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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.
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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

lake sediment from Darhad basin

0000 oooo?%00002%0000¢
Madoka Fuchizaki*, Keisuke FukusRi, Kenji Kashiwayd, Hitomi Abe'

l0oooooOo00000000,?200000000000000000
IKanazawa University Kanazawa University

gboooooooooobooboboboooooooooobobobobooooooboooDooboboboboboonoo
oboooooobOoboboooooboobobobooooobooobooboboobobooboobOOoboboooooon
gbooooooobobobooooooobobooooooboobobobooooooboobOoboooooon
booooobooboboboooooooboboboboooobooobooboboboooboobobOobooboooooon
gooooooooboboobooooooboboooobooooobDobobOoobOooooobDOobDobboooOoo
goooooooboboboooooooobooboboboooboooobobobobooboooobDobOoboboobooo
obooooooobOobooooooooboobobooooooooobooboobooooooobooboboooon
obooooobooog

00 XOOO (XRD)OOOOOOOOOOOOOOOOOOO0DOOO0DOO0O0O0OO0DO0oOooooooooooo
booooboobobobooooooobooboboooooobooboboboooooooboOoboboboooon
goooo



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

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U"m .
U020-P04 000000000000 0050 240 10:30-13:00

ooooooogoopoopoo
Formation condition of monohydrocalcite

o0oOo ™ oooo2o0o0003
Risa Nishiyam&*, Takashi Munemotq Keisuke FukusHi

lopooooO0o0O0oO0000,?20000,300000000000000000
IKanazawa University Tokyo University,>Kanazawa University

Oo00oooDOOo0obooDOo00ooDOOo0ooDOOo00oo0ooDO0oOooOOoOooOOoOoOoDooOOoOoooocacag
H,O:MHCOOOOODOOOODO,2008MS00002008MSI 000 000DOOCO0OO0OO00O0ODOOODOOODOOOOD
ooooobo0oooobooOoooooMHCOOOOOOOOOOOOO0OODOOOODOOOOOOOMHCODOOOO
boocoooooboboboooooooboboboooooooooboboboooooooboobobooooon
o000 cadMgOd co,0oOooooOoooooooooooooooooooooooooooooooooooo
ocooooMHCOOODOOOODOOOOODOOOOOOOO

oooooooOoooOmMgbOoOoDOOO0OCxxCOo; 0000 MHCOODDODOOODOOOOODODOOOMHCOO
OO0 seMOOOOOODOOOOOOOCOOO Mg/CaUOUOOOOOOOO 20030p mOODODOOOOOoOoQoooQ
goOoCoOCOOOoOOoOO0OOMg/lCaDDOOOOODOOO BO15py mOOOOOOOOOOOCOOOOOODOOOOOOOO
C¢t0CO2-0000000000000D00000KOOOOOOaQ



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

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U"m .
U020-P05 000000000000 0050 240 10:30-13:00

00000 EBEuWDO0D0O000gOoO0oonn _ _
Surface complexation modeling for Eu adsorption on granite

0000 ™ oooooYhLoooo't,oooo?2oooo20002
Koshi Maed&*, Yusuke HasegawaKeisuke FukusHi Yuhei Yamamotd, Daisuke Aosdi, Takashi Mizuné

lopoo,?00000000000
IKanazawa University Japan Atomic Energy Agency

gooooooooooooooogogooooooooo soomobOOOOO0O0OO0ODODOOODODOOODOOOoO
gbooooooboobobooooooooboboboooooooooboboboboooobobOoboboooooon
obooooooooooboobobobooooooooboobooboOoooooooooboOobOoboboobooooon
oooooooooo0o0ooobooOobo0oOooooooOoboOoOoooob oo boooobooooobDboooooooD
boboooobobobooooooooboboboooobooooboboboooooboobooboOobOoboooooon
gooooooooboboobooooooboboooooooboobobooooboobDobDoboboboboooOoo
oloo0oooobooboooboboobooboooobobooobobooooobooooboooooOpHObOOnDg
oboocooobooboobooooooobooboboobooboooooooboobOOobOobobobooboobOOobOoboOobn
gboocoooooboboboooooooboboboooooooboobOoboboooooooboobobooooon
boooooooboobobooooooooooboboboboboooooooobooobobooboooboooooboon
goooboobooooobooooooo

goooooooboooooooogoobooboboooobooooobobobooboobooboobDobOobOoboboo
obooooooobOobobooooooobOoboboooooooooboobobooooooobooboboooon
ooooOoOoooooooooooooobo seomboobOoOoOooboO0OoDObOO0O0oDObOOoODOOoOoOoOobOOoboobooO
ooooobo0ooooo0ooooo0ooooo00 1000 O D00OOOO0OO0DODpHODODODODOODOOOOOO
oooooo0oooo00 bbb O0O00O00O00RULOODOOOOOODOOODOOOOODODOOODOOOO
goooboboooboobooooboooooobooooboboboooDoboooooDo

ooo0o0o0:00
Keywords: adsorption



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-P06 00:00000o0oooa Oood:50 240 10:30-13:00

oooooogoo
The identification o

rocks

DEDDDDDDDDDDDDDDDDDD
a

f a bioalteration texture occurred in low-grade metamorphosed green

oooo,oooo!
Hisanari Sugaward, Masayuki Sakakibata

l0oooooOooooooon
LEarth Sciences, Ehime University

gogoooooboooboboddoooooooobbobobbobodooobD Db bbb oUoOo o
0000000000000 0000000000O000O000000O00O000DO00000DUOooOOooUooooOn
0000000000000 0000000U0O00O000000O000OO00U0DO0O0O0ODOOoDOOOoUOoOoOOO
0000000000000 0O000OO00000O00DOo0OO0D0DOOO0O0DoOoOoOoUooOOoOO

goooooobobobbbooooooooooboboboobobbbdoD bbb bbb O
oo ooboooboobbbbiddobo DD b O
00000000000000o0doo0oooUooooolovViOoo0UDo0oo0o0oUooooooUooooo
0000000000000 00O00000000O000000O00U0O0O000O0ODO00DUO00OO0OOoDUOoOoOoOo
O000o0ooO0o0oooooooooo

00000000000O000O 300000000000 O000O0OO0LOO00O0oOoOO0DOoDOOoOOOOo
goooooooooboboobobbobootboddooooob bbb bbb b
gogoobobbooooooboobobodoooooonbobbboooooobbboboa

0000000000000 10o0p mOO0O0OOUOODO0O0O0O0D0D0O0O0O0O0O0OUDOOO0OODUDOODOOOUOOO
00020y mOOOODO 4000y mOOOOOOOOOOODOOOOOOOOOOODOOOOODOODOOOOOOOO
gooooooOoOoOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 40000
gL bbb bbDbboO
gooboobboooomoobobobobboooooobo bbb b ooboog
O000O0000McLoughlinetal., 20000 0000000000000000O0O00OOOOOOOOOOOOOOO
Granulohyalichnus vulgarisp.0 Tubulohyalichnus spiralissp.J Tubulohyalichnus annularisp. 0 0 000000000
o0ooooon

googobbooobooobooobbuooubooobobbooobobLboboobboobboooboo
O00000ooopoooooooo0 CcCO0000Uo0ooo0ooooooooDO CcCoDoD SDAIDDODO KOO
00000000000 000 CcOogguoggggsSiDAldKOCaFeO OO MgUOOOOOOOOOOOOooQQ
00000000 POOOOOOOOO

0000o00o00000oO0o0000oOo0O0000oO0000oO0O000O0O0O0D0OOoOO00DOoDOOOOoDOOoOoOO
0000o0o0O000o0oOo000ooOO0o0o0oooOO000oOOoOo00D0oOO0D0DOoOoOO0OODoOoDOOOoOOoooOOO
goooooboooboododooooooooboboobobbodoobLD bbb bbb L O
0000000000000 000DO000O0oDO0o0oO0bOo0ooDODoDCdrFe0d0DO MgOOOOOODOOODOO
0000000000000 0000o0000O000o0OU0000O00O0U000DL00DUO0DOoOoUDOooDOooOoUoo
000000000000 POOOOOUCOOOOOCOOOUOUOCOOOOUCOOOOOUOOOOOODOOOOOOOO
0000o0o0O000oooO0o00ooOo0o00ooO0O00OoOO00D0OoOO0O0D0DOOO00DOOOOO0ODOOOO
oooooocC,PNOD0O000D00D0O00D00D0000DO0Doo0ooDOoooooOon

o0o0o00:0000000,000,0000,000,00000,0000000000
Keywords: bioalteration texture, greenrock, criteria, Maizuru belt, biophile elements, elemental mapping analysis



Japan Geoscience Union Meeting 2011 Jd
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
I‘%‘Ei‘?"..
U020-P0O7 o0:00doooooood Oood:50 240 10:30-13:00

000000000 D0o00o0Doooon _ _
Experimental study on hydrogen production through hydrothermal alteration of komati-

ite

00000 ™*00002%400003%00003%00000%0000Y 00040000141
Motoko Yoshizakl*, Takazo Shibuyj Katsuhiko SuzuKi, Kenji Shimizi#, Kentaro Nakamura Soichi Omort, Ken Takat,
Shigenori Maruyam@a

l00000000000000000,200000000 000000,*000000000IFREE,Y00000O00
000 SUGAR

!Department of Earth & Planetary SciencéSAMSTEC, Precambrian Ecosystem LabJAMSTEC, IFREE,*JAMSTEC,
SUGAR

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
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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) 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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