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Superflares on Solar-Type Stars
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Stellar flares emit harmful UV and high-energy particles such as protons. Although the atmosphere protects the surface c
the planets, certain amount of UV penetrates the atmosphere and high-energy particles reach the ground as secondary radiati
These radiations are thought to affect habitability and evolution of life.

High precision photometry of Kepler spacecraft enables us to detect superflares on G-type dwarfs. By extending Maehara ¢
al. (2012, Nature), we found 1547 superflares on 279 G-type dwarfs detected from light curves of 500 days (Shibayama et al
2013, ApJS). In the case of the Sun-like stars (with surface temperature 5600 - 6000 K and slowly rotating with a period longel
than 10 days), the frequency of superflares with energy #f 100%> erg (100 - 1,000 times larger than the largest solar flare) is
once in 800 - 5000 years. No hot Jupiters were found in these superflare stars. These superflare stars often show quasi-perio
brightness variation, which might be evidence of the large star spot. Rotational period can be estimated from the brightnes
variation period. It is interesting that superflares are detected on slowly rotating stad(&ays) like the Sun. Using these
data, we studied the statistical properties of superflares. We compare the flare frequency distribution of the superflare and sol
flare, and study the similarity of them. We also found that some G-type dwarfs show very high activity and exhibit superflares
once in~ 10 days. In the case of Sun-like stars, the most active stars show one superlat®ihdays.
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Survey Observations of A Glycme Precursor, Methylenimine (CH2NH)
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It is widely thought that prebiotic chemical evolution from small to large and complex molecules would have resulted in the
Origin of Life. The interstellar medium (ISM), where more than 170 molecules ranging from simple linear molecules to COMs
were detected, show chemically rich environment. Ehrenfreund et al. (2002) argued that exogenous delivery of COMSs to the earl
Earth by comets and/or asteroids could be more than their terrestrial formation by two orders of magnitude; molecules delivere
from the Universe might have played an important role in early Earth chemistry. From this point of view, many observations
were conducted to search for prebiotic molecules in the ISM, which might turn into tBeeds of Life’ when delivered to
planetary surface. Especially, great attention was paid to amino acids, essential building blocks of terrestrial life; many survey
were made unsuccessfully to search for the simplest amino acid, glycingOQINBMCOOH), towards Sagittarius B2 and other
high-mass star forming regions (e.g., Brown et al. 1979; Snyder et al. 1983; Combes et al. 1996, ...).

In these days, the Atacama Large Millimeter/submillimeter Array (ALMA) is expected to break through such difficulties
associated with glycine survey. Garrod (2013) used her chemical reaction network simulation and argued the possibility ir
detecting glycine with very high spatial resolution (*0.9 and the collecting power of ALMA. It would be important to know
which are potential glycine-rich sources for future surveys. However, the chemical evolution of N-bearing molecules, including
glycine, is poorly known. We would need to better understand formation mechanisms of N-bearing COMs including amino acids
and to have carefully selected good candidate sources for amino acids before conducting searches for amino acids by ALMA.

Although the chemical evolution of interstellar N-bearing COMs is poorly known, methylamingNBE) has been proposed
as a precursor to glycine. Theoretical and laboratory studies have demonstrated that glycine is formed on icy grain surface frol
CH3NH; and CQ under UV irradiation (Holtom et al. 2005). It is suggested that;NH; can be formed from abundant
species, ChH and NH;, on icy dust surface (Kim & Kaiser 2011). Further methyleneimine {8H) would be related to
CH3NH,. Another possible route to form these species is hydrogenation to HCN on the dust surface (Dickens et al. 1997;
Theule et al. 2011).

However, a source number of such precursor molecules is very limited. In order to increase the numb&iteiGtices and
to better understand formation paths to {DHH, we conducted survey observations of {DHH, with the NRO 45 m telescope
and the SMT telescope towards 11 high-mass and three low-mass star-forming regions. As a resilt,wzid detected in
eight sources, including four new sources. The estimated column densities were roudhlyp'?) 10'°-10'¢, and 13°-10'"
cm~2, respectively, for extended, 10, and 2” sources. G10.47+0.03 and Orion KL are found to be especiallyNEHrich
sources. We used chemical reaction network simulations to investigate formation procesdNet DHhe ISM. Under the dark
cloud condition, the simulated GINH abundance in the gas phase is more than 10 times lower than our observations even if we
conservatively estimate the GNH abundance with an extended source. On the other hand, if we include hydrogenation reaction
to HCN in our model, the CENH abundance increased about by two orders of magnitude, enabling us to reconcile the observed
abundance of CENH. We also showed that this reaction is dominant in the early, low temperature phase of cloud evolution.
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Formation, alteration and delivery of interstellar organics: Verification with experiments
on ground and in space
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Polymerization of methionine: Ignition of sulfur metabolism?
Polymerization of methionine: Ignition of sulfur metabolism?
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Methionine, sulfur-bearing amino acid, is one of protein-forming 20 amino acids. On the other hand, peptide formation
using methionine is known to be difficult, because of large thermal stability of methionine. Incorporation of methionine into
peptide has importance to form metal-sulfur-cluster in protein or other biologically important molecules, such as taurine. In
order to overcome difficulties to make methionine-bearing peptide, new series of experiments were performed in the preser
study. Experiments were performed at 175 C and 150 MPa, using various mixtures. Methionine-trimers, which were not formec
by previous investigators, were produced in the present study. Surprisingly a part of methionine was converted into glycine an
then glycine-methionine peptide was newly formed. Those results demonstrated that high T and P conditions were suitable fc
not only methionine-peptide formation but also making multi-component peptide. Sulfur isotope compositions were determinec
on run products of the present study. Run products were enriched or depleted in 32S compared to starting materials. Hydroge
sulfides were preferentially released from methionine for the 32S-depleted samples. The 32S-enriched samples are explained
loss of sulfate from methionine, although oxidants of methionine-sulfur are still unclear. Modern living organisms metabolically
produce sulfide and sulfate from methionine and cysteine. Such metabolic path is similar to the abiological production of sulfide
and sulfate in the present study. This may imply that course of sulfur metabolism was most likely established early in the prebiotic
age when methionine was incorporated in prebiotic protein.
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Formation of extraterrestrial oceans: Cradles of life
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Tanpopo: Astrobiology Exposure and Micrometeoroid Capture Experiments - Experi-

ments at the Exposure Facility of ISS-JEM
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Tanpopo, a dandelion in Japanese, is a plant species whose seeds with floss are spread by wind. We propose this missior
examine possible interplanetary migration of microbes, and organic compounds at the Exposure Facility of Japan Experiment:
Module (JEM: KIBO) of the International Space Station (ISS). The Tanpopo mission consists of six subthemes: Capture of mi-
crobes in space (Subtheme 1), exposure of microbes in space (Subtheme 2), analysis of organic compounds in interplanetary d
(Subtheme 3), exposure of organic compounds in space (Subtheme 4), measurement of space debris at the ISS orbit (Subthe
5), and evaluation of ultra low-density aerogel developed for the Tanpopo mission (Subtheme 6). 'Exposure Panel’ for exposur:
of microbes and organic materials and 'Capture Panels’ for capturing micro particles with aerogel will be launched. The panels
will be placed on the Exposed Experiment Handrail Attachment Mechanism (ExHAM) in the ISS. The EXHAM with the panels
will be placed on the Exposure Facility of KIBO (JEM) with the Japanese robotic arms through the airlock of KIBO. The panels
will be exposed for more than one year and will be retrieved and returned to the ground for the analyses.
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Rock Magnetic Constraints on the origin of putative biological magnetite in the Martian

ALH84001 Carbonates
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McKay et al. (1996) discussed 4 lines of evidence that were consistent with the possible presence of ancient life on Mars
Although none of these have been falsified, the one that has triggered the most intense debate concerns the claim that some
the fine-grained magnetite crystals embedded in small carbonate deposits might have been formed by the magnetotactic bac
ria. These magnetite particles, when examined by high-resolution transmission electron microscopy, are indistinguishable fror
particles only produced by magnetotactic bacteria on Earth (Thomas-Keprta et al., 2001). Unfortunately, the magnetic and mi
croscopic analyses done to date do not allow us to provide a direct statistical test of the probability that these particles are ¢
biological origin, vs. the hypothesis they form from high-temperature decomposition of siderite (FeCO3).

In the past decade, developments in superconducting magnetometry and electron microscopy now provide new experime
tal approaches that can be applied to this problem. First, the new Ultra-High Resolution Scanning Magnetic Microscopes
(UHRSMMSs) can detect magnetic moments 3 to 4 orders of magnitude below the sensitivity of the best superconducting rock
magnetometers, and robust dipole-fitting routines allow the 3-D vector magnetic moment of tiny particles to be resolved quan
titatively. We have shown recently that individual fragments of the famous ALH84001 carbonate blebs can be imaged clearly
using this technique, opening the possibility of experimental tests that should distinguish low-temperature (biological) from
high-temperature (thermal decomposition) magnetite. Magnetite produced by thermal decomposition of carbonate during shoc
heating should carry a relatively strong Thermo-Remanent Magnetization (TRM), whereas biological magnetite trapped during
carbonate growth should have a much weaker detrital magnetization (DRM). Fuller et al. (1988) reported a simple technique the
compares the relative intensities of the Natural Remanent Magnetizations (NRMs) to Isothermal and Anhysteretic magnetization
(IRMs and ARMSs) that can easily distinguish TRMs from DRMs; this new sensitivity now be applied to these particles. Second,
because the magnetotactic bacteria use genetic control to manufacture their magnetite crystals, particles within the same cell ¢
of very similar size and shape. When these cells die and leave their magnetite crystals in the sedimentary record as magnetofc
sils, they produce clumps of similarly-sized crystals because they stick together magnetically with very strong force (Kobayash
et al., 2006). Sediment transport and removal processes cannot disaggregate them, but they do get scrambled together dur
extraction and high-resolution TEM studies. We therefore need to do very high-resolution studies that can demonstrate the pos
tion of these crystals within the carbonate matrix of the ALH 84001 carbonate precipitates. We propose to use the new focuse
ion-beam (FIB) milling techniques available at the Earth-Life Science Institute of TiTech to make 3-dimensional reconstructions,
at a 5 to 10 nanometer scale, of rectangular chunks of the ALH84001 carbonate. At this resolution, the putative magnetosome
will be represented by up to 500 voxel elements, each with definitive elemental composition. We should be able to determine
whether clusters of particles within these carbonates are of similar size and shape, as expected from collapsed magnetoso
chains. It will then be very simple to do statistical tests to determine whether these clumps are non-random assemblages sampl
from the background crystal size distribution. The debate about life on Mars may rise again!

Fuller et al.,1988, Geophys. Res. Lett., v. 15, p. 518-521.

Kobayashi, et al.,2006,: Earth and Planetary Science Letters, v. 245, no. 3-4, p. 538-550.
McKay et al.,1996, Science, v. 273, no. 5277, p. 924-930.

Thomas-Keprta, et al.,2001, Proc. Natl. Acad. Sci. USA, v. 98, no. 5, p. 2164-2169.
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Archean greenstone belts are hosting many massive sulfide ores. In particular, komatiite-basalt sequences are hosting Ni-(
ores, which are mostly considered as a magmatic in origin. Some Ni-Cu ores are associated with serpentinization near seaflo
Such serpentinization may have been important for early life as hydrogen donors with alkaline fluids. Cu-Zn-Pb ores are alst
reported from the same komatiite-basalt sequences, although the origin of these ores are still uncertain. One representative :
Ga komatiite-basalt sequence appears in the Munro area of the Abitibi Greenstone Belt. In order to understand the origin of CL
Zn-Pb ores, mineralogical and geochemical studies are performed on ores at Munro area. Sulfide ores are essentially develor
in black shale zones, and some ores are disseminated in altered volcanic rocks. Chalcopyrite, sphalerite, pyrrhotite are maj
minerals associated with minor galena, electrum, pentlandite, etc. Sulfur isotope compositions of those sulfides are ranging a
not magmatic values. Some ores are rich in Se and As. Host volcanic rocks are extensively hydrated (followed by metamorphisn
forming tremolite, chlorite and talc. Those features are similar to the modern submarine hydrothermal deposits, rather thai
magmatic ore deposits. Therefore, Cu-Zn-Pb ores in komatiite-basalt sequences were formed by black smoker type submaril
hydrothermal activities. Carbon isotope analyses of organic matter in ore-associated sediments suggest that methanogens w
active when komatiite became serpentinite, followed by submarine hydrothermal activities.

F—7— : Komatiite, ore, submarine, Abitibi, microbe
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Over the past 35 years, researchers have explored seafloor deep-sea hydrothermal vent environments around the globe
studied a number of microbial ecosystems. Bioinformatics and interdisciplinary geochemistry-microbiology approaches have
provided new ideas on the diversity and community composition of microbial life living in deep-sea vents. In particular, recent
investigations have revealed that the community structure and productivity of chemolithotrophic microbial communities in the
deep-sea hydrothermal environments are controlled primarily by variations in the geochemical composition of hydrothermal
fluids. This was originally predicted by a thermodynamic calculation of energy yield potential of various chemolithotrophic
metabolisms in a simulated hydrothermal mixing zone. The prediction has been finally justified by the relatively quantitative
geomicrobiological characterizations in various deep-sea hydrothermal vent environments all over the world. Thus, there shoul
be a possible principle that the thermodynamic estimation of chemolithotrophic energy yield potentials could predict the realistic
chemolithotrophic living community in any of the deep-sea hydrothermal vent environments in this planet. In 2005, a spacecrafi
Cassini discovered a water vapour jet plume from the sole pole area of the Saturnian moon Enceladus. The chemical compositic
analyses of Cassini's mass spectrometer strongly suggested that the Enceladus could host certain extent of extraterrestrial oct
beneath the surface ice sheet and possible ocean-rock hydrothermal systems. An experimental study simulating the reacti
between chondritic material and alkaline seawater reveals that the formation of silica nanoparticles requires hydrothermal reactic
at high temperatures. Based on these findings, we attempt to built a model of possible hydrothermal fluid-rock reactions an
bioavailable energy composition in the mixing zones between the hydrothermal fluid and the seawater in the Enceladus subsurfa
ocean. The physical and chemical condition of the extraterrestrial ocean environments points that the abundant bioavailabl
energy is obtained maximally from redox reactions based on @@ H, but not from with other electron accepters such
as sulfate and nitrate. In the low-temperature zones, the available energy of the Enceladus methanogenesis and acetogenes
higher than those in any Earth’s environment where the methanogens sustain the whole microbial ecosystem. Our model strong
suggests that the abundant living ecosystem sustained by hydrogenotrophic methanogensis and acetogenesis using plane
inorganic energy sources should be present in the Enceladus hydrothermal vent systems and the ocean.
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Light absorption and energy transfer in photosynthesis: Toward extending our curren
biosignatures
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In the recent success in detecting for extrasolar planets, several habitable planets, which can sustain liquid water, have alrea
been discovered. From reflection spectra on exoplanets, what and how to detect signs of life, biosignatures, have been controv
sial (Kiang et al. 2007). One of proposed biosignatures is vegetation red edge (VRE), which is observed from reflectance spect
on the Earth. VRE is identified as a sharp contrast in about 700 - 750 nm due to the absorption in visible region by photosyntheti
pigments like chlorophylls and the reflection in NIR region. However, VRE is an effective as biosignature only if exovegetation
shows the same spectral feature to that on the Earth (Seager et al. 2005). Therefore, the criterion as biosignature needs to
extended when the primary stars are totally different. Because in future missions searching for a second earth, the M type sta
(cooler than Sun) will be the main targets, as the first step, we focused on the fundamental properties of purple bacteria whic
absorbs longer wavelength radiation (1025 nm).

We investigated light absorptions and excitation energy transfers (EETs) based on quantum dynamics simulations for ligh
harvesting complexes (LHCs), which contain array of photosynthetic pigments. After light reaches in LHCs, effective EET is ac-
complished by corporative electronic excitation of the pigments. We used theoretical models for LHCs in purple bacteria (LH2s).
LH2 is made of 2 rings: inner ring (B850) and the outer (B800), as shown in Figure. In our model, a dipole-dipole approximation
was used for the electronic excitations. The low-lying electronic excited states of a LH2 were computed by using transition dipole
moment of first excited state of each pigment calculated at time-dependent density functional theory. Corresponding to the ligh
absorption process, the oscillator strength in the system could be computed. The oscillator strength of one LH2 was in a goo
agreement with the experimental value. Subsequently, quantum dynamics simulations were performed by Liouville equation t
examine the EET process. In this model, the densities relaxed according to energy gradient. This treatment corresponded wi
the EET process. The relaxation parameters were determined based on the energy transfer time from B800 to B850 (0.8 ps
The calculated transfer time between two LH2s was determined to 2.72 - 3.67 ps in good agreement with the experiment value
(2.0 - 10.0 ps). In order to deal with more realistic system, we calculated at a macro structural model. The calculated system
were composed of 7 LH2s and 19 LH2s, where LH2s were aligned in triangle lattice. As the system size increases, the oscillatc
strength shifted longer and the transfer velocity became faster. In photosynthesis, collected energies are efficiently transferred
lower energy sites where redox reactions take place, very efficiently by EET. When two pigments in central LH2 in the system
were exchanged to pigments absorbed longer wavelength radiation (850 nm to 890 nm), the transfer velocities became fast
Moreover, in order to examine for what environments the absorption spectra of purple bacteria were optimized, the absorptiol
efficiency was calculated from blackbody spectra expected in typical extrasolar planets. As a result, the absorption efficienc
was maximum at the emission spectrum of a black body at around 200 K. Furthermore, the Light absorptions and EETs in purpl
bacteria, cyanobacteria and plants will be examined by using our methodology.

Keywords: biosignatures, extrasolar planets, photosynthesis, quantum chemical calculation, light harvesting, purple bacteria
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Ancient Habitable-Trinity Mars and Future Targeting of potential Signs of Life

Dohm Jame’s ; ALl /%7
DOHM, James* ; MARUYAMA, Shigenorit

VR TR HER A B 22T
LEarth-Life Science Institute, Tokyo Institute of Technology

Mars, the most Earth-like planet in our solar system, once had Habitable-Trinity conditions: an interfacing ocean, atmosphere
and nutrient-enriched primordial crustal materials with energy circulation driven by the Sun. Mars is thus considered the bes
target to search for life beyond Earth, as there are no other planetary bodies in our solar system that record Habitable-Trinit
conditions. Following the termination of Habitable Trinity conditions nearly 4.0 Ga, when a strong dynamo shut down prior to
the post-heavy-bombardment Hellas and Argyre impact events, the atmosphere was thinning, and plate tectonism was ongoil
though waning, life would have found it increasingly difficult to survive at or near the surface, and thus would have migrated
to the subterranean to persist. Vent structures, such as those located in the western part of Elysium Planitia where oceans or
occupied the Martian surface and long-term magma-water interactions (billions of years) may be still ongoing, as evidencec
through pristine lavas, faults that cut youthful surfaces, and geologically-recent flood events, are thus considered to be optim:
targets to search for signs of life on Mars. The vent structures were formed by the transferal of subterranean materials to th
surface likely due to magma-water interactions. The geologically youthful vent structures could be readily investigated in situ
through current mission design.

F—I—F:NEXT)V - MU =T o, FanOIFAE A RENE
Keywords: Habitable Trinity, potential signs of life
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Origin of life component of the Earth
Origin of life component of the Earth

UL TR 1 AN S 2
MARUYAMA, Shigenori'* ; KOUCHI, Akira?

VRO TSR A IR A AR 2T, 2 dbifE K
LELSI Tokyo Institute of TechnologyHokkaido University

The Earth is highly depleted in volatile in general. Water is one of them and only 0.023wt% among mass of the solid Earth. If
the parental chondrite is carbonaceous with 2.3wt% water, the Earth must have been covered by 380km thick ocean, where t
much amount of water was present, hence no life was born because of no supply of nutrients (Maruyama et al., 2013). Origi
of water is critical to control the birth of life on rocky planet. Snowline is a concept of the boundary whether solid ice or vapor
(gas) is stable at 2.7AU. If the Earth was formed at 1.0AU, the Earth must have been dry, no atmosphere and no ocean.

By this reason, there are several ideas to make the Earth with thinly covering ocean. One of such ideas is that Earth was bo
as a dry planet with Moon at 4.5-4.6Ga, followed by late bombardments to transport water components to the Earth at 4.4G
(Maruyama et al., 2013).

Here we propose that late bombardment delivered not only water component but also carbon and nitrogen together at 4.4G
The organic lines are present within a narrow region around 2.1AU which is much closer to the Earth than the snowline. Asteroid:
derived from chondritic materials were transported to the Earth at 4.4Ga, and their organic matters turned to be primordia
atmosphere from which primordial ocean was born. C and N with respect to O and H are enriched to make reduced atmospher
composition which could be favorable to synthesize complex organic compounds at the interface between atmosphere and oce:
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Theoretical investigation of amino acid formations on interstellar dusts
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Kazuhird ; SHIRAISHI, Keniji?
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Molecular evolution in the interstellar space remains unsolved. Formations of molecules in space have been extensively studie
by experiments and space observations. Formations of complex organic molecules are expected in the interstellar space. In fa
some amino acids were found in meteorites and amino acids were detected after UV irradiation of interstellar ice analogs.

In the amino acid formation in space, many precursors and molecular evolution pathways are expected. Among these possib
pathways, it is very important to know the energy profiles and molecular structures in the major formation pathways. In this
study, possible amino acid formation pathways are investigated by using accurate quantum chemistry methods at the densi
functional theory levels.

Two formation pathways of glycine and alanine were examined: (1) hydrolysis of aminoacetonitrile and (2) hydrolysis of
hydantoin derivatives. In the aqueous solution model, Polarizable Continuum Model was used.

Calculated formation energy of glycine is the most stable in the formation pathway in vacuum and no excessively stable
intermediates existed. In aqueous solution, hydantoin pathway was slightly unstabilized. In conclusion, glycine production is
considered to be occured easily if the components exist. Similar trend is expected for the alanine production.
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Cosmic dusts capture on the International Space Station: Progress of the ground-bas:

experiment
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IMAI, Eiichi 8 ; KAWAGUCHI, Yuko® ; SUGINO, Tomohiré ; HAMASE, Kenji'® ; FUKUSHIMA, Kazuhikd ; AOKI, Dan’ ;
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!Osaka University, Department of Earth and Space Scietidniversity of Aizu, 2SPring-8,*JAXA, 5Tokyo University of

Pharmacy and Life SciencéfFukuoka Institute of TechnologyyYokohama National UniversityNagaoka University of Tech-

nology, °Nagoya University,°lbaraki University,'!Kyoto University, '>Tohoku University,'>JAMSTEC, ! Tokyo University,

15Kyusyu University

Introduction: Organic matter in interplanetary dust particles (IDPs) records the primitive chemical history in the early Solar
System as well as it is thought to have delivered the building blocks of life to the early Earth (Chyba and Sagan, 1992). The
Japanese Astrobiology working group, Tanpopo, is planning to collect the IDPs using a low-density silica aerogel ()01 g/cm
(Tabata et al. 2011) on the International Space Station (Yamagishi et al. 2009). The mission has a great advantage that collecti
of the pristine IDPs without atmospheric entry heating and terrestrial contamination will be expected. One thing that has to be
considered is a possible modification of the chemical composition of organic matter in IDPs upon their high velocity impact to
the aerogel. This issue has been also concerned in the Stardust cometary dust sample return mission. Although the laboratc
simulations have been conducted to study the alteration of minerals (Okudaira et al. 2004; Noguchi et al. 2007), the alteration c
organics under a realistic condition has not been well understood. As a ground-based experiment, we have conducted a laboratc
experiment of aerogel capture of Murchison meteorite powder at 4 km/s using a two-stage light gas gun, in order to evaluate th
extent of modification of organic matter in the meteorite.

Experimental: The Murchison meteorite powder (500 ug) of a particle diameter of 30-100 um in a polycarbonate sabot was
shot at "4 km/s using a two-stage light gas gun at JAXA/ISAS. The penetrations of the meteorite powder formed “70 tracks of
10 mm length in aerogel. Six terminal particles were extracted from the aerogel tracks using a tungsten needle and were press
between two Al foils. The particles on the Al foils were analyzed by micro-Fourier transmission infrared (FTIR) spectroscopy
at the beamline 43IR, Spring-8 and Osaka Univ., and micro-Raman spectroscopy at Osaka Univ. For a comparison, pre-shi
Murchison meteorite powder was analyzed by these micro-spectrometers.

Results and discussion: The IR imaging detected the regions of absorptions of aliphatic carbons, CH3 at 28602

at 2920cnt! within the two Murchison terminal particles captured by aerogel. Thus, organic matter is survived through the high
velocity impact at 4 km/s. The spectral intensities of aliphatic carbons in the terminal particles are slightly lower than those in
the pre-shot Murchison meteorite. CH2/CH3 ratios obtained from the IR spectra of the terminal particles were 0.3 ? 3, while
those of the pre-shot sample were 1.3 ? 2. The difference in the ratios may be reflected by modification of aliphatic chains o
organic macromolecules in the meteorite, e.g., demethylation, methylation, or cracking, due to the high velocity impact heating
From the two terminal particles, D- and G- bands, which are derived from carbonaceous matter, were detected by micro-Rama
analyses. Peak widths and positions of the two bands showed similar values to those for pre-shot Murchison meteorite. Thu
modification of aromatic structures after the aerogel capture is unlikely. Although relative amounts of organics were low in the
four other terminal particles, this may be reflected by original heterogeneity of the meteorite.

F—U— F: ISSIEMMEETS, FHE, A, 7 A bunAAuy— Lol =7 as)l
Keywords: International Space Station, Cosmic dusts, Organic matter, Astrobiology, Origin of life, Aerogel
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Possibility of production of amino acids by impact reaction using a light-gas gun as a

simulation of asteroid impacts
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search Center, Chiba Institute of Technology

We are interested in the production process of amino acids in space. Especially, asteroids coming to Titan satellite have mac
impact reaction on the surface including nitrogen gas, water ice and methane. On the Titan surface, various material, produce
by the impact reactions, have been stored under low temperature and dark condition. To do the simulation experiment, a JAX;
2-stage light-gas gun has been used. A projectile with 6.5km/s of speed hits a water + iron target in 1 atm of nitrogen gas
causing an impact reaction. Figure 1 shows a crater on the target. Figure 2 shows produced black soot which deposited onto t
aluminum sheet. The samples produced are carefully collected and analyzed by HPLC, FTIR, TOF-MS. As a result of HPLC,
peaks suggesting the existence of glycine and alanine in the samples produced were confirmed.

Keywords: impact reaction, gas gun, Titan, asteroid, amino acid, HPLC

Fig.1 A crateron the target. Fig.2 Produced black soot deposited onto the
aluminumsheet.
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Amino acid formation from simulaed mildly-reducing primitive atmospheres by spark

discharges and proton irradiation
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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. ];;g’{;‘sgiem

Union

BAOO01-P05 23 R AR —2 IRFfd:4 A 28 H 18:15-19:30

PR EEUKRIC T B 7 X/ BOLTENE L KIS _
Stability and reactions of amino acids in simulated submarine hydrothermal systems
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Scanning electron microscopic observation of organic mlcrospherules formed by Maillard

type reaction
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1Osaka University, Department of Earth and Space Science

It has been suggested that organic microspherules played a role as a physical container to maintain catalytic molecules al
their reaction intermediates at concentrations high enough to sustain catalysis in prebiotic chemistry on the early Earth (Webe
2005). Experimental studies on the formation of organic microspherules from a variety of organic compounds, such as amin
acids (Fox and Harada, 1958), gelatin and gum arabic (Oparin, 1976), organic extracts from meteorite (Deamer, 1985; Deam
and Pashley, 1989), interstellar organic analogue (Dworkin et al. 2001), fatty acids and polycyclic aromatic hydrocarbons (Groel
et al. 2012), formaldehyde and ammonia (Cody et al. 2009; Kebukawa et al. 2013) have been reported. However, the formatio
process and stability of these organic microspherules have been unexplored. In this study, sizes, shapes, and distributions
organic microspherules formed during the progress of Maillard-type reaction of formaldehyde and ammonia were investigated.

Experimental:

Paraformaldehyde (120mg), glycolaldehyde (120mg), ammonium hydroxide (54ul), calcium hydroxide (30mg) in 2ml of wa-
ter in a glass tube was heated at 50-90 degrees C for 71-720 hours. For comparison, the samples without ammonium hydroxi
were heated under the same conditions. After heating, the sample solutions were centrifuged. The precipitated material we
rinsed with 2N HCI to dissolve calcium, and dried at 50 degrees C to obtain organic solids. The organic solid samples were
pressed on a indium plate, gold-coated, and observed by a scanning electron microscopy (SEM).

Results and discussion:

After several minutes in heating, all the sample solutions turned yellow and eventually turned brown to black. Organic solids
were produced at 90 degrees C but 50 degrees C. The yields of organic solids from sample solutions with ammonia were 1
times higher than those without ammonia. The yields gradually increased during heating. While distorted-shaped aggregates a
produced from the samples heated for 71-120 hours, micron-sized organic microspherules (0.4-4.0 um) were observed from tho
heated for 240-720 hours. The samples with ammonia show perfectly round shapes of microspherules. Some microspherul
are large and oval in the sample heated for 480 hours. The sizes of the microspherules increased with heating time. Organ
solids produced by the same reaction as this study’s at 90 degrees C for 72 hours consist of approximately equal abundances
aromatic and aliphatic carbons (Kebukawa et al. 2013). This molecular composition could result in amphiphilicity that is related
to formation of the stable microspherules observed in this study. Formaldehyde and ammonia are thought to have been cor
monly present on the early Earth, and thus the organic microspherules formed by these molecules which proceed polymerizatic
efficiently under mild conditions, could have played a role as a precursor of prebiotic cell membrane.

Keywords: organic microspherules, Maillard reaction, prebiotic cell membrane
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Fluorescence imaging of microbe-containing micro-particles that had been shot from ¢

two-stage light-gas gun into an ult
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We previously proposed an experiment (the Tanpopo mission) to capture microbes and organic compounds on the Jap:
Experimental Module of the International Space Station. An ultra low-density silica aerogel will be exposed to space for one
year. After retrieving the aerogel, particle tracks and particles found in it will be visualized by fluorescence microscopy after
staining it with a DNA-specific fluorescence dye. In preparation for this study, we simulated particle trapping in the aerogel so that
methods could be developed to visualize the particles and their tracks. During the Tanpopo mission, particles that have an orbit
velocity of about 8 km/s are expected to collide with the aerogel. To simulate these collisions, esfmtoccus radiodurans
containing Lucentite particles into an aerogel from a two-stage light-gas gun (acceleration 4.2 km/s). The shapes of the capture
particles and their tracks and entrance holes were recorded with a microscope/camera system for further analysis. The si
distribution of the captured particles was smaller than the original distribution, suggesting that the particles had fragmented. W
were able to distinguish between microbial DNA and inorganic compounds after staining the aerogel with the DNA-specific
fluorescence dye SYBR green | as the fluorescence of the stained DNA and the autofluorescence of the inorganic particles dec
at different rates. The developed methods are suitable to determine if microbes exist at the International Space Station altitude

Keywords: Aerogel, Space experiment, Hypervelocity impact experiment, DNA-specific fluorescence dye.

Keywords: Aerogel, Space experiment, Hypervelocity impact experiment, DNA-specific fluorescence dye
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Studies on life detection methods by using enzymatic activities: Phosphatase and Cat:
lase
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Molecular approach to the characterisation of Sri Lanka red rain cells
Molecular approach to the characterisation of Sri Lanka red rain cells
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3School of Mathematics, Cardiff University, Cardiff, UKMedical Research Institute, Colombo, Sri Lanka

IPlanetary Exploration Research Center, Chiba Institute of Technology, Chiba, 3Bpakingham Centre for Astrobiology,
University of Buckingham, Buckingham, URSchool of Mathematics, Cardiff University, Cardiff, UKMedical Research In-
stitute, Colombo, Sri Lanka

The recent mysterious phenomenon that has attracted much attention is that of the red rain which fell in Polonnaruwa, Si
Lanka, on 13 November 2012. The microbial content in red rain shows generic similarities to that of the Indian red rain which
fell in 2001. The morphological property of those microbes has been well documented [1,2]. Various microscopic analyses of
our Sri Lankan red rain sample indicate that the defining red rain cells (RRC) exist in the presence of other microorganism:s
including diatoms. In our past paper, the ultrastructure of RRC shows that it is possibly a spore-form and so allowing them to
thrive in the extreme upper biosphere conditions [3]. We also show the presence of uranium in the abnormally thick cell wall of
RRCs.

In this report, we present the molecular approach to the characterisation of microbial communities in red rain and reveal the
genus of RRCs. A beads-beating protocol is carried out for the efficient extraction of DNA and denaturing gradient gel elec-
trophoresis (DGGE) for the analysis of microbial communities.

References

[1] Louis and Kumar (2006) New red rain phenomenon of Kerala and its possible extraterretrialdsigophysics and Space Scienc
302 175-187.

[2] Samaranayake et al. (2013) Microorganisms in the coloured rain of Sri Ldokagal of Cosmology?21, 9805-9810.

[3] Miyake et al. (2013) Discovery of Uranium in Outer Coat of Sri Lankan Red Rain Ckllenal of Cosmology?22, 1-8
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land, ScienceVol.283 N0.5402 pp.674-676.

[2] Karasawa S. (2010). Inorganic production of membranes together with iron carbide via oxidization of iron in the water that
includes carbon dioxide plentfulldbSciCon 2010#5168.
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Ocean Acidification and its effect on calcification since the late 19th century revealed by
d11B of Ogasawara coral
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Ocean acidification influences on coral growth of temperate species
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Toyama University?Geological Survey of Japan, AlSTMarine Ecology Research Institute (MERf)\ational Institute for
Environmental Studie$Kushioto Marine ParkS Atmosphere and Ocean Research Institute, The University of Tokyo

Carbon dioxide concentration in the atmosphere has steadily increased since the industrial revolution due to burning of foss
fuel and will cause the global warming and ocean acidification. It will raise the ocean temperature around Japan and reduce tt
seawater pH and then it may bring serious threat to corals dwelling around Honsyu Island, Japan. Last year, our research groi
did temperature-controlled culture experiments of temperate coral species from the Pacific side of Honsyu Island of Japan und
the present level of the partial pressure of JPCQ;). But, synergetic effect of the global warming and ocean acidification on
these corals has not been tested yet in detail. In this study, we focus on the how the differerdepd®(past, present, and
future) can influence skeletal growth of temperdtzoporacoral species under the different temperature setting using a precise
control system. This system was used to generate six different pg@@ls: (i) pre-industrial, “30@atm, (ii) present-day pC§)
~400 patm, and at four near-future conditions, (i) “5@tm, (iv) “750uatm, (v) “1000uatm and (vi) “120Quatm at three
temperature conditions (17, 25, and 27 deg C). Our early results suggested a negative influence of higleeeCan skeletal
growth of temperatécroporacorals, but not so sensitive compared to tropical and subtropwalporacorals.

F—T— R, Y > O, b, HEkiEBE
Keywords: Ocean acidification, temperate coral, calcification, global warming
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Projecting impacts of rising water temperature on the distribution of seaweeds arount

Japan
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TR & & 7 9 kil BRI ot BRI 1T 5 72, 19504EM 5 20004 DO FHEREEROAS R, /K EFIC X b BT - i
BuirthsEdmddt F Lz &, s omERIZdt ELz s oo, JtROJt FRESNaEh>7-C & #RLT-, RCP4.5
) FITHEED PR T %ci m%nkﬁ ;?b;k“cc;t 2010FEfRICH I AMD T R T EZN\DBEBEHEC % AlFelE %< L
T3, TOXS 7%, RiEHE DR - RN D G DB HAL O RO LY e > BY S, O
W ERERY —E XDk AL 1= Eﬁﬁ“b‘lﬁfo\rﬂﬁé N3,

F—T— R, HBREEAL, SR TET IV, AV, TR ITEY
Keywords: seaweed bed, global warming, climate model, Ecklonia cava, Sargassum duplicatum
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Standlng genetic variation of coral populations under changing environments

e
IGUCHI, Akira*

LI LA AR TR

! Department of Bioresources Engineering, Okinawa National College of Technology

How genetic diversities affect ecosystem functions is one of key questions to understand the maintenance of genetic diversitie
and their roles in ecosystem. To evaluate the functional genetic diversities of corals which are main composers of coral reefs
| genotyped 20 colonies (collected in front of Sesoko StationAafopora digitiferawhich is one of dominant coral species
around the Ryukyu Archipelago where is the northern peripheral area of coral reefs, and performed common garden experimel
using five clonal fragments from each colony (to reduce accidental response in each genotype) to estimate variations of grow!
and photosynthetic efficiencies among colonies, namely, genotypes. Genotyping was performed with microsatellite marker
for coral host and ITS2 direct sequencing for symbiotic algae, indicating that all host colonies were genetically distinct and
belonging to major populations around the Ryukyu Archipelago and mainly maintaining clade C symbionts which are dominant
around this region. In common garden experiment, all colonies showed different growth patterns whilst the photosynthetic
efficiencies showed similar optimal peaks among colonies. The experimental approach above suggests that there are standi
genetic variations in host itself &f. digitifera, which might guarantee the adaptive potential of coral population for future global
warming in northern peripheral reef area. These genetic variations might also contribute to the change of material cycles in futur
coral reefs.
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Carbon flows in estuarine and shallow waters: blue carbon study
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CNETHIEICK S CO, WL, NPETHRIEEINTWT, BEED 5 OHAMZZT BN TGN RS 25,
I&HH CO, DR EEZASNTE. L 0DUF, &Briw)IIDRA UGS O & 2320 TeNiBIiE, KED COy I
72t S B REC DA TZEREMEDIR NG TH 5 & OFLEMEN > 7o, & TAMNIEE, INFERRRTIE, BRIC
EiE LEZF Nz L5 S0RETEEEDOHEFHIARENE X DI1CE>TER. LA > T, IR X T ITRE
@ missing sink& 7z > TV A AREMN S 5. [EEEEETE (UNEP) &, #ETEEINSREZ [TI)V—h—KV] &
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Z 2T, DRSNS CO, DRG] TH2 LD, FilcZRiiziatd 5 LIFEETHE LEADNDED
D, FE - W) NPEORSE R 2T B850 L0 D IR ORFEIC K D, FEECIETFE - 5777 - AT EOREEDES .
LIehoT, TRADKETO— | ORGHEEZTTATHAEY. ATy o7 T, ) —&iEs — 0,
E SICKR — WK — 1B IEKHERY) 2 3 & T ) LEi e D BRI G ik Rk R 2 A 2 b AR RER 7V — 71— R > DWfgE5 &
L, K& - K - HEREYINC B 226 (KUK - ik - BIIR) o4 GERERE - Gk oFift (X by 7 - Jo—) &
KBRS RBL, RKANORETO—EFELVICTETEEHEELTVS.

F—T— B KURZH), BGRIREE, BGRRTH, 7V— 71— R, g, NiE
Keywords: climate change, carbon sequestration, carbon storage, blue carbon, seagrass meadows, estuarine waters

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. ];;g’{;‘sgiem

Union

BBG21-P01 23 R AR —2 5 H 1 H 18:15-19:30

(A E BRI O RS — K CO27 v 77 I B9 % MG & 7 S A fifthi
Field investigation and the path analysis of air-sea CO2 flux in shallow waters of Ishigaki

Island
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BREROYEEBIEINC K > THIE SN2 RKFEDK) 55 BITHY I 5. Kic, #hk EOMAEMNER L TV 2RI, K
LR - EERREDY E L THRETHHEEADLN TS, LMLEDNDS, HEMEOXRIBEHICHIT S T)V——FR>D
FEREIC DWT, i « RNTEAN DT E N TOIRWTE DRI 2.

C D&, AW TIEBIGE &/ S22 VT, R —KE CO, 75w 7 AU AN & To X MRS 8 2 K
XY BRI 2 AT U, RURBIROMN I8 2 e U7e. BUGERE T, 20134 7 JICAIE S OBEE (WaGa) |
I, AtERE, YEdERs K ORI Z205%E U, R—ipKE CO, 75y 7 AL 2 OBIGEN (8, /KiE,
73, TBIHERREGRIRIE (DIC), &7 VAV (TA) %) OWERITo>Te. iz, NN, RERBFROIREITONT
A EHEE < BEEZTTV, KK CO, 75y 7 A2 RIET L EZ DN BELREERKZIHS M L.

F—U— R T—h—RY, infFHE, R —ifgKE CO27 v 7 A, S Afih
Keywords: blue carbon, coastal vegetation, air-sea CO2 flux, path analysis
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Spatial distribution and its characteristics of stable nitrogen isotopic composition of macro
gae in Nagura Bay

(=15 SR G B S Tl e w D= S
TOMITA, Mami'* ; KAWACHI, Atsushi? ; MARUOKA, Teruyuki® ; TSUJIMURA, Mak#?

VEREURZAREEBERT U A R AT FER, 2 RS2 E AR R
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AU o THERIC S B RE R O R AR DR 2 ZE IR U, Z D20 OO ER 2 a1 5728,
MU L8 B O A B TUENICAIIE I 5 2EiE & T OWMA I Z R E LT, IVF U ORBEED &)y
FaURANE GEEE) O 1°N & § BC OZERNFFEOTE « 7041, BKOKEIHT, I KOO -1k et
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20134 6 AICHBISINFRE TEE L TEBTI 2V IvFVHEE) 2 UF a2 U AHEZG 7R ET 50 mBB X
U, #4555kl 2157z, T, WK, 8K, HkOKERE LK, ROFEBZRAFIN OCHPKE T e
WEIT- Tz, EEBRRIST, MRS DOWVTIE S N & § 13C, CINEEEDHTL, KabBHS DWW TR F A A4
ExnH Uiz, AT, ELBIEERT— 2 23 GIS 2 VT o B IR PRI DWW T Lz, 2 LT, /KE
FER & O TRAM TR O E R A RHROMRG 2175 2.

FERELT, YIUFTHEY 2 TF 2T AHED S BNEIE, ERFRTIHED SEEN SIS DN THAH6 %oh> 5+2 %o
NEAXTT BEAZR L. UL, EEG)IOZR RNSGEOHRRTRE, R 559 1L km OHiFHICIBWLT § 1PN
EMBHERE D & @ M N, ZORTARE /NS>t ZOERE UT, FATH7E& 0 2k 1 165 50 rE
WX > THELBZHNDE T 25 TCHZ T EARENTED, RFHELHEID 37 HHORZAMEEETH-7. L
7ehio T, SR AT ERE L Tk 0 DA & M 2 REEMEN L, WKOFERDEINVNE 2D, HHED §
15N EDFERTIC & < 7R - Tz EHERIE Nz

—75, WA NOs-N JRFE & T HF I RER i RE & OAHBE 2 8T A5, SUeER - #HE, R OHcset - St
AEEIE &) [PKORHEBRE 2R E OMICIEOMBENA SN, ZN 5D EEGFEERARE TH 2 nTREENVRE T N
To. £7z, NO3-NIRELIEZIECNO-N 7Ty 7 AZBAMLIz& T A, FE)IFIIT 81.9 mgls £ D LifiihT 59.4
mg/st 7z b, ZEIOO< >y Z7a—71, &L IEFTARAT 2RO ZRIEE ¢ 3 2ENAMEN TV A AEE
PEDV R E N .

F=U—R:UIVFUH, ) aUF 2 VANE, EBRLEFNKLL, BIKHDRER, YEkiE, TR - v 7 u—71
Keywords: Padina spp., Thalassia hemprichii, Stable nitrogen isotopic composition, land-derived nitrogen, Nagura Bay, man
grove swamps and tidal flat
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Propagation of suspended matter from aquacultures as traced by stable C and N isoto
ratios of bivalves
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MORIMOTO, Naokd* ; UMEZAWA, Yu? ; TANAKA, Yoshiyuki® ; REGINO, Genevieve E.; WATANABE, AtsushP ; MC-
GLONE, Maria lourdes s.8.; MIYAJIMA, Toshihiro!

VERGURSE REGBIEITZET, 2 RIRCE IKHEZAER, ® WBTERTZEBaFERNS DWIFEN, * 7 « V) B 2R MERIARIET, ° R
FULERZARAARE G T2ATIeRt

LAtmosphere and Ocean Research Institute, The University of Taigaxulty of Fisheries, Nagasaki Universityiutsu In-
stitute for Oceanography, Japan Agency for Marine-Earth Science and Techriditamine Science Institute, Unversity of the
Philippines,>Graduate School of Information Science and Engineering, Tokyo Institute of Technology

Recently there is growing concern about the impact of densely-deployed aquacultures on coastal marine ecosystems in tl
Philippines. As suspension-feeding bivalves are expected to reflect local food sources, their effectiveness as an environmen
indicator were examined by analyzing stable carbon and nitrogen isotope ratios of bivalves living in aquaculture and neighborin
seagrass areas. As a whole, héC andd'°N of bivalves collected in the seagrass areas ranged from -13.1 to -11.0 and from
+4.0 to +6.6, respectively, but in seagrass area where water mass from aquaculture area passed through typically lower valu
(-18.97-16.1 and +2.7 "+5.2, respectively) were observed, and they were the lowest in the aquaculture area (-24.4 7-19.8 and +3
"+4.3, respectively). It suggests that bivalves mainly fed on sinking particles, and presumably also seagrass-derived particles
seagrass areas. Higher C/N ratio was observed at sites where impact of aquaculture was larger. Although the interspecies diffi
ences and food selectivity etc. may affect the variability of the bival¥€ ands'°N to some extent, these results demonstrated
that stable isotope ratios of bivalves could be used as an effective indicator to evaluate propagation areas and actual effects
suspended matter resulting from anthropogenic source on ecosystems.

F—U— R MY R A, i, &=, R - BRZOERNALL
Keywords: suspension-feeding bivalve, seagrass, aquaculture, stable carbon and nitrogen isotope ratios
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Organic carbon preservation in tropical seagrass-bed sediments: importance of sorpti\
VS. non-sorptive mechanisms
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Bz BRI, T a0 — N VRIRETGIROP CARIREDO T E R T » 7 Lix>THED | EFIERHC
LR ZEDWRIE & U CHIERIRIE (L & PRt bIcHE T 2 e WO BN DIEEHMEX > TW05, U O - g5
5 o UBEEEE S ORI — KA EBRREE, HAHE TR T LERELIAVD, HIBR ETRE @R — AR
T ¥ I GTEERBRO—DTHO . INFEHFHEYMNOEEKZED FERMEIHE K> TV S A[REEDNH 5,
WSS IZ Z N EHICHREYOEFER D S C eh 5, BEEHEADPENZIRERE - RARZEF DO SN
TW5, RUIFETIE. Bdg (Z1) - Mg (RIES) < a7 GEE M) OB N T, kE 200 cmOHEREY) O
Ty TV T U, YRV OERIREDOBRIRIUC OV TIHA LTz,

M ELEEHERIYINC B E NS ARREIE, B MIER O EE IS U TH4a 500 - 1300umol C g~ DO#IFHIC A - 7zh3,
X a—7h 5 OFREYI DR 2T B EGTHIEEES TIERFE LT 4000umol Cg L ISET 2T &b oTz, —J/7. i
HOEE LW FEHERY®. AEBMEO/NE IREEEIGHERY T, 500umol C gt KiiDHEMN LIFLITHR
SNz, RFBLGEFRNALE (513C) 1X-28 %o 5-12%eDHEIFATH o 7zo TDT &1E, HERYIFH DOEREIRFZEDBIGTRE L
T, WBHEAK (BEF-10%). TS5 vy (BXF-22%). B EH#EY (x> 7a—T7%&8, 3X%-28%) D=
DIAF L TV B HFEZ KL TV 5,

INFRBCEHEREY) Tl — RIS, ARREIIHEREYR T ORMICWE T H T LICK > TLRETELEZLSNTED, HE
BYIDHKT IO, BEEIN TV S AKE (00 O EHEEYIILRTmRE (SSA L DR —EOHiFH (OC/SSA
=0.6-0.9mgCm?) IZINET % T EMHSNTVS (Mayer 1994; Keil et al. 1994) 5 [ElFH7 U 7= i S HEREY) O 15
. O 7 < B ORE TlE OC & SSA L DRICRWHEIN R 5., OC/SSALLIZ YT 0.72mg C mr2 &, fikh
BHISENTWAEIE —H LTV, ThTH LT REDEE LR WIS E OHERY Tl OCISSALE T 1
KOENGEDZ > Te, —)7, BT - BUEOIFETRIGHERYI T, OC & SSA L DRIC—7E LIzFRMFED 5 NS,
OC/SSALLIFIRT 7 <~ BEHHEREMNC LT L TR o 72,

BT o dRENFHEEREISIC 35U ) T OC/ISSALL E HISIRED 613C L DRIRAERANRZ & T A, ZEHIMEN - DOMEIC/HEE
Nazehbhotz, H—OMEmE, F& LT EREEE TR LN, OCISSALLAKE 2B ITHEV §13C H3-28 %oh>
5-26 %o DFAFAICINEI LTz, T DHIPHD §13C g EMIREIT. WEOVHIZEEN S, BiFthox > 7 u—7 05 Dk
WPk 280 EZ NS, H_OMEAIE, OC/ISSALENAEL KD L LI IBCH—EHLTERTZILAT.
B OYF B HEREYN I URIPIC R 5 NPz, OCISSALEAY3.5mg C 2 £ T EA UIHFS T 613C 1E-12%liZE L, X
HICHIT AEANR SNz, ThUE, §13CH-10%omiE TH BB EOHMICHKT 27 F 1) Z 2R 7HHERYI I iR 4
ICEBRETAERELTHNS R =V ERIRT B EWNTES,

DL EOREFRIE, eI BRI AR E 2 MR ICER T 2 B OREZ D T L ZIAS M LTV 5, UL, #E
FEISHEREYINC B 2 AR EDOBHE - (A & U T, IR0 7 R BIGHEREYI O%51E. SR 7RO IC X
BDEENANTFEZANZALEEZBNZDICH LT, 2 - BV OMFEEY TldiER>~x v/ u—71Ichikd 57
MU 2 2R FOERHIERZER LR OE VS | HETHEND S T EHREENTZ, TDX S BEKERFILED
BEOVWHDEHNS AN XL EFOEREZNTERICONT., 5B ESICHIEEED 20D 5,

F—U— R REMER, GHY), DR, 77~ Y, HEEY), [hRmmks
Keywords: carbon cycle, organic matter, coastal ocean, seagrass beds, sediment, specific surface area
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Inorganic carbon cycle at the Fukido estuary in Ishigaki Island

AT AR b P BIOR T ShF L ROK HEIE L R s 2 )1 B S ek
TOKORO, Tatsuki* ; WATANABE, Kenta! ; MIYOSHI, Eiichi! ; MOKI, Hirotadd ; TADA, Kazufumiz ; HOSOKAWA,
Shinyd ; KUWAE, Tomohird

LR ZE PR T ET, 2 R a L & MRSt
IPort and Airport Research InstituteChuden Engineering Cosulatants

W ERERIC K > TRIESNDIKE [TIV—H—KR> ] &, Bk EOEYIC KD CO, FIERD 55 WM T %, HH
BRFZEA LY 7 TH%. MFHTE, TI—A— R O—HIHERT % C & TRIIMAXD SIREEE NS 720, 5%D
SUREERROER A T a v O—DL LGEFEHEIN TV S, BE-TEEICBL T, RG>y /u—7
75 & OISR NILFIPIC O LTV 5728, TIb—h—RNC KB K&H CO, DEERT > ¥ v VhiE» & T4
END. i, BEEDSTHA U RIE U Tc A DN SBT3 2 8T, TIV—A—RUDEEEINS T Lk
<, RN TN TSRS EENS.

B - D 7 )V —J1— RV IVRGH CO, IC5- A 578 DORHMID 72 HICIE, K& DA AL FOH T REEERD
[EMEZRRED IR TH B, R, Bi-ThBGT I TR R Z8h DM O KU & LN TR E WS, H2REENIM
OB NI L 72 5. RIERTIE, WERARTH 2 GHEEOWVGETEIC B 2 EE 25 E LT, K&
—KIE CO, 7 F v 7 A2 B CHIBEIIE U, WHNA A AF L IR LT, JERKE T O—Offti 2175 7z

THAHBEIEIC K % K&K COy 75w 7 AEKRAH CO, OWUZ /R LTz (-1.00+ 0.11 p mol/m?/s; £~1% 95
WEHIRTD. O, MHOMOTE OV I 7a—TF 1 V7 F v 2N ICKBIEM L BENEETH -
fe. Fiz, WEMBE R OBROESLE THEIAOZEAHEE Nz, MR OSSO NPPIZMNIRENTH O, it
SUKIBIC BT T IV —A—R DA E RGH CO, DN > 7 LTV el EWMERE N, MHOFRETIE, 4H
DHIETHONTHR L Z DIED DK ORERR L I L, WA ORREEO 7 )V—A— RV EERT V2 v )b
IKDOWTDOEGHER KT 5.

F—U— R KRB, 7I)V——R 2, R&—fKE CO27 v 7 A, g5l WaiHB %
Keywords: Carbon cycle, Blue Carbon, Air-sea CO?2 flux, Seagrass, Eddy covariance method
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Skeletal records in sclerosponges from Miyako-jima, Ryukyu Islands

AR N 1 it ] b sl
MATSUMORI, Taketd* ; ASAMI, Ryuji' ; SAKAMAKI, Takash?

VEHOR - B 2 IR - B L
LUniversity of the Ryukyus, Japafifohoku University, Japan

Sclerosponges, living in dark environments of tropical to subtropical shallow oceans, precipitate calcium carbonate skeletor
with growth bands. They grow slowly at an approximate ratecéfmm/year unlike corals (about 1 cm/year) but can be so
long-lived for several decades to hundred years like corals (e.g., Benavides and Druffel, 1986). Skeletal oxygen isotopic ratio
(6*80) reflect variations in sea surface temperature and seadt@with the latter being closely related to salinity reflecting
the precipitation-evaporation balance at the sea surface and changes in water mass transport (e.g., Wu and Grottoli, 2009).
contrast to zooxanthellate corals, which commonly show positive correlations between skél@tahd carbon isotopic ratios
(63C), there do not exist vital effects in the secretion of sclerosponge skeleton (Druffel and Benavides, 1986). Previous studie
showed significant decrease trends in dh&C records toward the present, which is probably a resulf60D, added into the
atmosphere/ocean from fossil fuel burning (e.g., Bohm et al. 1996). Therefore, sclerosponges are shown to provide annuall
resolved time series of proxy records of ocean environments since the Industrial Revolution. However-laé08argar) proxy
records from sclerosponges were derived only from the Atlantic Ocean.

Here we presenf!'®0 and§'2C records from high-Mg calcite skeleton of two sclerospongesfithochaetetes wellstol-
lected at a water depth of about 10 m from Miyako-jima, Ryukyu Islands in the North Pacific. The samples were slabbed to
a thickness of 5 mm parallel to the skeletal growth and subsamples for stable isotope measurements were taken every 1 mi
External precision of replicate measurements of interlaboratory calcite material throughout the stable isotope analysis using
continuous flow isotope ratio mass spectrometer system (Delta V Advantage and Gasbench II: Thermofisher Scientific Inc.) o
Ryukyu University was:0.05 per mil fors 120 ands'2C. Soft X-ray images showed highly developed skeletal growth bands with
>100 high/low density layers. The secular change$'#C of the two sclerosponges were quite similar to previously reported
§'3C records from Atlantic and Pacific corals and sclerosponges. The longst&€@rnirends of the two samples are character-
ized by slight depletions throughout their living periods, indicative of an overall trend toward warmer ocean environment around
Miyako-jima. Our sclerosponge-based estimates of sea surface temperature and salinity may document thermal and hydroloc
variations in the Ryukyu Islands, furthering a good understanding of northwestern tropical-subtropical Pacific climate change fol
the last several centuries in conjunction with coral-based long proxy records.

F—T— F: SR, S48, BRFNARLL, IR, HEREL, Hibky| S
Keywords: sclerosponge, skeleton, oxygen isotope composition, carbon isotope composition, paleoenvironment, Ryukyu Island
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Pal eoenvwonmental analysis using Trldacnldae shells from archaeologlcal sites in Okinay

jJima, subtropical southwestern

g A /N e L HIrh (EORER L RERE 32 L T HESE L e e L
ASAMI, Ryu1|1* : KONISHI, Mikal ,TANAKA, Kentaro1 ; UEMURA, Ryu! ; FURUKAWA, Masahidé ; SHINJO, Ryuichi

LHRERRE - B
LUniversity of the Ryukyus, Japan

Symbiont-bearing Tridacnidae giant clams living in shallow waters of the Indo-Pacific tropical and subtropical regions can be
a used as an archive for documenting high-resolution record of thermal and hydrologic variations in coral reef environments fo
the past. Their shells, composed of dense aragonitic increments, are less sensitive to diagenetic alteration than porous skeletor
corals. They have annually and daily banded shells structure, providing chronological controls (e.g., Bonham 1965). The oxyge!
isotope compositions¢20) of shells, which are precipitated isotopically equilibrium with seawater, can reflect the temperature
and seawatef'80 (e.g., Aharon & Chappell 1986). Several studies on paleoenvironmental reconstructions around the Ryukyu
Islands were performed using geochemistry in fossil corals from Okinawa-jima (Mitsuguchi et al. 1998), Yonaguni-jima (Suzuki
et al. 2001), Kikai-jima (Morimoto et al. 2007), and Kume-jima (Seki et al. 2012). However, ofil§Q@ record has been
published from 6.2 ka giant clams from Kume-jima (Watanabe et al. 2004).

Here we present seasonally resolétO time series of fossil Tridacnidae shells recovered from two archaeological sites (the
Kogachibaru Shell Mound and the Second Aragusuku-Shichabaru Ruin) in Okinawa-jima, southwestern Japan to reconstru
subtropical coral reef environments of the past. The samples, mainly composed of aragonite shells with limited amounts o
calcite cements, were selected for geochemical analyses. The radiocarbon dating results indicated that they lived during the ea
and middle Shell Mound periods in Okinawa-jima, corresponding to the middle-to-late Holocene, which is in good agreement
with ages inferred from excavation (Okinawa Prefectural Board of Education 1987; Okinawa Prefectural Archaeological Centel
2006). The shels'®0 values roughly showed seasonal variations, coincident with the occurrence of annual growth bands. The
averages of annual, summer, and wirt&fO values of fossil shells were significantly lower than aragonite theoretically pre-
cipitated in present-day coral reef water of Okinawa-jima. These results demonstrate that the seawater temperature was higt
and/or salinity was lower at the sites than today. It is likely that the giant clams lived in relatively small and/or closed coral-reef
lagoons with less water circulation where seawater is highly susceptible to insolation-induced temperature increase and inpi
of fresh water; the effect could be enhanced by the fisheries lifestyle that stonewalling would be constructed at shallow water
through the use of tidal variation during the Shell Mound period in Okinawa-jima.

Although it is extremely difficult to find well-preserved fossil Tridacnidae shells from carbonate sediments that are not frag-
mented, archaeological ruins and shell mounds can yield many fossils. Results of our study suggest that the use of fossil she
from archaeological sites can enable the reconstruction of temporal and spatial variations in coral reef environments and of th
history of lifestyles and culture during prehistoric and protohistoric ages.

F—=U— R B 2O v A A5, A0, BRERFENARTE, E
Keywords: coral reef, Tridacnidae, shells, fossil, oxygen isotopic composition, archaeological site
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Evaluation of natural break water of coral reefs affected by typhoons in the near future

AHE LR HER] 2
HONGO, Chukt* ; KIGUCHI, Masasht

D BRBROR A A B R R 22, 2 SR OR A pE B T Al
!Dept. Physics & Earth Sciences, University of the Ryukyuisstitute of Industrial Science, the University of Tokyo

Tropical cyclones are one of the most extreme natural catastrophic events over the world and devastate coastal areas affectec
floods and coastal erosions. Ryukyu Islands in the northwest Pacific is especially prone to many typhoons every year (Emanu
et al. 2008 Bull Amer Meteor Soc). However, the region is moderately protected from storm surge and wave during typhoons
because coral reefs play a role in natural break water. For the last several decades, coral cover and species diversity on coral r
have shown dramatic declines in the region, influenced by global and local stresses (e.g., Hongo and Yamano 2013 PLoS ONE
According to the numerical modeling of global warming at the end of 21 st century, moreover, the mean intensity of tropical
cyclones will probably increase significantly in the near future (Meehl et al. 2007 IPCC 4th Report). It is thus of some interest
to understand the impact of tropical cyclones on the coastal areas in the region and the evaluation of coral reefs as natural bre
water.

To calculate a hydraulic force on a natural break water, we measured 9 transects using the echo sounder system (HFD-10C
Hongo et al. 2013 The Quat Res) on from the coast to the reef crest at Ishigaki Island in Ryukyu Islands during November 2013
To evaluate a contribution to reef formation by corals, moreover, we observed species abundance (cover) of tabular corals at tt
island. We shows that a change of role in natural break water of coral reefs in the island from present to end of 21 st century
Furthermore, we suggest necessary information of corals (e.g., cover and species) for maintenance of natural break water in t
near future. The information are like to be one of basic criterion for determination of species in terms of direct transplantation of
juvenile or adult corals, if the coral reefs will decline in the near future.

This research was supported by Nippon Life Insurance Foundation and JSPS Research Fellowships for Young Scientists (2
4044).

F—U—F: G, YO, AIEE, BRERSE, RIRDOHEEE
Keywords: typhoon, coral reef, Ishigaki Island, Ryukyu Islands, natural break water
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Plant rhizopsphere is a hotspot for greenhouse gas emissions

FEEE
MINAMISAWA, Kiwamu *

AR AEYHIER (L2 O Y — 2 7 L RAEREER AR A AR AR 2R

LConsortium for Rhizosphere Biogeochemistry, Graduate School of Life Sciences, Tohoku University

IREAEYINIZEDRIMEE T % Hiltner (& 190441 < A RMEYIMR O A T TIE MR EINT 2 C L 25 M L,
ZOUIBRIDN S E N2 BRIEBY O ETH 2 L ER LT, HEDIE, XA XK NoO ZIINT 2 HE A WIS
LD 5T, MFERE T ARMEYIRE D 5 NoO DWRAET 2 & W FEICEOZRS. 7 FERENZTFEICKD
NoO FAMREDRIAZTT> TE /2o NoO XN RIBENRARATH O, AV VIEHEH A TEHEH 5 ThH5S, TO
R BRI TEARKL 2 > 7 2B sitd i & 3 5 — OB & ERPRA(L BA 2 NV H->T7 VE'EZT —
SRS — NoO) DHIT NoODRET B L EZ SNz, 720 NoODS Ny NDEICIE nosZHRRIE DM H-> TH O . Bk
HRED S U7z NoO ZN U Ny IS3R7T T 5728, nosZHRRIEFIC K D AR 2AD NoO FAEDHIK TE 5 2 &2 =N
KEIB X OGNV THSEMC Uize NoO D Ny NDIRTTRE 208 b U 7229982 Bk nosZ+#RKI 13, NoO & Cig
MHE <, RS LT B Z DJFRIN & 75 2 85 A EE E iz,

RIS R R D — DD HIETH 5, BRFM 2 ZLE B TKEINCHRES UTe A 2 PIMARICER L T 2 /A
TEERSE DN 21T o 120 T ORER. (KZEZIREI T 1 X MRIC Burkholderia, Bradyrhizobium, Methylosinlgd & DOl &
O LR Uz BEREEIR T & LT, X X VLo hi) AL € > BEhE nF O AL MK REREE T L
HL., INHOHRIE, E&E PCREXTU BCHEREEA 2 VNN b &R SNz, iz, REREX DA KBTI N,
S, FeB KU AFHLEYOMECHBEELE T HMHEIN Lz, TS ORFRIE, KERREED /KRR O LA M E RS~
FEAEB RN T THO . IKHAERRROEYE L AHERRIC BT 5 2 L 2R L TWa, WY ZEC T
RV VEORERERT S0, RENEWETETEEETTE %, IFE. 1 +FHEYICE < ARKEY O A48 5 T
CCaMKMWMYEMIHLEICATH % T EWVRBENT WV %, MAEYIRHERGHETORR, W EE U7 CCaMKZE 51
R CRhizobialedd 7= ZLW < DO DOIAEME DA Uz, Rhizobialedd MIE N IS ZREEME - A 2 VEELE D Z <
#1159 %, ZT T KHICBIF B AR T T 7 ANz, HARE CCaMKZ IR (NE1115)IE, REEXICHNT
ARVT Ty I AMFEICK 245 LR Ulzs —/7, BITKTIRmHFICAEMEEI NEh oz, ML DN ORER, 1 %
CCaMKEn FIMRERIRTE T A 2 VAL SR EEMEM 225 L TOAEEMNME S NI, PN AREFEIELLOMRIZ. H
AW FERICH1T 5 8 1PN A NELL115K O ARITIEL | 225 DIEWER TN E NI 2D EREED LA LI T L AR
S ENT, DLEDHRKD, A X CCaMKEILFIMREHRIREI T A 2 VIR LB REEMEN 22 AL T0B EERD
Nizo BFRMAEL NV EDERBEZE) FOHENERENTD S SMAEY) & HEE X N2 MAEY OB L R 2175 72,

F—T—F: XR Yy, —p b 2231, R, ARG, M, 2 Ak
Keywords: methane, nitrous oxide, rhizosphere, Bradyrhiozbia, bacteria, stable isotope
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Does microbial ecology expand our understandings of nitrogen cycle in forests?

BHR — K RFENT
ISOBE, Kazud* ; OHTE, Nobuhitd

HOURY
1The University of Tokyo

Forests cover approximately 70% of Japan’s total land area, representing a largest reservoir of diversity of organisms includin
plants, animals, fungi, protists and prokaryotes on land. These organisms are closely associated each other in material cycles
not directly. Thus, we need to know how materials are cycling between the organisms in order to address a fundamental questic
in ecosystem ecology: why do forests have the richest biodiversity on land? However, it is not easy to understand the materie
cycles in a forest because the forest has the various environmental heterogeneity which greatly affect the cycle. For exampl
nitrogen dynamics can be different in soils around hills and valleys in forests. Such spatial heterogeneity of the dynamics ir
the soils has been explained mainly from phenomenological perspectives using abiotic information such as soil moisture, so
temperature or litter quality. However, these perspectives have not fully explained the dynamics. Here, we suggest that suc
heterogeneity need to be explained in the context of ecology of microbial communities which mediate the nitrogen dynamics
More specifically, we suggest that understanding the nitrogen dynamics based on the physiology, population dynamics an
diversity of the microbial communities can provide the mechanistic insights into the nitrogen cycle in forests.

We analyzed the spatial heterogeneity of nitrogen dynamics and associated microbial communities in natural and planted fore
soils in Asia. Specifically, we focused on nitrification in which ammonium are oxidized to nitrate and found the close association
between gross nitrification rates and population size of nitrifiers in the soils. Additionally, nitrification rates cannot be fully
explained by using environmental properties including substrate supply, soil moisture, soil temperature and litter quality, but car
be explained by using the population size of nitrifiers. This shows that the better understandings of the microbial ecology allows
us to more accurately predict the spatial heterogeneity of material cycles. In this presentation, we would like to discuss hov
information on microbial ecology expands our understandings of nitrogen cycle in forests.

F—U— F: WEYAERE, ERIEER, B
Keywords: microbial ecology, nitrogen cycle, forest
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Diversity of microbial arsenic transformation pathways associated with arsenic cycling in
the environment

A e T b Wt RS
HAMAMURA, Natsuko'* ; KATAOKA, Takafumi' ; FUKUSHIMA, Koh!

R AR ERER A v X —
LCMES, Ehime University

Arsenic (As) is a naturally occurring toxic element that is widely distributed in nature. Although the concentrations of As in
natural systems are generally low ("L g~! in soil and “10ug L' in surface waters), the elevated levels of As have been
released via natural sources (i.e. volcanic activity) and anthropogenic activities due to its increasing industrial use. As can exis
in four oxidation states (-1, O, lll and V), while they are mainly found as trivalent [arsenite; As(lll)] and pentavalent [arsenate;
As(V)] in natural systems. Depending on its oxidation state, As exhibit different mechanisms of toxicity to microorganisms and
other biota. As(lll) is highly reactive with thiol containing proteins and is considered more toxic than As(V). Despite its toxic-
ity, microorganisms have developed mechanisms to tolerate As and/or utilize the element for respiratory metabolism. Althougt
various microorganisms have been identified to catalyze As transformation including both oxidation and reduction, we have jus
began to unveil the full diversity of different microbial processes associated with the redox cycling of As in the environment.

To gain insight into microbial roles in the geochemical dynamics of As, the combined geochemical, physiological and molec-
ular biological analyses were applied to examine As-impacted environments and microcosms. Microbial populations were ana
lyzed using 16S rDNA-based molecular approach combined with metagenomic sequencing. The presence of indigenous micr
bial populations capable of As transformation was examined by using both molecular approach targeting As functional gene
and cultivation approach. The genes coding for arsenite oxidagd), which catalyzes the oxidation of As(lll) coupled tg O
reduction, have been recovered from geochemically distinct geothermal habitats (pH 2.6-8) as well as the soils from mine tailing
Successful cultivation of various As(lll)-oxidizing bacteria confirmed the microbial attribute in As oxidatgitu. In contrast,
from the As impacted lake sediments and soils, diverse sequences of anaerobic arsenite axjdasd @rsenate respiratory
reductasedrr) genes were detected, while ad genes were recovered. The anaerobic arsenite oxidase, Arx, is known to cat-
alyze arsenite-oxidation coupled to nitrate reduction or photosynthesis. Consistent with the molecular approach, the anaerob
arsenite-oxidizing nitrate reducer and arsenate-reducing bacteria were isolated from the lake sediments.

Our results showed that As redox metabolisms are widespread within phylogenetically and physiologically diverse bacteria
including both chemolithotrophic and organotrophic aerobes and anaerobes. This study revealed the diversity of As transforms
tion pathways associated with geographically and geochemically distinct environments and presented the mechanisms behil
microbial processes controlling the redox cycling of As.

F—U— R R, WY, e RRICRER, b 3R TER
Keywords: arsenite oxidase, arsenate reductase, microbial arsenic transformation, soil microbiology
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Biosignature found in iron oxide mineralogy of iron-oxidizing microbe origin?

Wb - b A B 2 ARd PRER L JGAE HE 3 P SERE T K 850 L b AR 4 sz B O s FRAT BERER S ;
B[ R L Bl v L BRI RER L R MSE L mRE R 2 S

MAKITA, Hiroko * : KIKUCHI, Sakiko? ; NUNOURA, Takurd ; MITSUNOBU, Satoshi ; HIRAI, Miho! ; TAKAKI,
Yoshihira' ; YAMANAKA, Toshiro? ; TOKI, Tomohir® ; NAKAMURA, Kentaro® ; ABE, Mariko! ; MIYAZAKI, Junichi?!
: NOGUCHI, Takuroh ; WATANABE, Hiromi! ; TAKAHASHI, Yoshio? ; TAKAI, Ken!

O MRS RAERRAS, 2 IR ERCE, 3 BRIARSIRCE, 4 RILIRYE, 5 BRERK, 6 R
LJAMSTEC,?Hiroshima University?University of Shizuoka?Okayama University: University of the Ryukyus®The Univer-
sity of Tokyo

Recently, many iron mats have been discovered at deep-sea hydrothermal fields in all over the world. It has been thougt
that microbes, especially iron-oxidizing microbes, are the key players for forming the iron mats. However, there was no direct
evidence to this, due to cultivation difficulty of iron oxidizers. RecentMatiprofundus ferrooxidarighat belong to the Zeta-
proteobacteria was successfully isolated. From this isolation, it has been proved that this microbe can oxidize ferrous iron as tf
electron donor, and can widely be observed in various deep-sea low-temperature hydrothermal fields. Therefore we have inves
gated how these microbes contributed to the formation of the iron mat using mineralogical and culture independent approache:

We tried to clarify mineralogical properties of natural or lab-prepared iron oxides of iron-oxidizing microbes by using XAFS,
SEM and EDX. Natural samples were collected at 3 sampling sites: iron mats from deep-sea hydrothermal fields in the Marian:
Volcanic Arc, Mariana Trough and the Okinawa Trough. Lab-prepared iron-oxide synthesis was carried out using chemoau:
totrophic bacterium Mariprofundus ferrooxydans PV-1 (ATCC BA-1020) and was cultured by diffusion cell's method (Kikuchi
etal., 2011, 2014). SEM observation showed similar morphology to all samples, which have distinctive plait-like structure, and
at where iron oxides precipitate around distinctive materials. Although each natural iron-oxide sample was precipitated at differ-
ent environments and with different dominant microbial species within the natural samples, XAFS showed identical spectrum
Regardless of medium employed in the cultivation, lab-prepared iron oxides also showed similar spectrum to natural sample:
XANES fitting suggested that iron mats consist of ferrihydrite and iron-organic complex being the same as the lab-prepared iror
oxides. These results strongly supported the iron-oxidizing chemolithoautotrophs had significant ecological roles in producing
the iron mat. These mineralogical analyses may help to find biosignature in the deep-sea environments.

F—T— R S ERIEA, N1 A > T =F v —, BRI AR, 6, BUKTE B
Keywords: iron-oxidizing bacteria, Biosignature, Mineralogical property, deep-sea, hydrothermal fields
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HABTEREMTAA A B B T mE O D 1 H _
The trench biosphere observed from the transect water sampling for the Japan Trench

AT PRER 1 Pf SERE L FHH D L s g L I E L B L SR T RN MRk 2 A
NUNOURA, Takurd* ; HIRAI, Miho! ; YOSHIDA, Yukari' ; NISHIZAWA, Manabu : KAWAGUCCI, Shinsuké : MAKITA,
Hiroko! ; MIYAZAKI, Junichi! ; SUNAMURA, Michinari? ; TAKAI, Ken!

LRI SRR, 2 SO
1JAMSTEC,2The Univ. Tokyo

KRE, TNE TSV 7 FHHEF v LY v — N OKEE R AE YD R FICHED 2 G KR OMAEYIE & 3
LGB e, HIB, Fy LIy —iilicid, “MHEmE” SIESNSMEOWMEMARBRMMFET 5 L ZIHS
/MZ U7z (Nunoura et al. in preparation)Z MK 10,000z Z 2 F v L > Y ¥ —iffhlld, £ETO—EEICZ LY
BV ORI FICFE L. Fio, OB SN T 2582 E T, 2hUcx L, HARMEIX, RAIKEE 8,000m
FREE & Pk < o WBrERIE TOEMEEORERENHIEHRICFEL. Fo. JLFEREEOMOMERE & & 875 5 HiE
Thd, Wb, BAMEEISEEEGE OS2 MEE L., ISR mE 7z X2 2 BR 2R 5 IcBNI&M 26 L
TWBEEZ%, S, BLE, HAAKHERICITTONE ZEORZHHE (MR11-03 YK11-E03, YK11-E04) 1T
RN 25 SHIS D BEUK L, BIEEED BIBEE TORKEIC DWW TN 217755 T, #iEmE O
. ZORDBICODOWTHGE LTz, &8, —HOBREHAEICBWLTIE, PSR ORI 2 S NI R
IKBURE IR D Z BRI ST\ % (Kawagucci et al. 2012

F—7U— R HAMEE, ik
Keywords: Japan Trench, nitirification

1/1



Japan Geoscience Union Meeting 2014 ‘o < ,’

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

Union

BGM22-06 21415 F#f:4 A 30 H 10:30-10:45

;ﬁ%ﬁﬁgtjgc:ﬁw BEIKT = A B LN R B AEY) SUPOSD IR, 25T
RA\DF
SuU P05jcontribution for Carbon and Nitrogen cycles in semi-closed water mass

TR iRk b R BE0 2 ; ARi $hER 2w W 2
SUNAMURA, Michinari* ; TAKAKI, Yoshihiro? ; NUNOURA, Takurd ; TAKAI, Ken?

VR PR AR AR R R eR B R A T, 2 W rE e Fe b
LEarth & Planet. Science, The University of TOkfdAMSTEC

In the deep sea hydrothermal plume, significantly elevated microbial biomass has been reported depending on chemolithoa
totrophic activities by hydrothermal reduced chemicals. The potential energetic is sulfur, methane and hydrogen oxidation, an
microbial production is up to date. The most important microbes in the plume is SUPO5 phylotype (genus Thioglobes), which
is known to have sulfur and H2 oxidation pathway, RubisCO carbon assimilation pathway, and denitrification pathways. In this
study, we compared the bicarbonate and inorganic nitrogen species with SUPO5 cell densities in the hydrothermal plume of th
TOTO caldera hydrothermal field with half-closed water mass system in the Southern Mariana Trough. The cell densities of
SUPO5 is strong negative correlation with bicarbonate and nitrate, however, the correlation slope indicated the nitrogen assim
lation but not the nitrogen respiration (denitrification). Only the nitrogen assimilation occurred in the plume is also supported by
the lack of denitrification genes in the plume sample with the metagenomic analysis.

F—U— R A A TR, BUKTV— L, BRI, 7/ L
Keywords: Chemolithoautotroph, SUP0O5, TOTO, metagenomics
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%ﬂb;\ ECIIL. ENHWVNWT, Mzl TWaBh] o TZFNEED XS RERD
DN N\
From who, where, how many and what to 'Earth science’

Ik &
KENJI, Katd*

U RAR A AR - HIBRR A TIK

IDepartment of Geosciences, Graduate School of Science, Shziuoka University

T4~ ERE=DIEET )V LT 70V 3 — XD D AREEDRIEF 2R LT 5 04, /KEZNGRE LIt
YIEREZIMAI 2SN LT E T2 T TSV DXRATH S, HERRIE L U TIIMARENZE A T2,

F—TU—FR: F)VaA—ADHDIAH  vs. FITVVOHDIAR, LR vs. FE, S VR vs.
Keywords: 14C-glucose uptake vs. 3H-Thymidine uptake, Production vs. Respiration, sec vs. year
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VAR H ARD A F KBS B 2 MEM R T > > v )L L YIEIEER _
Microbial potential and carbon cycle in deep aquifer of the accretionary prism of South-
west Japan

N E AN iz !
MATSUSHITA, Makoto'* ; KIMURA, Hiroyuki

bR R AR A AT TR ER R A T

! Department of Geosciences, Graduate School of Science, Shizuoka University

PERE HAD AR TR ErEENZEWHERED 575 % . T OHERTE OZERH BN I PR Rt Rk
HENTHRKEDILS DH L TED, ZOHR FKITIEKBO X Z VHBEEFEL TS T EDMLNTVS. g
EBICAFAET 2T 150 mA 5 1,500 migil & N7 KEREEIRHIH Tld, T Tk & & BIC A 2 V2T m807 &3 B AR AT A
LT B T ENTE S, SR E O REEIRHHIC B TIrb N IR E O TR, HEESH K IEIC BV T
HEWIBHRIC K B X Z VBRI TON TS T EDHSEMTENTWS. LA L, MIHAIC B B[R TOMAYI#M, Hisk
BREABIZEERTZI T DN TR, F T TARMIZE T, SR PEERICIEE T 2 14 AT O RIFEEHREIHD 5 G Nk &
{0 A A BREL L, SAEEREE 7 — 2 E, HBR(EZ20HT, SRAEY OBGRE 2, s 7T 2 el d 7z, 2 U T, (SR G
RENC I BEMART > > v )L L YEMEBRIC T 2 R Z 5 7.

VRS H R /K D7KIRIZ 24.2°CH 5 49.3°C, pH IZ 95t ERNETH - 2. BLETENIZ R TORFEEHIH T-325 mv
5-114 mVOfEZER LTz, BXUEERIZ 92mS mrl /5 2,110 mS mt EHUR/KY > T IVic & - TIREWERER Uz, H
TKHID NOs~ % SO,2~, S~ IRIEIEMHIBFRLL T TH D, ia7AHIKE (DOC) IEEIX 0.3 mgF LR 5 50mg L &
ZTH Tz (BEH RO S, Z L DY A FORMFEHF AT AZ BN O0WL EEENTWAE T EHAHEN ERo T2, —
1, %O DY A kTR A XY (50-80%)USMC & ZEHE T AN 20%h 5 50U EEFEN T e, (SFIHAD A Z > Ll R
IKDTEAZIERE K (DIC) DIRBLGEFNARLL M K D, 2 DY A N TONBEA AIHEYIEIRD XA 2 g En T
BT EHNREEINT.

GREH NKICE R 2 00 U 7o U E 52BR OFE IR, 2-3 H DAMICK 2R E IR RERI A 1S K B /KB A L g biksE
DERDHERE Nz, T BIC, IKEFERIFEREME L KBBERA 2 VEREO LAY =2 T &K B A2 U ERE B
#ZHAN S 3-5 HUA THER S Nz,

INT TV 7D 16S IRNAEIE & RS E LTI AT & 0 IKERERIFBHAEDNMELE L WS T S RS
To. F1z, (HBEA ZIC 2000 5 S0%DEEFEN A% G A T A IS IRINEE O EE RENTZ. 7—F7 D 16S rRNA
BIR T RGR U T8 G TR T, B RKANSKEB b X 2 A EREME S LT3 T EAVRE N,

—HDOWFAER K O, ILHFIFA O FREIC I T, AKEFAERDRBEM R & KRB A Z M ERE O K-> T
HREBICEEN2EGBID 5 AR D EREI NS REMRDFMAET D EDHSM o, £z, OHhDOY A FTld
AR ERRITINA T, G E T2 E AR U REFEAE U, NOy~ 7213 NO,~ ZEFZAMAKE T BHEMTONTHY
BAHEMEE R E Nz,

F—T— R Sk, EEGRKRE, A 2 D AERR, FEEE, AR, R EREE
Keywords: accretionary prism, deep aquifer, methanogenesis, fermentation, syntrophic biodegradation, subsurface environme

1/1



Japan Geoscience Union Meeting 2014 ‘o < ,’

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

Union

BGM22-09 21415 FFRd:4 A 30 H 11:30-11:45

HUERPG A Y22 MR E BN S X 2 AR _ : : :
The global methane cycle revealed through geomicrobiological analysis

I e 1
YANAGAWA, Katsunori'*

b R B AR
LJAMSTEC

Methane is one of the major end products of anaerobic microbial metabolism. Based on stable carbon and hydrogen isc
topic compositions of methane, geochemical studies have systematically classified the origin of methane; 1) biological pathway
consisting of carbon dioxide reduction coupled to molecular hydrogen oxidation and methyl-type fermentation, and 2) abiolog-
ical pathways such as thermal degradation of organic matter and Fischer-Tropsch type reaction. In contrast, regarding metha
consumption, recent advances in subseafloor biosphere research have unveiled the complexity of processes involved in the tra
formation, migration and fate of methane. Particularly, it has been recognized that marine sediments with high methane flu
harbor novel lineages of microorganisms, the physiological traits of which are largely unknown due to their resistance to culti-
vation. Recent advances in subseafloor biosphere research indicate that microbes play much more important roles in metha
production and consumption than previously assumed. Though these biogeochemical processes are not fully understood, futt
combined approach of geochemistry and geomicrobiology will shed light on the global methane cycle on Earth.

F—U— R NEmE, X2, X2 R, S X 2 Vb
Keywords: subseafloor biosphere, methane, methanogen, methanotroph
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IERCETRIAR OIKE- A 2 V- KDENIAY ATT 4 7 A _ L
Isotope systematics among,HCH, and HO in fluid associated with serpentinization

S8 i
KONNO, Uta'*

b R B AR
LJAMSTEC

Serpentinite-hosted hydrothermal systems have attracted considerable attention as sites of abiotic organic synthesis and
habitats for the earliest microbial communities, because hydrothermal fluids derived from ultramafic rocks are characterized b
high concentrations of {Hand CH,. During water-rock reactions, Fe (Il) in olivine of ultramafic rock is oxidized to Fe (ll1),
which accompanies the reduction of water to yielgl HMethane and hydrocarbons are often observed in serpentinite-hosted
hydrothermal systems and are thought to be produced fregrartd CQ via Fischer-Tropsch-type (FTT) reactions. On the
other hand, K and CH, can be consumed and produced by microorganisms such as methanogens and methanotrophs arour
the hydrothermal systems. When we collect and analyze samples, those chemical compositions could have been altered d
to microbial activities. Therefore, it is very difficult to clarify processes relatedd4@htli CH, around the serpentinite-hosted
hydrothermal systems.

Isotopic compositions are useful tool to discriminate origins and reaction pathways of chemical components. As representativ
controlling factors of isotopic compositions are temperature equilibrium, isotopic compositions of substrate, and isotopic frac-
tionation, the dynamics of isotopic compositions are complicated in natural environments. Therefore, polyphasic aspects, suc
as hydrological, geological and microbiological interpretations, are needed. However, even complete hydrogen isotopic analysi
of Hy, CH; and H,O from serpentinite-hosted systems and basic laboratory experiments has been reported in only a few studies
As the isotope systematics among, lCH, and H,O in fluid associated with serpentinization remain unexplored, | will present
the review of some previous studies and results of explorations of hydrothermal systems at Mid Cayman Ridge during YK13-0&
cruise.

F—T— R MERCATRIA, LOERINIK, KR, A2V
Keywords: serpentinization, stable isotope, hydrogen, methane
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B NFROSRERE 7% IR N ERARHERY) O FERERE (L 7n _ _
Acetate-oxidation activities in the deep subseafloor biosphere associated with coalbec
off the Shimokita Peninsula

H WE 1 Rghe sog !
IJIRI, Akiral* ; INAGAKI, Fumio!

VNI ATBAE NHEEVTERATERAE s a7 e
1JAMSTEC

201 24FICFR A R B EHERER F 115 337 X fiiiiE (IODP, Expedition 337)C & 0 FAt/UF T, HHE FE 2km I HE L 72
KFRD 5 JE I B G 2 RALKEIEER > A T L LAY 2R « HIBR(E A T o A2 AMCd 2 2 Lz HIN & LTl
ERUEASHEAIN THE 0w 51 I KD C0020Y 1 h TT A P —HiHIM T Th NIz, REFADARKR (R 13T DRKDEFE T,
GRIED LRSI EOEBYIERTHE S, TN BMEMOREIEEZ XX TV EEZENTVS,

AL T E N7z HERY 2 77 50k CHBIES | 2466m 12, 14C s L—Y— (sodium [“C]-bicarbonate[2-14C]-acetate
ZONIU. WERERARM A 2 A4 gl & WERBRB LIG TE 2 IE UTze WRREBHZIRY X &2 AR SRR MBS T 2km D gk
JE & DEERT 0.224 pmolcm? d=! TH D | i EWIEEIZIEIK T 1990mOE K TRt E Nz, 1BRELIAE T,
0.1?20.2 pmol cm? d=! FEE & K D EWIEMEER Uiz, BElED X F)LELIC MC TIN)V LTz [2-14Cl-acetatez 71 L 72k
Ko 14C-Co, DK ED b RES b N-HFEERE(LIEMEIX. 1800 mbsfCTi® < (150 pmol cnm3 d—1), EEOBAN
EHITEL R ARRBELFE TRRHEESRLL R & 55 7z, 1800 mbsiihI CIIIHRADZFET BT D, TOWETD
FOFERBEE LIS I, RO I E NS BILEDSE (Fe(ll)) BETFZAA L LTHEEG L TO B A[REEIRB E N5,
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T aA—AeE G A& L Ul & & OMAYIEE iR Tt C 2 it RN A7 bl
DIREARFE: . N

Temperature effect of sulfur isotope fractionation by sulfate reducers when used glucos
as electron donor

KATH S0 72 by BBy BfE—BR L O o 2 S w2
MATSUURA, Fumihird* ; UENO, Yuichird' ; MAKITA, Hiroko 2 ; TAKAI, Ken?

VBRUTSERY, 2 MBI TR

I Tokyo Institute of TechnologyJapan Agency for Marine-Earth Science and Technology

Sulfate reducing microbe (SRM) is responsible for over%b®f organic carbon remineralization in marine sediments and
thus plays a prominent role in sulfur cycle. Based on a large number of culture experiments of SRM, sulfur isotope fractionation
by SRM changes depending on environmental factors including temperature, sulfate concentration and availability of electror
donor. The isotope fractionation is recorded in sedimentary sulfates and sulfides. Hence, the sulfur isotopic fractionation is
useful to reconstruct ancient environmental condition. However, the mechanism controlling the degree of the sulfur isotopic
fractionation is still unclear. Particularly, we have to consider the physiology. Previous culture experiments of SRM indicated
that the temperature effect varies with species of SRM. However, there is little temperature control experiments using variou
electron donor with same strain. We carried out temperature control experiment&at36C and 37°C, by sulfate reducing
bacteria DSM 642 using glucose as electron donor. Our results revealed growth rate of DSM 642 is fast€stwah&0 using
glucose as electron donor. Growth rate is the fastest &t 3vhen using lactate as an electron donor. Sulfate reduction rate
is thought to primary factor controlling isotope fractionation. In addition, growth rate and sulfate reduction rate have basically
positive correlation. Accordingly, the shift of sulfur isotope fractionation by temperature must be changed when used glucose a
electron donor. This result indicates that we should pay attention not only sulfate reduction pathway but also oxidation pathway
of electron donor. We report temperature dependency of sulfur isotope fractionation by DSM 642 using glucose as electron donc
at the first time, to elucidate the mechanism controlling the degree of the sulfur isotopic fractionation during microbial sulfate
reduction.

F—T— F: e FEINAA, FRfE T
Keywords: sulfur isotope, sulfate reducing bacteria
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ATV U YA RETAIC K BB NI SR AT

A hot-alkaline DNA extraction method for deep subseafloor communities

AT fhRH 1 S GRS REE REZ L RRE SR
MORONO, Yuki* ; TERADA, Takeshi ; HOSHINO, Tatsuhikd ; INAGAKI, Fumio!

U HEEITIE B RERAE w 0 SRR, 2 MRS R A IR T O Y 2 s R R e U= s D pSY
LKochi Institute for Core Sample Research, JAMSTESybmarine Resources Research Project, JAMSPE@rine Works
Japan Ltd.

EREGARZ W o0 TAEREZEINIRAT TlE. W5 & 2EIEEE kD Silk L R 2 DS N5 T L Zzhifd b

LTW5%, HIBR FICIAET 2O, EAVERT 2 & SbN TV S IHEE FOHERY Z HRICHIRT Y MK 5%
et 2170, SYBR Green I X o THRIEH DOMEYIREZEII LIz & T A, MHBERIEIC X > TAE T 2MEYOEIS
BIHAICE > TIE 2000, R CTH B T EMNHENICE > Tz, AT, BRETCAERT ZMEVBERIAOLRERZ % C
== ON ﬁi%@@ﬂ#@mém8F@WM$&&bf@%i%ﬁm&bﬁoﬂﬁﬁ%?a%rgﬁwﬁjﬁ&k
Ko THE NIBE FHEREYNCOWT, 7V VBIRPTHIROF v BT EHMOSEMETDNA 2 Lz & 25,
IV ) VAR IO TZRRIC 9592 B X BTAEERME SNz, L L, 7V A VALEIC X % DNA D 2% %&kk:5\
—AFHE7Z1r T < DNA BEDOKF LS5 E T ENHLM LR 5Tz, DNA OWFLEMZ DD, BAEHR~EA L
TR BEMEOMGTORIC, ZNZTNO DNA MHEYNCEENZ NI T T 7—F 7 DEELROWERITo 18T A, 1A
FHROEWVICE > THEREICEE VPRGN, OB, HHIC X B30 7 ADNEEIHEYIRHEREE AT O
RICHEREZTVWBHT EMRBENT,

F—7T— R 3K FEE, DNA flitt, 7—F7

Keywords: Subseafloor microbial community, DNA extraction, bias, archaea
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7 VTV KB TEEMEME R M O b SR L RE N\ D 2 .
Effect of antimony on arsenite oxidation by soil microbial community

i RIS A Zity
KATAOKA, Takafumi'* ; HAMAMURA, Natsuko'

L BRI AR R R A v 2 —
LCenter for Marine Environmental Studies

Antimony (Sb) and arsenic (As) are naturally occurring toxic elements in the'eagttrust, and both elements exist commonly
in sympatric environment. The chemical properties and the mode of toxicity of those elements depend on their oxidation state:
Although both oxidation states are toxic, trivalent is more toxic than pentavalent chemical form. The microbiological oxidation
of As(lll) can impact on the geochemical cycling of arsenic in the contaminated environment, and more than 30 phylogenetically
diverse As(lll)-oxidizing bacterial strains have been isolated. Although natural microbes are exposed to multiple contaminants
in situ, the effect of co-contamination on microbial As(lll)-oxidation activity is not well understood. To gain insight into the
microbial roles in the biogeochemical cycles of As, we evaluated the effect of co-contamination of Sb and As on the microbial
community and their As-oxidizing activity by using solid-phase culturing which was inoculated with antimony mine tailing soll
(Ichinokawa, Ehime, Japan). As(lll) oxidation rates increased exponentially and reached steady state at day-8 in which 0.1
mM As(lll) was oxidized to As(V) in 22.9 hrs. The addition of antimonite tartrate (Sb[lll]-tar, 0.15 mM) at day-9 inhibited
arsenite oxidation, which was then reduced to 40% by day-15. Successional changes in bacterial community composition
were observed after Sh(lll)-tar addition by 16S rDNA- and arsenite oxidase gene (aioA)-targeted analyses. Total of 69 As(lII)-
oxidizing strains were isolated from the solid samples obtained before and after the Sb(lll)-tar addition, and the Sh(lll)-tar
tolerance of representative isolates were determined. Various As(lll)-oxidizing strains exhibited different levels of Sb(lll)-tar
tolerance in growth response and As(lll)-oxidation rates. These results indicated that the co-contamination of As and Sb affec
the community composition and activity of As(l11)-oxidizing microbial population reflecting the differences in cellular responses
among strains to Sb toxicity.

F—U— R @ESBEEOTER, R, 7 UFEY, EHA T Lk, THsE R
Keywords: Heavy metal pollution, Arsenic, Antimony, Solid phase advective culturing, Soil bacterial community
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Be AR 8 Reill F5 0 2 Bl N HERSY) Ol iR S A E

Bacterial community structure in different subsurface sediments of the southern Kantc
Plain

KA B\ T, Kp #i— 1 AK. Azad Muhammadl ; ZEH K. 2 ; 2570 85 1 25 TARE 3 TR BN 4 AR B—BR° ;
AN N o

OHKUBO, Satoshi* ; OHNISHI, Jun-icht ; A.K. AZAD, Muhammad ; SUDA, Watard ; SAITO, Takeshi ; SAITO,
Hirotaka : TAKEMURA, Takatd* ; HAMAMOTO, Shoichir@ ; KOMATSU, Toshikd

VIR RARARE BET2EBSER, 2 SRR AR BB RR ARFZE R, 3 SRR TORER ARG B2 AITSERE, * HAAK Y
SCHPEER, 5 HURURSAR AR FRAAZER), FCREST JST

IGraduate School of Science and Engneering, Saitama UniverGitgduate School of Frontier Science, University of Tokyo,
3Department of Ecoregion Science, Tokyo University of Agriculture and Technal@pllege of Humanity and Science, Nihon
University,?Graduate School of Agriculture, University of TOky&;REST, JST

TR ZEBIBOHIRE K UE T3V F—DORENEN S, EE, FHCTER RN B O THIESF e — R TV X
7 In (GSHP)DE K MHEA TV 2. GSHPIZHIERE HERAJR & LT, izl U CREMNIIE—ESM T ORZFI S
2EDTHB. TOXIEEMOEKITA, FHFO TRt — 7145 2 FBIGEHEOREIC K > TH®BRIMT (Hik
MHIERETH) 100 mE T) DIRERENZLT 2 LM TRIS NS, il FOMREZ LA R RO Rk D/KE, i Mic 4k
B3N EZ 52 % C LIZAEBITHEI S N2, EERICH N OMREZLIC K > THDE T 20ICD0NTIE, E L
AEDD S TWERN. H FOMREZLIC X > THE FOMAEMREN ED K S ICELT 20 ZIHSMCT B 7201, £
DB 2\ ) BRIOEMEZ RS 2 0805 % & H 2, RIFFE T, B P miO R 5 % 3HICB N T, MLk
REOR—) 7 a7 RIHFET B30 7 ) 7 OEMERIASMCT ST ERHE L.

HAR A S (HEHAK) | BERY: (EWicEih) |, SR TRARHF v 28K ) O&F v 2 8ANT
HiH U7z R—1) > 7 a 71DV, 10-120 872 2 & 5 DNA ZHlit U, 16S rRNABE(E 7205k & Uiz kit e —2r >
RN 72T T2, ZF OFER, R E 0-30 mTIE I 2MHIE DY A M K> T > TH D, HAKRATIE Actinobacterid"],
Firmicutes/"]h AL B (e Tz DIt U, # K K22 Tl Chloroflexif', v-, 5-proteobacteridf, 52 T K% Tld a-, 3-,
y-proteobacterifiih’Z < Mt X N7z, FrCH TAZA Tl ChloroflexifH ¢ & Dehalococcoidetel s & U Anaerolineadid
ENFHEIND OTUZ S E N, IBRUBICRICZ < i LTz, —7, 30 mEIETIE 2 TOY A + T B -, y-proteobacteria
HIME S LTz, —ED 7))V — T OIS DWW TIE, Z OF g & RERCHEBRKD pH, BXUREE, HEEYIrh Ok 7137
& OEICHBNR SNz, Lizho T, A FRES T & ORHEMIEDEWVIE, 59 1 b OHERIE, HERIEREE L BHED
M RERBEDEWIGERT % L EZ 5N, RUIFETELNIAR 2 & LI, 5%, FERRICH MREZ (LA X 7256, M
DEHENGEN E DXL T B ZHEMILIZWEEZ TS,

F—TU— R U, irp g e — R T RIS — 4 2 A Sk, AR A S

Keywords: subsurface microorganisms, ground source heat pump, next generation DNA sequencing, bacterial community stru
tures
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TOWARDS THE NEXT GENERATION OF CARBONATE-BASED PROXIES
TOWARDS THE NEXT GENERATION OF CARBONATE-BASED PROXIES

de Nooijer Lennart Jar ; 5 & 2 ; BijmaJellé ; S/ v )L s F)iL v 4
DE NOOIJER, Lennart jari ; TOYOFUKU, TakasHh ; BIJMA, Jelle® ; REICHART, Gert-jari

INIOZ - Royal Netherlands Institute for Sea Researchii 7 HHFEHEAE, 3Alfred Wegner Institute for Polar- and Marine
Science#NIOZ/Utrecht university

INIOZ - Royal Netherlands Institute for Sea Reseafd®\MSTEC, 3Alfred Wegner Institute for Polar- and Marine Science,
4NIOZ/Utrecht university

Reconstructions of past climate and environments are largely based on stable isotopes and trace element concentrations m
sured on fossil foraminiferal calcite. Element and isotope composition of foraminiferal calcite roughly reflects seawater com-
position and physical conditions, which in turn, is related to paleoceanographic parameters. Additional biological controls on
test composition biases such correlations and needs to be corrected for when aiming at precise and accurate reconstructio
The various physiological processes involved in foraminiferal biomineralization have, however, different impacts on different
elements and isotopes. For instance transmembrane transport of Ca-ions has a large impact on Mg fractionation (and hence |
Mg-temperature proxy), whereas is has very little effect on Na/Ca ratios (a novel proxy for salinity). Many foraminifera-based
proxies are thus impacted by more than one physiological process, which can only be corrected for by 1) quantification of the
impacts of these processes (ion pumping, photosynthesis, pH regulation, etc) on calcitic element and isotope composition ar
2) combine high-resolution multi-element and isotope analysis to simultaneously correct for these impacts. Since trace me
als and isotopes are affected by multiple parameters, combining analyses not only makes reconstructions more robust, but al
fundamentally more accurate.
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The evolution of shell microstructure of protobranch bivalves

ok = 1 R R IR 2
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!Graduate School of Science, The University of Toky/Bhe University Museum, The University of Tokyo

Molluscs are the second largest taxa and most of them have the shell of calcium carbonate. Molluscan shells are compost
of the complex structural units that are called shell microstructures. Molluscs demonstrate a great variety of microstructure:
which are similar in phylogenetically close taxa. Thus, investigations of shell microstructures can provide clues for systematic
and phylogenetic analyses of molluscs, including fossil taxa. Additionally, these trends suggest the possibility that the shel
microstructure had a crucial role in the evolution of Mollusca.

The Protobranchia is an ancestral group of the Bivalvia and comprise four superfamilies (Nuculoidea, Nuculanoidea, Man-
zanelloidea, and Solemyoidea). However, the systematics of protobranch bivalves has been also problematic, because their sim
external shell morphology can provide an insufficient number of informative characters. Therefore, Comprehensive investigatior
of the shell microstructure and molecular phylogenetic study of protobranch bivalves are required for understanding molluscat
evolutionary history. The purpose of this study is to reveal the relationship between the shell micro- structure of protobranch
bivalves and molecular phylogeny, and to discuss the evolution of the shell microstructures and their significance as novel mo
phological characters.

As the result of molecular phylogenetic analysis, it is revealed that the species of protobranch bivalves formed a distinct clads
with long branches expect for one exception. One species of Sareptidae were included in Nuculanoidean clade while Sareptid:
is placed within Nuculoidea in earlier systematics. SEM observation revealed that each of four superfamilies has a distinct tren
in the composition of shell microstructures. And the results of the molecular phylogenetic analysis and the observation of the
shell microstructure were consistent with each other. This condition indicates the shell microstructures of the Resent protobranc
bivalves show a phylogenetic constraint. Nevertheless, previous study shows this trend is imperfect in fossil taxa. Some foss
nuculoids have nacreous structures and some fossil nuculids possess homogeneous structures. The foliated aragonite that res
bles nacreous structure is known as the most primitive shell microstructure. Ancestral nacreous structure was first originated i
the Paleozoic protobranch bivalves prior to any other structures that are found in protobranchs of younger ages. Thus, the a
sence of the nacreous structure may represent the secondary condition in protobranchs. However, the loss of nacreous might
unreasonable, because nacreous structure is considered to be the strongest shell microstructure. In further studies, the evolu
of the shell microstructure of protobranchs should be discussed in terms of the habitats and the production costs of the shells
well as protective functions of shells.

Keywords: shell microstructure, mollusca, bivalve, protobranch
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Ttube mechanical properties and structural design of Hydroides elegans under multipl
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Ttube mechanical properties and structural design of Hydroides elegans under multipl
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ISwire Institute of Marine Sciences and School of Biological Sciences, The University of Hong Kasgartment of Mechan-
ical Engineering, The Hong Kong Polytechnic Universitepartment of Orthopaedics and Traumatology, The University of
Hong Kong

Most marine calcifiers construct robust calcareous skeletons or shells through biomineralization to protect themselves fron
predatory attacks. Due to increased anthropogenic emission gfitCf@cent years, reduced global ocean pH and decreased
carbonate concentration in seawater are expected to impede the CaCO3 accretion in shell formation and produce a mechanice
brittle shell structure. In addition, the effect of elevated pCO2 level can act synergistically with temperature and salinity changes
in seawater, further affecting the calcification process adversely. To investigate the combined effects of multiple environmenta
stressors on calcifying marine organisms, we studied the effects of pH (8.1 and 7.8), salinity (34%i)da2id temperature
(23°C and 29°C) on the mechanical properties of the tubes built by the tubewbhydroides elegansBy employing Micro-CT
scanning and micro-force testing, information on tube topography and mechanical properties were analyzed using finite elemel
analysis (FEA). Markedly, despite the structural deterioration observed in reducing pH and salinity, the level of elevated temper
ature counteracts these effects and even strengthen the overall mechanical properties. This may suggest that warming conditic
in the early subtropical summer seawater may rescue the tapeworms from decreasing pH and salinity in the near future.

F—7— F: calcifiers, biomineralization, stressors, Hydroides, tubeworm
Keywords: calcifiers, biomineralization, stressors, Hydroides, tubeworm
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The mechanical consequence of ocean acidification - the application of finite elemen
analysis
The mechanical consequence of ocean acidification - the application of finite elemen
analysis

Li Chaoyi' ; Chan VBS ; Meng Yuart* ; HE C? ; YAO H? ; SHIH H? ; THIYAGARAJAN V!
LI, Chaoyi' ; CHAN, Vbs' ; MENG, Yuart* ; HE, C* ; YAO, H? ; SHIH, H* ; THIYAGARAJAN, V!

ISwire Institute of Marine Sciences and School of Biological Sciences, The University of Hong Hoegartment of Mechan-
ical Engineering, The Hong Kong Polytechnic Universt®epartment of Civil Engineering, The University of Hong Kong
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We studied the effects of low pH (near-future average pH 7.8) seawater on the structure and mechanical properties of th
calcifying serpulid tubewornmtlydroides elegansompared to normal pH (current average pH 8.1).

We found that tubes produced at pH 7.8 altered tube ultrastructure, volume and density, and decreased the mean tube hardn
and elasticity to a large extent by "80% and “70%, respectively. Specifically, mechanical properties of the outer and inner surface
of the tube were curbed by pH 7.8, and the tube breaking force required to damage the tube was reduced by 64%.

Nano-indentation to spatially map the micromechanical properties of tubes built by the biofouling serpulid tubidyarovges elegan
The mechanical information was analyzed by computational model, finite element analysis (FEA). In order to study the details
of strength properties of the shell, finite element analysis (FEA) was used to simulate the consequence of predatory attack i
nature for both shells produced in the control and treatment seawater. The finite element analysis provided a reasonable ansv
to this phenomenon: altered mechanical properties shifted the stress development and distribution within the tubes and therefo
resulting in mechanical weaker part of that were suffering from higher stress concentration.

F—"7— K. Hydroides, ultrastructure, tubeworm, calcifyer, mechanical properties
Keywords: Hydroides, ultrastructure, tubeworm, calcifyer, mechanical properties
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Visualization approach on foraminiferal calcification under various pH

S R

TOYOFUKU, Takashi*
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Foraminifera, marine unicellular organism, have been thought as one of the major carbonate producer in ocean. Their ca
careous tests are commonly utilized as paleo-environmental indicators in various studies of earth science because their te:
have been archived as numerous fossil in sediment for long time and various environmental information are brought by popu
lation, morphology and geochemical fingerprints. The calcareous test itself is interested by many foraminifer scientists. The
knowledge about the cytological process on carbonate precipitation has been described for couples of decade using by mu
approaches. Foraminiferal regulations of calcium and carbonate ion uptake into calcareous tests from ambient seawater udr
different pH conditions are of great interest. Our previous studies showed the potential to understanding the biomineralizatior
of foraminifera by the application of fluorescent indicators. Recently, we apply the method to show the spatial distributions of
cytological calcium and pH in living cell at several pH conditions (7.5-8.1). Observed results show that foraminifera controls pH
variation and concentration of calcium at even different environmental pH. These observations results will help to consider how
the geochemical compositions arranging on the foraminiferal test, sensitivity of pH proxy of boron and others.
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Live confocal imaging of cytoplasmic structure and calcification processes in Amphisorus

kudakajimensis
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BICREIR AV T WA F U RAIRACICE D 2 2 VRV EOEFH ZHEMNIT B E T, MM A IxT7VE—=— 30D
BIREHEMCT ZREND %, ABFZE TldIE R L Amphisorus kudakajimenss Vi 5 A 7 « A A=V VT
0, BLROMRNAE & BRI OHE 7 a— T OB AR Uz, Thuc & b AR NIERED nf 1k
L ic, MiRNAILS D LA XA—=D 2 Th AT 20T 5 2 & T, ALROMAICE T 5 Ve LA
2 OXFFEHIRET B N TER, iz, MREARAERERIO pHIERIE (HPTS ZHWA T & T, BIERMTbN 5
T 2 AREEEAE (Organic template O 77 )LV L (pH 9.0 & SRIKHIFIORHE mEIEKIC 381 % B E{L (pH 6.0) 2
kT B N TER,

F—T— R Ak, VST LA R=I VT TGATRIV - A A—=D 257 HAE B
Keywords: calcification, calcium imaging, Live-cell imaging, confocal microscopy
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Internal pH distribution and post-metamorphic biomineralization in the tubeworm, Hy-

droides elegans S S
Internal pH distribution and post-metamorphic biomineralization in the tubeworm, Hy-

droides elegans
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LJAMSTEC,?Hong Kong University?Department of Biological Sciences, Clemson Universifigvanced Material Research
Laboratory (AMRL), Clemson University

The serpulid tubeworms produce a diverse tube structure through controlled calcification. Cellular environment associate
with actively calcifying serpulid tubeworms at metamorphosis were studied using pH and calcium sensitive indicators. With a
notable degree of compartmentation, the thoracic region between the collars showed a high pH value above 8.5 and elevated c
cium ion levels. As suggested by SEM-EDX results, such region also demonstrated a higher Ca signal. To analyze the presen
of crystalline CaCO3, the unpolished sample was characterized using SEM-EBSD at 20kV, this low voltage and non-destructive
approach showed the direct formation of aragonite. Applying in situ lift-out technique at the calcified region, TEM specimen was
prepared for structural analysis using selected area diffraction pattern. This study documents the cellular environment during tt
first calcification event in the serpulid tubeworm at the transition of metamorphosis and the subsequent aragonite formation.

F—7— F: imaging, serpulid tubeworms, visualization, calcifyer, biomineralization
Keywords: imaging, serpulid tubeworms, visualization, calcifyer, biomineralization
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Genomic Exploration of the Nautilus’ Shell Matrix Hydrophilic Proteins: An Insight To
Their Evolution in Mollusks
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The presence of a calcium-carbonate-based shell is a defining feature of most members of Mollusca. Thus, research on tl
genomic aspects of biomineralization of this group is interesting, since the resulting knowledge can be useful for understand
ing their evolutionary success. Interestingly, most members of cephalopods have secondarily lost their external mineralize
shells. The nautiloids, however, is one of the two extant cephalopod groups still maintaining their true shells. Phylogenetically,
the nautiloids had diverged from the ancestors of non-shelled, extant cephalopods (Neocoleoidea) in the mid-Paleozoic (Si
urian/Devonian boundary46MYA), older than the split between ammonoids and neocoleoids. This makes studies on nautiloid
shell biomineral-proteins important and interesting, since insights from the nautiloids might shed light on how shell internaliza-
tion and de-mineralization events evolved in cephalopods, while at the same time, might help to elucidate the evolution and ider
tification of core components of mollusk shell biomineralization proteins, through comparisons with other molluscan biomineral-
related protein data. In this talk, we are reporting our result of the genomic explorations to identify biomineralization-related
proteins in the nautiloidVautilus pompilius To do so in our research, we first determined the total transcriptome sequences
from the mantle tissue using pyrosequencing, while simultaneously did a total proteome analysis of the shell’'s hydrophilic pro-
teins by orbital-trap mass-spectrometry. We then conducted a transcriptome-proteome comparative analysis in order to identi
the hydrophilic components of shell biomineral-related proteins in the Nautilus, where we identified 51 distinct shell specific
EST/proteins sequences. In the talk, we are also going to discuss how the findings provide an insight to the study of the evolutio
of mollusk shell biomineralization.

F—T— R BRIV E, AT LHA, NI YAI VT b=k, TOTF L, A A IRT U= a Y
Keywords: Shell matrix protein, Nautilus, Transcriptome, Proteome, Biomineralization
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Using Acropora digitifera to bridge the gap between genome biology and geochemistry
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Coral’s calcification mechanism has been receiving great attention in the fields of both geochemistry and biology. In geo-
chemistry, high-resolution proxies using coral skeletal elements have been developed to reconstruct climate history (Gagan
al, 2012). In parallel, coral genomes have been sequenced progressively. However, trials that connect these two different fielc
of studies focusing on coral calcification have not been conducted yet. In this study, we focuSexpora digitiferaas the
target species because enough genomic information is available (Shinzato, 2011) and its potential as geochemical proxies (Inot
2011). First, using ZoophyteBase, which has been recently developed as coral’'s proteome database (Dunlap et al, 2013), v
investigated the genes that are potentially related to metabolism using inorganic minerals in seawater and analyzed their ge
components and the correlations with seawater chemistry. Second, using next-generation sequencing, we are currently comp
ing Acropora digitefer& gene expression between fast and slow calcification lineages of this species. In addition, coral skeletal
elements of these materials have been analyzed by ICP-AES. In this presentation, we report the progress of these analyses foc
ing on calcification related genes and skeletal elements.

References: [1] Dunlap et al, 2013.BMC Genomics. DOI: 10.1029/2011PA002215 [2] Gagan, et al, 2012. Paleoceanograph
DOI: 10.1029/2011PA002215 [3] Inoue et al, 2011. Geophysical Research Letters. DOI: 10.1029/2011GL047786 [4] Shinzatc
et al, 2011. Nature. DOI:10.1038/nature10249

Keywords: Acropora digitifera, Calcification, Gene, Skeletal elements
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Comprehensive |dent|f|cat|on of shell matrix proteins in brachiopods
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Brachiopods are marine invertebrates that appeared in the Cambrian, and they have two shells like bivalves composed
calcium carbonate or calcium phosphate. Shells contain organic matrix, which have important roles in the biomineralization
processes. Recently, many shell matrix proteins in molluscs have been identified, and their roles in shell formation have bee
discussed. On the other hand, shell matrix proteins in brachiopods have not been identified, except for partial amino aci
sequences of a chromoprotein, named ICP-1. In this study, we performed comprehensive identification of shell matrix protein:
of the brachiopod.aqueus rubellusising proteomics combined with transcriptomics. As a result, we identified a total of 18 shell
matrix proteins. BlastP search showed that these proteins have no homologues in skeletal proteins identified from other phylur
suggesting that brachiopod and mollusc shells are different in origin.
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Utility of nltrogen iIsotopic composition of amino acids in shell protein
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Stable isotopic composition of sedimentary organic nitrogen has been employed as a proxy to understand biogeochemic
nitrogen cycles in marine and lacustrine environments. However, modification of the isotopic signals during early diagenesis
(including heterotrophic assimilation/disassimilation, recycling, and reproduction) in water column and sediments always lead:
to much uncertainty on the interpretation of bulk isotope data. Recently, we found that a proteinogenic amino acid, phenylalanine
shows little change in the nitrogen isotopic composition during heterotrophic degradation even in long-length grazing food
webs, whereas the other proteinogenic amino acid, glutamic acid, shows significant 15N-enrichment at each step of food web
Moreover, the isotopic signals of these amino acids in shell protein are always identical to those of biomass protein (e.g., muscl
tissue) when the shell was produced. These results imply that the nitrogen isotopic composition of phenylalanine and glutami
acids from shell protein (e.g., in microfossils of foraminifera) captures (1) primary isotopic signals of organic nitrogen in the
environment where the shell was produced and (2) trophic position of the shell-owner in ecosystems when the shell was produce

In the presentation, we will show comparative data sets on the isotopic composition of amino acids between muscle and she
protein from various organisms, and discuss its applicability as a proxy to estimate the primary isotopic signals in environment:
and the trophic position of organisms of interest.

F—T—F: 72/, ERANK, BYEHH
Keywords: amino acid, nitrogen isotope, food web
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Variation of North Atlantic nitrogen fixation in Caribbean coral skeletons
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Oceanic nitrogen fixation is important as new nitrogen in oligotrophic oceans and balances with denitrification in global ni-
trogen cycle controlling primary production. North Atlantic ocean is known to have higher nitrogen fixation rates, although the
controlling factors have been debated by modern observations and sediment cores in geological time scales. Reef corals he
been widely used as paleo-environmental proxy in oligotrophic oceans. Recent studies suggested that nitrogen isotopes of orgal
matter preserved in coral skeletaW$N..,..; have the potential to record coral nitrogen sources on decadal to millennia scale.
In this study, we report recent 90-year records of nitrogen isotopes in Diploria sp. coral cores from Caymandstangs,;
values were +1.82.6 (o) %o (n=139), which suggested that the variatiod 6fN..,..; was controlled by nitrogen fixation (%)
in ambient seawater. The trend line®@PN..,; increased ~4o from 1920s to 2010s. This result suggests that nitrogen fixation
rate in Caribbean Sea decreased during the past 90 years. Dettefigg..; showed a negative correlation between Atlantic
Multi-decadal Oscillation (AMO) index (R=-0.71,&#  0.001), which suggested that nitrogen fixation rate increased in higher
SST condition leading an index for hurricane activity on multi-decadal scales. In this presentation, we discuss the relationshi
between nitrogen fixation and hurricane activity in global warming state.

Keywords: Coral skeletons, nitrogen isotopes, nitrogen fixation, Caribbean Sea, North Atlantic Ocean
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Fluorometric analysis of photosymbiosis: Toward quantitative validation of ecological
proxy of planktic foraminifers
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Endosymbiosis of planktic foraminifers with photosynthetic algae (photosymbiosis) is established especially among specie:
which dominate in warm, low-nutrient surface water. Here, photosymbiosis probably plays an important role for host foraminifers,
and can be considered as an adaptive ecology to live in such oligotrophic oceans. Therefore, back in geologic time, photosymbi
sis could have been involved with species adaptive radiation as well. In such viewpoint, stable isotopic change of foraminifera
test through ontogeny, attributed to change of symbiont photosynthetic effect, has been used as an indicator to detect fossil ph
tosymbiosis. However, how host-symbiont association change through ontogeny, if any, is practically unknown and has neve
been quantified. Here, we offer new insights for photosymbiosis based on photosynthetic characteristics of symbionts, obtaine
by in vivo fluorometric analysis (Fast Repetition Rate Fluorometry, FRRF).

We cultured two symbiont-bearing speci€pbigerinoides sacculifeand Globigerinella siphoniferaand conducted FRRF
measurement on individual host-algal consortium during the culture period. FRRF can identify photosymbiosis of individual
foraminifer instantly in a non-destructive manner, and gives us various photosynthetic characteristics of symbionts, i.e., maxi
mum fluorescence yield5m, index of chlorophyll content), photochemical efficienéyw(Fm, index of potential photosynthetic
activity), and effective absorption cross-section of photosystemd}(;, capability of the absorbed energy to promote a photo-
chemical reaction).

Sequential FRRF analyses on single individuals revealedAimincreases with growth, and then decrease drastically at the
end of their life, which means that the algal biomass per individual foraminifer increases through ontogeny, but the symbionts art
rapidly digested at the endv/Fm ando pg;; values were constant through ontogeny, thoggh=m drops in correspondence
with the decrease ofm. Compared between the two species, average values offwdfim ando ps;; showed statistically
significant differencesFv/Fm was significantly higher irGs. sacculifer which means that symbionts are more actively pho-
tosynthesizing inGs. sacculifer Because~v/Fm is mainly depends on nutrient availability, it is a direct evidence of nutrient
(metabolite) flow from host to symbionts. On the other hangls;; was higher inGn. siphoniferaindicating that this species
can utilize low light energy more efficiently, i.e., mdrelow-light-adapted thanGs. sacculifer Actually, it is consistent with
inferred habitat preference &n. siphoniferawhich is relatively deeper tha@s. sacculifer

These FRRF results provide us information of foraminiferal photosymbiosis both quantitatively and qualitatively. When the
information is combined with test geochemistry mentioned above, it will presumably enable us to quantify the photosynthetic
activity from foraminiferal tests. Then, it can be applied to fossil specimens as a validated ecological proxy of photosymbiosis.

F—U— N REEAALE, CHAARE, ST T ¥ a il sk
Keywords: planktic foraminifers, photosymbiosis, Fast Repetition Rate Fluorometry
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Skeletal isotope compositions of Acropora coral primary polyps experimentally cultured
at different temperatures
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LGeological Survey of Japan, National Institute of Advanced Industrial Science and Technology (#H&d)lty of Science,
University of Ryukyus?Department of Bioresources Engineering, Okinawa National College of TechndBesoko Station,
Tropical Biosphere Research Center, University of the RyukdAsnosphere and Ocean Research Institute, The University of
Tokyo

We investigated temperature and growth-rate dependency of skeletal oxygen and carbon isotopes in primaryiwtypsraf
digitifera (Scleractinia: Acroporidae) by culturing them at 20, 23, 27, of31We cultured primary polyps oA. digitifera at
Sesoko Station, University of the Ryukyus, Motobu, Okinawa Prefecture, Japan for 10 days. From the results of the polyp weigh
and polyp area, calcification was most rapid at 27 aniC3Thed 80 — temperature relationship (0.18%./°C ) is consistent
with reported ranges faPorites indicating that juvenileAcropora polypscan be used for paleotemperature reconstruction. We
found a gap between curves for the experimental polyps and the equilibrium curves for inorganic aragonite of dbador 3.0
580 and 8.0%. for §'3C, with the primary polyp values being lower than the equilibrium values of inorganic aragonite. The
kinetic isotope effect was evident in the polyps cultured at low temperature but disappeared at high temperatures, despite rel
tively low light levels. The estimated upper calcification flux limit for a kinetic isotope effect C0Gt7 g CaCQ /cm?-y) was
similar to that ofPoritescolonies with a linear extension rate @ mm/ 'y, suggesting that the calcification flux may be used
as a measure of kinetic isotope effect dominance in different genera at different growth stages.

F—7— R: coral, temperature, stable isotopes, polyp, kinetic effect
Keywords: coral, temperature, stable isotopes, polyp, kinetic effect
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Corals at marine volcano of Satsuma iwo-jima: Implication for a new proxy of hydrother-
mal events and biological adaptati
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WATANABE, Tsuyoshi* ; KAMIMURA, Kanae' ; YAMAZAKI, Atsuko 2 ; OHMORI, Kazutd ; LE GUERN, Francoi$ ;
KIYOKAWA, Shoichi*
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IGrad. Sch. of Science, Hokkaido UniversitpORI, University of Tokyo,>CNRS, LSCE (Deceased)Grad. Sch. of Science,
Kyushu University

Coral cores from massive corals could record marine environmental and ecological changes in their annual bands with monthl
temporal resolution in the present and/or the past. We discovered large massive Porites corals living at active volcanic island c
Satsuma lo-Jima, located 50 km south from Kyushu area, southern part of Japan. Satsuma lo-Jima provides a unique opportun
to observe marine organism living under extreme environments of volcanic gases emission and different types of hydrothermse
activities from sea flower. We collected eleven coral cores from four different conditions around the island to test if corals could
record volcanic and hydrothermal activities and how corals could survive in extreme environments such as very low pH conditior
with CO2 emission. Coral annual bands recorded in x-ray images revealed that these corals have been survived at least duri
last a few hundreds years. Coral extension rate for the site near hydrothermal vent was significantly small (1-2mm/year) relativ
to that for general condition of Porites corals (ca. 10-20 mm/year), suggesting that coral growth was influenced by hydrotherma
activity. We will demonstrate our preliminary results of geochemical approachg8®fs'3C, Sr/Ca, Mg/Ca, Ba/Ca, and F/Ca
in coral skeletons and in surrounding seawater and discuss the possibility for reconstructing the past hydrothermal events at
relationship between marine ecosystem and extreme environments at volcanic activity as the analogues for coral adaptation
future ocean acidification.

F—U— R Y2 dEE, BUKESE), Y > IEYE)S, et
Keywords: Coral geochemistry, hydrothermal activity, coral adaptation, ocean acidification
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Sediment ecosystems dynamics on proxies development of foraminifera
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Benthic Foraminifera from the deep-water Niger delta (Gulf of Guinea): Assessing aci-
tivity of hydrate pockmark
Benthic Foraminifera from the deep-water Niger delta (Gulf of Guinea): Assessing aci-
tivity of hydrate pockmark

Fontanier Christophé ; Koho Karoling ; Goni-Urriza M2 ; Deflandre B> ; Galaup S ; Ivanovsky A% ; Gayet N7 ; Dennielou
B.2 ; Gremare A ; Bichon S? ; Anschutz P. ; Duran R? ; Reichart G.-3. ; Sultan N?

FONTANIER, Christoph& ; KOHO, Karolina& ; GONI-URRIZA, M.* ; DEFLANDRE, B’ ; GALAUP, S¢ ; IVANOVSKY,

A.5 . GAYET, N.” ; DENNIELOU, B2 ; GREMARE, A’ ; BICHON, S* : ANSCHUTZ, P° ; DURAN, R# : REICHART,
G.-j.8 ; SULTAN, N.2

'IFREMER/Universite de Nantes/Angers/Le MaAEREMER, Laboratoire Environnements sedimentait€sculty of Geo-
sciences, Utrecht UniversityUniversite de Pau et des Pays deAdour, ®*Universite de Bordeau¥Ecole d'ingenieurs en
Environnement, Georessources et Ingenierie du Developpement duf#BREMER, Laboratoire Environnements Profonds,
8Royal Netherlands Institute for Sea Research

'IFREMER/Universite de Nantes/Angers/Le MaAl;REMER, Laboratoire Environnements sedimentait&sculty of Geo-
sciences, Utrecht UniversityiUniversite de Pau et des Pays de I'AdoWniversite de Bordeau¥Ecole d’ingenieurs en Envi-
ronnement, Georessources et Ingenierie du Developpement dufdEREMER, Laboratoire Environnements ProfontRoyal
Netherlands Institute for Sea Research

We present an ecological study of foraminifera from 4 deep-sea stations sampled in a pockmark field from the deep-water Nige
delta (Gulf of Guinea, Equatorial Atlantic Ocean). All stations are located very close to each other (less than 1.2 km distance)
Both sites GMMC-01 and GMMC-02 settle in an active pockmark where methane seepages were recorded by ROV observation
A third station (GMMC-03) is located in a topographic depression which is interpreted as a collapsed pockmark where no gas
seepage takes place. The site GMMC-04 is a reference station, without past or present seepages. The main objective of this stt
is to define whether fossilizing benthic foraminifera are reliable and relevant proxies to detect gas emission in relation to hydro-
carbon resources. We focus on living (stained) and dead individuals from present environments, and combine our observatiol
with an outstanding analysis of stable isotop&SC, 6'80) in tests of living and dead foraminifera. Our observations show
that degraded organic matter with low bio-availability is present at all stations with a preferential burial of organic compounds
in topographic depression (GMMC-03 station). Mudclast breccias cemented by authigenic carbonates (mainly aragonite) ar
recorded at both station of active pockmark (GMMC-01 and -02). There, prokaryotic consortia involved in both sulphur and
methane cycles underline that both sulphide production and methane oxidation take place in the sediment close to sedimer
water interface. Compared to the reference site GMMC-04, living foraminifera recorded at active and inactive pockmark show
only minor changes in terms of diversity, standing stocks and faunal composition. HowevEr3thsignal of some living and
dead (but well-preserved) foraminiferal speci€efatobulimina contraria, Melonis barleeanus, Uvigerina perepiganoder-
ately depleted in active pockmark compared to both other stations. This depletion may be related to (1) a discrete geochemic
imprint of anaerobic methane oxidation in upper sediments and (2) a potential effect of prok&atgetiepleted biomass as a
potential food source for benthic foraminifera. Overgrowth of authigenic carbonate on badly preserved foraminifera generates a
important shift to lowep'3C values. Whereas living faunas reflect "snapshot” environmental conditions at the sampling period
(November 2011) when seepages were likely discrete, dead faunas (modern thanatoceonosis) carry a reliable message integra
temporal variability of gas emission. They reveal major faunal differences that are quite reliable to detect gas hydrate seepages
different pockmark stages with some key-species @alimina marginataBolivina albatrossyunderlining periods of enhanced
methane emission and pockmark collapsing.
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Potentials and challenges on the use of environmental DNA to reconstruct deep-sea ec
sphere and environmental changes.
Potentials and challenges on the use of environmental DNA to reconstruct deep-sea ec
sphere and environmental changes.
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LJapan Agency for Marine Science and Technoladyniversity of the Ryukyus?University of Tokyo,*Bangor University,
SUniversity of Geneva
1Japan Agency for Marine Science and Technoladgniversity of the Ryukyus;University of Tokyo,*Bangor University,
SUniversity of Geneva

Deep sea is one of the most difficult to access environment, and consequently one of the most poorly known. However
deep-sea sediments and the organisms inhabiting this environment play a crucial role in the oceans geochemical cycles. Bentt
communities are often well adapted to their local environment and therefore can reflect accurately the present conditions bt
also can provide insights into the past history of environmental changes. Unfortunately, except for a few specific taxa, mos
knowledge on deep-sea biodiversity is still missing. Deep-sea fauna is very patchy and rarity of most taxa adds to the samplin
difficulty using traditional methods. Environmental DNA (eDNA) presents the advantage not to rely only on living organisms
present in the sample. The presence of a species in an environment can also be detected using trace DNA left by the organi:
in the sediments (fragment of dead organisms, fecal pellets, etc). Recent development of DNA sequencing technologies led
promising results in the large-scale exploration of biodiversity from deep-sea environments based on eDNA using environmente
DNA.

Here we will examine the use of environmental DNA as a proxy to reconstruct deep-sea communities and estimate environ
mental conditions in the deep-sea ecosphere. We will present data obtained from deep-sea (500-9000 m) around Japan as v
as from worldwide deep-sea oceans to explore the potential use of eDNA as a proxy at various geographical and historical scals
and levels of resolution. The data obtained from Iheya North vent field in the Okinawa Trough allowed us to compare the signal
of eDNA along extreme environmental gradients at a very restricted geographical scale, while worldwide deep-sea eDNA surve!
provided us with information of on the global deep-sea environment history and colonisation. Potential of eDNA obtained from
sediments to obtain information on water column processes such as plankton blooms will also be discussed.

F—7— F: Deep Sea, Environmental DNA, Biodiversity, Sediment, Hydrothermal vent
Keywords: Deep Sea, Environmental DNA, Biodiversity, Sediment, Hydrothermal vent
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Long term monitoring of oxygen dlstrlbutlons at sea floor, Sagami bay, Japan.
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New evidence for halite co-precipitation during coral calcification
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MOTAI, Satokd* ; NAGAI, Takayd ; KAWANO, Jur? ; WATANABE, Tsuyoshi
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'Hokkaido University Faculty of SciencéCreative Reseach Institution, Hokkaido University

In the last JpGU Meeting, we reported halite grains in coral skeleton through the observation of massive coral skeleton o
Porites lobatéby Analysis Transmission Electron Microscope (ATEM). Each halite grain typically shows a square shape and
its grain size is around 80 nm. The spatial distribution of halite grains is inhomogeneous and seems to be independent on tt

arrangement of growth lines.

We observed new evidence that the halite grains in coral skeleton could precipitate during coral calcification. The electror
diffraction patterns from some selected areas including both an aragonite and a halite grain show that there are special crystall
graphic orientation relationships between them. In consideration of misfit ratios between some selective bond lengths of haliti
and those of aragonite, crystallographic orientations of halite and aragonite seem to be a kind of hetero-epitaxial relationship.

This is the first observation for a primary precipitated mineral phase other than aragonite in coral skeletons. The halite phas

in coral skeleton will provide a new perception for understanding the process of coral calcification.

Keywords: reef-building coral, calcification, biomineral, aragonite
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Ocean acidification in the tropical Northwest Pacific since the mid-20th century recon-
structed from coral boron isotope

Fiol wE— 1 iRifE ®E A 1 ; Huang Kuo-Fang); You Chen-Fengy; H-E Bisz @
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LERBRA2Z « P, 2National Cheng Kung University, Taiwah St A « B
LUniversity of the Ryukyus, JapafiNational Cheng Kung University, Taiwafifohoku University, Japan

Ocean acidification has been accelerating as a result of absorption of increasing anthropogenith€@mosphere emitted
by fossil-fuel combustion and land-use practices since the Industrial Revolution, which can be resulting in decreased surfac
ocean pH and posing a critical threat to marine ecosystems (e.g., Sabine et al., 2004; Orr et al., 2005). By the end of the 21
century, predictions based on different scenarios indicate that ocean pH will decrease by 0.3-0.4 pH units. Only a few long-tern
continuous observations of sea surface pH have been derived from Station ALOHA off the Hawaiian Islands in the North Pacific,
near the Bermuda Islands, and near the Canary Islands in the North Atlantic. A decreasing pH trend in the western North Pacifi
surface waters for 1983-2007 was estimated from the observational data of ocearnpa@i@l pressure and related properties
(Midorikawa et al., 2010). To elucidate the natural variability of ocean pH and assess the actual trend in ocean acidification mort
accurately, we must go further back in time. For these reasons, we rely on paleo-pH archives or other related parameters.

Massive corals, an informative archive of past ocean environments, precipitate annually banded calcium carbonate skeletons
a relatively rapid rate (about 1 cm per year), allowing for accurate chronological control and high-resolution sampling. Because
of pH-dependent isotopic fractionation between the two dominant boron species in seawater, boron-isotopic systematics in ms
rine carbonates provide a potential proxy for ocean pH in the past (e.g., Hemming and Hanson, 1992). Nevertheless, only tw
previous investigations provided boron-isotope time series from long-lived corals from the Great Barrier Reef in the South Pacific
for the last 300 years. Unlike seawater temperature and salinity records (Asami et al., 2005; Felis et al., 2009), no coral-base
reconstruction of long-term pH variation in the North Pacific has been reported.

Here, we generated an annually resolved 60-year-long (1940-1999 A.D.) record of seawater pH from boron isotope compos
tion in a Poritescoral collected in Guam Island, located in the Western Pacific Warm Pool which contains the highest annual sea
surface waters and serves as a heat engine for the earth climate. The first long-term continuous boron isotope-pH proxy reco
in the North Pacific from the coral provides evidence of a slight ocean acidification trend (equivalent to 0.05-0.08 pH units for
surface water) since the mid-20th century, although the critical factors that affect interannual variability remain unknown (Shinjo
et al., 2013). From this perspective, the results of this study will provide improved constraints on global atmosphere-ocean inter
action models and understanding of the future coral reef ecosystems.

F—TU— R Y2 dEE, R RECAKRL, pH, EFERRIEL, IO
Keywords: coral skeleton, boron isotope composition, pH, ocean acidification, North Pacific
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15N/14N mapping of the isotope Iabellng cultured foraminifera using ultra thin section
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Shallow water benthic foraminifer@@mmonia beccarii survive under anoxic conditions in conjunction with possible endo-
bionts. Based on the amino acid analysis, those endobionts are expected to utilize nitrate pool in the foraminifera. Howevel
nitrogen cycles in the foraminiferal cell and endobionts are still unclear. Here, we obtained two dimensional-nitrogen isotopic
compositions ofA. beccariiwhich had been incubated under oxic and anoxic conditions Withlabeled nitrate. After observ-
ing with transmission electron microscope to confirm cellular ultrastructure and endobiont distribution, same ultra thin section
was examined for nitrogen isotopic composition analysis using secondary ion mass spectrometer. Nitrogen isotopic compaositior
were measured with spatial resolution better than 400'ANkenriched parts were found in certain structures in the cell, but not
in the endobionts in this experiment.

F—T— F EAEALE, R, HAEMAY), S fRRE XA A E RO E
Keywords: Benthic foraminifera, nitrate respiration, symbiotic microbe, NanoSIMS
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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

Al RESEE o EDE BT ST s L
FURUYAMA, Seishird* ; KUNIMITSU, Yoko! ; KANO, Akihiro?!

IUNKRE

IKyushu University

ERBFNAARLRIE R « OB A b2 K U TR RIC L) 4%, HT & ks 7258 U TR U 7o ki 5
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
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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)

HIERIZME— B EEDEET B RIAETH B, T Ty EFEMTOERDZBEIYHB & RIGHIER - AEdE b ofi#iH
ICEWTE- L EHEELRMETH2M, ZORKIEAEZMRFINTOERN, Fh/zBid, A HE & WIHHEEDJRIA
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
HETRONZ, TOEZIMIBBNTHO ., 2MEEIETII A>Tz, Fio, RERNALL &b UziSR, IERNE
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%,

F—7— F: Nitrogen isotopes, Chemostratigraphy, Cambrian
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Dendroid multicellular thallophytes preserved in a Neoproterozoic black phosphorite in
southern China

FE AR D G 5 Ve I 2
DU, Wei'* ; WANG, Xunlian' ; KOMIYA, Tsuyosh?

LR EHIECRE (dE), 2 TR
LChina University of Geoscience®Tokyo University

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

AR b Ty BRI, Fo vt rFrr 2, d=VY 2 A3 KEHE L, s TR
SHIZUYA, Atena‘* : KAIHO, Kunio® ; CHEN, Zhong-giang; GORJAN, PaLﬂ : OBA, Masahird ; TAKAHASHI, Satoshf

HAERZEREBEER AR, 2 EE R, 2 T2 v R (B2 FIVAR) 4 BRI AR g R
!Grad. Sch. of Sci., Tohoku Uni*China University of Geoscience¥/Vashington University in St. Loui$School of Science,
The Univ. of Tokyo

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

1/1



J apan Geoscience Uni_on Meeting 2014 /0 d ,,

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

Union

BPT23-07 255411 F#f:4 A 30 H 10:30-10:45

RERERG & WU Z BRI IC U B eI L X 71 = X 1,

Oceanic oxidation mechanisms spanning the Snowball Earth and early animal diversifi
cation
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KAIHO, Kunio'* ; SHIZUYA, Atena ; OBA, Masahird ; YAMADA, Kenji ! ; KIKUCHI, Minori! ; SENBA, Naotd ; CHEN,
Zhong-giang ; TONG, Jinna# ; TAKAHASHI, Satosh# ; TIAN, Li? ; KOMIYA, Tsuyosh?

D BAERAER ARG ATFER A K, 2 A TR, 3 BT

Tohoku University?China University of Geoscienced/niversity of Tokyo

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
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Geochemical identification of projectile from the Upper Triassic ejecta deposits in Japan
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SATO, Honami* ; YAMASHITA, Katsuyuki? ; YONEDA, Shigekaz# ; SHIRAI, Naoki* ; EBIHARA, Mitsuru* ; NOZAKI,
Tatsud ; EBIHARA, Mitsuru® ; ONOUE, Tetsulff

LIUNREE, 2 WK, 3 BN RV A YRR, 4 EARR A HUN, 5 WIS T REAE, 6 REAR
IKyushu University?Okayama University>National Museum of Nature and Sciené&pkyo Metropolitan University?Japan
Agency for Marine-Earth Science and Technoldd§timamoto University

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

7)1l B—1*; ik 2 2 : Tetteh George M.; Nyame Frank k!
KIYOKAWA, Shoichi'* ; ITO, Takasht ; TETTEH, George M ; NYAME, Frank K2
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IKyushu Univ. Earth and Planetary Sctiparaki Univ. Dep. Education®University of Mines and Technology, Tarkwa,
4University of Ghana

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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JFAERAIIAIC BU 5 R BRI & L@ IEIC B9 2 HIERILZERTBIFSE

Geochemical study on the variation and stability of atmospheric oxygen in Paleoprotero:
zoic

FRORE i T s BEIAR BEN L B 95— 1 AR SR 2 A B3 R BSE 3 2 BRIR L hukd fEsE 4 NI LT3R
N 3

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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K

PR ABRFEICE ) 2 NABRELE _
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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P~ > B IVIC I BALARSE &R © fE2 Y o XDRR .
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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HEREXRMD 7 L—Zalixip b T2 E R _ _
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
ZInRd B AHeME3 H 2 Y, AR HIERER I 2 5 C L3 TRV b o 7c, EFRAOKFERIFERE RIS N
TEL TV ERENZ D, TNERTHHEMEND LIZERICS W, I4hbb, BINHEBRICK > TEEROEHEK
DIHKZHIHT 5 L IIWHETH 2,

F—U— F: RUIEEE, =, REEH®R, &R, 7 L— X2 —, RIKfHEZE
Keywords: Late Heavy Bombardment, Hadean, continental crust, asteroid, crater, impact
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A=A U7 « Iy 7 )V ABEHERA-NV E SRSV a v ORRE
The first recovory of impact-shocked zircons from the Jack Hills metasedimentary rocks.
Western Australia

LLAS A B 5/ NEs
YAMAMOTO, Shinji'* ; KOMIYA, Tsuyoshi*

OO AR G S ER)
! 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
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Trace element variety of mafic rocks in the Acasta Gneiss Complex
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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
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Growth curve of continental crust on the surface of the Earth
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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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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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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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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

oA < S 123 STy e A B8 [ Y i SR 17 NI 38 LI /| Q1137 = Bl S L R IR ) (O Gl 2 N I I S = v ) ol
FUJINAGA, Koichiro'* ; KATO, Yasuhird ; HIEDA, Yuki! ; ARAKI, Shuhet ;: TANIMIZU, Masahard ; SUMINO, Hirochika
: SHIMIZU, Toru* ; NAKAMURA, Hitomi ® ; IWAMORI, Hikaru?

VHOUR AR ERE LR R o A7 LRIRCA I, 2 MNTATBGE NI EIFZEBAFEREAE, 3 U R A 2 R LR
JEHhEA L I ERIRR, 4 I A TEBAE N FEERANER G FZEIT, 5 B TR AR AR B T A5 Rt R R R A R

IDepartment of Systems Innovation, School of Engineering, University of Tok#dVISTEC,3Geochemical Research Center,
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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

ZINE ) 1
KOMIYA, Tsuyoshi*

VEEURY: Bt

'Komaba, University of Tokyo

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

R o 1 L O
NISHIZAWA, Manabu* ; MIYAZAKI, Junichi! ; TAKAI, Ken'
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LJAMSTEC

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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Reconstruction of tectonic history of the Cleaverville area in Coastal Pilbara Terrane
,western Australia
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AIHARA, Yuhei'* ; KIYOKAWA, Shoichi® ; TANAKA, Ryoji 2 ; NAKAMURA, Eizo? ; SAKAGUCHI, Chie?
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LEarth and Planetary Science, Kyushu UniveréBheasant Memorial Laboratory, Institute for the Study of the Earth’s Interior
at Misasa

The Dixon Island - Cleaverville formations of the Coastal Pilbara Terrane, Western Australia, is one of the most complete
sections of a volcano-hydrothermal sequence of the immature island arc (Kiyokawa &Taira, 1998). These formations compose
of the Dixon Island (DX) Formation, Dixon pillow basalt and the Cleaverville (CL) Formation. The CL Formation is uncom-
formably overlain by the Lizard Hills Formation. The Lizard Hills Formation was formed in syncline basin (66 Hill Member)
during collisional D1 deformation and pull-apart basin (44 Hill Member) during sinistral slip D2 deformation (Kiyokawa et al.,
2002).

In this study, depositional ages of the CL Formation and the Lizard Hills Formation (44 Hill Member and 66 Hill Member)
were examined by the analysis of U-Pb zircon dating. Zircons were measured using SHRIMP2 at National Institute of Polar
Research. Metamorphic age of the DX Formation was obtained by the whole-rock 87Rb-86Sr isochronusing TIMS (Thermo
TRITON and MAT253) at the Pheasant Memorial Laboratory, Institute for the Study of the Earth’s Interior at Misasa.

As aresult, U-Pb zircon age of felsic tuff in the CL Formation is 3108(+14/-7) Ma. Detrital zircon ages of the 44 Hill Member
showed main peaks at 3280-3200Ma and 3030-3020Ma. Detrital zircon ages of the 66 Hill Member also showed peaks at 330(
3200Ma, 3100-3050Ma, and miner group of 3700Ma. The Rb-Sr data define clear correlation line in the 87Rb-87Sr evolution
diagram which corresponds to an age of 2210+/-60 Ma.

In conclusion, sedimentation age of the DX formation is 3195+/-12Ma (Kiyokawa et al.,2002) and the CL Formation is
3108(+14/-7) Ma. The average of sedimentation rate in DX-CL formations is 2"3mm/ky as total thickness between these age
is 250m. After the sedimentation of the CL Formation, syncline basin (the Sity-Six Hill Member) was formed by D1 during
308873020 Ma. D2 faulting with pull-apart basin (44 Hill Member) was formed after the quartz porphyry (3020Ma) and the
massive tonalite became to expose on land surface. The Rb-Sr age in the DX Formation as 2210+/-60 Ma corresponds to tl
timing of Ophthalmian orogeny (214572215Ma) in the southern margin of the Pilbara Craton (Rasmussen & Sheppard, 2005)
The DX-CL formations probably had been affected by wide scale metamorphism at this timing.
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Lu-Hf isotope systematics of 3.45Ga Barberton basalts : implications for early mantle
evolution
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LUniversity of Tokyo, Graduate school of Science Department of Earth and Planetary SéEathguake Research Institute,
University of Tokyo,>Neison Mandela Metropolitan University

Bulk Silicate Earth{d N,BSE) D/ biEFEI, HIBREKIC I51) % e 0 ffi 72 SCiid L, HIERINEBOIREE A0k, < > b
IWHRIEEDRAFT IV AR RKRES L LI EZ SN, 6> T, BSEOMLEEZ IR 2 T &I, HBRDOHE(L 253
T B FTORERAIRTH B, ZDTDOMIIHTED—DIC Lu-Hf FEERAAHERL 0 5 5, T DFiEIE 20004
DU EOHIC 7 ORISR D X, HERD BV BN T E 72 Sm-NdR A G DR % T &, HBRIE A DGR TARL D A]
REMES, DT LWHITRAY Lu-Hf RINDIFZEIC K > TIHFSN TS (Rizo et al., 2011)

UA U, Lu-Hf 325851 7% K i A RERHT# I L 72 e T e D7 — 2 2 a2 84 )V LT &, DD RMEFRMEDIEED
FHhU ENS, —Dld, ZBREEORER Lo DFi L TV AR L Z 5 ThRVERDNEE L F, iEammhER &
NTWVWBE. 5D, a~vF7 A FO Hf AR & ZEED HE R AHEEZ FSNCH] > Tz L TV 2R TH
%o BREBDFEZ LoD LR LU THEm L TV T 2I3ERE LT Bk 2@ Uiz~ > M Vo bz
Himd AR, B XA TOEADENALE RTINS S T & OZU IR ERARIZEANE L, EB 50K Thiz
THM LTV T EERETHA D, FHS, SED ARSIV BIE, € gy WEFICTIEZR LIRS, OO THIZET
BHMHOSL— b7 FZ 7 ADEE 5Tz L FIREN TV 3 35EERTEROAEID, HOFERDOHAR L iz, axF 71 b+
IKESNTND T &R NIz,

Z T T, AWZE T, 35 EFERTEDOREAD Hf A AL 24119 % 728,34 55F M DR 7 U 1/3—3— F VOXRK
EHOEKEEE HE RINA D HT 21T - T2o BI{EIE, Kromberg Complex» SEREIE N 7 FE 8 YV IV DM &K 2, F OFEHIZ
4+ 8% 7)VT, 2801+ 690Ma(MSWD-49,20 ,N=8) &\ 5 Y2 /R U, & 7z, A A HIER 2B E D 5 K O ¥)
EHEERZRREL TS LIS N2 OAZR-NWS &, 207 4V 71 HRUE 3890+ 1100Ma(MSWD=9.62,2
0,N=4) Lz >tz B, pHdRIOEKENRD 3450Mak U CHE L 79k SH/T"Hf 1% 0.28043+ 0.00051T, T D
HRE2IY RIS A MO SOHMNETNTET &, ¢ H(3445Ma)ld 2.66+ 0.66& 755, TDT &, N—N"—kh VDX
REDY — A< 2 MV 354E4E K O LITIC B IERZ #8080 U, RS RSB L T e & 2Rd, £, flutiso
KTRERADFRINAARRL & Hf8 T, > MV HE FINAELARZHEE 32 &, FORUT 40 EERTIC A XY N 2250
U, LU/HF EEAY 0.2961C 75> T e & 35 ERIIHTE S T WMo, TO LuMHf thid, BSEOZN LD & HEICHE L,
MORB V—AX ¥ bV Lu/Hf #iPIN £ 722, Hit> T, KGO~ > BV, BIHED EE~ > BV E[FFEED Lu/Hf
DRERER L T\l eV o Tz, B, BRSHE N TV 3 Nd FINALL L A S DY Tiam s TV, 2N—3— k>
HH D < F7 A N LR EDRINARPELIEZHEZE L, 85— N— s IO < F7 1 b EXREDIED I 2 & 8TE
FRETIVORER Uiz, iz, ¥ MVAMEDHIERGER TITbN TW iRtk &, ZDRMMI S D A A= A LI K-
THREINTE R Z /R Uz, HEYHE, 7T— 251U, X 0EEciEmz Ll ONAICE L TITo 7
ETH 5,

F—T7— R = MVE(L, LR, )N— 83— k3, Lu-Hf, AR, FIRTASHT
Keywords: Mantle Evolution, Basalts, Barberton, Lu-Hf, Archean, Isotopic Analysis
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Major element composition and forming condotion of the hidden reservoir
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XTI =T v VO L FUCHEK < 2 RV IS, EARIEROHE( LK E OHE(LIC R E I3 8 % 5 2 1= HE
MDD B, LU, TOFFMIEAKRERRZENZ WV, AT T. 32 F I A MEA L HBROHE - <> ML ZEDE
7oA (BSE) DRHIC M2NdMUND DM D 5 T EMNIRE SN TV 2D, TG BRI E S Rt ERICE A
JEDFIHHIER TIE K & N7z D BHIERNERICFRE Nz, HIERANEBIC KR DN LICHRT 28D LR ENT NS, T
O TREENEE] OIS DOV TIERAL G ERENTETWVEMN, 2N ERTEHBRICIEERZ
WTTThMholee LU, EROCEHEMIERE NI EEOEEZHO . TR LT EA LU TSR 2 B R
L7zDh, The <y MV T LD ZdiN5 L TIFRICERE TH S, K> TARIZETIE. TORRE izl
JED TR TTEMRE RO B T20ic, WELBEDO~ Y FVO “2Nd/4Nd, “3Nd/MNd ROFKIO T, FEE NzBE
Jfi7%z D < BRlfRS 2 HeE LTz,

Solomatov and Stevenson(1993)k U, i LTV 74— v VT, AV D EES 5 DIEE S 10GPall
RO <~ MIVIRESTH B ATREMED &V, T OHEEITH DWW T, AL TR NcirElEEld 10GPall T4 Eh
HENGELT, ZLTTDREDE L, a2V FT A MEF & BSEDRID M“2Nd/M*4Nd (ED ZE I #E A 117% SmINdELZ TR
L. T Sm/NdELZ i 7z 9 0 mlfig s 2 e Uiz, TORMRICK D #0mli#id 1 GPaT < 5.2% 3 GPaT<3.2%. 7
GPaT<1.4%L 5 o7z, % LTINS DEBTRRE & FeA T DFERT — 2 72 AW TR E N B o 57 o=k
EHET B L. TNENREEGITRICEATZY LT AN, EJF4 b, aAXFT7A ko,

WEO Y FIVABHEL D &R T2 eEZ S L, XY MVEKXOFER TR TWzZ &iciz%, —/ T, KBS
IC K> TEROP AR I NS VW EHEE ENT VS, YV MVEERTREENEEC O D DO/NEIRE T RRE L 72 212iE, Y
VAT 2T HNENC EPRETH D, XV MIVDNEROIFCEN) Y AT £ 715 % alHErE. Korenaga(2009)c & -
TRBEINTWVS, TNHDORRNS, RS NRFREDO R TCZHRIIMEBTCRICEATZE I A M5 aFT
A~ THBAEEMED FE,

Solomatov and Stevenson(199R)yrnal of Geophysical Resear@8, 5407-5418
Korenaga(2009)Geophysical Journal Internationdl79, 154-170

F—T— F: RENTREE, #1585, 142 Nd/ 4 Nd
Keywords: hidden reservoir, proto-crust?Nd/**Nd
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Ditferentiation and material recycling of Archaean mantle estimated from North pole
basalt, Western Australia
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SANO, Ayané* ; NAKAMURA, Hitomi! ; KOMIYA, Tsuyosh? ; YOKOYAMA, Tetsuya ; UNO, Masaoki ; KIMURA,
Junichi* ; CHANG, Qing' ; IWAMORI, Hikaru®
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Tokyo Institute of Technology The University of TokyoZTohoku UniversityJAMSTEC

Mid-ocean ridges and hotspots are the prominent surface manifestations of mantle upwelling with different mechanisms. Ir
these domains, two types of basalts:, i.e., mid-oceanic basalt (MORB) and oceanic island basalt (OIB) occurare occurred, in th
respective settingsly. Recent statistical analysis on the global data set of the Sr-Nd-Pb isotopic compositions demonstrates tf
modern MORB and OIB are clearly separated: MORB is derived from a mantle source that has undergone long-term depletio
ina“ melt component , while OIB is derived from a mantle source with long-term enrichment in the melt component through
the recycling of subducted plate material (Iwamori and Albarede, 2008; Iwamori et al., 2010). Therefore, when plate recycling
started to develop the geochemical domains is of great importance to understand the material differentiation and evolution of th
Earth.

In this study, we present new trace element and Sr,-Nd isotope composition of Archaean MORB and OIB, in order to discuss th
differentiation of the mantle at that period and compositional evolution of the mantle for a longer period of the Earth’s history. The
basaltic rocks of ca. 3.5 Ga from North Pole in northwestern Australia have been analyzed, which include have been classifie
as MORB and OIB by their geological occurrence and stratigraphy in by Komiya et al. (2002). The rocks have undergone
greenschist to /amphibolite facies transition metamorphism (Komiya et al., 2002). The original rock compositions may have
been modified by metamorphism. In order to examine potential metamorphic modification of the bulk rock composition, so we
have measured composition of igneous clinopyroxene which shows original igneous texture, in addition to bulk composition, with
special reference to equilibrium/disequilibrium partitioning of trace elements between clinopyroxene and the bulk rocksestimate
the effect of metamorphism using partition coefficient.

The composition of North Pole MORB (NP MORB) and OIB (NP OIB) show slightly different trace element patterns. Some
spikes in alkaline elements and alkaline earth metal elements and variabilityety of the initial Sr isotopic compositions may resul
from metamorphic modificationeffect. The initial Nd isotopic compositions of NP MORB and NP OIB are similar to each other.
However, most of the samples hasldd<0, which is not typically expected for a mantle-derived basalt. characteristic is typical
for felsic rocks. The apparent elemental partitioning between partition coefficient of clinopyroxene and the eStimagkd
, as well as a relatively clear correlation between Sm/Nd and Nd isotopic ratio, suggests that metamorphism has also disturbe
Nd isotopic compositions even for clinopyroxene which preserves igneous texture, resultMd<i® of the bulk rocks. The
isochron may show the metamorphic age of ca. 3.1 Ga. These approaches, therefore, may provide a quantitative measure
metamorphic geochemical modification of us, we need to gain the original composition from Archaean rocks, and will be useful,
or even compulsory to discuss the true mantle signatures. to discuss the differentiation of mantle.

Keywords: Archaean, North Pole, basalt, mantle, isotope, differentiation
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Development of the African continent constrained from U-Pb chronology of detrital mon-

azite
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for Marine-Earth Science and Technology

Monazite, a light rare earth element phosphate, occurs as an accessory mineral in peraluminous felsic rocks and metamorpl
rocks from subgreenschist- to granulite-facies. Because monazite has high U and Th and low common Pb contents, it is sui
able for precise U-Pb chronology. In addition, monazite is moderately resistant to chemical and mechanical weathering, detrite
monazites are well preserved and potentially record the timing and nature of peraluminous igneous activities and a wide rang
of metamorphic events in their provenance area. Consequently, detrital monazites from large rivers can provide valuable insigh
into orogenic events in the drainage basins on a continental scale (Hietpas et al., 2013). In this study, we have determined U-F
ages of ca. 100 detrital monazite grains from the Nile and Niger Rivers, which give chronological information on orogenic events
in the African continent with a high time resolution.

The African continent comprises several Archean-Paleoproterozoic cratons, which are rimmed by orogenic belts. A signifi-
cant part of igneous and metamorphic basement rocks are covered by sediments and therefore inaccessible to in situ sampli
at present. Considering that detrital monazites sampled from river sands would partly be derived from the currently inaccessibl
basement rocks over an extensive area, U-Pb dating of detrital monazite from large rivers can provide chronological informatiol
of the basement rocks complementary to studies of the exposed geology. The samples used in this study were collected at t
river mouths of the Nile and Niger Rivers. The sand samples used in this study were previously used for zircon U-Pb dating
and Hf isotopic studies by lizuka et al. (2013). Monazite grains were newly concentrated from the river sand samples using
the conventional magnetic and heavy liquid separation techniques. Monazites were randomly hand-picked from the aliquots c
monazite concentrates and mounted in an epoxy mount. Before analysis, each grain was imaged by BSE using FE-SEM to che
elemental zonation and the presence of inclusions. Monazite U-Pb isotopic dates were measured using 200nm-FsLA-ICP-M¢
Reference monazite 44069 (U-Pb age 425 Ma) is used to correct for instrumental Pb/U fractionation.

The monazite grains from the Nile River gave U-Pb ages between 560 and 2100 Ma with a dominant population at 580-80(
Ma. Furthermore, the U-Pb age population indicates a sharp peak at 600 Ma. The age peak at 600 Ma of Nile River sugges
metamorphic and/or felsic igneous events occurred at that time in the drainage basin, probably related to the collision of the Ea
and West Gondwana continents.

The monazite age population of Niger River is dominated by Neoproterozoic ages with the most prominent peak at 580 Mz
and peaks at 625 and 645 Ma. The peaks shown in the Niger River monazite (580 Ma and 620-630 Ma) correspond with thi
timing of previously known orogonic events in Northwest Africa. A peak at 620-630Ma is consistent with a metamorphic event
at ca. 625+ 29 Ma, likely related to the collision of the West Africa Craton and West Gondwana continent (Agbossoumonde et
al., 2007). The other peak at 590-600Ma is consistent with a cat54®/4a post-collisional igneous event at the Pan-African
Belt in Cameroon (Kuekam et al., 2013).

The age difference in the most prominent peaks of Nile and Niger monazites suggests that the timing of orogonenic event it
Northwest Africa was prior to that of in East Africa by ca. 10 Ma.

The accumulated monazite age distribution shows populations at 580-590 Ma, 630-640 Ma and 710-720 Ma, correspondin
with the timing of Snowball Earth glaciation events. The chronological correspondence can be interpreted that the multiple
Pan-African orogenic events during the Gondwana supercontinent assembly enhanced the rates of erosion and weathering
supermountain building that in turn decrease atmospheric carbon dioxide concentration resulted in glaciation.

F—T—F: EF YA b, U-PbiZ, LA-ICP-MS, 7" 7V 15di e
Keywords: monazite, U-Pb age, LA-ICP-MS, Pan-African
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Significance of serpentinization of lower crust in deep-sea hydrothermal biosphere
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Production mechanism for hydrocarbons in serpentinite-hosted hydrothermal system:
Hakuba Happo hot spring

JEH B by REPRE—RR L ALl s 2
SUDA, Konomi* ; UENO, Yuichird' ; MARUYAMA, Shigenori

DR KB HIBRE R R, 2 TR HIBR A A S8
IDepartment of Earth & Planetary Sciences, Tokyo Institute of Technokiggsth-Life Science Institute, Tokyo Institute of
Technology

Serpentinite-hosted hydrothermal systems have been considered to be important environment for birth or evolution of earlie
life. Serpentinite is a rock that results from the geological processes of hydration and metamorphic transformation of ultramafic
rock from the Earth’s mantle. Although ultramafic rocks are rarely exposed at the surface of the Earth today, they were likely
to be an abundant component of the early crust owing to the higher potential temperatures compared to the present-day man
[Komiya et al., 2004]. The presence of hydrocarbons has been reported in serpentinite-hosted systems at not only seafloor k
also continental settings [e.g., Charlou et al., 2002; Proskurowski et al., 2008; Etiope et al., 2011; Szponar et al., 2013]. How
ever, production mechanisms of the hydrocarbons in serpentinite-hosted hydrothermal systems so far has not been satisfactotr
understood. In this study, we conducted chemical and isotopic analyses of hydrocarbons from a continental serpentinite-hoste
hydrothermal system; Hakuba Happo hot spring in central Japan. Hakuba Happo hot spring is situated in the ultramafic roc
body and is a site where serpentinization processes are likely to be ongoing at low-temperature & $Buéia et al., 2014].

The water at Hakuba Happo is strong alkaline (pH0.5) and rich in H and CH,. Gas and water samples were obtained directly
from two drilling wells in November 2013. Water temperature, pH, dissolved oxygen level (DO), oxidation-reduction potential
(ORP) and salinity were measured at the sampling points using portable sensors. The water temperatures and chemistries w
almost exactly the same as that at previous investigations conducted in 2010 and 2011. The hydrocarbon constitugnts of CH
CyHg, CsHg, iso-CyH;¢ and normal-GH;, were detected from gas samples of Hakuba Happo hot spring. We report the isotopic
analyses of hydrocarbons and discuss the process of hydrocarbons generation in serpentinite-hosted hydrotherniél systems.

F—U— R ERCEBVKR, BRALKER, BN HT, SRR 5 Rk
Keywords: serpentinite-hosted hydrothermal system, hydrocarbon, isotopic analyses, abiotic synthesis
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Geology and biology of the Shinkai Seep Field in the Southern Mariana Forearc

INELZEZ b E R I e 2 S AR 2 o EERK S Db — v =t N U O KPS B
g

OHARA, Yasuhikd* ; TAKAI, Ken? ; WATANABE, Hiromi? ; KONNO, Ut& ; ISHII, Teruak? ; BLOOMER, Shermah;
OZAWA, Genk?P ; ONISHI, Yuji6 : FUJII, Masakazl

Uit B ORZZ TGS, 2 R ETSE RN, 3 DRI ELRISEI, 4 4 L 3 VNV R, ° ALK, © RILRE, 7 3K
KE&HEWTZE T

I'Hydrographic and Oceanographic Department of Japdapan Agency for Marine-Earth Science and TechnoldBykada
Geological Institute?Oregon State UniversityKitasato University’Okayama University! Atmosphere and Ocean Research
Institute, University of Tokyo

FRRGRES U 7 FilET v L 2 Y v —ilghiIER 80 kmic (i d % [ LAMWFE/KEL (Shinkai Seep Field; SSF (3.
XYMV ASAEIRHES . av ) A 2L e T EAERERRTH S, INETICya v Y 5, HERW)
DTN T % A 2 > DFKRICERT 280 (HAMEE - Milgh 77 - R b5 772 E) & miROBERIVKRICAE
B3280 (HIRIAVT L -l b 5775 E) OREL 2HENHSN TN, SSHCBWTY Y MVITE DI
IKRICERST 22T A BMIIS TRAEN L EoT,

SSFiZ. 20104 9 H D YK10-12#i#Fic 13 % T LA 6500 I KB FEER~ Y 7 F RO > RV A B AED R Y
Y THEOBICGERICBHER I N, L L, BERICIZ, Y MUhALAEEY YY) HABHORIUTIEZRRIN L
72E 00, KR ORI Z 5Tz, T D%, 20124E 1 HD R/V Thomas G. Thompsolt & % TN273ffi##c
BT, WERIRY A RAF v YV F— (IMI-30) 1CX % SSFORSITRES v ¥ 2 792 U, iR O R SR
A A=V EEE Uz, ZORR. SSFdu— Vit o < w7 v RICEEL TW S A[gEEA R E NIz L FEIERC, ZD
XTIV R~ Y 7 RN 2 8AFEE LTV B A BEAVR E Nz,

T O LWMEHEARRAERER O - HIER(LS. - £V - MAEYZ 2R 75, ROFZENZET T 20134E 9 H
IZ YK13-08 i BT [LAM 6500] IC X 2FEZFEME LT @ (1) SSFICBWT, TLAM 65000 DFMICKD
KN b DOFER « BE - /KOFEEZTTS Tk (2 KAHRES Y T TREND YV FIC SSFE [ARRIRIEKRDFE
ELTWS, LOIGHMERTESDTZEOMAIZITS T & (3) HREEZSH. FEE~ ) 7 F il A5 50
B, 975bBH SSFE WV A EMBEOIFET 2y 70 YV OMRZZREHZTEDETHT L,

YK13-08fiiig Tl 55 136218, 5 13651845 & U 13661 Ml 5\ T, SSFEF L. HefW o 7 abkEre. &
VAL, —AF U BXUREBKZIC X B 80K, IBEBERB X OCIREIEZRfT 2 L Hic, RBIEF L=—%F AL,
YT T Uz, £z, 5 13631 & 5 13641 ic BV Tk, SSFOFE A 7 km DR} i O M i £ 7 52
L. T TRTHACEIL LD A D AED SRR EN TS T &R Lz, — . SHOEBNEHIEDOR D Tld.
SSFLIMTHT T2 7518 /KREFHATZ T EMNTET, e, KEREA A=V TRENZTXTOO—A)VEHEREED <
Y RIMBKRISHE LU TV BRTIE RN T EDRERE SNz, AEFE T, YK13-08fiiEIic B> 2 R ZHH/T L. SSF
DOHIE & W Diam 2179 o

F—T— FALEARERER, IERCA, LAWK
Keywords: chemosynthetic community, serpentinite, Shinkai Seep Field
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Deep-sea hydrothermal vent fauna on the Central Indian Ridge

JEEE #4335 1* ; Beedessee Girish
WATANABE, Hiromi'* : BEEDESSEE, Girish

VTR RN, 2 =) ¥ v AHEHENTET
1Japan Agency for Marine-Earth Science and Technoligguritius Oceanography Institute

PEBBVKIE LTS, BUKIEHHIC & - TR E N BER(LAAVBRBAC IS U CEMID A LT B, C OMIETIE,
A > RPEIFRHIC OIS B 4 DOBUKIEHIK D EWIEE CBIE S NI LMD R L & B 7O, fises > Rk
539 % BUKIEIRBRIC 3503 5 B R ORIREEE, X0~ RIS MK AN 35U 5 PR kI
DVTHIET Bo A > FIEBUKEGHIIC 15U 2 EPRHEORIILBIFRICIE S N TV BB, o > RIERUKIE B YT Rf
DI & > THBMIC 7R 2 AR, HFRHOWFEIC 03 % BUKIEH AR O B ES X OB A5 8o
—HHEICE 5T, JERICEEAL DL BESS,

T R LS AR, MR, R

Keywords: chemosynthetic biological community, biogeography, faunal similarity
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A trial on evaluating hydrothermal system evolution using geochronological dating and
biological diversity analyses

REAS DERE 1 P ML 2 KRB S NG KR A R 5 BT S Ak AR T
KUMAGAI, Hidenori'* ; WATANABE, Hiromi? ; YAHAGI, Takuya® ; KOJIMA, Shigeaki ; NAKAI, Shun'ichi® ; TOYODA,
Shirf ; ISHIBASHI, Jun-ichird

U BRI RIS 7 0 Y = U b, 2 ML BRTERRS, 3 UK AR AR B R 2 E R, 4 SRR
REGBEIFZERR, 5 RGO AHERTZERT, © MBS R AER IS HYIEARL, 7 FUNREAR AR AT IR R R 24
!
'Submarine Resources Research Project, JAMSTH@pan Agency for Marine-Earth Science and Technold@raduate
School of Frontier Sciences, The University of Tokyétmosphere and Ocean Research Institute, The University of Tokyo,
SEarthquake Research Institute, University of Tok§Department of Applied Physics, Faculty of Science, Okayama University
of Science’Department of Earth and Planetary Sciences, Faculty of Science, Kyushu University

To elucidate the evolution of hydrothermal activities, we conducted an interdisciplinary study including geochemistry and biol-
ogy to develop a method of obtaining reliable age information. Because there was a small amount of constraint on the lifetime o
activity at hydrothermal sites, this study is one of the principal goals of the TAIGA-project,"Trans-crustal Advection and In-situ
biogeochemical processes of Global sub-seafloor Aquifer” funded by a Grant-in-Aid for Scientific Research on Innovative Areas.
As geochemical dating techniques, two methods applicable for hydrothermal ore minerals were developed and improved to fil
the gap of the time-ranges in the conventional dating methods: electron spin resonance method and uranium-thorium disequilil
rium method. Cross checks between the two methods generally showed good agreement for the range of hundreds to thousa
of years. Except for the extreme values for each hydrothermal site, geochemical ages exceed 9ka for the southern Mariar
Trough and for 16ka for the Okinawa Trough, respectively. As biological analysis, the biodiversity among faunal communities
in the targeted areas was analyzed at the species and DNA levels. In the southern MarianaAlvaugbrncha gastropods and
Neoverrucabarnacles clearly show the greater genetic diversity with greater distances from the ridge axis, which fairly corre-
sponds to the geochemical ages for ore minerals. In the Okinawa TrBag¢ffyacmaedimpet showed greater genetic diversity
at the Hakurei site in the 1zena Hole where the ore minerals show oldest ages among the studied sites (Fig.).

Species and genetic diversity of the local fauna were not always correlated to geochemical dating, either in the southern Mar
ana Trough region or in the Okinawa Trough region. Although the results are not simple, comparison of age information obtainec
from analyses of these two disciplines potentially provides important constraints for discussion of the history and evolution of
hydrothermal activities.

Figure caption (upper): Genetic divergence of COI gene indicated as mismatches in base sequgattgaaiaea secunda
limpet of the Okinawa Trough. Scale bars are shown as five mismatches of partial COl sequences. (lower) Geochemical ac
range determined from the sulfide and sulfate deposits in Okinawa Trough. Active sites are shown from approximately SW tc
NE. The left-hand side is the southwestern end. Colored bars represent reliable age ranges for respective sites. The localiti
are denoted as follows: Yg, Daiyon-Yonaguni Knoll; Ht, Hatoma Knoll; Ir, Irabu Knoll; I1zh, Hakurei-site in 1zena Hole; 1zj,
JADE-site in Izena Hole; Ik, Iheya North Knoll; Yr, Yoron Hole; Me, Minami-Ensei Knoll.

F—T— R HBREACE, L2 RRPEfRAT, MBI RO, A Y HIG, D5 -t U o LR, SR E T
Keywords: geochronology, biodiversity, TAIGA-project, ESR, U-Th disequilibrium, mitochondrial mismatch analysis
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D
Chemosynthesis-based ecosystem discovered on a Cretaceous sea turtles from Japan

¥z VE X TS b 1 Kaim Andrzef ; F4F AT 45 TR ® ;R SO
JENKINS, Robert* ; KAIM, Andrzej? ; MORIYA, Kazuhirg* ; HIRAYAMA, Ren? ; HIKIDA, Yoshinori®

L SIRR2EHE TG B 98 A T L%, 2American Museum of Natural History; Instytut Paleobiologii PANEREH A
BRI, 4 BINRAR AR HARARIZERL, 5 I 2O X 2 — 27 Lk > 2 —H) 1T B 2RGE YA

ISchool of Natural System, College of Science and Engineering, Kanazawa Univeksiigrican Museum of Natural History;
Instytut Paleobiologii PAN3Faculty of International Research and Education, Waseda UnivelGitgduate School of Natural
Science and Technology, Kanazawa UniversiNakagawa Museum of Natural History

TRUFDEIKD A 2 AFKICHOL T AL 2O A RERIE . 087 EOKRBBHEBIYIERICE KL T 5. A eny
HARF 2—T T — L5 ED(LEE KRB OB TN RICK 5 &, TS O FERHI BN E RO
BT, BEOBUK « XA R HKEREAOEILE Rz Uiz adng (TEEOMRTAIGE] Distel et al., 2000. #HiE T
fiskihd, PRI ES EH (HEEE OEMIUEZEERERERDBIL TV EMEnTWS WEEhisE, EE
BEREEPHEN TV ). HERIITEEBUINC & 2R OMETERENES L T eh, EEELIN O T R
EALEE R AERERDEAL L T ORI TH - Iz,

S, JuiEEh RO EEdR A 2 R=T VBN SR LIcA T HARO Y 2 4 A (Mesodermochelys
sp) OEFLSENA ATV ZFRIEREE, NF A CHRER) BHRELEZ. WINe X2 U FKEEEDEE, &5
BEREOTELR DR CH O Jenkins et al., 2007; Kaim et al., 2008, 2009°), 7 I A X FD@EILIC LI AR AERE
ZBAT U T WO Tz BEME DY E O

e 0F RGN ER L Adiic B0 T, wEEUNOWERRIIC & L2 S RERERD O L TV
T ERBENT B, A AT AWK O KB N RO —DTH 5. Lieh> T K-PolEiiz: &
WEC T2 2 AREAOBEELIC RN T B AERERER DY, RO ERE L RO REERE DRV TV aTREED
H5.

F—T— R U IR ACAERBEE, a TR, Ha T
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A chemosynthetic community on plesiosaurid carcass: with focus on distributions of mi-
crobes and invertebrate fossils

O ANE 1, Yz rF X 13— b 2 Kaim Andrzej ; /INK TR A BRI 2560 4
MORIYA, Kazuhiro'* ; JENKINS, Robe# ; KAIM, Andrzej? ; KOBAYASHI, Yoshitsugd ; ECHIZENYA, Hiroki*

VSRR AR A ARRAIZE R AR S AT LRI, 2 SRR TH A A2 X 7 L3R, *American Museum of
Natural History; Instytut Paleobiologii PAN, At K 2EFa & 1A

IGraduate School of Natural Science and Technology, Kanazawa Univégsitypol of Natural System, College of Science and
Engineering, Kanazawa UniversiAmerican Museum of Natural History; Instytut Paleobiologii PAMokkaido University
Museum

lFCslT

(L2 AERERIE A 2 /KL BUKIE LR R T B EREIICHONI T 20, EDXSICTEDEBELDEAS M. TC
THEZON, fHERE LTINS GSER & OKMEHEIYOBEN DL 2EERTH 5.

WS IS PE AT B B DTS OB T U B L/KEA R U T A X FKREVKE AL L DO RER DR E N 5.
C OERERIFEREE L HEN, JTET BIHK « BURNOEYIHHD RO & UTHRET % & B2 5N TV % (Smith
etal. 1989) C DHZRZMGEET % T MERFRO R BHEEYIEILIC T T 2 FRRDEENEETHSH. LTAD,
IR ORI HEBN Y ALIC BT 9 2 AR REROF R L T NE TITbh Tl e o 7z

AT, (LAERAERRDEOL L T e E R O EHiER (Kaim et al., 2008 xf4ic, 1) B EHEEK
ICHPES B DOFEE B2, FIFOWKAERERD SENT 2(bG L tikL, & EEE#MNMEAa K@ o nmh
O RCAL ELUTHEEL TW e ZHISNIC L, 2)F, WAEY, HE KA OZEMI izl 5 M LT EEEEY
KOOI BAERERZE L L.

YROIEREREFE

- AWFZETIE Kaim et al. (2008a)C & - T T Nicy Bt (tiEE AR S YRR UHR33109; dtifEE Mg
BT IR IO O B AR F o — 0 =7 VB~ =7 7 VN S E) B Uz, BIET U MR, i, BERbE,
sl = AN =Y D R

« FERUEA OB A 2 ML, EHEOHERERRES 2 P, FEADNREBIZE, X CTIGGOBEEITY, B
HOHEE LKA DR, BREDRIEREZTNR. NEREOBIEHE 714, EEmICEEIC, £z, HEOEBN,
B BREDFFIREEELXIICEAVYEY RTUAY =Y —TYIM L, WIEL. Yk R AN & (R
B (), EAEFEMEE (SEM) Z W TEIEL, EYRSENCiE> ZHURR EZadik L7z,

- HpE LA EEI L, RARBEMBI® SEMIC KB BISE1TY, nlEERBR D FEc 0 Uz, b G 2 dbisE S o H
ffifd X % Bk EED{EAT (Kaim et al., 2008b; Kaim et al., 2009 Fbiig L 7z.

- DL EOEIRZRSG LTl EEERICHOT T 2 LA A A REROE T L BRI DR A\D 5 OH 2 MG Uz,

ER

(BRAOIFIRAE] ORI > TV S ERT, BRmEABIE S NI L T\ A&, oo 3
ERBEIC /0 TRl L7255, EioBEEREIZIFEACHEI N TOZDIIH L, FETIIEIETOREMHMIMEES N
TWiz, WmEicB N TE, ORI EwmREINI0BEHL TV

ULPEb]) e b D 81%& AbyssochrysoiddRt Db A E R C&H) Tholz. TOBHD D ZZHIICHR
FMUEER 2R IBIEENE PO K -T2, HELARE EIcZ LTV

(BERmOZUE] BOERMICITE 10 p mDOSE mmOKRMZEIUE L IRRKERZN 8 p mLLFTT 4 T A MROM
INEFUED R SNz, KZEUEIZRD 3 2 A SICXK D TE. ZAT A IR ZE & 720D BIEAIVNE VWK 5 &
HICZEBDH R, ZA T B FIROKERIN, XA T CEES0 u m Tk xIVIROI. KLU E EERIcs
HELTWe TN UER, BEEOESILUT 0.1 mmlLE, 0.l mmE T Lz A, & EEE EMmd
ZELRDEEIDIEN o Tz, WUNEEFLREICIZ SA T4 FAFEL Tz,

%

HEBEED B LI LA A RO 3 BIE TR THTRA 2 Vlkh SEH LTV, DD, HEEEEI
D TROLT ) & LTHEEL T B L

WUNGEILIELE, Z DY A1 X ETHRE, BLKEDIAER RS S 54 NGB 5 - 12 T L 752 & 0 B HE R LA
TGRS o T2 B Uiz, KAEHLURD S B, BILTHO/NE AU (X107 A) ISR NO AR I 5 k52

1/2



Japan Geoscience Union Meeting 2014 (0)

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

Union

BPT24-05 2155213 FFRd:4 A 29 H 10:15-10:30

ANF L L RO RZFDEYOEM 2 EZ 51 %, AbyssochrysoiddFl D2 ERERIZ NI TV 7 <
FEBTETEMHENTVS. TNHDERERGT %L, BICIIMARIEMEIEL L, ZhN%k Abyssochrysoid
HREENE L, FRFICR R T AN LIROEYIDENEEY 20T 2 7o D ZEFLIEZE > Tz b v S A EREG
MF 5. £, ERICHD - REGUERILPERIREENZ S ML T id, EENE MR E TICET 2K
MMNEL, ZORMOBESIR THIHTE %.

E el

- AHfAd TR EREEEMEESRIIO D TIROA ] & UTHEEL Tz & ZH5 MM L.

', EY), HPERRVEYIOZRIS AL L TEEEEBICHNLT B EEREE LTSN TE.

F—U— R EERE, BRE, 20, ZUR, (LEE IR, 0D TROCA
Keywords: Reptile fall, Plesiosauridae, distribution patterns, borings, chemosynthetic molluscs
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Paleoecology of the Upper Cretaceous echinoderms from cold seep carbonates in Sou
Dakota, USA

IR W L RS KRR 2
KATO, Moe!* ; OJI, Tatsud

' R AR AISER, 2 2t B A

LGraduate School of Environmental Studies, Nagoya UniverSitggoya University Museum

miEAKkEE T 2E ) NSRS IR T 25 L THIBNTED, ZOREICIEZHEIHH
BDNEENTVBED, 66k, MEEFMREEALHEINTOEN>Te. Uh LIRE, (LREREHE & U TOlKR Y
OFIMNELE « LA HICHRE SNRDO TV S, AT SICHET 2RI ARETOEONE L, Fibaicsunaid, @
KRS <™ > R S OREZEIVI b DG DB T, SIEZEY) & s /KOBERIEEN Tld W,

KRBT S & 0 FEH I 2L AR DS TE/K X Z > L OB D ORISR, ZOELE o2 mE U TS »
K95 &, U T DORREERBICHEZ YD ED X 5 IELEL LTz EHOMCT ST E2HNEL, dE2k
South DakotaNFEPEAEIC 73419 % 41 27327 V[ Pierrel i HIC 2 < fFET 2 mE/KIRIEIR G <V >~ REFO 7« —)V Fal
BRIToTe. MEKREESS Y Y R2H 2L 7 &L, Uy RE, ZIHBiT B10m 0O - BEIROBIZ 1>
To. EHIEABROBRIEHZIE L5 2T, {bAaBEEmOEkHo § BCMEEZREL, Z Oz imEKEN &
DT B EIYI LA O & LiRS 2 2 & T, TNHIbAMRZEIYMEHT % A 2 > & FZERIC & OFEERTE U 72 4B 1
L TW O

74—V FEAEOKER, EHT2EAHOZREDBET 2 RBEAR T TE BA5 T ehbhoiz. TOEDEEE
EOL, KBEASDOEEIREDOMICEZEDTH S EZONS. (LAHEOZHENSWIGATE, RKEBESDEN
Migh@RE LTz ZZ BN, BREYESOEEEOEYAVERET 2 DI U REZ IRt L Tz EHEIIE N 5.

§ BCHZENE UTFER, HIEAOFENRGHN EEZ 5N IBEKOIEA T 2 ) 13-25%Hi%DEDNE L, WHiE
KM B EDY 22 ((1072%0) MO (-10%™) KD ENEDIEWEERE R -T2 Tz, HiFEKkOY
VMDY I AV IKIERSNEWVRRNGIEEZ L THED, § BCHDEREGDLETERS L, I I3mE/KER
BR#EISEE L, (A RKICES U ENE 2 UL TWORATREED SV EHEIE NS . —5mE/KD T =0 § BCIZH-12
%o & LEBZIERNDS, IBIE/KDY 2 ) LIRS EEWEZR L. LHALINSOY ZSHICEAL TlX, BN ORI
EOBIZZY Mg EEOFHUIOFE R SERRIEFH DR ENRNEEZZ NS T2, § BCERBWAAEN B2 L TV A]
RS, T SRITEEKUNOBRENSEHTE2ED LKL TE Y I AVIEFEDORKEREREROEATZED S NTN
e, TNHOY ZHIMEZERICIERE G LTE 5T, mF/KICHET 2RgREaZ(F0 e UTRBAEL TEnlElkd
EZb5N5.

F—=T— R K, ECENY, R, (A G R

Keywords: cold seep, echinoderms, paleoecology, chemosynthetic community
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Molecular phylogenetic evidence for host switching in chemoautotrophic symbionts of
deep-se&alyptogenalams

ANEE TR T R B S A B2 R HEah 2 B K2 ik TR 2 Shul 1 2 S 2
OZAWA, Genki* ; KANEKO, Takasht ; SHIMAMURA, Shiger? ; TAKAKI, Yoshihiro? ; KOSHIISHI, Takeshi ; KATO,
Chiak?? ; MARUYAMA, Tadash? ; YOSHIDA, Takad

VIR E R EBEE A R ETER, 2 EUSA A T 7/ b O —EPPER, 3 M A TBOE N BT R FEREAS
!Department of Marine Biosciences, School of Marine Biosciences, Kitasato univéEigyo College of Biotechnology,
3Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

Calyptogenaclams are living in deep-sea chemosynthetic habitats and globally distributed in seeps and hydrothermal vents
They are nutritionally dependent on chemoautotrophic sulfur oxidizing bacteria, which are harbored within their gill epithelial
cells. TheCalyptogenasymbionts are thought to be vertically transmitted via clans egg to the next generation. Both host
and symbiont are though to coevolve, because topologies of the phylogenetic trees of them form a mirror image. However
their phylogenetic trees have not been robust enough for analyzing their coevolutional relationship, because of using partial ger
sequences of host (mitochondra@ix1 and rrnL genes) and symbiont (16S rRNA gene). The possibility of lateral acquisition of
the symbiont has been reported in so@&yptogendineages. To improve the phylogenetic tree<aflyptogenaclams and of
symbiont, we sequenced the mitochondrial genomeSaiyptogenaclams, and several their symbiont genes, and analyzed the
phylogenetic trees by using the concatenated sequences.

Mitochondrial genomes of. phaseoliformis C. okutaniiand C. fossajaponicavere sequenced. Based on these mitochon-
drial genome sequences, primer sets for PCR of mitochondrial genes ofGahgrtogenaclams were designed. Using them,

11 mitochondrial genexbx1, cox2, cox3, nadl, nad3 nad4, nad5 cytb, atp6, atp8and rrnL) of other 8alyptogenaspecies

(C. fausta C. kawamuraj C. kilmeri, C. laubieri C. nautilej C. pacificg C. soyoae C. stearnsj were amplified by PCR and
sequenced. Eight genes (16S rRNA, 23S rRN®A, uvrD, mfd, groEL, groESandgyrb) of symbionts of thes€alyptogena

clams were also sequenced. Phylogenetic trees of clams and symbionts were constructed by maximum likelihood and bayesi
analysis based on concatenated 11 mitochondrial and 8 symbionts genes, respectively.

The reliabilities of phylogenetic trees of the hosts and their symbionts were significantly improved by using the concatenatec
genes sequences (Fig.1). Bootstrap values and posterior probabilities of inernal nodes were better supported than those of 1
previous phylogenetic trees using partial gene sequences. Topological congruence of host and symbiont that was support
by bootstrap value (100%) and posterior probabilities (1.0), was showh akutanij C. soyoae C. kilmeri, C. pacificaand
C. fausta These results suggested that these symbionts were cospeciated with their host clams (green boxes in Fig.1). Althoug
the topologies of host and symbiont were congruent Withiossajaponicand C. phaseoliformisthere were the low bootstrap
values and low posterior probabilities in the host clade.

Topological incongruence between host and symbiont trees was shairkawamurar C. laubiericlade andC. nautilei -

C. stearnsikclades (Fig.1) Congruence of topologies was rejected by approximately unbiased test using sitewise log-likelihoods
(red branches in Fig.1). This result suggested that these symbionts have not cospeciated with their host clams. Host switching
the symbionts in the clades & kawamuraf C. laubieriand C. nautilei- C. stearnsiivere examined by coevolution software,
which compared the topologies of host and symbiont. Host switching is the event that symbiont is transferred from a host to ¢
new host in a different lineage during speciation. The host switching of symbiont betd@wamuraiand C. laubieriwas
suggested by this software. Moreover, both clams are living in different depths of the same area (blue box on Fig.1). Howevelr
this software did not suggest the host switching of symbionts betWeeautileiand C. stearnsii They are living in different

areas. In this study, we show the phylogenetic relationships of cospeciation and non-cospeciation species with the symbion
among examined 1Calyptogenaspecies. It was suggested that topological incongruence of host and symbiont trees in clade of
C. kawamurar C. laubierimay be due to the host switching

F—U— R HE vavy i, HEl, 15 R
Keywords: symbiosis, deep-s€alyptogenalams, coevolution, host switching
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FRIEEEN DERA S Nz / F—)ba ) A D2 JErerRd _
Two forms of Calyptogena (Ectenagena) nautilei recognized in shell morphologies

At WEf s rhUs AL 2 R SO il T RS B!
MOROKUMA, Akitoshi'* ; NAKASHIMA, Rei? ; FUJIKURA, Katsunort ; ANMA, Ryo? ; MAJIMA, Ryuichi!

LRRRENTRE, 2 FESERAMR SIS, 3 HErERT SRR A, 4 SR
LYokohama National UniversityGeological Survey of JapahJAMSTEC,*University of Tsukuba

J F—ibawy) }A Calyptogend Ectenagengnautilei Okutani and Mtivier, 19861%, KB D 6 A% Hicid
WEn, ok, RREMRRERH, H—mEEAEn, SNEEL iR As» SRR EN TS (Fujikura et al., 2000;
Okutani et al., 2002; Kojima et al., 2004; Anma et al., 201Qkutani et al. (2002)F, KrEHFER, BEFFMARER N 05
—F BB BIR UIAER, AEOROIMBICEHRELNSH S T LR Uiz, AUIZE TR, HREAK U Okutani
etal. (2002) TR E NI A2 ZTERECEHOEAZBR Uz, ZOME, BIpiEL NEHRORMIC KD, 200
ERERNC XA % T & MKz TGS 5.

BIRUREEARZ, KEBESOHEFEA MNHN 26983 (Nautile Dive KD-3) A2 A MNHN 26984 (Nautile Dive
KD-5), mIIEHEA MNHN 26985 (Nautile Dive KD-3YD 3 fil{Ak, FEEFMIARERIAID 4 fli{A (Shinkai 6500 Dive 615) fifllif
IO 5 fii{A (Shinkai 6500 Dive 889, 890, 891 —ri = F it O 8 fil{A (KAIKO Dive 189, 192, 193)CH 5. T T
DAIRICDNT, 2B M G NIRRT Hi R OB 2 1> 7. WIEES O 2 RIS DOV TIE, SEMIC X 5K
N UMW OB EIT> /2.

AR 11X, KRS Ok, AR 2 3B KRR, 95—/ = P R CRE RS OIRICERD ST,
TR FHFRNERROREIC K O XATEH T LN TE S, B 1 ONEREFETHZH, BRI 2 ONEmIEER
# 61-548um O CRKEEZ £D. T HIC, BRI 1L, EAROBRIGRIE MAZE B, GO EICRIE T3 kO]
Wzt b, BRMBATLIIENLE, EEM 2 EXFITZT ENTES.

F—TU—R: A AN TVUER, /F—)boaw ) A BIEHE, /RS
Keywords: Vesicomyidae, Calyptogena (Ectenagena) nautilei, Shell morphology, Hole-like structure
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FHELE G S b 225 A YIRS B % PRI EIAMYS D 7 — 1 7 _
Archives of long-term deep seafloor videos at chemo-synthetic biological community off
Hatsushima Island in Sagami Bay

AR R ke —ER 2
IWASE, Ryoichi* ; TAKAHASHI, Ichiro?

L) YR ZEBATERES, 2(RR) U > e T — T - TRy
LJAMSTEC,?Marine Works Japan, Ltd.

More than 20 years of multidisciplinary long-term observation, including visual observation, has been carried out with a
cabled observatory on deep seafloor at a depth of 1175 m off Hatsushima Island in Sagami Bay since the first deployment i
1993, experiencing entire replacement for upgrade in 2000. The observatory was installed at a cold seepage site where lar
chemo-synthetic biological communities mainly consisted of vesicomyid clams exist. The observatory is composed of severa
kinds of sensors, including video cameras, a hydrophone, CTD sensor and seismometer in order to observe biological phenome
visually and also to investigate environmental fluctuation on deep seafloor.

All those data obtained with the underwater unit are transmitted through a submarine cable to the shore station in Hatsushim
Island. The video signal was recorded on S-VHS videotape before the replacement of the observatory in 2000 and mainly o
DVCAM videotape after the replacement, both with acoustic sighal obtained with a hydrophone on soundtrack as audible sounc
The shore station is usually uninhabited, and daily visual monitoring of seafloor, 30 minutes a day before the replacement an
26 minutes a day after the replacement, has been performed automatically. The videotape has been replaced once a week on
day when manual observation is performed usually for 6 hours. As for lighting, six halogen lights were attached at first and two
of them were turned on simultaneously by turn for usual observation considering lifetimes. However, most of those lights were
broken by 2008 and since then an LED light is used which is darker but has longer lifetime than the halogen lights, resulting
narrow view.

Although visual observation has been performed about ten hours a week, more than 20 year observation produced thousar
of videotapes. Archiving those videotapes becomes important because they degrade over time and the devices to replay them
going out of production and the opportunities to utilize them are being lost.

Meanwhile, vocalizations of sperm whales were found in the acoustic signal recorded on the soundtrack of the videotapes an
in order to utilize them as one of the situ data for the remote species identification, archiving the videotapes started under
one of the research project in Core Researches for Evolutional Science and Technology (CREST) founded by Japan Science &
Technology Agency (JST) since December 2011. At the end of the fiscal year 2013, more than half of those videotapes wil
be archived. Although the main target of the CREST project is acoustic data, video signals on the videotapes are converted |
MPEG-2 files for S-VHS tapes and both AVI and MPEG-2 files for DVCAM tapes before extracting acoustic data.

In those video images, not only the long term change of the clam colony but also some episodic events, such as spawning
the clams, sudden increase of snails and other unidentified events have been recognized, which would be invaluable data for t
investigation of chemo-synthetic ecosystems. Those archived video images will be able to supply researchers outside the proje
in near future. However, there still exists a problem that the number of hard disks in which the video images are stored is vern
large even though it is less than a thousand.

F—TU— R HEBWEM, RIME T ABIE, €T 47— 147
Keywords: off Hatsushima Island in Sagami Bay, long-term visual observation, archives of videos
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%ﬁ(f%kﬁ%ﬁ% REDFET By Y AT D AERE & 15K ORER L 2RSS
Paleoecology of Neogene vesicomyids from Niigata, Japan and their adaptatlons to gec

chemical environments of cold seeps

TS AL 1 R MIE T L N A — 2 AR BEEE
MIYAJIMA, Yusuke®* ; WATANABE, Yumiko' ; KOIKE, Hakuich? ; MATSUOKA, Hiroshigé

VR PEZEWTERL, 2 (B HETHT (o B
!Graduate school of Science, Kyoto Universitghinshushinmachi Fossil Museum

BAEIO ) HABEEEIC K > TEREZZMIKRBEIGHEIS L, Tz A Z EKGOBUKEHL, SEE, As
WG ERL R ERIGIER LTV AR T EAHENT WS, {bAava o) A ISR ORICH T =R bMiE T
Tméﬁ,%h%@%%ﬁ%ﬁmwﬁﬁ%ﬁ%ﬁé5zfiﬁz%z6&%@%%®%ﬁk?%ﬁ%tﬂﬁ%k67n

T HAFHOBEISGIIHS TRV, KT G aw ) HA O EREB X TZNSDEIG L TV T HIER L 22 ER
5iZe, HiRROFE =R0mEO 2 Wik D ET (LA DFEIR, REBIEORIMAALLO/HEREZ & & ITHET L7z,

TNEREERTA B T I S SR THERE U 7o I ~IE KA )V NED 575 5. T HETTRZ LR T OBGE) 7] D
FEUATIE, 60 cmEDBUIRI S )L MEHICHEY A XDRIEIE a7 —2 a UG ENnS. Thbnaryr)—T g
Uh Bt a™ Y H A KHArchivesica kannab FES 3. a7V — g UL NEEOERNEBNEESLH 5.
A. kannoiD KEMEMR GEER 90 mm) DJE I 28D/ NEA GREFEEH 20 mm) W2 Do “KEBEHY, Y
JHAHELBICE—DaYy 7 )= arhicgEnsd. BAEOIIV NERI SV FHAR KREENEL, kB
WTREEINIZEESRONS., a7 )=y a V3T 7 I4 MERARE Mg VYA b Skh, sdkiiisnrElE
. 274 FORERNAKIIEAGZEEEHWVICED 597-43.3v-27.1% (vs. PDB EIEFITKWEERL, Z
NEMRARZ VR TH BT ERRET 5. (baxEEtary 7)) —y g VicORERIRREEE (B 5mm BEEN,
ZNS5REZAELISEMEOWEZRL Mg ALY A RO R 7 2L Z2HOMAR Ra~< A MiEhbk%., Rav
A b OFERIITRIEETIC K BHRBORRE EBENH D, ZHUINMLKEBEDOERGERZ RS T 5. LULEDNDS, A kannoi
A XD LIERGMBE T X D FbKZERED BN S WIGIER L TV D, H35WIEA. kannoll &K % iE/KHh
5 OO T2 E MG EREMBR T2 IR L Tl ENEZBNS.

ISR RE AR IS EORERIR D X — XA N & UTHERE LTIk ER IR )V NEHED 55 5.
B RO AR R OFTIA T, YA XDREIEI > 7 ) — a UDNREEIAE RO )V ME
HicEgEns. chbooaryry—raryEii3yV bah & olbfaaw Y 41 $Calyptogena pacifich i L, —is
WFERZRRZHED. (baear 7 — 3 VI3E30cm JEE 5 cmOPNHIFHICE L, £72ZD50cm iDL MME
HFICESA RO a> 7 ) — g U ERE EHTICEENS. ChbDay 7 ) —ra BRI 774 NEDAIV
YA 555, 2754 FORERNAIZ-21.7~-13.2% L EWEE R L, TNONEIEETHS C L2 RET 5.
HWH R CMbaEEtary 7)) —ra vidERoXaA ReEE. SAIROay o) —2 g Y OZERIEFIRA VT A
FTHRIS N, ZNUE-22.6% EEVMEZ/RT T D, TNEDSA THEHOEE L U TEHLTWzEEZ BN,
C. pacificaZ Btk D A 2 AEKIGITER U TS A, A3 @B aiB G s LT\ iz 2 & AVVRE
TN5.

F—U— R 2w A5, B =R, KSR, Al
Keywords: vesicomyids, Neogene, sulfide concentration, petroleum seep
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F AT VI A CIN) A HERBIIRETELETIN T E S DN
Recent trials of laboratory culture with chemosynthetic organisms

EH#WMZEr D, 8 EE L RS R L it BES L B HE L moK #e0 L T B W e R IR
/NP (FEA 2

NAGAI, Yukiko ; TOYOFUKU, Takashi ; NOMAKI, Hidetaka ; WATSUJI, Tomod ; IKUTA, Tetsurd ; TAKAKI,
Yoshihiro' ; YOSHIDA, Takad ; SHIGENO, Shuichi ; INOUE, Kouji® ; KONISHI, Masaaki

1JAMSTEC,?Kitami Institute of Technology? The University of Tokyo
LJAMSTEC,2Kitami Institute of Technology?The University of Tokyo

L2 B R RERICIZ A B BT R EN & ARG 2R DB ER L T a2 EMHIENT WS, KIIFET
MWz F 3w w4 e\ HiA (Bathymodiolus septemdierupid .5 bR AR IC S LIE 2 A X8 TEHD,
FAEMBE I BUKICE ENBIRIKE (HoS) ZFIH L3 I)VF—Z1ED L, “BLREDN SHEYZ AR L T3, T
DX S I EBIROMEE, MR oI T0awy, L L, HAEA N Z X LZFNCHRAT % zdicid 4
BRZHEFF LT E £ 0E U, SRRSO R Z(TS T DD TEHETHAICE D 5T, ZOE FIEIEARTE
HAT SN TWERY, Z T TAWIZE Tld HoS Z IR T & 2 /KkHl (INFE& AL, FidF 2011-219498% FAWT, v F I T &
YHALNYHAZEFE L, EDL SVOMBIAEMBENMEZE KAEZ R T E 20 2 B EI D AHEZIEEE L
THGEZ T T2

fAlE I W T EALE 20124F 4 A KU 20134 3 HICHMEE NIziigHh (72D UE ) I K 2 s THRARER [ N1 /53—
RIVT ¢ V1 IS K ORI Tzo ANfiiife TP S/NGEIIBHMHED > F 37 > 2l A eoNU) A ZRELL . BiGEOK i (]
4°C) IR T EEMBARBICF BTz, MIRZE T, FIWIL/KIEZMGIINC A T & 2R b/KETRIIKIEIC (@K% A
N3y AKRU 147 HEIB Ulzo @EOHIRN S, HoSZIRMUEWTHIE U7kl 3 7 H THAME DL ks b
WHIBNT WS, Al HoSUSIIZKEE T OB B A D AR D BEAEIN T b 2 h 2 iR 3 % 7o DIC I IR ZREL D IAHSE
Ba1Tolz, BT, BCEEREKRMET N Y LRI UK Tz Lie o e, FidfE k% 18 k3D
6 ik ANTz, BIBEKMED HS Z BT KETRINT 2ED (HoSH) & LAEWVED (HySHE) D 2 DICHERREE 771,
14 HMOEEZ T2 1o 71T 2N OTAFIER RO 7 72 fAE A DL & & 75 L, HoSTRIMOE#HE vy
HA DR & O HEZ MG Lizh, AMRBERLEIEZED NG Tz, £z, TSI LZDNAICK 25
BT T o128 T AL 14 ADFIE 217> THAERE & A UHAMFE O AR T N, MO b2 BN M Hik
ERLTWiERWEEZ BNz, 2T N TOMAD TR E HAEMEDED SNan T SISO T, G Ok
RANALLZ 0T LA R, HoSERINU TS T HRICHE S ANE IV U RENAERZEE LTI IAE N'T
WA EMMERE N, TOT EMSEREDSHRIENT 14 7 ALLERE > TV T HEAME D HER: & NIRKEREE fE
WEDONT, HoSIT & D MR ER D AR E NG T AR E NIz, AR RIEFLKERIUKETHE L 72
BECYFIAII AN HAOHAEMEENA S CTTRHZE DD, Dl L LEAENIREETHRIFT ST &
WNTE, ERBENTE I FIATVUAA LN HAZLZEREEB T ENARETH S T LRI NIz,

F—7— R laboratory culture, chemosynthetic organisms, Bathymodiolus septemdierum
Keywords: laboratory culture, chemosynthetic organisms, Bathymodiolus septemdierum
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BRI RIS 5 /Y 2 — )VOFER & NEREIE _ _
Distribution and internal structure of the nodules occuring in the Shimanto sedimentary
rocks,Muroto Peninsula,Shikoku

A SR Y T e b Ao R 2 S hE L Wz e
YAMAMOTO, Ryouta'* ; FURUKAWA, Nadaskéa ; SHIBATA, Tadahird ; HAGA, Takumd ; INUI, Mutsuko'

VERERSARE TR, 2 P A S — T #HEte iR s
1School of Science and Engineering,Kokushikan Universiuyroto Geopark,

K EIGEFEZ S RERRINTVS /Y a—)lid, EEOBHETRREENDARPICHETEZ a7 )—vavek
LTBIgENG, /¥ a—)VIZERIEARMEODE R D Z ORI RN « TR L TERE NS EEZ 5N
TWaN, BARNAEEEGERIEH S N T0Ey, EREEE. PUREBRERE =R 14 (23-56 Mya IZJELTHED.
Mg ERIC THAG) EMENTVWS S/ Va—IVARDIFENTWVWS, TN6D /Y a— bk, BHELHEE NS 7 Tt
TLTOBAIMAER 7ot X EH T Tt A2 TR E N & TREIN, BIEOGHEIBIECH T & TV 2SR HE
TEHMTHETHD, AMETIE, FAADD < FEK - T2IK - WEBKEED 2 2170, /P 2 — VOB T Tt AD
HeEZITo 120

BEEEOT B~ TaEEE TOMWRENOIC /2 2 — VD it UTASER, /Y 2 — VE BBy
WmIBTehbhotz, /Va—IVHhMERLTWAEHEE L TWAEWERELH D, EPLTWAEREATIX. 100 m20D#Hi
FHNIC BOALLED /¥ a— )V T &, /Y a—IUDMER L T2, ZFEOE R - SR, #EEO
LB« RTOVBHERT « /SR, HMAS VY aD=HO 6 AN DO o, BFEEORHEIT., WEE - BEE - i
REEWRNTH D, /Y a— VRO 2D FICREEDOH TH -T2, WRAEBICBNTE, 205 bOkA
TS HERE N AT AR S I ES HUIBIR TR L TWE T ehEh >z, BEBICEHLTWS /Y a—)LoHic
B, BOEMEIOEEH UL /Y 2a—)bD FHEICHES X5 ICEEDED > T0WEEIICHASEDEH -7, &Ko T,
/P a—)VOERICEREENEETZEEZ 5NS, Xz, /¥ 2 —)VOD53Mi% Laughland & Underwood 1993 i/
RS L U U TSR, IREREE L OMEIEZED 5NT., /Y a— IO FITEHICKiENTWS L5 IcE@8bn iz,

/T a—)VOEHENE N> T2 6 AT, 503D/ Y a—ILDORKEX LT AR hMEEFHI U, 7AXT Rt
xSV a—VOEIRZFEM EHE L TEMOES LEMOET LDLETH S, /T a— VORI, EICEM;
MOETH 1.2-25 cm FllSHOEIN 1-18cmThH O, i &7 AT M A 1.3-1.42 720 BREISGEWEIRT
HBT e nholz, LA L., BREOVEBAEOREZITIZIEZ>TEO., FOEIN 4emUTOEDIEITRTT
AR MBI ETH -z, ThiF, TARFIERUREEZo072 /T a— VB LIzeZZNTHHATES, O
Hipi T, SO R F A FRAERMRE SN T3 (Laughland& Underwood 1993,

181D /¥ 2 —)V7e Yk LINERIT 2R Uiz & T A, /Y a—)VOWNEII KD WS & & U7z R a3 wE e
DI M)W I ATHERENTW, BEEFI8ecm®D /Y 2 —)VOHFRERICE X 0.4 cmOREEOD/NEWVEHNT T R
T&, Floo BEOY VT VIR OBESIEDNEIE L TV DOERBIERT S T LN TE, dkiioki+id. 7L
&> TRRABNEVWT EEH > T, HHILOEIRIE. BICHAEHCTZAERUATETHD . MOKZ X IZ—L0
XN 50-450u mTH B, BIETEIEBIEORIRK O NI I NIE D LHEIIE Nz, < B v 7 AITER
BN SNz, TNENERDH, 18 1-2 mmDHFART / ¥ 2 —)VOIMUIN S /2 2 —)VOHLEIIC A -
TEBH LN ST TV EERFOBIRTE o TXIVF =080 X #1900 H (EDS) ZHWTE i 21T - Tohb R,
HERe gl TR EEN TV REYOREN RS T b o, BB, FICHRODAED SRS NS L
TIVIZTL - RTXVTL - HDELEENBZHDENH D, FRCEH I Bbns,

FFLEOMAHHTIE /) Y a— IV REBICESBHLTWAE T ENHLNERD, /Y 2 —)IVIEEN R GEIEE
MICHERE LR OREMHE TR E NIz e ZEZB5N5, /Y a—)VOMEINS AT EZBRTER N D, Y
WHECHERL TOERBEEYOEIED L 75> TIERE N8 DTH B ARV E W, EVIEEGLIC X > TEREDKh O
YIEBEIDMEE S NIZER, ZORHOBICE NV TERINMICa Y 7Y — 3 MeDRETZEEZLZ200W%YTH S, —
OB TIIHERE R & ATICHE L/ Y a—IVIZdBRRENTZD, BIERTD /¥ a—IVNZIEE CIEIRTH - 7z &1
ETHNUX, SHBINSD /Y 2 —)VOIIRDMIIMATERKIC X 2 2T OFEHE L 72 2 A[REMN S %6

F=U—= R SV a—)b, P, JEARE, BEREE, AEIRIE

Keywords: noduie, Shimannto belt, mudstone layer, pyrite, trace fossil
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M) IR AP OEC B2 S 2 B R R RS 0 B PE T 9 2 i/ K PE B A e

Py ) A . . .
New localities of fossil cold-seep assemblages from the Pleistocene Otsuka Formation c
the Nakatsu Group, central Japan

PR R 1 R B —
SETO, Hiroki* ; MAJIMA, Ryuichit

URRRENT R
Yokohama National University

P2 N RARRE T Z2 3 A 2 A LR R I I iR i B RO R @A EE T 5. M) IR O g R R
N S/ANRIE, #IRkE, WEKE, KEE, HHEDNEHT S (Ito, 1985) 4El, KIFEH S Hifzic 2 S omimkik (b
BEACABHENEIN T 2 BHEZME T 5. KFEETICHIROISEN 520, BOEEIGSE (BE8 ecm 5 10%
cm) LEWIDEE 2 AT 5.

SRS % 2 Mk O 7B (Loc.1 & 2) ZHRIKIEa Iy F A SR basEN L, SIEmNRAExRBEa > 7
=gy (KRESE ecmbh 5 105 cm) ZHFET 5. Loc.1id X3V 7 &84 (Riff 0.5~2 mmyAEHEL, RAEE 7
cm DL > ZIROMR S AAES 5. 17RO KB KA IE KD EROY FHA LA 55D, FTFE
M EOEE 0.4m I Im A SEIEINICE Uiz, T OHBSOEEIGRODTAR LIZIZEDN TS, FHIlLZIZIEETO
Bk oEE I EIEmION L TZIF\EICRY] L, RIENMZ L EICiS L TWie. Loc.2id AV 7 L#gf (ki
#£0.5~2 mm) &/NEEY A ZOBADHAET . 42RO KRB K EAIE KT DG F LB O Y F A kA 5%
D, BEEEM FO@E 2m, 1 1.2mh SEAERNCER Lz, T OIS E Loc.1 & RIBIC LA DOTRIZTAR LIEIFEDNT
W3, LA MAK & SR ERIZ TN 27k L 15k TH -T2, 2L OEMEROEETIZEREICH LT
sJE A2 B EICES L, xf UCERATL 72 B ik DG e PRI U TFATICELS L, convex-dowmh® 8 flE1A,
convex-uph® 4 A TH - 7z.

W A A FEISRTE 2 RIS U EmZICUTAERT 2 2 EAHIS N TV 5 (Stanlay 1970 Kondo, 1990;
#y, 1993) - T, FEHRE Loy F A FIEAIESREOE R R Z R > TV B LR L 7z.

F—T— R hEYERE, BRI A R E O R, ST

Keywords: Nakatsu Grooup, fossil cold-seep assemblage, Pleistocene
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HARD H ikl (L2255 R ERER o
Cretaceous chemosynthetic communities in Japan

VrVFYA TN— | I
JENKINS, Robert*

U BIRKAH TR E IR AT LAER
1School of Natural System, College of Science and Engineering, Kanazawa University

7T L— MRV OEERIKICIE, BUKR A 2 AmEKE Vo Telitft/kER A 2 Ik EORTE 2 STTRIAMNEE L
Mo T35, TOXKD BEREICIIEAEGHRAEBRDIOLT 5. (LEEMERRRICEIIAHEN U 7ol ORdE S 2 VUil
TH2N, TOk, HMERZEU THEMBRPZILL TS, 202, TL—hF « 77 P27 ADHEBIETHE
TeMF I R R E L HRRICEL TV B EEADNTWS. BHED(L A MERRZH T 2 MAEYIE DL < &
FHERD S T =T 2 A RERERICGEN L TW0WE X5 TH 2. EHIC, (WAENERRRMMNTIT % 4 DD THEALR
B, 97ab5, UKL, XXK, BE, RO 5, BuKEHEKICHKILS %2 R 2 SO LA el EgRiZ
VIVVRICE TS W, “fHE" CIARICHKILT 2 ZNEHIC R TH 5.

ETHAT, HARVIBIIBIEFICDI > TTL— FEATH LI THD, (LADFERPERK G &5 DL A EHRHE
ERIEENTACARRE, HAARLO QLA I - mioligs - ol R 5 SEICEMT 5. FE, Lk
W U 7o BHERU A G A RER DML RINIC, AFR S REH U7 LA B U LA RER ORI R E D> TWa. £
T, AFKTE, FHTADSEH LAt b2 e ERZL Ea—L, TNETOMRDLE 2 —%2175.

F—T— R LB B, X2 K, BUKEIHAL, waaREE, i BER, TEARREE
Keywords: chemosynthetic community, whale bone, sunken wood, hydrocarbon seep, hydrothermal vent, cold seep
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Rapid change of atmosphere in the Hadean Earth: Beyond Habitable Trinity on a tightrop
Rapid change of atmosphere in the Hadean Earth: Beyond Habitable Trinity on a tightrop

KR Te— 3 JrHh 2 2 Sl sl
OMORI, Soich? ; ARAI, Tatsuyuk? ; MARUYAMA, Shigenori*

VRO AR A A i 22T, 2 BRGT TSR, 3 JUARY:
LELSI Tokyo Institute of Technology,Tokyo Institute of Technology,Open University

Surface environment of Hadean Earth is a key to bear life on the Earth or not. All of previous works assumed that high PCOZ
has been decreased to a few bars in the first a few hundreds millions of years (e.g., Zhanle et al., 2011). However, this process
not easy because of material and process barriers as shown below. Four barriers are present.

First, the ultra-acidic pH<0.1) of 4.4Ga ocean prevented the precipitation of carbonates at mid-oceanic ridge or its pseudo-
system through water-rock interaction after the birth of primordial ocean. To overcome this barrier, primordial (anorthosite +
KREEP) continents must have been above sea-level to increase pH rapidly through hydrological process.

Second, major cap rocks on the Hadean oceanic crust must have been komatiite with minor basaltic rocks to precipitate ca
bonates through water-rock interaction and transport them into mantle through subduction at higher than the intermediate P/
geotherm on the Benioff plane. If not, carbonate minerals are all decarbonated at shallower depths than the Moho plane. Kc
matiite production depends on mantle potential temperature which must have been rapidly decreased to yield only Fe-enriche
MORB by 3.8Ga.

Third, the primordial continents composed of anorthosite with subordinate amounts of KREEP basalts must have been ann
hilated until 4.0Ga to alter pH to be possible to precipitate carbonates by hydrothermal process. The value of PCO2 must hav
been decreased down to a few bars from 35 bars at TSI (total surface irradiance) = 75% under the restricted time limit. If failed
the Earth must have been Venus state which is impossible to bear life on the planet.

Fourth is the role of tectonic erosion to destroy and transport the primordial continent of anorthosite into deep mantle by sub.
duction. Anorthosite + KREEP was the mothers milk grow life on the Earth, but disappeared by 4.0Ga or even earlier, but
alternatively granites were formed and accumulated on the Earth to supply nutrients for life. This is time-dependent process ti
increase new continents.

Fifth is the water content 3-5km thick, if the value was over, no way to bear life nor evolution afterwards.

After all, the Hadean Earth has passed the really naive tightrope processes to bear life. If any of above five conditions was los
life has not been appeared.
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U & Rl 0 2D 3 HAEN _
Global paleogeography and life evolution: 3. Paleozoic

TGS A 1 5 AL e
ISOZAKI, Yukio'* ; MARUYAMA, Shigenor?

VIR R B G SUETFER, 2 S LR A A OISl
LUniv. Tokyo/Dept. Earth Sci. & Astronomy;Tokyo Inst. Technology/ELSI

In modern oceans, there is no remaining information about past oceans older than 200Ma. For reconstructing paleo-plat
motions with respect to collision-amalgamation of continents, on-land geology, in particular, orogenic belts that cemented olde
continents provide a sole source of information.

The onset of the Paleozoic is marked by the Gondwana semi-superocntinent formation at 540Ma around the South Pole. Du
ing the Paleozoic, Gondwana broken up, whereas Laurentia aggregated to form a real supercontinent by 430 Ma. Immediate
after that, Gondwana began to be rifted, and its fragments and other blocks such as Baltica, Kazakhstan, Siberia, N China, SoL
China, Indochina, and smaller pieces of Cimmeria, were dispersed; most of these were eventually amalgamated to from th
northern half of Pangea, i.e., Laurasia.

The mode of mantle dynamics was represented by the high MORB production rate during 540-350Ma, almost the same as th:
in the Cretaceous, but it dropped after 350 Ma, probably by the activation of Pacific superplume. According to such continenta
assembly/ disassembly, sea-level changed remarkably as represented by the glaciation/deglaciation; the major Gondwana glac
tions during the Carboniferous-Permian with 3 more minor episodes; the Paleozoic-Mesozoic transition interval might be close t
the snowball Earth condition with extremely cold climate. The continent dispersion/amalgamation likely drove the development
of remarkable floristic provincialism, e.g., Gondwana, North America, and Angara, that particularly reflected the formation of
Laurentia. Not only the post-Ordovician land trees, this also controlled the diversification pattern of soil bacteria, moss, and lanc
animals. Biodiveristy changes including mass extinctions occurred in accordance with the secular change in seawater Sr isotoj
ratio; extremely high in the Cambrian with high bio-divesrification, and the minimum at the G-L boundary (Permian) with onset
of the greatest mass extinction.

F—U— R, d AR BRRE, I KU ST, Al
Keywords: paleogeography, Paleozoic, supercontinent, Gondwana, Pangea, evolution
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A Y LRINIAR S 7T )V in b AT E ARAC AL AT RIC B0 B TRIE KPRk
Neodymium isotopic signature for deep/intermediate water formation in the late Creta-

ceous northwestern Pacific

SFJ= ffE 1 ; Moiroud Mathiel ; Puceat Emmanuele Donnadieu Yannick; Bayon Germaifi; Deconinck Jean-Francgis
Boyet Maud

MORIYA, Kazuyoshi* ; MOIROUD, Mathied ; PUCEAT, Emmanuelfe; DONNADIEU, Yannick ; BAYON, Germairt ;
DECONINCK, Jean-francots; BOYET, Maud

LERARY: « BV A7 L - HiIBKEREE, 2UMR CNRS Lab. Biogeosciences, Univ. BourgoghgdMR CEA/CNRS Lab. Sci.
Climat Environ., CE Saclay,lIFREMER,Unite Recherche Geosciences MarifnélyIR CNRS Labo. Magmas Volcans, Univ.
Blaise Pascal

!Dep. Earth Sci., Kanazawa Uni¥l,JMR CNRS Lab. Biogeosciences, Univ. BourgoghdMR CEA/CNRS Lab. Sci. Climat
Environ., CE Saclay!IFREMER,Unite Recherche Geosciences MariféiyIR CNRS Labo. Magmas Volcans, Univ. Blaise
Pascal

A, HIERSIC W CROEO MR/ R S HIERRF R & L THISNTED, KO LR ORI 4
5N R HEE T B FEOBIHD T £ DL LTE L DM TONTE . RIZICKKH O “#BbREEE OHEE IS
RHEEBEENZNE DD, KRR DI BW T SN, XE/KEORBEAR SRS « EE/KIROR
REBENHS M TN T

FETIE, HEREBICED) 2 T XIVF—EEOBENWTFO—D L LT, UIFOMTEIERICET 27 E AT N
5X51C%E>TER. LML, TNHOMEDZIIKAFEZMNGE LD THD, HERKICENTIEME—DKIET
Ho, REROTIIVF—ERICKERTEERI LI EEZSNSZNEECBOWTRIEEEAEERDMTDON T Ah -5
Tz, T, KERICBOLTIRATRKOHEREY 7 535%  OWErE T L — N DB TORMRAFITLENHE L TWVS T
EMRELRERNE RS> TWVWAD. ZT T, AWFETIE, HIELOILFAREHEDOKRET L — b FICHERE U 7z mili i HEAEY)
EHIZRONGEE T LT, TNETHEMDIAT D TH -T2, AMKICIT 2 K EEOMHER O —iR 2 5N T %
T emilBTz. MFEOXGE UTIRRBERE, MREOKFEEOILEIICHIE LTI D, 7KGHK 400mERE O HEd | HERE
L7z DTH5. COHREYHCEENS Aozt L, Zox4 Y LRMAHKRZGHIT % 2 & T, adfidkia
Fa—u= 7 VRN S 5 287 VI B B ALTE R OWRE R R 2 i 5.

fatah 5IE 6Nz A Y LENIARHIE — 1505 — 2 e -unitBEZH.O0E LTHML, D TEWEERLTZ.
FATHRIC K D A 2T VS —X s e F7 VHHOREREE (v Y F—iER) TELNE, —405—5
e-UNt LWV EEHIRLTE LD EL, TNETELNTVAHEKO XA Y LRMMAHKOF CERE SO ED—D
WY 5. U, LR B K 2 ABUEENCHKR T % S HE SN %5 radiogenidx x4 Y L7z 2 { 7kl
MEIEL TV 2R EEA NS, K EFEOREMNITHEONTVAHE B HER T L2 EET 5L, YDl
FIFEREDHERE U 72 AL AR LR 40 FERRIITIE, JELPEARTFEEHROH, W LIEEKOERDR D 21z EZ BT &M
ZUTHB. TOIEKEECHT B FEEKOEKIE, KURETIVICXZH 5 &EREENTED, K, [
FCHTHEAD S RIS U T ORIRIEIA D S Za LI D 5 FHdBIIC BV T, LR TR E NS
TEMFHENTO. COF BEREKD EDREDKFECE TELTOED, 1DV TS TR#RT ST e
TEROD, AWK D, AFABRIIICHT 2 EHEERRO 22— HHH S hic k- 7.

F—TU— N [k, WG, 7oA Y LENA, JERTEEE, YEREK, HEk
Keywords: Cretaceous, Ocean circulation, Neodymium isotopes, North Pacific, Deep water, Intermediate Water
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H R S HERO RIS LD 77 & AU D > v 28— Z a fE—~— A

LU b hEREHERY) . . . :
Campanian-Maastrichtian clay-rich sequences along North Pacific Margin: Early Cooling
History of Cretaceous Greenhouse

BRI SR AE2 ; NA— b L3
HASEGAWA, Takashi* ; MORIYA, Kazuyosh? ; HAGGART, Jame$

LEIRA2E, UBC, h ZHWEGAAERL, 2 @IRKE:, TV T o v aaay 7 RE 3 A XEHRER, 7V 7510 vya
an Y7 R

IKanazawa Univ., Univ. BC, Geol Serv. Canadldanazawa Univ., Univ. British ColumbidGeol. Serv. Canada, Univ. British
Columbia

JEREPERRIEICIEHA, BRaY 7, BXUOHTFTH « 7 AU HOKFERERE E WV S [RWHEIFHIC D 72 > THR O RER
HEREYID DR LTV 5. EBOX Y Y a TR EERFOMENED SN, 7T RENSY—A MU & MEITH
ttxhTuvs, KEbaMibaOEERFICA, RERNMAL (613C) JEeiE N b Ofg(i#iFH o T 2575 g -
ZI¥ OAE2 JEHE-ZZHFET 5 T LICHBK L TE . IBDEMT 200, —HROY 7 v a v TRIMELD D T RIFCTH D Ik
FIANHALLDORIE D FIRET H 5 IR PEHT % (Moriya et al., 2003)

AR TIEY v == a5 —ZA MU b FEEIZDWTRHGETT . C OFEIPHDORERMIALERICOVWTIE, &
SN 72 FRUOMS RS N R X L (Voigt et al., 2012) IR ZIS L OYIH T = — AW SN T3 T b TE
7z (Moriya, 2011, Friedrich et al., 2012)Jt#0 AR, ESERGHARRERFI> TV EZ SN, ZOMNEBHEREL,
C DRHRLARE DI 2 HER 0 5IK B HIERN ORI B9 2 BRIFA L 2 Hifif T 5 5 A CHEGHAZIG TS EA DN S.

b & N NS BIREERE L ZOMYE, BXUOHFZEREERE (VT v aaayey) it
T 5T F A EEBICOVTHRHNZED TS, BFHRERD 5IE, AR 1.4-2%DA0D §B3COIY Ah—ra VHRS
NTV3. YNY VTR, YYo= al/~—ZA Ve MR EER & iR EIC X - TRSEBEIET S T &
TIRAFRNAALED > v 27 8—= 2B/~ — X M & MEESRFE (CMBE) & ZDfJBiA N2 FAFEES N TV 5.

FF A EREEO A & 48 (Haggart et al., 2011; Ward et al., 2012)5, 6'3C JEFICEB1) % CMBE H\ e &
NZHEHPHZ OISR ZiED -2 T A, THUSHIET % L.5%DEDTY A— 3 VN —AT7 VN—5 FE L
HICHERI NI, o eicky, YNy, dulsE, BXUT7 VT v aaay 70O CMBE Uz gk Txfkl
T 5T EMAREIC R o Tz,

F—T7— R A, HEHER, SO, 2SS T Y, R—A MUY T Y
Keywords: Cretaceous, Greenhouse, Cooling, Campanian, Maastrichtian
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FIRbAIC X - THLE 24 R b @ Chondritesk Phycosiphoic L & 417z Phyma-

todermal, ZOHAREZINES . . .
Composite trace fossils: Phymatoderma reburrowed by Chondrites/Phycosiphon and i

paleoecological implications

R BORER 1+
IZUMI, Kentaro'*

L AUR AR EB AR SR R R e I
IDepartment of Earth and Planetary Science, University of Tokyo

CompositePhymatodermaspecimens from the Pliocene deep-sea Shiramazu Formation in Japan, particularly those rebur-
rowed by Chondritesand Phycosiphonwere analyzed to reveal the differences caused by the activities of these trace-makers.
Phymatodermaeburrowed byPhycosiphons significantly larger than non-reburrow@ttymatodermanhereag?hymatoderma
reburrowed byChondritesshows no significant difference in burrow diameter compared with non-reburrB¥ngehatoderma
The recognized size selectivity (i.e., preference for larger burrows) byhlreosiphortrace-makers can be explained by consid-
ering the different feeding strategies of these two ichnogenera; namely deposit-f&éghicasiphoamakers, which must have
processed a significant mass of sediment to obtain sufficient organic matter, whereas chemosg@hbimdiitesproducers,
which did not require a lot of sediment to obtain nutrients. In order to test these interpretations, records of the Phanerozoic trac
fossils reburrowed byChondrite$Phycosiphonwere compiled. Consequently, tihycosiphon-preference toward relatively
larger burrows was recognized, which supports the results of this study. The compilation also indicates that the burrow size he
become a limiting factor for th@hycosiphomproducers that tried to rework the sediments within previous subsurface burrows,
at least for 80 million years.
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S RS T B BT BT B X (i

The influences of durations of geologic time units on diversity assessments

€S U R
UBUKATA, Takao'*

LRk - B - HUBRRLER)

LShizuoka University

The study on global diversity change has been at the center of paleontological studies during the past quarter-century. It |
well known that the diversity estimates are readily biased by unevenness of sampling density and there have been many deba
on how to remove sampling overprints. In addition, taxonomic richness in a given chronological interval can be also biased by
variation in time interval duration because the piled up diversity becomes much greater as the interval gets longer. However, thet
is no simple solution for this problem because the rate of taxonomic turnover is not uniform through time; that's why we can
define discrete chronostratigraphic units with various durations. In addition, actual data registered in the Paleobiology Databas
indicate less correlation between sampled-in-bin taxonomic richness and time interval duration.

In the present study, the following simple computer simulations were performed to understand biases on diversity estimate
derived from variation in time interval duration of chronologic units. A total of one million hypothetical taxa originated and
went extinct at each time step (= 0.1 Ma) during the Phanerozoic at a given rate. In the present simulations, most (80%) of th
turnovers were set to be concentrated at the boundary between intervals. The following different conditions were adopted fo
the turnover rates and sampling probability per time step within the interval; 1) fixed independent of the interval duration or 2)
inversely proportional to the interval duration. The sampled-in-bin richness was counted for each age in each simulation.

As a result of the above simulation, a positive correlation between piled up diversity and time interval duration was generatec
when sampling probability was fixed through time. This result seems a natural consequence because the number of sampling f
each bin depends on the duration of the time interval and the sample-size effect was not removed in the present analysis. Tl
correlation was particularly remarkable when the mean turnover rate was high and/or probability of sampling was low. However,
such a correlation was found also in some cases even when the sampling probability per time step was inversely proportional |
the interval duration. In the latter case, the correlation was significant when the sampling probability was moderate.

F—U— R HEVZ AR, EEAH TR

Keywords: paleobiodiversity, time interval duration
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JEPEARCEFEIC B B EAMERRR < NABHUETH O MER b O &7

Upper Oligocene to Lower Miocene radiolarian biostratigraphy in the Northwest Pacific

ENUTRT NS PN
MOTOYAMA, Isao'* ; SAWADA, Taiki?

VB RAEEAE, 2 Al AR A

Yamagata University’Japan Petroleum Exploration Co.,Ltd.

Ocean Drilling Program Leg 145 Hole 884B core provides the most continuous Neogene sequence of pelagic sediments i
the northwest Pacific. We examined radiolarians from the Upper Miocene to Lower Miocene sediment of the core to establist
subdivided radiolarian biozones.

The Upper Oligocene sequence can be divided into three z&angspmmasp. A,Hexacontiunsp. B andCyrtolagena laguncula
Zones, in ascending order. The Lower Miocene sequence can be divided into fourBaingspylesp. B,Pentactinosphaera hokurikue
Stichocorys subligatand Dendrospyris sakaiZones, in ascending order. EachBdtryopylesp. B Zone andP. hokurikuensis
Zone has been subdivided into subzones a, b and c.

Some episodes of significant faunal changes of radiolarians are identified within the studied interval. They seem not to reflec
global cooling events but to reflect some regional events.

F—T— R iR, (baH, Site 884 LT

Keywords: Radiolaria, biozone, Site 884, North Pacific

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

BPT25-P01 23 R AR —2 Refil:5 A 2 H 16:15-17:30

ZF DB - Hikd T T F Ak Polyptychocerads D& L ket
Available or unavailable? : nomenclatural examination of the Cretaceous ammonite genu
Polyptychoceras

ARy BEE] o PR hGE !
IKUNO, Kenji'* ; HIRANO, Hiromichi

VR

'Waseda University

EVOREZRIIT 2 TFERE LTEENENTH S T LiE, fzfFizizwy. U USSR - TEYNc #4728
923t dT LERBTIEERL, HROEILIC X > THIRORBEMEEDNTLES T D 5.

AR S EHT % Polyptychocera¥abe, 19273, 7V v TIROBICEDFEIN G BELEET VET A FD 18
TH5. AHTIE P. pseudogaultinurfYokoyama, 1890p0% 12 FED EHMNHE SN T W2 — 4T, EOHEEZRETHE
HREHENTVWS., LM LABSHIEIZEZE, CNETIHEESNTOA R U TRHASENZ V. iz, &K
J& 1#E P. yubarenséd Yabe (1927YICIRIE LTz &5, £ DXHRTAREDEE L INEDHNH Yabe, 1927&
INTER. LTAH Yabe (19273 AFEDELE B L TV BICT ERW o, AFEOFZERHICIZH 550 G
%k 12.0.

Z T CAMZE T, B0 EEREY a4 4 ik @Ya ik ERR R, 2000 ICHDOWT, Thb 12FD%E$H
ZRE Uz, ZORR, ik Lot - 5 - AROHN « FRHEGEGRSODNHL MGz, 2D ik, 5B
ZGRCE T 5720 T, RBEfi-> 2 TOWMROZREN ZED S LIcDEBLEZBNS.

TB, ATRIIEMALIEOHNOIZDICHITT 2D TIdRVy (B 8.2I1c D EEES).

5 [FSZHR
IWpan ik ERRE R 2, 2000, EBREIIan 4 B ES 4 i H AR, HARSIY) B2 2BE A 28 S AL, XVIIL+ 133 p.
Yabe, H., 1927 The science reports of thesfioku Imperial University, 2nd series (geologitll, 27-100.

F—7— R: Polyptychocerasi@ & & 7 &+ 1 b, 24, EREEW B85, FHEfd

Keywords: Polyptychoceras, heteromorph ammonite, scientific names, International Code of Zoological Nomenclature, Creta
ceous

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

BPT25-P02 S3RER A Z—21 FF:5 A 2 H 16:15-17:30
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Assessment of local diversity in Cretaceous ammonoids from the Yezo Group using indi-
vidual taxonomic abundance

W 1 AT B
YAMASHITA, Shuhei' ; UBUKATA, Takao'*

LERRARS. - BE - MR
LShizuoka University

Exploring global diversity change across the Phanerozoic has been an important part of paleontology in the past quarte
century. It is widely known that the diversity estimates are seriously biased by variation in the volume of paleontological data
and there have been many debates on how to remove the sampling intensity biases. The taxonomic richness has been standard
by sampling proxies such as collection-based occurrences and the amount of rock records. On the other hand, use of the numl
of individuals observed in each taxon is limited to the studies on sample level diversity at the outcrops because those data a
not available at the global level. An intermediate approach between at the global and sample levels is commonly found in the
tabulation of number of species for a particular taxonomic group through a restricted geologic time interval at the local level.
However, such a local database compiled in a traditional manner does not record any information on abundance of each speci
in most cases.

Here, we studied chronological change in species diversity of Cretaceous ammonoids from the Yezo Group exposed in centr
Hokkaido, Japan, using the diversity indices that take into account the abundance of each species. This study was based on-
fossil collections collected from Soya, Nakagawa, Haboro, Kotambetsu, Obira, Mikasa, Oyubari or Hobetsu areas and store
at Shizuoka University, National Museum of Nature and Science, Tokyo, Nakagawa Museum of Natural History, Mikasa City
Museum and Hobetsu Museum. The number of individuals was counted for each species for each stratigraphic unit from th
Cenomanian to Maastrichtian. A total of 9,834 individuals of 266 species was identified and counted.

The patterns of diversity change estimated in the present analysis were considerably different among collections even whe
the same diversity index was adopted. A plausible reason of this discrepancy is the difference in relative species abundance o
served among collections. The only exception is the Shannon-Weiner function which exhibited a consistent pattern of diversity
change independent of which collection was utilized. This result suggests that the Shannon-Weiner function is the most robu:
against variation in relative species abundance. The diversity estimates based on species richness tended to be correlated v
the proportion of the rare species to the total number of species. This result suggests that these diversity estimates are read
distorted by the impact of rare species.

F—U— R SRMAH), Bk, 7V E S A R, AL, pE R AL

Keywords: paleobiodiversity, Cretaceous, ammonoids, Yezo Group, individual taxonomic abundance

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. ]ggg;gim

Union

BPT26-01 2421 FFR:5 H 2 H 09:00-09:15

d XX NI E O ED < AVE(Lg) A O 2 BRI HEE . :
Estimation of the environmental temperatures at the early evolutionary periods by resur
rection of ancient proteins

AR i — 1= oA Pl s B T LR B
YOKOBORI, Shin-icht* ; AKANUMA, Satoshi* ; NAKAJIMA, Yoshiki® ; YAMAGISHI, Akihiko !

LR CER R A R A
1Sch. Life Sci., Tokyo Univ. Pharm. Life Sci.

WIHHDOEMME D K 5 REREE FTH#IL Lz ZIHSMCT 5 T &, HiBR EOEmoldif &bz 2R d 2 FcEE
Thb, HER EOEMmOWIHELICEE T 2 HIERIERIIMD TRENT NS, Ko T, BEEYICREDED S HEY
A, WEK EDOED XS BERBICET L0 EHRIT S T EIZAG TIEEW,

Woese et al. (1990, PNAS, 87: 4576-4578§FHL L 7= 16S/18S rRNACHE:D < Rifikiid. HildH B L DD, [ EHE
M) R E LTRIRENTE D, 24ninadiezsib, 3 D04HE (Ll Archaea FLIEAF Bacteria Fifk
W) Eukarya I NS HERM Uz, 2EYOIGEHENEE LIz T 5 &, ZOHEHANED X S BEYTH -
Ty, RO & 75 %, FRCREYOISEMEOEGREIC DOV T, HREERDB I RbN TR, 4o it
EHEDEBIFEAE | TH B WS A Pace (1991, Cell, 65: 531-5339 & » TIRE I NH. ZOMITHT % Kb
Zhnolze LHLEDS, TNHOHGRDIZEALIE., 7 FREMNTIC K D 2EYOILERLDOREED G+ CHET
S/ BBHRERHEE L, T SABREZHERLIZEDTH O, ERNICHEEE NIz O TIXEW (Bl 21X Galtier et al.
(1999, Science, 283:220-221) L/ L. L, D FRWMITIC K 2 M2 VR 7EDOT I/ BESIOHEE L . Z DY
73— R9 3B T OEBRNRIECH. BEDEYONEZHRET B lzdIicirbnd X5 ick> THiz Bz
Gaucher et al. (2003, Nature, 425: 285-288)

B, HeREMOEBREZHET 5720, BFET 2 MRS K CEEMEHRRX 7 LAY F2Y VigF - —+¥
(NDK) O7 X /EEEHDEZET 5 A A bW TRLIEICHE D GE(ERFEBZERI U, SEIHEE A & 515
WHGEEEEYI R > T e FRIENS NDK D7 2/ BBESZHEE Lz, S HIC, Ein T TN FEICKDEIC L
e NDK B T2 KIGHRAN THREL L, f#eH NDK OF58 & B ERIE 2B 275> 7o Byt Lic i@, =
IEMFEFLEMHSE NDK 1, 5 5 &2 M SIRED 100°C2 B2 % @O EZA L Tz, BEEEREN R 54
I EYID NDK O MR E M EBIRE L mOHBEZ RO &S, TNHDEITLLIENDK B> Tz eEZ S
NBEMIBIFAFE TH -T2 e EZBND, BT, HUERT I BHEE DB OFRD >, MICRIESHEE D V225
REORIED, 1870 LT 1B 2 2R B OB WIHEAMEICIE R E B LENWC L 8L Uiz, Fiz, Al Ed
76 NDK & EiEF Ham S NDK OESIE K < ETHD . &Yoo RzpoH@EH e 4Y) (Commonote IE ./ — ) D
NDK & [AkRAR T X /B 2R > T T ENREE NS, HllFE S NDK & BIEM R FLEH e NDK OELS1
5O IEMSE NDK OBHZERT % &, ZOZMEREIX 90 CLLETH D, TD NDK Zfi-> e 4o tmi
FlX 75 CUL EIERTBIFE TH -1 EZ 5N % (Akanuma et al. 2013, PNAS, 110: 11067-1107 2 FOFEHR X,
Ao HSEA Y. MR A e L B B HEAETH D . Commonoteh if A Td - 72 T & DFERM
IRl S 2 %,

F—U—F: a€/— b, ZNTEOMERINETTT, X7 LAY R 2V VRS —, i G
Keywords: Commonote, resurrection of proteins, nucleotide diphisphate kinase, thermophiles
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Evolution of the Earth’s environment: A view from sedimentary alkyl porphyrins

KW EEZ ™ I BN E AR NIRRT
OHKOUCHI, Naohikd* ; CHIKARAISHI, Yoshito' ; SUGA, Hisamt ; OGAWA, Nanakd

b R B AR
LJAMSTEC

Alkyl porphyrins are derivatives of chlorophylls that are formed in the surface of the Earth by photosynthesizers. Structural
changes associated with the diagenetic processes have been intensively studied during the last half a century. Now we know tt
some alkyl porphyrins are derived only from specific chlorophylls that are originated from a specific type of photosynthesizers.
Together with carbon and nitrogen isotopic compositions, such structural information provides a profound insight on the critical
evaluation of the surface water environment in the geological past. In this presentation, | will review the diagenetic alteration of
chlorophyll structures and review the current evidence.

F—I— R RV T V), HERW), HIBRREER B
Keywords: Porphyrins, Sediment, Earth’s surface environment
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The close correlation between environmental change and evolution of metazoans: Genor
duplication and rapid adaptation

ZINE ) 1
KOMIYA, Tsuyoshi*

VHORURY: Bt
'Komaba, University of Tokyo

The Neoproterozoic to Cambrian is one of the most exciting periods when Metazoa first appeared and quickly evolved. The
origin and early evolution of Metazoa are very attractive firstly because the events suddenly happened after very long calmnes
over 2000 m.y. since the emergence of eukaryotes, and proceeded very quickly, and secondly because appearance of new phy!
was limited to this period (Cambrian explosion). Recent paleontology, biomarker study and molecular biology suggested early
origin, especially of sponges and cnidarians, and cryptic evolution of the metazoans (e.g. Maloof et al., 2010; Love et al., 2010
Peterson et al., 2008: Sperling et al., 2010, Erwin et al., 2011). On the other hand, recent comprehensive study of multi-element
and multi-isotopic chemostratigraphies of drill core samples in Three Gorges, Tianping and Beidoushan areas revealed that red
condition and bioessential element contents of seawater such as P, €a, RO Mn, Mo, and Sr drastically changed from the
Neoproterozoic to the Early Cambrian. Sr isotope values display positive excursions at ca. 580, 570-550 and 540 Ma, indicatin
repeated high continental influxes at those times. P contents of carbonate minerals were very high until ca. 550 Ma, and the
decreased, suggesting the seawater was enriched in phosphorus before 550 Ma and then depleted due to oxidation of seawater
deposition of phosphorite. High nitrogen isotope values of organic matter and high Ca isotope values of carbonate rocks indicat
that seawater was depleted in j\Oand Ca contents until ca. 550 Ma, and then increased. Mo isotopes of black shale, and Fe
and Mn contents and REE patterns of carbonate rocks indicate that seawater became more oxic since ca. 550 Ma. In additic
the Mo contents of black shale increased in the Late Ediacaran and Early Cambrian, indicating Mo content of seawater increase
due to the oxidation of seawater. On the other hand, iron and manganese contents of carbonate rocks decreased, suggesting
iron and manganese contents of seawater decreased because of the oxidation of seawater.

Comparison of the geochemical evidence with biostratigraphy suggests that the emergence of Metazoan in the Early Ediacar:
was caused under the relatively less oxic and P-rich condition, whereas their diversification occurred under pxiantlO
Ca-rich condition. Especially, the transition from phosphorus-rich tg N@ch seawater possibly increased Redfield ratio, and
contributed to diversification of more actively mobile multicellular animals. In addition, the comparison of geochemical and pa-
leontological evidence indicates that the biological evolution occurred just after the environmental changes, especially the timin
of increase in nutrients, allowing a new insight of biological evolution of multicellular animals. The quick response of biological
evolution to the environments suggests that the fundamental innovation for biological functions was already established lon
before the environmental changes. The quick adaptation implies that early metazoans or a common ancestor have genomes
the functions before they acquired the functions, indicating genome duplication plays important role on the early evolution of
metazoans.

F—U— N Ak, BRI, TT 0 7 TR, R R IR S E), A B e A 2T TR, 7/ LR
Keywords: Biological evolution, paleoenvironmental change, Ediacaran, Nutrients of seawater, Evolution of Metazoa and Cam
brian explosion, Genome duplication
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Reconstruction of the gene sets for the developmental signaling ligands in ancestral prc
tostome animals

Wk —fE Y AT TRV T T 0 KT
ENDO, Kazuyoshi* ; SETIAMARGA, Davin' ; SHIMIZU, Keisuké

LRRA - B - Hhzk
!Dept. Earth and Planetary Sci., Tokyo Univ.

Recently, a draft genome sequence of the pearl oyster Pinctada fucata was reported, enabling to infer a possible evolutiona
scenario of the gene sets that are important for body plan formation in protostomes including both lophotrochozoans and ecdys
zoans. We report the results of phylogenetic character mapping carried out for the gene families that encode development
signaling ligands (Fgf, Hedgehog, PDGF/VEGF, TGF-b, and Wnt families) to reconstruct possible copy numbers of signaling
molecule-coding genes for hypothetical ancestral protostomes. Our reconstruction suggests that P. fucata retains the ances
protostome gene complement, providing further justifications for the use of this taxon as a model organism for developmenta
genomics research.

F—U— R ERT S L, ZAIIEY), FEAEE, T T IVREE(E T, 71T ) TIESE, W im )
Keywords: paleogenomics, metazoan evolution, evo-devo, signaling ligand genes, Cambrian explosion, lophotrochozoans
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Reconstruction of paleo genomic information of metazoan based on a microsyteny anal

ysis

JIE B
KAWASHIMA, Takeshi'*

U IRERIARIN RSE R, 2 FERE I~ E TS

1Okinawa Institute of Science and Technologjjiational Institute of Basic Biology

BEFOT ) LIEIL S R E NS FIC KO, O LR B E L2t I U, 7/ L EO#EETD
WODHI K MEENT OB EN D> TET, 128 %21 20074ED PutnamS I K 3 HIEEI0 7/ LS| & B4
D bDT )/ LEHIORIC, DI hiah HiEls FEF O U DORIE (Macrosyntenyyr RV 2L TWVW5, TS 6 84
PDUIERHC T D 2FDEYID DI LTz FHaeEZ % LEIREHETH S, THICFDE, Iimia 5k, TOX S IIoIEEAKE
KPRl TIRIEESN TV ASBELEFIHTDS B, 5 G L TliA TWaEEFHLE. Ea P REOGIEREEZ 1T
TEHHEICED, HLVOWUEZFLICS WX BHERHE S T TS LW REIEZT, LD DH %, HEZICN
SEAEDBIR T D75 5 COREFEEROERICGER U, ST/ LOEIRICCHT 572800 Y — )V & T 5H2EZ TV

%, BUAINCIEZ, BEEDBEED TOWEEAFRY LI ETZRF AT I A R EDS ) L S 2R T, KIS,
YIREO LB, HIOBREO ILEHEICOW T, ZNUARICHGBICHR SN T B REANZ A LERET % T —
APRENTETVS,

F—T— R &E®]Y, T L, A0 T Z—, R
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A close relationship between global oceanic environmental changes and seafloor miner
deposition during the Phanerozoic

Ik 2k
KATO, Yasuhird*

VEREURAREERE LSRR S A 7 LA EA K
! Department of Systems Innovation, Graduate School of Engineering, University of Tokyo

Metal deposition on seafloor is strongly controlled by marine redox conditions. Fe-Mn and Mn oxide deposits are formed
under oxygenated oceans. In striking contrast, Cu and Zn-bearing sulfide deposits are stable under anoxic oceans. Seaflc
mineral deposits in turn are good indicators to redox conditions or redox changes of modern and ancient oceans.

There are numerous strata-bound ore deposits in the Japanese accretionary complexes. These deposits are mainly divided |
three types; umber (Fe-Mn), Mn-rich, and volcanogenic massive sulfide (VMS; Besshi-type). The Mn-rich deposits are further
divided into two subtypes that are associated with greenstone and NOT associated. Ages of these deposits provide us importz
constraints for a secular change of marine redox conditions over the past “360 Myr. Depositional ages of umber and Mn deposi
were previously determined by microfossils including radiolarians and conodonts. On the other hand, ages of the Besshi-typ
deposits are determined by Re-Os method (Nozaki et al., 2013). Oxide ore deposits such as umbers and Mn deposits were Ve
likely precipitated in the modern-style oxygenated deep-sea. In contrast, Mn carbonate and VMS deposits were precipitated i
the stagnant, O2-deficient deep-sea during the Triassic and Jurassic periods. Seafloor mineral deposition closely related to glol
oceanic environmental changes may give us a hint for exploring the causes of mass extinction, and further for elucidating thi
evolution of life.

Nozaki, T., Y. Kato, K. Suzuki (2013) Late Jurassic ocean anoxic event: evidence from voluminous sulphide deposition and
preservation in the Panthalassa. Scientific Reports, 3: 1889; doi:10.1038/srep01889.
Keywords: oceanic environmental change, seafloor mineral deposit, Japanese accretionary complexes, marine redox conditic
Phanerozoic
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Global paleogeography and life evolution: 2. Mesozoic

TGS A 1 5 AL e
ISOZAKI, Yukio'* ; MARUYAMA, Shigenor?

VIR R B G SUETFER, 2 S LR A A OISl
LUniv. Tokyo/Dept. Earth Sci. & Astronomy;Tokyo Inst. Technology/ELSI

The Mesozoic witnessed the Pangean breakup. Since the Triassic, the southern half of Gondwana successively rifted/separat
kicking out numbers of continents northward to form Laurasia, i.e., the northern half of Pangea, ca. 200 Ma. Multiple collisions
among the Russian platform, Kazakhstan, Siberia, N. China, S. China, Indochina, Tarim, and other minor continental block:
were completed mostly in the Triassic or in the Early Jurassic at the latest. Gondwana has started to be fragmented immediate
after its birth at 540Ma, except the collision of Laurentia at 430 Ma. The apparent supercontinent Pangea formed when Laurasi
came in shape by 200 Ma. Its disassembly began first by the opening of the central Atlantic domain induced by the eastwar
moving of Africa for ca. a few thousands of km. The birth of South Atlantic Ocean was delayed until ca. 120Ma, whereas
the opening of Northern Atlantic already started. The separation of S. America from Africa occurred ca. 120Ma. There was
a pulse period of Pacific superplume ca. 120-85Ma when the production rate of MORB was 150-300 % higher than the res
of the Mesozoic. Numbers of huge oceanic plateaus were formed in the Pacific domain, including the Caribbean plateau. Th
birth of Indian Ocean occurred at ca. 100-120Ma by the separation of India from Gondwana. It is composed of 4 distinct
oceanic lithospheres (separated by NS-trending major transform faults) behaved uniquely. The sea-level was kept relatively hig
according to such Mesozoic global tectonics; warm period without global glaciation but with oceanic anoxia and remarkable
production of oil, gas, and coal. The climate was generally dryer than the Cenozoic, with higher production of evaporites. The
mammalian diversification was triggered by the ca. 120Ma separation of the final bridge among Africa, S. America, and Laurasia
The appearance of the fox monkey in Madagascar, and of new-world monkeies in S. America, was likely connected to Indiar
migration and narrow arc bridge to S. America.

F—U— R, AR B RRE, SV 7T, R, it b
Keywords: paleogeography, Mesozoic, supercontinent, Pangea, Atlantic Ocean, evolution
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Recent results of foraminiferal calcification

S

TOYOFUKU, Takashi*

b R B AR
LJAMSTEC

Foraminifera, marine unicellular organism, have been thought as one of the major carbonate producer in ocean. Their ca
careous tests are commonly utilized as paleo-environmental indicators in various studies of earth science because their tests h:
been archived as numerous fossil in sediment for long time and various environmental information are brought by population
morphology and geochemical fingerprints. The calcareous test itself is interested by many foraminifer scientists. The knowledg
about the cytological process on carbonate precipitation has been described for couples of decade using by many legacy techn
ogy. Cellular regulations of ions uptake into calcareous tests from seawater are of great interest for broad fields of earth scien
Our recent studies showed the potential to understanding the biomineralization of foraminifera by the application of fluorescen
indicators. Recently, we visualize the spatial distributions of cytological calcium and pH in living cell at same time under several
pH conditions (7.5-8.1). Observed results show that foraminifera controls very detailed timing of pH variation and concentration
of calcium at any stage of chamber formation dynamically even ambient pH are varied. These observations results will help tc
consider how the geochemical compositions arranging on the foraminiferal test, sensitivity of pH proxy of boron and others.
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Left-right reversal in unicellular eukaryotes, planktonic foraminifera

ERSR A 1 iR SR
UJIIE, Yurika!* ; ASAMI, Takahird

EINR A E R AR
! Department of Biology, Shinshu University

Aquatic unicellular organisms are little motile and passively disperse in general. Holoplankton, which spend their entire life-
cycle floating in the water column, are likely carried by water flow and exposed to diverse conditions of environment. Their
morphology may vary over wide distribution ranges by phenotypic plasticity or allelic variation. Among these organisms, plank-
tonic foraminifera are an excellent system to examine diversity and evolution in cellular responses to the environment because «
two reasons: (1) occurrence in every ocean and (2) visible asymmetry in coiled shell. Both left- and right-coiled forms are often
found within single morphospecies. Their coiling direction has traditionally been thought to change phenotypically depending on
environmental factors, especially water temperature, based on coil-morph distributions but without statistical evidence. Molec:
ular phylogenetic studies have revealed that morphospecies often contain multiple cryptic species. The arguments on the ro
of temperature for coil reversal most probably confused cryptic species into single taxa. In the present study, we examined th
dependence of morph frequency on temperature by focusing on populations that are dimorphic for coiling direction and occu
across wide ranges of temperatu®oborotalia truncatulinoidescludes five genetically isolated species, and each of them is
dimorphic for coiling direction. The statistically meaningful regression analysis was possible in three species that are distributec
in global ranges. The results showed that morph frequency does not depend on water temperature in warm or cold seasons
on the annual mean temperature. Moreover, the geographic patterns of frequency variation among water masses in these spet
suggest that gene flow affects morph frequency. The majority exhibits the same coiling direction among populations that inhabi
water masses connected by ocean circulation system. In contrast, morph frequency greatly varies between unconnected wa
masses regardless of climatic conditions. The present results, therefore, reject temperature-dependence of coiling direction a
suggest the presence of genetic basis for coiling direction in planktonic foraminifera. Our study provides a base to explore the
evolution on left-right asymmetry in unicellular eukaryotes.

F—T— R AR, & E J1m), Bk, Bl =z ey
Keywords: left-right asymmetry, coiling direction, cryptic species, unicellular eukaryote
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Were marine microplankton in the Japan Sea geographically isolated during the Las
Glacial Maximum?

ARz > TEE 2
ISHITANI, Yoshiyuki'* ; TAKISHITA, Kiyotaka?

V75 Ad—REE, 2 WOIATBOE NHBETFE R S ERAS
1School of Geophysical and Earth Science, Glasgow Univefsiapan Agency for Marine-Earth Science and Technology

The Japan Sea is connected by three straights (the Soya, Tsugaru, and Tsushima Straights) to the Sea of Okhotsk and Pac
Ocean with the shallow sill depth (140 m). During the last glacial maximum (LGM: 23-19 kilo years before present), the sea-level
was decreased at least 120 m lower than today and the Japan Sea was almost isolated from surrounding seas. It is possible |
such geographic isolation reduced and/or impeded gene flow of marine organisms between the Japan Sea and surrounding s
Previous phylogeographic studies of coastal vertebrates (only whose larval stage is planktonic) have actually suggested that t
Japan Sea was closed during the LGM. However, there is no phylogeographic study with marine microplankton, which inhabif
the water column throughout their entire life cycle.

Radiolaria, the major marine planktonic protists, are passively transported in the pelagic ocean. Their geographic distributiot
would be easily affected by geographic changes through geological time. Moreover, their siliceous shells have been preserved
marine sediments and form a good fossil record. The sensitivity to geographic changes and well-preserved fossil record of Re
diolaria could allow us to elucidate a past geographic isolation of marine microplarildoropyle buetschljia morphospecies
of radiolarians analyzed in the present study, is found in the surface waters in the Pacific Ocean, whereas it has a characteris
distribution vertically ranged from the surface to deep layers in the Japan Sea. In addition, its fossil specimens are continuousl
observed in the Japan Sea before the LGM. Thereforbuetschliicould be a good model to study a link between geographic
isolation during the LGM and reproductive isolation of marine microplankton.

Heterogeneity of internal transcribed spacer regions of ribosomal DNA (ITS1 and ITS2) is observed in many eukaryotes (e.g.
vertebrates, dinoflagellates, and diatoms). The ITS1 and ITS2 regions are spliced out during the maturing process of ribosom
causing a nucleotide substitution rate higher than ribosomal DNA coding regions. Nevertheless, the ITS1 and ITS2 sequence
are functionally important for their splicing, because the premature transcript composed of 18S, 28S, 5.8S rRNA, ITS1, and ITS
2 is folded into a secondary structure followed by the self-splicing of ITS1 and ITS2. Based on the secondary structures of ITS]
and ITS2 sequences, compensatory base changes (CBCs: base changes occurring on both sides of a double-stranded por
and hemi-CBCs (HCBCs: base changes occurring on one side of a double-stranded portion) are often observed among close
related species. The correlation between CBCs and HCBCs in the ITS2 sequences likely reflects sexual compatibility amon
individuals of a closely related species. Thus, the CBCs/HCBCs correlation is a useful marker to infer whether geographically
isolated populations are reproducible.

We demonstrated that there is heterogeneity of the ITS2 sequences within an individuadietschliiand that all individuals
of L. buetschiliicollected from the surface to deep layers in the Japan Sea do not have a significant difference in the CBCs/HCBC:
of the ITS-2 sequences. Furthermore, the CBCs/HCBCs of the ITS-2 sequences do not show a significant difference between i
dividuals of the Japan Sea and Pacific Ocean. These findings suggédstitiatschliiin the Japan Sea and Pacific Ocean likely
forms a reproducible single population. Thus, the geological isolation during the LGM is unlikely effective for the reproductive
isolation of this radiolarian species.

Keywords: Japan Sea, Larcopyle buetschlii, Radiolaria, secondary deep-sea plankton
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Non-coding sequences conserved independently in four different mammalian orders

R SN T T Ay 2
SAITOU, Naruyé* : BABARINDE, Isaaé

! BRI - SREDE{EIFIEER, 2 BB WITRER R, - BIRHIK
1Nat|onal Institute of Genetics, Division of Population Genetf@OKENDAI, Department of Genetics

BHEENYNC B (LN E E Nz IET— REA (CNS) . & 27378 a— R a+ O FEBFHEifE & %4 B
LTV EEALNTVD, bbb, MIEO 4H (FEH. WHkH. BRH. BEEH) 1DV T, CNSOfEE
EENSDT ) L EONERFANTZ, CNSOTERICIZZ /N7 Ea— %”Eﬁ@ﬁﬁkob*(@ 2 FRFE ORI % W iz
TRTCOI— FEEEREY 2V EEEE, aRYO 1 &HE 2BHRZT ERWVZEE, CNSOMEBIERFEICE > T
FHizoTEbh, BEEPL - BEL., BRI E - Do, ThHD CNSIIMFIEY / L2fkD 1.375.5%C
HH. KOMHENZEDODIEI KO ERICELTZE DX D ERIFEDEN -T2, CNSIE, Bl EREH T, BR

HefEmEHOLEI0E A O cX O EMFHEL T W, E N/ LA X7 ) LClE. IERMEZR CNSD 19
%l&T ) L EORIZSTANEICH 5 Toe TNHMFELED 4 HIEO CNSOZFHIMEH ORBINZ4: U2 HAICE > T
ATREMEN D %, BRI T CNSOED DR DX, BEHRFENOZEMEIC X 0BG FFEGRENC BT 2 LR ED Dz
T ERRET %, FEHD CNSIZHIRERICEE T 2B TOEMHICT TAZ—F 25T ENEZL ALNTZDT, ZEHD
MHEERD SR EMEMEICE S L TW05DhE LNs, T OWZEIZd TIZ Genome Biology and Evolution (Babarinde and
Saitou, 2013; vol. 5:2330?234R)¥E£ L 7=,

F—U—F: 7/ L WEE, FRE, Bk H, MEE, BAE
Keywords: genome, mammals, Primates, Rodents, Artiodactyla, Carnivores
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Development for new hyphenated analytical technologies for paleogenomics research

T ks
HIRATA, Takafumi*

U HERREER B E W R ER AR R R A

1School of Science, Kyoto University

Cytometry is the analytical technique, basically applied for quantitative analysis of cells and cell systems. In general, cytometry
measures optical properties of cells, and most often uses fluorescence to measure specific antigen molecules, intracellular ic
and DNA/RNA. Cells may be live or fixed, depending on the application, and individual cells can often be physically sorted.
? Other optical signals can be measured, including light scatter. The cytometry has blossomed to become the key technique
evaluate the nutritional status or to understand the elemental metabolism for animals. Several advantages can be derived by 1
cytometry, such as analysis speed, detection sensitivity, the ability to measure many parameters simultaneously, and the ability
sort individual cells (i.e., single cell spectroscopy). Recently, new generation cytometry utilizing the sensitive mass spectrometer
(i.e., mass cytometry) was described. With the mass cytometry, further sensitive detection of ions or proteins and higher capabilit
for the multiparameter analysis of individual adherent cells (e.g.,; Benfall et al., Science, 2011; Bodenmiller et al., Nature
Biotechnology, 2012). With the extensive number of information collected from cells or samples through the cytometry, reliable
and objective evaluation for the changes in biochemical functions could be achieved. This approach can also be applied t
understand the solar system evolution based on the numerous number of age data. In recent ten years, we have demonstr:
the unique study approach using the distribution pattern of sample ages based on the series of precise age data collected fr
large number of samples (i.e., age-cytometry) (e.g., Rino et al., PEPI, 2008; lizuka et al., Geology, 2008; lizuka et al., lizuka e
al., Chem. Geol., 2009; lizuka et al., GCA, 2010). The mass cytometry will become a powerful tool to promote the big-data
science for various research fields such as metallomics, medical sciences or the geochemistry. For elemental or isotopic analy
of trace- or ultratrace-elements, plasma ion source mass spectrometry (ICP-MS) has been widely employed because of its hi
analytical capabilities such as high-elemental sensitivities, minimal sample preparation procedures, high-analysis throughput
user-friendly operations (Bandura et al., Anal. Chem., 2009). With the laser ablation sample introduction technique, distributior
of both the elemental and isotopic data for trace- or ultratrace-elements can be successfully derived directly from large-size
solid samplesx*10cm). Despite the obvious success in obtaining elemental and isotopic data (age data), it should be noted tha
stable isotope ratio data for light elements (e.g., C and O) could not be derived by the present LA-ICPMS technique becaus
of serious contribution mass spectrometric interferences on C and O isotopes, which provides key information concerning thi
physico-chemical conditions for the sample formation. To overcome this, we would like to develop a new analytical technique to
measured the C isotopes, at a same time with elemental analysis using the LA-ICPMS technique. Newly developed spectrosco
technique combined to the LA-ICPMS technique can become a major analytical tool to expand the analytical capability for mas:s
cytomery for biochemical samples and geochemical samples through precise, reliable and uniform quality data. The analytice
technique develop here will promote the big-data science for various research fields including geochemistry and biochemistry.
Keywords: mass spectrometry, laser ablation, paleogenomics, hyphenated technology, analytical chemistry, geochemistry
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Conditions for photic zone euxinia deduced from ocean biogeochemical cycle model
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Keywords: oceanic anoxic events, biogeochemical cycles, phosphorus cycle, anoxia/euxinia, photic zone euxinia
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Partial pressure of atmospheric CO2 during the Paleoproterozoic global glaciation
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SHIBUYA, Takazd* ; UENO, Yuichir@ ; KOMIYA, Tsuyosh? ; NISHIZAWA, Manabu ; KITAJIMA, Kouki 4 ; YAMAMOTO,
Shinji® ; SAITOU, Takuy& ; TAKAI, Ken! ; YOSHIDA, Naohir@ ; MARUYAMA, Shigenori? ; RUSSELL, Michaé€l

LR B RRAS, 2 B T3RR3R, Y U Aa VY VR, S Yy MEERTSLT
LJAMSTEC,2Tokyo Institute of Technology University of Tokyo,*University of Wisconsin®Jet Propulsion Laboratory

The Paleoproterozoic Makganyene Glaciation is a particular enigmatic geologic event in that ice covered the oceans even :
low latitude (Snowball Earth). This event might have drastically curtailed biological productivity but melting of the oceanic ice
presumably induced a cyanobacterial bloom, leading to an acceleration of global oxygenation. It has been predicted that th
event occurred as a result of the drawdown of greenhouse gases in the atmosphere. However, atmospheric CO2 levels at t
time are still under debate. Here, we constrained the CO2 concentration in seawater based on fluid inclusions in subseaflo
hydrothermal quartz deposits from the 2.2 billion years (Gyr) old Ongeluk volcanics, South Africa, in which the ancient water
and carbon dioxide are preserved. The quantitative analysis of the concentration and stable carbon isotopes of CO2 in the flu
inclusions revealed that the CO2 concentration in the seawater was limited to be less than 7 mmol/kg. Because the Ongelt
seawater was locally open to the atmosphere, atmospheric CO2 level was also estimated to be lower than 33 times the prest
atmospheric level (PAL)<1.3x 1072 bar) assuming equilibrium between the Ongeluk seawater and atmosphere. This CO2 level
was not enough to compensate the faint young sun and keep the ocean temperature sufficiently above freezing point by itse
Although the behavior of other greenhouse gases is still unknown, our results demonstrate that the deficient atmospheric CC
level was a significant contributing factor to the 2.2 Gyr global glaciation.
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Impact-driven ocean acidification as a mechanism of Cretaceous?Palaeogene mass ¢
tinctions
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VTR ERPRBERAMN L 2 —, 2 FEREERRAEEES, 3 BURY, 4 KPR, PInstitut national de la recherche
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!Planetary Exploration Research Center, Chiba Institute of Techndlbigyyersity of Occupational and Environmental Health,
3University of Tokyo,*Osaka University’Institut national de la recherche scientifique

The Cretaceous?Paleogene (K?Pg) mass extinction event at 65.5 Ma triggered by a meteorite impact is one of the most dras
events in the history of life on the Earth. Many hypotheses have been proposed as killing mechanisms induced by the impac
including global darkness due to high concentrations of atmospheric silicate dust particles, global wildfires, greenhouse warmin
due to CO2 release, and global acid rain. However, the actual mechanism of extinction remains highly controversial. One of ths
most important clues for understanding the extinction mechanism is the marine plankton record, which indicates that planktot
foraminifera, living in the near-surface ocean, suffered very severe extinction in contrast to the high survival ratio of benthic
foraminifera. No proposed extinction mechanism can account for this globally observed marine extinction pattern. Here, we
show that SO3-rich impact vapor was released in the K-Pg impact and resulted in the occurrence of global acid rain and sudde
severe ocean acidification at the end of the Cretaceous, based on the new results of impact experiments at velocities much hig}
than previous works%10 km/s) and theoretical calculations on aerosol coagulation processes. Sudden severe ocean acidificatio
can account for many of the features of various geologic records at the K?Pg boundary, including severe extinction of planktol
foraminifera. This extinction mechanism requires impact degassing of SO3-rich vapor, which is not necessarily found at impac
sites other than Chicxulub, suggesting that the degree of mass extinction was controlled greatly by target lithology.

F—T— F: KIPg BV A, RKOKEZE, BNFEER, BRIVER, e rt(t, Eaohr
Keywords: K/Pg mass extinction, impact, laboratory experiment, acid rain, ocean acidification, mass spectroscopy
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Platinum group element anomalies in the Triassic-Jurassic deep-sea sediments
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One of the biggest mass extinctions in the Phanerozoic occurred at the Triassic-Jurassic (T-J) boundary. The large magma
activity associated with the breakup of Pangaea (CAMP event) or a bolide impact attract interests as causes of the mass extincti
at the T-J boundary. However, the cause of the mass extinction is still controversial because of insufficient geological evidence:
PGE abundances and radiogenic Os isotope ratios are powerful tracers that potentially distinguish ancient basaltic magmatis
from the effect from extraterrestrial.

We conducted detailed geological survey at the Inuyama area, where Triassic to Jurassic deep-sea sediments well crop out. \
developed detailed a geological map of the study area and reconstructed ocean plate stratigraphy. We collected ca. 70 silicec
shale samples bed-by-bed were also collected to measure PGEs concentration and Os isotopes with a high spatial resolution.
rock powder was spiked witH°Os, 1%5Re, 1°1Ir, 99Ru, *Rt, and'°°Pd and digested by 2:1 mixture of HN@nd HCl in a
sealed Carious tube at 2400C for 48 hours. After chemical separation using an anion exchange resin, the isotope ratios of PC
were measured by a quadrupole type ICP-MS at Tokyo Tech. The Os isotope ratios were determined by N-TIMS (Triton plus) a
Tokyo Tech.

PGEs concentrations and Os isotope composition are determined from 28 siliceous shale samples across the T-J bounde
Re and Os contents varies from 14.7 to 128.6 pg/g and from 4.9 to 99.2 pg/g, respectiv@lg/*Os decreases from 0.77
to 0.34 before the T-J boundary. THE Os/#80s values in the Jurassic siliceous shales fluctuated around ca. 0.5. The highest
Os concentration and negative Os isotope anomaly corresponds to the first occurrence of Jurassic type radiolarian. Also, Ir/l
vs Pd/Pt cross plot and C1 chondrite-normalized PGE patterns of siliceous shales across the T-J boundary show similar trend
CAMP and upper continental crust (UCC). This indicates that the origin of PGEs detected from siliceous shales are the mixture
of CAMP and UCC, and that extraterrestrial influence at the T-J boundary was minor.

Keywords: T-J boundary mass extinction, deep-sea sediments, platinum group element
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Impact event and radiolarian faunal turnover across the middle-upper Norian transition a
Sakahogi section in Japan

E=el R I TR NN ' = S i 3
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I'Kumamoto University?Kyushu University

Anomalously high platinum group element (PGE) concentrations have been reported for Upper Triassic (middle Norian)
deep-sea claystone layer in the Sakahogi section, central Japan, which have been interpreted to be derived from an extraterrest
impact event that formed the 90 km Manicouagan crater in Canada. Here we report middle to upper Norian radilarian biostratigra
phy from the Sakahogi section across the impact ejecta layer. Based on the radiolarian biostratigraphy from the Sakahogi sectic
three radiolarian zones are recognized in ascending order as follows: Capnodoce?Trialatus zone, Trialatus robustus?Lyseme
olbia zone, and Lysemelas olbia zone. Detailed high-resolution sampling and biostratigraphical data allowed us to data precise!
the ejecta layer, which occur in the base of the radiolarian Trialatus robustus?Lysemelas olbia zone. Our biostratigraphc analys
suggests that there was no mass extinction of radiolarians across the impact event horizon. Only one species became extinct at
ejecta horizon and the extinction rate of radiolarians (extinct species divided by total species at the same level) is estimated to t
about 5% at the horizon. Major turnovers of radiolarians occur above the ejecta horizon within the Trialatus robustus?Lysemela
olbia zone. Biostratigraphic analysis shows that 20 radiolarian species became extinct in this zone and the extinction rate i
estimated to be 83%. This turnover is associated with a deposition of spicular chert, suggesting temporal changes in marin
ecosystems after the impact event. Given that the average sedimentation rate of the middle to upper Norian chert succession
2.7 mm per thousand years, this turnover occurred 400 kyr after the impact event. Thus the meteorite impact did not direct caus
of radiolarian extinction event.

F—U— K =&, B EZE, R
Keywords: Triassic, Meteorite Impact, Radiolaria
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A global ocean oxidation event immediately after the Early Triassic thermal maximum
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Biotic recovery after the largest mass extinction at the end of the Permian (252.3 million years ago, Ma) became evident ir
early Spathian (250.1 Ma), Early Triassic, and was eventually completed in middle-late Anisian (ca. 244 Ma), early Middle
Triassic. Recent studies showed that this much delayed recovery was impacted by several biocrises and associated environmel
and climatic stresses during the Early Triassic. For instance, the end-Smithian extinction and associated thermal maximur
and Smithian oceanic anoxia may have prevented biotic recovery initiated in early Smithian (251 Ma). Our new study not only
confirmed the oceanic anoxia in late Smithian but also found an oxygenation event just after the Smithian thermal maxima (STM
using sulfur isotope fractionation between sulfate and sulfide. Newly obtained sulfur isotope ratios of carbonate-associated sulfa
(d34SCAS) in the surface water and sulfide (d34Ssulfide) in the Panthalassic deep water during the late Permian to the Ear
Triassic compiled with published data show a significant increase in fractionation between the d34SCAS and d34Ssulfide durin
the early Spathian (41-51 permil to 62 permil). The latter indicates an increase in global oceanic dissolved oxygen levels, whicl
also coincided with a climatic cooling and may have facilitated biotic recovery in late Early Triassic.

F—U— R pi =GR, AR, s E ALK
Keywords: Early Triassic, ocean dissolved oxygen, sulfur isotope

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‘sgime

Union

BPT27-05 2155213 FFRd:4 A 28 H 14:30-14:45

A= RT3 7 /Ny T U T O%E
Cyanobacterial proliferation during the Early Triassic
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Hnstitute of Geology and Paleontologynstitute of Geology and Paleontologynstitute of Geology and PaleontologhGhina
University of Geoscience3China University of Geoscienceéd)epartment of Earth and Planetary Science, University of Tokyo,
"China University of Geosciences

Recent studies have shown that microbes bloomed in the aftermath of several major Phanerozoic biocrises. Microbial prolifer
ation, as indicated by widespread microbialites, characterized marine ecosystems after the end-Permian mass extinction, whi
constituted the most severe biocrisis for life on Earth. The microbialite builders, including cyanobacteria and other unknown
microalgae or bacteria, acted as primary producers in the trophic structure of the earliest Triassic marine ecosystem. Howeve
the stratigraphic distributions of cyanobacteria and eukaryotic algae during the Permian?Triassic transition remain unknown
Thus, we conducted studies for the interval from the latest Permian to the Middle Triassic using the monomethyl heptadecan
ratio (MHR) and 2-methyl hopane index (2-MHI) as cyanobacterial proxies, and the n-alkyl-cyclobenzene ratio (ACBR) as a
biomarker for eukaryotic algae. We detected a proliferation of eukaryotic algae during the latest Permian and early Middle
Triassic, whereas cyanobacteria flourished during most of the Early Triassic. The new findings are consistent with previously
determined stratigraphic distributions of microbialites and the species richness of eukaryotic algae. The erosion intensity an
temperature fluctuated in conjunction with changes in the populations of cyanobacteria and eukaryotic algae. Therefore, w
postulate that these population changes were primarily the result of enhanced water turbidity from elevated bedrock erosion ar
lethally hot temperatures.

FmT— KNS A —, WA, e, ST N FU T
Keywords: biomarker, Early Triassic, extinction, cyanobacteria
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Mo depleted ocean after the end Permian mass extinction referred from Mo and U behay
lors in pelagic deep-sea sedimentary
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mental Science, Miyagi UniversityDepartment of Earth Science, Graduate School of Science, Tohoku University

The end-Permian mass extinction was the largest biotic catastrophe of the Phanerozoic, and evidence of global oceanic ano:
during this event has been reported (e.g. Wignall and Twitchett, 1996). Such anoxic?euxinic conditions have also been reveale
by enrichments of redox-sensitive elements (Fio et al., 2010; Grasby et al., 2009, 2011; Algeo et al., 2012). Among redox:
sensitive elements, uranium increased in sediments and finally result uranium drawdown, suggested by a decrease in sediment
uranium isotope ratio (238/235U) and a increase in Th/U ratio from the shallow marine carbonates (Brennecka et al., 2011). Ii
this presentation, we will show the possible evidence of Mo drawdown after the mass extinction event from the continuous deep
sea Permian-Triassic boundary section which located in the low latitude pelagic Panthalassa (Akkamori section-2; Takahashi
al., 2009).

High resolution ICP-MS analysis using sedimentary rock samples from the study section (Takahashi et al., in review) indicate:
vertical distribution of UEF and MoEF (Enrichment factor of U and Mo), the Mo/U ratio. MoEF and UEF show a synchronous
increase from the Upper Permian bedded chert to the overlying siliceous claystone, while the Mo/U ratio increases from 3.9 t
47.3 showing continuous elevation from the X0modern seawater Mo/U ratio (180 SW) to 9.0X the modern ratio (9.

SW). Accepting the previous study’s criteria (Algeo and Tribovillard, 2009), increased Mo/U ratios that clearly excegd 9 (3
times the value of modern seawater [X0SW]) suggest the presence sulphidic bottom water at that time. Considering possi-
bility of U drawdown suggested by Brenecka et al. (2011), decrease in seawater U concentration (possibly up to 1/7) would als
help the rise of Mo/U ratio. Further elevations of MoEF and the Mo/U ratio reach values of more than 1000, and MoEF reaches
values of several thousands from Upper Permian siliceous claystone to the basal 20cm end-Permian black claystone, indice
ing that sulphidic bottom water was increasingly developed and that Mo transportation by the particulate shuttle was activatec
The particulate shuttle, proposed by Algeo and Tribovillard (2009), is a process by which Mn oxyhydroxides absorb molybdate
oxyanions above the oxic?anoxic chemocline in the water column and then sink and finally dissolve on at or just below the
sediment-water interface, releasing Mo to the sediments. Additionally, in such a developed sulphidic water column, syngeneti
pyrite formation in the euxinic water column could possibly have contributed to Mo transportation to the sediment (Algeo and
Maynard, 2004). Above the 20 cm horizon of the black claystone, MOEF decreases to values lower than 100 and the Mo/U ratic
takes values of more than 3 but less than 20. These values could be interpreted to indicate that sulphidic bottom water was st
present but that the particle shuttle had subsided to some extent after the time of the mass extinction. Low Mo/U values occur i
earliest Triassic siliceous claystone bed, despite high MoEF and UEF values. Because MoEF and UEF are high, reducing botto
water conditions still existed. Thus, the decrease in Mo/U does not indicate a return to oxic conditions, but rather a Mo drawdowr
in the earliest Triassic seawater. The study examples of such trace-metal drawdown in geologic past have been reported by Alg
(2004) and Hetzel et al. (2009). In fact, the trend of low Mo/U values with high MoEF and UEF is consistent with that of the
Mo-depleted seawater condition identified in the modern Black Sea (Algeo and Tribovillard, 2009), suggesting a drawdown of
seawater Mo in the pelagic ocean.

F—TU—F: BY T T, KREMK, ~OV LA, SRR, mEEEGEEE, ST T
Keywords: molybdenum, mass extinction, Permian, Triassic, deep-sea, Panthalassa
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Nitrogen isotope chemostratigraphy across the Permian-Triassic boundary at Chaotial

Sichuan, South China.
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Nitrogen isotopic compositions of upper Permian to lowermost Triassic rocks were analyzed at Chaotian in northern Sichuan
South China, in order to clarify changes in the oceanic nitrogen cycle during the Changhsingian (Late Late Permian) prior
to the end-Permian extinction. The analyzed interval across the Permian-Triassic boundary (P-TB) at Chaotian consists ¢
three stratigraphic units: the upper Wujiaping Formation, the Dalong Formation, and the lowermost Feixianguan Formation, in
ascending order. The upper Wujiaping Formation is mainly composed of dark gray limestone with diverse shallow-marine fossils
deposited on the shallow shelf. In contrast, the overlying Dalong Formation is mainly composed of thinly bedded laminated
black mudstone and black siliceous mudstone containing abundant radiolarians, deposited on the relatively deep slope/bas
under anoxic condition. The lowermost Feixianguan Formation is composed of thinly bedded gray marl and micritic limestone
with minor fossils deposited on the shallow shelf. d15N values are in positive values in the upper Wujiaping Formation implying
denitrification and/or anammox in the ocean. d15N values gradually decrease in the lower Dalong Formation and are consistent
low in the middle Dalong to lowermost Feixianguan Formation. In particular, no clear d15N shift is recognized across the
extinction horizon. The consistently low d15N values at Chaotian suggest the enhanced nitrogen fixation in the ocean durin
the entire Changhsingian to early Induan (Early Early Triassic), accompanied with the emergence of anoxic condition. The
d15N trend at Chaotian was possibly a regional isotopic signature in northwestern South China and not a global one, becau:
the composite d15N profiles document that no d15N trend similar to that at Chaotian is observed in other P-TB sections aroun
the world. Nonetheless, the protracted oceanic nitrogen depletion during the Changhsingian suggested by the present results
Chaotian may have acted as a stress to shallow-marine biota.
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A remarkable sea-level drop and global cooling in the late Middle Permian: record from
the mid-superoceanic limestone
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For clarifying the global environmental changes relevant to the Guadalupian-Lopingian boundary (G-LB) extinction, i.e. the
first major biodiversity drop during the Permian, litho-, bio-, and chemo- stratigraphl? 6£..,,, and®”SrFf%Sr were analyzed
in the Middle-Upper Permian paleo-atoll limestone at Akasaka in central Japan, which was derived from a paleo-atoll complex
deposited primarily in the low latitude in the mid-Panthalassa. Between the Capitanian (upper Middle Permian) black limestone
(the Yabeinafusuline Zone) and the Wuchiapingian (lower Upper Permian) light gray limeston€ttienofusiella-Reichelina
Zone), a unique black-white striped limestone is intercalated, of which top marks the G-LB horizon.

The major extinction occurred in the uppermost black limestone, large-tested fusuline and large bivalve that were adapted t
low-latitude extremely warm conditions sharply became extinct. Most parts of the Akasaka Limestone consist of shallow marine
wackestone/packstone deposited in low-energy settings of the subtidal zone likely within a lagoon on the top of a seamount.

We newly identified 1) a remarkable hiatus with erosional features at the top of the striped limestone, 2) large-scale cross
beddings in the striped limestone immediately below the hiatus, and 3) the dominance of grainstone in the basal light gra)
limestone immediately above the hiatus. These lines of evidence altogether suggest that a remarkable sea-level drop has occur
around the G-LB in the mid-oceanic paleo-atoll complex, and that a cool climate has appeared in the Capitanian. The isotop
stratigraphy for the Capitanian interval with extremely highC..,, values over +36 and the extremely loW’ Srf%Sr ratios
below 0.7070 indicate the high productivity in the superocean and the suppressed continental weathering on Pangea, respective
Both isotope signatures can be concordantly explained by the appearance of a putative global cooling in the Capitanian. After al
the litho-, bio-, and chemostratigraphical records from the Permian mid-superocean positively suggest a possible link betwee
the Capitanian global cooling and the end-Capitanian extinction.

F—U— R G-L Ei5, gkl s, kKRR, 2m(l, RN, SrlrlArik
Keywords: G-L boundary, mid-superoceanic limestone, sea-level drop, cooling, carbon isotope, strontium isotope
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Middle to Late Permian seawater Sr isotope variation linked to the glaciation/deglaciation

AU TS /M R 2 5 BT 1T 2
KANI, Tomomi'* ; KOFUKUDA, Daisuké ; ISOZAKI, Yukio?
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!Department of Earth and Environmental Sciences, Kumamoto UnivetBigpartment of Earth Science and Astronomy, The
University of Tokyo

We report the detailed secular change of the Middle to Late Permian sea#@téfSr ratio for the Akasaka and Iwato
limestone in SW Japan. The studied two sections were originally deposited as paleo-atoll complexes on the low-latitude, mid
Panthalassa seamounts. We also analyzed coeval sections at Sizipo and Liangshan deposited on the shallow marine shel
South China. Commonly in the four studied sections, extremely low vaki@s7069; the lowest values of the Phanerozoic)
continued from upper Wordian (middle Middle Permian) to the topmost Capitanian (upper Middle Permian) immediately below
the Middle-Late Permian boundary. TRESrfSSr ratios increased to 0.7072 in the early Late Permian. This increase recorded
the most rapid in the entire Phanerozoic. The ca. 5 m.y.-long minimum interval and the following rapid increase in Sr isotope
ratio can be explained by the remarkable changes in continental erosion/weathering rate; in particular, by the onset of glaciatio
and the following deglaciation, that is supported by global sea level change, in addition to the initial doming/rifting of Pangea.
After the Capitanian cooling, the long-term climatic regime shifted to a warmer one during which covering ice was removed
from continents to expose crustal silicates for to erosion/weathering. The continental rifting with new drainage systems likely
increased decisively the highly radiogenic continental flux to the superocean.

Keywords: Permian, Sr isotope, seawater, limestone
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A unique Iow latitude-type moiluskan assemblage from the Permian Iwaizaki limestone
in the S. Kitakami belt, NE Japan
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HALHAR AL LA O EIL LR B HIE S 0 B 9] THEREH "Pleurotomaria” yokoyanh s Uz, 7V
D F-figln2 H Porcelliasp. DBtk S %, N5 DL EADOFEHIZMS THT, TNE THEHADRIKGIKED S DE
HRED D2 DHTH 5, RIRAPEIZEIETE N> T TP IO EETHERE L 721l EOHEAIE D TdH % DI
L. SHIGGIRE IRE S B ORENIERE TR E NSy FEGIREN D55, SHIGGIREND. FRikE @D
Z— Ui BHBHE, SOICERTHHARKE T XY FOERBHRI N e b, FICIEETHRLzC &, &
BICIE At FE A E R ERL, b b ZORIUEES R L Wiz e TSNS,

F—T—F: VLK, ZHHE, B, mEEde B, R E
Keywords: Permian, bivalve, gastropod, South Kitakami belt, South China
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Mechanlsms regulating the redox state of an atmosphere-ocean system during the Pale

Zoic

iR Fnife b
OZAKI, Kazumi*

L RUR ARSI T
LAORI, University of Tokyo

There is now a great interest in understanding paleoredox conditions of an atmosphere-ocean system because it is essen
for investigating links between oxygenation of biosphere and major biological innovation/extinction. Therefore, understanding
the regulating mechanism(s) of secular (over millions of years) changes of redox state of Earth’s surface environments is one ¢
the fundamental topics. Early Paleozoic is marked by the prominent biological evolution/diversification events (i.e., Cambrian
explosion, Great Ordovician Biodiversification Event, and advent of land plants). On the other hand, multiple lines of geological
and geochemical evidence (such as black shale deposition, low C/S ratio of buried sediments, low molybdenum isotopic value
and iron speciation data) suggest that oxygen-depleted waters were generally more common and widespread in the ocean inter
than they are today until the Devonian. Among these, recent finding of an increase in molybdenum isotopic value fiom ~1.4
to "2.0%0 between 440 Ma and “390 Ma (Dabhl et al., 2010 PNAS) attracts the attention because it implies the oceanic redox
transition to a well-oxygenated condition. However, the ultimate cause of this transition remains uncertain.

Considering the fact that the ocean oxygenation event correlates with the diversification of land plants since the Late Ordovi
cian, causal linkage between them are intriguing; an enhanced chemical weathering on the continent by land plants could lez
to an increase in the burial rate of terrigenous organic matter, giving rise to an oxygenation of an ocean-atmosphere syster
However, it remains unclear whether the radiation of land plants is necessary to cause such redox transition.

The evolution of atmospheric oxygen concentration has been studied intensively, but reconstructed atmospheric oxygen evol
tion varies widely between models, demonstrating that further understanding on the mechanisms controlling atmospheric oxyge
level is still required. Because oxygen is most likely regulated by a combination of several feedbacks in the Earth system, i
is essential to evaluate the impact of plant diversification on the oxygenation state of an ocean-atmosphere system with the a
of a biogeochemical cycle model. In this study, a model is designed to explore the roles of several feedback mechanisms re
ulating the redox state of the atmosphere and oceans during the early Paleozoic, and to reconstruct the paleoredox history
an ocean-atmosphere system during the early Paleozoic. The results of systematic sensitivity experiment demonstrate that |
oceans before the advent of land plant had been kept in suboxic-anoxic condition, that (2) the diversification of land plant since
Late Ordovician could cause an increase in atmospheric oxygen lexdl&% by the Devonian and ocean could be oxygenated
by the Middle Devonian, and that (3) a redox dependent burial efficiency of phosphorus at sediment-water interface and degrac
ability of particulate organic matter (POM) play substantial roles in atmospheric oxygen level before the advent of land plant.
The modeling results confirm the causal linkage between plant diversification and the oxidation of Earth’s surface environments
Our result also highlights the need for more quantitative and process-based knowledge of the decomposition process of POM
order to reveal the redox evolution of atmosphere-ocean system during the Paleozoic.

F—T— R AR, KRR, YR 2, b Ryl MEmERE 7V

Keywords: Paleozoic, atmospheric oxygen level, biogeochemistry, land plant evolution, biogeochemical cycle model
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Compound-specific carbon isotope ratios from the Ediacaran-lower Cambrian in the Thre:
Gorges area, South China
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Keywords: Ediacaran, Cambrian, oxygen level, molecular fossil, South China
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Ancient ocean environment in the Ediacaran to Cambrian.

BEA AR 1 ALl g
SAWAKI, Yusuke'* ; MARUYAMA, Shigenori'

PR TR
1Tokyo Tech

The Ediacaran to Cambrian period is one of the most important intervals for the evolution of life. However, the scarcity of
well-preserved outcrops of Ediacaran and Cambrian rocks still leaves ambiguity in deciphering ambient surface environmente
changes and biological evolution.

Recent paleontologists, mainly Chinese scientists, revealed that life on the Earth have evolved through multiple stages. Son
of the metazoan fossils were discovered from Ediacaran sedimentary rocks. This suggests that so-called Cambrian Explosit
already started from the Ediacaran, not from the Cambrian. Therefore, unraveling surface environmental changes during th
Ediacaran attract interests.

The Ediacaran to Cambrian strata in South China are almost continuously exposed and contain many fossils, which is suitab
for study of environmental and biological changes in the Ediacaran and Cambrian. We (Tokyo Institute of Technology and The
University of Tokyo) conducted on-land drilling through the Nantuo, Doushantuo, Dengying, Yanjiahe, Shuijintuo, Shipai and
Tianheban Fms at six sites in the Three Gorges area to obtain continuous samples. We systematically analyzed some kinds
isotope ratios (carbon isotope ratios of carbonate and organic carbon, oxygen isotope ratios, nitrogen isotope ratios of organ
matter, radiogenic strontium isotope ratios, calcium isotope ratios, molybdenum isotope ratios and iron isotope ratios of pyrite
and elemental concentrations (cerium, phosphorus, manganese and iron concentration in carbonate), using these core samg
The combination of these detailed chemostratigraphies enables us to decipher the surface environmental changes in the Ediaca
and Cambrian. The most important discovery is that surface environment also had evolved through multiple stages during th
Ediacaran and the Cambrian.

| will talk about summary of our complehensive work in the speech.
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Neoproterozoic accretionary complex exposed in the Anglesey island and Lleyn penin.
sula, northwestern Wales
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IDepartment of Earth and Planetary Sciences, Tokyo Institute of Techndbgpartment of Earth and Astronomy Graduate
School of Arts and Sciences The University of TokyGraduate School of Science,Kyoto Universttigarth-Life Science Insti-
tute, Tokyo Institute of Technology

Accretionary complex is formed by subduction of oceanic plate, and records a history of the subduction. Subduction-relatec
Precambrian rocks crop out in central England to Wales. The subduction with eastward polarity is considered to have con
tinued from the Neoproterozoic to the Ordovician. Those are supported by three evidences: existences of (1) 680-480 M
calc-alkaline volcano-plutonic complexes, (2) a high-P/T metamorphic belt formed by regional metamorphism, which has bar-
roisite 40Ar/39Ar ages of 560-550 Ma (peak ages), (3) pelagic to hemipelagic-sedimentary rocks and mafic to ultramafic rock ir
Monian Supergroup. Based on these evidences, previous studies suggested that the region from the central England to the We
had been formed by subduction-related orogeny. However, there have been a few constraints on a depositional age in the Moni
Supergroup. The age constraint is hecessary to reveal tectonic history of the central England to the Wales.

The Monian Supergroup is exposed in the Anglesey island and Lleyn peninsula, northwestern Wales. This complex is dividec
into three groups; South Stack Group (Gp), New Harbour Gp and Gwna Gp. This study focuses on Gwna Gp beacause sedime
tary rocks consist of lower to middle Cambrian acritarchs. The Gwna Gp has been described as melange since 1919 and is locat
at structural top than the other two groups. The Gwna melanges include pillow basalts, bedded or jaspery cherts, carbonate
mudstones, sandstones and quartzites, and these rocks are typical rocks of an ocean plate stratigraphy (OPS). At eight area
the Lleyn peninsula, we conducted geological survey to reconstruct OPSs. In addition, we determined U-Pb ages of zircons fror
tuffs, mudstones, claystones or sandstones with LA-ICP-MS at the University of Kyoto.

Twenty-six OPSs are reconstructed, and then repetitions of the OPSs by layer-parallel thrusts are confirmed. We separat
zircons from three tuffs, two mudstones, four claystones and three sandstones of each OPS. The U-Pb ages of the zircons rar
from 637 + 13 Ma (the oldest) to 541 16 Ma (the youngest). We constrained arrival time of each OPS to a trench by the
youngest age of detrital zircons.

Although the Gwna Gp has been treated as a single unit, this group can be divided into three types based on the arrival time
The arrival times of Typel, Type2 and Type3 are 630-610 Ma, 610-570 Ma and younger than 560 Ma, respectively. This resul
indicates the structural upper sequence is older than the lower. This structurally downward growth is the characteristic of typica
accretionary complex, and was formed by the eastward subduction. This trend is also supported by the spatial and tempor
relation of both volcano-plutonic complexes and regional metamorphic belt. From these evidences, we concluded that the Gwn
Gp is the accretionary complex formed by a series of the subduction-related orogeny.

Keywords: Wales, Neoproterozoic, U-Pb age of detrital zircon, Accretionary complex, Subduction-related orogeny
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Deep-sea anoxia during the Marinoan Snowball Earth
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Technology?Graduate School of Arts and Sciences, The University of Tokyo

The oxidation of the deep ocean in the Earth’s history is regarded to have occurred in the Neoproterozoic, coincident with
the metazoan diversification; however, the geological record of the Neoproterozoic environment has been restricted only t
shallow-sea sediments. Here we present the discovery of the Neoproterozoic deep-sea sediments in the accretionary comple»
Llyen Peninsula, Wales, UK. In the studied section, the oceanic plate stratigraphy consists of mid-ocean ridge basalts, bedde
dolostones, ca. 10 m-thick black mudstones, hemipelagic siliceous mudstones and turbidite sandstone, in ascending ordi
The detrital zircons separated from sandstone give the youngest age of 637+-13 Ma. Within ca. 10 m-thick black mudstones
lithological changes are observed; (1) alternating black mudstone and dolomitic carbonate layers, (2) black mudstone with les
developed lamination, (3) pyrite-enriched black mudstone, and (4) rhythmically bedded black mudstone, and gradually turn:
into bedded greenish gray chert sequence. The overlying greenish gray cherts show red color in some place. We analyzed the
mudstones and cherts by 57Fe Mossbauer spectroscopy, and identified six iron species, i.e., hematite, pyrite, two paramagne
Fe3+, and two paramagnetic Fe2+ with different quadrupole splittings. About a quarter of iron content in the black mudstones
consist of pyrite, and other component belong to paramagnetic Fe2+ or occasionally paramagnetic Fe3+. The overlying re
cherts contain hematite as the main iron mineral. In the analyzed samples, hematite and pyrite never co-existed. The occurren
of hematite in deep-sea chert essentially indicates a primary oxidizing depositional condition, and that of pyrite a reducing one
respectively. The present results confirmed that a reducing condition persisted in the Neoproterozoic deep-sea through the inten
of the black mudstone deposition. The overlying partly-red hematite-bearing cherts give evidence of recover from reducing tc
oxidizing condition before the arrival to the trench. Here we propose that the black mudstone in Llyen Peninsula shows the
global-scale oceanic anoxic event during the Marinoan Snowball Earth, and name this event the 'Marinoan Superanoxia’. Durin
the black mudstone deposition, the whole ocean may have turned into anoxic like the Permo-Triassic boundary Superanoxi:
although further discussions for the depositional model based on other geochemical proxies are needed.
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Paleogeography of the Earth; Neoproterozoic
Paleogeography of the Earth; Neoproterozoic
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Neoproterozoic Earth was a transient state to bridge Precambrian mono-cellular world to Phanerozoic Earth of metazoans at
plants. The snowball Earth from 770Ma to the onset of Cambrian time, was another environmental pressure to force the life
evolution.

(1) Continent configuration

Supercontinent Rodinia was consolidated ca. 1.0Ga around the equatorial region, and began to be rifted in Neoproteorozoi
After ca.600Ma, it became fragmented by rising superplume in the center to give a birth of Pacific Ocean. Immediately after
the fragmentation, continents were removed to the South Pole to assemble again to make a semi-supercontinent Gondwana
540Ma.

(2) Environmental change

Owing to the leaking Earth (Maruyama and Liou, 2005; Maruyama et al., 2014), the rapid emergence of huge landmass cause
the raid diversification of surface environment and birth of metazoans, as wells as algae evolution. Preceding to the Cambria
explosive evolution of life, the snowball Earth event which was a warm-cold fluctuation, GCR-triggered cloud cover, rapid sea-
level change, nutrients supply, and probably wet and dry climate change, forced the rapid evolution of life. The first appearanc
of sponge was between Sturtian and Marinoan snowball Earth event, but the most explosive diversification of metazoans occurre
between 540 and 520Ma.

Chemostratigraphy more than 10 were completed for the drilled cores in S. China and the detailed environmental change
were analyzed (Special issue in GR, 2014). Weakened paleomagnetic intensity caused severe radiation for the evolving life c
the surface of the Earth.

(3) Life-evolution and mass extinction

By this reason, and presumably the rift volcanism related to atomic bomb magma caused local mass extinction to promot
mutation-induced quick evolution to diversify life.

(4) Biomass, Ecosystem, mass extinction

Sr isotopic change recorded in platform carbonate clearly indicate the huge amount of nutrients supply for continents anc
sea-level drop caused the birth of paradise of metazoans on the continental visible platform with enough nutrients supply. A ne\
diversified ecosystem was appeared.

The most extensive mass extinction occurred during the Ediacaran to Cambrian time, more than 10 times in this restrictes
period, from 635Ma to 488Ma.

(5) Role of Universe

This could be due to the starburst in our Milky Way Galaxy, and promoted volcanic eruption of atomic bomb magama along
the continental rifts on the Rodinia and Gondwana.
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Spherules layer of the uppermost Triassic (Rhaetian) limestone sequence in the Kardolir
section, Slovakia
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!Graduate School of Science and Technology, Kumamoto UnivefStgvak Academy of SciencedResearch Institute for
Humanity and Nature'Graduate School of Science and Technology, Okayama University

Triassic/jurassic (T/J) boundary of approximately 201 million years ago is known as a stratigraphic boundary recorded one o
the big five Phanerozoic mass extinctions. Catastrophic processes such as widespread eruption of the Central Atlantic Magma
Province (CAMP) flood basalts and extraterrestrial impacts have been proposed to account for the mass extinction event. Here v
show the results of our analysis of enigmatic spherules in the Upper Rhaetian of the Kardolina section, Slovakia. The Kardolinz
section is situated on a steep western slope of the Mt Palenica in the Belianske Tatry Mts as the most continuous section of tt
uppermost Triassic (Rhaetian) Fatra Formation. The Fatra Formation is shallow marine carbonate sequence and is overlain wi
a sharp contact by marine shale of the lowermost Jurassic (Hettangian) Kopieniec Formation. The Kopieniec Formation consis
of a sequence of brown claystone with sandtone and limestone intercalations. The position of the T/J boundary is constrained &
foraminiferal assemblages.

The limestone sequence containing the spherules exists in the upper part of Fatra Formation. A fié@atixeursion and

a positives 80 peak have been known from spherules layers. Analysis of the foraminiferal assemblages shoed the diversity of
foraminifera have decreased in spherules layers. Spherules are found in at least six sedimentary layers in the Fatra limestor
The size of spherules is approximately 200-300. Spherules are contained "10 % in the layers and the other component grains
consist of lithoclasts, bivalves, and crinoids. These grains were relatively rounded and have reworked fabrics. The results c
SEM-EDS analysis indicated that spherules were composed mainly of Si, Al and Mg, and contain small sulfide particles with Fe.
Zn, and Cu. Such a geochemical composition was clearly different from ooids and peloids in Fatra Formation, though the origir
of spherules in Kardolina section remains uncertain.

F—T— R 2B 2 IR, L—F 7V, ARE, A7 2 )b—)b, ik
Keywords: Triassic/Jurassic boundary, Rhaetian, limestone, spherule, extinction
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Global paleogeography and life evolution: 1. Cenozoic
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Continental configuration in the Phanerozoic were synthesized, by the integration of not only continents and oceans, but als
plates, ridge-transform system, ocean current, desert, glacier, major rivers, plume-driven bulge, rifts, mountain belts, lakes
vegetation, and the location of first fossils appeared on the Earth. Methods employed here are as follows; plate reconstructic
after Scotese (1996, 2002, 2008), for the oceans by Engebretson et al. (1985; 1992), Cogne and Humler (2006), and Seton et
(2012), and OIB by Utsunomiya et al. (2008).

The Earth system has been changed drastically at 20 Ma under the strong influence by the internal phenomena of solid-Earth,
particular, by the generation of 410 km-depth swarm of hydrous plumes immediately above the "2nd continents”. The Cenozoic
is clearly divided into the two periods at ca. 20 Ma on the basis of the secular change in seawater Sr isotopic compositior
(Veizer et al., 1999). This sharp change reflects the increased material flux from continental crusts to ocean by the plume
driven topographic elevations and collision orogeny along the Himalayan-Tethyan domain all the way from Europe to Papus
New Guinese. It should be emphasized that the former is nearly 10 times greater in magnitude than the latter. The upliftec
regions include Tibet-East Asia, Rocky Mtn./Colorado plateau/Basin-and-Range/Rio Grande Rift in North America, and Middle
America. The A-subdcution of the main S. America block caused the uplift of the Andean Mtn. The separation

of S. America from Antarctica was critical to have isolated Antarctica around the South Pole to have triggered the glaciation
by virtue of cold-water circulation around the Antarctica.

The rapid glaciation both in Arctic and Antarctica started the Quaternary Period at 1.8 Ma, although the Cenozoic glaciation
had already started on Antarctica back to 20 Ma. The ultimate cause of the Quaternary glaciation can be blamed to the encount
of our galaxy with a small "dark cloud” since 20 Ma, and to that with nearby supernovae since 1.8 Ma. The low-temperature on
the planet surface and the resultant glaciation was triggered likely by the increased galactic cosmic radiation (GCR) through th
extensive development of cloud.

The appearance of the cold weather initiated two independent but critical driving forces for nutrient supply in ocean; i.e., cold-
water formation in high-latitudes coupled with accelerated upwelling, and intensified the Hadley atmospheric circulation induced
by the plume-driven development of topographic highs on-land closer to the altitude of basal stratosphere, as monitored by th
secular curve of seawater Sr isotope ratio. As to the changes in ecosystem after the end-Cretaceous extinction, the promot
nutrients supply caused the increased volume of biomass and various biological innovations; e.g., replacemnt of radiolarians k
diatom, the appearance of C4 plants etc. The collision of India against Asia, caused the species mixing between two continent
On the other hand, the resultant Tibetan uplift and birth of Asian Monsoon brought contrasting climate within Eurasia. The birth
of human being along the Rift Valley in E. Africa ca. occurred 5-7Ma was caused likely by the episodic eruption of "atomic
bomb” magma along the prominent rift zone. In addition to the local mass extinction by radiations, this led the episodic human
escapes from Africa into Eurasia in multiple times after 1.2 Ma.
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