) was studied using XAFS, micro-XAFS, SEM and
EPMA. Natural BIOS were collected at 2 sampling sites: seafloor at Mariana trough and at stream from groundwater discharge ¢
Sambe hot spring in Shimane prefecture. BIOS synthesis was carried out using diffusion cell which can simulate BIOS precipita
tion in natural condition. Chemoautotrophic bacteid (errooxydan3 or heterotrophic bacterid (discophora were cultured
in one side of the diffusion cell. SEM and EPMA analysis showed similar precipitation morphology to all samples where iron
oxides precipitate around bacterial-induced organic materials. Although each natural BIOS were precipitated at different en
vironments, XAFS showed similar spectrum. Synthesized BIOS also show similar spectrum to natural samples regardless ¢
the species of iron oxidizing bacteria and the medium employed in the culture. XANES fitting suggested that BIOS consist of
ferrihydrite and iron-organic complex. This mineralogy will affect adsorption behavior of trace minerals onto BIOS.
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Effects of calcium chloride on the dimerization rate of glycine in agueous solution
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