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Snowball Earth and GCM simulation
Snowball Earth and GCM simulation
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Numerical simulation of snowball Earth, using out-of-date supercomputer program has been performed recently in USA,
France and Germany. It seems to be difficult to reconstruct Snowball state by their simulation, while freezing more than 55%
of ocean. If continents are gathered along the equatorial region such as Rodinia in the case of Sturtian and Marinoan Snowbz
Earth in Neoproterozoic, total surface irradiance (TSI) seems plausible to be 95% of present day and CO2 level as same
today.However, if the atmospheric CO2 is 2-6 times more than today, Snowball state cannot appear (Voigt et al., 2011). More
realistic CO2 concentration of Neoproterozoic Earth was 20-50 times more than today. In addition, the temperature fluctuatior

of Snowball Earth period, from Sturtian to Marinoan, was “@@o +40°C and vice versa within a short periedlO m.y. which

seem to be impossible because input and output of CO2 by plate tectonics usually takes time more than several hundreds

millions years.

GCM simulation exaggerates positive feedback of CO2 too much. It is time to remodel GCM, considering the amount of

clouds and its effect.
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Glaciation carbon cycle in Neopaleozoic and Phanerozoic by numerical carbon cycle bo:

model to fix carbon isotope ratio
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In Ediacaran period, some environmental changes are proposed (e.g. Oxidation, nutrient and carbon cycle) before the Cambri
explosion and macroscopic multicellular metazoan first appeared and their sizes became drastically large. It suggests that carb
cycle in ocean changes in Ediacaran period. Therefore, we assumed box model that there were two carbon reservoirs in Oce
and fluxes are taken as the first order reaction of each reservoir (Rothman et al., 2003; Ishikawa et al., 2012). Thus, we coul
estimate both d1 and d2 by changes of parameters to trace analyzed d13Ccarb and d13Corg curves from drilling core samples
Three Gorges through the Ediacaran to the early Cambrian (Tahata et al., 2012; Kikumoto et al., 2013; Ishikawa et al., 2012’
The d13Ccarb in Three Gorges shows negative excursions in Gaskiers glaciation (ca. 580 Ma), Shuram excursion (ca. 570-5!
Ma) and Precambrian/Cambrian boundary (ca. 542 Ma). On the other hand, the d13Corg in Three Gorges show constant ca. -
per mill in early Ediacaran and correlation to d13Ccarb after Shuram excursion.

The parameter sets suggested carbon cycle changes in Ediacaran period. This Reconstructed Three Gorges carbon cy
guantitatively estimated carbon cycle changes in these periods. The results indicate the rate of remineralization need to increa
before the Shuram excursion and the rate of organic carbon burial increase to ca. 100 times in the late stage of Shuram excursi
The increase of remineralization might indicate step-by-step changes of dominant metabolism from anaerobic respiration ti
aerobic respiration. In addition, the change of organic carbon burial is possibly consistent with the first appearance of mobile
metazoan and zooplankton.

The parameters in early Ediacaran apply to carbon cycle in Marinoan glaciation before Ediacaran period. On the other hanc
parameters in modern Ocean apply to carbon cycle in P-T boundary. It has possibility that there is glaciation in P-T boundary
The DOC reservoir size differed in Marinoan and P-T boundary. The different DOC reservoir size cause different carbon isotope
changes in Marinoan glaciation and P-T boundary.

Keywords: Glaciation, Carbon cycle, Ediacaran, Marinoan, Phanerozoic
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Evidence for meteoric diagenesis during Gaskiers glaciation recorded in the Ediacara
carbonate in South China
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FENADT Y ZA— a3 &, EYOMIEDHERAR ED ARV b EFFHL TW5 728, ZOFRRMERICHEIN TS
(e.g. Grotzinger et al., 2011 MBI K E L LT ¢ 7 H T4 (635-542 Ma)c B\ T E, Dl &d 2D
BDOITI AN— 3 UHRERENT W5 (Fike et al., 2006; Sawaki et al., 2010§ HEIC /S % LT « 7 h 5 RS
THEHBTT T N7+ —LEIEREMEL, RIGEORNERRERN AL a7 7 A VB2 HE TN TW5 (eg.
Jiang etal., 2011) TNSIFEDIY Ah— a U EFIZRT LIcTT « 7 /1 T OF RN g rEERE: & it b o
BRRML TV EEZEZLNSED, ZTOFKIE FRICBAENTWIRWL. 2 TARIIETIE, #20/3—)UTET 5]
BRAE N (275 OZFIENGERE NS (e.g. Kunimitsu et al., 201 B)iFE & 1LFEER Yangjiapingtz 7 2 3 ~ic D
T, A yFULEMEKR T XY M OMERKE - BBRAEMEZIEL, ZORRZHS &L EITHERREICDW
TEEL.

Yangjiapingt 7 > 3 VIIEIER 470m T, TMih SIKEES TR E 15 Nantuofg, RIS - RS - V Vs -
F v — F THE S N5 Doushantudd, KIS & F v — F TR E 115 DengyingE DIRICEEH % . Kunimitsu et al.
(2012)1&, 245 DM ZAEFINAZENCIED Z Doushantudg z FHiA 5 Unit 1-Unit 3ICX 7 LTH D, ZHEjEOKE
R EANAZENINE Unit 3ICECERES NS, Unit 2 EEB?2UNit3 35 & U Dengying/E DRk kg S NS DWW T Y — R
VI 2w AR AW TIERIET 2, SEREOMBREE - IBRFEMAMEZRE Lz 25, Unit2 EE-Unit 3 D
FBXU DengyingE T3, 5 & A2 MR ORRERE - IBRFMAKEICKE HEERS NG >Teh, Unit 3FEL? 1
RIS TR A Y~ OIBRZAEFRNAAD 25/8— )L, BERFNAD 7 /83— VEEOREDHE X DN D5 Tk.
F7z, AbvrF U LFENAEZ 0.7079-0.7108 £ D, Unit 3 & DengyinglgHizh- BT TED LR RSNz,

A N DRI « BERFN AN B, Yangjiapingt 77 3 3 >0 Doushantud® Unit 312 7 5% 255 O MR
RN ENE, KKFROHEZZ) TTERRNRFRNMAEOINC LS EDTHS. Unit 2 EEB-Unit 31CE
B RS OSSO RE 2R L TH D, KN X OHERESGIEME LICER Lz Bbhns. Ol kit
BNCTAE U T oA BRI B 3 T OKER B T L S 1, SiKDORZEFNALE 2 L K FE 87z, £7z Unit 3
BT B A M rF T LRNAD EREIEER T 5y 7 2Z0ENERLTED, ZORKMITT « 7 hF4ddhE (580
Ma) L& 724 AF T ZOKIAIC & & 75 5 KEERILO5R(ETdH % ATREMED V. AR O D HTFERN S, HAF T 2K
WX ZRHHOE 175w b 7+ — LodiEid e EIcgEH Uiz @V HIHL 72,

F—TU— R mHE, T ¢ 7 TR, KKK, HAF T RKWY, AR
Keywords: South China, Ediacaran, meteoric diagenesis, the Gaskiers glaciation, carbon isotope
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Nitrogen isotope chemostratigraphy of the Early Cambrian platform sequence at Thre:

Gorges, South China

A AR T FEMH SEEE 2 UEIER A EEARAST 2 ik AOE 2 /e WY
TSUCHIYA, Yuki'* ; TAHATA, Miyuki 2 ; NISHIZAWA, Manabi® ; SAWAKI, Yusuke® ; SATO, Tomohikd ; KOMIYA,
Tsuyosht

VHRGUR AR AR SR SRR B R A, 2 S TR AR AR B A S R ER SR R A, 3 Yare o B 78
53

IDepartment of Earth and Planetary Science, The University of Tokpepartment of Earth and Planetary Science, Tokyo
institute of technology?Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
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ERIHT Z7zIc, MPMETIT « 7 hTRh 557 ) 7R OHE OHRE] & (L8 7 D OW 772 RN T> T
e, ZOME, WP OEMBIUTROZ LI B EIYERICKRE G E R G T T e >C&El, £T T, K
e Tld, MR DENTE, FICHEBERERERE TH 2 ERICEH L, A2 7)) 7RO BRI
DOE G L. FOEEZET LTz,

MHENCIE. Z7 0 7 ASHNS A YT TRHOMENMAFRFELTE O, ZOMEOMIIE YR DR EREZ
fRFEd B DI, £z, ZlHIEIE S RO KBEEMINORIBICIE L Tz e EZX BN TN 5,

Kikumoto et al.(2014)3 kg o> RO AT OREMN O HEEROERRNMALLZ W U, 7 ¢ 7 A1 ZHdai#in
S X TIEEHERNARLED &G <. PN S 4 2 7)) 7REIIHIGE LS . #IA 7D 7HPLRICHTE %5 &
W B Z 2, Z DR SHEHEROMBERE OEEZ1E Tt L. T7 ¢ 74 Tai2 i x ToOWrEH ORSBIRE X
Mg LT\, 7 ¢ 7 A TN S A1 27V PRARIHICE . FIHA > 7V 7RI, BORE Lz & 1EE
Ufzo — . ROV VBB T« 7 AR TEEL. T7 0 7 A IRHPILIRICHYT %, 274 7 1I%
D S AL TIEMEED Y VIR & MBIREIC TN R SN, MBREOHEIND 21 2 > 7Y Y IBE O
DR E —T % & E Nz (Shimuraetal, 204 DX D, #EHEPOMBEE IZEEPOY VIBENE Lo, HH
RN SR LIz iz, —7. ﬁ/7U7E$%u%k%$Hu%@ {72 EICBELTIE, WEEEZLD
MRS, —DHIE, AT cid. F1A > 70 7R ALRT O W RN A LIS HEE O RBEHATHRS
N, FNLBFEOESNERFENAKLLITAEEPEE O FNORBIES THRONS 26, ZERENKOZIEANEHDENIC
KBZDMHSENCENTWiEh o7, —DHIE, ZBHRRANAZHOE EOHTOT—2MEENTHWEVDT, Z0D
LEDEBID, BEDNDIAHTH >, o, ZOEEFOFFMERAE RENTH o Tz £ LT, ERFNIALL
DZEFFDMD proxy DZEFNHS N TREN STz, ZT T, RTINS OREZERT B 7dIc. ZFDRIEEH
OHHIZTITV, REBHE S > R E AR OHERY R OE S RO RFNARLLZ 98 Uz,

AL THW O NI A AadRHE, A E = TERELE N7z /KHTE (Shuijintuo) 718 (Shipai) B O Th %,

BN =2 R1ANALLE Shuijintuofg Tid-2505+2% % T LA L. ZD%., Shipail@ TldBXZF+1H5+3% TLIEL
TeAliZe R UTz, AWIZEOFER, SERFANMAOETIIAHOEN EIZBREW T & h o Tz, SERFENALL & 2
EEERIITIBEHEIZ RS NG > T, —EBDT—RICREDEEFN A R LY R EIGEMITEWVED RS NIzh.
TNo L eAREESHBRICEHRAHBER RS NEh o1z, iz, EERMAORINE Shuijintuo)E i D B
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IIEHBERZEDRED S Niah o Tz TOX D RFERIE, HREGOEWR E Tldx <, TORSHCHERBEERENZ(L
Lz &zl FRCEERNALLD FRIIERBEOMBEIEEME N LI & Z2Rd, DX, Ar 7V 7RCE
R BRI T U, —REED LR & L BICHBEDRIE L, BEOWEE FRICHEOBENRE L Ao/ &R
o DEDO, ATV THENCBERI OB EIIGRDMENL SN T 2R, —REFEOHEME, KK - RO
FEEO ERZETEHTEEZDONS, TOXIRHEEROIND /> 7)) TIEROBEINC DN > 722 & RRBT 5%,
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Dendroid multicellular thallophytes preserved in a Neoproterozoic black phosphorite in
southern China
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Both metaphytes and metazoans are reported from the well-preserved multicellular assemblage in the Neoproterozoic Doushe
tuo phosphorite in Weng'an of the Guizhou province, southern China. Here, a new form of dendroid multicellular thallophytes
is documented. The new thallus is slightly heteromorphic. Several lateral branches extend from upper portion of the mair
axis, bearing terminal vegetative vesicles, carpognial vesicles, monosporangium-like discoidal vesicles and urn-shaped pseud
parenchymatous structures. The vegetative vesicle gives rise to a club-shaped pseudoparenchymatous structure, characterise
the medulla?cortex thallus differentiation, which may represent the early stage of the thallus. An oogamous conceptacle arisin
from one carpognial vesicle is a highly specialised goblet-shaped conceptacle. The discovery and identification of these new de
droid multicellular thallophytes not only document the first fossil-histological evidence for the heteromorphism of Precambrian
organisms but also provide a potential insight for our enhanced understanding of the life cycle of the Precambrian red algae.

F—"7— F: Fiytiti, Doushantuds, ZMIfEER, BIEZIK, HIE
Keywords: Neoproterozoic, Doushantuo, multicellular thallophytes, dendroid, heteromorphic
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Marine biomass changes after the Neoproterozoic Marinoan Glaciation in Australia
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The late Neoproterozoic Marinoan glaciation (ca. 635 Ma) was one of the most severe ice ages in the Earth history. It is
thought that the glaciation affected the biosphere and caused some succeeding evolutionary events, such as the occurrence of
Lantian biota, the first known macroscopic multicellular eukaryotes (Yuan et al., 2011, 2013). We analyzed sedimentary organit
molecules from post-Marinoan deposits in three Australian cores and a section: the Wallara-1 drillhole in the Amadeus Basin
the GILES-1 drillhole in the Officer Basin, the SCYW79-1A drillhole in the Adelaide Geosyncline, and the Moonlight Valley
type section in the Kimberley region.

The analysis identified more than 10 types of sedimentary organic molecule, and some of these were used as indicators
biomass for this time. The trends and correlations among the indicators through the researched formations revealed that su
of pristane and phytane (biomass of photosynthetic organisms), 2-alpha-methylhopane (biomarker of cyanobacteria), aryl isc
prenoids (photosynthetic organisms and/or green sulfur bacteria), and Cholestane (biomarker of eukaryotes) relative to tot:
organic carbon (TOC) had a positive peak(s) in the lowermost Ediacaran System, which represents an increase in biomass
photosynthetic organisms and eukaryotes immediately after the retreat of the Marinoan glacier, probably caused by an increas
nutrient flux to the sea. Except for aryl isoprenoids, those indicators relative to TOC increased through the upper part of the low
ermost Ediacaran formations, which may correspond to a recovery and/or evolution of eukaryotes after the Marinoan glaciatior

Yuan, X., Chen Z., Xiao, S., Wan, B., Guan, C., Wang, W., Zhou, C. & Hua, H. (2013) The Lantian biota: A new window onto
the origin and early evolution of multicellular organisms. Chinese Science Bulletin 58, 701-707.

Yuan, X., Chen, Z., Xiao, S., Zhou, C. & Hua, H. (2011) An early Ediacaran assemblage of macroscopic and morphologically
differentiated eukaryotes. Nature Letter 470, 390-393.

F—T— R AR, FRAEN, T 0 7 A IR, <) T K
Keywords: Organic Geochemistry, Neoproterozoic, Ediacara, Marinoan Glaciation
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Oceanic oxidation mechanisms spanning the Snowball Earth and early animal diversifi
cation
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The late Neoproterozoic (780 million years ago (Ma)) to early Cambrian (520 Ma) interval witnessed the rise and evolution of
early animals. Oceanic oxidation is believed to be crucial in driving the early animal evolution. However, the oxygenation mech-
anism in seas during this critical period remains unknown. Here we found (i) oceanic anoxia before and during the Marinoar
global glaciation (MGG) (660-635 Ma), (ii) surface-water reoxidation immediately after the MGG (635 Ma), (iii) intermediate-
water oxidation in the mid-Ediacaran (600 Ma), (iv) deep-water oxidation in late Ediacaran (580 Ma), (v) oceanic anoxia at the
end of the Ediacaran (541 Ma), and (vi) reoxidation in the early Cambrian (535 Ma). Thus, a stepwise marine oxygenation took
place from shallow to deep water through the Ediacaran epoch, and every major changes in oxygen levels coincided with a
important revolutions of marine life, suggesting a coevolution of ocean chemistry and early animals occurred during this period

F—TU—F: T T AT, J VXY 2 T U, FEAER, R, N A — A —
Keywords: Ediacaran, Cryogenian, Neoproterozoic, oxygen, biomarkers

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

BPT23-08 255411 FFRd:4 A 30 H 11:00-11:15

HAD =GB ¥ = 7 ZHER OB ZRIRGET @ & < IClZEEAaDREJHICD
W
Geochemical identification of projectile from the Upper Triassic ejecta deposits in Japan
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Our previous studies have revealed that the Sakahogi section in central Japan contains an impact ejecta layer in the La
Triassic, which was derived from an extraterrestrial impact event. This ejecta layer is characterized by platinum group elemen
(PGE) positive anomalies and Os isotope negative excursion together with enrichments in Ni and Cr, and abundant occurrences
Ni-rich magnetite grains and microspherules. PGE anomalies in the Late Triassic sediments were also discovered from deep-s
claystone layers at three bedded chert sections in southwest Japan as follows: (i) Unuma section in the Inuyama area, Mino Be
(i) Hisuikyo section in the Kamiaso area, Mino Belt, and (iii) Enoura section in the Tsukumi area, Chichibu Belt. Combined
PGE and various isotope data from these ejecta layers are insightful so as to identify the meteoritic material which has cause
the Late Triassic impact event. Here we report the PGE element ratios, and Cr and Os isotope compositions of these ejecta laye
to understand the projectile component.

The Ru/lr and Pt/Ir ratios of all the claystone samples from the study sites are plotted along the mixing line between chondrites
and upper continental crust. Although a chondrite cannot be distinguished from iron meteorites by using PGE/Ir ratios, the
claystone layers show Cr/Ir ratios betweert 1010, indicating that the claystone layers are clearly contaminated by chondritic
material. The Os isotope composition$’s/*80s ratios) in the claystone have a narrow range from 0.126 to 0.128 and
these values are well similar to those of chondrites. The Cr isotope data are useful to identify the extraterrestrial component
in the ejecta deposits because meteorites of different classes have a distinitotope anomaly. The presence of positive
e?*Cr anomaly in all claystone samples strongly suggests that a carbonaceous chondrite-like material was involved in the studie
ejecta layers. Consequently, these geochemical lines of evidence indicate that the Upper Triassic ejecta layers in the Japant
accretionary complexes have been most likely derived from a carbonaceous chondrite.

F—T— B A2, ARoeER, 4 A XY LR, 71 LR
Keywords: impact event, platinum group element, osmium isotope, chromium isotope
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Stratigraphic Sequence in the Axim-Princess Town section of the coastal Paleoproterc
zoic Greenstone Belt in the Birimian
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HEAA T Grate Oxidation Event®, b o —11 =7 2K (] 23 @41 DS S, U CHEBRER D KUR/ER
BE#FHH -1 EZ BN T W5 (e.g. Holland, 1994, Kopp et al, 2005)L A L, 5 OHEAIGEHLIZERW TS v b
T4 —L EOHIBICRINZEDTHD, X OFEWVIBFEKICHT 2HRERBEICOVWTIEAHTH . chud, FAERIC
A3 LN GO HEDNEZSH RIS N, BESGDRON, BREBIERHOREZZ ) 5 -0BFrOE Ttk e
WML WD TH 5.

A IFEFEAERIC I B IR O REEZE R 5 MNCT S 721, BIBIZ RNV 23219 ER O/
19 2H0—7F, NU 7 (Berimian)ii OHEREEICDWT, HEHFEIC KD EFE 2T,

PHEHRTH BN 27 VRS Y — 2 A b= (BCG)fmld, 2 2 (EFERTOIERS & I HPEH) 10kmIC % - Tk
LizHEA BT %, PEERIEIERCER, BTICEMIRAEDME SN TE D, FAERYIHOMmEEIREmA R 5N 5 C
ENTFREING. BRI, 2ROMBEMEOHIEZITY, MR ZH ML, RENGHIEICHT 2FIKK %
VERRE K ORI T o T2, AHEE, BICER U7 FEE R OB SBE mOWE 7 )V Y Tho, 1 HiDH
JERFRAERIRLED AT E %0, FHAMICIZ R BN OZEOVD R WHIEN SIS 5. JEWAILIERYE S S BEAE S )
570, HEHICIIRIASEH - HAbEM R & OHERME K-> TH D L MIIERARETH . o, e LT
R E DIRW AR E A BIS DA MR TE, MO EHZ#E->TWS

HifEg X, FHEICEE 1000mEl EOEWKIIFYE A 570, 20-50m/ED _EHIRIERE Uz iy EE & B ESE
OHBEMNRENTED, [HZEHBEOHENMEZ, HEkd . & N7 27 =R ENR LA LD
Honsizd, BELETHEAMB LB EEZ 5N, AT THINE FATEZE DX —E X1 MEkER
BEANEI UGB LT 5. FEEYEIRIZE LA CRANEL, WEEEIMOWmEER N> TV AR RT. B
HAMCEENZHERIREZEOLERNAFKIE § 18C=2432 230 TH o 7z, URFOUFEITGEYIMNER L, NfETE
ORI LS > Tl e EZ BN5.

F—U— R FUERYIH, NV X7 70—V A b — A, RS
Keywords: Paleoproterozoic, Berimian Greenstone belt, island arc ocean floor environment
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Geochemistry of the Nsuta Mn deposit in Ghana: Implications for the Paleoproterozoic
ocean redox state

Tl 22 I P 222 BR S 3 MR B 3 ey HERRR Y, FHI R L BPIR 52 2 W)l B— ° ; Tetteh George M.
; Nyame Frank K&

GOTO, Kosuke T* ; ITO, Takashi ; SUZUKI, Katsuhikd ; KASHIWABARA, Teruhiko® ; TAKAYA, Yutaro* ; SHIMODA,
Gen' ; NOZAKI, Tatsud ; KIYOKAWA, Shoichi® ; TETTEH, George M. ; NYAME, Frank K¢

U PESERARRS B WIZERT, 2 SR, 3 MBrEITSE FFERRS, * BEURE, 5 JUNKE, 6 H—F K%
1GSJ, AIST Ibaraki University2JAMSTEC,*University of Tokyo,”Kyushu UniversitySUniversity of Ghana

Oxygenation of the atmosphere and oceans may have influenced the ocean chemistry and diversified contemporaneous li
A number of large manganese (Mn) deposits are distributed in the Paleoproterozoic sedimentary successions that were form
during the great oxidation event (GOE) around 2.4-2.2 Ga (Maynard, 2010 Econ. Geol.). Due to the high redox potential of Mn,
occurrences of Mn deposits have been regarded as important evidence for a highly oxidized environment during the Paleopr
terozoic (Kirschvink et al., 2000 PNAS). Furthermore, because Mn oxides are efficient scavengers of various elements, includin
bio-essential elements such as Mo, formation of large Mn deposits may have affected the seawater chemical composition ar
ecology during the Paleoproterozoic. However, due to lack of detailed geochemical records constraining the genesis of eac
Mn deposit, the relationships among the formation of Mn deposits, the evolution of atmospheric and ocean chemistry, and th
diversification of early life are still ambiguous.

In this study, we report the Re-Os isotope compositions, rare earth element (REE) compositions, and abundance of manganop
elements in the Mn carbonate ore and host clastic sedimentary rock samples collected from the Nsuta Mn deposit of the Birimia
Supergroup, Ghana. The Nsuta deposit is one of the largest Paleoproterozoic Mn deposits, although its genesis remains cont
versial (Melcher et al., 1995 Mineral. Mag.; Mucke et al., 1999 Miner. Deposita). The composite Re-Os isochron age (2149
+/- 130 Ma) of the Mn carbonate and sedimentary rock samples is consistent with the depositional age of the sedimentary rock
(?2.19 Ga) obtained from U-Pb zircon age of the volcanic rocks (Hirdes and Davis, 1998 J. Afr. Earth Sci.), suggesting that
the timing of Mn ore deposition was almost equivalent to the host rock sedimentation. The PAAS-normalized REE patterns
show positive Eu anomaly in all samples and a positive Ce anomaly only in the Mn carbonate ore. These REE patterns sugge
possible contribution of Eu-enriched fluids derived from hydrothermal activity and Ce enrichment due to the oxidation of Ce(lll)
by Mn(1V) during ore formation. Among the manganophile elements, only Mo is enriched in the Mn carbonate ore compared to
the host sedimentary rocks. The profile of manganophile elements is similar to that of modern hydrothermal Mn oxide (Kuhn et
al., 2003 Chem. Geol.), although the Mo/Mn ratio is much lower. These geochemical lines of evidence provide the following
plausible genetic model for the Nsuta deposit: (1) Mn(ll) was derived from hydrothermal fluids, (2) Mn(ll) was oxidized to
Mn(IV) oxide by the oxygenated seawater, (3) the precipitation of Mn oxide is almost concurrent with the deposition of the host
sedimentary rocks, (4) Mn oxide was diagenetically transformed to Mn carbonate ore by the reaction with organic matter.

The geochemical features of the Nsuta deposits suggest that, as in the present oxic oceans, Mn oxide was a potential si
for several trace elements in the Paleoproterozoic oceans. The low Mo/Mn ratio in the Mn carbonate ore may reflect the larg
difference between the chemical compositions of Paleoproterozoic and present seawater. As the Paleoproterozoic black sha
also tend to show low Mo abundance (Scott et al., 2008 Nature), the observed low Mo/Mn in the Mn carbonate ore suggests lo
Mo inventory in the Paleoproterozoic seawater. In the presentation, we will also discuss the oceanic redox condition responsibl
for the low Mo inventory during the Paleoproterozoic.

F—— F: FAERE, RE(LA XY, R UA VIR, LY LA AIT LB VAV e 37 VREE
Keywords: Paleoproterozoic, Great Oxidation Event, Mn ore, Re-Os isotope, manganophile elements, Birimian Supergroup
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Geochemical study on the variation and stability of atmospheric oxygen in Paleoprotero:
zoic
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NAKAMURA, Umi '* ; SEKINE, Yasuhitd ; TAJIKA, Eiichi! ; GOTO, Kosuke B ; SENDA, Ryokd ; SUZUKI, Katsuhikd
; TADA, Ryuji' ; MARUOKA, Teruyuki* ; OGAWA, Nanako O} ; OHKOUCHI, Naohikd

VUK, 2 HESERANRR Y IIIET, 3 WarENT S B FE MRS, * SR
IThe University of Tokyo2AIST, 3JAMSTEC,*University of Tsukuba

HIBR KRS ORI X, T EIERMER SN S, FAEMRWE (24.5-22(F4FF)) IC2URIC LR LT EAREEN
TW5. FREHIZE 2—0=7 DOKMRHMR EPEEN, KIRRZOKRHRD, Dad et 3EEDIR LIz EAHISNT
W5, Eoblr, B2 (TIL—2R) KA, 553 (DUHUX) KAFHROBERICBEEED FEMECTzC eh, i
RILZZN T —EhERBENTNS. LA LEDND, ZN5 _DOKMKRROBOEBIICE N THBERENEDEL S
TRETEIRREIC B > Tz DMK TZIA S Hh Tld R0,

Z TOARIMFETIE, 7IV—KAIR & I A4 > ZOKMRHR OB ORI ZGR LIz A X« b a—n=7 U %E
BT 2= 3 — IR UTY —XY MEOHER AREHC A U T, EREIOBLETIRREIC K > TEIN LD 5 0E (8B
{LRTCBUBOCR) OONiZETTo L e &I, IRERNADHT, WREFENAI R EZTToTz. F LT, HRFORKHHER
BT B EBLE CIREEDHEE 2 U T, KRAEERE L NIVOZSE N OZF DL EIREEIC DOV TR Z1To 2.

FORER, TANRZa—FBRUTT—XV MBIZBWNT, BLECEETE (Fe Mn, Mo, V, Cr, U, Re Osix
E) DPELERA NN EWNDh ot TO—)T, ReNUT OsDT AV 71 AERIIHK 3LEERTE WV S FUEZE R
L, ba—o=7 VEBEHOHERT (24.5-22.2BFF) KD EHSMITHNT EWVgholz. 2O &k, HREYH
D Rex® OsHHERERF DMK SIHE I N2 E D TidEL, BZOH K RBEBINGBERA N LTHRYEYE LT
HHELEEDOTH B eERB LTS, HEREFOM/KD) S Re OsOEHEAMIE LA ERNCT &, FK 3LEFERTD
Re OslAlfifks AT LHOBLINEL %2 ISR Z R > T EFFHHERE L T3 2 e b, MO KK LR &
£1C Re® Os DL LI WEBERRE TH -2 LAVREEINS. COT X, BILE BB TEDBEENAS
NENT &0, HERDRYRFOUFTERBBILE DMED - 12 T & 2R 2 s N ARDO O H SR & L FINTH 5.

FATHI OFER E A DEREHOETEZ S L, TI—ZKARRERIC ER LU EWRBINIBELAN
WiE, BOME R LT EWVRBENS. Ihbb, 70— ZKERIEHZOBEEELE FFIE—NRE DO TH - -AhE
P ED. A Y ZKMBFRUANCBOWTIRBRBED V- A R LU THSED L)AL B[ HICES) LTzDIC
L, :Wﬁ/7mﬂhﬁ%@T&%&ﬁwﬁﬁﬁ%%®$ﬂﬁ%&%@ﬁﬁﬁkz%zEma
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2 FATOIFEIEREIE Tt DXCL #iHIEUR DR ER - s [FhifAIcOVwWe
Reconstruction of 3.2Ga sea floor environment: Carbon and sulfur isotopic ratios of
DXCL drill cores.

SARFEGEINE 2, KRB M EAN S O S O MR 5 i B S AR e T ey ] 3
MIKI, Tsubasa* ; KIYOKAWA, Shoichi? ; NARAOKA, Hiroshi? ; TAKAHATA, Naoto® ; ISHIDA, Akizumi? ; ITO, Takasht
; IKEHARA, Minoru® ; YAMAGUCHI, Kosei ES ; SAKAMOTO, Ryo’ ; SANO, Yu;i®

LIUNKS: REEBEH AR HIEREE R A IR, 2 SRS KABTE AR STl MRS RL AR, 3 SO K RS

WAL AR, 4 IR BB P RBE B EERGIRE CIREER), ° @HIRY: K2R #a e AT E SARARZERL, 6 SR

RF BEEAER AL AR I NASA FH AW AIZERT, T(RK) = HaihbzE

IDepartment of Earth and Planetary Sciences, Graduate School of Sciences, 33 Kyushu Urfileségtment of Earth and
Planetary Sciences, Faculty of Sciences, 33 Kyushu Univetgigpartment of Chemical Oceanography,Atmosphere and Ocean
Research Institute, The University of Tokydeacher Training Course (Science Education), College of Education, Ibaraki Uni-
versity, °Graduate School of Integrated Arts and Sciences, Kochi Univefditgpartment of Chemistry, Faculty of Science,
Toho University / NASA Astrobiology Institute Mitsui Oil Exploration CO., LTD

Pit—ZA b Z V7 OEIVNTHRET ) —> A b—aicid, 3273 EEMOEEHERYE (T3 V7 ATV REh &
7 VNN—E)VE) Wt LT 5. HERERBEO Sk 1R e 2 HY & LT 20074 & 20114:C DXCL [ FgHID T b,
4 ROHHHI 7 (DX, CL1, CL2, CL3)WME LNz, JEAriigtic &K % &, CL3LIAND a7 Tl RERNALL (=5 13C) &AM
EHHRE 7 < HFI-30%oRili12 2 s L, ABEEIC & - T BN DX a7 MO ROE SO FRINAL (=6 34S) 3L TR K E
<L IEHITE WA (5 34S=-10.1"+26.860, N=93: I A, MS2010; Kobayashi, MS2013%/1< L7z, CHUFE SN TV 2 K
RO HERE R LY DO FINIAALL (6 34S=-16.8"+8.T%o, N=351: Strauss, 200 K& Fix-> T\ 5.

AWZETld DXCL #HIERHC 381 2 k& - EFINIAZ b2 CL 3 a7 Z &z 2DV TR Uiz, 7R
PRI B IR LE DX 5D ENKED 572 DX T TITDW T, Z DK ZRIAT % 7281 NanoSIMSIC K % fif & [A A7 4
LoDy NI B 72 ik A T

(&) Z7 U N—=E)VEIE FAORGESTE (CL1: 66.1m, CL2: 44.4m) & FEORIRPILTED 5% 5. K< CL3
a7 (200m)iE B E AT E R LI ERPIREELETED 55 0, BOESE, KBRS, SIRELEN 555, TV U TAT
Y Rig (DX 37 :100.4m &, BOESEIKEF v — b, BHIEOEEN 5725 . BMBIZIC X 0, £ mm gD EELEA
JEOHTIEEAEGT 1 m O BETE SO ERE R 10 p m, 7REHK 2 p m OMUNERBIREISED @ B % . Hifg DY)
BIROTEREIC K O, U/ NERREIREE SR BE D BT EH O WD ERFEICTE L L T2 T V5.

(BREERINAR T JRPT o HT: UINERBAIR B BB 72 3 Eovdi P 7 e AR & FIC RIS IC al i U, SR U R R &R
@ NanoSIMS50C Rt 7 fRAE XA A VB m o HrEEE) ZMH U CHENALLD~ v € T %2175 Tz, AT AR
B2 B85 L C SO A2 HElE U, Z 0D A%z O TRNHAR T 217 5 To. BRI TUN KA A BT i ek L AT = i
@ FISONS instrumentst & NA 1500 NCSyt& 577 #Tit35 & U Thermo Finnigarkl %4 DELTA plus XL [RINi{RLLE B #r5t
ZER L.

(RZ NI M AGEHT R LT Larson et al., (2008) 3D = ZE#k L ORI U Z1TU, SRS U 2 7 Aot
> % —0 Thermo Finnigarkt 8Ot E A > 5 A E &5 Hiat Delta Plus Advantagé & U 7z.

(R 50) T INERFEEIR B ERHR IS BRR N T 5710 %0lE E D[RR DRI ZHE S U, fHOEWERZ DA U > ZRIC, RWER
ST E FLLERIC & W S RLDFPRD %2 LTz, £/ CL3 a7 (n=27)A 513 § 34S=+1.33"+21.52%0, § 13C,,,=-
30.797-28.5T%o, C,,,=0.09"1.65wto 3 FER M 5N Tz,

(ER)  REBNALE, DX-CL 27 %58 L T 400mDE & A E-307-28% D% & O | [Al—FEXHD IS DN e
IS L TW B END S, SNET T /NI T U T DX S TRARMEDO L % § 12C,,, i —Fd % (Schidlowski,
1987). YHFDOUFEEEHL TR 7 /NI T T INEE L, ZOBEEMIE LIzt 0 L BbN s, EHESIEOERIX, >
7 NG T T S B AN E SRR HERRY R TS C 5. RRCERBEIRICIE A U 7o s ERSEN SR Tl RRiE R IC
BILUTCHERERD, MR CEICE D LA ) —0RIDEATS. ZOFERT «— RNy &R L, BRRRNEE TR 4R D iE
PEMRRBHE OB R AR L (+2 %0: Ohmoto, 1992)K O & [AIRIARNIC EEWEFRIEDEIK L T o Te B Z b NS, —fIC
WiEgE T E DB 5T 256, AT 2V OE FRMA LI B OfEE & O FAKICEW SIS 7 N3 50, AET
13+20% L EDfEZ/RL TV 5. B O OHERIMER LY SO RN AL 2 £ DIRRETH - T ATREMEA D 5.

F—T— B KRG, BRERFEINAER, TREEEALA, BEERIE, A R E, MEE T
Keywords: Archean, carbon isotopic ratio, sulfur isotopic ratio, pyrite, SIMS, sulfate reducing bacteria
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w77 7 71, OnverwachfE #HIC 51 2 A K TR D it e IR BUKAF R AT AR 7 |
S- I\/IIF geochemlstry of the Early Archean in the Onverwacht Suite, South Africa

=R BF E—ER 1 ; de Wit MaarteR ; Furnes Haral®l; 25/% $th 1
MISHIMA, Kaoru'* ; UENO, Yuichird' : DE WIT, Maarter ; FURNES, Harald : SAITOU, Takuyé

VHR TRERZERZEGHIERE SRR EZEY, 2 XV R YT I A MR 2K 3 )V VK

!Department of Earth and Planetary Sciences, Tokyo Institute of TechndlB@N-Africa Earth Observatory Network, and
Faculty of Science, Nelson Mandela Metropolitan UniversiBepartment of Earth Science and Centre for Geobiology, Univer-
sity of Bergen

The recent study of sulfur mass independent fractionation (S-MIF) in the Archean sedimentary rocks represented that multi
ple sulfur isotope ratios (32S/33S/34S/36S) could be useful new tracer for Archean sulfur cycles. Farquhar et al. (2000) firs
discovered that Archean sedimentary rocks before 2.4 Gaha¥@ anomaly, whereas no such anomaly was found in younger
samples. This contrast implies the rise of atmospheric oxygen content that fundamentaly changed atmospheric sulfur cycle. Tt
hypothesis are based on the studies from Western Australia and South Africa (Kaufman et al., 2007; Ono et al., 2009; Zerckle ¢
al., 2013). High-resolution stratigraphic studies provide a detailed view into the late Archean marine sulfur cycle, which can help
our understanding of both atmospheric and biological processes. In the early Archean, S-MIF data are almost from hydrotherms
sulfate and sulfide. For comparing early nad late Archean data precisely, it is necessary to investigate stratigraphical and petr
logical distributions and variations of the multiple sulfur isotopes. We have studied Early Archean sedimentary sulfides which
are well preserved in the Barberton Greenstone Belt, South Africa. Sulfur isotope analysis of extracted sulfide of sedimentan
rocks from Barberton Greenstone Belt, show a clear M¥E $o) and §34S-A33S, A33S-A36S correlation. The Noisy Com-
plex whchi is consist of fluvial sediments and diamictite show negafi¥8-A33Scorrelation, and\*¢S/A33S slope of -0.72.

On the other hand, the Kromberg Formation which compose of deep marine sediments show {4§iti¥é*S, and scattered
A36S/A33Sslope. §34S-A33S, A33S-A36S relation from each stratigraphic level shows somewnhat different trend, possibly re-
flecting local environment and/or bacterial sulfate reduction activity.

F—TU—F: w77V A, i, IFE AR 5
Keywords: South Africa, Sulfur, MIF
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Atmospheric oxygen in the Earth’s 4.6-billion-year history

ik K2 s Al TR 2
SATO, Tomohikd* ; MARUYAMA, Shigenori

DRGSR B R AR I, 2 AU LR AR A A STl
!Department of Earth and Planetary Sciences, Tokyo Institute of TechndEgsth-Life Science Institute, Tokyo Institute of
Technology

The oxygen content of the Earth’s surface environment is regarded to have increased in two steps; the Great Oxidation Evel
(ca. 2.4 Ga) around the Archean-Proterozoic boundary and the Neoproterozoic Oxygenation Event (ca. 800-550 Ma). Thes
two events are supported by geochemical or paleobiological evidences; however, the estimation of the oxygenation level of th
surface environment through time still have many problems to solve. We will review and discuss the previous researches for th
better quantitative estimation of the atmospheric oxygen content in the Earth’s 4.6-billion-year history.
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Convective stirring versus compositional stratification in the early mantle of terrestrial
planets of various sizes

NG
OGAWA, Masaki*

L HUR AR G LR
LUniversity of Tokyo at Komaba

Systematic numerical studies of magmatism in the convecting mantle of terrestrial planets suggest that how the compos
tional differentiation by magmatism in the earliest mantle affects its subsequent history depends on the size of the planets. |
large planets like the Earth and Venus, the global scale magmatism induced by the high initial temperature of the mantle doe
not differentiate the mantle so much because of a strong positive feedback that arises between magmatism and mantle convi
tion: Ascending flow of mantle convection induces decompression melting, but the buoyancy of the melts further enhances th
ascending flow itself. This ascending flow enhanced by melt buoyancy strongly stirs the mantle and suppresses prominent con
positionally stratified structure to develop in the early mantle. In Mars, the positive feedback still works, but the convection does
not stir the mantle so strongly and the initial global scale magmatism makes the mantle compositionally stratified; the subsequel
mantle evolution occurs as a convective relaxation of the compositionally stratified structure. In the moon and Mercury, the
positive feedback itself does not work, and the convective current is mild even in the earliest stage of the history of the mantle. Ir
the moon where the heat flux from the core is negligible and the gravity is small in deep mantle, in particular, a compositionally
stratified structure formed in early mantle survives the subsequent stirring by such a mild convective flow.

F—T— R BEYA X, KRGS, < > BV, (LA
Keywords: planetary size, magmatism, mantle convection, compositional stratification
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Lunar and Planetary Cratering Records: Evidences for and against the Cataclysmic Lat
Heavy Bombardment

REM B
MOROTA, Tomokatst

P ER

'Nagoya Univ.

BHIRBROAMIE, ARPAIZT Th BRI, RERAICE T 2 REERBAMETSH 5. 7 Ralfho >~
287 R AU MEOBEHENRIZ 38TA0EEICERN L TED, TDT e 5D HARIEEER 39 (HERTIC KIAEIEHE R
KA D > T & E X T &7z [e.g., Teraetal.,, 1974] C N 2RI HEERIUKEG LA TS, —75, TOFUCKAT BH5E
FHE iz, 7 AREEREHE Imbrium 5 Serenitatisk U - 7z FEEGF U (T39 (B4E) REE O Zei it b Ot ¥ 5
RENTVBDICHRERZRLTVWAERET, LWHIFIRTHS. ARETIE, ARBERHROV L—XGd8ICE &
DO THRHAEBREOEIC OV THNT 5.

F—U— R RIERRY, 7 L—2, 1
Keywords: Late Heavy Bombardment, Crater, Moon
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MPFTCENEABL A R TDRAI VT _
Timing of late veneer on Earth: a siderophile element perspective

I 5 BRI ey s SRR REE 2 Ve !
ISHIKAWA, Akira'* ; KOSHIDA, Keiko' ; SUZUKI, Katsuhikd ; KOMIYA, Tsuyoshf

LHOOREE, 2 W TER SR SR
1The University of Tokyo2JAMSTEC

The short-lived ®2Hf-182W decay system (half life is ca. 9 Myr) has long been recognised as a powerful tracer for accretionary
and differentiation processes on the early Earth. Recent advances in analytical technique made it possible to conduct higl
precision (- 5 ppm or better) W isotope ratio measurements and have allowed exploitatitivetf 84w variations (expressed
in the conventionat'82W notation) in a wide variety of geological samples. To date, the presencé?¥ anomalies have
been documented for the 3.8 Ga Isua supracrustal belt in West Greenland, the 2.8 Ga Kostomuksha komatiites} the
Nuvvuagittug greenstone belt in Northeastern Canada and the 4.03 Ga Acasta gneiss complex in Northwestern Canada, all
which exhibit similar positive:'®2W anomalies up to 15 ppm relative to modern terrestrial samplé€&W ~ 0). These'8?W
enrichments have been interpreted to represent the composition of anciently isolated domains in Earth’'s mantle that escapt
addition of the chondritic late veneer'{2W ~ -2). This hypothesis is apparently consistent with the idea-t!ta6% of the
Earth’s mantle was added after the cessation of core formation, required to account for the overabundance of highly siderophil
elements (HSEs) in modern mantle. In order to test this hypothesis, we produced the HSE concentration data for basalti
amphibolites in the 4.03 Ga Acasta gneiss complex, meta-komatiites and meta-dunites i8.81&a Saglek-Hebron segment
in Northern Labrador, Canada with the motivation in the search for the pre-late veneer mantle almost devoid of HSEs. The
results demonstrated that the relative and absolute HSE abundances in all these rocks are akin to their late Archean to mode
equivalents, indicating the delivery of late-accreted materials prior to 3.8-4.0 Ga at the period of late heavy bombardment or
the Earth-Moon system. Considering the results of other studies demonstrating high-HSE contents of the mantle sources for tt
3.8 Ga Isua rocks and the 2.8 Ga Kostomuksha komatiites, we can now conclutfé\anrichments are largely decoupled
from HSE depletions, inconsistent with the pre-late veneer hypothesis. Further studies are necessary focusing on the sideroph
element behaviors in Eoarchean rocks to advance in the knowledge of late accretion on Hadean mantle and the®a\rce of
enrichments.

F—T— R BFIR, LA 27, K, v B
Keywords: siderophile element, late veneer, Archean, mantle
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HERICHT 2RI EIEREIC X 5 KEEONIE & 7aRl
Destruction and melting of Hadean continent by Late Heavy Bombardment

ZHlEA T AR B2 HH K3
SHIBAIKE, Yuhito'* ; SASAKI, Takanor? ; IDA, Shigeri

VIR E G T AA e R BRE R R A, 2 TR E B AT IR T VI BE A B0, @ AU LR A HIER
A=A

!Department of Earth and Planetary Sciences, Tokyo Institute of Techndibgpartment of Astronomy, Kyoto University,
3Earth-Life Science Institute, Tokyo Institute of Technology

HEAT b BRI A0 E4EFT R O LN TE IR RN O EICE WHDOD > T0AEV, L LIEHE, EEROHS
MERZE DIV AV 2GUHBEEN R EN, EEAICE I TICRBERDAH > T e EZABNE XS ICE STz, TOKR
FEHIFRE . WO TEWEETHA T LR S 7eDEA 5D, IHEDEKE UTEEARMO KIAEZEOHER [MEHREER ) I
K HWHERTEMNET 5N B D, EBNEHERZH XD BRI NTVRL,

AL TIE SN2 fETINCETR T 2 X258 M U, BRIFEERIC X > TREHROMAZHIHT 5 C EARETH S C
EERILMMC Uz, BARICIZ, BIFEEE% Cataclysm, Soft-Cataclysm, Standabd= DD ET IV TE L, BEERDK
Pt R S N p R L VARET 2R HEE Uiz, #EE IEIE. LUNOMD Th s,

£91d. HmDOFE Kz (CataclysmET)V) D7 —& & | JIEREEY 2 2 L— ¥ 3 7 (Soft-CataclysmE 7 )V) 5
KOHED Y L— 2 —§EEE (Standarde 7)L) 2L Lzt O 5, /NRE DY A X422 U CRIEREOH
BEHEE Uleo /NRE DY A X0IE. EEEOBRIC K > TEA DNz BIELI L, NFHEHE/ISTA—%—L
Ltz TORFIHICE ST, MRIIKEZIBNHT S, ZLTHREIL. J7L—F—DXA7—V Y FHIZERWT, KRt
FROMEHE L yAEh e HEE LTz, #EE SN2 8, BIEAR. RISEARL. 3 X CTAREIC X 2 HIERE R D /173 —
K, OMNDOTH 5B,

FRE LT, BHERZRONTNOET NV TH>TE, WL DODEKEZFIC K > TREEREMNFR & [FFEE O AR
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The first recovory of impact-shocked zircons from the Jack Hills metasedimentary rocks.
Western Australia

LLAS A B 5/ NEs
YAMAMOTO, Shinji'* ; KOMIYA, Tsuyoshi*
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! Department of Earth and Astronomy, Graduate School of Arts and Sciences, The University of Tokyo

The first 500 million years of the Earth history remain poorly understood because terrestrial rock records during Hadean er:
(>4.0Ga) are scarcely preserved, probably due to surface and/or tectonic erosion and intense meteorite bombardment. The L:
Heavy Bombardmend (LHB) is the period from ca. 3.85-3.95, an intense flux of asteroidal bodies into inner solar system orig-
inally proposed to have impacted the Moon. To date, the oldest impact structure on the Earth is the 2.02 Ga Vredefort Dome
South Africa, and another oldest evidence of bolide impact is 3.47-3.24 Ga spherule layers in the Barberton Greenstone Bel
South Africa (e.g. Lowe et al., 2003). The impact chronology from these spherule layers suggest that the impactor flux was
significantly higher 3.5 Ga than today (Jhonson & Melosh, 2012).

Geological conditions during Hadean era can be deduced from detrital zircon grains as old as 4.4 Ga preserved in metase
imentary rocks at Jack Hills in the Narryer Gneiss Complex, Western Australia (e.g. Compston & Pidgeon, 1986; Wild et al.,
2001). Jack Hills metaconglomerates deposited in ca. 3 Ga contain detrital zircons with ages continuously spanning from 3.0 t
4.4 Ga. Previous investigations of these grains have suggested the existence of a thermal excursion during LHB era (Abbott
al., 2012; Bell and Harrison, 2013), but temperature approach of detrital zircons do not restrict impact-related heating.

Here, we first report zircons with shock-induced textures, such as granular (polycrystalline) texture, from the Jack Hills meta-
conglomerate. Granular-textured zircons have been frequently reported from impact ejecta layers and craters, such as K-F
boundary, the Chicxulub crater (e.g. Bohor et al., 1993; Krogh et al., 1993) and also from shock experiments (Wittmann et al.
2006). Polycrystalline zircon grains recovered from the Jack Hills metaconglomerates represents several micro-meter sized cry
tallites of zircon in a glassy ZrSiO4 matrix that may resulted from shock-induced amorphization and subsequent recrystallizatior
(Witmann et al., 2006). Several grains show the granular texture with abundant micro-vesicles and tiny ThSiO4, suggestin
incipient melting and vaporization. The first recovery of shock-induced zircons from the Jack Hills metaconglomerate would
provide significant clues on the early Earth environment and on constructions/destructions of Earth early crust.

T — R GRS, HER, Vv v 2 ©IVR, VLT, G
Keywords: early Archean, Hadean, Jack Hills, zircon, shock metamorphism

1/1



Japan Geoscience Union Meeting 2014 /0 d ;,

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

BPT23-20 255411 F#fi:4 H 30 H 15:30-15:45

77 AT RERIC FES B K E i A R O I e sR SRR
Trace element variety of mafic rocks in the Acasta Gneiss Complex
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IDepartment of Earth and Planetary Science, The University of Ta#epartment of Earth Science and Astronomy, Graduate
School of Arts and Sciences, University of Toky&Geochemical Evolution Research Program, Japan Agency for Marine-Earth
Science and Technology

The Hadean from birth of the Earth to 4.03 Ga is the earliest period of the history of the earth, and defined by no preservatior
of rock records in the earth. Eoarchean crustal records are also rare, so that the details of early Earth are not revealed yet.

Acasta Gneiss Complex (AGC), located in the western part of the Slave Province, Canada, is one of the Early Archean terrane
and mainly consists of 3.6-4.0 Ga felsic and layered gneiss suites and mafic rocks. Minor mafic rocks are distributed all ove
the AGC and occur as rounded to elliptical enclaves and inclusions in the felsic and layered gneisses. These field occurrence
the mafic rocks suggest that they were formed before the formation of granitoid precursor of felsic gneisses and have potenti
to demonstrate the Early Archean mantle evolution. However, the AGC is subjected to numerous metamorphic and alteratio
events. The Acasta mafic rocks mainly consist of amphibolites with hornblende, plagioclase and quartz, suggesting that the
underwent at least amphibolite facies metamorphism. No relict igneous minerals are preserved. At some localities, hornblendite
with over 90 % modal abundance of hornblende occur as restites of anatexis. This study reveals the effects of alteration proce
by using whole-rock major and trace element compositions and constrained the Early Archean mantle characteristics from th
least altered samples.

The compositions of the amphibolites range from basalt to basaltic andesite (Si0O2=48-57 wt. %, MgO=2.179.8 wt. %) and
negative correlations can be seen betweesO4land MgO contents and N® and MgO contents respectively. The horn-
blendites have higher MgO and lowero&l; and NaO contents than amphibolites, supporting the geological evidence that the
hornblendites were derived from residue of anatexis. Amphibolites are divided into three groups based on their major element
and primitive mantle (PM)-normalized trace element patterns: Low-Al, Intermediate-Al and High-Al amphibolite respectively.

The Low-Al amphibolites are plotted between the Intermediate-Al amphibolites and hornblendites on thevAIRQO
diagram. They have relatively higher LREE contents than the Intermediate-Al amphibolites. They display negative Zr and Ti
anomalies on the PM-normalized trace element patterns. Those characteristics are similar to those of hornblendites. On the ott
hand, PM-normalized trace element patterns of the High-Al amphiblites are highly scattered. The geochemical characteristic
of the amphibolites suggest that the Low-Al amphibolites were formed as a residue with incomplete melt loss due to the partia
melting of the Intermediate-Al amphibolites, whereas the High-Al amphiblites as the melts addition. The geological and geo-
chemical evidence indicates that the compositions of almost mafic rocks at the AGC were affected by secondary partial melting
but some mafic rocks, the Intermediate-Al amphibolites, possibly preserve their primary characteristics.

Except for Nb, the Intermediate-Al amphibolites have flat PM-normalized trace element patterns. Their negative Nb anomalie:
suggest that they were generated at the subduction setting, implying slab-dehydration process already occur in the Early Archee

F—U— R KEA HEERE, v bV
Keywords: Archean, mafic, mantle

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

BPT23-21 255411 F#fi:4 H 30 H 15:45-16:00

HUEREE JE O K PR S R

Growth curve of continental crust on the surface of the Earth
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3Division of Earth and Planetary Sciences, Kyoto University

KBEHNTE D FEMREECS 1 T H A ER A SRR EHERZ RO 5, HiBRRIC B TREERDHIEREE T D, ED
SHBWEREN, TH L 7o EARINICER S C LI ERRBRE LD H A 59 HiEREmOMEICE BEETH 5, KEEHRO
REDOWIZERIC IV T, Y, HERYIFE, HIBR(LZOM A R TEL S ETIVIMER SN TE Iz, Bt ¥EkoT
TINC X ZW5EE, HIER IS K E O KBERIE K72 R~ 3 % (Fyfe, 1978; Armstrong, 1981)-/5 T, IR 5 &
HERSTEFSIC X % U Y A 7 )V DB R LT E 20 fEERTUARTICIERR & Nz KREHIEE 2090, R LA -> TE 5, FF
ICETERDOEDRFINE T S DEDOIIIV AV ERITIEE LS TRy (1)L a2ik, Rino et al., 2008) — /5T,
SR OE AT DI B KBRS R B0 BiL AR DA S M E Nz, FIHBRYIEI ORI 555 2 KEENFER
TN, ZTORBRKTEHIEDKFETRED 6% (520-660km) ZDFAE GHES & 10504 —K—I3ET % LHEE S
NTW5%, (Kawaietal.,2009, 2013)

AWFZE T, BIETIEEDN TR DWW THTE AU HE DWW CHGER T 2 72D 5iksm & LTI R B S
WCHEH L@ b a viciE H U GRE DO RBEROERIEE D285 T L 2K T %, RN ESITRED
KL THO ., ZD LOWEREDHEAICEENAREEY VI VGHED Y )N Oy ERIT T EINTE S,

Pilbara, Kaapvaal, Zimbabwe, Wyomidg$ 7 & k> %&#] 2.6 GaD KA E 7 /AT S RS ICE NS FYE
P arzn# L., LA-ICP-MS(EHASA R E) IC K D U-PhERDIHT Lz, THICED T a— N ICi#ERd 57z
B, ZTOMIT TICHMESNTOBEEY VA VEROT =R EEDTA VISV EIER Uz, T— 23 5B OFH
BRREE LTSN, TENICTNE 2.6 Ga, 1.0 Ga, 0.6 GAFKERIC IS 2 KPEHEROFENRIEE D & LT RO
VAS T Rl S

Rino et al.(2008)c X 2 BIED) P2 a > DFERBE M & . AWFZE TR 5Nz 2.6 Ga, 1.0 Ga, 0.6 GaFFIC
B BRIV O > OFEABHE 910 72 R SE ROV ICE Uiz, TN D ORIFROTIRD 5., HiBRHTY: 2.6
GallFilc 3 2MEs KMEHFRDRE & L BIT, LW Y MIVADKFEHFROIERAFR DD > 1= &, F D% AR IE
FREZRHUT %€ DD 1.0 GalhiL TARREMRORIIMAZNZ , ZNLIFBAEE THD L TWE T EWVRBE Nz,

C DX D HEMM KPR O REICBIT 2amic A . HED SrlAfikLLiE L (Shields and Veizer, 2002 >, i
EDORPERROIFATEZ BHEE 382175 12, WED SH3EURIC X 2 KBERGRD 5 DT 5 v 7 2 Lo M LTE#
KB MIVDEDT Ty 7 ADFIC 2 DDIRG TRNALLNRE 5, BULDRE %2 % i FIC@BEH U7 KR
&, M R E TEDTICRKEGROMFIERIIACKRER 2D, KEERGR O TR & KRED DIHFEICIRAT S SrIDT T v 7 A
I DWTHE TN LEBIREfRZIE LTz, T OFHRICK 2 RAEE D OFGHR. 2.6 GallZBIEDHK] 75 W X THE L7a KFE
TR DS HIERE I AZAE U, 1.0Gall 3 BIED KRR O 1.545%, Z DBIIE X TAEHRIZHAD LT30S KRB
DRETETNVERE LU,
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Geological and geochemical studies about the Eoarchaean-aged Banded Iron Formatio
in Nain Province, Northern Labrador.
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!Department of Earth Science and Astronomy, Graduate School of Arts and Sciences, University of Dokigmn of Earth
and Planetary Sciences, Graduate School of Science, Kyoto University

Banded iron formations (BIFs) are chemical sediments, deposited in seawater before the Paleoproterozoic, and are often u
lized as proxies for chemical compositions of seawater. However, the scarcit@.6fGa supracrustal rocks including BIFs
hampers the use of BIFs for estimate of the seawater composition, especially bioessential elements, in the early earth. Recent
Konhauser et al. (2009) showed secular change of Ni/Fe ratios of BIFs through geologic time, and suggested that the Archee
seawater was enriched in dissolved Ni, suitable for methanogenic bacteria. But, their data show quite large variations in Ni/F
ratios at the same ages from the modern value to about ten times value. Therefore, more comprehensive investigation of tt
BIFs through geological time is necessary to estimate secular change of chemical composition of seawater. For the purpos
we performed comprehensive investigations of geology, geochronology, stratigraphy and geochemistry of the oldest supracrust
rocks, in>3.96 Ga Nulliak Supracrustal rocks in the Nain Province, Northern Labrador, Canada (Shimojo et al., 2013).

Based on the lithostratigraphy and accompanied rocks, we classified into two types of BIFs: BIFs interlayered with metabasite
in the Nulliak Island and BIFs accompanied with carbonate and/or chert layers, respectively. The former are Algoma-type BIFs
which was deposited in deep-sea near basaltic volcanism. The latter are uncommon in the Early Archaean, which are possib
formed in shallow-water environment.

Their PAAS-normalized REE+Y patterns display positive La, Eu and Y anomalies, suggesting that they were deposited in &
mixing zone of seawater and hydrothermal water. In addition, transitional element contents such as Ni:ab@ gpn) are
high, similar to other Archean BIFs (Konhauser et al., 2009, Mloszewska et al., 2012). But, HFSE (e.g. 1720 ppm in Zr contents)
and Al203 (0.572 wt%) contents are variable, and positively correlated with REE+Y and the transitional element contents, sug:
gesting that the variation in the REE+Y contents is due to detrital inputs so that samples with low Zr and Al203 contents preserve
the detritus-free compositions. The samples with low detritus inputs show a negative correlation betweearteURRE and
Y/Fe ratios, and between Eu/Eand LREE/REE and Y ratios, respectively. The similar correlations are reported for iron-rich
suspended particulates collected from the TAG hydrothermal field (German et al., 1990). Therefore, the REE+Y variations cal
be explained by continuous scavenging processes by iron-oxyhydroxide particles. Moreover, neaQmi@dy is consistent
with anoxic seawater in the Early Archaean.

In addition, transition metals (Ni, Zn, Co)/Fe ratios correlate negatively with Eu/Eue correlations were also shown in BIFs
in the Isua Supracrustal Belts and the Nuvvuagittuq Supracrustal Belts (Bolhar et al., 2004; Mloszewska et al., 2012), sugges
ing that their variations are due to same scavenging processes by iron-oxyhydroxide particles as REE+Y. Namely, the transitio
metals/Fe ratios of BIFs don't provide direct estimate of those concentrations of seawater. We normalize their transitional metal
by rare earth elements (e.g. Sm), which are adsorbed on iron-oxyhydroxide similar to the transition metals. Sm-normalised trar
sitional metals contents of the Archaean BIFs are higher than those of Proterozoic BIFs, suggesting that the Archaean seawa
was enriched in transitional metals such as Ni and Zn, which are essential for protein synthesis of the early life.

Reference: Konhauser et al., 2009. Nature 458, 750-754. ; Shimojo et al., 2013. Goldschmidt 2013, Florence, Italy.; German
et al., 1990. Nature 345, 516-518. ; Bolhar et al., 2004. EPSL 222, 43-60. ; Mloszewska et al., 2012. EPSL 317-318, 331-342.
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In-situ iron isotope analysis of pyrite in ca. 3.8 Ga metasediments from Isua supracruste
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In-situ iron isotope analysis of pyrite in ca. 3.8 Ga metasediments from Isua supracruste

belt, Greenland
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LEarth life Institute, Tokyo Insititute of TechnologyDept. of Earth & Planetary Sciences, Tokyo Insititute of Technology,
3Dept. of Earth Sci. and Astro., The University of Toky®ept. of Geology and Mineralogy, Kyoto University

The timing of emergence of life still remains one of the unresolved questions in the early Earth. Early life could be identified
and characterized by its metabolic processes, which must be deposited and preserved in the old rocks. The oldest (ca. 3.8C
sedimentary rocks on Earth occur in the Isua supracrustal belt (ISB), southern West Greenland. These rocks have been subjec
to until amphibolite facies metamorphism (Nutman, 1986; Hayashi et al., 2000). Despite the contribution of the intense therma
metamorphism, carbon isotope compositions from the Isua metasediments suggested the evidence for biological carbon fixatic
Microbial dissimilatory iron reduction (DIR) is also considered to be one of the earliest metabolisms ond2éR value of
Fe*t,, generated by DIR is expected to have lower value, whereas negéfie values lower than %o are not found in the
sedimentary record prior to 2.9Ga. Here, we reportithgitu iron isotope analysis of pyrite in sedimentary rocks from the I1SB,
using femtosecond laser ablation multi-collector ICP-MS technique (fs-LA-MC-ICP-MS). We obtained a large variation of iron
isotope data from -2.41 to +2.3& in o°°Fe values, from 212 points of pyrite grains in 15 rock specimens, including metachert,
muddy metachert, BIF, carbonate rock and conglomerate. The distributioi{Bé values varies depending on the lithologies
and depth gradient, whereas no correlation could be found betw?é&e values and the metamorphic zone.

Low ¢'3C values of graphite in ISB muddy metachert suggested the existence of biological carbon fixation(e.g., Schidlowski
et al.,1979). 0°%Fe values of pyrite grains from the shallow water samples show lew&Fe values, which suggested the
occurrence of microbial DIR in the Early Archean.

Keywords: Early archean, Isua supracrustal belt (ISB), iron isotope ratio, pyrite, microbial dissimilatory iron reduction (DIR)
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The origin of carbonaceous material in the Early Archean Nain Complex, northern Labrad

Canada
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IDepartment of Earth and Planetary Science Graduate School of Science The University oPDapartment of Earth Science
& Astronomy Graduate School of Arts and Sciences The University of Tokmosphere and Ocean Research Institute The
University of Tokyo,*Japan Agency for Marine-Earth Science and Technology

Presence of early life in the Early Archean is still controversial, and it is a key issue to find evidence for early life from the
Early Archean rocks. Carbon isotope ratid*C,,,) of carbonaceous matter (CM) is widely used as an indicator of existence
of life (Schidlowski, 2001). CM in the 3.80 Ga metasediments of the Isua Supracrustal Belt (ISB), southern West Greenland
has low§!'3C values, interpreted as evidence for organism in the Early Archean (Rosing, 1999). Recently, Ohtomo et al (2013)
showed the nano-scale microstructure of the CM, evident for originating from organisms. In contrast, it is presumed that CM in
the Nuvvuagittuq Supracrustal Belt ("3.75Ga) has a secondary metamorphic origin because the crystallization temperature ("3¢
°C) of the CM estimated from LA-Raman spectrums is much lower than than metamorphic temperatur& " @apineau
et al., 2011). Moreover, a putative banded iron formation in the Akilia Island (*3.83 Ga) including apatites with carbonaceous
inclusions with the low'2C provides another evidence for the life, but the precursor is still controversial (Fedo and Whitehouse,
2002). Thus, there is no obvious evidence for presence of life in the Early Archean except for that from ISB.

Shimojo et al. (2013) showed that3.96Ga metasediments exist in the Nain Complex, northern Labrador, Canada. The Nain
Complex isca 100 million years older than the Akilia association, which has the oldest supracrustal rocks in the world. The
purpose of this research is to reveal the origin of the CM in the sedimentary rocks in the Nain Complex.

We selected pelitic gneisses (n=70), conglomerates (n=14), carbonate rocks (n=39), cherts (n=30), chert nodules in carbone
rocks (n=3) and amphibolites (n=5) from over 2000 samples over the Nain Complex based on the metamorphic grade, geogr:
phy, their field occurrence and degree of alteration. Among the metasedimentary rocks (n=156), 54 specimens including peliti
gneisses (n=21), conglomerates (n=4), carbonate rocks (n=26) and chert nodules in carbonate rocks (n=3) contain CM. Sev
CM-bearing rock samples were selectedfbiC,,., analysis: pelitic gneisses (n=4), conglomerates (n=1), carbonate rocks (n=1)
and chert nodules (n=1), and 3 carbonate rock samples ..., analysis, respectively.

Metamorphic grade was estimated for mineral paragenesis and garnet-biotite thermometry. Among the seven CM-bearing roc
samples, the six samples were metamorphosed under up to the amphibolite facies condition, and a sample under the lower grz
ulite facies condition, respectively. The metamorphic temperatures are consistent with the estimated crystallization temperatul
of the CM calculated by Raman spectral parameters.

§'13C.qr Values range from -3.75 to -2.6@. Because it is well known that secondary alteration and metamorphism decrease
ad'3C.q value (Schidlowski et al., 1979), a primad}>C..., value was estimated to be higher than -263As a result, the
§13C.qrp Value of marine bicarbonate was at least -26& the Early Archean.

§13C,,, values of pelitic gneisses range from -28.86 to -14@7The §'3C,,, values of conglomerate, carbonate rock and
chert nodule are -17.52, -5.72 and -10%Qrespectively. Metamorphism, generally speaking, increagé¥,., value of CM
due to partial thermal decomposition, especially methane degassing, suggesting that the variatidti @ thealues is due to
secondary thermal decomposition. The correlation oftH€,,,., values with distribution of organic matter under microscopic
observation also supports the partial decomposition and consequent increase'6iihe, values. As a result, the lowest
§13Corg value is a maximum estimate of tHéC,,., value.

The minimum fractionation between tﬁ?Corg andd'3C.,,, reaches 25, indicating biologic origin for the CM. This work
presents the organism has already exigi@®.96 Ga.

F—TU—F:KEY, 77 F RV, MIEd, REERINALL
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Sr-Nd-Pb isotopic compositions of hot spring water in the Toyoha Mine, Hokkaido Japan:
Implications for the origin of hy
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Chemistry and dynamics of slab-derived fluids in subduction zones have been rigorously studied by high pressure experiment
geochemical and hydrological modellings, and geophysical observations [1-5]. Surface manifestation of deep slab-derived fluid
are now suggested by geochemistry, such as slab fluid-like chemical affinities found in volcanic rocks [6,7] and in hot spring
waters [8] . In this study, we aim to examine the presence (or absence) of slab derived fluid signatures in hot spring water relate
with the Toyoha Mine ore deposits in Hokkaido, one of the largest hydrothermal vein-type deposits in Japan. We applied Sr-Nd-
Pb isotope analyses of the hot spring water and compared the results to those from the volcanic rocks and the ore minerals frc
the Toyoha Mine.

For this purpose, we have examined a ferric co-precipitation pre-concentration method for the hot spring water from the Toyoh:
Mine. This was necessary because the abundances of Nd and Pb were very low, less than several ppb for Nd, in particular. T
method has previously been applied to brines with high chlorine concentration at Arima hot spring [9], and the method worked
well with the Toyoha hot spring water. The concentrated sample has been analyzed by Q-ICP-MS and MS-ICP-MS for both
element abundances and Sr-Nd-Pb isotopic compositions. We examined origin of the hot spring water by using Sr-Nd-Pb isotor.
systematics in comparison with the data from the ore deposit, volcanic rocks related with the ore deposition, and the baseme
rocks of the Toyoha Mine. A recent study has shown that Sr-Nd-Pb isotopic ratios of sulfide ores in the Toyoha Mine exhibit a
high contribution of slab-derived fluid from the Pacific Plate slab [10]. Our preliminary results on the hot spring water suggest
that the water may also preserve the slab-fluid signatures and/or may also be affected by the chemical components in the basem
rocks.

[1] Schmidt and Poli, 1998, EPSL [2] Hacker et al., 2003, JGR [3] lwamori, 1998, EPSL [4] Arcay et al., 2005, PEPI [5]
Cagnioncle et al., 2007, JGR [6] Pearce et al., 2005, G3 [7] Nakamura et al., 2008, NGeo [8] Kusuda et al., in revision [9]
Nakamura et al., submitted [10] Hieda, 2013, Master Thesis, Univ. of Tokyo
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The contribution of slab-fluids to the formation of hydrothermal vein-type deposits
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Graduate School of Science, University of Tok§a)ST, Dep. of Earth and Planetary Sciences, Tokyo Institute of Technology

It has been recently pointed out that "geofluids” released from the subducting plates are involved in various products in subduc
tion zones, such as arc magmas, deep-seated hot springs and hydrothermal vein-type deposits. Systematic investigations of th
various materials are needed for identifying the geochemical characteristics of the geofluids. Nakamura et al. (2008) reveale
the heavy isotopic compositions of slab-fluids derived from two subducted plates (the Pacific plate and the Philippine Sea plate
which contribute largely to the genesis of arc magmas in Central Japan.

In this study, we focus on the hydrothermal vein-type deposits in Japan. It has been previously considered that hydrothel
mal fluids that form sul-phide mineral (pyrite, chalcopyrite, sphalerite, galena etc.) deposits were originated from magmatic
and/or meteoric waters [2]. However, we reported that Pb isotopic compositions of the sulphide ore samples were plotted be
tween Philippine Sea plate (PHS)-fluid and Pacific plate (PAC)-fluid, suggesting that ore fluids responsible for the hydrotherma
deposits are directly derived from deep slab-fluids. Here we report multi-isotopic compositions (Pb-Nd-He) of sulphide ores,
associated volcanic rocks, and the surrounding country rocks from the Toyoha polymetallic (Zn-Pb-Ag-Cu-Sn-In) vein-type de-
posit (one of the largest hydrothermal vein-type deposits in Japan) in order to understand the rela-tionship between slab-fluid ar
formation of vein-type deposit in more detail.

Results and Discussion: We collected twenty-six sulphide ore samples, and fifteen associated volcanic and country rocks frol
the Toyoha Mine. The 206Pb/204Pb values of sulfide ore samples are significantly larger than those of the Muine volcanic rock
which have been long thought to be genetically related to the formation of Toyoha deposit. In addi-tion, the 3He/4He values of
Toyoha galena samples range between 5 and 6 times the atmospheric ratio, implying the significant contribution of the mantl
component, and strongly suggest that there is a contribution from deep-derived fluid to the Toyoha ore fluid. The correlation
between 207Pb/204Pb and 143Nd/144Nd shows that the relative contribution of PAC fluid component in the Toyoha ores i
significantly higher than that involved in the Muine volcanic rocks. It can be estimated that more than "80% of Pb of the Toyoha
ore deposit is derived from slab-fluids. Based on the present measurements and mass balance calculations, it is very likely th
the slab-fluids supplied the major part of Pb and other metals concentrated in the Toyoha district.

Keywords: Pb isotopic composition, hydrothermal deposit, slab-fluid
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The Archean hydrothermal alteration: Significance of silicification for seawater compo-

sition and biological evolution
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The earth is the active planet, where higher forms of life live. Presence of liquid water on surface of planet is necessary tc
organisms: thus a planet with the liquid water is called a habitable planet. But, enrichment in bioessential elements is also im
portant because they are demanded for their activity. In addition, it is required that they are continuously supplied to biospher
through the elemental cycle. Especially, phosphate is one of the most important nutrients because the DNA and RNA contai
large amounts of phosphate contents. Nickel is a bioessential element for methanogen, which was more active in early Eart
However, phosphorus, iron, and nickel are highly depleted in modern seawater because oxic modern seawater causes preci
tation of iron oxyhydroxide, which effectively remove the phosphorus and nickel through their adsorption on iron precipitates.
The evolution of seawater composition through geologic time accounts for the apparent paradox, namely ancient seawater wi
enriched in the phosphorus and nickel contents (Planavsky et al., 2010; Konhauser et al., 2009). But, the mechanism of hig
phosphorus and nickel contents in seawater is still ambiguous. This works presents silicification plays important roles not only
on the supply of the phosphorus and nickel into seawater but also on preventing adsorption of the elements on iron hydroxide.

Comparison between major element compositions of modern altered and non-altered MORB (Alt & Honnorez, 1984) indicates
present-day hydrothermal alteration increased phosphorus contents relative to titanium contents in the altered basalts because
tered MORBs commonly contain over four times higher phosphorus contents than the fresh equivalents (e.g. Alt & Honnorez
1984, CMP). Therefore, the hydrothermal fluid has relatively low phosphorus content. On the other hand, comparison betwee
Archean altered and non-altered MORB indicates the Archean altered basalts contain relatively lower phosphorus contents the
the fresh equivalents (Komiya et al., 2002, IGR, Nakamura & Kato, 2004, GCA). The different behavior of phosphate during
the hydrothermal alteration of basalts suggests higher phosphate contents in the Archean hydrothermal fluids. In addition, sil
cified basalts in the Archean greenstone belts are completely depleted in phosphorus, indicating much amounts of phosphor
were supplied into seawater. Comparison between nickel contents of altered and non-altered basalts and peridotitic komatiite
indicates the altered rocks are more enriched in nickel under the moderate hydrothermal alteration condition, contrast to prev
ous hypothesis (Konhauser et al., 2009). However, silicified basalt and peridotitic komatiite are completely depleted in sodium
phosphorus and nickel except for potassium, indicating silicification effectively supplied nickel and others to ocean. It is con-
sidered that formation of banded iron formation caused effective removal of nickel and phosphorus from seawater. Especially
recent study of their rare earth element patterns, namely Y/Ho and Sm/Yb ratios, indicate iron oxyhydroxide were precipitatec
much more from seawater in the Early Archean, suggesting phosphorus and nickel were more efficiently removed from seawate
Higher silica content of seawater in the early Earth accounts for the apparent paradox. The high silica content of ancient seawat
had a significant role of the preventing adsorption of phosphorous and nickel on iron oxyhydroxide as well as supplying more
phosphorus and nickel to seawater at the hydrothermal alteration.

We propose that high silica contents of ancient seawater resulted in high phosphorus and nickel contents of seawater in tt
early Earth.

S — R EEALOER, GIIHIER, AR, SRt & 2 el Kk £ 3= F 7 A b
Keywords: Silicification, Early Earth, Paleo-seawater, Nutrient and biological evolution, Basalt and komatiite
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Potential nitrogen fixation by hyperthermophilic methanogens on the early Earth
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Hyperthermophilic hydrogenotrophic methanogens are considered to represent one of the most important classes of primal
producers in hydrogen (H-abundant hydrothermal environments throughout the history of Earth. Despite extensive studies of
methanogenesis, comprehensive research on nutrient anabolism in hyperthermophilic methanogens is limited. We first inves
gated the physiological properties and isotopic characteristics of experimental cultures of hyperthermophilic methanogens durin
the fixation of dinitrogen (B), an abundant but less-bioavailable compound in hydrothermal fluids. We found that these hyper-
thermophilic methanogens actively assimilatedvia molybdenum (Mo)-iron (Fe) nitrogenase under broad ranges of Mo and
Fe concentrations relevant to present and past oceanic and hydrothermal environments. Furthermore, the methanogens produ
more '°N-depleted biomass than that previously reported for diazotrophic photosynthetic prokaryotes. These results indicats
that diazotrophic methanogens can be broadly distributed in seafloor and subseafloor hydrothermal environments, where tt
availability of the transition metals is variable and organic carbon and nitrogen compounds and ammonium are extremely scarct
The possible emergence and function of diazotrophy coupled with methanogenesis 3.5 billion years before the present may
inferred from the nitrogen and carbon isotopic records of kerogen and fluid inclusions from hydrothermal deposits.
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