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Indigenous Microbial Populations Dominantly Thriving in Deep Terrestrial Crust

OHEE R 1 5 sE R 15 SR R
INO, Kohei'* ; KOUDUKA, Mariko® ; SUZUKI, Yohey!

VORI AR TR
!Graduate School of Science the University of Tokyo

KIEHENC IZHIER AR DOMAEYIOERERIMFIET % EHEE SN TV AN, T OEMBOWIZHIHEA TWERLV, ZDJH
RNGHRHINC K 2ERO RO M AR 215 2 O D EARINCINEECTH 2 7072, R/ NRICHIZ 212, &S
EHEHIT 2D TId AL, HUED SR, NS 2 ENERITH S, 72H, H FAisR DR OBICTR WSO R
IR IR A U, I FIKDASRDIRAED HALZER, YIRS AT 220 B 5820 AIFETIERRER DK
537 5 &b BAE R SR EE & NI HREEHE IS BV T, (BKIE T BEFNTE D . BROEENED
5NEWEHIFL 09MI21 DI F/KZERIL LTz, LA L. HEHNC K 2 EREOEELII a7z, HRHIE%D 2009F 05 4
RN O IEZITO. MAEYRHEDLE T % X TOER 2Tz, I MK OLFEBIFBEMSEBIEUC KO AE LT, W
YRR O DTz, MK Z T )V 2 —T 55t L THMAEYIHITNZ5S . DNA ZHiti L, ¥ > AH—#Ic KD 16S rRNA
DIEEES 21572, 979, E O Z R DEdd) 2 —DIC £ £ 8T Phylotypel L. Rk Z1ED Phylotypel] DRk
RZIASMC UTce DIEOEENZ/RT 7 — M A Ty THERIGEC K DEIEE NIz, 2009F 05 2012/F DM D4
Bl 10 5 10° cells/mI TR & & 1D LTz 0 T RAEIANT ORI, 128D Phylotypeh s 5N iz, HiHE%
® 20094FIC Betaproteobacterill OFfE HME L L. Z D Phylotypeld if & /xR N C/k&EZ#ELd % Hydrogenophaga
JE& L Wisd TR TIZ 5 72 20114ELIRE L Nitrospirael" I OMIE NV E U THE L Lz, & 5IC. Nitrospirael]d Phylotype®
FRBMR, BB 00— OREEE RO RS & LS % T & TN LTz, B TE S LRI, Bl & (3K e
B K G HER L 22 RN B e BB AR R S e, AA ZAD T Y LEILT A MY Ak OfERS O Rk
HIcE i Uiz, £, REHROEE 7 o— b, S 4km O EROH FKRMERD SR E Nz PR
B /n—2eibE3 Ebhofz, TO NitrospiraelIc &9 2 M IEH FERZICHEIG U, KBERGRNIC @i 4B R
THMEMORFEEN N EEZ BN S,

F—T— B WA, (ER S AR, 16S IRNARHRAT, SRS, 7Y LELT A YA &, 1A danla
Keywords: subsurface microbiology, granitic basement, 16S rRNA gene segeuncing, Mizunami underground research laborator
Grimsel Test Site, deep biosphere
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Novel Lineage of Archaea Dominates Inside an Inactive Deep-Sea Sulfide Chimney

P TR R L T R R ok EUNE 2 HRE FHROREDR 3 BR R !
FURUTANI, Hitoshi'* ; KOUDUKA, Mariko! ; SUNAMURA, Michinari' ; KATO, Shingd ; NAKAMURA, Kentarg? ;
SUZUKI, Yohey

VHOUR AR EBH AR ISR, 2 MV ATBAE NI E ARSI N A A U Y — A > & —, 3 WINATBGE NI ET S B R pR
(JAMSTEC)

IGraduate School of Science, The University of Tokydapan Collection of Microorganisms, RIKEN BioResource Center,
3Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

SIEFALYIOR M THMMDEE LTz &9 2 ZmEHEHE, TRIEERUKE B Z IR DG E L TENIRL TV 5. BUKiE
BE RIS, BV OIAIRR IS ARLE LT EM D BB (EERERIC/E RS 5 T LIS NS D, #IHAHERIC S 72 -
TR TCIBRIRIC B TIABEE DN T2 0, A O IR ERENTZ o 7. T4, H N EMBICRE & SN S MBS ELR
BICHEMDER T 2 EHHOMNMCES> TETWVS. TO0, BTN TRBMIEY & ORISR U 72 MEY D
HEL, &EHLY) EAHEAEH S 22 A9 2 nl et @, AEMFE LI B 2 BRI OREI ORI D E D Hh b 7%
3% EZHMNE LT, HBEEVKEFLICTER LIz EEYNCE R LTt 21T 7z TNE TA ¥ FEEE KEEDRE
M EEVKE IS B0 T, BUKiGEIDME L L 7e SR LRGSR T v R F L= —NEOMAEYIRZENM TN TV 5D, |l
# T NitrospiraeM ORIE D E G Uiz—7F, %E TI3E S Lah o7z, Nitrospirael™ O & 65 8k 872 @ 1 5 s Kk
HROGETRIE SR TE LT 5720, ERREZHOMNCTZ T LREETHS. SEMIEYFEATDOMAEYIREEH
BT RO R TS FIC K > THEE NS D, KFEFEDATIE TR LS M L TWaERWy. 22T
ARFZE CLESEITHZE LRI U KREPEDRER U 7 F F I 7ICBWTT Yy RFLZ—%8I L, Sz 8iram, MAey
LRI 2R Uz, E9RR X fRalT, EETNE FHMBIBRB XU 3OV F =080 X Baotnic ko, WD SIE
ICEEHHL (CuFeS2)E, HPkILE (FeS2) #REALYIEMFLLITIRICH L, WEbZIE & A EBILINAEIC K D4 U5 8
Itz EbiRNT EBBHEMI > T, R ORBEMEA 70 RYJVTHID H U ikl b TRk LY o ik Lt
BIEIC K D ER UAER, NIBEZ <A MTH DRI TH > 72T ENERTE . RICHILDOXED S DNA Z il
H U — 7 P —7Z2 Wiz 16S IRNABE R FRIVINICHE D K B Rt 211> 72 & T A, SMIIT Nitrospiraelid
MEAMELE LTz, FEIAREZ LICARITIREHIFEOBIG D 33%E @<, TOEFIZERPCRIEICKZHETD
YR, R OER, 5, T OHMEO KA Deep-Sea Hydrothermal Vent Euryarhaeot@@HVEG) 125y
¥E N7z, DHVEG6 DIHIHDRMEHC DV TIRIIEIC K2R/ ziTo72 L 25, B~V 7 F I 707y RFL
Z— T35 M7 DHVEG O 5l I HREDOZUKIE H e RE D HERTY) I 513 5N T % DHVEGS 7)V— 7 L1358
TR RMERIEKT 5 2 LD, BEFIEYINERICHEIL LTz 7V — T Th 2 RN 5 5. f%l%%fﬂ]ﬁ@éj\?ﬁ & NEkE O
BIZ¥E% 728 SYBR Green T HOMAEYIRINIA O DNA ZHOEREG L, HEHL —P—BEMSEc ko gL ke C
%, FAPILEOZERR> R AN YRR T 2 DR T E /2. DL ED S Nitrospirael™ O X FE LV ZZ B RS
T, DHVEG6 O il 38 e i T2 Zhhiibd)s & OMEMEFICHES L THD, FREICEaNARETHS T
EHIRBE NI, TS DAY AR ERF O-BIER LY & A O EFR O RZ 6T 2 TEEMED D O, FIHAA: it
FICBWTEBLRENND L5 EMNARENS.

F—U— R Rl EEVKE I, SR ik, HHlE, DHVE6
Keywords: deep-sea hydrothermal vent, metal sulfide deposit, Archaea, DHVEG6
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Deep Carbov i 5 Sk L
Anoxic Fe-oxidizing bacteria are using deep carbon in hot spring environments

MNP R AE L REAT !
KAKEGAWA, Takeshi* ; TERAJIMA, Shogd ; NARA, Fumiko!

AR EREBEBR AR, 2 BAEK, 3 BER
!Graduate School of Science, Tohoku Universitghoku,3tohoku

Oku-oku hachikuro hot spring is discharging anoxic, CO2- and Fe-rich water. Hot spring water is flowing in distance from
vent forming carbonate terrace. Various forms of aragonite (bundle of needle shape, radial aggregates, plate, etc.) compri
terrace. Those aragonites are most likely formed by inorganic processes. Near the vent, significant amounts of iron hydroxide
are precipitating. Microscopic and SEM observation identified two forms of iron hydroxides; iron hydroxides covering sheath
and stromatolite-like aggregates. Fe-rich precipitates disappear with distance where cyanobacteria start to form mats. Stak
carbon isotope compositions of Fe-oxidizing bacteria are similar to that of cyanobacteria. However, radiogenic carbon isotops
compositions are significantly different between Fe-oxidizing bacteria and cyanobacteria. Cyanobacteria are using atmospher
CO2 with abundant 14C. But Fe-oxidizing bacteria are using dead carbon derived from deep underlying rocks rather than atmc
spheric CO2. Those data may constrain carbon ecosystem of Fe-oxidizing bacteria in anoxic hot spring environments.

F—"77— F: Deep Carbon, Fe-oxidizing, hot spring
Keywords: Deep Carbon, Fe-oxidizing, hot spring
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HOOTEHRGMEIC K O I E N7ciz b b 5 7 O EHERYITRERIC 1T % X 2 2N

A FL— MNERICB S I 20AEYR L

New Contamination Test Revealed Microbial Activities Related to Methane Hydrate For-
mation in the Mogami Trough

Frlel 2R 1 R SR 2 SR R L R REL S AR B3 SRR !
KATAOKA, Tomoyasu* ; YOSHIOKA, Hideyosht ; KOUDUKA, Mariko! ; FUKUDA, Akari® ; MATSUMOTO, Ry@ ;
SUZUKI, Yohey

VORI AR/ TR, 2 M ATBOE N SRR B TFFEAT, 2 BIIARSE BHSE - RIS RS
!Graduate School of Science, The University of Tokydational Institute of Advanced Industrial Science and Technology,
3QOrganiization for the Strategic Coordination, Meiji University

AR UINA R L— FOBEGEREZBH 5T B 72DIcid. IHEHEREY P OMAYIE#IZH5 C EWNEETH S, KE
INA R L— MEER T, MEYTBRODEVEX N> a7 ) > 7 THVNA RL— MNERRBIE 7 2 A M Z2E T E0
72, MAEYERNGAIIZO—2Y) — a7 NIV V20BN D %, (EROS—=T )V — Rt — X7z H
W B TGRS T, SRR OREZ — IR B IEMEICTHERZIEET 2 AR TH > e AR TIER—2 Y —
a7 NUIVEHCTER E T T ORENA FL— FDIRIGES 5 HEREY) 2 HRUCHRIZTT0). SNEX THREHI T
INTWaED S TKEHHDE S L—Y—ETH S 7 I/ Gz VT, i TR RrE R HMniL O 2 Hig Lz,
Z UCIGSYE 72 IEREICHHRE U7z 1T MUEYIRESRRHRUANT O X 2 2 A BOE PE ORE 21T EEYI A IR 5 2 % 502
ZEHli U7z SEHIEKICEIMUZ YT X/ G REIREE. T 8 X 10° ppb TAH) 2 + 100 AN THIEIT E., mdiiik s 1
NI T4 — HPLO)IC KD T 2/ GIEOER FIRM 0.03 ppbTh > 7z7z8d, RIlFEIK 1 ml FHADIRIKDIERZ 0.1 p
| £ TR 2 T &M TE T, BMEBIBISD S IHEK ARSI MAEYIDEE 5 X 107 cells/mIfF{E Liz/z&. MAEYIHIRY
ORAZHER 1 ml B0 10l LN)VTIMETE 5 T L Z BT %, 16S rRNAELS FARHTIC X 2 A VIRt I35 5
DWW EEHT I Gammaproteobacterfl O Shewanelldg . Listonelldg. Vibrio J&ORIFEDME S L7z, 1EROEVEET
F NS OMIEDM T Niah - Too BIERAR TR ER a7V v 7T b NI R I B IFIES %
Chloroflexi[']**, /NA R L— MG 2 HERY) CE GV S N 2 ARG ERED JS1° NTB2 DERRICE S L7z, i
SRR IO THIE UTe X 2 D AERGETER . BERE IR R S HRHIE KD B DG ROEE 2213 T e, CO, BTkt
FUITERE L OB R ENT ., FHIEOEEZKM L TWREDEEZOND, FFEITANIHERELT, N FL—Fh
OHLFT DA OHEREIE. FELRVED KD COy EITRIRD X 2 VERGEMENE <. T OWEIC I 2 W AEYiESE)
MAZ L DOMIAIRE TR > TAZUNA FL— MERZBTELH#EITL TWVS T EARBE NI,

Keywords: Methane hydrate, Marine sediment, Contamination test, Microbial community, Methanogenesis
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HECRAE I D~ > 7] BRI 8 2 A YRS _ :
Dense microbial community at the surface of manganese nodule formed in ultra-oligotrop
seafloor

FIf SN b DAk B2 2 GEEY shi 3 8K B2 3 Rtd sk 3
SHIRAISHI, Fumitd* ; MITSUNOBU, SatosHi ;: MORONO, Yuk? ; SUZUKI, Katsuhikd : INAGAKI, Fumio?®

VIREBRA, 2 S RN R, 3 e e e g
'Hiroshima University?University of Shizuoka?JAMSTEC

HBERBEOMAEEER FOMWEICRSNE I VA VMBS DOWT, ZOMEYN - (L ERHEIEIASMCT 37280,
|IODP Exp. 329CHEE S NIzidkl 2 W TG 217> 72, 2O~ VA VHBUE, FREOEEMRS L 5 7% 2 gEHEREY)
TIERENTHED, ZO(LEHBCOHRIIE R E0 SHPKERTH 2 L EZ BNS. BEDEZ Wz u-XAFS OFER D
5, TORVHVHEDFIZ 6-MnOy &7 —H A I 5EB T EARENTZ. £z, HEIERRIOSNE 5 IRMUNEE T
VDO EHE RN LERNE S, —Hicid@u~ A VBEENR SN, UV HBOIEERIZ 0.3%WEETHHMN, T
PUEEOHER & © B 10 % &0,

C ORI BIERE NIz YI /2 SYBR Green ICRGB LTS LIz T A, <V VMO 0.5 mmicE
WA ED MR K 0 & =HZ E @ EAVHIBA L7z, #1400 bpz iS5 & L7z 16S IDNAEMTOFER, <>
AR AER T 2 EREEE CEIEME - HlED OMBRIZERIMEEMOZ N e KEL B EZ->TED, U VB
R ERERBEZ IR L TV T ERENE. UAVHBICR SN HIEMEOZ 3t REtmcdo, B
MOV HVBILE RS Niah o, —J7, dflEOF L AL IE Marine Group ICJ& L, Frc~ > H HIER T
& Nitrosopumilussp. DFIEWN @ > Tz, THET VEZ 7 BILIC K > THAIZRER#ZTT S HHIETH O, ZOfGEHIC
2N T £ 5 IVF A F o X—EHEE LT 5.

HEREOFMATEHRER FOWE TIEE T R F—D0RZ LTV, Nitrosopumilussp. i3 i TIERWT VBT i
FICBWNTEHNREHDRETH S 720, VA VHBO X 5 HIEERIC B OERICHET 2 L E25N5. £
LT, Nitrosopumilussp. D& U= GBI EREBEYOE - RF—L 52 & T, IV VHEREOMEY
BENEFICE S EZ>TWB EHEEEINS. BIHIO~ A VBIEMEME 2TV FHt Fo 4—E8Z2E >TED, £
NP VA UBIICEERREE R LTS T EMD, Nitrosopumilussp.h¥< > 7 > BB RIS BES- L TV % AT HENE:
EEZHNS.
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BETF g 35U B HERW) 2 5 [HIBUK I D L S5 OTA I E A HY) & OREfR

Relationship between arsenic dissolution mechanism to organic matters in the marin
sediments from Kumano Basin

E0H WA I R A S R sz H154 2
YOSHINISHI, Haruka* ; FUCHIDA, Shigeshi ; MASUDA, Harué ; TOKI, Tomohirc?

VRBRI S REEREE G AR R W BRI, 2 BRBROR AP
IDepartment of Geosciences, Faculty of Science, Osaka City Univeisitgulty of Science, University of the Ryukyus

RS EHREY IR T 5 T LS N TV, AL TE., RO REE A = X L 28G5
728IC 10DP Exp.315¢ Exp.338Ic & > T C0002 (Fe¥FifF#L). C0021- C0022 (ffhifk) THINE NizidflzH VW TrHE
RS REC LIGBI LTz, RIEEYIORK & DBRICDOWT M5 Uiz,

C00021th15 (0~1000mbsi (mbsf=meters below sea floorcid, BIBR/KHO v ZEEIZ 100~200mbsfic h i TR
BENU. &KT 400ppbic 7572, 200mbsAE T 100ppbﬁﬁ%¥zfa’:f’9“7a\ 300~400mbsfic 3T 200ppbx THEhNS
%o A00mbsAE TR ZHild. 600mbsAEld 30ppbAin CIEIEF—EICR 5, HERYIH O v FEiERE L 5~13ppmT.
FFIC 300~400mbsfTlE 10ppmZZiZ TV %, HEREYIF CIREREZLICPE S 2isrs L RIRE O - AR S5 hah-o
7zo

CO00211l1 55 Tl& 0~150mbsfE Tl& 0~15ppbTiZIZ—E TH % H 200mbsfTHJ 100ppbD ¥ — V72 & %, FI-HEREY)
Db EJEE S 150mbsfE Tld 5~10ppmTdH %A% 200mbsfT 23ppmé., EHWMETH - 7z,

CO00221li 55 Tld C0021li 55 & [AIREIC RIFR/KH D b £ IE 0~120mbsfE Tld 0~15ppb TIFIF—E TH 5 H 120~
150mbsfC#J 100ppbD ¥— 7 & & %, Z D% 200mbsLiFlE 30ppbAii TIREIC X 22k 7m 0 HEREYIHh O v 2R
1d 3~12ppm TEHEIC K B 23R <, X5 DEMNREL,

— RIS KD & 2R 1.7ppbTH %, AWIZE THIE L IZRIBKHh O v EREEIZHKTO e BEE LD & @<,
EZICEONEIRT %, S e BV AR BRBEZ RIS K » THERYI D S EIBUKHICIA Lz 2 & 2R T

CO0021l1 55 Tl 0~500mbsfT pH A3 R B IC DN ZDAEHPESHEND D %, KIS KB HROLEZEET S
728 AsICl Z VT pH OB ZFINR% &, pH=8.3(1iE TREIAINT 2 T LW o Tz, SRIBIEY) - /KB (LIS L
TWBLE (LB 8BS FIcB O TS LHELEBIC D . RIBUKPAALT 2 2 LSRN TVEDT, T08
FiCHRBOIENC % £ EZ 5N %, C0021 CO022ii5i Tl pH & b FRIEEIIEBERA R0,

i 7z Rock Evalit:7z AV THERYI Fh O # O AR DIRE 72 29 Tmax iz fIE U 7zF558,. C0002i 55 Tid Tmax @{E

FWVEEIT (425~430°C) MIBR/KH DO RBEDNEL 25 T Do iz, TOMRETIIHEYIDEEY) & <RI
ﬁfﬁé N5, ULleh> T, ABEYOZBUC E > T RIEZHERY A S BIFUKRICEH U 7e e D %, C0021t (0~
200mbsy TEFEFRIC. TmaxfED &V ElR CRIBKP O RBENE < X5z, —75. CO022Hl i TIIHERY DFRL &
CROAEMICIEBERN RS NE N > Too ARV ORRGHETE & v FEOTEH & DBIfRIGT S OMETNETH %,

F—TU—F: b3k, I, 10DP
Keywords: arsenic, Kumano Basin, IODP
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INTGA DO EEEL VDA FY T =AY EHOEH LWV EhETORRE _
Development of Eh meter based on the enrichment and speciation of arsenic and seleniu
oxyanion in barite

RO B 1 5 vk 2K 2
TOKUNAGA, Kohei'* ; TAKAHASH]I, Yoshio?

VIRE R EHAIIE R RS o A T WAL, 2 GURYE KEABE AR i 2Rt BRI
! Department of Earth and Planetary Systems Science, Graduate School of Science, Hiroshima Ufidepsityment of Earth
and Planetary Science, Graduate School of Science, The University of Tokyo

It is possible that the distribution behaviors of redox-sensitive elements between water and authigenic minerals can provid
information on the oxidation state of the element in the coexistent water during the deposition of the mineral. Our previous
study showed that barite-selenium oxyanion system can be used as a reliable redox indicator for oxic-suboxic boundary becau
the selenate/selenite (Se(VI)/Se(lV)) ratio in barite was primarily correlated with that of the ratio in water. If the method can
be applied to other barite-redox-sensitive element systems as well, single barite particles can provide more accurate redox i
formation on the environment where barite precipitated. Thus, in this study, we focus on arsenic oxyanion as a coprecipitate
trace elements because arsenic (As) is dissolved in water as arsenite (As(ll)) or arsenate (As(V)) ion under suboxic and anox
conditions, respectively. If barite can incorporate both As(lll) and As(V) as well as Se(IV) and Se(VI), the As(V)/As(lll) ratio
recorded in barite may possibly reflect the ratio in water, which consequently indicates more accurate redox information whethe
barite precipitated under oxic, suboxic, or anoxic redox environments.

Coprecipitation experiments of As with barite were conducted under various pH conditions (pH=2.0, 5.0, 8.0, or 10.0) to
investigate the influence of the oxidation state on its immobilization into barite based on the speciation of As in barite and watel
phases by As K-edge XANES and HPLC-ICP-MS, respectively. These pH conditions were determined to assume the variatio
of As species in water: (i) As(lll) are mainly dissolved as H3AsO30 from pH 2.0 to pH 8.0, and H2AsO3- at pH 11.0, while
(i) As(V) are mainly dissolved as H3As0O40, H2AsO4-, HAsO42- at pH 2.0, 5.0, 8.0 and 11.0. The results showed that both
As(Ill) and As(V) can be incorporated into barite depending on their species in water at all pH. These trends are also observed :
different chemical composition of water and/or saturation indices of barite. Based on the laboratory experiments, it is suggeste
that barite-arsenic oxyanion system can be used as a reliable redox indicator to estimate the As(V)/As(lll) ratio in water. More-
over, we can estimate absolute Eh value based on the As(V)/As(lll) ratio in barite if the oxidation state of As in water was under
equilibrium in terms of the redox condition.

Natural barite samples collected in Tamagawa Hot Springs (Akita Prefecture in Japan), where the headwater was very acid
(pH 1.2) with high As concentrations (10Q@®/L), were also analyzed by micro-XRF and XANES to investigate the applica-
bility of barite-arsenic system as a redox indicator in natural systems. Ogawa et al. (2012) revealed that As predominantly wa
dissolved as As(lll) in this area by anion exchange method. The results showed that As in natural barite can be detected by tf
micro-XRF-XAFS technique and the presence of As(lll) species in barite, suggesting that As(V)/As(lIl) ratio in barite reflect
the ratio in depositional water. Thus, a good correlation between laboratory experiments and natural analysis suggested th
barite-arsenic oxyanion system can work as a redox indicator to estimate Eh range where barite precipitated and can be appli
to environmental systems where As was incorporated into barite.

Keywords: barite, selenium oxyanion, arsenic oxyanion, redox indicator, XAFS, distribution coefficient

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

BCG28-08 21105 FFR9:5 H 26 H 15:15-15:45

/A Fuadpb¥ A+ (CaCO3.H20D A gkt 731 A VAR KIS A DK E 2

WIETICIAY T _
Formation condition of monohydrocalcite (CaC0O3.H20)

L BT L D T B HER R TN SRR R 2
FUKUSHI, Keisuké* ; NISHIYAMA, Risa® ; SUZUKI, Yuma' ; FUKUMOTO, Hiroto' ; MUNEMOTO, Takash

LBIRRE, 2 AR 15 G ek
IKanazawa University JAEA

T/ NA Faiby A+ (MHC) i CaCO3. H2QDHH A & DIRIE IV T LD—DTH D, AIVTA T 5d5 A1
FOHELGEM E LTHIB NS, HIAFUCBWTIIIEN - 1m5R - M KICRE SN B H/KRRICZ DD RED 5N T
%o —MRINCHKERBIIC W THERNED 5 NS M OIEIIZEIE V. LML, MHC OIAfRIZIZ 10777 TH O, Zh
1 ETARRIE DBV & 13V 2750, Tz & Z IR s 3 2 REVSIEEEIEY O > 74 Ly (CaSQ) DiAfRE X 10746
BETHH MHC XD & 1000158 KEVDTH 5, HE. FHTIEMRIE D EWOIEYI Tl MHC DME/KEREE T O A4
WKRWEENZDIEAS I ?

MHC I3 KA TIIFHIHETH S M, FRE TN HICEKT 2 T P TE S, BARMIEZHKITREET S 7 L
(NayCQy) ZIRINT %7217 T MHC 34T %, H/KIEHER R DIV AF v —ThHBH,. TOHIBIILTTLEDE
BEEBICEENDIY TRV T LD MHC ZERE B3 72DICHBERRTTH B BB EINTVS, —hH. T %Y
7 LSS EOHFNC K D MHCIZA DAL T LIFTERV, B, MHC OERICIER TR T LWL TN DT
AIM?

H$H 51 CaCl /A, MgCl, AR, NapyCOs IATRZ MR ITIEE THA G DR, KRBV Y LOBKREREITS T
& T, MHC OGN ERET Uz T OREE. WIHIVAIRD 71V 7 LEEDIRIBEE X D & @, XTI LD H %
BREFEL TV REEIC MHC BWERKT 2 2 2Rz, ZDBRICKISAERIE. MHC & &K 73D LRI (+
AT RFA R MgC03.3H,0) I U CHIC o Tz DL EICIED K & MHC OAERSEME. /KIATKRD S MHC Z4 /LS
BIDICHIVT T LEREMEEENED L. GRS T 32w LR (MgCO;.nH,0) BVER TE A58 S T A
TZ%,

DLEDRERSIED S, ERLORMICEZ 2 T EMNAREE 755, MHC BAIRTAIRED M DS, HiEEREE EH
KR T %7 NREEIITARED @ (R AT R A S OVAMRIEIX 107°3), Uiehd > TERT B30 X 5 7%
HOKBREDAE L ENBDIEA S,

ZHLZLEH SN MHC DI ZMED Tz > WFIE T 7 A7)Vl (B2 DIVERKDFHIKIH) OWAKERY)IC MHC %
ROz L TH 5, MHC IZEILDHERESEICIIAFEE LRV, mEDISIINC BT 2EEICEEL T3, MHC OfF
TR EDOFSINCZ T T AV OKERERNE D 5 12 T L ZRE T 57122 5, AR TEN A RSN 2 VS
T T, #EBWOT 7 A7 )IVillo/KEZ EENCIEITT 28008 K%,
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Spatial distribution of chromium enrichment in 3.2 Ga Moodies BIF, Barberton Green-
stone Belt, South Africa

AN b R 30 (ol 85 L 81 a2
ISHIKAWA, Ko '* : OTAKE, Tsubash; SATO, Tsutomt ; KAKEGAWA, Takesh?

VBB R ARG T2EERt BRIBIEER S A 7 LRI, 2 BAb R AR AR A R i
IDivision of Sustainable Resource Engineering, Graduate School of Engineering, Hokkaido UnivBrsjtsrtment of Earth
Science, Graduate School of Science, Tohoku University

Geochemical data for ferruginous chemical sedimentary rocks (e.g., Banded Iron Formation: BIF) have been used to unde
stand surface environments on early Earth. For example, enrichment of Cr relative to Ti in BIFs that occurred “2.48 billion years
ago has been considered as a result of the chemical mobilization of Cr in acidic aqueous environments due to sulfide oxidation a
ter the oxygenation of atmosphere [1]. While the Archean sedimentary environments studied in most previous works are limitec
to deeper settings, the 3.2 Ga Moodies BIF in the Barberton Greenstone Belt, South Africa also indicated that Cr was enriched i
the BIF and was therefore chemically mobile in a shallow marine environments [2]. This finding could be significant because it
may indicate the oxidation of, at least, some parts of the ocean and therefore, imply the emergence of oxygenic photosynthes
However, spatial distribution of Cr enrichment in the BIF has not been well understood because the data were obtained fron
an outcrop and an underground mine. Therefore, the objective of this study is to investigate sedimentary environments and C
enrichment of the Moodies BIF at another locality.

Stratigraphic correlation within the Moodies group was confirmed by the 3 quartzite marker beds and 1 basaltic flow under-
lying MdS2. In the previous study, geological survey was conducted MdS2 at Moodies Hills (MH MdS2). We conducted new
geological surveys at 4 sections of the Moodies Group: a stratigraphically upper section than the previous study at Moodies Hill:
(MH MdS3), and 3 sections at a different locality, called Gate of Paradise in the Eureka syncline located “10 km northeast of
Barberton (GP MdS173). BIFs were recognized and sampled at all the sections, where the predominant rock types are sandstc
and siltstone. Whereas the BIF at MH MdS2 and GP MdS1 are overlain by silty sandstone and sandstone, the BIF at MH MdS3
GP MdS2 and MdS3 are overlain by siltstone. BIFs in MdS2 were the most developed, composed of3biol &nd continu-
ous Fe-rich layers. Petrographic observation of the Fe-rich layers shows that the reddish layers are composed of microcrystallir
quartz and fine grains of hematite (74®), and that the black layers are composed of large grains of magnetiten()50These
observations indicate that they are typical oxide-type BIF and therefore were originally formed as precipitates from seawater
Although chromite, which is a host mineral for Cr, was found in both BIF and clastic sedimentary rock (e.g., silty sandstone)
samples, chromite in the BIF was always overgrown by magnetite. This observation is also consistent with results from previou:
studies. Bulk chemical compositions of the samples were analyzed by WD-XRF or ICP-AES. The Cr/TiO2 ratios show that BIF
at GP MdS1 was enriched in Cr while BIF at GP MdS2™3 and MH MdS3 were not enriched in Cr. MH MdS2 is more enriched
in Cr than GP MdS1, which corresponds with the enrichment of Fe in the BIFs. The results suggest that both Cr and Fe wer
chemically supplied and co-precipitated from the ancient seawater. The results may also imply that oxic ocean were limited a
very shallow parts such as sedimentation level of sandstone.

[1] Konhauser et al. (2011) Aerobic bacterial pyrite oxidation and acid rock drainage during the Great Oxidation Event, Na-
ture, 478, 369-373.

[2] Otake et al. (2013) Chromium enrichment in sedimentary rocks deposited in shallow water in the 3.2 Ga Moodies Group,
South Africa, Mineralogical Magazine, 77, 1901.

F—U— R FRREELE, 70 L, 71 LERE, 78—/ 8 b VR, PRI E LY
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Comparison of Adsorption Behavior of Molybdenum and Tungsten to Pyrite Under Re-
ductive Condition

WL T e FER
WATANABE, Yusuke'* ; TAKAHASHI, Yoshio'

LERGURA AR AR 7 R th BRI
!Department of Earth and Planetary Science, Graduate School of Science, The University of Tokyo

Molybdenum (Mo) and tungsten (W) belong to the same group in the periodic table. They exist as molybdaté (Mo@
tungstate (W@*~) in modern sea water respectively, and have very similar chemical properties each other. It is considered that
the environmental behavior of both elements depend on redox condition. For example, the crustal abundance of W is almo:
same as that of Mo, while the concentration of W in modern seawater is 1800 times smaller than that of Mo (molar ratio) (Sohrin
et al., 1987). It is considered that adsorption to ferromanganese oxides is one of the most important removal processes in s
water (Kashiwabara et al., 2011; 2013). On the other hand, it is possible that sulfide minerals such as pyrite controlled the
concentration of trace elements including Mo and W in the palaeocean unnder reductive condition. Moreover, in some ther
mophilic bacteria fyperthermophilic archagavhich inhabit in hydrothermal environment, W enzymes are substituting the role
of nitrogen fixation performed by Mo enzymes in the present living things. Thus it is possible that solubilities of elements and
essentiality for living bodies are related to each other. However, the solubilities of Mo and W in palaeocean are unclear becaus
few studies have been conducted about adsorption behavior of Mo and W to sulfide minerals under reductive condition. In thi
study, adsorption experiment of Mo and W to pyrite was conducted using anaerobic chamber which can control the concentratio
of oxygen to clarify the adsorption behavior of these elements under reductive condition. To estimate the distribution coefficien
(Kd), adsorbed amount of Mo and W were measured by ICP-MS, and X ray absorption fine structure (XAFS) measurement:
were conducted to study adsorption mechanisms of these elements to pyrite.

Concentration of sulfide ion £S), pH values, and ionic strength were controlled in the adsorption experiment. Under the
acidic condition (pH= 4.0), Mo was adsorbed to pyrite better than W, and the adsorbed amount of both elements were decreast
with increase in pH. It is suggested that both Mo and W existed as sulfide species both liquid and solid phases from the resull
of W L3 edge XANES and Mo K edge XANES. On the other hand, in the absenc& oft®th Mo and W existed as oxygen-
coordinated species in liquid phase, while only Mo absorbed on pyrite as sulfur-coordinated species. These results suggest tt
Mo is adsorbed on pyrite strongly by forming inner sphere complex as sulfide, while W is adsorbed weakly via outer-sphere
complexation.

Our experimental study clarified that Mo is adsorbed to pyrite to a larger degreee than W, which is the opposite case to dis
tribution behavior to ferromanganese oxide. In palaeocean environment, we suggest the solubility of W was higher than that o
Mo, indicating that the solubilities of these elements were varied with changes of the redox condition of earth’s environment, anc
it is possible that the difference of solubilities affected the essentiality of elements for living bodies.

F—U—RBVT TV, BT ATV, X KRR, W28, /8154
Keywords: Molybdenum, Tungsten, XAFS, Adsorption behavior, Pyrite
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&2 IR BERIC FE 3 5 biotite-vermiculitd RS TE SRV & 7 D2 > LGS %)
Biotite-vermiculite mixed layer minerals from eastern Fukushima, Japan and their Cs-

sorption behavior

g sElh o A TR H R T L Ve i
KIKUCHI, Ryosuke* ; KURAMATA, Chisaki' ; INOUE, Sayaké ; KOGURE, Toshihird

DIRGUR AR BRSBTS T R R 2R S R 2 E K
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JFREHERIC K > TR E N zigE o7 L (Co) &, BRI/ ET 2R LI Was U, Z DL - B8
MIZ5NTWS, kLI Hh T8 mk L7z biotite (RERP) 1 CsERED @V LA ZiL T Lic < <, it
% CsZHRrER YA MCEERT 3 EZSNTVS, —/ T, WERIEBOZ I3{EME - [EmPIReSROEI S L
THH., ZNoAEILT % EFLC 5V T biotite & vermiculite DIR S BN & 75> 123N EEICEEL TV 5,

AHZEE 1) fmERICIFES % biotite-vermiculite (B-VYESEIIMN ED K 5 Rz £ DI TH 50, 2) ThH o
SN ED X ST CsZRET BDD, D2 H5EHSMCT ST EZEHNE LTV,

RERCHW S B-V IR A TE YR BV NEFHT N O RS TR XA e B A OB BIfkE h S A U 7z, [l UEIEL
L L EHEOFTED 5 AR FED biotite 2 &, Fi/x % EULIRRED R 2 fi Z 72,

T O B-V BB EIY ORI S M T B 7, /AR B OFAR X SRIEHTORIE & 4D XRD ¥ 2 a4
L—3< 3 > (Sybilla, Chevron Energy Technology Compaiyjt- 7z, 2 FHDEDRAGINEEZ KT INT A—2 2 Z{bT ¥
DD, XRD ¥ 2 b—r 3 VLK eIRMEEIGIME L O 280K T & T, ZORMSIREOR 2Tz, Z Dk
R, FAUCEED SRS NidE o EbEREOE D (B2, HEPFRREEOEL TOEIL) IcX>THRAE% B-V
JEDIRGIREEICE S T &R E Nz,

/ﬁtk CSClATR & #Efih ¥ % T & T Cs Wi X ¥ 72 Jaft biotite it FlD XRD /82— 72 illi@ U, stk & [FkEIC
VIalb—YareDREITo T, TOE. LU LERD XRD /32 —&, 171 CsHE & N7 IREEIC
BWTE vermiculite ENDY 2T LOR D AT NIGICATEANZFET 52 L THIHTE o £ LT OREEM
HAADF-STEM IZ K 2 flEhH D Cs i DEEESN b & Nz,

F—U— N WEEFEE, Y L, BERE, XAREET, BUL, BT

Keywords: Fukushima nuclear accident, cesium, biotite, XRD, weathering, mixed layer mineral
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An experimental study on the correlation between chemical weathering rate, physica
weathering rate, and rock hardness

Bl Ik
YOKOYAMA, Tadashi*

L RBROR AR A B B A 2R e MR AR 7 E
'Dept. Earth & Space Science, Osaka Univ.

Weathering of a rock in stream water often progresses by interplay between the weakening of grain boundary due to dissolutio
(chemical process) and the detachment of grains due to abrasion by water and collision of other rocks (physical process). Roc
hardness is expected to be a controlling factor of these processes. The purpose of the present study is to understand how
chemical process and physical process are correlated each other and how these processes are affected by the rock hardness. 1
Berea sandstone samples differing in hardness (Leeb hardness) were prepared. Each sample was soaked in water and a ball
repeatedly collided, and the way at which weathering progresses was monitored. Total weathering rate (physical weathering ra
plus chemical weathering rate) was determined from temporal change in total weight of the sample. Chemical weathering rat
was determined from temporal change in solute concentration in water. Physical weathering rate was calculated by subtracting tl
chemical weathering rate from the total weathering rate. The results showed that total weathering rate decreased with increasi
rock hardness. The quantitative ratio of "physical weathering / chemical weathering” increased with decreasing Leeb hardnes
and the physical weathering rates were 4-371 times greater than the chemical weathering rates. The physical weathering rate w
found to be exponentially correlated to Leeb hardness.

F—U— AR, PrEafL, S A s
Keywords: Chemical weathering rate, Physical weathering rate, Rock hardness
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pH 2-4, 5-55CICHIF 58k OK) BRI D@ L imiIntse
A kinetic study of the formation of iron (hydr)oxides at pH 2-4 and at 5565

TRy PEFB 1 Bl L g s
NAGASAKI, Sagakuni* ; YOKOYAMA, Tadashi ; NAKASHIMA, Satoru*

URBROREAR A B AR HIBR A A

!Department of Earth and Space Science, Graduate School of Science, Osaka University

HBRER BRI I, % OK) BIEMIDIAS AL THED . ZOLERGHEERPIERE, # OK) Btz N LiE
BEEMEHIN TV S, 8 0K BIEYE. Saiyho Fet 2 Feét o, Bk (Fet — Fet), KRl fEb
Ir EOMEREERTERT %, AW T, 18E Fet D DEUKBEEYIAVEK T 2 RIS DW T, RIERA A U HOE N
pH DEWY (pH 2 - 4) DGEEIC NIE B2 TNz,

9. HERCTORIGHEE RIS T-DIC, FeCl ZHUKICTARE B, Febt 100 ppmDiATHZIER Lz, T DISIR% .
15, 25, 35, 45, 55C TS E Tz, 25 CICBW T, MFRIERDIAEIRD pH & 2.7 ThH > 7o, Kok & I 22X T
WA Uz, TOEKS 7% pHDZMLIZ. TA1E Fet OKFT (HT D) —717 Fe(OH) —[E{A Fe(OH), &\ 5 RISHHETS
T ELB EENTWS (Grundl and Delwiche, 1993 L7zh5> T, 1AIRD pH ORFEZ{L RS C Lic kD,
KRB OEBGRZICE T 2 EHRNME 5 N5, pH ORFEIZ(bEDN 5. AERICEET 2 L HEE N 575177 Fe(OHY
DL/ NE W (EARERDEN) R 28 7%, —XRIGHRTA(E Fe(OH) IRE DD b & SICHED
B & —REICHIRZE#N 5 TN TR DRR BNz, RISHIHZ [751F Fe(OH) —[E{A Fe(OHY] D—XR i & IRE
LTEBNRIREICBT B RISHEEERIZ 3.3 10° - 1.1x102s P THY, 7L=wA7ay k FlicB0nTXW
EAENED 5N, TOEMOBEE NS, EHLT X )VF— E, = 118+ 5 kI/molZ{5 7z,

R, R, R, R TORISHEE % TS 57251, Fe(NQy)s 9 7/KFWI. Fe(SOy)s n/KHIZ W TZh
ZHFEST 100 ppmDISRZER LTz TNH DR . HfERIE 15, 25, 35, 45C TRIGE ¥, fiERIE 25, 35, 45, 55C
TRIGER Tz, 25 CICHBNTUE, FEEZD pH X, BRI 2.9, BRI 2.7 Th o 72h, K ORGE & HTHs &
£ 25 F T Ulze RIGHEEERZENT 5 L. WiERIZ 2.7x 107° - 3.6x 103 s | ffiEHRiZ 6.7x 107° - 5.9
x103stix, EB58 7L A7 0y b FIZBOTXWERENRO SNz, TNEOMENS, HiESR Ea=
122+ 4 kd/mol. Wils%k Ea = 119+ 4 kI/molWME 5N, =DDREA 4 Y OREHICE b 59 E, DiREOHIP T—H L1,

BA%IC, pH 3-4DEIPH T DR JEE & FIN B 121, FeCk ZHUKICIAMRE ., FT 10 ppmDiaikZIER LTz, T D
Bz, 5,15, 25CTRISE Tz, 25 CICHBN T, 1ERIEZRDAIRD pH & 3.8 TH o 7ehY, KD FfE & Hic 3.3 %
T UTzs ROSHEEEEIZ 2.7x 1075 - 29x 103 st &40, 25°CICHENTIE pH 2.2 - 2.7DfEE KT 2 £H)
1615 Kk&Emotz, £l E, =162+ 3kI/molES N, pH2.2 - 27 THESNIZE, (118+5kJ/mo) kb L kEL
o iz,

F—— R, SRR, I b 3oL F—
Keywords: kinetics, iron (hydr)oxide, activation energy
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W5 DWIKGEE & Z OELH R
Imblbltlon rate of water in sandstone and its rate-determining process

R A e L I 2 v L e
TSUNAZAWA, Yuya'* ; YOKOYAMA, Tadash? ; NISHIYAMA, Naoki2

VHRGURZAIEEBE AR ZE R BRI A2 I, 2 RBOR AR A BB AT SR H BRI
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afLkhEMT 3 L, BEENCKDEADMBRITKDIGATE NS, KOREHREXx , K ¢, EOYr OBfRE L
T, Lucas-Washburn(L-WRAD K < WS NS :x2=rytcosd/2u (v @ Kiak 1, 6 R, 4 @ f5E) L-w FUTHEHIL
fex bt 2T 5 &, —Ricr 3FEEGRREX D R0 /NEL KD, TOEKD, L-W K TEEL THWEWRETFIC
KBDh, FNEd, EBRIT/NE ERIBROKGHEE D 2RO RKEE 727/ L TW5 D, Bereafhsz W TNz,
C ORPEIF R 1-100um OEBRDERT, D55 959, EAEE 3 um KO KRELRRTH S, £9, 2TORKRIC
IKINZEL © %IR8 (HZRRRE) TaaaY (Eff2.6cm @& 5.4cm O RMEZKITRL, x, tZHlEL, R, &
MIBRZ /K Tl 7z L7z a7 H A EZ DT T 3 um KO KRZERBROKZFLUH L, 3 um X O KEEBBROARIIKDIRE
U2 2IRRETxX, t ZWE LIz, ZDRE, K2 UKW ZTT - 7258 L HXT, 215K TIEWIGHIE (=x/t) HY)
1217557z TORRIE, INERMBRNKNZIET 5 & RIROWAGEENEL 725 2R LTEHD, /NPT
HES ORI 2R DU ZHEH L T 5 T L Z2RB T %,

F—U— R BES, BokEE, Bk
Keywords: capillary force, imbibition rate, pore
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