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Preliminary results of IODP Expedition 338: Operational aspects
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The Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE) is a multi-disciplinary scientific project designed to inves-
tigate fault mechanics and seismogenesis along subduction megathrusts through reflection and refraction seismic imaging, dire
sampling, in situ measurements, and long-term monitoring in conjunction with laboratory and numerical modeling studies. As
part of the NanTroSEIZE program, operations during Integrated Ocean Drilling Program (IODP) Expedition 338 were planned
to extend and case riser Hole CO002F located at the southeastern margin of the Kumano forearc basin, begun on Expedition 3
in 2010, from 856 meters below the sea floor (mbsf) to 3600 mbsf.

Riser operations extended the hole to 2005.5 mbsf, collecting a full suite of logging- and measurement-while-drilling (LWD/MW
mud gas and cutting data. However, due to damage to the riser during unfavorable winds and strong current conditions, rise
operations were cancelled. Hole CO002F was suspended at 2005.5 mbsf, but left for re-entry during future riser drilling opera
tions, which will deepen the hole to penetrate the megasplay fault at about 5000 mbsf. Contingency riserless operations include
coring at Site C0002 (200-505, 902-940 and 1100.5-1120 mbsf), LWD at Sites C0012 (0-709 mbsf) and C0018 (0-350 mbsf)
and LWD and coring at Sites C0021 (0-294 mbsf) and C0022 (0-420 mbsf).

Combined primary riser operations and contingency riserless operations at Site C0002 allowed to sample the upper part «
the forearc basin sediments and gas hydrate zone, the basal Kumano Basin-to-accretionary prism unconformity, and the upg
portion of the inner wedge with cores, drill cuttings, mud gas sampling, and an extensive suite of LWD logs.

Site C0018 is located within a depocenter for downslope mass transport in a slope basin seaward of the megasplay fault, a
was drilled and sampled during Expedition 333 targeting mass-transport deposits (MTDs). Site C0021 is located "2 km NW of
Site C0018 and at a more proximal site for MTDs observed at Site C0018. LWD at Site C0018 provided logging data to char-
acterize the sedimentary section and MTDs, which are correlatable with the previous core and seismic data. LWD and corin
at Site C0021 provided data for correlation to Site C0018. Together the sites provided constraints on the lateral variability of
MTDs within the basin, which relates to the nature, provenance, and kinematics of the submarine landslides.

Site C0022 is located in the slope basin between previously drilled Sites C0004 and C0008. LWD and coring at this site
penetrated through the tip of the megasplay fault, and provided constraints on the activity of this megasplay fault.

Site C0012 is located in the Shikoku Basin on the crest of a prominent basement high (Kashinosaki Knoll) on the subductinc
Philippine Sea plate, where coring down to 630.5 mbsf had been conducted during Expeditions 322 and 333. LWD operation
at this site provided logging data to characterize the sedimentary section and the upper portion of the oceanic crust, which al
correlatable with the previous core and seismic data.
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Porewater chemistry of seafloor sediments based on the onboard analyses Expedition 3

at Nankai Trough
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During IODP Expedition 338, sediments were sampled from Site C0002 at Kumano Basin and Site C0022 on the frontal arc
slope of Nankai Trough. At Site C0002, the sediments were obtained from the depths between 200 - 500 mbsf (meters beloy
seafloor), 900 - 940 mbsf, and 1100 ? 1120 mbsf. Porewater was analyzed after squeezing using the standard onboard analyti
procedures. Porewater from the sediments at 1111 mbsf was extracted using GRIND method after testing the appropriateness
this method. Here, the tested results of GRIND method and porewater chemistry of the Site C0002 are described.

GRIND method was originally developed for the sediments and rocks, for which standard squeezing (standard method
hereafter) did not provide adequate volumes of pore?fluid. However, it would also be applicable to extract the porewater fron
small volume of the sediment samples. 40 g sediment was ground with 5 mL ultrapure water in a ball mill, and the water was
squeezed using the standard method. As results, chlorinity was comparable2®RPpwith that obtained using the standard
method, and major ions, Br, sulfate, Na, Mg and Ca, and minor ions, B, Li and Sr are useful if 5-10 % difference of concentration
from that obtained using the standard method can be acceptable. Among the major ions, K concentration was always ca. Z
% higher and phosphate ca. 15 % lower than those obtained using the standard method. Most of the minor and trace met
concentrations (Fe, Mn, Si, Ba, V, Cu, Zn, Rb, Mo, Cs, Pb, U) obtained using the GRIND method were much larger than those
obtained using the standard squeezing method, probably due to extraction of adsorbed elements onto the sediment particles
desorption in addition to the dissolved components. Thus, the GRIND method cannot be applicable for the minor and trace
metals except Li and Sr, of which RD axe10%.

At Site C0002, continuous profiles of porewater chemistry are obtained down to 1050 mbsf combining the results of previous
and present expeditions. 10 samples from the above former two intervals were analyzed using both standard squeezing a
GRIND methods, and the deepest porewater chemistry was obtained for the sediment at 1111 mbsf only using the GRINL
method.

Chlorinity decreased from 550 mM of the porewater from the seafloor sediment to 350 mM down to 400 mbsf, increased
to 480 mM down to 800 mbsf, then decreased to 450 mM at 1111 mbsf. The boundary between Units | (upper forearc basir
sediment) - Il (lower forearc sediment) and IlI-Ill (basal (starved) sediment) are 140 and 830 mbsf respectively. The depletion
of chloriniy occurs in Unit Il due to the contribution of freshwater from gas hydrates. Similar depletion of the concentration in
the Unit Il are observed for Na, K, Mg, B, Sr, Ba and Rb. Alkalinity, phosphate and ammonium increase in Unit | and decrease
in Unit Il, suggesting that those are released via decomposition of organic matters and then removed by precipitation (P) an
decomposition (ammonium). Br increases in Unit | due to decomposition of biogenic material (probably algae), similar to P
and ammonium, while in and below Unit Il, it changes in accordance with Cl. Ca and Li increase in Unit Il probably due to
dissolution of biogenic and/or detrital minerals. In Unit IV (upper accretionary prism), chlorinity alkalinity and Na decreased,
while Ca increased with depth in Unit IV. Variations of each element correspond to the lithological units, suggesting that the
porewater chemistry is partly controlled by the interaction between porewater and sediments including mircrobiology of each
sediments, which comprise different mineralogy and chemistry.
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JFAST: Drilling to the Plate Boundary to Investigate the Large Slip of the 2011 Tohoku-
oki Earthquake
JFAST: Drilling to the Plate Boundary to Investigate the Large Slip of the 2011 Tohoku-
oki Earthquake
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The 2011 Tohoku-Oki earthquake produced the largest fault slip ever recorded for an earthquake, up to 50 meters on the shallc
portion of the subduction megathrust. This region of the plate boundary was not expected to have large slip during earthquakes, -
the huge co-seismic displacements and resultant devastating tsunami were a shocking surprise to the seismological commun
In response to the earthquake, the Integrated Ocean Drilling Program (IODP) rapidly planned and carried out Expedition 34:
(JFAST) to investigate the rupture mechanisms and physical conditions that produced the large slip. During April/May and July
2012, three boreholes located at a site close to the Japan Trench about 90 km east of earthquake epicenter, successfully reachet
plate boundary fault at depths of about 820 meters below seafloor. These boreholes enabled geophysical logging, core sampli
and installation of a temperature observatory in the vicinity of the fault zone.

Analyses of core samples obtained from the plate boundary decollement show a narrow zone (less than 5 meters) of highl
deformed fabric in a clay layer. The pronounced localization of deformation within this material suggests coseismic weakening
during past earthquakes. Estimates of the level of dynamic friction during the recent earthquake are expected from the temperatu
monitoring that was installed during the expedition. Also, laboratory experiments on the retrieved core samples will give estimate:
of the frictional properties of the fault rocks. Combining investigations of the physical, chemical, and mechanical properties of
the fault zone along with determinations of the local stress state from borehole breakouts, will provide information to help explain
the very large slip that occurred during the earthquake.

O 0O 00 0 : JFAST, Tohoku-oki earthquake, IODP, Sea-floor Drilling, Fault Friction, Japan Trench
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Subseafloor biosphere in plate boundary of Japan Trench forearc
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Biogeochemical dynamics of amino acids in deep-subsurface marine sediments
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Amino acids in sediment pore waters are key compounds in metabolic activities of sedimentary microbes and in remineral
ization of carbon and nitrogen. However little is known about their biogeochemical dynamics (e.g., sources and transformatior
processes) in deep-subsurface sediments.

As a new approach to constrain the sources of dissolved amino acids in sediment pore waters, this study reports and compa
compound-specific d15N and enantiomer ratio (%D) of total hydrolysable amino acids (THAA) in solid phase and dissolved hy-
drolysable amino acids (DHAA) in pore waters from the same sediment samples. Samples were collected from deep-subsurfa
sediments (down to 172.9 m below seafloor) at the Sagami Trough (NW Pacific) during D/V Chikyu cruise CK09-03 (Expedition
905: December 2009).

In the sediments deeper than 9 mbsf, average %D values of DHAA were 25.9% in alanine, 24.8% in aspartic acid, 11.3% ir
serine, and 16.3% in glutamic acid, and average %D changes from THAA were +15.3% in alanine, -0.4% in aspartic acid, -8.1%
in serine, and 4.6% in glutamic acid. Compound-specific d15N analysis showed that d15N values of alanine are higher in th
DHAA than the THAA and that d15N values of glycine and glutamic acid are similar between the two fractions (d15N-DHAA -
d15N-THAA = +5.8 permil, +1.9 permil, -0.3 permil, respectively). These results suggest that the DHAA fractions have different
d15N and %D signatures from the THAA fractions, and that hydrolysis of the THAA could not be the sole source of the DHAA.
Alternatively, the d15N and %D signatures of DHAA are consistent with the idea that in situ release of proteinaceous materials
from sedimentary microbial biomass (such as peptidoglycan of Gram-positive bacteria) is an important source of DHAA. This
suggests that recycle of dissolved amino acids by microbes would be an important process during amino-acid degradation ar
microbial metabolism in the deep-subsurface sediments.

googdo:opooboo,boo,0bogob,bboob,0obooo
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Exploration of the Deep Coalbed Biosphere off Shimokita (IODP Expedition 337): Overvie

and Perspectives
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Among the least characterized Earth systems that can be addressed by scientific ocean drilling are deeply buried hydrocarb
reservoirs in sediments along continental margins. In particular, the role of subseafloor microbial ecosystems for the formatiol
and fate of these reservoirs remains poorly understood. The IODP Expedition 337 was the first expedition dedicated to subseaflo
microbiology that used riser-drilling technology on the drilling research vessel CHIKYU. The drilling site C0020 is located in a
forearc basin formed by the subduction of the Pacific Plate off the Shimokita Peninsula at a water depth of 1,180 meters. Durin
Expedition 337, we penetrated a 2.466 meters-deep sedimentary sequence with a series of coal (i.e., lignite) layers at arou
2 km below the seafloor. Hole C0020A is currently the deepest hole in the history of scientific ocean drilling. Riser drilling at
Site C0020 provided an unprecedented record of dynamically changing depositional environments in the former forearc basi
off the Shimokita Peninsula during the late Oligocene and Miocene. This record is comprised of a rich diversity of lithological
facies reflecting environments ranging from warm-temperature coastal back-swamps to cool water continental shelf. The use «
riser-drilling technology in very deep sediments created both unique opportunities and new challenges the study of subseaflo
life. Downhole logging operations yielded data of unprecedented quality that provide a comprehensive view of sediment proper
ties and water mobility at Site C0020. Onboard analysis of gas chemistry and isotopic compositions provided the first indicatior
of the existence of a subseafloor biosphere in deep coalbed horizons. Expedition 337 also provided a test ground for the use
riser drilling technology to address geobiological and biogeochemical objectives and was therefore a crucial step toward the ne;
phase of deep scientific ocean drilling.
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Physical properties of sediment cores and cuttings in Sanrikuoki Basin at Site C0020

IODP Expedition 337
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Physical properties which should be affected by local diagenesis process are very important to evaluate sedimentary form:
tions below the seafloor. A series of physical properties measurements were carried out in laboratory on D/V Chikyu, using
core samples and cuttings from a riser drill hole at Site C0020 in northern Sanrikuoki Basin off Shimokita Peninsula. As rou-
tine, measurements with multi-sensor core logger were performed, moisture and density (MAD), P-wave velocity and electric
resistivity were measured using discrete core samples, and thermal conductivity was measured on half cores. Cuttings recover
by the riser drilling system were also applied to MAD analysis, being separated into four categories: original bulk and sieved
size categories a$4.0, 1.0?4.0, and 0.25?1.0 mm. Cubic samples cut off from the cuttings were applied to the P-wave velocity
analysis and the electrical impedance analysis. In addition, anelastic strain recovery analysis was made on the vessel using so
whole-round cores and vitrinite reflectance analysis was also performed on some coaly samples. As a result of the MAD analysi:
porosity of siltstone, sandstone, and shale gradually decreased to the greater depth. Porosity corresponds to lithologic variatic
For example, porosity of carbonate-cemented sandstone and siltstone has much lower values than non-cemented sandstone
siltstone. The carbonate-cemented rocks have also higher thermal conductivity than the others, and indicate specific CT valu
on X-ray computed tomography analysis. The cuttings also show a gradual decrease in porosity but have generally higher valu
than the core samples. Discrete core samples are likely more representative of in-situ porosity than cuttings. Vitrinite reflectanc
indicates basically low maturity.
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Coordination of NanoSIMS and cell sorting to reveal microbial metabolic activity in sed-

iment of the South Pacific Gyre
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The South Pacific Gyre (SPG) is characterized as the most oligotrophic open ocean environment. The sediment is rich i
oxygen but poor in energy-sources such as reduced organic matter, and hence harbors very low numbers of microbial cells
relatively shallow (20 meters below the seafloor) subseafloor sediment (D’'Hondt et al., 2009; Kallmeyer et al., 2012). In such
an energy-limited sedimentary habitat, only a small size of microbial community persists living functions with extraordinary low
oxygen-consumption rate (Roy et al., 2012). However, because of the current technological limitation, deeper habitats of the SP!
remain largely unknown.

During IODP Expedition 329, sediment samples recovered from whole sedimentary column down to the sediment-basemer
interface were successfully recovered, providing an unprecedented opportunity to tackle some technological challenges to clari
if indigenous life is present, and if any, what is the microbiological and biogeochemical characteristics in such extreme environ-
ments.

To evaluate small biomass in the SPG sedimentary habitat accurately, we made modification on a cell separation techniqu
Cell recovery ratio was monitored with an image-based cell enumeration technique (Morono et al., 2009). The control sample
were prepared by mixing E. coli cells in sterilized sediment. Increasing sediment volume resulted in lower recovery of microbial
cells. Cell recovery rates in the SPG sediment samples, which contain small zeolitic mineral grains, were generally lower thar
those in other oceanographic settings (i.e., organic-rich continental margin sediments). To gain cell recovery rate, we examine
multiple density gradient layers. After multiple modifications, we cold increase cell recovery rate up to 80-95%. In addition, cell
enumeration using flow cytometry showed consistent numbers with microscopy-based cell count.

We then used the above-mentioned technique for deciphering eco-physiology of microbial life in the SPG sediments. During
Expedition 329, we have initiated incubation with stable isotope-labeled substrates such as bicarbonate, glucose, amino acic
acetate, and ammonium (Morono et al., 2011) under the (micro-)aerobic condition. One of the critical technological challenge:
in this project is to harvest low concentrations of sedimentary microbial cells for the single-cell-based microbiological analysis.
Using a new cell separation technique and sorting, we successfully sorted enough number of microbial cells in small spots o
the membranes (i.e., 1@ 10° cells per spot). Preliminary results from NanoSIMS analysis showed incorporation of substrates
after 1.5-years incubation of microbial cells in subseafloor sediments of the SPG.

OO0O000:NanoSIMSOODOOODO,0000000,00000
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ostracode assemblages
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Application of compound-specific radiocarbon dating to IODP Exp.318 U1357A core
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Radiocarbon'(*C) dating of Antarctic margin sediments is difficult, because these sediments generally lack calcareous foramini
Moreover, the sediments are subjected to contamination of relict organic matter eroded from the Antarctic cengir@hk{
ouchi et al., 2003), leading to older radiocarbon ages of bulk sedimentary organic matter. Compound-speciftc(@&)ng
targets short-chain (G, C;s and Gsg) fatty acids isolated from sediments. These compounds are derived from various organ-
isms, but they are little contained in relict organic matter because the decomposition rate is relatively fast (Oékakichi
2003). Therefore, C$'C dating is unaffected by relict organic matter from Antarctic continent (Ohkouchi and Eglinton, 2008)
and can provide accurate age. The aim of this study is establishment of accurate age model of U1357A core' tiSingui ).
U1357A core (66024.7991'S, 140025.5008’E; 1014.9 m water depth; 186.6 m core length) was drilled at Adelie Basin located
on the continental shelf off Wilkes Land, Antarctica during Integrated Ocean Drilling Program (IODP) Expedition 318 by D/V
JOIDES Resolution (Expedition 318 Scientists, 2011). Lithology of this core is diatom ooze with lamination. We measured CS
14C ages from 13 samples. Target compound is mainly,Gatty acid. In some samples; & fatty acid and cyclopheophorbide
awere used for C8'C dating. Samples were processed chemically using the protocol of Ohketuahfin review). Purification
of target fatty acids uses high performance liquid chromatography - evaporative light scattering detector (HPLC-ELSD) systen
in JAMSTEC. Purification of C@ and graphitization were undertaken by dedicated high vacuum line of University of Tokyo
(Yokoyamaet al., 2010), and the measurement-6€ was conducted by Accelerator Mass Spectrometry (AMS) at University of
Tokyo (Matsuzakiet al., 2007).'4C ages were calibrated using CALIB 6.02 and the Marine09 calibration curve (Reiraéy
2009) with a reservoir age of 1144 +/- 120 years (Hlhl.,, 2010). We successfully obtained 13 &€ ages. CS*C ages
showed the deepest samples is last glacial period (21,957 +/- 260 cal. BP) and other samples are Holocene (9,663 +/- 190 ¢
BP to modern). This suggests that; i) there is hiatus between 176.65 meters below seafloor (mbsf) and 181.66 mbsf of this cor
ii) this core has a continuous record of the past “10,000 years.

gooob:0bodooooboboobooooo, bbb, 000bbb,000,0000000b0DbODO
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IODP Expeditions 342 0 OO0 00000000 OOOODOOO0O
The preliminary results on drilling Paleogene drift sediments off Newfoundland, IODP
Expedition 342
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In June and July 2012, the R/V JOIDES Resolution for IODP Expedition 342 drilled the seafloor off Newfoundland. This
cruise successfully recovered high quality cores from nine sites (U1403 to U1411) across a depth transect ranging from 3022 t
4944 m water depth. The recovered sedimentary sequence consists of carbonate clay to oozes, recording Cretaceous to Mioc
climatic and oceanographic events, including the K/Pg boundary, the Paleocene/Eocene thermal maximum, Middle Eocene cl
matic optimum, and the Eocene-Oligocene transition.

The shipboard biostratigraphy and magnetostratigraphy provide high-quality age models of the sediments. The models ar
consistent and correlative between the cores. In all the sites, Pleistocene foraminifer ooze caps the Miocene clay and Eocene ¢
careous ooze. The pre-Pliocene sediments are dated to 102 to 15 Ma. Sedimentation rates indicate rapid accumulation in midc
Eocene (47-40 May 3 cm/k.y.) and in the Oligocene-Miocene sediments (26-22 M) cm/k.y.).

The Expedition aims to evaluate changes in the carbonate compensation depth (CCD) through the Eocene hyperthermal ever
Shipboard analytical results of the recovered sediments allow us to reconstruct the history of the CCD in the North Atlantic. Car-
bonate contents in the sediments suggest the CCD was deeper than “4.5 km depth through the late Cretaceous to the early Eoc
and as deep as "4.5-3.5 km after the early Eocene.

Another main objective of the expedition was to obtain high deposition rate records of the transition form the early Eocene cli-
matic optimum "50 Ma, though the development of northern hemisphere ice sheets in the Oligocene and Miocene. We recovere
expanded records of the middle Eocene that include numerous carbonate accumulation events that are possibly correlative w
those in the equatorial Pacific. In the early Oligocene sediments, we found sand-sized lithics, possibly correlating with expansio
of ice sheets around Greenland. We also recovered an exceptionally expanded record of the Oligocene/Miocene boundary. Ma
of the mid-depth sites display well developed lithologic cycles that likely reflect astronomical forcing. Other objectives were to
understand overturning of deep-water masses in the North Atlantic and to tune bio- and magneto-stratigraphic events astronor
ically. We found exceptionally well-preserved calcareous and siliceous microfossils in the sedimentary succession of the core:
The biostratigraphy, magnetostratigraphy, cyclostratigraphy, and geochemistry of the microfossils will provide high-quality data
for understanding North Atlantic paleoceanography and calibrating geochronology of the Eocene and Oligocene.

OO0O0oOO0:IODPExp 3420 000,000,0000
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Early and Middle Eocene radiolarian assemblages in the eastern equatorial Pacific Oce:
(IODP Leg 320 Site U1331)

00 OO0 '* I0DP Leg 320/321 (PEATY 0 O O !
Shin-ichi Kamikuri*, IODP Leg 320/321 (PEAT) member

loooooooo
LFaculty of Education, Ibaraki University

oo oo b oo ooooobooooobog
00000ooooOooo0oooooooobooooooIiobPO0bOOOODOODOO 1000 0nooooooooooono
0000000000000 00 uUi33lDooooooooooooooooooooooooooooooooon
0000000000000 00000000000000D000 650000000 Sanfilippoetal. (1985 0000
0000000000000 0D0O0D000000000DO000000D A3y MOODOODODODODODODOODOOOOO
goooooobbbboooooooooboboboboooooDDb bbb oD b o
000000000000 00000000 C18n00 C19n0 00O Palike et al. (2006) C20n0 0 C23n0 0 O Cande
and Kent (1995)

0000000 8QLO0bO0bOO0ObOO0bOO0ObOO0oOOOoDOO0DODOooo0oo0o0ooo0ooOooOO0bOO0ObOO0ObOOoODbOOoODOODa
Sanfilippo and Nigrini (199) 000 00000000000 OOOOOOOODOOU1A33l 000000 RP8OO RP160 9
0000000000000 000000000000000000d Stylosphaera coronata coronata, Phormocyrtis embolum,
Dendrospyris didiceros, Phormocyrtis cf. proxima, Thyrsocyrtis triacantial 0 00 00 0 000 00O O Lophocyrtis aspera
group, Lithocyclia ocellus group, Hexacontium sp. A, Hexacontium sp. B, Thecosphaerella glebulenta, Lithelits3pl A
od

goooooobboboboodooooooooobobobobobb0dooooooooD o obObObObOo0oooooo
goooooobbobbbotboooooooooobobobbbboddooooubD bbb oo ooooo oo
oo bbb oo oo b oo oooooooa
goooooooobooooon

00000:00000,00000,000,000000000A0
Keywords: Equatorial Pacific Ocean, Middle Eocene, Radiolaria, IODP

1/1



Japan Geoscience Union Meeting 2013 0 ® ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

MIS23-13 0 0:103 00:50 240 14:15-14:30

OO000000I0DP SiteU13381 00000000 OOOO0ODO Paragloborotalia

siakensis (LeRoy ) OO0 DO OOODODOOOO
Taxonomic study of the Miocene species Paragloborotalia siakensis at IODP Site U133
in the Eastern Equatorial Pacific
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Changes in coral assemblages in the Great Barrier Reef since the last glaciation
Changes in coral assemblages in the Great Barrier Reef since the last glaciation
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Drilling into submerged reef structures along the shelf edge of the Great Barrier Reef was carried out during IODP Expedi-
tion 325 with the purpose of reconstructing sea level and environmental changes since the Last Glacial Maximum (LGM) anc
analyzing their impact on reef communities and reef growth. A total of 34 boreholes were drilled between 42 and 167 mbsl at
17 sites along four transects at three geographic locations (Hydrographers Passage, Noggin Pass, and Ribbon Reef). Two be
chronostratigraphic units can be recognized: a last glacial to deglacial reef sequence overlying older Pleistocene reefal and no
reefal deposits. The former varies in thickness from "5.5 m to "34 m and consists primarily of coralgal boundstone with various
proportions of microbialite. In this study we analyze the variations in coral assemblages since the last glaciation. Exp. 325 core
show that diverse corals, including Faviidgcropora Montipora, and Porites were growing during the last glacial period on
the shelf edge. Their distribution was limited to the most distal boreholes during the LGM lowstand. The subsequent deglaciatior
saw the development of a shallow-water coral assemblage dominated by encrusting to raegsiraand branchingAcropora
and Seriatoporaas sea level rose. The tops of distal boreholes are marked by a shift to deeper assemblages dominated by el
crustingPoritesand Montiporareflecting reef drowning and the formation of submerged reef terraces. As sea level kept rising, a
shallow-water'soporadominated assemblage re-established further upslope and formed a barrier reef before drowning in turn.

OO0 000: 10DP Expedition 325 GBREC, Great Barrier Reef, Corals, Last Glacial Maximum, Reef initiation, Reef demise
Keywords: IODP Expedition 325 GBREC, Great Barrier Reef, Corals, Last Glacial Maximum, Reef initiation, Reef demise
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Late Cenozoic paleoceanography in the northwestern Pacific and eastern Indian ocea

based on calcareous nannofossils
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Paleoinclinations of post-cruise samples from Canopus Guyot of the Louisville seamoun
trail (IODP Expedition 330)
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IODP Expedition 330 sampled volcanic basement rocks at five sites on four guyots along the northwestern part (late Cretaceol
to early Eocene age) of the 4300-km-long Louisville seamount trail. Shipboard paleomagnetic data were used for the calculatio
of paleolatitudes of each guyot, and we (Exp. 330 shipboard scientists) concluded that the Louisville hotspot has remaine
within 3-5° of its present-day latitude of about ¥ between 70 and 50 Ma (Koppegsal., 2012, Nature Geosciengé, 911-

917). In order to determine more reliable paleolatitude estimates, a number of discrete rock samples were collected for a pos
cruise research. In this presentation, we will present the paleolatitude of Canopus Guyot (ca. 74 Ma) that was determined fror
analysis of post-cruise paleomagnetic data of Site U1372. In our post-cruise study, paleomagnetic measurements and stepw
demagnetizations (alternating-field and thermal methods) were conducted in magnetically shielded rooms, and characterist
remanent magnetization components were used to calculate lava unit-mean paleoinclinations. On the basis of inclination-onl
statistics of 20 lava unit-means, we obtained a paleolatitude of €8.f¢5Canopus Guyot, which is statistically indistinguishable

from the paleolatitude estimate (ca.°&3 for this guyot determined from shipboard discrete sample data. The paleolatitude for
Canopus is low compared to the present latitude of the hotspot, implying possible southward motion of the Louisville hotspot
before 70 Ma.

ooooo0:00bo000DO,00b0o0000obooog0,Canopudl 0,10DPO 3300 00,000,000000

Keywords: Louisville seamount trail, Louisville hotspot, Canopus Guyot, IODP Expedition 330, paleolatitude, paleomagnetic
inclination
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Preliminary report for IODP Expedition 345 Hess Deep Plutonic Crust
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NanoSIMS ion imaging analyses for biological samples: Applications to sebseafloor life.
NanoSIMS ion imaging analyses for biological samples: Applications to sebseafloor life.
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The CAMECA NanoSIMS 50L ion microprobe represents thesitu microanalysis by secondary ion mass spectrometry,

combining unprecedented spatial resolution (minimum spot size of “50 nm fooIC450 nm for O) with ultra-high sensitivity.
Up to 7 elemental and/or isotopic images can be acquired simultaneously by 7 electron multipliers with sensitivity in the ppm.
The capability for maps of multiple elements and isotopes within a sample with permil precision and accuracy and nm scale
spatial resolution is unigue to the NanoSIMS and provides a new approach to study of the isotope and trace element distributior
within the sample, i.e., extraterrestrial, terrestrial and biology samples, including meteorites, Earth rocks and microbial cells in
deep and ancient subseafloor sediments by the Integrated Ocean Drilling Program (IODP).

In last decade conventional SIMS technique has been used to microbiology to match chemotaxonomic and phylogeneti
signature of microbes. Recently NanoSIMS ion imaging introduced to a stable isotope probing stuthC(i'éN labeling) for
a single cell to understand microbial metabolic activities, and metal-priobeils hybridization for phylogenetic identification.

Subseafloor sediments of the South Pacific Gyre (SPG) obtained by IODP Expedition 329 represent a large proportion ¢
organic-poor, oxidized sediments in the open sea. The sediment is characterized as rich in oxygen but poor in energy sources.
an energy-limited sedimentary environment, a small size of microbial community perseveres functions for life with extraordinary
low oxygen-consumption rate. However, the nature of deep sedimentary microbial life in the SPG remains still unknown. In this
study, we will investigate metabolic activity of the SPG sedimentary cells with a NanoSIMS ion imaging.

Isotope labeled SPG sedimentary cells (incorporation of substrates after 1.5- years incubation) were analyzed by a raster ic
imaging in a NanoSIMS 50L ion microprobe at the JAMSTEC Kochi Institute for Core Sample Research. A focused primary
Cs' beam of “0.8 pA was rastered over 20 x 20 to 28 x 28 micrometer areas on samples. Negative secondatyGohdf
12ClN, 12C!5N and?2S were measured using 5 electron multipliers in multidetection mode at a high mass resolution of about
9,000 that is sufficient to separate all relevant isobaric interferences{Ceon '2C'H). Each run was started after stabilization
of the secondary ion beam intensity following presputtering of approximately 5 to 10 min with strong primary ion beam current.
Each image run repeatedly scanned (30 to 40 times) the same area, with individual images consisting of 256 x 256 or 512 x 51
pixels, depending on the region-of-interest, having a dwell time of 2,000 to 3,000 microsecond. We prepared E.coli cells as the
standard samples, which have different carbon isotopic rations of 0, 5, 10, 15 and 20 % enritt@driglative to the'2C)
or 1°N (elative to the'“N) to evaluate an instrumental mass fractionation for C and N isotopes as well as to find target mass
peaks {2C, 13C, 12C'“N, 12C!'°N and?3?S). This presentation will highlight results to illustrate critical analytical issues affecting
precision and accuracy including sample preparation and data processing.

Keywords: NanoSIMS, sebseafloor microbes, isotope imaging, stable isotope labeling
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Development of Gold-ISH for sensitive detection of microbial phylogeny with a NanoSIMS

ion microprobe
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As yet most of prokaryotes in subseafloor are not culturable, linking prokaryotic phylogeny and metabolic activities at single
cell resolution by culture-independent techniques is one of big concerns to understand biogeochemical nutrient cycles. Isotopi
or radioisotopic labeling of microorganisms and subsequent phylogenetic identification by in situ hybridization of rRNA-targeted
probes can directly link metabolic activity and phylogeny at single cell resolution. After the recent development of a NanoSIMS
ion microprobe with high spatial resolution of "50 nm, isotope probing studies at single cell resolution are nowadays more pop-
ular to understand microbial metabolic activities related to carbon, nitrogen and sulfur metabolisms. Methods for simultaneou:
isotopic measurements and phylogenetic identification of single microbial cells were reported in 2008 from three different labora-
tories, and they all used halogen elements due to their high ionization yields and relatively low abundances in biomass. Howeve
halogen-based these techniques still have drawbacks when apply to subseafloor samples, especially with halogen rich sample

Gold is the one without exception for a SIMS analysis and it shows comparable ionization yield to halogen elements. In addi-
tion, gold is also relatively low natural abundance in biomass: it can make lower background signals. Furthermore, gold signal:
can be enhanced by gold enhancement to achieve high sensitivity. In this study, we focused on undecagold, which is consisted
11 Au atoms with the diameter of only 0.8 nm. Here we present applicability of undecagold-labeled probes for the identification
of single cells by an ion imaging analysis using the JAMSTEC NanoSIMS 50L.

For probe generation, mono-maleimide functionalized undecagold was successfully conjugated with thiol-linked oligonu-
cleotide. After PAGE, more than two bands were observed. The band expected to be undecagolds labeled with single oligont
cleotides was cut, purified, and used for in situ hybridization. Oligonucleotide probes were also labeled with Cy3, allowing
verification of specific hybridization signals by epifluorescent microscopy before NanoSIMS analysis.

For the proof-of-concept, purely cultivated and 13C enriched E. coli cells and non-enriched M. maripaludis cells were mixed
and used for FISH experiment with the EUB338 probe. Specific fluorescent signals were obtained only from E. coli cells and the
undecagold-derived Au signals detected by nanoSIMS were identical to 13C signals, indicating only E. coli cells were success
fully detected by the undecagold-labeled probe and the method has sufficient sensitivity for NanoSIMS analysis.

Further experiment was conducted using a granular sludge sample. The granular sludge was incubated with 13C-labeled lact:
and sulfate to label lactate-utilizer under a sulfate-reducing environment. After hybridizing with the Desulfovibrionales-targeting
SRB385 probe, specific FISH signals were obtained from rod-shaped cells. Undecagold-derived Au signals were identical t
13C signals by NanoSIMS analysis, indicating Desulfovibrionales is the main lactate-utilizer in the environment. The signals
obtained from undecagod-labeled probes had high signal-to-noise ratio (approximately 10), enabling clear discrimination fror
background signals. These results indicated that undecagold is stable under the parameters used in this study and can be usec
in situ hybridization study with NanoSIMS for ecological understanding in microbial ecology. Gold-ISH may open the door to
decipher biogeochemical processes by linking uncultured microbial metabolisms with microbial phylogeny in complex microbial
communities.

Keywords: Gold-ISH, NanoSIMS ion microprobe, Undecagold
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Detection of coenzyme F430 in deep sea sediments: A key molecule for biological methar

genesis
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We report the presence of coenzyme factor 430 (F430), a prosthetic group of methyl coenzyme M reductase for archae:
methanogenesis, in the deep sub-seafloor biosphere. At 106.7 m depth in sediment collected off Shimokita Peninsula, northwe:
ern Pacific, its concentration was estimated to be at least 40 fmol g sediment-1 (i.e. 36 pg g-1 wet sediment). This is about thre
orders of magnitude lower than typical concentrations of archaeal intact polar lipids in similar sub-seafloor sediments. On the
basis of the concentration of F430 in methanogens and conversion to biomass composed of typical sub-seafloor microbial cell
we estimated that ca. 2 x 106 cells g-1 could be methanogens in the deeply buried marine sediment.

To our knowledge, this is the first study reporting F430 in a methanogenic environment of deep sub-seafloor biosphere
Further studies on the spatial and vertical distributions of F430 in the sedimentary column could potentially provide crucial in-
formation on sub-seafloor biological methanogenic processes.
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Genetic Signatures from the Aging Oceanic Crust: Evidence for Ancient Subvent Bio-

sphere?
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Several lines of evidence strongly suggest that microbial communities exist within young ocean crust on the flank of mid-ocear

ridge systems where fluid circulation is vigorous. Aging of ocean crust is accompanied with significant decreases in porosity du
to secondary mineral formation and oxidative alteration within the first 10-15 million years. After thermally driven fluid circu-
lation ceases at "65 Ma, basalt weathering appears to be a sole energy source in the aging ocean crust, the habitability of whi
remains to be largely unknown. Basaltic cores obtained during Expedition 329 (U+368: Ma; U1367: "33.5 Ma; U1368:
"13.5 Ma) provide a systematic opportunity to determine age variations in habitability and microbial community within the basalt
basement thinly covered with oxic and organic-poor sediment. In this study, flame sterilization of the core exterior (Lever et al.,
2006) and a newly developed technique for DNA extraction (Kouduka et al. 2012) were applied to minimize contamination and
to maximize DNA recovery from low biomass habitat, respectively.

Although the numbers of microbial cells were below a minimum detection limit of 105 cells/cm3, 16S rRNA gene sequences
were successfully obtained from all core samples associated with fracture-filling assemblages of oxidized or reduced seconda
minerals. Contamination sources including drilling mud and surface and bottom seawater were thoroughly inspected, and it wa
found microbial communities in the basalt cores were clearly distinct from those from contaminank@78s &imilarity).
Phylum- or class-level distributions of microbial communities also suggested that neither formation age, depth nor chemica
alteration is clearly correlated with the community structure. Many phylotypes belonging to Deltaproteobacteria and Fimicutes
were closely related to strictly anaerobic metal and/or sulfate redus®&% similarity), despite the oxygenated bottom sedi-
ment. As overall community structures resemble previously reported ones from seafloor and subseafloor basalt with young ac
(< 1Ma) (Lysnes et al., 2004; Santelli et al., 2008) and low-temperature vent fluids (Huber et al., 2009), there is the possibil-
ity that genetic material originated from the subvent biosphere has been preserved owing to extremely low habitability and/o
irreversible biding of DNA to rock matrix in the aged oceanic crust.
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Radon measurement during IODP Exp.337
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D/V Chikyu is capable of riser-drilling using circulation mud. The circulation mud repeatedly comes back on the deck of
D/V Chikyu from the deep bottom of the borehole. Thus, it is regarded to be a carrier of formation gases and other information,
which could be utilized for real-time monitoring on formation gases and fluids. On D/V Chikyu, a degasser is placed on its
mud circulation line, we could retrieve the dissolved gases and supply into various monitoring and sampling apparatus. As suc
monitoring apparatus, Radon (Rn) monitor is also available as a third party tool connecting to one of the auxiliary ports of
scientific gas line on D/V Chikyu through fine-mesh dust filter.

Radon (Rn) is an inert radioactive gas of the daughter nuclei of Uranium and Thorium with rather short half-lives. Among Rn
isotopes we focus 222Rn having longest half-life of 3.82dy. Although 220Rn shows second longest half-life of 55.3s, most of
220Rn decayed during transportation to the surface. Due to such short half lives and volatility, Rn has widely been monitorec
to detect micro-cracking prior to the seismic activities (e.g. Igarashi et al., 1995). The concentration of Rn dissolved into the
circulation mud is anticipated to reflect the lithological units of the formation; its parental elements, Uranium and Thorium, are
generally rich in the terrigenous sediments and felsic rocks. In addition, some coal bed contain abundant Uranium up to 200 ppi
(Takeda, 1981), which may enables sensitive detection of coal bed or lithological change during the drilling with continuous
profile.

The measurement was performed by an AlphaGUARD PQ2000 Pro apparatus (Saphymo GmbH, Germany) based on &
ionization chamber method. The extracted gases dissolving in circulation mud certainly contained formation gases from dee
borehole although careful calibrations are required. The newly obtained time sequential Rn data will be presented. The paramet
of the measurement are as follows; effective chamber volume is 650mL with 10 min integration, the flow-rate was controlled as
65ml/min.

References:

Igarashi G. et al. (1995) Science, 269, 60-70.
Takeda E. (1981) Bull. Geol. Surv. Japan, 31(11), 583-682 (in Japanese).
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Thermal properties of the sedimentary rocks at Site C0020, IODP Expedition 337 in

Sanriku-oki basin
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Compaction and dewatering process in New Jersey Shallow Shelf inferred from IODP
Exp.313 core samples
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IODP Exp.313 was conducted on the New Jersey shallow shelf in May to July 2009. The L/B Kayd chartered for a mission-
specific platform recovered 612 cores at three sites. This study focuses on compaction and dewatering processes associated v
the architecture of the sedimentary sequences under frequent sea-level changes (based on core-log integration). Particularly
high sedimentation rate often induces underconsolidation of sediments with overpressured pore fluids which complicates cor
solidation behavior. Understanding the compaction process and its effect on architecture of the sedimentary sequences reve
probable geometry of sedimentary structure before deformation, and provides important information to estimate frequency an
amplitude of eustatic changes. In this study, we aim to discuss initial in situ diagenesis and dewatering processes based on ph
ical properties measured or estimated from down-hole logging, the Multi Sensor Core Logger System (MSCL), and discrete
core samples. Correlation of the three Expedition 313 sites and the seismic profile will provide better estimation of the spatia
distribution of dewatering paths.

Onboard and offshore MSCL measurements provided physical properties of whole-round cores including porosity, density
electric resistivity, P-wave velocity, magnetic susceptibility and natural gamma ray. Bulk density derived from individual core
samples show good correlation with gamma-ray density from MSCL, and the other physical properties from discrete core sample
also correspond to WL-logging and core logging data. Porosity-depth curve measured on MSCL exhibits slightly lower porosity
than discrete samples in the glauconitic-sand interval which shows relatively higher density. In MO027A, comprehensive trend o
porosity-depth curve in each lithology parallels standard curve in North Sea (e.g. Sondergeld et al., 2005). Therefore these da
indicates normal compaction process in the study area. On the other hand, on-board geochemical analysis indicates distributi
of abnormal fresh water at MO027A (Mountain et al., 2010). Though estimated pore pressure using density profiles do not shov
confining layers, porosity fluctuations mesured by MSCL and discrete samples suggest that those water lenses are possibly sea
by impermeable layers. This presentation will discuss estimated pore pressure and permeability from discrete core samples.

This research used data provided by the Integrated Ocean Drilling Program and is supported by Japan Drilling Earth Scienc
Consortium (J-DESC).
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Lithology and paleoenvironments at drilled Site C0020 off the Shimokita Peninsula, IODP
Exp. 337
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X-ray CT images of drilled cores and CT value data from IODP Expedition 337; Deep

coalbed biosphere off Shimokita
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X-ray computed tomography (CT) on board 'Chikyu’ is a revolutionary analysis suited to scientific ocean drilling. It is a quick
and nondestructive method to produce geological image of cores and to quantify the porosity and permeability in sediment an
rock of cores using CT value.

Here, we will introduce some examples of CT image of cores and CT value data from IODP Expedition 337; Deep coalbed
biosphere off Shimokita, Japan, northwestern Pacific Ocean.

O000D0:X0O CT,0000, IODP Expedition 337
Keywords: X-ray CT, Ocean drilling, IODP Expedition 337
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Mud logging: its importance and potential for IODP future riser expeditions
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New IODP structure will start from October 2013 and D/V Chikyu operated by CDEX/JAMSTEC will continue to act impor-
tant role as a riser drilling vessel for deeper scientific drilling (to "6500+ mbsf) in IODP.

Mud logging is a conventional technique in petroleum industry to investigate well site geology, to search for oil/gas reservoirs
and to carry out safety control. Three IODP riser expeditions werecarried out with the Chikyu in 2009 and 2012, and mud logging
operations were also included in the expeditions. Meanwhile mud logging as a new scientific measurement technique has be
attempted on the Chikyu, continuous coring has also been a basic approach in shallower riserless scientific drilling (2000 mbst
by not only D/V JOIDES Resolution (JR) but also the Chikyu in IODP. However, since continuous coring generally takes great
amount of operation time with high risks of hole instability; the deeper a hole becomes, the more it will be difficult to accomplish.
Therefore, mud logging has been recognized as one of important scientific measurement techniques to investigate lithologice
petrophysical and geochemical features of deep crust and upper mantle.

The Chikyu conducted two riser operations in JFY 2012 (Exps 337 and 338). Mud logging in these expeditions was carried ou
both for operational safety control (operation mud logging) and scientific cuttings/mud gas monitoring. Operation mud logging is
mainly composed of lithological description of cuttings and real-time mud gas monitoring. Cuttings for lithological description
are ordinarily sampled at every 5 m in depth. In mud gas monitoring, concentrations of hydrocarbons (C1 to C5), CO2 and H2S¢
gases are monitored in real-time.

In this presentation, results of operation mud logging in Exps 337 and 338 will be shown. In addition, potential of mud logging
as a method of scientific measurement and issues for future expeditions will be discussed.

oooo0o:0000,lIobPOOOOOO,0000,00,00000000000000O
Keywords: Scientific drilling, IODP, Riser drilling, Mud logging, Core, Real-time gas monitoring
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Diatom and nannofossil biostratigraphy of DSDP Holes 366 and 369A, offshore north-

west African margin
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Refined diatom biostratigraphy of the IODP Expedition 320/321 Sites U1334 and U1338
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Fragilariopsis dolioluNTD 17; 0-0.69 Ma) Nitzschia reinholdiiiNTD 16; 0.69-1.05 Ma),

Rhizosolenia praebergoriNTD 15; 1.05-3.06 Ma)Nitzschia jouseaéNTD 14; 3.06-4.57 Ma),

Thalassiosira convexdNTD 13; 4.57-5.40 Ma)Nitzschia miocenicdNTD 12; 5.40-7.36 Ma),

Nitzschia porter{NTD 11; 7.36-8.23 Ma)Thalassiosira yabdNTD 10; 8.23-8.88 Ma),

Actinocyclus moronensi@NTD 9; 8.88-10.18 Ma)Craspedodiscus coscinodisd$TD 8; 10.18-11.09 Ma),
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00000 Barron etal. (2004). Proc. ODP, Sci. Rslt, 199, 1?25; Fenner (1984). Init. Repts. DSDP, 75, 1245?1271; Gradsteir
et al. (Eds.)(2004). A Geologic Time Scale. Cambridge Univ. Press. 589 pp.; Lyle et al. (2010). Scientific Drilling, 9, 4?15; Lyle
et al. (2002). Proc. ODP, Init Repts, 199.
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The Neogene records of the fossil diatoms from the core ODP Leg 145 Site 887, North-

eastern Pacific
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Sea-level changes around the Last Glacial Maximum based on large benthic foraminifere
assemblages: IODP Exp.325
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The shelf edge of the Great Barrier Reef was cored during the Integrated Ocean Drilling Program (IODP) Expedition 325 Grea
Barrier Reef Environmental Changes. Lower parts of cores drilled on deeper shelf slopes, consisting mainly of unconsolidate
carbonate sediments, may record sea-level changes around the Last Glacial Maximum (LGM). The purpose of this study was
reconstruct sea-level changes around the LGM, based on large benthic foraminiferal (LBF) assemblages.

Grain-size and foraminiferal analyses were conducted for 64 unconsolidated sediment samples from the lower parts of core
drilled at HoleM0040 and M0041 on the HYD2A transect. Paleo-water depths were estimated by comparisons of fossil LBF
assemblages with modern LBF assemblages. LBF assemblages in these two cores were dominated by Operculina sp. and A
phistegina spp. Relative sea-level changes based on the paleodepth estimations were generally consistent with reported sea-¢
changes around the LGM.
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Emplacement and solidification of a large off-ridge lava flow from ODP-Hole 1256C,

Guatemala Basin

ooo™oooog?
Susumu Uminé&*, kazuya saeKi

l000o000000,?200000000000
IDepartment of Earth Sciences, Kanazawa Univer¥®y,| Engineering Co. Ltd.

Site 1256 is located at 91deg56.1’ W in the 3650-m deep Guatemala Basin on Cocos plate formed at 15 Ma on the eastel
flank of the East Pacific Rise. A large off-ridge lava flow 75-100 m in thickness and ca. 10 cubic kilometers in volume drilled at
site 1256 provides an unprecedented opportunity to understand the internal structures and solidification and emplacement pr
cesses of large lava flows. Hole C penetrated a 35-m thick lava from 280 mbsf to 315 mbsf. We present mineral composition:
and grain size analyses of the core samples from Hole 1256C, and discuss the crystallization and emplacement processes
the large off-ridge lava flow. Phenocrysts are olivine, clinopyroxene and plagioclase, and the groundmass minerals are clinopy
roxene, plagioclase and magnetite with mesostatic quartz and biotite. The core samples show variolitic, subophitic and poikilitic
textures and mesostatic intergrowth of plagioclase and quartz. The lava flow consists mostly of NMORB witRQigiMRRB
intervened at a depth interval of 290-300 mbsf (Wilson et al.,2003). HifA-EMORB has high-Mg# (60770) clinopyroxenes
and is interpreted to have intruded into the solidifying lava body at the final stage of the lava emplacement. Given the interval o
EMORB was intruded after the upper and lower lavas solidified, olivine phenocryst size and number density distributions prior to
the intrusion of EMORB are similar to those formed by crystal precipitation by Rowland and Walker (1988). Mapping analyses of
augite and pigeonite demonstrated domains different #0Al CaO and MgO concentrations within a single grain. Three types
of augite (Augite-N1, Augite-N2 and Augite-N3) and two types of pigeonite (Pigeonite-N1 and Pigeonite-N2) are identified
for the domains in pyroxene crystals from NMORB lava intervals. The EMORB lava interval has three type augite (Augite-E1,
Augite-E2 and Augite-E3) and two types of pigeonite domains. Two pairs of Pigeonite-N1 & Augite-N3 and Pigeonite-E1 &
Augite-E1 are in equilibrium with each other in terms of Fe-Mg partitioning. The crystallization order is Augite-N3 & Pigeonite-
N1, Pigeonite-N2, Augite-N1, Augite-N2(rim), followed by the intrusion of EMORB, and then Augite-E1 and Pigeonite-E1,
Pigeonite-E2, Augite-E2 and Augite-E3 (rim).
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Neogene history of Mediterranean hydrology based on sedimentary osmium isotopic

records
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Junichiro Kurod&*, JIMENEZ-ESPEJO, Franciscd JTatsuo Nozaki, Katsuhiko Suzuki

l00000O00000O0000,200000
LJapan Agency for Marine-Earth Science and Technology (JAMSTE@&)goya University

The Mediterranean Sea has experienced an extreme event called Messinian Salinity Crisis (MSC) that represents a formatic
of gigantic evaporite deposits in deep basins. In this study we report an osmium (Os) isotopic record of marine sediment core
from four deep-sea drilling (DSDP) sites in the Mediterranean; DSDP Site 372 in the western Mediterranean, DSDP Site 374 ir
the central Mediterranean, and DSDP Sites 375 and 376 in the eastern Mediterranean. The Os isotopic ratios of the pre-MSC se
iments (Burdigalian to Serravallian) in the western Mediterranean are identical to that of the coeval global seawater. In contras
the pre-MSC sediments (Langhian to early Messinian) in the eastern Mediterranean have significalfipeid®0s values
than those of the global Middle-Late Miocene seawater. Our data suggest that Os in the eastern Mediterranean was not fully mixe
with that of other seas such as western Mediterranean and North Atlantic, and that the basin isolation has already started befc
the MSC, probably as early as Middle Miocene. The unradiogenic Os would have been supplied to the eastern Mediterranese
by selective weathering of ultramafic rocks in the surrounding ophiolite bodies, which contains high amount of non-radiogenic
Os. The isotopic compositions of Os in gypsum samples from all sites are significantly lower than the end-Miocene ocean wate
values, suggesting isolation of all Messinian basins. Sediments from the Pliocene show Os isotopic ratios more radiogenic, ar
close to the global seawater values of the Pliocene, indicating that Os started mixing with global seawater again.
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