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Splashed Hadean Seawater Hypothesis
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Melting of Hadean continents and its influences on the environment by Late Heavy Bom:-
bardment

S EN Y AR OR B HR K 2
SHIBAIKE, Yuhito'* ; SASAKI, Takanort ; IDA, Shigerd?

VRO T A e R BR S R A I, 2 U RS AR E BB A TR i VP2, ® AU AR A A
g

IDepartment of Earth and Planetary Sciences, Tokyo Institute of Techndbgpartment of Astronomy, Kyoto University,
3Earth-Life Science Institute, Tokyo Institute of Technology

HERIGEMHE LR THY, EEROBREOMHRIIEETH 5, YRFOEEKIIHIER FIcK > THmnh, K
PEHFRMEAE L C WS e R T VA VEERD RO > T 05, DD, EFMRITKEZEE LD, ZO%MA5
MOTOEATHELIEEEZDN TV, TOWHETOEADKEGE LT, EFARBO/NKAEZROESD, BIE
1R (LHB) M%IF5NM %, LHB IZE TROEEICEEL IRV R,

COWZETIE, CTORSZERNDDERRIICHEND., LHB IC X > TR TOEFARFERIGIT BATREMEA DR
R UTee TR BEZERADY A X04h (SFD) ZRIFAMLIL, TONREEH aB/N\TGA—Z—L L TE52k, E5IC,
LHB ML T 5 % % 8% HAIC KB Lz, Z U T, LHB IZ &K » THED B WIZTARE S N B AR I X UFa iR
2. HHEoO _FEEOMN BN TH 5. LHB HICHEZE LR KOEEIB XU 20kmlL ED 7 L— 2 —OREEE i) 5
kb, FORER, a<1.5THNUX. LHB W TOKFEMR ZTARIS 2 0[REEN D % L b o7z, LA L. a=1.61
DEODHOEBLSDEWGET a DL Eid, LHBIC X DHIBREmOYE D U AR LisnEbh -z, 5. TOHEE
EHTR D RO SIERIDENHE 2R EEZE L T3, ThUd. HEREOERD 100kmLL FORFSETC 3¢ EZ %250
TW5, 72—/ T, LHB LLiDEZEZ2 T U, Ko 2 OiRMNARYI TEbDN S,

CORNHEDERIZ. TSA—3 vy DX IICHIFRES Y MIVDIREMN SR, BElox I T—)L, D
FORFINES IIA =2 v U RIBIRT %7255, TDXIE IS —)VTIE. KREEPO XL S5 L DHHEICTE 3
EEZBN, TN EMOIEICHEIRA) TLEY VOMKIREEZSHE LNVEV, TOFRETIE, TOXHIICETE
REIBIC RIRE S5 2 2 B i d %o

F—U— F: ROIEEE, EEAA DR, RIKEZE, Ean O], KREmths
Keywords: Late Heavy Bombardment, Hadean, Asteroid, Impact, Origin of life, Continental crust

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]‘c‘;g{;‘sgime

Union

BPT23-03 215104 FFR:5 H 25 H 09:30-09:45

RO NI D Tk 7y ek & FHHER D 71k L _
Major element composiiton of the missing reservoir. Implication for the early Earth dif-
ferentiation
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BRI RS A NEOMEIENERL, B LIzEEZ SN T WS, FD78, I ML - HiFoO#aA (bulk silicate
Eartt: BSE)l&. #HHEFEMENOMICASHRWEAOTCEICBW T, OV R4 MAREEEEFEDOI T TH B, LrLah
5—HBOBAITRICBN T, BIEFICA B HIBROEEIE ST (accessible silicate Earth: ASE)a > RS 1 s & 8755 [Hf7
KRB B Z RO T EDHE DI > TE (B A 42Nd/**4Nd, Nb/Ta) L7zM>TBSEZIY RI 4 REE
EZBELIE, ASEL OV FIA FDOAEZFHIAT BMEEN, RIEEAEINTMUNAFAEL TWBIETTHS, 2D
X I RFE A OIED RN EFEHEN TV S, MINdAMMN IV TR, ASERIY FIA PO EER
IEWWEZFFD T DS MR > TV % (Boyet & Carlson, 2005) Smid Nd & © & iAHEEMNG < . 142Nd O
H6Sm X kDR (6800 /74F) IHIISIETH %, WZIC, ASE LI KT A MO “2Nd/M4Nd D2E1%, HiBkE D)
I MESMAUND D/NE TR XV R AVME L, TOR%RY Y MIVHRD SN L T0E T L 2R L TW05s, TNETED
& DIATIFEN T DIRDONIRFFEEDIEK £ P L 2DV T F U A EEK L TE - (Boyet & Carlson, 2005; Lee et al.,
2007; Labrosse et al., 2007; Korenaga et al., 2009; Nebel et al., 2010) & /2R EN R T F V) A IFEHN TV iRV, ZOH
DU EDIE, KoM EOW A ZH B . ZDee A7z AV DX Y MV TOIFLNEE L K5I E D
MHHT, ZDORA)MEENHHIENTVWERNWT ETH B, BEITTRDTTEMRIHKTT %, AT, RFFETIEER
DN LR CFZARZHEE L. TOREZFIR L, ZL T, Kb EEDOEKED S ZICDNT, &
DEDSZVF)AERET %,

F4 1% Kondo & Kogiso (2014)C3BW\W T, ASE & a2 KT 1 M D M2Nd/AH*ANd D7D 5 i D SmINd D227 3K
B, T SMINdDFEZDL % K2 KO NTRTBIEDI AR &SRl 2 #eE U, #EE X NI REERIZR R
e 5 3350 HEELIN, 7 U TE R d B~ > MIVIEICBW TR (1 GPa:<2.8%, 3 GPax<2.5%. 7 GPa:
<1.0%) &>z, AW TIE, ZOMUNZEDBMREED A )V b (VU XA AR OERDeEZHRE Rk o>
EORFEIERZ O TIVE Uiz, #IEAHIERTIZ~ Y MVEBEL D @R TH S ENTHENS TS, @& ETD
VY RZA) MR ZENS e x5, LML, 3GPalETY VX ARV MIRETIE U eriizeid iz,
Z D7z, F4< 3 Hirschmann & Dasgupta (20079215 U 72 A& MR 0 X LY F v 1% (Modified Iterative Sandwich
Experiment: MISEYz{71\ . 7 GPaTDY U X XA )L MHKZIRE Uiz, #iRE LT, VU XZAA)L MHREEKICET O
RFTA MUK THZ T ENHSN EIxo Tz, Z LT, BRI T OIS EEM%E AV, Matsukage et al. (2008) %
T7GPaV V)R AXA)NNDEEEFR Uz, #R, VU RXZA) ORI RMEA T U EOBRELD E/NE ko
Teo WZIT, 7GPaV U A AV MEIY Y MV 15T %, Tz, AFETHEE L7 Kb N O AFEARIE, 58
T CTHEE S NTCRIZDOBEREZEDOFRL D RV, BERERE Y Y MV 2Rl E8 5 LEZ5NTED. Kkbh
TS E A = > BV TN U W ciad, byl & alfig LEPHO< > MV ERE D &> TL X S AlREMED
WV, LER-ST, K0BEDSZVFVFREIROK SRS, IHERICIHEN T, @iESTETERI NV U XA R)
M~y bz BF U, axF7 A MEZER LIz, 2L TEOISTF 7 A ME R I E R 2RI FH 2SR &
ROED . HBERD SHbNTz, TH LT, ASERRIV RTA M ERARZHRER DL ICE> T,
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Searchlng Hadean zircon based on growth history of the continental crust
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i & OREYIOMFE % Z I TIER E N, Z O OREEY IV 3 2 HERTY 5 0D 18 75 KRR O B S R K3~ %
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Tix < HERPYREORIGHNE Z MK 9 % 50 O BB 5 i 2 RN HEE 37 2 DICE L T\ b,
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Osmium isotope heterogeneity in the Pacific mantle: implications for the evolution of
convecting upper mantle
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The'®"Re!870s decay system has long been recognised as having great advantage on determining the age of melt depletion
peridotites because ingrowth of radiogeHi€Os in residual peridotites are hampered by extraction of moderately incompatible
187Re associated with partial melting. This is well illustrated by the fact that old and highly depleted cratonic peridotites stored
in Archean subcontinental lithospehere tend to show Id#&Ds/%3 Os ratios than those of relatively fertile abyssal peridotites
recovered from oceanic lithosphere, regarded as a representative sampling of modern convecting mantle (e.g. Pearson et
2007; Rudnick & Walker 2009). Recent accumulation of Os isotope data obtained either from abyssal peridotites (e.g. Harvey
et al., 2006; Liu et al., 2008; Lassiter et al., 2014) or from ocean island peridotite xenoliths (e.g. Bizimis et al., 2007; Ishikawa
et al., 2011) clearly demonstrated that the modern convecting mantle is substantially heterogeneous in Os-isotope compositio
Unlike other radiogenic isotope heterogeneities observed in oceanic basalts, largely controlled by incorporation of recyclec
crustal materials, it seems likely that the observed range of Os-isotope compositions in oceanic peridotites directly reflect varyin
degrees of ancient melt extraction in peridotitic mantle. Hence global variations of Os-isotope compositions in oceanic peridotite:
may provide an important piece of information in unraveling geochemical/geodynamic evolution of the largest part of the Earth’s
interior, namely convecting mantle.

In this contribution, we focus on the Os-isotope variations in peridotite-serpentinite recovered from Pacific area because th
number of data available is as yet scarce when compared with the data from other ocean (Atlantic, Arctic and Indian). Ou
primary purpose is to test whether mantle domains underlying four major oceans are distinct in terms of Os isotope variations
For this purpose, we examined Os isotope variations in (1) harzburgite-serpentinite recovered from Hess Deep in East Pacif
Rise ("0 Ma), (2) mantle section in Taitao ophiolite, Chile ("6 Ma; Schulte et al., 2009), (3) harzburgite-serpentinite bodies in Izu-
Ogasawara and Tonga forearc (Parkinson et al., 1998), (4) peridotite xenoliths from Pali-Kaau vent in O’ahu island, Hawaii (790
Ma; Bizimis et al. 2007), (5) low-temperature type peridotite xenoliths from Malaita, Solomon Islands (122-160 Ma; Ishikawa
et al., 2011). The results demonstrated that samples from each area exhibit very similar Os-isotope variations with a pronounce
mode in'®7"0s/*80s = 0.125-0.128. Moreover, relatively larger dataset obtained from Hess Deep, Taitao and Malaita indicate
the presence of secondary peak in 1878€s=0.117-0.119, similar to the global population mainly comprised of data from
other ocean. These observations suggest that the ancient refractory domains are distributed homogeneously within the whole p
of convecting upper mantle.

F—T—F: VMU, A XY LFEMHE, DA AE, KT+ 7 24 T4 &, s
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Geology of the Eoarchean-3.95 Ga) Nulliak supracrustal belt, Labrador, Canada: The
oldest evidence for plate tectonics

/INET
KOMIYA, Tsuyoshi*

VBRI G S LR, Bt

!Department of Astronomy & Earth Sciences, The University of Tokyo, Komaba
AL

F—TU— R REOEREE, 777 BV, Kiff ik, 71— 77 b= o X
Keywords: The oldest supracrustal rocks, Labrador, Archean, accretionary complex, plate tectonics

Proterozoic dike == 1 Mafic volcanic rocks
" Ultramafic rocks
Y ranite S
- omed >\Faull -~ Estimated
E= saglekcdyke S Alater fault
s Nanok Uivak gneisses ©  Sample locality
) L[ Pelitic rocks — Lake,river

o | ’—‘ Carbonate rocks ~ Contours

0.4

B Core (U<310, TH/U>0.48)
W Core (U>310 or Th/U<0.48)

® Middle part & overgrowth
* core LAA99S

.\\\._\ = 7 ET) 14 28UR%PL 18 22

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

BPT23-07 215104 FFR9:5 A 25 H 10:30-10:45

TR YERIC K 2 HIEREE 7258 U 72 BUKTEENEEAR D il Dl

A chronological constraint on ancient hydrothermal activity using zircon inclusion ages
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FHIERECIR DWW DD B3 77 )L T, BRU, 3) WHEYIEEZROBSER Ar-40 W EENS, 2) & &7 T 7
23 2 (1000°CLL L) IZBWV T, K OREHUC K D Ar-39 I ENE DD THMERICENDD ST ZED Ar-40 Dl E N
2720, BHEFEL VI BOIREVERINROENTLE S, 3) Tk FRAXRT MUVZHELE N TE 5 THNR
EEAOEEEEEWD, VIV aVOERFERTII AL AEMZL 6 LEEZEFEREEZDNS, L, 1§51k
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Re-Os systematics on the mafic rocks in the Acasta gneiss complex: Implications for the
Hadean basaltic crust
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The first billion years of the Earth history is poorly understood because of scarcity of terrestrial rock records. Especially, the
first 500 million years, named Hadean, is literally dark because no terrestrial rocks are preserved on the earth. To unravel th
early history of the earth, it is important to study the oldest rocks rarely present in the Eoarchean terranes.

Acasta Gneiss Complex (AGC), located in the western part of the Slave Province, Canada, is one of the Eoarchean terrane
and mainly consists of 3.6-4.0 Ga felsic and layered gneiss suites with minor mafic rocks (e.g. Bowring et al., 1990; lizuka et
al., 2007). The mafic rocks are distributed all over the AGC and occur as rounded to elliptical enclaves and inclusions within the
felsic and layered gneisses. Although field occurrence of the mafic rocks suggests that they were formed before the formatio
of the precursors of the orthogneisses, their formation ages have not been determined exactly because of no magmatic zircc
preserved in the mafic rocks (e.g. Mojzsis et al., 2014). Therefore, the whole-rock isochron dating is the most suitable to detel
mine the magmatic age of the mafic rocks. However, the AGC is subjected to numerous metamorphism and alteration events
that the mafic rocks suffered from more or less secondary elemental movement (e.g. Moorbath et al., 1997; Sano et al., 199¢
Therefore, it is necessary to find the primary signature and reconstruct the original compositions of the mafic rocks. Our previou
study revealed that compositional variations of the mafic rocks were mainly formed due to the migmatization and identified a
subset of the least altered samples. This study shows the whole-rock Re-Os isotope systematics of the least altered Acasta m:
rocks.

The twenty-seven, least altered samples were analyzed for whole-rock Re-Os isotopes. They have relatively large variatior
in 1870s/1880s and 187Re/1880s ratios ranging from 2.0 to 150 and from 28 to 2466, respectively. The measured sampls
display a roughly positive correlation on a 1870s/1880s vs 187Re/1880s diagram, corresponding to reference lines between 3
and 4.2 Ga. But, they are highly scattered (MSWD = 266), possibly due to post-magmatic Re loss or addition during thermal
metamorphism because Re is, generally speaking, more mobile than Os (e.g. Reisberg et al., 2008). The nine samples w
the highest Re contents display a correlation with a gentler slope, corresponding to an age @0Ma3MSWD=16, initial
1870s/1880s=-0.80). The gentle slope and high Re contents suggest Re addition at or aftel28483+ In the former
case, the age possibly indicates the metamorphic age, in agreement within errors with the whole-rock Sm-Nd isochron age ¢
3371#141 Ma (e.g. Moorbath et al., 1997; Antoine et al., 2014). In the latter case, the age may be correspond to geologica
event; artificial.

On the other hand, eighteen samples, except for the samples with high Re concentrations, form two parallel lines with only
small scattering. The line with high 1870s/1880s ratios yields an age of 2003#a (MSWD=15, initial 1870s/1880s=1.83¥4),
whereas the other yields an age of 40828 Ma (MSWD=11, initial 1870s/1880s =0.18¥0). Those ages are consistent with
geological occurrence that the mafic rocks occur as enclaves within the 3.6-4.0 Ga felsic gneisses, suggesting that the Aca:s
mafic rocks were formed in the Hadean. In addition, their high initial 1870s/1880s ratios relative to those of chondrite, 0.097 at
4273 Ma and 0.099 at 4081 Ma, suggest that the Acasta mafic rocks were formed from an enriched source.

F—T— F: &S, Re-OslAfi{k, 7 1 A%
Keywords: mafic rock, Re-Os isotopes, Acasta
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Paleomagnetic field tests on Paleoarchean rocks from the Pilbara craton, Western Au
tralia

FIH P s Tl L o (BB 2 2k sk b s 22 L M i L
USUI, Yoichi'* ; SHIBUYA, Takazd ; TANI, Kenichiro® ; SAITOH, Masafumi ; NISHIZAWA, Manabu ;
KASHIWABARA, Teruhiko!
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1Japan Agency for Marine-Earth Science and Technoltiggpartment of Geology and Paleontology, National Museum of Na-
ture and Science

HIBROD KBTS HI D522 D 5 HUE 228 5 ORI I BIE & 2 Bix > TWEREMEN H %, TN E TIC 32fE4FERT &
34.AEERTO HHIREAGLERD 7 7 U A BIREEN TV S D, YiFOHERRS; OS2 1 % 1201 iE T — 2 B
FEBINICARE LTV, PIA—A RS U7 EIWNTHBEO K ERD S FAEROE L OANIE LR Z R E D & D
BENTEL., IhhsDEATICIZEGDHERGEEAD T TN TV BRI H S, LHL. TNETICREETN
Tet i &GEERE D0 b BEAGEERDIWI AR O E S DT DV TEERPbHN TS (Schmidt, 2014 Gondwana
Research, A& TlE, MAGLERDERZHIFT 2 HHIRES T «+ —I)V R 7 X S OFER, RS~ — 7)W= 1A d
5F v — MEE GOSN LS T A M 2T TR 25T 5, BFEEGENS, M5 Lis oHRFERITB X
Z A TEEN EHEE I NG, FEEHIIORHEBEEINIKODOF v — 1 TH 5, TNEDF ¥ — IR U ERBEHRN
1+ EXPEEMRE AT, BHMER D 2 0Bl U Te, (R T 1w 3 2 VTR, ARIRRE S DR 2 < OB & HIE O MERRLES /707
E—H LTz, WL O DT 150 mT O TIESZRICTHIEE NWiah o Tz STTHER DR ST NI ANEIZBIAE D HIER
WAL & —BT BTz, ThUIBURIC K DA Uk b OB TH B ReED b 5, ERFEEVERGICB VT, &l
J%57 D SN EARRE ST D JTAL & FIRITED . WL D OREL 525 CREEED 528 UIERE =R L 5N DO E DK #E T
HoTleo TDORYD., FEZ@ESIROVERESIR T ZHCTEES T A N 211oTcs TENAHIERR (N=7) T, #o
WAL TN T VB L TH B T EIFEHEINT, NS DELIZHIENREDTHSAEENEDDH 5, 72721, 3 DDEDH
LTI R U 7 ZORALTTNIN S 40° NSO L TED ., BT E ZWAGEERZES DI XD 2L DO
FENET Z0END S,

F—U — R AR, IS, EILNS
Keywords: Archean, paleomagnetism, Pilbara
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Re-Os isotopic systematics of Mesoarchean black shales in the Pilbara craton, Weste
Australia

Bk 2 I E— 2 R sz 3
GOTO, Kosuke T* ; KIYOKAWA, Shoichi? ; SUZUKI, Katsuhikd

b EERSIE - HUEUTEER, 2 JUNRE, ° HETERTFERATERAS
1GSJ, AIST *Kyushu Univ.,>JAMSTEC

Abundance of redox sensitive elements, such as Re, Os, and Mo, in sedimentary rocks has been used to investigate t
evolution of atmospheric O2 levels during the Neoarchean and Paleoproterozoic (e.g., Anbar et al., 2007 Science; Sekine
al., 2010 Nature Comm.). Under low O2 conditions, these elements are immobile in the hydrological cycle. However, as
the atmospheric O2 levels rise, Re, Os and Mo possibly form mobile ions and would be transported from continent to oceans
Hence, hydrogenous enrichment of redox sensitive elements in sedimentary rocks may serve as evidence for oxidative continen
weathering. Abundance of Re and Os can be also applied to the dating of ancient sedimentary rocks, because 187Re beta-de
to 1870s with a half-life of "41.6 Gyr. Hydrogenous Re and Os enrichment can minimalize the contribution of detrital Re and Os,
therefore, this isotope system provide precise depositional ages of sedimentary rocks (e.g., Ravizza and Turekian, 1989 GC,
Cohen et al., 1999 EPSL).

In this study, we investigated the redox conditions of atmosphere and oceans during the Mesoarchean period, based on the F
Os isotopic compositions in “3.2 Ga-black shales from the Dixon Island Formation of the Pilbara craton, Western Australia. The
Dixon Island Formation are considered to have been deposited in an immature island arc setting, and may preserve informatic
on deep-ocean chemistry (Kiyokawa et al., 2014 Precambrian. Res.). Freshly recovered drill core (DX core) samples were use
for the analysis. Most of the samples show high contents of organic carbon ("1%; Kiyokawa et al., 2011 JpGU abstract) and ar
characterized by frequent occurrence of pyrite layers and nodules. These observations may suggest that the black shales w
deposited under anoxic/euxinic conditions.

The concentrations of Re and Os in the black shale samples of the Dixon Island Formation from the Pilbara Craton were
3?13 ppb and 0.2?2 ppb, respectively. These values are significantly higher than those of average upper continental crust (|
="0.5 ppb, Os = "0.03 ppb; Peucker-Ehrenbrink and Jahn, 2001 G-cubed), and much close to those in recent anoxic/euxin
sediments (Re = 21?7180 ppb, Os = 0.2?0.7 ppb; Ravizza et al, 1991 EPSL; Ravizza & Turekian, 1992 EPSL). The obtained hig
Re and Os contents can be explained by oxidative weathering of continental Re and Os, and subsequent authigenic enrichme
in anoxic/euxinic sediments during the Mesoarchean time. However, the whole rock Re-Os isochron age was much older than
possible depositional age of the Dixon Island Formation. Hence, the old Re-Os age is not necessarily consistent with the view c
hydrogenous Re and Os enrichment. Instead, the isochron suggests that the proportions of detrital Re and Os are not negligit
in the samples.

F—T— R R, BRI TERE, Loy A=A X2 Y L, EURS, BEES
Keywords: Archean, redox condition, Re-Os isotope, Pilbara, Black Shale
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secular change of seawater salinity through Earth history
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SAITO, Takuya* ; SHIBUYA, Takazd ; SAWAKI, Yusuke' ; KOMIYA, Tsuyosh? ; MARUYAMA, Shigenori!
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IDepartment of Earth & Planetary Sciences, Tokyo Institute of Technot®ygcambrian Ecosystem Laboratory, Japan Agency
for Marine-Earth Science and Technolodepartment of Earth Science & Astronomy Graduate School of Arts and Sciences
The University of TokyoZEarth-Life Science Institute, Tokyo Institute of Technology

The chemical evolutional history of the ocean must have been one of the most critical factors to unravel the origin and evolutior
of life on the Earth. Excluding cyanobacteria with hard cell wall and algae, life cannot survive in seawater over 2SU (SU=salinity
unit: present day seawater salinity is defined as 1SU) because of osmotic pressure with the cell. If life body is in seawate
over 2SU, intercellular fluid leaks into outside of the cell. However, this topic has not fully understood yet, because there are
methodological problems to collect samples to be analyzed. Recently, some studies have tried to estimate seawater compositi
during Archean and Proterozoic using fluid inclusions trapped in hydrothermal quartz from pillowed basalt, which is expected
to erupt at mid-oceanic ridge in open sea.. However, two problems are remained, one is that their estimations of salinity hav
highly varied from 1SU to 5SU. The other is that these previous studies leave probability of the fluid with no relation to seawater
like as water in river and the salt lake.

Here, we tried to reveal secular change in seawater salinity by introducing the systematic analysis of fluid inclusions of
hydrothermal quartz trapped as the relics of seawater, which originated from mid-oceanic ridges.

It is necessary to collect the quartz from MORB. Such rock samples can be obtained from accretionary complex preserved o
land environment. Based on the huge accumulated information obtained from accretionary complexes by previous work of ou
group, we selected the best locality and collected hydrothermal quart samples for this study. The collected samples are quat
with growth zoning texture, filling the primary shaped drainage cavities and interstitial spaces of pillowed basalt without quartz
vein crosscut pillow of lava, suggesting the quartz had precipitated soon after eruption of the basalt. To estimate sea water salini
using fluid inclusions in the collected quartz, microthermometric analysis is carried out after categorizing the fluid inclusions into
three types, primary, secondary, and undistinguished, based on the detailed petrographic observation of slab and double polist
thin section. We carried out the analysis using fluid inclusions in MORB at 3.2 Ga, 2.7 Ga, 600 Ma.

The results showed ca. 2.5-4.5 SU seawater at 3.2 Ga, also ca. 2.5-4.5 SU at2.7 Ga, and 1.0-1.5 SU at 600 Ma. The mechani
to change seawater salinity dynamically over 1SU is to remove NaCl from ocean to fix as evaporitic halite subaerially as the are
of landmass has increased through time. Considering to the NaCl removing mechanism and secular change of landmass, t
best estimation of secular change of the seawater salinity is that the seawater salinity during Archean to Paleoproterozoic w:
2.5-4.5 SU and sharply dropped down to 1.0-1.5 SU by 600 Ma, which is called three step model of secular change in seawat:
salinity. Through this drastic change through time, the Earth could become to secure the environment as a cradle for life b
Neoproterozoic.

F—T— R RIECAY), K, FRE, A5, ZilE

Keywords: fluid inclusion, seawater, salinity, quartz, basalt
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ICA of the "3.8Ga Isua supracrustal belt BIFs: Implications for the Eoarchean hydrother-
mal chemistry and processes

B FHE b ik 28 2 P s S Ve
AOKI, Shogd* ; KATO, Yasuhir@ ; HIRATA, Takafum# ; KOMIYA, Tsuyoshtt

VHGUR AR G SU LI RAER A I, 2 BOUR A TARPAR T 3V — - BRI 0 > 7« 72—, 3 U AR
TS RHER R R R I

!Department of General System Studies, Graduate School of Arts and Science, The University o Fobitier Research
Center for Energy and Resources, School of Engineering, The University of TéRixasion of Earth and Planetary Sciences,
Graduate School of Science, Kyoto University

MEPEHEREY) CH 2 fmdREkEiE (BIFS) 1&, HARANRZRR L el > 7)) 7RHROMER IS BNICH 5 NE T e b,
NS ORFROMEREF LA 2 3G 9 5 DICENZHEAR TH 5, K., R THOMRDERS N TO ALK
FKHAEH D BIFs OHIERLZZIAITZEE, #WIHAEMORMAE U iz WAk ERE A b 7 0 X 7218509 % L CEHEEREREZ S
=S HRENN D B,

UL, —%7x BIFS IZBKER (LI & > V) D SR 2 THEKE N, & SITRBBHEILYISOR R IR O DR A9
5128, ZORAEFHBISIE R OYIENRIYI O T — REKICKE KET %, Lizh> T, BIFsORELFHHK
MOERE, URFOWEK AR #ERT 5 T LI TES, £ 2N5 DMK Z BRI O AHRIR T LT, Z5
KERIEYI 2 N Z N ORI Z iGN S 2 D ENH %,

Z T T AWIZETIE, FIIARER (38. LELERD) ISTER & Nic A AT REEH D 80K BIFs 58X UF +— kDb
7% XRF £ ICP-MSIC X > TiTo 7z, Z LT, ZNEDORAEEHHANEZ N T, ZN50EAEMKL T\
EEZ 5NBHENRIY) & 7 ORIEOHEE Z AT 79T K - TR 5 T & T, BIF iRl O 2 LA & SiY€—
REHRLDIE 5D EIC X BB R L /KB LA 7 & OZICHE S IERRIE R sh iR L i 0 il 21175 o 12

ZORER, A AT KA BIFs+F ¥ — F OEELARDIE S DEIE, D/KBL#EF v — b5 + OMgCa R~ 1
K AS) + OFeCay 7 A R K570 3 DOMN ISR DE— REE TRl % T LBV TE, B O EIT/ T W
TN ote, £ L TOEODRMEIYIN IO L RSN ZENLLEDIED Eu anomalyzfi-> T %, Ui, KIEHE
FEHIKIBIEER E R U ZF N D ERVBVKERETIER S NIz C L2 E®R L. >39.6fEFERTITIZKR E Nz Nulliak £k E
HWOBIFIZBEWTHLRONZFUTH S, TOT e BIIHREROMBHEEREE T, BUKDIRIBIEIY) OTLEL: Tdh -
Tz A EEETNS,

THICOEO0DEKT DL OORERD TR FV TV BE0ENE, BIEO Hh U ifEs I O UK SR HEREY) & [RIfk
IZ Eu anomalyk 257 TR cEFelt, La/Yb(E A LU CE/ER T CE) L ORICEOHBANR S NS T L nh -5
Tzo TOX S AHBERRIE, BEO P RERESUKHEREYNC BT, BUKIEEIO5RIFICHEIR S 2 HEREGHEIC X > T,
T CEOYBB Y NDOIEDNHEEND L THELEZEDEEZILNT WS, Lizh> T, WIS B,
TETOTOUVANMAHE LT EZRGET % & ST — RHKIC K S0A A7 R A BIFs DA DN T—
v g UHBUKIEEI ORI K o TR d % C LW TE S,

F—T— R FIHIREAR, A 27 R, SRS, 2704

Keywords: the Eoarchean era, the Isua supracrustal belt, Banded Iron Formations, Independent Component Analysis (ICA)
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Reconstruction of 3.2Ga seafloor: Carbon and Sulfur isotopic analysis for DXCL drill
cores of Pilbara, Western Australia
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FEA—A NS U7 - EIWSTITIEH 32~-3LBFERTOMEHERE THHTFV 7 A F Y REB XU 7 VU NN—E)VE
IMEZZERE TR K ERFFENTUV B (Shibuya et al., 2007) HEREERBE O EkG 1t 2 HIN & LT 20074F & 20114F(C DXCL
Fe FHHIDM TN, 4 ROHEHIZ 7 (DX, CL1, CL2, CL3)AWME 5 M7z (Kiyokawa et al., 2012; Yamaguchi et al., 2009/
F2TIE CL3 DIRE « BiEm 21T\, ezt (IAs, MS2010; Kobayashi et al., 201%7 MS2013)D 7 — & }_’_/\b{z‘f
DXCL #kl k7% U T ORBAENC DOV TELRE L 2. s AR kX < 1E 5D < DX IZDOWVTIE, ZDK %
RIS % 7o & “RoTE 7 e KA AV EE 7 HTET (NanoSIMS)IC K 2 sk Ly NEER /AT 72 3k A 7z

ZUN=U)VEIE P ORGEETE (CLL, 238X T CL3 R & FNiO#FIREILE (BIF) 45& (CL3 _1E#8) 5 /&
% . R IRELBLIE 13 0L T2 (FeCQ) DJEM, LA THREKIE (Fe03) 38 K CREELSHE (Fe;0,) DIEMEHEBL TF v — L &
HEZIZLT0W5. TFVY 7452 Fg (DX) BERGBES, KOF v — &, s O B 575 % . BEMEE FOBIZAC
X0, Bmm gD EEFLIE DI ~ BE pm O HIEEFILOELMIE K 10um, iBIEHKT 2um O NRFEEIRE ZEHE D JE
M % T & MHERRT E 7. WUNERFBCIREESRSAC (X NEB DRI TR E N DR —HOEGEHE 2 53 & DI EFIT D
BHOFEIRDER I NIz, TN S IFHEOYIRIBIFR-PEREIC X 0, HERE & I RIRHHIC R DR U CERRAE D A
BMELTWo/zEEZENS.

RZHT © CL3 a7 DABEREFNAKLL (613C,,,), AMEKZE R (Copry) 3 X UTBERZRFINAALL (613Ceorp) ZE L
7z, §13C,, (EREEATSIE T-30£1 %o TIEIE—EDMEE & 20, FERPELETIE TlE Corg K720, ZEELEIRD
§13Cearp 1E-10 %ol UL DAE (-15~-5 %o) 7R L7z,

e AT @ Aaalil 2 e L T18 7z SO, A ADEIFINIA (534S) 70 X Uehisia (TS) DOt Z11-> /2. 631S i
BEEEHE T 0~+20% & W\ 5 2R UTeh, MtkREREEERIE Tld+5~+10%0 & ZEAVNE {7k o 7. REHED TSIC,,,
Jay M, bIhIica—F =y KIS EINS.

NanoSIMSHiE [RINIARLL AT © T INBREIR SRS 2 51 10x1Qum DHFIPH T 634S DXy BV TR T o T2, ZOFER
IJE““%LV\FKT +5~+10%0lF E DRINAALLD DD O, D ENER DN Y > ZHRIC, AR DMl F K T HULED

SO B AL FERDFEIN AL i 2 2 U Tz,
(F&¥)
R WEICE TN ROHEE-30%DZE LIz §13C, ., 2R LTS, TOMZRIMEMZ, > 7 /N
v U 7 (-31~-18%o) AL EHNE DO 7 0 F 7 LB (-36~-26%0) D K 5 F A AR, 38X U X X VK (-41~-5
%o<) 7% & TdH % (Schidlowski, 1987) HH#EMIC =T HiE TITFHHIE LW TS 2 FHEZ D540 5, AL
B L7k o4 g e Bbohnsg. UREOWEERE TS ERMENEE L TH 0, B Z Q@O AD TR Uil i
KICHEEYIEZR LIz DEEZ ENS.

TR R 5 g D ZEFRFLD 613Carp DAE (-15~-5 %o) 1, FRIZTTH DEELIFFIRIHIC K T 255D 613Crarp DIE (-
15~-0.5%0) DfipH & & < —E9 % (Fischer et al., 2009) #E=CH 1E, KL R D Felt Z2 Fet IRILd 5 & TH
Bz oL TRV F—ESG5MEMTH 5. L7h5 CUREDWFEE TIIKBIESMN TETE D, TNZfi> TR
TCEMNEE) LT 2 EDMHERIT E 2. T O/KBBILEROIEREIR & U T, YRk DM ENSIELI T H > 7o by, iR IFRA
RISEE AR LI 75 & OSSN E Z bn%.

e AT ERBEESRIENT T 634S AY um BN O A RS T &0 5, BHEIRIC T LA U =23 b Tz
TENRBEND. £ TSIC,,, 7By FMRA—F 2= VRERICNIET 5 C & T, /KEFTEiEEE I Thbh Ty
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T=AlREMED D B . BRFEE T 5 M7z DXCL TD §%4S D2 I KR OUFHEREBIE RN {ALL (+5.4%0, 3.3Ga: Strauss, 1993:
+4.3% +, 3.0Ga; Hoering et al., 1989 U & & W IEDME (~+20%0) Z7/R9. AU YBEDOWEN T TITEWIRRED 634S
iZF>TWich, & UL, YOS TIRHERYIhO/KOZHMIEFICZ UL, WA A > OMEEH R S Nrfii
TREEINIEIC 752 K O TRRFPARREREE 2 TERR U T T Rl REMEDNN & 5.

F—T— B KRG DR EINR, BRGRIFLA, MBI TCR, ot iae A A VS iE
Keywords: Archean, sulfur isotope, carbon isotope, sulfate reducing bacteria, NanoSIMS
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hree oceanic oxidation events coincided with diversification of early animals after the
Snowball Earth

MR IR B b T IUEER Y, RERE L, T2 v Fv 2 b Iy,
NI T V=2 Hm)l G— Ui ; i a3

KAIHO, Kunio'* ; SHIZUYA, Atena ; YAMADA, Kenji ! ; OBA, Masahird ; CHEN, Zhong-giang;
TONG, Jinna# ; KOMIYA, Tsuyosh# ; TIAN, Li2 ; GORJAN, Paul ; TAKAHASHI, Satosh?

VRAERE, 2 RIEMERE, ? TR, 4 TV R R

Tohoku University2China University of Geosciencedniversity of Tokyo,*Washington University

The terminal Proterozoic to earliest Phanerozoic (650-500 Ma) is a critical period of life evolution on Earth, marked by the
emergence of the (i) Lantian biota, (ii) diversification of the Ediaraca biota, and (iii) the Early Cambrian Metazoan Explosion.
These three bioevents apparently set an evolutionary agenda for animals to eventually proliferate on Earth during the Phanerozo
Although a causal link between environmental amelioration and metazoan emergence or proliferation in the mid-Ediacaran (58
Ma) has been discussed, the precise relationship between environmental changes, in particular redox condition changes and th
three major bioevents have long remained disputed. We investigated sedimentary organic molecules from 660 to 510 Ma as
proxy for redox conditions in three water depth settings, surface water, shallow intermediate water, and deep intermediate wate
Samples were taken from South China, Oman, and Australia. Those data show that three major oxidations in the intermediat
water occurred just after the Marinoan Snowball Earth (635 Ma), the Gaskiers Glaciation to the Shuram event (580-555 Ma), an
in the earliest Cambrian (515-525 Ma). These oceanic oxidation events coincided with the emergence of the Lantian Biota, th
proliferation of the early Ediacaran Biota, and Cambrian explosion, respectively. Moreover, this analysis also shows that anoxi:
occurred in surface water during the Marinoan Glaciation and Ediacaran-Cambrian boundary, across which the Ediacaran Bioi
were wiped out. Thus, oceanic redox condition changes played a crucial role driving the origination, evolution and extinction of
early animals.

F=T—=R: T TATH, 12T TR, SBKES, HEERE L, MR R, IEIY)
Keywords: Ediacaran, Cambrian, Snowball Earth, oceanic oxidation, oceanic anoxia, early animals
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In-situ iron isotope analysis of pyrite and organic carbon/nitrogen isotope ratios from the

Middle Proterozoic sediments _ _ _ _
In-situ iron isotope analysis of pyrite and organic carbon/nitrogen isotope ratios from the

Middle Proterozoic sediments

B E U EARG Y TEER A2 N WS T SR A Ll R
YOSHIYA, Kazumi'* ; SAWAKI, Yusuke' ; NISHIZAWA, Manablf ; KOMIYA, Tsuyosh? ; HIRATA, Takafumi' ;
MARUYAMA, Shigenorit

VR TR, 2JAMSTEC,® BEURE, * BB A
ITokyo Institute of Technolog? JAMSTEC,3The University of TokyoKyoto University

Oxygenation of Earth’s surface is deeply linked to evolution of life. Independent evidence suggests that the Earth’s atmospheri
oxidation state is increased in two steps: (1) from 2,400 to 2,300 million years ago, and (2) around 600 million years ago
(Holland, 2002; Holland, 2006). In contrast, the ocean was mostly reducing during the Archean, whereas the Phanerozoi
was as oxygenated as it is now. Compared with Archean and Phanerozoic time, the redox status of middle Proterozoic (1.8
billion years ago) ocean remains little known. Canfield considered that the middle Proterozoic deep ocean was globally sulfidi
condition (Canfield, 1998). On the other hand, Planavsky and others considered that deep-ocean was globally iron-rich anox
condition, and sulfidic conditions are restricted to biologically productive ocean margin and restricted marginal basin (Planavsky
etal., 2011).

Here we show iron isotope analysis of individual pyrite grains and whole rock carbon/nitrogen isotope analyses of middle
Proterozoic sediments, mainly mudstones and black shales, from four drillcore samples (Mount Young 2, McArthur River 2,
Urapunga 4 and 5) in McArthur Basin, Northern Australia.

Pyrites from the Wollogorang Formation of the Tawallah Group show the wide variatié?f B& values from -2 to +2%o
. It suggests that the occurrence of partial oxidation, so their depositional environment of the Wollogorang Formation was
ferruginous condition§'°Nr y values of the black shale in the Wollogorang and Barney Creek formations are from +46to0 +7
, relatively high values. The hight®N; values suggest the occurrence of partial denitrification in the water-coléiiNg
values of black shale in the Wollogorang and Barney Creek Formations suggested that middle proterozoic sulfidic condition dic
not persist for long periods as previous studies insisted.

Keywords: Middle Proterozoic, pyrite, nitrogen isotope, iron isotope, McArthur Basin
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JEHE RIS i 9 5 AR O M S & L _
Lithostratigraphy of mesoproterozoic stratum at Jixian, north China

BT s Bag !
SAWAKI, Yusuke'* ; ASANUMA, Hisashi

PR TR
1Tokyo Tech

The Mesoproterozoic (1.6 - 1.0 Ga) has been treated as boring billion through the history of Earth. This is attributed to
deficient fossil records in Mesoproterozoic strata, and also it is unlikely that extreme environmental changes had occurred durin
the period. Recent paleontological studies, however, has discovered many acritarchs from the sedimentary rocks deposited duri
the Mesoproterozoic. Molcular clock analysis also demonstrates that genetic divergence of metazoan occurred in this period. |
addition, it is recently suggested that redox condition in atmosphere-ocean system drastically changed.

Jixian area, North China, is one of the best places to decode surface environments during the Mesoproterozoic, becau
Mesoproterozoic-Neoproterozoic rocks well crop out there. Shallow marine clastic rocks and carbonates were successivel
deposited on Archean basement rocks. Age constraints for the succession in the Jixian are insufficient, therefore the purpose
current study is to constrain depositional ages of the sediments, basement gneiss and intrusive granite.

We conducted geological survey at the Jixian and collected these rocks. Sedimentary structures, including stromatolite, cros
bedding, ripple, stylorite, storm rock, unconformity and basal conglomerate, indicate that sedimentary environment was shallow
above wave base, throughout the sections. Basement rocks in this area are composed of orthogneiss and hornblende-plagiocl
gneiss. The mineral assemblage of the former is Qz-Bt-Grt, and that of the latter is Qz-Hbl-PI-Grt-Chl. Main constituent minerals
in intrusive granite are quartz, feldspar, hornblende and biotite, and its K-feldspar-rich mineral assemblage might imply A-type
granite. Rock descriptions and lithostratigraphy of the Jixian area will be introduced in this presentation.

Keywords: Jixian, Mesoproterozoic, Lithostratigraphy

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

BPT23-17 215104 FFR9:5 A 25 H 15:00-15:15

HREROIRFREREE T 0 2 7 F 21 7 —T A —RA ¥ MUK D7 &

i, NUIT Ty T a5, H—F _ _
Paleoproterozoic Ocean Floor Reconstruction Project: Il Geology of Cape Three Point:
area in the Ashanti belt of the

HINE— 1 k22 B LR 3 s 924 hm B ° Ui B8 0 ik 2N 7 AT,
NYAME 757 8 TETTEHY 3 —2?

KIYOKAWA, Shoichi'* ; ITO, Takasht ; ONOUE, Tetsujt ; IKEHARA, Minoru* ; YAMAGUCHI, Kosei E? ;
HORIE, Kenjf ; GOTO, Kosuke T. ; YOSHIMARU, Satoshi ; NYAME, Frank® ; TETTEH, Georg@

LIUNKSE HIBREERPE, 2 IR B0 488, 8 BEARRS: BIPAES, 4 SRR st a y ko 2 —, % JOERY:
PEAAE/INASA Astrobiology Institute? [ENZMHIFZET, 7 FESERANTHE AWIZEAT, 8 BRI TR, 2V 07,0 H—F K%
ke

LEarth and Planetary Science, Kyushu Universitparaki Univ. Dep. Educatior’Kumamoto Univ. Dep. SciencéKochi
Univ. Marine core ResearchToho Univ. Dep. Science & NASA Astrobiology Institut&\ational institute of Polar Research,
"Geological Survey of JapaflJniversity of Mines and Technology, Tarkwél)niversity of Ghana Dep. earth science

IEAEREE, HIBR ETRBEED - DRANY bR, RATMOMREEE A5 (Grate Oxidation Event FLAEYOH
PHx CHUBREE DA Z K 2k T KR TH S (e.g. Holland, 1994, Condie 1997, Kopp et al., 2005) DR RO HIE AR
WREILE, RO T Ty BT+ — L LICRENTERERODEOHIEN SNEEAET, KOEOEROHER) O
FICH S O IE R SR, FAERICAZ EVTHARBEOREEZE « I EKOTRAABDERICRD, K2 ST
BRI R NI L2 E D LR ENTWAEY. TRWBOERZSG21CE, COMINULEET» S TE ST
REORWEFZHRLIZL, URFORBIRREE 2180 d % EMNRAIRTH 5.

AT FEAERIC B 2 LRI O REIZEB ZIH S M T B 721, BIRIZRD Dz 2322 1E4ERi O HfE >
9 2H—F, XU I7 > (Birimian) FiHD7 > ¥ > 7 ¢ () HOHREIC DWW CER - MHElimh 212 el & Z17- 7z,
H—F T — 72V —RA > MR TIE, 2L{EERTOERAEDEA Uzt AR O EHERYI A BPEH) 10kmic
- Tt L CEEHT %, FHIC C3PIEREDTEANIE 500mLL EDORERCEH:, HEICIMIRAADIHRE SN TEY, dEE
ROWFEEWTEH AR E N D ATREMED EV. LR, RAEROMEMGEOEEZITY, dEhiErilnZzHomncl, &N
IS 350 B AR & R R d5 K O B A ad BRI R 17 5 T2,

HifE e it & <, B BT 40-70E HER 5. HIEITIE 7 UR—=T (S)DH LN, BEmOPET =
VT2 i 2 R DIERFRAEHIMEE DY 1 TR T & 7o, MR LItIRE S B KT EEDDN E 72D, $El
DEVKILEE B, RZICHIRIET 5. FHITEE 1000mL EDOEWNKILFYE AN 5750, 20-50m/ED /5l
Kbl Ul Lvefg g & BEEEEOEMEENTEB D, FHEEMNENDS )V MEOHEME A, HiEtbd 5.
Wt 1 RDKILFE A IR - S fERs & OHERREEN > THE O F FHEMNIEETH . FHIF EHID
I ATIEMZ £ D2 — XA MMEALELREAEENMEN U Ed 5. i EEBlE, FEHER U 2 ki L E s & e
HAHBEMSED, 6 OXLEADOEMERS Nz, HWEGNLUESEICZERERD R o N 578, B ETREAME
LI EEADNS. ZREY L U TEBIREDIRWREMA BIEENA MR T E, M atHzdi-> T\ 5. fEih
T AEIEOEAENRLNS.

FEIEPIEL1E & A EIRADE L, W ESVE A O EIREED ATREIEN S V. BREEEPICE TN 5 AR EFANK
FHEIE, 6 13C =743 ? 23T THVR D BRVMEZ/RT . UREDIR DB E 22T IEWVBIETIE, 7 /77U 7B &
CXORAFADMZ EBEY (e Z@FAZVE) WMERZE, FELWEKMN (euxinio IKEETH > 7AIREMED D 5.

F—U— R HEEN S, BOESE, Y X7V, Ty T A0
Keywords: Paleoproterozoic, Black shale, volcaniclastics, Birimian belt, Ashanti subbelt
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7" V)L Espinhacd@dg£f Itapanhoacangd@ D JEfe & FyE MY )L 3 > U-PbEAR
The stratigraphy and U-Pb zircon age of the Itapanhoacanga formation, Espinhaco supe
group, Brasil

EALE W E— 1 38 2#% 2 Rosiere Carlos A.
YOSHIMARU, Satoshi* ; KIYOKAWA, Shoichi! ; TSUTSUMI, Yukiyasd ; ROSIERE, Carlos A.

VIR, 2 ENIRIEAREYIEE, 2 ST A - Vo A AFENLRS

LKyushu University2National Museum of Nature and ScienéEgederal University of Minas Gerais

TR T HIER IS B 5 Bk KR E O IRE 2R T EE AR TH 5. MREED LAT 2L EbN 2 K505
WA T EBIER ORI, AR OEIEOKN\EZ 8, 1.8 GallfFDE O & EEJEEIICZ WV (Bekker et al.,
2010. LA L, 75 V)V EspinhacdBEht ltapanhoacangl Tl 1.7 Gak b # LWL OFiREkILE AR5 £ 72 (Chemale
Jretal., 2012. ARfFETIE, S5 F THREDIEFITDE, HEEROBKILEICOWT, ZOHEREY, HERBERZIAN5
BICHERITo . FRC, 9 CoBEOFERZ X OFEMCHLNCT 7201, WEBICEENSEEY L avIc
DN, ENTREAEYIE D ICP-MSIC K % U-PoERZERSD, #kELE O BAFEROHIR & SO #EZ1T - /2.

77 V)VHERICAIE S % Sao Franciscd 7 + 13, KiifRAEEROE MR & 2728 S FARET & B OME H
THRENS. 2Or T s >OHIRICEILICHT % Espinhacdf@fild, 75 b ORICIERE NIzY 7 h D %1%
MR OHERYI TR E N TH D (Herrgesell and Pflug, 1986 £ DrEEBIC I EIRELEAE 2 3¢5 Itapanhocang&E A g1t D
AT A M > THRERTHOHT S, AT A FTHET 3O Sao Joao da Chapa@@D HERERIAFEIE 1703+ 12
Ma (U?PbfitfE )L a 484, Chemale Jretal., 2022icHifREE 5. LA L, Conceicao do Mato Dentrditis LD
Itapanhocang# O #kHLfE DHERHFRIC DV TIHS AN TR,

Conceicao do Mato Dentddif{1t5BIC 1& ItapanhocangE DEFN AT A M — FOWimi & L TEH L TWS. 2D
His TR D 150miE EOREMERFAI=Y b (A= 1) &, ZNERESICE S 600mLL FO/ES 2RI
EEREOR ALy b (A=v F2) THERINS. fHca=vy k213, SEEcBOTEENSRNT2RE LT E
FHR L. HEIE BRI B R> TWE D, FICEREMNIC PO AT A MBE CREEE TR Tt 2R s
NHEONS. BFEE NSRRI T, MR OSBRSS R 2 58 ERED SRR O IRRE T/ IMEANEITL,
N S EEIC AT THRRI2HIRRP S IS5 5. EEBIEAROIPEICE D, i EENIC 2-5 miE EDSRSIENEIRS.

et v a > U-PhERIGER, O EAHRI LT 2=y ks 2D 3HT TR L 7Z3RD )L a i DTt
Teo WEDIVAY2I8ARY FDS5H, arva—R Y MFERT—2EAF 835N 2. TD/ Ml 1727Ma 2160Ma
2681Ma 2812Ma 3142Ma 3290MaTY—7 Mz 5MNjz. 05 BHHEFERD LRZ/RT REFHOFEREE 1639+
79MaTd b ,Chemale Jretal., (2012 R E N5 17 EERTK D BT LWATHEMEAVRE SN A5 & k- Tz,

F—7— K Espinhacodg#t, BIF, e )L a Y
Keywords: Espinhaco Supergroup, BIF, Detrital zircon
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HFR 5T R)b, BT Ly ZEROIIIREN (>3.95 Ga HERETHOREY)

& IR D R EFINIALE, .
Carbon isotope compositions of carbonaceous materials and carbonate from Saglek Bloc
(>3.96 Ga), Labrador, Canada

R EE Y A =03 8 = 3 O R 4 1B A) 2 /e )2
TASHIRO, Takayuki* ; ISHIDA, Akizumi? ; HORI, Masaké ; IGISU, Motokd' ; SANO, Yu;ji® ;
KOMIYA, Tsuyosh?

VORI AR SR S R BR B R A I, 2 RS RABERe B LR R AR A L, 3 GO RGBT
FERT, ¢ MOZATEOE NBTERFFE B FE b

!Department of Earth and Planetary Science Graduate School of Science The University of Daipartment of Earth Science
& Astronomy Graduate School of Arts and Sciences The University of Tok§tmosphere and Ocean Research Institute The
University of Tokyo,*Japan Agency for Marine-Earth Science and Technology

Elucidation of origin of life is an everlasting challenge but it provides an important constraint on the origin of life to find
evidence for early life. So far, the oldest evidences for biogenic carbonaceous materials were reported from the 3.80 Ga Isu
supracrustal belt based on carbon isotope ratio (Rosing, 1999) and morphological features (Ohtomo et al., 2013). But, th
origin of carbonaceous materials in the 3.83 Ga Akilia Association (Fedo and Whitehouse, 2002) and 3.75 Ga Nuvvuagittuc
Supracrustal Belt is still ambiguous (Papineau et al., 2011).

To understand the origin of organic matter in the Eoarchean and find older organic matter, we investigated occurrence an
carbon isotope values of carbonaceous material in-th@®5 Ga metasediment rocks from the Saglek Block, northern Labrador,
Canada. The metasediment rocks underwent the amphibolite to granulite facies metamorphism, but some avoid pervasive e
mental mobility during the metamorphism. We observed thin sections of pelitic rocks (n = 70), conglomerates (n = 14), carbonate
rocks (n = 39), cherts (n = 30), and chert nodules in carbonate rocks (n = 3) from over 2000 samples. Among the metasedimenta
rocks (n = 156), 54 specimens including the pelitic rocks (n = 21), conglomerates (n = 4), carbonate rocks (n = 26) and cher
nodules in carbonate rocks (n = 3) contain carbonaceous materials. Twenty-nine rock samples with the carbonaceous materi:
were selected fo§'3C,,, analysis: pelitic rocks (n = 20), conglomerates (n =4), carbonate rocks (n = 3) and chert nodules (n =
2). 6'3C,,, values of the pelitic rocks range from -27.5 to -1%6 The§'3C,,, value increases as increasing in the metamor-
phic grade from amphibolite to granulite facies, indicating that the minimiti@,,., value reflects a primary signature. Raman
spectroscopic observation of the carbonaceous materials showed that the matter comprises crystalline graphite, consistent w
the intense thermal metamorphism. THéC,,,; values of carbonate rocks (n = 3) range from -3.8 to %.6Because it is
well-known that thes'3C.,,, value decreases due to secondary alteration and metamorphism, the prid@yy., value was
estimated to be higher than -246.

The minimum fractionation between th&*C,,., ands**C.,,, reaches 2%, indicating biologic origin for the carbonaceous
materials. This work presents the organism has already existed ca. 3.95 Ga. The large fractionation %qginap#Bs au-
totrophs utilizing the reductive acetyl-CoA pathway or Calvin cycle in the Eoarchean.

F—U— R W), kI, A, RERINK, 77 RV
Keywords: carbonaceous material, carbonate, early life, carbon isotope, Labrador
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CO2ICE TS N T O komatiiteDEUKZE F% (2500 C, 500 bars
Experimental hydrothermal alteration of komatiite under COZ2-rich condition at 250 Cel-

sius degrees and 500 bars

B Y ARG B T 2 AL R
UEDA, Hisahird* ; SAWAKI, Yusuke' ; SHIBUYA, Takazé ; MARUYAMA, Shigenorit

VR TS ROA I TP e Rt R R AT 1, 2 W PR RIS B FERAS
!Department of Earth and Planetary Science,Tokyo Institute of Techndldg2AN AGENCY FOR MARIN-EARTH SCI-
ENCE AND TECHNOJOGY

The serpentinization-influenced hydrothermal system has been considered as one of the most probable places where the en
gence and early evolution of life took place because serpentinization of ultramafic rocks potentially generates a H2-rich fluid tha
is essential for the prebiotic chemical evolution and the earliest metabolisms such as methanogenesis (e.g. Takai et al., 20C
Russel et al., 2010). However, Hadean oceanic crust is considered to have been much thicker than modern equivalents, beca
of the higher potential mantle temperature at that time. Thus, the exposure of mantle peridotite frequently observed near modei
slow-spreading ridges without sufficient magmatic supply was probably rare, suggesting that Hadean H2-rich hydrothermal en
vironment was mainly driven by komatiite volcanism.

Previously, some hydrothermal alteration experiments have been conducted to understand reactions between komatiite a
water (e.g. Yoshizaki et al., 2009). Nevertheless, many geological records and theoretical considerations indicate that the parti
pressure of atmospheric CO2 in the early Earth was much higher than the present level (e.g. Walker, 1985; Kasting, 1993). T
reconstruct Hadean komatiite-hosted hydrothermal fluid, laboratory experiments on hydrothermal alteration of komatiite shoulc
be conducted under such high CO2 pressure conditions.

In this study, a hydrothermal alteration experiment was performed using an Inconel-alloy autoclave at JAMSTEC. The ko-
matiite used in this experiment was synthesized from a mixture of standard reagents; its chemical composition was adjusted
Al-depleted komatiite occurring in the 3.5Ga Barberton greenstone belt (Smith et al., 1980). The komatiite was reacted with
CO2-rich (400 mmol/kg) NaCl solution at 250 Celsius degrees and 500 bars for about 2760 hours.

Through the hydrothermal alteration of komatiite, the CO2 concentration in fluid was decreased to ca. 30 mmol/kg due to the
precipitation of carbonate minerals. The H2 concentration was increased but did not exceed 0.03 mmol/kg, which is comparabl
to those of modern basalt-hosted hydrothermal fluids and much lower than the results obtained from experiments on hydrothe
mal alteration of komatiite under CO2-free condition. Alteration minerals in this experiment were mainly dolomite and clay
minerals. Remarkably, FeO content in the dolomite is up to 8 wt.%. We could not identify any iron oxide such as magnetite
based on EPMA and XRD analyses. It is therefore suggested that the FeO originally contained in komatiite was incorporate
into dolomite as FeCO3 minor endmember, which limited the sufficient formation magnetite and hydrogen production during the
hydrothermal alteration. Our results implies that hydrothermal systems at low temperatures such as 250 Celsius degrees unc
CO2-rich condition did not have the potential to produce hydrogen enough to sustain H2-based ecosystems in the early ocean.

Keywords: komatiite, CO2-rich, the early Earth, hydrothermal alteration, laboratory experiment
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REY-rich mud within the Minamitorishima EEZ - A general overview of the latest re-
search results -

IR 2838 1 s Bk I —BB L Aok BRRER L I A2 L K B —E0 L Ee BERER 2 ; s B2

PPR EAE 2 RKS fli— 25 R 5 2 A AR Ot 2

KATO, Yasuhird* ; FUJINAGA, Koichiro' ; NAKAMURA, Kentaro' ; YASUKAWA, Kazutakd ; OHTA, Junichird ;
TAKAYA, Yutaro? ; IIJIMA, Koichi? ; NOZAKI, Tatsu@ ; KIMURA, Jun-ich? ; SUZUKI, Katsuhikd ;

IWAMORI, Hikaru?

LHUR2E T2 TR, 2 ML B FE RS
LUniv. of Tokyo,2JAMSTEC

In 2013, we confirmed the presence of rare-earth elements and yttrium (REY)-rich mud containing more than 6,000 ppm of

total REY within the Japanese Exclusive Economic Zone (EEZ) surrounding Minamitorishima Island. Since the discovery of

the “extremely REY-rich mud” , we have conducted a variety of approaches such as geochemical analyses, detailed microscop
observations, REY-leaching experiments, application of sub-bottom profiling to the exploration, and statistical analysis of the
geochemical data set, towards the exploitation of the new and highly promising REY-resource in the near future. Here we repol

a general overview of the latest research results on REY-rich mud in the Minamitorishima EEZ.
Keywords: deep-sea mineral resource, REY-rich mud, Minamitorishima Island
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77— AJe I ATNDRIE | |
Acoustic characterization of deep-sea sediments by sub-bottom profiler

FRRS BHRORED 1 5 WTHE Wik 2 ; (EK #3852 P 40 4 5 8RS A — 3 SR 52 3 i 285 1
KR13-023 & —[F 3 ; MR13-E02 Leg2fifi#s —I[rl ® ; KR14-023Ffi#E —[F] 2 ; MR14-E023 A& — ] 3
NAKAMURA, Kentaro'* ; MACHIDA, Shiki? ; MASAKI, Yuka? ; OKINO, Kyoka® ; I1JIMA, Koichi? ;
SUZUKI, Katsuhikd ; KATO, Yasuhird ; KR13-02, Cruise menbets MR13-E02 LEG2, Cruise menbérs
KR14-02, Cruise menbets MR14-E02, Cruise menbets

RO E T RMISER, 2 BRBHIOR S, 3 Wi E R Ze B sesins, 4 SO RSO LT
1Univ. of Tokyo,?Waseda Univ.?3JAMSTEC,*AORI, Univ. of Tokyo

Subbottom profiling was conducted in the Japanese Exclusive Economic Zone (EEZ) around Minamitorishima Island to revea
the distribution of REY-rich mud in the Minamitorishima EEZ. Based on the shape and pattern of the reflectors, three discrete
acoustic facies of opaque (O) type, transparent (T) type, and layered (L) type were distinguished. Distribution of the O-type
facies is restricted to just on or immediate vicinity of seamounts, suggesting that this acaustic facies corresponds to rocky outcrc
without soft sediment cover. The T-type facies occurs in northern part and southern to southeastern part of the Minamitorishim:
EEZ, whereas the L-type facies widely covers central part of the area. By comparing the sub-bottom profiler record with sedimen
core samples obtained by piston coring shows that the acoustic facies T corresponds to REY-rich mud, whereas acoustic facies

corresponds to non-REY-rich terrigenous sediment.
Keywords: REY-rich mud, Minamitorishima Island, sub-bottom profiler, Exclusive Economic Zone
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Distribution and geochemical features of extremely REY-rich mud in the Minamitor-
ishima EEZ

K Zn—BR 1 s HRRT BORER L MTH WA 2 mey HERRR 3, 221 F L K B —ER L SR & F L

BIEEEE L P M E L B SER Y B B L R R I sEK 2 v A 3
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FUJINAGA, Koichiro'* ; NAKAMURA, Kentaro' ; MACHIDA, Shiki? ; TAKAYA, Yutaro?® ; YASUKAWA, Kazutakd ;
OHTA, Junichird ; ARAKI, Shuuhet ; LIU, Hanjie! ; USAMI, Ryo' ; MINAMITANI, Yusuke! ; MAKI, Ryota® ;
ADACHI, Ryosuké ; OYA, Kazutaka ; WATANABE, Ryota ; NISHIO, Yoshird' ; MASAKI, Yuka? ;

USUI, Yoichi® ; HARAGUCHI, Satord ; IIJIMA, Koichi? ; SUZUKI, Katsuhikd ; KATO, Yasuhird ;

MR14-E02, Cruise membetrs

VRO TR0, 2 BRREIRE, 3 Mo b i
LUniv. of Tokyo, ?Waseda Univ.3JAMSTEC

A recent report has documented the wide distribution of “REY-rich mud” , deep-sea sediment containing high concentrations
of REY (XREY =400- 2000 ppm), in the Pacific Ocean (Kato et al., 2011). In 2013, we have discovered the “higRIE’Y(=
2000- 5000 ppm) to “extremely”XREY >5000 ppm) REY-rich mud in the Japanese Exclusive Economic Zone (EEZ) around
Minamitorishima Island (Kato et al., 2013; Fujinaga et al., 2013; Suzuki et al., 2013). To investigate the detailed distribution of
extremely REY-rich mud, we conducted the new research cruise (MR14-EB2\bMirai from October 14 to 29, 2014) in the
south region of the Minamitorishima EEZ. We collected 11 sediment cores by piston coring in this cruise. Here we report the
distribution, bulk-sediment chemical compositions, and geochemical features of the extremely REY-rich mud in the Minamitor-
ishima EEZ.

F—T—F: LY 7 =X, L7 7 =R, HEE, HEIRYER
Keywords: rare earth elements and yttrium (REY), REY-rich mud, Minamitorishima Island, deep-sea mineral resource
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F'i S BRI Q PRI 38U % L7 7 — A Je DR E A

Grain size distributions of REY-rich mud in the Exclusive Economic Zone around Mina-
mitorishima Island

KH HF—EF 1 ; BTH m]ﬁ‘fz AR N —BR 3 5 FAT BERER L &) fN2E L ey HERER 4 ; BRE #F— 4
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OHTA, Junichird* ; MACHIDA, Shiki2 ; FUJINAGA, Koichird® ; NAKAMURA, Kentaro' ; YASUKAWA, Kazutakd ;
TAKAYA, Yutaro* ; IIJIMA, Koichi* ; SUZUKI, Katsuhikd ; KATO, Yasuhir¢®
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1Department of Systems Innovation, University of TokyDepartment of Resources and Environmental Engineering, Waseda

University, 3Frontier Research Center for Energy and Resources, University of TO&gpan Agency for Marine-Earth and

Technology

Rare-earth elements and yttrium (REY)-rich mud (REY-rich mud) is a pelagic sediment with high total REY comtet (
ppm), and has a potential as a new REY resource (Kato et al., 2011). On January 2013, the KR13-02 cruise operated by JAN
STEC collected seven piston cores from the Exclusive Economic Zone around Minamitorishima Island (Minamitorishima EEZ)
for scientific investigation of the REY-rich mud. Subsequently, one of these cores (PCO05) was found to include extremely REY-
enriched layer whose total REY content exceeds 6,000 ppm (Fujinaga et al., 2013; Kato et al., 2013; Suzuki et al., 2013).

It is currently quite important to understand the formation mechanism of this “extremely REY-rich mud” for scientific investi-
gation of the mud in the Minamitorishima EEZ. A recent study on the PCO5 core showed that the REY-enriched layer contains
significant amounts of large apatite grains and large phillipsite grains (Ohta et al., 2014). In the present contribution, we repor
grain size distribution (GSD) analyses for bulk sediments and specific minerals (apatite and phillipsite) in the KR13-02 cores
including extremely REY-rich mud, and implications of these minerals for REY-enrichment.

Keywords: REY-rich mud, apatite, phillipsite, grain size distribution
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Resource potential of REY-rich mud in the Japanese Exclusive Economic Zone (EEZ
around Minamitorishima Island
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BB K OIS OEBIERICIA 91695 TL 77— AW &, MR TaNA T U SRR RIZL T 7 —A

BEICER, HlZEBEIYERE UTHYEHIN TV S (Kato et al., 2011) X 51, @BEOEBRZEEIEIEHE (Deep
Sea Drilling Project/Ocean Drilling Programy) & - T 1 5 5 84 O HEtAY#E7% /KK (Exclusive Economic Zone, EEZ) A
SIS Nza7IicBnTsd, L7 7 —ARDIFENER E Nz (A, 2012) EEZ NICAF(ET S iBIKE R IE HAD
MENCRARTRER Tz, T ORAIGHAROEFRMKIGIC & > CIFFICEERERZRD.

T LItz SE A CHMEN/cM S E EEZ NICEBT 551 4 MO & (KR13-02, MR13-E02 Leg 2, KR14-02,
MR14-E02) DR, m RO /51 250 kmDEEKICBWT, FRL 77— XYRFED 5,000 pprve iz 5 [HEREL 7
7 =Rl DFEMNHBL M & 7% 5 7z (Kato et al., 2013; Fujinaga et al., 2013; Suzuki et al., 2013)DEEIREL 7 7 — &
FIEHHEH T 10 mEIRIC O L THD, BRI LU TIERICAER EEZ BN, AT, Ll ZHEREH
Yix L7 7 — ARFENGIEHE B L, ZOLT 7 —AEERT ¥ v VT OWVTHET 5.

F—U—F:HEEEEZ L7 7 — Rk, EIER, EFKT > v b
Keywords: Minamitorishima EEZ, REY-rich mud, extremely REY-rich mud layers, deep-sea mineral resources, resource poten:
tial
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Chemical leaching experiments on the highly REY-rich mud collected near the Minami-

torishima Island.
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LJAMSTEC,2FRCER, Univ. of Tokyo3Sys. Innovation, Univ. of Tokyo

Since the discovery of rare earths and yttrium (REY)-rich mud distributed widely on a deep seafloor in the Pacific Ocean
(Kato et al., 2011), it has received broad attention as a new resource for REY. More recently, during research cruise KR13-0
of R/V Kairei, extremely REY-enriched deep-sea mud containing more than 6,000 ppm totalREEY) was collected near
Minamitorishima Island, northwestern Pacific Ocean. One of the key issues on the future development and utilization of the nev
deep-sea mineral resources (REY-rich mud) is to establish a procedure to extract REY from the mud. Kato et al. (2011) showe
that chemical leaching is an effective means to extract REY from REY-rich mud. In this study, therefore, we conducted series
of leaching experiments on highly REY-rich mull REY = 3,500 ppm) collected near Minamitorishima Island to determine
the optimum conditions of REY leaching. Our results showed that more than 95% and 8Q YREBY can be recovered by
hydrochloric acid and sulfuric acid, respectively. REY recovery was at the highest under the conditions of the lower acid con-
centration (0.25-0.5 mol/L), shortest leaching time (- 5min), and room temperatuf€)(ZBhese leaching conditions are strong
advantages for the development of REY-rich mud.

F—T— F: YEBIEIYER, L7 7 — X, b)) —F2 7
Keywords: deep-sea mineral resources, REY-rich mud, chemical leaching
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Statlstlcal characterization of deep-sea sediments within the Minamitorishima EEZ by
Independent Component Analysis
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1Sys. Innovation, Univ. of TokydJAMSTEC,*FRCER, Univ. of Tokyo

Rare-earth elements and yttrium (REY) play an essential role in state-of-the-art technologies. Recently, the presence of RE
rich mud, deep-sea sediments containing high concentrations of REY, was confirmed within the Japanese exclusive econom
zone (EEZ) surrounding Minamitorishima Island (Kato et al., 2013; Fujinaga et al., 2013; Suzuki et al., 2013). The maximum
total REY content in the REY-rich mud within the Minamitorishima EEZ reaches almost 7000 ppm, which strongly attracts our
attention as a highly promising new resource for REY of great economic value.

The extremely REY-rich mud has been probably produced by a combination of some processes that functioned in the abyss
ocean, and signatures of them could be preserved as characteristic geochemical compositions of the sediments. Therefore,
a first step to elucidate the REY-enrichment processes, it is quite important to decode geochemical signals derived from th
sediments. To this end, multivariate statistical analyses are very useful because they can treat multi-elemental informatio
concurrently and comprehensively.

Here we applied Independent Component Analysis (ICA) to the data set composed of elemental contents of the deep-se
sediments collected from the Minamitorishima EEZ. ICA is a relatively new computational statistical technique established in
the past quarter century, which can extract original independent source signals or factors from observed signals on the basis
a fundamental assumption that the observed data consist of mutually independent source signals but do not constitute a joi
Gaussian distribution (Hyirinen et al., 2001). We report the results and interpretation of our new analysis, and statistically
characterize the deep-sea sediments within the Minamitorishima EEZ.

— References —
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Reappraisal of geochronology of the Itsagq Gneisses in the Isua area
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HIERIZAERDER L, £/ L— b7 7 b= AIHES KBIEEPHIEISEINE S TV 5, IHEINERKKTH S, Th
SOEMDORFR T L— 77 b =7 ZAORkIE, —RICHIAKERPETLRICETHZ EINTWVWS, LML, Ky
ROMBEKIIMD THT, IFE - THARZRFBREAK, 187 )—=2F5 0 RA Y VR Elk, 15X« 575 RV«
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Microbial activity below Archean seafloor constrained by 4 sulfur isotopes analysis of
pyrite in ca. 3.5 Ga basalts from
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Microbial sulfate reduction is one of the most ubiquitous metabolisms on Earth [Canfield, 1998]. In modern environment, it
is well known that microbial sulfate reduction takes place below seafloor [e.g. Kallmeyer et al., 2012]. Aoyama et al. [2014]
showed microbial sulfate reduction takes place not only in quiescent seafloor (i.e. non-hydrothermal), but also in active hy-
drothermal system. On the other hand, the oldest evidence of microbial sulfate reduction has been reported from ca. 3.5 G
Dresser Formation, Western Australia by using quadruple sulfur stable isotopes analyses of sulfate and sulfide minerals relate
to hydrothermal environment [Ueno et al., 2008; Shen et al., 2009]. However, the isotopic compositions of sulfides and sulfate
minerals through history show small isotopic fractionation (&before the rise of oxygen (c. 2450 Ma), possibly because of
low sulfate concentration in the Archean seawate2q0 M) [Habicht et al., 2002]. Microbial sulfate reduction below Archean
seafloor might have yield larger sulfur isotopic fractionation owing to enhanced sulfate concentration. In order to test this sce-
nario, we analyzed quadruple sulfur isotopic compositions of pyrite grains (from 10/g)46f seafloor basalts. For studying
isotopic variation within sample, we used newly developed micro-fluorination technique.

The observed variations within each rock have positive correlations between the d34S and D33S, and negative correlatior
between the d34S and D36S, suggesting these trends are derived from mixing or fractionation. Pyrite within silica dykes pene
trating seafloor basalts, which are the most plausible end-member within pyrite in basalts, however, cannot explain the observe
variations. On the other hand, the slope of the observed D36S/ D33S (-9.3) and large variations within small volume rocks (71(
%o) suggest microbial sulfate reduction took place in Archean hydrothermal system. The observed intensive d34S depletion
only in Unit-1, and mass dependent compositions imply the substrate sulfate was different from Archean seawater suggested
bedded barite in upper part of the Unit-l. Thus the Archean hydrothermal system may have host microbial activity by enhancec
sulfate.
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In-situ iron isotope analysis of pyrites in "3.7 Ga sedimentary protoliths from the Isua
supracrustal belt
In-situ iron isotope analysis of pyrites in "3.7 Ga sedimentary protoliths from the Isua
supracrustal belt
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The timing of the emergence of life remains one of the principal unresolved questions in the Earth sciences. Putative relict:
of microorganisms in the Eoarchean (ca. 3.6-3.85 Ga) high-grade metamorphic terranes do not preserve morphological eviden
for early life, but some relicts can be identified by their geochemical signatures created by metabolic processes. Among th
oldest rocks of sedimentary origin (ca. 3.8 Ga) occur in the Isua supracrustal belt (ISB), southern West Greenland; these ha\
undergone metamorphism up to the amphibolite facies. Despite intense metamorphism, the carbon isotope compositions
graphite clots from the Isua metasedimentary rocks suggest biological carbon fixation and provide the oldest evidence for thi
biological process. Microbial dissimilatory iron reduction (DIR) is considered to be an early form of metabolism. The microbial
DIR produced F&",, with a lower §°°Fe value from a precursor Fe-bearing iron mineral. However°°Fe values lower
than -1%. are not found in sedimentary rocks prior to about 2.9 Ga. Here, we report in-situ iron isotope analysis of pyrites in
sedimentary rocks from the ISB, using a near infrared-femtosecond-laser ablation-multicollector-ICP-MS (NIR-fs-LA-MC-ICP-
MS). A large variation 08°Fe values from -2.41 to +2.3%, was documented from 190 points within pyrite grains from 11
rock specimens, including those interpreted to be banded iron-formations (BIF), chert, amphibole-rich chert, quartz-rich clastic
sedimentary rocks, mafic clastic sedimentary rocks, carbonate rocks and conglomerates. We found that the disttitfif@n of
values depends on the lithology, whereas there is no correlation between’ffarvalues and the metamorphic grade. The
§°°Fe values of pyrites in BIFs range from +0.25 to +2%5 indicating partial oxidation in the deep ocean. Especially, the
high §°°Fe values, up to +2.3%o, suggest that the BIF was formed through interaction of ferruginous seawater with a highly
alkaline hydrothermal fluid under anoxic conditions. Pyrite grains in a conglomerate, carbonate rocks, mafic clastic sedimentar
rocks, and amphibole-rich cherts show negaditfé=e values around -1%., down to -2.41%o, pointing to microbial DIR in the
Eoarchean shallow sea. In addition, the relatively BiFe values of pyrites in the shallow water sediments suggest anoxic,
anoxygenic photoautotrophic iron oxidation in the photic zone.

Keywords: Eoarchean, Isua supracrustal belt (ISB), pyrite, microbial dissimilatory iron reduction (DIR)
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Compositional diversity of Archaean mantle estimated from Sr and Nd isotopic system-
atics of basaltic rocks in North Pole
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Two types of oceanic basalt, mid-ocean ridge basalt (MORB) and oceanic island basalt (OIB), have large variations in chemica
and isotopic compositions, suggesting the compositional heterogeneity of the mantle by the differentiation process related to tr
material recycling. This research aims at revealing the timing which the crust-mantle recycling system has been established |
the early Earth, and how it transforms into the present-day style through the time, based on geochemical analyses of the Arche:
basalts from the North Pole and the Isua regions.

The North Pole region (73.5 Ga), located in the central Pilbara Craton, northwestern Australia, and the Isua Supracrustal Bel
("3.8 Ga), southwestern Greenland, represent the Archaean accretionary complexes. In these areas, the Archaean MORBsS
OIBs have been identified on the basis of their occurrence and oceanic plate stratigraphy, which have a possibility to record th
old mantle recycling system and differentiation events.

We have analyzed trace element &8rf5Sr, 143Nd/*4*Nd isotopic compositions of MORBs and OIBs in North Pole (NP
MORBs and NP OIBs), and those in Isua Supracrustal Belt (ISB MORBs and ISB OIBs). Concerning the North Pole basalts,
we have also analyzed the igneous clinopyroxenes (cpx) to evaluate the effect of the post-igneous alteration or metamorphism |
examining the partitioning of elements between the cpx and whole rock.

The trace element compositions of NP MORBs and OIBs are roughly similar to each other in REEs composition. A relatively
small variation of NP MORBs and OIBs can be reproduced by 5-35 % melting of the primitive mantle. On the other hands, ISB
MORBSs and OIBs exhibit distinct geochemical characteristics, and can be reproduced by “15 % to “35 % melting of the D-DMM
(or more depleted mantle) and ™5 % to "25 % melting of the primitive mantle, respectively. These results suggest that the sourc
mantles of NP MORBs and OIBs were similar, whereas the source mantles of ISB MORBs and OIBs were different in chemical
composition.

The Sr isotopic compositions of both NP basalts and ISB basalts are largely scattered, and the isochron age is inconsiste
with previous studies. Furthermore, the trace element pattern shows spikes in Rb and Sr, and as for NP basalts, partitioning
these elements between cpx and whole rock (or estimated melt) is in a disequilibrium relation. From these evidences, the Rb-
system seems to have been disturbed by post-igneous alteration or metamorphism.

On the contrary, the Nd isotopic compositions of both NP basalts and ISB basalts are thought to show the original properties
based on the evidences of the equilibrium partitioning of REEs and the well-defined isochron age consistent with previous stud
ies. The initial=Nd values of NP MORBs and OIBs are similar to each other and show a slightly negative values, whereas those
of ISB MORBSs and OIBs are systematically different, which is consistent with the REE variation as mentioned earlier. Based
on these geochemical data, we propose the following model to explain the temporal variation in composition of the Archaear
mantle; (i)>3800 Ma; recycling of plate material and melting occurred quite actively and therefore the mantle was highly dif-
ferentiated to produce MORB and OIB from different sources, (ii) 3460-3800 Ma; mantle-crust mixing events occurred, and the
compositional variation of the mantle became smaller, (iii) at 3460 Ma; differentiation-recycling system restarted, and volcanic
rocks (including MORBs and OIBs) have rather primitive composition, representing the homogenized mantle, aB84g®)

Ma; mantle heterogeneity gradually develops in the material recycling system, generating the compositional differences betwee
MORB and OIB again. This model requires a drastic event for homogenization at the stage (ii), and may provide a new insigh
into the crust-mantle evolution system and its physical model.

Keywords: Archaean mantle, Nprth Pole, Isua, oceanic basalt, mantle diversity
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