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The progress of research on REY-rich mud within the Minamitorishima EEZ
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Three years have passed since the amazingly fruitful research cruise KR13-02 resulted in a
discovery of deep-sea mud extremely enriched in rare-earth elements and yttrium (REY) within the
Japanese exclusive economic zone (EEZ) surrounding Minaimitorishima Island. The mud with maximum
total REY content of ~8,000 ppm strongly attracts our attention as an unconventional and highly
promising deep-sea mineral resource. Subsequent six cruises, i.e., MR13-EQ2, KR14-02, MR14-E02,
MR15-EQ1 Leg 2 and Leg 3, and MR15-02, have highlighted that the southern part of the
Minamitorishima EEZ appears to be the unique area where the “extremely REY-rich mud” lies at very
shallow depth (2 to 4 m) below the seafloor. In the presentation, we report a general overview of
our latest findings from various approaches to REY-rich mud in the Minamitorishima EEZ including
chemical, physical, statistical and engineering techniques.
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Distribution of highly/extremely REY-rich mud layers in the southern part of the
Minamitorishima EEZ: Insight from major and trace element geochemistry
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Since the discovery of highly/extremely REY-rich mud layer (more than 2000/6000 ppm :REY) within
the Japanese Exclusive Economic Zone (EEZ) around the Minamitorishima Island [1], exploitation of
REY-rich mud has attracted particular interest because of its high potential as a REY resource.
Detailed investigation by subbottom profiling and piston coring conducted over the last three years
has revealed the distribution of REY-rich mud (>40@ ppm IREY) and overlying non-REY-rich sediments
within the Minamitorishima EEZ [Nakamura et al., in revision]. However, both lateral and vertical
distributions of the highly/extremely REY-rich mud layers are still uncertain. Here we examine
major and trace element compositions of deep-sea sediments cored from the Minamitorishima EEZ. On
the basis of geochemical characteristics, REY-rich mud can be subdivided into six types including
highly/extremely REY-rich mud, and the highly/extremely REY-rich mud layer is the second top layer
of the REY-rich mud succession. In the presentation, we discuss the distribution of each layer of
the REY-rich mud and its paleoceanographic implication.
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Distribution of extremely REY-rich mud in the southern part of the Minamitorishima EEZ
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Since the discovery of the “extremely REY-rich mud” (XREY > 5000 ppm) in the Japanese exclusive
economic zone (EEZ) surrounding Minamitorishima Island (Kato et al., 2013), we conducted seven
research cruises over three years. In the MR15-E@1 Leg 2 cruise, one of the latest research cruises
by R/V Mirai from March 14 to 28, 2015, we focused to investigate the detailed distribution of the
extremely REY-rich mud in the southern part from the Minamitorishima EEZ. During the cruise, we
collected 13 sediment cores by piston coring. Here, we report the distribution, visual core
descriptions, bulk-sediment chemical compositions of the deep-sea sediment in the southern part of
the Minamitorishima EEZ in order to clarify geological and geochemical characteristics of the
extremely REY-rich mud.
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Geochemical independent components constituting deep-sea sediments within the
Minamitorishima EEZ

*Z)I| fIZ R SRR X AN—ERY. KA £—ER. Bk S mEk =g
*Kazutaka Yasukawa'?, Kentaro Nakamura', Koichiro Fujinaga®', Junichiro Ohta®', Hikaru Iwamori**,

Yasuhiro Kato'?*

1. RRAZREZERIZRMERL 2. FEIEXRZR. 3UBFMRAAEEE. 4. RRTEXFIET AMFTRIMIERE
ERNFER

1.School of Engineering, The University of Tokyo, 2.Chiba Institute of Technology, 3.JAMSTEC,
4.Department of Earth and Planetary Sciences, Tokyo Institute of Technology

Recently, the presence of “extremely REY-rich mud”, deep-sea sediments containing extraordinarily
high concentrations of rare-earth elements and yttrium (REY), was confirmed within the Japanese
exclusive economic zone (EEZ) surrounding Minamitorishima Island (Kato et al., 2013; Fujinaga et
al., 2013; Iijima et al., submitted). The maximum total REY content in the extremely REY-rich mud
exceeds 7000 ppm, which is higher than that of any other deep-sea sediment ever reported from the
world ocean.

Deciphering the genesis of the mud should provide us groundbreaking insights into both the
potential distribution of the novel resource for REY of great economic value and the mystery of
paleoceanographic event(s) that caused an anomalous concentration of specific elements in an abyss.
As a first step to achieve the goal, it is quite important to unravel the source materials and
physicochemical processes that generated the sedimentary sequence.

Here we applied Independent Component Analysis to the comprehensive data set composed of major- and
trace-elemental contents of more than 800 bulk deep-sea sediment samples collected from the
Minamitorishima EEZ. Although being a preliminary interpretation, several geochemical independent
components can be extracted from the whole data structure; e.g., biogenic calcium phosphate
associating with very high REY content, Fe-Mn oxides accompanied by characteristic metals, etc. We
report the results and interpretation of our new analysis, and statistically characterize the
deep-sea sediments within the Minamitorishima EEZ.

-- References --

Fujinaga, K. et al. (2013) JpGU Meeting 20153.

Kato, Y. et al. (2013) JpGU Meeting 2013.
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Evidence from the Acasta zircons for consistent occurrence of magmas with moderately
elevated d'®0 throughout the Eoarchean
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Oxygen isotope ratio of undamaged zircon is a refractory signature and useful to infer petrogenesis
of its host rock [1,2]. The d'0 values of zircons from primitive magmas are 5.30.6% (2 SD)[3].
Occurrence of ‘supracrustal’ d'°0 values (>6.3%) in >4 Ga zircons from the Jack Hills, Western
Australia indicates existence of hydrated crustal rocks and chemically differentiated crust by 4.3
Ga [4]. However, because Jack Hills zircons are detrital and no host rock is known, it is difficult
to reconstruct crustal evolution in the early Earth. The Acasta Gneiss Complex (AGC) in the Slave
Province, Canada is one of the best places to study early crustal evolution because multiple
generations of Eoarchean rocks are preserved [5].

In this study, oxygen isotope ratios (d'®0) of zircons from six felsic gneisses and one pegmatite
of the AGC [5] were measured with an ion microprobe, CAMECA IMS 1280-HR at Kochi Institute,
JAMSTEC. We selected zircons which exhibit concordant U-Pb age (mostly with 0+2% discordance) [5]
and the samples can be classified into three groups based on their crystallization ages, >3.9 Ga,
ca. 3.75 Ga, and ca. 3.6 Ga zircons, respectively. A new kimberlite zircon standard: KC-KLV-Zrc1
from Kaalvallei, South Africa (d'®0=5.43+0.14% VSMOW, 2 SD, determined by a laser fluorination and
gas-source mass spectrometry at University of Wisconsin-Madison) was used as a running standard for
SIMS analysis. Typical spot-to-spot reproducibility of d'0 values was +0.26% (2 SD). The "0H /"0
ratios of zircons, which is an indicator of radiation damage [6], were monitored during oxygen
isotope analysis and analysis pits were examined by SEM after the analyses to identify disturbed d
"0 values by later alteration. We use oxygen isotope data from zircons with no evidence for later
alteration.

Multiple oxygen isotope analyses within individual zircon grains showed that some AGC zircons have
variable oxygen isotope ratios by ca. 8.5% correlated with growth zoning layers recognized by
Cathodoluminescence (CL). The studied AGC zircons commonly have moderately elevated d'0 values
(6.0 to 6.5%) with a few exceptions of lower d'®0 values (down to 5.0%) in >3.9 Ga zircons. No low
d'®0 values (<4.7%), which were recognized in ca. 4.0 Ga zircons from Idiwhaa tonalitic gneiss in
the AGC [7] are observed from the samples in this study. Consistent occurrence of zircons with
moderately elevated d'®0 values (6.0 to 6.5%) from ca. 4.0 Ga to 3.5 Ga indicates that production
of sediment and incorporation of sediment to magma sources consistently occurred in the Acasta
region in this period. Since zircons with low d'®0 values are recognized in a tonalitic gneiss at
ca. 4.0 Ga [7], interaction of crustal rocks with fluid at high temperatures would have occurred at
an earlier stage of felsic rock formation. Oxygen isotopic characteristics of AGC zircons,
moderately elevated with a narrow range of d'®0 values (6.0 to 6.5%), is distinct from that of
zircons from West Greenland (<6.0% at ca. 3.8-3.9Ga) [8]. In addition, higher d'0 values are
recognized in >4.0 Ga zircons from Jack Hills [e.g., 3,4]. The distinct 0 isotope evolution among
the terranes indicate that crust-forming processes have been already established by Eoarchean.
References:[1] Page F. Z. et al. (2007) Am. Mineral. 92, 1772-1775. [2] Valley J. W. et al., (2014)
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Hadean (4.56-4.0Ga) rocks are absent on the modern Earth. Yet, the firs 600 million years is the
most critical and important period of the habitable planet Earth to understand the general
interests whether or not the habitable planet can be appeared as only one rocky planet among all
planets or satellites in solar system, as we understand through research history. The Jack Hills
metasedimentary rocks have long been investigated because of the presence of Hadean zircons back to
ca. 4.4 Ga (e.g. Wild et al., 2001; Holden et al., 2009; Valley et al, 2014). Previous research not
only for geochronology but also mineral inclusions in detrital zircons ranging in age between 3.0
Ga and 4.4 Ga have given excellent information on the Hadean surface environment. Here we described
additional information for the Hadean magma and impact evidence based on mineral inclusions,
specifically apatite, to estimate the space environment and host magma which is presumably felsic
TTG magma. The result showed plate tectonics must have been operated back to 4.3 Ga because of the
presence of TTG magma and possible presence of ocean back to 4.3 Ga because mineral inclusions in
Hadean zircon cover various minerals dominated by quartz, plagioclase, K-feldspar, apatite,
muscovite, biotite with subordinate amounts of hornblende, rutile, monazite, magnetite, hematite,
pyrite and goethite, indicating the host magma must have been granitic composition. To produce the
felsic magma similar to the modern Earth plate tectonics must have been already operated. Plate
tectonics also needs the presence of thick ocean to cover the mid oceanic ridge.
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WOBRICEDE., BREDERFEAPERROEEENDEATARY LCDVWTERETD,
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Tectonic setting of the Paleoproterozoic (2.1 Ga) sedimentary basins in southeasten Gabon:
A possible evolutionary hotspot of the early macrobiota

ik RE' BA BN Rl R

*Tomohiko Sato', Yusuke Sawaki', Shigenori Maruyama'
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1.Tokyo Institute of Technology

The Paleoproterozoic is one of the most important transition periods in the Earth’s history, marked
by the oxidation of surface environment and the appearance of eukaryotic organisms. The
centimeter-sized fossils (~17 cm in maximum), possibly multicellular organisms, were reported from
2.1 Ga black shales in southeastern Gabon (E1 Albani et al., 2010, Nature). These Gabon
macrofossils occur only in the restricted area and only during the short time period. The
uniqueness of the subsistence of the large organisms in the 2.1 Ga Gabon may be the key to solve
the essential requirements for evolution of life; however, the detailed tectonic settings and
geochemical conditions of the fossil occurrence are poorly constrained. In order to clarify these
settings, we are going to conduct precise geological survey and investigate the multi-isotope
chemostratigraphy of the Paleoproterozoic sequences in Gabon.

The Paleoproterozoic sedimentary sequences are distributed widely in the Francevillian Basin in
southeastern Gabon, which consist of 4 sub-basins; Franceville, Lastoursville, Okondja, and Booue.
The ca. 2 km-thick Paleoproterozoic sedimentary sequences in these rift-basins are subdivided into
FA (sandstones with uranium-rich conglomerates), FB (black shales, siltstones and carbonates), FC
(carbonates and cherts), and FD (black shales) in ascending order. The FA indicates fluvial and
deltaic depositional setting, and the FB, FC and FD suggest marine deposition during the rifting
and basin deepening. The Gabon macrofossils are reported only from the black shales of the FB in
the Franceville Basin; however, nodule-like fossils are recently found in the black shales of the
FB in the Okondja Basin (Moussavou et al., 2015, J. Geol. Geosci.), which is almost the same
horizon as the macrofossils. The difference of tectonic setting and geochemical environment between
the Franceville and Okondja Basins is essential to understand the uniqueness of the evolutionary
hotspot. The Gabon macrofossils likely inhabited in a shallow water oxygenated environment. There
might be an evolutionary influence of the well-known Oklo nuclear reactors, which is very near to
the macrofossil site.

As a preliminary study, we analyzed strontium isotopes of the carbonate samples collected from the
Lastourville Basin. In this presentation, we will discuss the tectonic setting of the Francevillian
Basin at the time of Gabon macrofossil appearance.

Keywords: Paleoproterozoic, Gabon, strontium isotope
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The stratigraphy and a new age constraint of the volcaniclastic sequence of Birimian in
Cape Three Points, Ashanti belt, southwest Ghana
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Paleoproterozoic Birimian greenstone belt, extending from eastern Guinea to western Niger, is
located in southern part of West Africa Craton. The geological structure of the Ashanti belt
occupying most of western Ghana, especially gold mines, has been revealed a little by scientific
research. At the Cape Three Points area, there is no previous report about change in environment of
deep sea floor during paleoproterozoic period. We focused on environment and bioactivities during
deposition of protolith of the Birimian greenstones at this region. As a preliminary study, we
report the stratigraphy, structures of volcanic and volcaniclastic sequence, the depositional
settings and age at this region.

Ashanti belt, striking NE-SW and occupying most of western Ghana, is composed of mainly basalts or
andesites, volcaniclastic rocks and belt type or non-belt type granitoids, and is uncomfortably
overlain by acidic volcaniclastics and gold bearing conglomerates. The maximum depositional age of
the cap of Birimian rocks is 215412 Ma (U-Pb zircon: Oberthiir et al., 1998) and the youngest age of
the intruded rock into Birimian volcanic in this region is 2174+2 Ma (U-Pb zircon: Oberthiir et al.,
1998).

In the Cape Three Points region facing the Gulf of Guinea, very thick volcaniclastic sequences are
present in succession over 4000 m and about 1000 m-thick of stratigraphy of the study sites is
reconstructed by detailed field investigations. The layers are running N-S, most of them dip 60-80
to the east. The stratigraphy shows fining upward. All of these sediments were affected by
greenschist facies metamorphism, and thus minerals of amphiboles, plagioclase, chlorite and epidote
are very common, while quartz grains are not so popular member here. The Ti0,/A1,0, ratio obtained
from chromites with EPMA in basaltic rocks indicates that these rocks produced in the volcanic arc
system. Trace elements compositions of whole-rock compositions tend to show low concentration of
Nb, and high concentration of LREEs. These facts also indicate that they are derived from volcanic
arc region. Those thick finning-upward volcaniclastic sequence, chemical compositions may be
suggest that the Cape Three Points area was formed on the mid-deep sea floor beside an oceanic
volcanic arc.

We obtained new age information from the porphyritic dyke with several meters in length and <1m in
widths. This dyke is foliated and some minerals are sheared and tone off. Zircon grains collected
from the dyke were measured by SHRIMP at NIPR, and yielded weighted mean ***Pb-corrected **’Pb/**°Pb
age of 2265.6%4.6 Ma (95% confidence), which indicates that the volcaniclastic sequences deposited
before 2265.624.6 Ma and deformed after that. Only four detrital zircons are dated around 2260 Ma
in this site and these age groups are the oldest in the Ghanean greenstone terrene (Loh and Hiedes
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1992). Therefore, there is possibility that the early volcanic activity history of the Ghana
Birimian remains at Cape Three Points.

F—T—R:A—FEVUZFUVIV—-Y R b=IURNL . BHERER. NLRBE
Keywords: Ghana Birimian greenstone belt, paleoproterozoic, volcanicrastics
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Preliminary report of Ghana Biriman Greenstone belt drilling project (GHB): Reconstruction
Paleoproterozoic oceanic environment
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HREATIE, KEES - HANRYERHCH, ROBERLADEEEIC, KRPOBKREE LREH
(Grate Oxidation Event) {°, ERAMDOETEMNATD, MIKKBNRKESELLIZEEDNS (e.g.
Holland, 1994, Condie 1997, Kopp et al, 2005). REBDIBLEILIEAICLD, BETIIBEDETREIC
BdEESHNTULSD. ULHL, FBEEOMEZIEHLIFEAEREMNEL. CNE, REROFEEEDM
B ZIMPEREDH CUDNED TLELLEHTHS.
BARFHERERICH T IHBRISROVBEDOREBEEBEHSNCIBHIC, H—F, RU=ZT7V(Birimian)J
)=V —VBOHRERB(ICDUT, BELIEHI(Ghana Birimian Drilling project: GHB)&EfTofc. RU=7
Y (Birimian) gV —V X +—=V&E(E, dRERDTY -V I L—=VFBT, m<HSERVY YA VLKA SN
TW3. RERY v IILbnles(c, ShiLEATOMEREECERDETIFHEL <, FHlEMETIENE
(AN

BROABMETHDIH—FTEART —T XU —R1 VY RRUZ T UEFEE, H022-218FFOEEENEA
LleaRERDBEEBYAEFOCHDe > CEREHL TULS. FKITEFROEERZ500m £(C107z > TR
am, BERCEMAERBEINTHD, aREROEBFERENAZRINDAEENRTL. BL(E, =&
DOMEBENIBRET > TR, MBYLREBHBEZEEZRL ¢, AXRNTIERARZERL TSz, MEBFDE
HHERRLS, ZDOEREAERRLUODEEOEAE UL THENERITS. 2EBEEHZ00mCHXIT, BFELIEZ
IRBAES KOCXLBBEDRNT LD, HEOEWANLREEZ R, RAICHRETS. 20-50mENDLA
MRMEB LI ANLRBE L BEEBEEBOAEBMEIN TS D, LA FEMRIMENS VILSBDIEE IS

Z, BEBILTS. LAFEMINEFTERZEE DI —ES 7 MEALEPEBEENENUEEETS. KRLER
(&, BEELERALREEEBEEREENS5S.

Ghana Biriman drilling project (GHB-1) (&, ERLEBBICDULT195mDIEEIICAINUTZ. HEHEM(FAkoddatEsE &
Ezile bayDIBEREBDICEL I IHEBYTH D, MAIALMERYIOEBNERL CEBEI . EEHlF45ERE
FRICHBICERABETHCE>ERBEN S0 FTHQOT, 30~195mE TNQI7EFEALRZ. RE1MIEH
SEIbERNIZFEFLIT7HRREINZ. FENLEERTE, FEAERKNLBBEDI —ES 1 RETH
D, EIEFEMEORE-BEVILEBMERS. REBOMAIERYIC(IHRBIEAT TS BRENFIZLLE
INTHD, BELTRESNZI T T —ILESTRMELZEIL, CORFRERIZEBHOHNS.

FoD— R ERER. AUSTYTU—YR — V8, S

Keywords: Paleoproterozoic, Birimian Greenstone belt, oceanic island arc
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Mid-oceanic ridge is not the birth place of life: secondary place to live
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MEREMNRLSIBCHRELZ] EVSAX—IJPFRIEIMEVNTH B, MWIKRHEERDORBEFIEE
T EYHRRELVEBTES L STRRETEHD XLV MBKFERGRN SENN S REIEFOLFEHEM(E. 8
Bt (pH<1) « BIEDEE (REDS-10E) . W OERRICERICECHEFCESTBHER/LL, L
MoT. EMOEE(IFEEBFERNZHZA. DTV, SNVLRKERTER B EMNTETRELDRIET
HolIFT. BENICIIERARFFARRTHO TEMNRELIZIES D, TS5V >RZERETEIERDIE
J—EHREFINH BEBFCTSINZCLICIO>TAEMMBERDERLUC. TN DLANLTIRENIN
FEEEELIKRERERNCON SHECEEHMETHD. REDCEBYEEYOBLTH S,
BECEE(IC. KENSHIGSNSEREEFBFOEEFRICE > THBFOFMENEL L. BER ST0BF
(FHECHEDE. EEBRRETILU— T IO RZIOIDERET B EICL > THAKRE UL THIRBETEESTN
B, BENSIDERINIZ, BIREEE.HEFRE TICIRAD 2EREFITHETLZCEMDHOTU
BN KRNI TEBEDTREME SN I T TH oz, LIEM>T. —MICIE. BFEIEMHRERT
BICIIRHILIZTH o1,

LU, RRBEEIZDL SRS EHANNICEETESIHBETH D, PRBETI. MB(ICAD> THITICHR
AT BEKNHERL . EOVRBIEKEBKIGAVWKICOBEL EELTVS, RRBEFEIUNDEBFDIEDR
EIRED S FBEEEE/N DT, EMHNEE TETIRETIILEN >ei. hIUEEFVKREL(EEYDE
EHERLERECENBEEMEN D2, fE2T. RRBHEBVKRT. EYHERERELZ > ZDTH D,
LWL, BRRULZK SIS, RRBEHKREEMIEZ CTIEH D LV EHFERICMNZ T, FRBEFKR
FRBZRUEEZDERENFEAEFRELLVC EEXRSHLEHDVEDTH B, 2T, Am(IELTHE
L. Z0%. BEOBETHRBEICEL U, 2UT. ARBEICEHBVZENL. BEDHEEEMERL
<EURIEBEEMEL SOTZDTH S,

F—OU—F EDRE. FAIKEE. haBEAkR

Keywords: seawater salinity, primordial continent, mid-oceanic ridge hydrothermal system
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Origin of hydrocarbons from serpentinite-hosted Hakuba Happo hot spring: Molecular and
intramolecular “C analyses
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1.Department of Earth and Planetary Sciences, Tokyo Institute of Technology, 2.Earth-Life Science
Institute (WPI-ELSI), Tokyo Institute of Technology, 3.Precambrian Ecosystem Laboratory, JAMSTEC,
4.Department of Environmental Chemistry and Engineering, Interdisciplinary Graduate School of
Science and Engineering, Tokyo Institute of Technology

The early environment before the origin of Earth’s life remains poorly understood due to lack of
geological records during Hadean era (>4.0 Ga). Serpentinite-hosted hot spring/hydrothermal systems
are considered to have been widespread in Hadean Earth and a potential site to synthesize organic
compounds abiotically (e.g., Russell et al., 2010). The fluid associated with low temperature
(<100°C) serpentinization is characterized by strongly alkaline condition and is often rich in
hydrogen (H,) and methane (CH,). Previous field studies revealed that the C,-C, hydrocarbons were
commonly observed in serpentinite-hosted systems, regardless of continental or seafloor setting
[e.g., Charlou et al., 2002; Proskurowski et al., 2008; Etiope et al., 2011; Szponar et al., 2013].
However, production mechanisms of these hydrocarbons have not been poorly understood. We report
chemical, and molecular and intramolecular carbon isotopic study of hydrocarbons for on-land
serpentinite-hosted systems: Hakuba Happo hot spring in Japan. The spring water of the Hakuba Happo
is around 50°C and high pH (~10.5). The main gas components were N,, H, and CH,. The CH, in Happo
water has been suggested as abiogenic origin based on the previous hydrogen isotopic study (Suda et
al., 2014).

The concentrations of C, to C, hydrocarbons were determined by Gas Chromatograph (GC) with two
detectors of Pulsed Discharge Detector (PDD) and Thermal Conductivity Detector (TCD). Quantitative
analysis of dissolved organic acids was performed by High Performance Liquid Chromatograph (HPLC).
The 6"C values of C, to C; hydrocarbons were determined by using the on-line pre-concentration
system coupled with the GC-C (combustion)-IRMS (isotope ratio mass spectrometer) method. For the
first time, we apply a novel analytical method, namely intramolecular "C analysis of propane (CHg
), to a natural sample derived from the serpentinite-hosted system. The intramolecular "C
composition in propane was measured using the GC-pyrolysis (Py)-GC-C-IRMS system (Gilbert et al.,
2016).

The isotopic trend of depletion in "C with increasing molecular weight (6"C, > 6"C, > 6"°C, > ...)
was observed in Happo sample, showing similar isotopic trend compared with that of Lost City field,
a seafloor serpentinite-hosted hydrothermal system (Proskurowski et al., 2008). We developed an
abiotic polymerization model to account for isotopic compositions of Happo hydrocarbons. The carbon
isotopic compositions of Happo hydrocarbons can be explained by the successive addition of a single
carbon compound (C1-compound) with constant isotopic fractionation. The result of the
intramolecular analysis revealed that the difference of 6"C values between terminal and central
carbon atom positions of propane (site preference; SP in &) for Happo sample showed a significantly
high SP value compared with that of thermogenic origin. Such a highly SP value corresponded to that
expected from a polymerization model developed in this study. Thus, both molecular and
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intramolecular "C compositions of hydrocarbons for serpentinite-hosted sample suggested that the
production mechanism of these hydrocarbons was abiotic polymerization of C1-compound with a
constant isotopic fractionation. The 6"C value of methane suggested that methane was a reactant
C1-compound for polymerization reaction. On the other hand, the formate and acetate were detected
in Hakuba Happo hot spring. Formate was the second highest concentrated dissolved C1-compound after
methane in Happo water, implying that formate was an alternative carbon source for abiotic
polymerization in the serpentinite-hosted systems.

F—U—R A, EEERRILKR. 2 FRRMEDT. REZERE
Keywords: Serpentinite, Abiogenic hydrocarbon, Intramolecular isotopic analysis, Stable carbon
isotope
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Experimental study on H, generation through reactions between komatiite and (CO,-rich
seawater
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To understand the chemical nature of hydrothermal fluids in the komatiite-hosted seafloor
hydrothermal system in the Hadean, we conducted two hydrothermal serpentinization experiments
involving synthetic komatiite and a (C0,-rich acidic NaCl fluid (pH = 4.9 at 25 °C) at 250 °C and
350 °C, 500 bars. During the experiments, the total carbonic acid concentration (1C0,) in fluids at
250 °C and 350 °C decreased from approximately values from 400 to near 3@ and 170 mmol/kg,
respectively, which is consistent with the greater amount of alteration carbonate mineral at 250 °C
than at 350 °C in the serpentinized/carbonated komatiites (Shibuya et al., 2013). Furthermore, the
precipitated carbonate species strongly influenced Mg concentration in the hydrothermal fluid: Mg
concentration at 250 °C (carbonate as Fe-bearing dolomite) was 36-40 mmol/kg, which was 30-40 times
higher than that at 350 °C (carbonate as calcite). Therefore, in contrast to modern seafloor
hydrothermal systems, the reactions between komatiite and (0,-rich seawater at temperatures where
dolomite was stable could have been the source of Mg for the Hadean ocean (e.g., Alt, 1995). More
importantly, the carbonation of komatiites potentially suppressed H, generation in the fluids. The
Fe content in dolomite at 250 °C (3-8 wt%) was clearly higher than that of calcite at 350 °C (< 0.8
wt%), while the steady-state H, concentration in the fluid was approximately 0.024 and 2.9 mmol/kg
at 250 °C and 350 °C, respectively. This correlation between the Fe content in carbonate mineral
and the H, concentration in the fluid suggests that the incorporation of ferrous iron into the
carbonate mineral probably limited the magnetite formation and consequent generation of hydrogen in
the fluid during the serpentinization of komatiites. In comparison with modern H,-rich seafloor
hydrothermal systems, the H, concentration of the fluid in the experiment at 350 °C corresponds to
that of Kairei hydrothermal field (Central Indian Ridge) (Takai et al., 2004; Gallant and Von Damm,
2006; Kumagai et al., 2008; Nakamura et al., 2009), where hydrogenotrophic methanogens dominate in
the prosperous microbial ecosystem. Accordingly, the high-temperature serpentinization of komatiite
would provide the H,-rich hydrothermal environments that were necessary for the emergence and early
evolution of life in the Hadean ocean. In contrast, considering that carbonate minerals become more
stable with decreasing temperature in the komatiite-H,0-CO, system, H,-rich fluids may not have been
generated by serpentinization at temperatures below 250 °C, even in the komatiite-hosted
hydrothermal systems of the Hadean Earth.

F—O—R ! OVF7 b ZBURRICEALRE. BUKEE., IHAMEK. =&

Keywords: komatiite, C02-rich condition, hydrothermal alteration, early Earth, experiment
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Whole-rock abundances and spatial distributions of transition elements in the Early and
Middle Archean BIFs: The mechanism of their involvement in the BIFs and reconstruction of
the chemical evolution of seawater in the Precambrian.
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BRI (I N Y I PROKXBEFRICIIFTZENCEET BILFIHEBY TH D, TDEH. TOEEWE
TTREENS., MEKEZEE L SEFEZELLEHET T DIMANRTONTULSD, UM U, BREKILETOHETT
FEEIERCESDVTVBRN. ZOEEBEA 1Y RO—ILI ZIERERAITINENH D, NAXLT
(&, 3.8GalcFEmenNic@@lmI Yy — Y Sy Rlsuakasm DRAKILENEEEM £3.0GalCFER S NI
ZF—X =3 7 CleavervilleS ORI ILE DME TR ZERE 2 RO S EFEBELDETET O Iz,

1 A T RBEFDRIREKILE (L. magnetite. quartz&actinolitic amphibolen\57£3, amphibolelCETER
KBHZECo Ni. Cu. ZIn. HREE, UICBERICEATHD. ZOEEMEMISHEKEREREISESEV, T5

(. magnetitelCEd+. amphiboleMD7LVGEHEHINI, V. VEIrBE L DREICIEDEBEBERMRREN SN, Ch
FZENSDBRLEAUROEBICTELELRBRFERRETDCEERBT D, HULEORIRIKILE DB
MR IrEEEDHEBEEZR IS L. NILEDBRAREBFEE(F. AGABFECSVTEREZI SN TV
EEDEEFDIMNINST L. BRERUEBOBFEFEAEEDSHENDIZC ERREBIND,

(leaverville FormationMEIREXILE (L. mmH\SmX T —IJLDES Dhematite& chert BN EEH 5L

3o hematiteMfE(F. T SICIMXT —ILDFE W hematiteL 77 —H\SEBRINTU S, LA-ICP-MSIC LB TTER
YyEYIMNS, COumR T —)bMDhematiteL 77 —RICAL. Ti. HFSEEDKEWL 17V —ELF/ I FMR
HEHO>TUVBCERDM DIz, T5(ENL. Cue InBORZTVVEFIZAL, TIEOKFTLVERICHIE TS EH
5. BREKIBPO NS NDBBR LRNREBYEERRE I D EMDMN D, —/A T, Moldhematitel
T—(CBELTUVBCERDMD. BKEBRTHDICENTEIND, BILETHBERTRCHDCNSDMoE
Ni. Cu. InONBHLZEREDH(E. FHASROBFRENMONMD 17V & L TAREIT S ENERIEE
(E. BILNTH >z ENTREBEIND,

F—O—R ! BRBIE. AE. MERRIXA—-I VT
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Estimation of 3.2 Ga seawater-hydrothermal environment from sulfur isotopic analyses of
barite crystals in Dixon Island Formation, Western Australia
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EERF & L COMEERBIE ORERMUALL (6%S) S BENZES, HIRRBOBRREES JUREETHE
DEBEBELBENS S, FIXEAHERCHUVT, HRELESS(3+4.6% (3.47Ga; Shen et al., 2009), B7F
B 74 > DEE(E<2.5 uM (>2.4Ga; Crowe et al. 2014)/EEETNTUSD. ULHUERERICES &EEF
DEFEELRICETE > THIEMB 4V BEENLERL, 1~2nM(>1.66a; Kah et al., 2004)ETELIZES
PNTUVD. TTEFMET A UNER D EMENC K DIMBZTNERILL, MERPOHRED S5 REMHER
(CEROVVISABIRMICARBICAV SN TRILYIANEENDD, BET IR Z Y06 S(3E<HES. LizmhoT
AEROHEBEIRERDEDLDEMENS 'SE B ENMSNTUL S (e.g. Canfield and Farquhar,
2009) .

DL SISBEDFRRIELY NS (IR L DEF OB TIREDHEY (L L SHEET Y X T LDERE
ADKELEERNDICHES. ULH UAEROKRERIES SEOIREFIDEL, ZORTERET ST
(RO ABH D, UFOEFREIZIZHSMNCIEDTULEL., ZOROGAMETIENFEOLIRITEERIEEE
ZONBNBEFOTFY VTSV REHRICEREI LB THSERR(BaS0,)BICHZISEFEL, ERA
NDE*SHRETOIZ.
FEYVYTASYRBIIEA—IRSYTPOBREINSTY -V = VBB L, BERER >R
E T3 (Kiyokawa and Taira, 1998). ERABEIEKIRE LICUBI S TTYVYT7ISVREEBFv—~
HERCEBE LTHEELTVS. ERABOKXZDEIELL TULS (Kiyokawa et al., 2006)/H%, 200umA T
DWNVEERARRNEOD>THED, ENERANELZERNTEOIEENZEEZXSND. ZDROHIIAIC
FERABESUELIBENI DOAAARZMN - ERDEL TR OMNERARBEERAL,
NanoSIMS(C & BumR T — LD SBRRAHET o IT.

SERELEDRE LTI, 'MENIBEEEZZ 5N, TEBMISAESOIEICLBEMTETZ5DIKS8] M
HRMERAZRAVE. TAERRHFTRIOBRICHT U T2REVLIRDS XS —3HE{TL, ZOFEHS
[BEERDIZ. RIEDHURIESR, 65(3-2.1%H 5+18.7%F COIELUME(n=12, Avg.=+6.5%, 10=6.3%)%
Bofz. —A1DOEAIRCEDTEITZENENLZ.4, +7.8, +8.45Th oz, HITFIRE(I+0.87%~+3.72%
Thofz.

EAIARCEDFIHENDHERD E, WETNTLBIKHAFEEIE(+5~10%, Canfield and Farquhar, 2009)&
FARENEEZED. —ATEMEEEDCEICERTD L, BUMEOEDEV Y MILEROIE (#10%) & A2
EThD, BKEROMEBOEREZRIRLU TLSHEMARDD. TeaWMEDEDFIRADEFHREB 4 > Do
#$(+22%) (AL, AERELTRBREICEWVMETHBEERS. COLSHIIERCEVRR 4 VEFERT S
AXNZXLELTIE, B4V I(CEAL CHENERET COMEM(C KL DBIHEHREZET(L 7Y —25)®,
EKEENI TICEVRET 4 VEHIELU TLZEREEREZ 5ND.

ESRAMIVER(CEIT BBRSONERF B EIMHTTH D, TNICLDIDNERAHBEEAN THORNMHAH
MNIBZRET CEMNTE . MEERCTEOSNIRERITOANT — I TR DX SHERMEAIEE RS
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Ediacaran sulfur cycling reconstructed from an isotopic analysis of carbonate associated
sulfate in Doushantuo Formation

HNEH SRR R SN EA BN L% R

*Fumihiro Matsuura', Masafumi Saitoh?, Yusuke Sawaki', Yuichiro Ueno'-?-*

1.RRIEXE, 2 BFHRBAREE. 3. KRR ITEXF IR E AR
1.Tokyo Institute of Technology, 2.JAMSTEC, 3.Earth-Life Science Institute

Carbonate associated sulfate (CAS) is useful for reconstructing sulfur isotopic composition of
seawater sulfate. However, extraction method of CAS from carbonate rocks has not been firmly
established yet. In particular, oxidation of co-existing pyrite sulfur would seriously damage
isotopic analysis of CAS during the extraction from rock samples. We have developed an improved
method to extract the pure CAS and evaluated the validity of the new method using scallop shell
powder containing modern marine CAS and pyrite powder. The results demonstrate that the new CAS
extraction method is effective for preventing unwanted sulfur components from co-existing pyrite
when the pyrite/CAS ratio in a sample is <10. We applied the new CAS extraction method to Ediacaran
drill core samples from the Three Gorges area, South China collected by a Tokyo Tech.-Xian Univ.
joint project. The studied section includes the Neoproterozoic Doushantuo Formation and the
overlying Dengying Formation. The concentrations of CAS from the Doushantuo and Dengying Fms. range
from @ to 365 ppm with an average value of 105 ppm. The 6°'S values of CAS range from +24 to +46%
with an average value of +34%. A previous study of the Doushantuo samples collected from outcrop
reported that the CAS concentrations range from @ to 2159 ppm with an average value of 57@ ppm
(n=73), and the 6°'S values of CAS range from +7 to +44% with an average value of +25.7% (n=83)
(McFadden et al., 2008). The apparent differences between the present and previous data may
indicate that the careful treatment is nessesary during CAS extraction. Based on the new sulfur
isotope data of CAS and of chromium reducible sulfur (CRS) (n=44), we reconstructed the
Neoproterozoic sulfur cycle in Three Gorges area. The difference of 6'S value between CAS and
co-existing CRS increased from 5% at the Doushantuo cap carbonate, +26% in the Member 2, and
exceeded 40% in the Member 3 of the Formation. The maximum sulfur isotope fractionation between CAS
and co-existing CRS exceeded 47% in the Member 3. The fractionation between CAS and CRS decreased
down to -3% at the Dengying Formation. This suggests that sulfate concentration increased at the
upper part of Doushantuo Fm.; however, decreased again before Dengying Formation. In addition, our
quadruple sulfur isotope analysis revealed that mass-dependent-exponent for 36S (lambda-36 value)
between CAS and CRS is relatively constant around 1.90, regardless of the degree of 534S isotope
fractionation. This indicates that the Ediacaran sulfur cycle in Three Gorges area is markedly
different from modern marine sulfur cycling.

F—U—R  #HREARERR. KBRERARE. JSRERELLDT
Keywords: Neoproterozoic sulfur cycle, Carbonate associated sulfate, quadruple sulfur isotope
analysis
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The rise of oxygen in the Earth surface at 3.5-3.4 Ga and 2.7-2.2 Ga
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Great oxidation event (GOE) on Earth occurred approximately 2.3 billion years ago (Ga) based on
iron redox state and sulfur isotopes. However, the age of first oxidation of the Earth’s surface is
controversial. Presence of small amount of 0, in the environment at 2.5 Ga has been suggested by
redox sensitive elements and sulfur isotopes and at 2.7 Ga by nitrogen isotopes. We analyzed
hydrocarbon-derived geochemical parameters diagnostic for sedimentary redox conditions, i.e., the
pristane/phytane ratio (Pr/Ph), from shallow marine sedimentary rocks in Labrador, Canada, Western
Australia, and South Africa. Here, we show that anoxic shallow sea at >3.95 Ga was followed by
intermediate conditions at 3.5-2.9 Ga, local oxic conditions at 2.7 Ga, and subsequently global
oxidation at 2.6-2.2 Ga. These results indicate that the rise of oxygen in the Earth surface
occurred at 3.5-3.4 Ga and 2.7-2.2 Ga.

FT-O—F BEAR. BR. BRD T

Keywords: Archean, oxygen, organic molecules
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Authigenic carbonate precipitation at the end-Guadalupian (Middle Permian) in China:
Implications for the carbon cycle in ancient anoxic oceans
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REIEDXEE. JO0-NIVERKRER (O) BRICSFZIEFELTOCINDIDOTH D, HEF. BEDHBRICS(F
SERKRBENEEMNEEINTULD, CNFIT. BEDEBF THE L ZBRKREIEDCRMHALE. HEFD
SEKDABEEKRE (DIC) OCRAMALLELERLU TE LUK BOERICIRESNTE L. LHALBEDBRRE
BOCRHALEDSFMIZBAS N ETNTUVEL,

AEXRTONDONE. FE - @IIEORIVLARFHEAROMEFRNSELR T IERRBEICDOVWTHET S, K
BERORNECHEBLZEBRS - Frv—EEBDHS(E. ARBADBEBERENZET D, Z0ERBIE. Zns5m
ZOBTERUCERKBIECH D CEZER T, BRRBIEDELBEL. BERRKENEZEL ZOHRTHS
HIRRS STzBEE —BT 5, BRKRBEOCENAL (F191-1%) (& HEFOEEMOCREMEL
(¥9-26%) LHBLTEL. O EIFERERBIEDCHECAIEDDICICHR I B EETRT. CcNSOBEM
REBIE(E. BT TREL., BEMETERLEEEZXSNS,

AMBEOBRASOHNDONIE, HMEKE(CH (T DERREIEDMERIVE. FRREEF & HRIIEEFE TR
HBAREMEC DV TIRET 3, BEDEBECTHERIND LD (CHLINEEFETIE. BRRBIESIERYHTE
B U. ZOREMALFEN, ChiCH U TBEORINEEFECE. BRRBESBEEMMETCERL. ZD
CRAHALLIELEBRIEN DTz EZ X 5ND. DNONOEFIVICRKX(E. BRRBIENNELRICEZB3FEQF
SATHEMAEBRLIZLDENST L, Tz, BRREBIECERT 3MBELHEORMARENS. SEE0OBLER
TIRREE BT CE AR N H B,

[£Z3#k] Saitoh et al. (2015) Progress in Earth and Science 2:41
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Osmium isotope excursion in the central Panthalassa during the Toarcian Oceanic Anoxic
Event: Relationships between Karoo-Ferrar volcanism and climatic-biologic changes
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The Toarcian Oceanic Anoxic Event (T-O0AE) represents one of the most severe paleo-environmental
turbulences in the Mesozoic. The volcanic activities in the Karoo-Ferrar Large Igneous Provinces
(LIPs) have been considered as the most fundamental trigger for the Toarcian perturbation, although
the connection between the Karoo-Ferrar LIPs and the T-OAE remains unclear. Consequently, the
debate on the influence of large volcanic activities on the global environmental changes is still
controversial. Radiogenic Os isotopes of sedimentary rocks are useful for estimating the influx
from both ancient basaltic magmatism and continental weathering, making this tracer suitable for
understanding the cause of T-OAE. Because of the lack of detailed Os isotopes across the T-OAE, the
relationship between biotic crisis, anoxia, and the volcanism in the central Panthalassa is still
ambiguous. To clarify the relationship between the Karoo-Ferrar LIPs and their turbulences to the
global environmental changes across the T-0AE, we determined the Re and Os concentrations, seawater
"¥0s/"®0s values, and organic carbon isotopes in Plinsbachian to Toarcian deep-sea cherts from the
Inuyama area, southwest Japan. Unlike shallow marine regions, two bedded black chert intervals
(T-0AET and T-0AE2 in stratigraphic ascending order) were recognized in the central Panthalassa.
The rock powder was spiked with '0s and "°Re prior to acid decomposition. The sample was digested
by a mixture of CrO; and H,S0, in a sealed Carius tube at 240 °C for more than 48 h. Subsequently,
Os was separated by solvent extraction using CC1, and back-extracted from CC1l, into HBr, followed
by the final purification using the micro-distillation method. The Os isotopes were determined by
N-TIMS at Tokyo Tech. The solution remaining after the CC1, extraction was transferred to a Teflon
vessel, in which Cr® was completely reduced to Cr’* by ethanol to avoid the disturbance of Re
separation with ion exchange chromatography. Subsequently, Re was purified by passing the sample
solution through an anion exchange resin. The Re isotopes was determined using a quadrupole-type
ICP-MS at Tokyo Tech. The Os and Re concentrations were determined by the isotope dilution method.
The Re and Os abundances in 27 chert samples across T-0AE intervals varied from 0.006 to 213.1
ng/g, and from 2.0 to 2078 pg/g, respectively. The initial '¥0s/'®0s ratios in the samples
decreased from the Plinsbachian to the Toarcian, and reached the minimum value of 0.11 at the onset
of T-0AE1. Afterward, the seawater '0s/'®0s values increased to 0.56 towards the end of T-0AE1,
and decrease down to 0.24 at the interval between T-OAET and T-OAE2. During the T-0AE2, the
seawater '0s/'®0s values abruptly increased up to 1.22. Our seawater '*0s/'®0s values varied
preceding the variation of organic carbon isotopes, most likely reflecting the difference of
residence time between 0s (20 kyr) and organic carbon (75-100 kyr). From these observations, we
propose the following scenario for the perturbation in the T-OAE intervals. The Karoo-Ferrar
volcanic activities induced an anoxic condition, which resulted in unradiogenic '®0s/'®0s in
seawater followed by negative SBCOrg ratios before the T-OAE intervals. The Karoo-Ferrar volcanism
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released significant amount of C0,, which triggered the global warming and enhanced the magnitude

of continental weathering during both T-OAE intervals. Subsequent gradual increases of Os isotopes
likely reflect their aftermaths. To conclude, the Karro-Ferrar volcanism played an important role

for induing anoxic condition and global warming during Toarcian in the central Panthalassa.

F—O—R ! cPIITVEBFEBRREEZ. BBFIVTSYY BIKFv— k. ZX=DLENMHE. BEK
RREMHEA. AI— - T S—KBIEE
Keywords: Toarcian Oceanic Anoxic Event , central Panthalassa, bedded chert, osmium isotope,
organic carbon isotope, Karoo-Ferrar volcanism
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Cretaceous to Paleogene deep-water agglutinated foraminifers in the western North Pacific
pelagic sediments
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Deep-water agglutinated foraminifers (DWAF) are often composed of the only microfossils
well-preserved in pelagic sediments without calcareous and siliceous fossils. DWAF have been
studied for a long time for determining a stratigraphic succession and obtaining paleoecological
information. While their quantitative distributions in sediments from the Atlantic Ocean were
well-documented (e.g., Kuhnt et al., 1992), those from the Pacific Ocean have not been studied
sufficiently enough to establish the stratigraphy. Wightman and Kuhnt (1992) investigated DWAF in
the sediment cores drilled at Deep Sea Drilling Project Sites 196 and 198, and Ocean Drilling
Program Sites 80@ and 881 in the western North Pacific Ocean. They reported that the faunal density
and diversity of DWAF rapidly declined across the horizon that approximately corresponds to the
Cretaceous/Paleogene (K-Pg) boundary.

Recently, we constructed lithological description, including microfossils, for a pelagic sediment
core of KR13-02 PC@5 collected from the western North Pacific Ocean, and recognized a rapid decline
of the density and diversity of DWAF across a spherule-rich layer. The spherules have a very
similar appearance to those associated with the Chicxulub impact at the K-Pg boundary. We present a
distribution of DWAF across the spherules-rich layer in the core and discuss its paleoceanographic
implications.

F—T—R : deep-water agglutinated foraminifers. BHEIE / HE=ICEBR. RFEMEHEREY. LBEXFF

Keywords: deep-water agglutinated foraminifers, K-Pg boundary, pelagic sediments, western North
Pacific Ocean
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Oceanic anoxic event at the Carnian/Norian boundary interval in the Black Bear Ridge
section, British Columbia, Canada
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The Black Bear Ridge section in northeastern British Columbia consists of a continuously exposed
succession through the upper Carnian and lower Norian, and has been proposed as a candidate Global
Stratotype Section and Point (GSSP) for the Carnian/Norian boundary (CNB). In order to infer the
late Carnian to early Norian environmental changes in the western Canadian continental margin, the
stratigraphic variations of isotope ¥'Sr/®Sr, 6"C, and 6'°0 values and redox sensitive elements (V,
Ni and Cr) in the CNB interval of the Black Bear Ridge section were examined. The study section is
located along the north shore of Williston Lake in northeastern British Columbia. The Black Bear
Ridge section represents a distal ramp facies deposited in a passive margin environment along the
western margin of the North American craton. The stratigraphic interval across the CNB displays a
temporal positive shift in the 6"°C values, with a synchronous increase in the redox indices
(V/V+Ni and V/Cr ratios). The coincidence of the increase in 6"C values and V/V+Ni and V/Cr
indices suggests that positive carbon isotope shift in the CNB interval is attributed to the
increasing of marine organic carbon burial rates in response to the anoxic conditions. Increased
C values for carbonate rocks at the CNB has been also reported from the Upper Triassic sections
in Europe (e.g., Pizzo Mondello section, Sicily), which suggests the more widespread development of
anoxic conditions in the CNB interval between the Pacific and the Tethyan Oceans. The present
geochemical data and recent conodont biostratigraphic works at Black Bear Ridge show that the onset
of oceanic anoxic event may have been responsible for the faunal turnover event at the CNB. The
cause of this anoxic event is enigmatic but the ®Sr/*Sr and 6"°C isotope data largely excludes the
possible cause of the oceanic anoxic event triggered by dissociation of methane hydrates and
degassing due to large-scale volcanic activity.

F—O—R:RARE =&ft. hFS
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Carbon dioxide emission during OAE 1a from the oil reservoir in Brazilian offshore
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BEIVFEEOBEEICKD, TSIIVHDFRES000 mHACEXHAMNFEEL TLDCEMRD . ARMDHESD
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Berner, R.A., 1990. Atmospheric carbon dioxide levels over Phanerozoic time. Science, 249,
1382-1386.
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