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Reports of IODP Exp. 359: Sea Level, Currents, and Monsoon Evolution in the Indian Ocean
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IODP Expedition 357: Atlantis Massif Serpentinization and Life
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Serpentinization is a fundamental process that controls rheology and geophysical properties of the
oceanic lithosphere and has major consequences for heat flux, geochemical cycles and microbial
activity in a wide variety of oceanic and terrestrial environments. International Ocean Discovery
Program (IODP) Expedition 357: Atlantis Massif Serpentinization and Life was conducted by the
James Cook (Natural Environment Research Council, UK) at the Atlantis Massif on the slow-spreading
Mid-Atlantic Ridge, where the Lost City vent field stands near the summit of the ridge, to better
understand the role of serpentinization in driving hydrothermal systems, in sustaining
microbiological communities, and in the sequestration of carbon in ultramafic rock.

Expedition 357 was the first IODP Expedition to utilize seabed rock drills as a method for
acquiring sub-surface core material. During Expedition 357, two seabed rock drills were deployed:
the MeBo 70 rock drill from MARUM (Bremen, Germany) and the RD2 rock drill from the British
Geological Survey. Although drilling conditions proved challenging, the drills recovered a wide
range of lower crustal and upper mantle lithologies with varying degrees of alteration and
deformation in the Atlantis Massif. The total length of cores recovered by two seabed drills during
Expedition 357 was 57 m after 109 m of total penetration, and with an average core recovery of 53%
at nine different sites. We present an overview of the scientific objective, operational
performance, and some preliminary information from onboard activities of Expedition 357 including
microbiological studies to study the links between serpentinization processes and life that can be
supported in low temperature ultramafic hydrothermal systems.
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Deployment of logging while drilling at hydrothermal fields in Okinawa Trough: Preliminary
results of CK16-01 Cruise
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A scientific drilling cruise CK16-01 was conducted by D/V Chikyu at the active hydrothermal fields
on Iheya-North Knoll and Iheya Minor Ridge in the Okinawa Trough in February-March of 2016, as a
part of the Cross-ministerial Strategic Innovation Promotion Program (SIP). During the former half
of the cruise logging while drilling (LWD) was deployed to investigate subseafloor stratigraphy and
hydrogeology. The long-term monitoring apparatus, "Kuroko-ore cultivation apparatus", was also
installed, that is equipped with sensors to monitor the secular variation of pressure, temperature,
flow rate, and precipitation weight within the apparatus on artificial hydrothermal vents. In
succession to the operations, coring were conducted in the later half of the cruise.

The LWD tools acquire natural gamma ray, resistivity, borehole images, and annular pressure and
temperature data. Based on the results from the CK14-04 cruise in 2014 at the Iheya-North Knoll,
LWD was useful to identify and characterize the submarine hydrothermal deposits and the LWD survey
enhanced the successful recovery of sulfide samples. In this presentation, we report the
preliminary results of LWD deployed during the CK16-081 Cruise.
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Estimation of under-seafloor fluid on temperature and volume from the
logging-while-drilling data in an active hydrothermal field
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In Jul. of 2014 and in Feb. -Mar. of 2016, offshore drillings on Iheya-North Knoll and Iheya minor
ridge, Okinawa Trough, were executed as part of Next-generation technology for ocean resources
survey, which is a research program in Cross-ministerial Strategic Innovation Promotion Program
(SIP). In these expeditions, logging-while- drilling (LWD) and measuring-while-drilling (MWD) were
conducted around Iheya area, including Iheya-North (original) site (C9011 -C9015) and in
Theya-North Aki site (C9016), to investigate spatial distribution of hydrothermal deposit and
geothermal fluid reservoir. LWD tools are supplemented by a measurement-while-drilling tool that is
located above the LWD tools in the bottom-hole-assembly. In this expedition, arcVISION and
TeleScope were integrated as LWD and MWD respectively. The arcVISION obtained physical properties
along borehole (resistivity, natural gamma-ray), and the TeleScope collected drilling mechanics
data and transferred them to the surface by mud pulse telemetry. Both of these tools included
annular pressure-while-drilling (APWD). Annular pressure and temperature were monitored by the APWD
to detect possible exceedingly-high-temperature geofluid. In addition, drilling fluid was
continuously circulated at sufficient flow rate to protect LWD tools against high temperature
(non-stop driller system).

At (9012 and (9016, the arcVISION clearly detected temperature anomaly at 234 meter below the
seafloor (mbsf) and 80 mbsf, respectively. Temperature quickly increases at that depth and it would
reflect the existence of high-temperature heat source. During the drilling, however, drilling water
was continuously circulated at high flow-rate (2600L/min) as stated above. Thus the measured
temperature is not exactly in-situ temperature, but the profile of the temperature reflects the
temperature variation of each stratigraphic layer of the bore hole.

To investigate the detail of the heat source, such as in-situ temperature and quantity of heat, we
performed numerical analyses of thermal fluid and energy-balance assuming injection of
high-temperature fluid. We combined pressure loss theory of double cylinders and temperature
equation to replicate the fluid flow and its temperature between borehole wall and drilling pipe
during the thermofluid injection. As the result, we estimated the temperature and the volume of
injected fluid to be 1150C~ and 17.3 m3, respectively (at C9012) from the calculation. This
temperature is lower than that of a hydrothermal vent which had been found near the hole (3000(C).
We will present preliminary results of the calculation for the newest cruise (CK16-01).
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Current status of the Japan Beyond-Brittle Project (JBBP)

%A B TR @5
*Hiroshi Asanuma', Noriyoshi Tsuchiya’

1. EERMNRAMERT - BEAREIRILF—MHERLEYSI—. 2.BItXKE - KERRERZMER
1.AIST, 2.Tohoku Univ.

A team of Japanese geothermal researchers have initiated a Japan Beyond-Brittle Project (JBBP)
which aims to realize commercial geothermal power generation using the engineered geothermal
systems (EGS) technologies in the brittle-ductile transition (BDT) in 2011. Because the geothermal
energy has advantages in environmental burden, energy security and stability, the government of
Japan expects drastic increase of geothermal power generation as an output of the JBBP and funded
for drawing of a roadmap up to 2050 to generate several GW of power from the BDT. The authors made
a one year investigation to identify scientific and technological key breakthroughs and planned a
series of national project to achieve goal as described in the presentation
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Relationship between the length of drilled core and the depth of drilled hole -Examples
from IODP Exp. 346 U1425 and U1427
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Outline of a scientific drilling project offshore SW Taiwan
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Increasing fluid pressure in the vicinity of faults has often be observed to induce small
earthquakes. Recently, there have been many examples in the US and Europe of earthquakes associated
with underground fluid pumping. Also, filling of water reservoirs often produces small earthquakes,
and was apparently responsible for causing the larger 1967 Koyna, India (M6.5) and 1975 Oroville,
California (M5.7) earthquakes. Induced seismicity is becoming an important science topic with broad
societal impacts.

We are proposing an experiment to understand the initiation of earthquakes by inducing seismic
events on a shallow fault with water injection. Increasing the fluid pressure near an active fault
will reduce normal pressure on a fault and bring it closer to failure, according to the classic
Coulomb failure criterion. A study to monitor the water pressure and subsequent triggered
earthquakes can help answer some fundamental questions in seismology about the stress levels that
cause earthquakes and the physical conditions that are necessary for a large earthquake to occur.
By triggering a moderate earthquake we hope to investigate questions related to earthquake
initiation and scaling.

1) What is the strength of faults during earthquakes?

2) Is there an observable earthquake precursory signal? Does it scale with the size of the
earthquake?

3) What is the size of the stress perturbation needed to trigger seismicity relative to the
strength of the fault?

4) Does the size of the pore pressure or fluid volume perturbation correlate with the size of the
triggered earthquake?

Appropriate sites for such an experiment would be transform faults near mid-ocean ridges, such as
Blanco on the Juan de Fuca Ridge and Quebrada, Gofar, or Discovery on the East Pacific Rise. In
such settings, shallow moderate (M5 to M6) earthquakes occur at repeating intervals of 5 to 15
years. The hypocenters of strike-slip earthquakes on these faults are shallower than for onshore
faults because of the high thermal gradient, and thus are more easily accessible by drilling to
depths of a few kilometers. We would like to conduct a water injection experiment at one of these
sites a few years before the expected earthquakes recurrence, to try to trigger an early occurrence
of a moderate-sized event. In addition, earthquakes in this region are often preceded by foreshock
sequences.

A 2 to 3 km deep borehole could be drilled into the hypocentral region of a moderate earthquake.
Earthquakes along the transforms occur at shallow depth above the 600 °C isotherm at depths of
about 2 to 5 km. Using riser drilling capabilities, water pressurized at various pressures from
about 0.001 MPa (about 0.1 psi) to higher values, (possibly 1 MPa, 140 psi) would be pumped into
the borehole in order to raise pore pressure in the region of the hypocenter. The upper value for
the pumping pressure approaches the values of the static stress drops of the earthquakes.

Keywords: induced earthquakes, earthquake triggering, earthquakes
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Scientific drilling into seismogenic zones of M2.0 -M5.5 earthquakes in deep South African
gold mines (DSeis)
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Several times a year, small (M2) mining-induced earthquakes occur only a few tens of meters from
active workings in South African gold mines at depths of up to 3.4 km. The source regions of these
events are accessible with short boreholes from the deep mines, and provide a very cost-effective
method to directly study the earthquake sources. Recently, the largest event (M5.5) recorded in a
mining region, took place near Orkney, South Africa on 5 August 2014, with the upper edge of the
activated fault being several hundred meters below the nearest mine workings (3.0 km depth). This
event has rare detailed seismological data available both from surface and underground seismometers
and strainmeters, allowing for a detailed seismological analysis. Drilling into the source area of
this earthquake while aftershocks are still occurring will enable important near-field
seismological observations as well as a rare opportunity to study possible presence of H2 that is
important for microbiological activity.

We intend to drill several tens of holes into and around seismogenic zones to study the rupture
details and scaling of both small (M2.0) and larger (M5.5) earthquakes. An advantage of the
relatively low cost of drilling is that multiple holes can be drilled. Past fault zone drilling
projects have been limited to 1 or 2 boreholes, severely limiting the ability to resolve spatial
variability. The value of the project will be maximized if we combine results from a number of
boreholes drilled into the source area of the M5.5 seismogenic zone, and also compare with
boreholes in source regions of small earthquakes in other mining horizons. Additionally, the
combination of logging, fault sampling, and earthquake monitoring, will be enhanced in some cases
by the direct visual observations of exhumed faults, leading to a unique complete picture of the
earthquake source.

In seismogenic zones in a critical state of stress, it is difficult to delineate reliably local
spatial variations in both the directions and magnitudes of principal stresses (3D full stress
tensor). We have overcome this problem and can numerically model stress better, enabling
orientations of boreholes that minimize stress-induced damage during drilling and overcoring. We
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can also reliably measure the stress tensor even when stresses are as large as those expected in
seismogenic zones. Better recovery of cores with less stress-induced damage is also feasible. These
studies will allow us to address key scientific questions in earthquake science and deep biosphere
activities.
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JTRACK: Tracking Tsunamigenic Slips Across and Along the Japan Trench
JTRACK: Tracking Tsunamigenic Slips Across and Along the Japan Trench
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Understanding the huge slip and associated devastating tsunami of the 2011 Tohoku-oki earthquake is
a high priority challenge for IODP with important societal impacts. A primal objective of JTRACK is
to define spatially-varying physical and chemical properties and conditions of the sediments and
fluids of the near-trench megathrust that contribute to huge fault displacements and very large
tsunamis. Following recommendations from the IODP Science Evaluation Panel and community input at
the JTRACK Workshop (May 17-19, 2014, Tokyo), JTRACK focuses on the 2011 Tohoku-oki rupture zone by
drilling two transects across the Japan Trench in regions of large and small coseismic slip. We
will investigate the detailed geologic structures and rock properties of the fault zone, especially
frictional and strength characteristics. Permeability and chemical studies will be used to infer
the local hydrological structure and its effect on the earthquake rupture. Combining these
observations and using comparisons of similar measurements for areas of high and low slip during
the 2011 earthquake, we will try to infer key factors that control the amount of displacement
during large earthquakes. In addition, time-dependent observations will be carried out to study
fault healing after a large earthquake. These will focus on how the local hydrological and stress
conditions change during the few years following the large fault displacement during the
earthquake. Based on seismic images as well as associated geophysical data, the two 2-hole
transects across the Japan Trench are selected in an area of large slip (>50 m) and smaller slip
(1/3~1/2 of the large slip). Each transect has an ‘inner trench slope’ site mainly targeting the
plate boundary fault zone, and an ‘input’ site seaward of the trench as a reference site.
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Integration of seismic survey data for deep-sea drilling in Nankai Trough seismogenic zone
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(CRATICEICLD. ZFIRBOBESHBSEET SN\ S, LEOEGNERFSEMBENESOSND, T

Jz. OBSILARENET —S (FFWIEERICEL TV NS, HOREBEHENMTON TS D, Ellit=E
WOYIMEDTDOEECREFET A —TIDOREICETES T D ENEHFIND,
HACEBE(CERBINCZHOMEST B LD T 71 VRIRICKBVSPEEIL. FLFHAEDO SIS ETE
MEHEE(CFRIAIND, 2000F (CERSNIZEE LS I HICH (FTBVSPERET(E. Al RESE-
X=IVTDEN. BAMCLBREZFOEBITNTONTU D, S&. FEIEEIE BIET(02ALHICHVT. ALHAE
LEXCREBREFOFMERERET X—I V0, BEIORIAFRIDESHIC. VSPEREMGTEINTUL D, KA
F. FT—IWMEOAEREEICAIT. BEYZ 1L —Y3aVICLBIBRRANTONTUL D, VSPEEDIRS.
BEAMAOZIRBERNMRVADNEBRITH M. EBRICIIEHIFLOREICLDHNEZ(TD, €T, BRIFHEE
EILFEDBAREZEMDZH(CE. BEPAHAICHESINTL D ZDMDOMESHC L DERET—5
ZFERAL. MENEEBRONBMCEDIEEZSND, TN, BT EORBEILDHEST. FLVERFE
FEERIDIMEEEL D,
BEITFPAVREREVIVFFvUIIVNAROT# VI M) —YEBUVSEIMSKRESEFEE(E. IBHIN SRt
OIS T EEBERESIEHICRENDEETH D, CNET. 2003E(CERINZ _RTHEETE.
BNSZE(CERESNLZHORATIRICOVT. SRRESMERBENRENLEICESNTUD, &5

(C. 2006F (CEMSINLERETIE. KPZERFFEPEHIANDFE(CLD ) T XADFEEZTENRSEEEL=
RILT— I RES SN, EBEERE N IINEOATBOF I BIHES. BHFALBEBF L —~ERRT S
WIB/EE D= RITTHSEENBES N CEI Nz, ULHALEMRS, SFERIEHIZEZRITI DIEHICRHNEILL, HESFIHE
BRETHSDIEREICEBNIERZSENFFMIC DUV TIE. +9(CHEBENBEINTUD EIFE XL,
SRR R IEEIDERIRDZH (. ML= RTEENEBBRARAIR Th Do LBO=ZRITMST—F(CDUL)
T. ZERFEINECLEECIBEEDRFTOT — S BAEME BV TEBRIEERI DT REETIL
EMERE X—IJDRERKVICHFHIND, ZOBREG. MOMERET —IDBHANTr—RN\voE
NdE&EEC. FROVSPEAEDRBE(CPCIET — Y DEEBR(ICEEFENTIND,

CDESE. BBELSIICHUTIE. 0BSEHEE. MCSERE. VSPEREEORBINERET —5. I5(CETEERIFE
HIZ—SMREBEICHI > TULD. ZNENOERT—S PEBITBROIFHEEN L. FIUVWRRICHADRSHENT
MEOHENRNETH D,

F—U—F HERE. BB~ S TJMERETEL

Keywords: seismic survey, NanTroSEIZE drilling
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IODP T-Limit Project: EFWRAAMEREAFEE OO~
IODP T-Limit Project: Constraining the Temperature Limit of Subseafloor Life in the Nankai
Subduction Zone

Kai-Uwe Hinrichs'. *R8iE SB4’. Verena Heuer'. 5% #f’. AT EZ’. KR MM The I00P T-Limit
Project Team

Kai-Uwe Hinrichs', *Fumio Inagaki’, Verena Heuer', Yuki Morono’, Masataka Kinoshita®, Yusuke Kubo®,
The IODP T-Limit Project Team

T.RAY - TU—XVKEMARMME V5 —, 2. BFMRBEEEBS N I 7R, 3. RRAFMEMRRA. 4.8
IR RAASBIICRESRE T Y 5 —

1.MARUM and Department of Geosciences, University of Bremen, Germany, 2.Kochi Institute for Core
Sample Research, Japan Agency for Marine-Earth Science and Technology, 3.Earthquake Research
Institute, The University of Tokyo, 4.Center for Deep Earth Exploration, Japan Agency for
Marine-Earth Science and Technology

Determining factors that limit the biomass, diversity and activity of subseafloor microbial
communities is one of the major scientific goals to be addressed by scientific ocean drilling. In
the International Ocean Discovery Program (IODP) T-Limit Project, we will drill and core at new
boreholes using the drilling vessel Chikyu in the immediate vicinity of the Ocean Drilling Program
(ODP) Sites 1173 and 1174 off Cape Muroto in the central Nankai Trough, Japan, where anomalously
high heat flow regimes observed at both sites result in in-situ temperatures up to 110 to 140°C at
the sediment-basement interface. While the upper temperature limit of cultured microbes appears
well constrained at relatively energy-rich hydrothermal vent systems at around 120°C, it remains
unknown in energy-starved sedimentary subseafloor settings but is generally presumed to be lower,
and thus expected to be covered by the target sites. Due to their location in the trench outer
margin (Site 1173) and landward protothrust zone of the Nankai Trough accretionary prism (Site
1174), the selected sites have different geotectonic and thermal histories that resulted in
contrasting biogeochemical modes of hydrocarbon gas production and consumption. During the T-Limit
Project, we aim to comprehensively study (1) the factors that control biomass, activity and
diversity of sedimentary microbial life in a temperature window that likely encompasses the
biotic-abiotic transition, the so-called “biotic fringe”, (2) the relationship between geogenic
release of water and potential substrates that support microbial activities, and (3) to determine
the chemical and physical characteristics of sediments that define habitable conditions for deep
subseafloor life.

F—D— R I0DP, BETEME. EE~ST. £ EMBORR. 59>
Keywords: IODP, Deep Subseafloor Biosphere, Nankai Trough, Limits of Life and the Biosphere, Chikyu
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O—RN\D S XEHIETEOBE
The Lord Howe Rise (LHR) Drilling Project: tectonics, paleoclimate and deep life on the
LHR high-latitude continental ribbon

Hackney Ron'. LM ZRIR’. Grice Kliti’. *2BM F—HB’. Whiteside Jessica'. Coolen Marco’. FEIE S24’
. Arculus Richard®, Miiller Dietmar®, 7@k SEEE’. 7§ BARA

Ron Hackney', Yasuhiro Yamada®, Kliti Grice®, *Junichiro Kuroda?, Jessica H. Whiteside’, Marco J.L.
Coolen’, Fumio Inagaki’, Richard Arculus’, Dietmar R. Miller®, Saneatsu Saito?, Hiroshi Nishi’

1.Geoscience Australia. 2.EIXHAFERARANBFIAICRFEERE. 3.Curtin University. 4.University of
Southampton. 5.Australian National University. 6.University of Sydney. 7.ERItKZE

1.Geoscience Australia, 2.Japan Agency for Marine-Earth Science and Technology, 3.Curtin
University, 4.University of Southampton, 5.Australian National University, 6.University of Sydney,
7.Tohoku University

O—R/\951X (LHR) (I, BEECA—IRSUTHSHBELIZ TURY | EIEENBN-SEAMEICKR LD
I DKREMRBOMFEEZSNTULS. W"DTIVRDFTKEOD—WBTHo>eEINBIMN, REGIEL T
8§V VBDOIKEI000~3000mC BT Bsh, ZORISBEMEZT -9 RL v ISR, FEEHCLD 7
8} (Deep Sea Drilling Project DSDP Leg 21, Sites 207 and 208) L& MRSNIZIBIRN SHRINTL)
BITBEELL.
CNIETIE/ONET—ITO—RN\DS 7 DB CEBRADBEES LUERRT Vv LICDVWTKEH
HCERDTM>TUVS. ULHL, O—RN\DSTXNDMECRET SFHBLMNRERDOHIC, TmAaAEF
DILBHEMSE Z BRI Boh(C, O—R/N\DS1 XDREIBEIAARTRTHSD. EoneERRcE, C
DT 1 BEUL(CEDIERPHRZEH CET SEHENMRAEINTLVDIEHEFTTESD. CNEEHITIE
IC, Geoscience Australia& EINIFAFCRARENBFIATTRAREBIAMSTECAEA L L > CTEERAEF — L&
5EF, O—RN\DS1 I THBET3500mOFREEEIZ{T> TH - iERDEEY C EREZ0IUNT SEtEE 1L
UL

JAMSTECOOIIEREERIFEEM (5Ew 51 ([CKADO—R/N\DS I =EHIT S FONR—F)L(871-CPP)(F20154F
108 (CEBRFERIZEEIETEIOP(CIRE S Nz, COREIGTEIOMEENIE, 1) O—RN\DS1X(CRRS
NDKEMRRU RN, KEDEEPT O RZv I DILORTRIETREEZNEBUZIBET

3, 2) MAAEECEIIRESBEOFHLLGRE  BRET —SEE83CET, AEEORIEPZNICEE
UISEBED MBI 2N E KD ERCETRT S, 3) 1EBERULEORBREXT —ILTOM TBEGED
EICET BIRHAERILT D, DIRTHD. SEINRKRTIE, COMEIGEOBNETS.

F—OU—F  AEfSRIR. KEHRY RV, O—R/N\DS51X
Keywords: Cretaceous climate, continental crustal ribbons, Lord Howe Rise
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FE-NER-VY 7 FHORMIKRE NS MAIOBE=ABRAF CLERICPHMLTLICEEBE
TEEIC K DFKR 52005 FRICRIBLIE L — ~DEFHAH L TBEREMILIFAH | IEofc—

Deap sea drilling at the Amami Sankaku Basin revealed wide distribution of fore-arc
basalts across the Izu-Bonin-Mariana Arc: Evidence for spontaneous subduction initiation
52 million years ago

R B’ Brandl Philipp. €L #%F'. B8 &', ALK A", I0DP Exp.351 Scientists
*Morihisa Hamada', Philipp A. Brandl?, Kyoko Kanayama®’, Yuki Kusano®, Osamu Ishizuka', IODP Exp.351
Scientists

1. BN R E N B R RAR BRI B S BERM T D EF. 2.GEOMARNIL LRIV BFRR Y

H— (F—JU) . 3. ERETEERESLEEFTR I A/ - OHER, 4. EEXRMEESMENERERS
Ty —

1.Department of Solid Earth Geochemistry, Japan Agency for Marine-Earth Science and Technology,
2.GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany, 3.San'in Kaigan Global Geopark
Promotion Office, Tottori Prefectural Government, 4.Research Institute of Earthquake and Volcano
Geology, Geological Survey of Japan, AIST

0142, FE-NER-VIUT7FHICEVT, BIECOREHIEEE KEEMRREORER ] ZBMELT
BIF T, EREERIFZIEEISTE (I00P) MEEEHI3ME (B350~352Rf0E) iMThniz. Z0—BRTHD
EISURRETI(E, NN/ S A EEDK100knFG R (CAIE T BEBE=ABERDIEEY 1 ~U1438DBEIEEIMNEE
Infe. BE=EBRIE, N DODTHFERE-NER-VUTPFTME—ARTH OIZHBIMTH DN/ S A BEDE
B (FEE) ICUBTDBRTHD.

BEZABREOBEDICIE, W1E2000H0FE81 (BEL) OEMNBERICK > THERSI Nz KEBERE (B8
B, KEBE, mARESE) I\&dce, BE=ABERANEFNRT, FE-/\ER-VY 7 FilOXNEFEEN
RE BHI5200 A FEFILFINSHFEL TLEHEMERSVEEXSNTL . ZCTAEIR, BE=ABED
HBEEEHITSCEICKD, TL—FDRHAHDBIBT BRINSEICHNTTO—ENBREREITI_LE
BrE L TiIrhnrc.

FEISURE TS, EEIY 1 RU1438ICH VT, AFELATT mOBELSHEBYBEEE L CEET1461 mCE
BAECHEL, ISICEREET0 miBEIL T, RIEMIICIEBETI61 nETRELZ. MIEGERVZER
FYraitlazE AUEERETIVICEDLC &, HBYMEBOR TEHOER(IH5000HFETH D&MD
o, ChCELD, EBYIDTICHDEBFMBREBRIT SXBREEOERTENERRHLD, KDFHLE
WEINC. BEIY 1 SUI43STEHRII N HRREEE (73.7 mi/m’) NSEEINZ VYT T 7OENR
(40005 ~6000 55 HI) EEZRI DL, BBFHROEARL, HBEMEBOR T (FEEUCHS500LFRIEEX
TR, MBEMURICEESNTULEWIE20005Fm (BERL) KDEEFSINCHULLVERETRLE.

T5IC, RSN XREZ/ZNRL, HROBFEZL B SPRBEIXREDICZHEN E DHRE
Tolz. ZORR, FRINXRAE MHEIRERE | [CZEZEREFTOCENDH > 2. BlilRRE L
&, FE-NER-VY TP FICH T DEIHAHRIIREE (480075 ~52005 A1) (CHIAME(CIEL UXEES
T, PRBEXRECHELL TV EOOHIBERRE R L TRIEEETRICZ LY. BE=AERD
EFNRAEEIREE CTH D EEINL. BULAPIIRBRARE (C KL > THII L ZER (510075 ~640075 4
gl) CEBENTHSD. COBNEHEREND, BEZABRADBIEMRE, TLU—FDOREFABDERETDED
HEIOBABIRENSHEEL TULEHRIRBEIXRE TIEIHEL, TU—rOREFABNAT D E(FERBICESNTE
5200 ERIDBEIIK B EDBEMR CTH DI EMDN 2z, TENE, CNFETHFE-NEERE-VY 7 FilDHE]
MICUDVEWEEZSNTUERITRERA(E, YRKOEMAITH3BEXE=—ABRF CLERICHHBLTVSEC
ER, SEORBEFEZEL THOTERINZ. COCLld, K EFIL—-—+RDOrUEYBIL—ROTFT
(CEIHAHBDIERR, BHAHFIIEERIGIIBICENMNTH D, EREZX SN TULZE E(CAEELRIENOIA
AQECY, FIIREEDFHUVEBEENTELCEETRETS. FE-NER-VYU 7 FTIOREBETH BT
HERE, FL— ~DOMHAHFBIBLBINSTEE L COeHRRBERRE TIELL, FL—rRVYY RILRAE
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BE(CLO>T NBEAIC] AT ElCKD, #izlc, UNELERICERINEEEZSNS.
EISUREE, MHOFRZ-NER-VY 7 FIIOXNBSEEE ARSIz, EEYMEIZ v RIIIO LN S T
WETORE (EBFREMR(F30—-40 Ma) NSEENLZXIL BEYDEBRTRS JFUBHEMETE (SELU
(V) &, EFRIO-—TIvroO7F>15— (EPMA) ZHOTHRLEZ. XL BEVEEICERBGYOR
RAECEEINTHD, XILESEUOFEEBREERAEN STHAET T, KB ORINSHKIRIIEXT
BLZHRTHSD. FBTRCTHRISZBDICHSVTIE, BKORIDXIL~IBEYIOMEAIE, IBMHOX LT
OYEAOSEHEINTUSBR (XIU) OEBE—BLTUS. FKORIND XL ~STEYOME/MS, IBMINE
AIEOANLASHRETNTUBDR (XILh) OEBRE—HTSD. CNESNEREELD, BE=BBHR(TER
LeS—ES ICE, IBMIOEMEICHRISENENDTHELS, NLTOYVRCHRIZIENDEFINT
VB EMRTREBEIND. 5%, XIBEVOWERTRCRMAKLLEOBHZETSCEICKD, IBBIICH(TEV
IOV DOREHREE LDFHICIRENITEZIFETHS.

F—U—F  ERRRENZENEE. FE-NER-YUT7TI. B2

Keywords: International Ocean Discovery Program, Izu-Bonin-Mariana arc, Amami Sankaku Basin
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e FOI Ok BrENSKRENEHE] (IBM-4) ~
Tairiku Project: from Nishinoshima to the ultra-deep drilling (IBM-4)

A EE

*Yoshihiko Tamura'

1CEFMARERE EFEREMRRRETY 5 —

1.R & D Center for Ocean Drilling Science, Japan Agency for Maine-Earth Science and Technology

013FENBICHRFE>AZENEBANRRIE. BULBIEDILKEVWSIEIFITIEEL, ARETEBALIEAEET
RCRILETH 2. TRILA] LTEMEEIAENEERND THD. HBEEE DL B3XREEIEHRAINE
o2 TWB. TERILEVIVRAEFOREHATELET DN, AENDBEBNOTOCIRVERT A5
RAEZEBR I DEAN0ERTOCIEBBODLTHED., BFHNSD NTKEOHE | EBEL CULSAEEMNRDG
3. BARIGCDIREDREED Iz, 2015 &6 BISHEFRAEM TDOLFEL (CLD. T+—T - rDOERVTH
REXUOKETHDBEXNUAEES CEdE. THICIENHKE DHEMFZ TSEO—EDEXNICKLDBED
FEEICEINUIZ, FAREF. #EOIMETH M. NUEOKEZETBAE TICHD. KFE3, 0mHNSEEL
fz. EE50kmDEXEBEXN LA EEENLTH D, EELCENZER2UnOILIBSNEZ BENTE,
—h. AREDHIFENERVU PP _1—I-SYRESU LY A—TILY T 1 v DRI EEENILE
EEME VDN, BEBMOFEEEEE. B ECTTIL—LDEFAHFDAREDINN. . EDL
SCUTKEMRREAXETL — RAERINZOH. EVWSTL—RTFO IO XOABNLREEEIRET
Do ME. ERXFEBRIFIEHIZHE (I0DP: International Ocean Discovery Program) (CHUWTE. BEREHIC
KOT. BEBIMDEREECZEBESNCLLDET DRI NAET e, 2014 F£3 H30 HHS59 B29 HICH
(7T IEECDMBEHIIRRE & KEEMRRE O] ZXMI 5720, KEMRHISIar7X - LY

D a1—23aVBOMEMENERESIN. BAERNSINTIBEI O 7O - @#if. RRFEXRINEATUVD, It
Wo<<ZOVI o] BEZBEBDLSIETBENLDBE. HLUIDP EHIIT7HS. DED. BHSKEDRK
RICBB35ETBIEFPTHD. BIONHMTEERE (I7HVEERE I SHMEFBECEAMEERR) (LD
MEICLD>T. FRNERYY 7HIOBEENLOTFICKERR (RILE) ER_/ED (T 3HMREENRET S
CEMRBESMIEDTETUD, 014FDIEHIDBRRZESZ (T T, SIRMIZIFIBM-4(CHVT 5Ew S ] ZHL
ERFEEREIESETL. MERORR (LHRR) ZHD. KEXLEDH CTHS IR (CBEL. 20540
EFEHRL. KEEROEABAZENE L TUSD, AZENSRX TSz TKENDTET AL & XFREREH
IBM-4(C kD TTELWDLK 2B/RATOI T | OBEREZRT Do

F—O—F BB, KB IBM-4, £LWDOL<TFOIT I~
Keywords: Nishinoshima, continental crust, IBM-4, Tairiku Project
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IODP Exp. 3603R¥R : EAFE-1 » RIFEEE. BERILAEIEO TERhR-—EREEl (SloMo)
IODP Exp. 360 Preliminary reports: Indian Ridge Lower Crust and Moho at Slower Spreading
Ridges (SloMo)

FrwO AVU= YwOLAR DURRT7=A TIbL €= *FE DT /AT 08 BiK
Bx YT wiR PLwIA> 10DP Exp.360 FANFAZEE’

Henry J.B. Dick', Christopher MacLeod?, Peter Blum’, *Natsue Abe’, Tomoaki Morishita’, Toshio Nozaka®
, Alessio Sanfilippo®’, Scientific Party IODP Exp. 360°

1.0y AR—IVBFMREA. 2.0—7 « TKZ 3. 7F Y IRMKZE. 4. ENREREENEFRERAEEES
FBHRIZHRER T Y I — 5. BRKZE. 6.ALXE. 7./3T 1 7KZF

1.Woods Hole Oceanographic Institut, 2.Cardiff University, 3.Texas A & M University, 4.R& Center
for Ocean Drilling Science Japan Agency for Marine-Earth Science and Technology, 5.Kanazawa
University, 6.0kayama University, 7.Univ. Pavia

IODP Exp. 360(F. BEFE1 VRFEBETF ST+ X - NYDICHVT. BERILAETCH (TS TBIRRD K
UEREDEAFRAOBEEREI FO0I T D ~ (SloMo) OFE—L T EVWSMUB DT T2015F1281HNS
20161 BB ETITONZ, PhSYTAX - NVDE PRSUT+ IIMBEEORICNUET BEEI7 0
VT OZDO—DT. EFFEMR~ VY MUREBAEEEERI(CEH L TUS, Exp. 360TI(E. Hole
UT473AICH VT FERRRD A T OB EBE T789.8nE CIEHIT 3 C & (CBRIL Tz, CNid. —EDfiE TEE
ENSEDIBOIZIERIFLE U TE. BIZEHISE ERRE|R CTH D, €L T Hole U1473A1F. BERBET
fTD1Z0DP Legs 118&176(C &k BIEEIFLHole 7358 (1.5kmbsf) NS KZ2.2kmibE. S SI(Z0DP Leg 179(C &
BHole 1105A (158mbsf) MS1.4kmibICHIBEL TULD. CNOIARDBHEIICKLD. 7S VT X - NVIDIL
BEEPERTEREREHEEIT D EMNEEDIZES S, SloMoFOI 9 ~MDPhase 11T, EBE THI6km(C &
DEBEXSNDEREAZ (5T D] CKO>THEODIRCZEEHEFELTVD,

F—T—F I0DP Exp. 360. VSV TF X - N\VO AO—F—., TR, 5S>
Keywords: IODP Exp. 360, Atlantis Bank, SloMo, Moho, D/V Chikyu
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ANV—VAT 174>+ ~IOPEELIEHINOBIZ & BE
Oman ophiolite ICDP: outline and expected outcome

BB RN BN BEL BM R R T MR. B LDTN =B B A 23 F3-~Y—
:E_Z

*Eiichi TAKAZAWA'?, Yoshihiko Tamura’, Katsuyoshi Michibayashi®, Tomoaki Morishita’, Natsue Abe?,
Takashi Miyazaki®, Ryoko Senda’, Moe Kyawthu’

1HRKRZEZEMERIZR. 2 8 FMRAREE BFERZMERRETEY 5 —. 3. BRXZEZMAER M
RRIZER, 4. BRAFETIAERFEARD X7 LFR. SOBFAEREEE KA EBRMIT DT
1.Department of Geology, Faculty of Science, Niigata University, 2.R & D Center for Ocean Drilling
Science, Japan Agency for Maine-Earth Science and Technology, 3.Institute of Geosciences, Shizuoka
University, 4.School of Natural System, Colleage of Science and Technology, Kanazawa University,
5.Department of Solid Earth Geochemistry, Japan Agency for Maine-Earth Science and Technology

XKEIOVET7ZKXRZENDP.B. KelemenfBLZRIDETIAV—UA T 1 451 ~EEERCTORE L IEEI RSB N ERREE
ERIZIREIETE (ICOP)(C KD THESRIN, 2016E8ANSHEH, 2017FE1A~3BICE2HAFESINTULS
(http://www.omandrilling.ac.uk) o FA(IICDPORMEHZEFIAL, (FANVWE/HNASAERREE HE
HIFLE AN SIRREL, RROANRBZMNR, BiF/EIT7IROBHFEZEEAL, VY MU-HRRERE
ANOYIER - MIENREERESHNCTDIEESELTU S,

AN—=VA T A4S+ RIOPIE, WRBREHTaVDEFANVWEE, VY RILI 1 T7EIHEDY >V ~IVIHTERRE
R, $LKOT T A4 >57 LEEBOZENASAEEREIOSI -5 v kELTHBIFTUVS, BRIFSTSI(CHBE
O SHNIZE CBDMR- VY MUBFRENERENL, ERUEEGENEI7ZERVCERICEBRIDICEE
STELTCUVS, A7HEROEEETELR, MYERDT, MESHRMEK, Sr-Nd-Pb-HfEM{AK, Re-0s[FEMil

1K, X1V D0 I—I 3 VOPHRERBRICITV), BFHRER-VY MUVBRICETIUTOREZHASHICT
%, (1) FHFLERADEHICE > TERRERENDEEZRASNCT D, (2) EREHEIZOSRTOEIEE
BTOCIOREEBESHCT D, (3) YVYRILARBOBELEKFt Y XEREL, EREETFOVY Y RILD
MENDEZEIRIET Do (4) EBEFLNRES KUEEMMETIZETY, BFHR-VY MUBRDEOYIYZERS
MMET B, Fle, TNETOMECLD, AV—VF TSI, hIEEIXRECNIEMANLES
0\, EHFABEDVIVEHORIBNAEERL CTLBDENBESHICHEDTZ, T, (5) EEMRNS KEE
HRRHAER T SBEZHESHICT B,
SEHOELEEIEAY—VFA T A S RO SIEEI I 75 KNI IBANEESTH S EEEIC, IROBEY
Y RIVBHIANBIF 7O UTEMBDIITUVD, AV—VA T+ A4S+ RIPTIE, WHRES(CI/ER, b
TK, MEWSEEBRTOCIABESINTUVDN, BLOHFIEEFLIRRE, NBRIER, VY RILEELE(S
LU, BITOAV—UF TS+ RELBREICRIITVS TERTIOEX] OFBICERLIZVL. ChIl
KD MERRIZ KRB AEBO ERNEOYERIZNEROBANKS < ECERFEIND, T5(C, HRAR
THRONEEENLIBERCEE I T7HSBoNSEGHBREEGENICHSSNHET, &8 - EBEIOEXE
1ReH, YU RIVRBIE EREOYEBNLEEEBRSHNCL, RR-V Y RUVBROBRENSEBRICERET S &0
SEENRD D, AV—VA T Z S5 LELEEIE, BHERMOA LS KUCEFMHEEERICERSEMRT
BCENRIATND, AMETIHBHIFLERBAL, RFERDILARE Y —IU (NeoScan 7£E) EBALT—5
HEETS, 5(C, EEILZOT7ZEMECKEERER (53w 51 ORFIREEAVTHEEDEENE LI
FHENREFNICEE - BT VDHEINLEAEESELTUL S, ZORRE, Z0OEEZEL CahiH
EHRBB(CETREENB DI ECDHENB EFEIND,

F-O—R I AV-—VAT A S~ HERELRZAEEEE. MR-V UER. BERE. ALRRE
Keywords: Oman ophiolite, ICDP, crust-mantle boundary, Moho, borehole logging
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T — A ERETEREGTEORECRE, LTV Y MUEHIAN
Hydration in incoming plates prior to subduction: contents, perspective and road to Mantle
drilling

T MR
*Tomoaki Morishita'

1. ERRZETHREEBEAR Y X7 LER
1.School of Natural System, Colleage of Science and Technology, Kanazawa University

BETL— R EHRRBEABE TCOANBERICKL > TERSINENS, FIEERE TOHEIGEEC K > THXK
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