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We introduce a receiver function which is appropriate for ocean bottom seismograms to image the seismic structures belo
the stations. It is an application of the receiver function proposed by Takenaka and Murakoshi (2010, AGU) for deep borehole
records, which is an extension of "S-wavevector receiver function” (SWV-RF), originally introduced for ground surface records
by Reading et al. (2003, GRL). Standard receiver function obtained by deconvolving a horizontal record with the vertical record
of a teleseismic P wave and its coda, includes the contribution of the sea surface (free surface). The sea surface reflection pha:
mask the original signals from the subsurface interfaces. The free surface contribution is contained much larger in the down-goin
components of the seismic wavefields than the up-going ones. The SWV-RF uses only the up-going components, which is de
fined as the deconvolution of the up-going S-wave component with the up-going P-wave one. In this study we propose a metho
for extracting up-going P and S waves from the observed seismograms at the ocean bottom stations to calculate the SWV-RI
for borehole and ocean bottom stations based on the structure models from the top to the receiver level. If we have a structu
model below the receiver level, we can also calculate the SWV- RFs at any levels (virtual receivers) below the ocean floor. In the
presentation we apply this method to synthetic waveform data for a 3D trench-junction model to illustrate the effectiveness of
the SWV- RF.
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Extremely high crustal production rate of the Izu-Ogasawara-Mariana intra-oceanic arc
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The crustal structures across the Izu-Ogasawara-Mariana arc, obtained by Japan Agency for Earth-Marine Science and Tec

nology (JAMSTEC), provides an estimate of the average crustal production rate since 50 Ma. It has been well established th:
continental crusts have been created as the middle crust of the Izu-Ogasawara-Mariana arc with P-wave velocity of 6.0-6.5 km
(Suyehiro et al., 1996; Takahashi et al., 2007); however, the production rate‘of ¢aistinent’ has been still unknown yet.
The crustal volume can be calculated by crustal structures obtained by seismic surveys, however, a part of the crustal materic
are transformed into mantle through differentiation of crustal materials (Takahashi et al., 2007). Based on a model of Tatsumi e
al. (2008), we estimated volumes of transformed crustal materials and calculated the total volumes of arc materials. As show
by distribution of high velocity lower crust beneath the eastern half of the Shikoku Basin, the arc volcanisms also occurred on
oceanic crusts produced by backarc opening in the past and the crust has been overprinted by the arc activities after stop of t
backarc opening. We, therefore, identified the eastern end of the original oceanic crust using magnetic lineation pattern (Okin
et al., 1994) and removed volumes of the oceanic crust from total ones of arc crustal materials. It is then suggested that the tot
volume of crustal materials across the Izu-Ogasawara-Mariana arc is over 16,000 cubic kilometers per one kilometer. The totz
volume is higher in the northern l1zu-Ogasawara arc and smaller in the southern part. We assumed the volumes of the Kyusy
Paleo Ridge as the remnant arc, and found that the crustal production rate of the oceanic arc is unexpected high value. In th
presentation, we introduce crustal image across the arc and the detailed scenario derived the result.

ggoob:oboog,bbbob,00obb,0gogoo,buoga
Keywords: oceanic crust, crustal structure, arc growth, OBS, seismic survey
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Tectonic reconstruction of initial stage of Philippine Sea Plate formation
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Recent research in the 1zu-Bonin-Mariana (IBM) forearc revealed volcanic section representing earliest record of IBM arc
magmatism (e.g., Ishizuka et al., 2006; Reagan et al., 2010). The obtained stratigraphy combined with petrological, geochemic
and geochronological study led us to propose a model for subduction initiation along this arc (Ishizuka et al., 2006). This mode
assumes spontaneous subduction of old and cold, thus, with higher density plate begins to sink beneath younger and hotter pl:
with lower density (Stern, 2004). This model for subduction initiation, however, has not been tested from a tectonic point of view.
To do this, it is necessary to reconstruct tectonic environment at c. 50 Ma and before of Philippine Sea region.

R/V Yokosuka YK10-14 cruise investigated Palau Basin and southern part of West Philippine Basin (WPB) to obtain crucial
geological and geophysical data for reconstruction of one of the oldest parts of the Philippine Sea Plate.

Bathymetric and geomagnetic survey in the Palau Basin and southern WPB revealed: 1) Topographic fabric associated wit
the seafloor spreading can be recognized in the southern WPB. The strike of the topographic fabric in the northern part near tt
Central Basin Fault is close to E-W, whereas that of the southernmost part is nearly NW-SE, which suggests that the spreadir
direction of WPB changed clockwise with time. 2) The topographic fabric and magnetic lineations near N-S strike can be recog-
nized in the Palau Basin, suggesting seafloor spreading of E-W direction. This fabric in the Palau Basin curves eastward in th
vicinity of the Mindanao Fracture Zone (MFZ). 3) A trough of unknown origin runs WNW-ESE rfiddy B30°E. 4) Southern
and eastern part of the Palau Basin is occupied by numerous seamounts.

Main targets of dredge sampling were: 1) oceanic crust of the oldest part of WPB. 2) oceanic crust of Palau Basin expose
along the fracture zones. 3) volcanic structure within the Palau Basin. 4) basement of Southern Kyushu-Palau Ridge (KPR) whic
corresponds to the eastern margin of the Palau Basin.

Sampling of the Palau Basin crust along the MFZ, which separates the Palau Basin from WPB, was conducted in 2 region:s
One is at ¢. 13CE, where seafloor in the Palau Basin is relatively deep (generally deeper than 6000m) and shows series of
abyssal hills trending N-S to NE-SW. The other region, east of the first one, has much shallower basin floor of 4500 - 4000 m
deep. Dredge hauls in these region successfully recovered pillow lava blocks of mainly aphyric basalt with remaining fresh glas:
rind and olivine-rich dolerite. Sampling of crustal materials in the Palau Basin was also conducted at WNW-ESE trending trough
in the middle part of the Basin neafl8, and recovered olivine basalt with some fresh glass.

Southern part of the Palau Basin is characterized by abundant NE-SW-trending ridges crosscutting N-S-trending abyssal hill:
Clinopyroxene-olivine basalts were mainly recovered from these ridges. They are distinct in petrography from basalts from the
Palau Basin along the MFZ, but similar to those from n€.5

The oldest part of ocean crust of WPB was sampled at the NW-SE-trending scarp28'8l.&illow lava blocks of aphyric
basalt were recovered. These samples will provide first reliable age constraint in the southern WPB which can be linked witt
magnetic anomaly data obtained during this cruise.

In southernmost part of the KPR, eastern escarpment of a ridge between main KPR crest and the Palau Trench was dredg
to recover basement of the KPR. This dredge recovered the metamorphic rocks including amphibolites, amphibole schist an
siliceous schist, which implies occurrence of non-oceanic crust.

Preliminary geochemical data indicate that basalts from the Palau Basin and the WPB have characteristics of MORB-like
backarc basin basalt. Details of geochemical data'&Ad > Ar ages will be reported in this presentation.

Keywords: Palau Basin, subduction initiation, West Philippine Basin, tectonic reconstruction, ArAr age, magnetic anomaly
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Landslide-related decoupled anomalies of heat flow and pore water chemistry: Nanka
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HYDROTHERMAL ACTIVITY AND IRON SEDIMENTATION IN NAGAHAMA BAY,
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The Kairei Hydrothermal Field (KHF) is located at the southern end of the Central Indian Ridge (CIR), near the Rodriguez
ridge triple junction. The KHF was discovered by ROV Kaiko in 2000, based on the preceding report of hydrothermal plume
anomaly detected in Hakuho-maru KH-93-3 cruise in 1993 . The fluids venting from the KHFare characterized by its high con-
centration of hydrogen, and a hydrogen-based hyperthermophilic subsurface lithoautotrophic microbial ecosystem was confirme
by Takai et al. [2004]. The hydrothermal vent lies on basaltic lava area on the shoulder of ridge axial wall, on the other hand,
gabbro and ultramafic rocks are discovered around the KHF [e.g., Kumagai et al., 2008; Nakamura et al., 2009]. The recer
submersible dive discovered a group of dead chimneys on the hill north of the KHF, where peridotite is widely exposed. Previou:s
studies on other hydrogen-rich hydrothermal systems inferred that they may be related to the serpentinization of lower crus
and/or mantle rocks and be controlled by detachment faulting, however the integrated study based on detailed field observatiol
have not been done. The microbiological production and its impact on deep-sea ecosystem of hydrogen-rice hydrothermal plum
are unknown. The objectives of KH-10-6 cruise (23 Nov. 2010 - 13 Dec. 2010) are, 1) to verify the hypothesis that hydrogen-rich
KHF is controlled by the ambient crustal structure and the chemical composition of lithosphere, 2) to estimate the chemical anc
microbiological fluxes from KHF to seawater through hydrothermal plumes, and 3) to quest an unknown hydrothermal field on
the rise, tentatively called Yokoniwa Rise, north of the KHF. During 21 days operation, we conducted one successful AUV dive,
22 dredge hauls, 10 CTD tow-yo surveys, 3 CTD vertical casts, 4 VMPS and 1 MTD plankton net. Total 800 miles of surface
geophysical mapping was also done and a 80 miles of deep-tow magnetic profile was obtained. The preliminary results are, :
A r2D4 #68 dive was done successfully above the Yokoniwa Rise north of the KHF, where the dead chimneys on ultramafic
exposure were discovered in 2009. High-resolution side scan image and interferometric bathymetry was obtained with data c
chemical and physical sensors. The attached magnetometer could detect the positive anomaly on the dead chimney area.
Surface geophysical mapping revealed the detailed feature of CIR-4 segment, where no previous data existed. The result w
improve our understanding of spreading history and structural segmentation of the CIR, and will provide a key to consider the
tectonic setting of the EHF. 3) Total 80 mile of deep-tow magnetic profile was obtained across CIR-1 segment. The detailec
spreading history since 2 Ma was revealed, that will constrain the evolution of detachment faults around the KHF. 4) A humber
of lower crust / mantle materials were collected around the KHF. Focused dredge hauls on the Yokoniwa Rise will lead us &
reliable model of Yokoniwa formation. 5) Systematic sampling of mid-ocean ridge basalts with fresh glass along the ridge axis
will provide a good opportunity to study the mantle heterogeneity beneath the southern CIR. 6) Total ten CTD tow-yo surveys
and three vertical casts could reveal the spread of hydrothermal plumes and their chemical and physical properties around tl
Kairei and Edmond Hydrothermal Fields. The anomalies of pH, turbidity, alkalinity, Mn, CO2 and DO were detected around the
KHF. Very high concentration of hydrogen was also confirmed. 7) Newly developed pH sensor and turbidity meter were attachec
to the wire during most of dredge hauls and plankton net operations. Distinct turbidity anomalies were detected at some sites, th
could prove the effectiveness of 'dredge-attached’ sensors. 8) Approximately double-dense microbial cell density was detecte
within the hydrothermal plume above the KHF. The detailed distribution will provide a new insight into microbiological flux
through the plume.

Keywords: hydrothermalism, Central Indian Ridge, tectonics, petrology, hydrothermal plume
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MORB and mantle peridotite along southern Central Indian Ridge: Preliminary results of

dredge during KH-10-6 cruise
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Two active hydrothermal systems, Kairei and Edmond, are found along the Central Indian Ridge (CIR) with intermediate
spreading rate (" 48 mml/year). These hydrothermal system show distinct geochemical signature in their vent fluids. The forme
Kairei Hydrothermal field (KHF), is characterized by hydrogen-rich hydrothermal activity (Gamo et al., 2001, EPSL), and it is
located at the first segment of CIR. The latter, on the other hand, Edmond Hydrothermal field, show normal or lower hydroger
concentrations (Gallant & Von Damm, 2006, G3), and it is located at the 3rd segment of the CIR.

Recent investigations revealed that the origin of high hydrogen concentrations of the KHF is related to the serpentinization o
olivine-bearing mafic to ultramafic rocks, which are exposed around the KHF (Kumagai et al., 2008, Geofluids; Nakamura et al..
2009, EPSL). However, these rocks are collected only from eastern side of the KHF, and detail distributions of olivine-bearing
mafic to ultramafic rocks around the KHF was still uncertain.

In KH-10-6 cruise, we performed 10 dredge operations around the KHF in order to reveal the geology of the north of the KHF.
Further 12 dredge operations are performed from 1st to 4th segments of CIR. Descriptions of recovered samples during KH-10-
cruise are as follows.

Yokoniwa-rise, north of the KHF

KH-10-6DRO01: ol-phyric basalt with glassy surface; dolerite; gabbro; serpentinized peridotite

KH-10-6DRO02: aphyric to sparsely pl-phyric basalt with glass rim

KH-10-6DRO03: slightly to highly pl (-ol) phyric basalt. Large pl-phenocryst (up to 2cm in size)

KH-10-6DRO04: aphyric to sparsely pl-phyric basalt

KH-10-6DRO05: sparsely pl-phyric basalt with glass rim. Large pl-phenocryst (up to 2cm in size)

KH-10-6DRO06: aphyric to pl-phyric basalt with glass rim in places

KH-10-6DRO08: highly altered dolerite and breccia (green schist facies metamorphism)

KH-10-6DRO09: fine- to coarse-grained altered gabbro with dolerite; altered oxide gabbro; serpentinite

KH-10-6DR10: ol-pl phyric basalt with glassy rim; gabbro; amphibolite; serpentinized peridotite

KH-10-6DR11: serpentinized peridotite with deformation (foliation)

KH-10-6DR12: ol-phyric basalt (ol phenocryst up to 2 mm in size); weathered massive sulfide with goethite rim; serpentinized
(and weathered) peridotite

CIR-1, ridge axis and off-ridge

KH-10-6DRO07: basaltic glass; aphyric basalt

KH-10-6DR20: serpentinized peridotite with serpentine vein

KH-10-6DR21: aphyric basalt with glassy rim; serpentinized peridotite; gabbro
KH-10-6DR22: Mn-coated serpentinite, aphyric basalt, and mud stone

CIR-2

KH-10-6DR17: altered basalt with chlorite vein; altered dolerite

KH-10-6DR18: basalt glass; pl-phyric basalt with glassy rim

KH-10-6DR19: serpentinized peridotite with serpentine vein; gabbro; pyroxenite



CIR-3
KH-10-6DR15: very fresh aphyric basalt with glass rind with pillow lava texture
KH-10-6DR16: very fresh aphyric basalt with glass rind

CIR-4
KH-10-6DR13: pl-phyric basalt with glass rind (pl phenocryst up to 5 mm in size); basaltic glass
KH-10-6DR14: sparsely ol-phyric basalt with glass rim

These observations clarify inter-segment scale petrological differences along southern CIR as well as geological feature
around the KHF. We present here the petrological preliminary features (petrography, petrology, mineralogy, and microstructures
observed in mafic to ultramafic rocks obtained from the north of KHF and the 1st to 4th segments of CIR.

gooob:0bbobddooobo, bbb, oo ooboo
Keywords: mantle peridotite, mid-ocean ridge basalt, Central Indian Ridge
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Observation of mid-oceanic ridge floor using acoustic video camera
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DIDSON (Dual-Frequency IDentification SONar) is acoustic lens-based sonar. It has sufficiently high resolution and rapid
refresh rate that it can substitute for optical system in turbid or dark water where optical systems fail.

Institute of Industrial Science, University of Tokyo (1IS ) has understood DIDSON's superior performance and tried to find new
method for utilization of it. The observation systems that 1IS has ever developed based on DIDSON are waterside surveillanc
system, automatic measurement system for fish length, automatic system for fish counting, diagnosis system for deterioratic
of underwater structure and so on. A next challenge is to develop an observation method based on DIDSON for hydrotherme
discharging from seafloor vent. We expected DIDSON to reveal whole image of hydrothermal plume as well as detail inside the
plume.

We had a chance to participate the cruise YK09-13 (JAMSTEC Shinkai6500 / RV Yokosuka) to Rodriguez segment of Central
Indian Ridge, where hydrothermal plume signatures were previously perceived. Several experimental trials based on DIDSON i
tank and sea had been done in order to confirm whether flows in water can be detected by acoustical method. These trials show
that DIDSON could detect flow of water even if there was no clear thermal difference between the flow and its surrounding. Ob-
servation system based on DIDSON was prepared and equipped on the top of Shinkai6500 in order to get acoustic video imag
of hydrothermal plumes. In YK09-13 Leg.1 cruise, seven dives of Shinkai6500 were conducted. The acoustic video images o
the hydrothermal plumes had been captured in three of seven dives.

Low-quality wire connection between DIDSON and Shinkai6500 limited on data transmission. Only low frequency mode was
available, and average frame rate was lower than 1 frame per second. Acoustic image data captured by DIDSON in YK09-1.
indicate capability of tool for seafloor observation, even though the data was low-quality and low-quantity ones.

Contrasting density inside the acoustic image of the hydrothermal flow could be distinguished. DIDSON showed its possibility
of observation tool that can delineate spatial and temporal change of internal structure of the hydrothermal flows. Mosaic acousti
images showed bottom features of ridge axis. This indicates that DIDSON has a possibility of bottom observation tool, especially
on the occasions of turbid or dark water.

00000:00000000,000000,000000
Keywords: acoustic video camera, seafloor hydrothermal flow, seafloor terrain observation
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Geological setting and hydrothermal system at southern Mariana Trough: approach fror

high-resolution bathymetric survey
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To investigate the complex seabed morphology created by volcanic and tectonic processes and hydrothermal venting, nee
bottom high-resolution bathymetric mapping of deep-water environment started at fast and slow spreading ridges during the la:
twenty years. As more recent technological and scientific advance, detailed feature and distribution of vent, fissure, fault, an
lava morphology etc. have been well understood. In general, a localized hydrothermal system is mainly organized by interactio
between tectonic and volcanic control. The occurrence and/or existence of fault, fissure, and fracture play an important role &
formation of hydrothermal conduit (e.g. Humphris et al., 2002; Glickson et al., 2007; Ondreas et al., 2009).

In the study area, southern Mariana Trough, near 12 57'N, 143 37’E, have several hydrothermal systems. Three hydrotherm
sites (Snail, Archaean, Pika) are located just on the active backarc spreading axis, the eastern foot of the axial high, and the t
of an off-axis seamount about 5 km from the axis, respectively (Ishibashi et al., 2004; Kakegawa et al., 2004, 2008; Urabe et al.
2004), and these are aligned roughly perpendicular to the spreading axis. According to observation of the hydrothermal fluid, th
system of on-axis site (Snail) is ephemeral, on the other hand, the two off-axis sites (Archaean and Pika) seem to have longevi
of life (Urabe et al., 2004). The topography of sulfide mound, lava morphology, occurrence of fault and fissure, and chemistry
of volcanic rock and sulfide deposit at each site has unique characteristic respectively, despite these sites are closely locate
Thus, we will discuss that "what is necessary to maintain or develop these system?”. The high-resolution bathymetric data fo
the examination was collected by AUV (autonomous underwater vehicle) URASHIMA in 2009 during the YK09-08 cruise.
Keywords: hydrothermal system, geological setting, Southern Mariana Trough, high-resolution bathymetric survey, lava mor-
phology, sulfide mound
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Marine DC resistivity survey at deep-sea mine in the Izu-Bonin arc, Japan
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Seafloor spreading history in the Natal Valley and Mozambique Ridge deduced from vec:

tor magnetic anomalies
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Preliminary report of the R/V Hakuho-Maru KH-10-7 cruise, Southern Ocean
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The Antarctic Ocean is a key area to understand global environmental changes. Role of Antarctic Ocean is considered to k
very important in the Earth system, but data coverage is still poor and further observations are required. The research cruis
KH-10-7 by the R/V Hakuho-Maru of Japan Agency for Marine-Earth Science and Technology was conducted in the Indian
Sector of the Antarctic Ocean from 17 December, 2010, to 17 January, 2011. The main objectives of the cruise are as follows.

1) Antarctic Cryosphere evolution based on marine geological observations in Conrad Rise and off Lutzow-Holm Bay: Site
survey for new drilling proposal.

2) Studies on tectonic history of the Conrad Rise.

3) Quantitative estimation of cyclonic gyre and Antarctic Bottom Water transport in the Australia-Antarctic Basin.

4) Changes of ecosystem due to global warming and/or acidification in the Southern Ocean and following responses of bio
genic trace gases in surface seawater.

The R/V Hakuho-Maru left Port Louis, Mauritius, on 17 December, 2010, and arrived at Fremantle, Australia, on 17 January,
2011, after multi disciplinary observations in the Southern Ocean. CTDs, water samplings, sediments sampling, rock samplin
and multi channel seismic observations as well as underway observations were carried out during the cruise to attain these o
jectives. We will present the outline of KH-10-7 cruise and the topics concerning tectonic history of the Conrad Rise briefly.

gooob:0obo,0b0b, 0o ,0bgg,bbbooo,bbooog
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Seafloor geodetic observation on S/V "Takuyo

0oooo*0oo0oo00Yhooooot!
Naoto Ujihara*, Tadashi Ishikawg Mariko Satd

looooooooon
IHydrogr. and Oceanogr. Dept. of Japan

gooooo0ooooo0oUoboOoo0oOooOooOoOoDoOoUoOoDoOoooGPSOOdODOOODOODOOODOOO
ubboboboobodaboobbooboobuoobooboobooboobboobboobuooboooboan
oboooOobooooobooboooooboooon

Oo000000ooOO0OO0O000O0O00000OOO0O0O00O0O0OoooO2050000O00OO0O00O0OMY.200000
ooooooboooboobooooooooooobooooboboboooobooog.

2008000000000DOOO0O0O0DOOOO0O0DOODOOO0ODOOOO0ODODOOODODODOODODODOOODOD

O0000000000oQooOO0OO00U0OOoOoOOOOgOgGs D)oo oooooooooooooooooo
booooooobooboobobobooooooooooboooboobooOobobooboboOoOoooooobOoOOobOobo
gobooobobooooooooooobooboobboooooooobooobDoobDOoobOoobboobobooooOooo
oo

goOoOOoOoOOOOOOOOOOCbO 2010000000ODOOOOOOR400UO0)IIIODOODOOOOOOOOO
boooooooboooboobobobooooooboobobobooooobooobooboboboooobooobooboooDa
boooboobooobooboooobooboooobooboooobooooboOobooooboobooooboaon

ubbooboboobooboobodaboobbooboobooboboobboobooboobbobbooondgd
oo

ooooo:00o0o0oo0,6GPSOo0,00000,0000
Keywords: seafloor geodetic, GPS/A, seafloor reference point, acoustic ranging



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. —
Geoscience
]Un lon N p—
SCG059-P02 o0:00ooboobogo Ooo:50 270 10:30-13:00

Joouobobuoooobobooooobobuoooob -buooobobbuoda

Jogooooooogog -
For Advance of Acoustic Ranging for Observing Ocean Crustal Deformation
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Microseismicity around the Chile Triple Junction revealed by Long-Term OBSs
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The Chile Triple Junction (CJT) is positioned on the Chile trench. At the CJT, spreading ridges of the Chile ridge system
between the Nazca plate in the north and Antarctic plate in the south subduct beneath the South American plate. Because t
southern edge of the source region of the 1960 Chile earthquake is close to the CJT, to obtain coupling between the plates
useful to consider expanse of the 1960 earthquake source region. We carried out an earthquake observation in the CJT region:
ing Long Term Ocean Bottom Seismometers (LT-OBSs). Objectives of the observation are to obtain precise seismic activity an
seismic structure around the CJT. Furthermore, to reveal deep structure is one of aims of the observation by using tomograp!
and receiver function analysis. Long term seismic monitoring using the LT-OBSs increases reliability of results because many
events can be observded.

The LTOBS was developed at the Earthquake Research Institute (ERI) of the University of Tokyo. A three-component 1-Hz
seismometer is installed and seismic signals are sampled at 100 Hz using a 20-bit A/D and record the digitized data continuous
on the hard disks for one year. All the components are contained in a 50-cm diameter sphere that is made of titanium alloy
The acoustic transponder for LTOBS has the functions of communication, interrogation and anchor release. An observation are
is off Taitao peninsula, Chile where the ridge is subducting. The deployment of the LT-OBSs was performed on 1 March 2009
during the RV Mirai MR08-06 cruise. Due to complex seafloor topography, the topography survey using multi-narrow beam
acoustic sounder was carried out to determine deploy positions. Since there was no sea floor observation in the study area, spa
intervals of five LT-OBSs were set to be approximately 30km. After the deployment of the LT-OBSs, small airgun was shot along
profiles which connect deployed positions of the LT-OBSs. Simultaneously, a hydrophone streamer was towed to collect reflec
tion data. In March 2010, all the LT-OBSs were recovered by the rescue-salvage ship of the Chilean Navy. After the recovery o
the LT-OBSs, reproduction of the data were performed on processing system. Many microearthquakes were recorded and arriv
times and P- and S-waves were picked up. From preliminary hypocenter location, 167 events are located within the observatic
network. Typical seismicity in spreading center is seen in seaward side of the trench. This indicates that the oceanic plates a
subducting with spreading of two oceanic plates.
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Volcanic history and surrounding oceanfloor of the Mracus Island, Western Pacific
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Most of seamounts on the western Pacific Plate formed before 70 Ma in the so-called West Pacific Seamount Province (WPSI
which is characterized by relatively short seamount chains maybe indicating a significant short-lived hotspot system (Kopper:
et al., 2003). The geochronological studies of each Cretaceous seamount, on the other hand, show the long-lived main shie
stage of volcanism, because a seamount remained above a hotspot for a long time (approximately 10 m.gt &lir2002).

This may be attributed to either of the following two possibilities: 1) An abundant heat supply as in the superplume episode in
the Early Cretaceous (Cox, 1991; Larson, 1991; Larson and Kincaid, 1996). 2) Slow absolute motion of the Early Cretaceou:
Pacific Plate (3-6 cm/yr.) (Duncan and Clague, 1985; Hendezsah, 1984).

The research cruise using RXbkosukaequipped with the submersib®&HINKAI 6500, was conducted around the Marcus
Island (Minamitori-shima) on May 2010 in order to know the detail history during the formation of the Marcus Island. The
shipboard multibeam acoustic surveys showing the detail bathymetry discovered the volcanic cones on seamount slope and t
clusters of small conical volcanoes on surrounding abyssal plain (Oikawa and Morishita, 2009; This study). Most of cones are
several hundred meters in height and 1-10 km in diameter. We observed the stratigraphy of Cretaceous volcanoes near the Marc
Island using the submersibleHINKAI 6500. Highly vesicular lavas were sampled at the volcanic cone on the seamount slope.
The olivine-bearing dense lavas, on the other hand, were obtained at the steep slope beneath the lava platform in bathymet
implying main-shield stage lavas in contrast to volcanic cones probably erupted at the rejuvenated stage during the Marcus Islar
formation.

o0o000:0000000,000,00,0000000,000,00000000
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The West Philippine Basin (WPB) occupies western part of the Philippine Sea Plate (PSP). The spreading history of WPE
has not yet been well understood despite accumulation of studies since 1970s. The origin of WPB was first proposed by Uyec
and Ben Avrahem [1972], which proposed that WPB was formed by entrapment of a segment of the Kula-Pacific Ridge in the
middle Eocene. Hilde and Lee [1984] and Jolivet et al. [1989] supported the entrapment model. On the other hand, a backat
origin model of WPB was proposed by Lewis et al. [1982], Seno and Maruyama [1984], and Deschamps and Lallemand [2002]
Deschamps and Lallemand [2002] compiled bathymetry, paleomagnetic data, and seafloor age, and suggested that WPB is a b
arc basin that had developed between two opposed subduction zones from about 54 to 30 Ma, and that rollback of these trenct
provided the driving force for the spreading. They also suggested that WPB underwent a clockwise rotation through the openinc
and that the direction of the spreading rotated counter-clockwise. However, the deficiency of the data south of spreading centt
(Central Basin Fault, CBF) hampered testing this mode.

In this study, we compile bathymetry and magnetic anomaly data of the southern part of WPB and the Palau Basin, whict
occurs to the south of WPB bordered by the Mindanao Fracture Zone. The dataset includes data from previous cruises of R/
Mirai, and newly obtained data during R/V Yokosuka YK10-14 cruise. The strike of abyssal hills near CBF in WPB is close
to E-W, whereas that of the southern part near the Mindanao Fracture Zone is nearly NW-SE. This suggests that the spreadi
direction of WPB changed counter-clockwisely with time as suggested by Deschamps and Lallemand [2002]. Three componer
magnetic anomaly data in the Palau Basin suggest occurrence of magnetic lineations close to N-S in strike. Together with N-
trending abyssal hill morphology, it is considered that the Palau Basin was formed by seafloor spreading of an E-W direction.

gooobo:0oboo,0bboobo,00bbbb00oo,bobd000ob,000d
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Magnetic anomalies observed in the ocean are basically originated from the variation of magnetization of oceanic crust. Hy
drothermal vent activity is a possible cause of reduction of magnetization intensity in the small scale due to alteration of oceanit
crust by the fluid circulation. In order to detect magnetic signals resulted from the variations of crustal magnetization under the
hydrothermal vent sites area in the southern Mariana Trough, the magnetic field at the hydrothermal sites were measured by usi
the AUV URASHIMA during the cruise YK09-08.

Three components of the magnetic field were measured by using four fluxgate magnetometers attached to the AUV alon
the survey lines of 100-300m height from the seafloor. Crustal magnetizations were calculated from downward component o
magnetic anomalies assuming a constant thickness source layer (250m). Some of the hydrothermal sites show lower magne
zation than those of the surrounding areas. These low magnetization areas suggest that the basaltic rocks have been alterec
hydrothermal activities.

In the cruise of Taigal0M, 1-4 m length cores were collected from the seafloor rocks using the BMS (Boring Machine System)
of the Hakurei-Maru No. 2. Also, in the nine dives of SHINKAI-6500 during the cruise YK10-11, rock samples were collected
from the seafloor. We have been studying remanent magnetization and basic magnetic property of these samples. Preliming
data show that remanent magnetization intensities of fresh basalts are 20-80 A/m and those of altered basalts are of the order
1 A/m. These measured rock-magnetic data can be used in calculation of crustal magnetization and thus provide a better und
standing of the geological structures of the hydrothermal sites.

o0o000:0000,0000,0000,0000
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Study of submarine volcanic activity at the 17N Mariana Trough back-arc spreading axis
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Optical dating of quartz from hydrothermal sites in Middle and southern Okinawa Trough
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The Okinawa Trough is a 1200 km long, northeast-trending basin behind the Ryukyu Arc (Ishibashi et al. 1988). Since it is a
back-arc basin in early spreading, modern submarine hydrothermal activity and mineralization have many characteristics whic
have aroused wide attention. The long-term change of hydrothermal activities is of interest in respect not only of ore formations
but also of evolution of biological communities supported by the hydrothermal activities. Submarine hydrothermal fluids from
the Okinawa Trough tend to be strongly influenced by interaction of the hydrothermal fluids with organic matter in the sediment
resulting in high alkalinity and NH4+ concentrations of the fluids (Glasby and Notsu, 2003). The fluids also contain high con-
centrations of CO2 of magmatic origin. A systematic geochronological study of hydrothermal activities has not been possible
due to the lack of methods which cover the age ranges of interest.

This paper presents initial results of feasibility studies to date quartz grains from two cores collected from Tarama Knoll, and
the Izena Cauldron in the Middle and Southern Okinawa Trough. We extracted quartz from both core samples using standar
chemical procedures, and subsequently used the SAR (single-aliquot regenerative) method for estimating the OSL (opticall
stimulated luminescence) equivalent dose. Preliminary results indicate an equivalent dose of "6 Gy for the 1108-MB sample fron
the Tarama Knoll. For the core sample from Izena Cauldron, equivalent doses have been observed to have a bimodal distributio
and the average equivalent dose based on 9 aliquots is "40 Gy. Dose-rates were estimated from K, U and Th measuremel
using a low background pure germanium gamma ray detector. The presentation will highlight OSL methodologies, and preser
preliminary ages of hydrothermal activities in the Middle and Southern Okinawa Trough at the above two sites.

References:
G. P. Glashy and K. Notsu, 2003, Ore Geology Reviews, 23, 299.
J. Ishibashi et al., 1988, Geochemical Journal, 22, 107.
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Numerous surface heat flow data were obtained during 2002-2008 in the area of the lheya-North hydrothermal field in the
middle Okinawa Trough, in order to clarify the spatial extent of the hydrothermal circulation system. In 2010, Drilling stidy was
carreid out during IODP Expedition 331, and new subbottom temperature data were acquired around the hydrothermal site.

Within a small basin surrounded by knolls, three distinct zones are identified with different heat flow values, which we termed
the high-, moderate-, and low-heat-flow zones. In the high-heat-flow zone located near the western edge of the basin, extreme
high and widely scattered heat flow values were measured within "500 m of the active hydrothermal mounds, venting black
smoker fluid of maximum 311 degC. With increasing distance east of the high-heat-flow zone, heat flow gradually decrease
from 1.0 to "0.1 W/m2 in a region where surface sediment is dominated by clay and a high-resolution bathymetry indicates
a smooth seafloor surface. We term this area the moderate-heat-flow zone. Further to the east ("2 km from the high-heat-flo
zone), the seafloor consists of coarser sediment with a rugged surface, and heat flow is ver9.lbW(m?2), as designated
the low-heat-flow zone. We suggest that such anomalously low heat flow can be explained by the recharge of seawater into tt
formation, and that hydrothermal vents or diffuse flow in the high-heat-flow zone can drive this kilometer-scale hydrothermal
circulation within the lheya-North knoll complex, if the sediment below the moderate-heat-flow zone is impermeable enough to
prevent vertical fluid migration but is permeable enough to encourage horizontal flow.

2-dimensional numerical simulation was conducted to estimate possible premeability structure, including impermeable surfac
layer and permeable zone below. We report results from numerical simulation as well as new IODP data.

Keywords: hydrothermal circulation, Okinawa Trough, Iheya north field, heat flow, IODP
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It has been widely accepted for many years that the gross morphology of the mid-ocean ridge spreading centers varies with tt
spreading rate. Over the last decade, several exceptions to the spreading rate dependency have been reported. Recently, the r
morphology is thought to be governed by the balance of the melt supply and the spreading rate. In this time, we attempt to un
derstand how the variation of melt supply affects ridge architecture using geophysical observations (bathymetry, geomagnetisi
and gravimetric).

The Southwest Indian Ridge (SWIR) is an ultraslow spreading system, where the spreading rate is almost constant over tr
whole system, 14-16 mm/yr. The ridge shows a wide variability of seafloor structure, indicating that the spatial and temporal
variation of melt supply may play a critical role in the structural process of mid-ocean ridge. The survey area is between Prince
Edward fracture zone and Eric Simpson fracture zone (35-40E), which is one of the first order segments of the SWIR and th
length is about 300 km. This segment is fully covered by prominent geoid high anomaly, and the Marion Island, the nearest the
hotspot (37 51E 46 52S) from the ridge, is now located on 28 Ma crust about 250 km south from the SWIR. Low N@8.0 (Na
contents at MgO=8w1%, indicator of the degree of melting) along the axis within the geoid high area has also been reported.

New swath bathymetry, magnetic data and gravimetric data were acquired in 2008 and 2010 by scientists aboard R/V Hakuhc
Maru (KHO7-04, Leg2 and KH09-05, Leg4). Basement dredge, seismic survey and electromagnetic survey were also conducte
during these cruises. Brief geophysical results were already presented by Sato et al., 2010, so now we focus on the developme
of oblique spreading subsegment based on the analysis of geophysical and geochemical data. We draw the following conclusior

1) The continuity of seafloor morphology and magnetic isochrones adjacent orthogonal (35 30E to 36 20E) and oblique spreac
ing subsegment (36 20E to 37 10E) at the western half of the survey area suggest that oblique spreading geometry is not a sta
structure at least in the survey area. The current oblique subsegment could be orthogonal spreading segment around 3-4 N
Major element variation of the obtained MORBSs suggest that the primary melt condition (P, T and major composition) is same
at orthogonal and oblique subsegment (Sato et al., 2011). On the other hand, trace elements of the MORBs are slightly high
than the typical MORB (Sato et al., 2011). These results suggest that the slightly difference of the source mantle and the degre
of melting may result in the forming of the orthogonal and oblique subsegment.

2) Some volcanic structures and moderate present normal magnetization are observed within the axial valley of the obliqu
subsegment. These may imply that the oblique spreading segment is not amagmatic segment and the melt supplied to the oblig
subsegment is more divided into small scale, resulting in the formation of the third-order segment (Mizuno et al., 2010) through
the melt focus process.

3) The asymmetric seafloor morphology and crustal thickness at oblique subsegment may be caused the same process at
inside and outside corner of the ridge-transform intersection. The recovery of mantle peridotites at the northern off-ridge part o
the oblique spreading segment can support this idea.

Assuming that the on-axis geochemical variation can extend to that of the off-axis, the "3 Myr temporal crustal thickness varia-
tion calculated using shipborne gravity (Sato et al., 2010) may be closely related to the difference of the source mantle. Howeve
it should be remembered that the ridge obliquity may encourage the along axis melt migration from oblique subsegment to th
adjacent orthogonal subsegment, resulting in the melt focusing.

o00o00:0000,0000,000000,0000
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The geochemical intra-segment variation at the ultra-slow spreading Southwest Indial
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Mode of spreading style at the mid-ocean ridge might depend on both spreading rate and amount of melt supply. Furthermor:
melt supply depend on physical (temperature and pressure) and chemical (composition) of the source mantle. Therefore, tt
geochemical variations along the ridge with spreading-rate should reflect the deferences physical and chemical variation benes
the ridge.

We attempt to investigate central part of the Southwest Indian Ridge (SWIR) which is one of the ultra-slow spreading systems
with spreading date of 14-16 mm/year. The research area is a part of the first order tectonic segment between the Prince E
ward and Eric Simpson fracture zones. This segment is considered to be affected by Marion hotspot located south of the SWI
(le Roex et al., 1989). According to T. Sato (2010) and T. Sato et al.(2011), the segment is subdivided into five subsegments
three orthogonal spreading subsegments and two oblique spreading subsegments. In this study, we report geochemical variatic
of basalts from three subsegments, i.e. western orthogonal spreading subsegment, western oblique spreading subsegment,
central orthogonal spreading subsegment. At eastern end of the western orthogonal spreading subsegment and off-ridge of 1
western oblique spreading subsegment, topographic height is developed.

We had two cruises (KH-07-4 Leg 2 and KH-09-5 Leg 4) in 2008 and 2010 aboard R/V Hakuho-Maru. During two cruises,
we performed 17 dredge operations, and we obtained MORB, mantle peridotite, metamorphic and sedimentary rocks along tt
central part of the SWIR (Sato et al., 2008, 2010). At the western part of the segment between the Prince Edward and Eri
Simpson fracture zones (35.5-37.5E), we performed 7 dredge operations. Geochemical variations are summarized as follows.

1) Most of measured major elements variations can be explained by the crystal fractionation. Estimated compositions of th
primary melt, which is back calculated based on equilibrium mineral compositions, for basalt from orthogonal spreading segmen
and oblique spreading segment have similar compositions. It indicates that the primary melt in this are was finally equilibratec
with the mantle under the same conditions (P, T, major composition) even in the different ridge morphology.

2) Basalts from topographic high and oblique spreading segment have enriched compositions in trace elements including rar
earth elements, particularly in highly incompatible elements. Trace element compositions of source mantle calculated by degre
of melting (Na8: Na20 content at MgO=8.0 wt%) indicate that basalts from topographic high and oblique spreading segment
have enriched compositions in trace elements than those from normal spreading ridge.

3) Helium isotope ratio (3He/4He) of the basaltic glass from oblique spreading segment is approximately 8.0Ra which is sim-
ilar value to typical MORB.

4) Mantle peridotites are recovered at the northern off-ridge part of the oblique spreading segment, suggesting that avolcani
conditions occurred immediately after formation of the topographic high.

These pieces of information allow us to have the following conclusions.

Geochamical variations along SWIR at 35.5-37.5E are mainly derived from source mantle geochemical heterogeneity particu
larly for highly incompatible elements. Differences of degree of melting have a small contributions to the geochemical variation.
Enrichment in highly incompatible elements is not due to the direct effect of activity of the Marion hotspot although the possi-
bility could not be denied that past hotspot activities metasomatised depleted source mantle.

goood:goooboooo,gooooooa
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Different source of Os among basalts and peridotites from the ultra-slow spreading SWIF

from 34E to 40E
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The ridge magmatic systems of all oceans are the place directly forming crusts and are good places to observe how differel
the crust forms among the mid-ocean ridges which have variable spreading rates possibly associated with amount of melt suppl
The geochemical studies especially isotopic studies are effective to get information of source of the supplied melts. To investigat
one of the unique ridge systems, the central part of the Southwest Indian Ridge (SWIR), known as an ultra-slow spreading syste
(14-16 mmlyr) is selected. We had two cruises in 2008 (KH07-4 Leg2) and 2010 (KH09-5 Leg4) aboard R/V Hakuho-Maru and
dredged aphyric to porphyritic basalts, peridotites, metamorphic and sedimentary rocks from 17 sites during two cruises fron
34E to 40E along SWIR (Sato et al., 2008, 2010). The Re-Os isotope system for basalts and peridotites was applied to ider
tify their source. One of the major advantages using Re-Os system is that they are relatively immune to secondary effects, e.c
sea water alteration and mantle metasomatism. The Os isotope ratios of spinels separated from serpentinized peridotites whi
dredged from the Prince Edward fracture zone indicated more depleted signature than the mean value of abyssal peridotits
(1870s/1880s=0.125). The time of Rhenium depletion (TRD) ages around 1Ga of these spinels show that these peridotites e
perienced melt extraction at least around 1Ga.
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