SCG71-01 JpGU-AGU Joint Meeting 2017

Eastern Gondwana breakup: Rifting and subsidence from the Tasman
Basin through Lord Howe Rise
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During the Late Cretaceous, the eastern Australian margin rifted to form the Lord Howe Rise continental
ribbon. To understand the history of this region since rifting we use reflection seismic data collected in
2016 onboard R/V Kairei. We focus on processing and interpreting a regional "900-km-long east-west
oriented seismic reflection profile at 27.2°S. The seismic data were processed through pre-stack depth
migration and interpretation shows the structure and evolution of this margin. The profile covers the
oceanic Tasman Basin through the continental Lord Howe Rise. Sediment-filled depressions are found
within the Tasman Basin and likely relate to early transform faulting with later deposition. The Lord Howe
Rise is largely made up of syn-rift and post-rift sedimentary sequences in multiple structurally controlled
basins. Two additional features are found between these regions, the Dampier Ridge and the Middleton
Basin. The Dampier Ridge has a sharp, probably transform, boundary against the eastern edge of the
Tasman Basin. Within the ridge are multiple rift basins up to 3 km deep that are comparable in size and
structure to those found on the Lord Howe Rise. Between the Dampier Ridge and the Tasman Basin is the
Middleton Basin which contains well-stratified sediments that are up to “3.5 km thick. Stratal relationships
indicate that the Middleton Basin formed during a post-rift event with large amounts of subsidence. Deep
reflections beneath this basin reveal mantle at a shallow depth. The results have important implications
for the evolution of the margin from initial rifting, opening of the Tasman Basin, and subsequent
deformational processes.
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Is the Ontong Java Plateau thick oceanic crust?
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Plate Boundary Reorganization of the Pacific Plate during Cretaceous
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Several major tectonic events occurred in the Pacific plate during the mid-Cretaceous. A gigantic oceanic
plateau was formed around 125 Ma and immediately separated into three plateaus, Ontong Java,
Manihiki, and Hikurangi plateaus (Taylor 2006). At approximately the same time, Shatsky Rise ceased to
be formed and then Hess Rise started to be formed (e.g. Sager, 2006). These events were accompanied
by plate boundary reorganization of the Pacific plate. There are two large troughs in the western Pacific
Ocean that are scars of the plate boundary reorganizations of the Cretaceous Pacific plate. One is the
Nova-Canton Trough in the western equatorial Pacific Ocean. Taylor (2006) showed that the trough was
formed during the separation of Ontong Java and Manihiki plateaus around 125 Ma. The other one is the
Hokkaido Trough north of Shatsky Rise. Mammerickx and Sharman (1988) concluded that the trough was
the initiation site of a failed oceanic rift which rifting propagated westward along the trough. Norton
(2007) proposed another model that the trough is the abandoned Pacific-lzanagi Ridge. The origin of the
Hokkaido Trough is still controversial.

The Hokkaido Trough is situated between Kuril Trench and Shatsky Rise. Most of the seafloor around the
Hokkaido Trough were formed during the Cretaceous Normal Polarity Superchron (125.93-83.64 Ma),
implying little magnetic anomaly lineations are available to reconstruct plate boundaries. Seafloor
spreading fabric as abyssal hills and topographic features can give us the information of the
reorganization of the mid-Cretaceous Pacific plate. We examined the topographic features around the
Hokkaido Trough using multibeam bathymetric data. Most of the multibeam bathymetric data were
obtained by the research cruises by R/V Mirai, JAMSTEC. The multibeam bathymetric data exposed the
detailed topographic expression of the trough and seafloor spreading fabric around the trough. The
topographic expression indicates that the Hokkaido Trough is not an abandoned spreading ridge
proposed by Norton (2007). We found several curved troughs, which topographic feature is similar to
those around the propagating ridges. Our study suggests that the reorganization of the Pacific-lzanagi
ridge during Cretaceous was accompanied by propagation of the Pacific-lzanagi ridge and fragmentation
of the Pacific plate.
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Direct-ascended petit-spot magma from asthenosphere with little or
no assimilation
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Petit-spot is alkaline monogenetic volcano distributed at the localities of plate-flexure such as the
concavely flexed zone of the outer rise prior to plate subduction and rebounding lithosphere after glacial
unloading. Petit-spot volcanism is unlikely related to mantle plumes or hotspots because they are
randomly distributed without making seamount tracks. Alkaline melt erupted at petit-spot volcanoes
originate from asthenosphere which move upward through the oceanic lithosphere by tectonic forces
associated with plate flexure. Therefore, sampling the petit-spot lavas may be the only way for us to gain
the materials directly from the asthenosphere below oceanic plate.

In the case of petit-spots at the concavely flexed lithosphere, the base of the lithosphere is extended so
that the least compressive principal stress ( 0 ;) is perpendicular to the flexural axis. Otherwise, the o,
changes to be parallel to the flexure axis below the upper lithosphere, where the stagnation of ascending
melt is speculated at the mid-depth of lithosphere. During the stagnation, melt could experience various
degrees of fractionation and/or assimilation with lithospheric mantle materials (Valentine and Hirano,
2010). Pilet et al. (2006) showed the chemical similarity between clinopyroxene observed in petit-spot
mantle xenoliths and clinopyroxene from melt-metasomatized continental mantle peridotites. They
argued the petit-spot melt experienced metasomatic interaction with lithospheric peridotite. Thus, it is
indispensable to ignore consider the lithospheric interactions when we estimate the asthenospheric
composition from petit-spot lava. We present the geochemical variation of petit-spot lavas in relation to
the tectonic regime of subducting Pacific Plate.

Submersible investigation of petit-spot lava field off the Pacific coast of northeastern Japan, called Site C,
was conducted in 2014 (YK14-05). In this cruise, we found a young petit-spot volcano (" 0.1 Ma) on outer
rise and collected fresh lavas. The lavas are low-SiO, and strongly alkaline relative to previously reported
petit-spot basalts. In contrast to aphyric petit-spot basalts previously reported, strongly alkaline lavas in
this study contain much olivine phenocryst, indicating more rapid magma ascending than other
petit-spots caused by unique tectonic regime below the young volcanoes on the outer rise. We found that
such tectonic forces of both upper and lower lithosphere below their eruptions sites are clearly
correspond to geochemical variations.
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Ocean Bottom Gravity Measurement Using a Landing AUV
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Gravity measurement at sea is usually conducted by using a research vessel. The accuracy of this sea
surface gravity data is around 1 mgal at most. Recently, gravity measurement using the cruising type AUV
URASHIMA of JAMSTEC has been conducted. The accuracy of this subsea moving gravity measurement is
about 0.1 mgal (Shinohara et al., 2015). On the other hand, gravity measurement at the ocean bottom was
also carried out by using a ROV or using a hanging wire rope from a ship (Joshima et al., 2006, etc). The
accuracy of this method is higher than those of the two moving methods mentioned above and is
comparable with that of on land. The ocean bottom gravity measurement is generally conducted near the
targets for exploration. Therefore, relatively large gravity anomalies can be observed. If the ocean bottom
gravity measurement by using a seafloor landing AUV is implemented, it is possible to get more accurate
gravity data in deep sea at low cost.

Preliminary experiments for ocean bottom gravity measurement using a hovering type AUV Tri-TON of
IIS/UTokyo and an ocean bottom gravity meter OBG manufactured by KGE were successfully carried out
in August 2015 and December 2016 at Numazu, Shizuoka Prefecture. To avoid use of vertical thrusters
while the gravity measurement on seafloor and obtain an efficient grounding force, the buoyancy of
Tri-TON attached with OBG was adjusted slightly negative in advance. Although tilt correction bias due to
an ambiguity of the passive gimbal leveling system still remains, the gravity data obtained on seafloor have
low SD values and its accuracy is almost comparable with those of on land.
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We have developed the broadband ocean bottom seismometer (BBOBS) and its new generation system
(BBOBS-NX), and, with them, several practical observations have been performed to create and establish
a new category of the ocean floor broadband seismology, since 1999. Now, our BBOBS and BBOBS-NX
data is proved to be at acceptable level for broadband seismic analyses. Especially, the BBOBS-NX is able
to obtain the low noise horizontal data comparable to the land station in periods longer than 10 s, which
is adequate for modern analyses of the mantle structure. Moreover, the BBOBS(T)-NX is under practical
evaluation for the mobile tilt observation at the seafloor, which will enable dense geodetic monitoring by
its mobility and low cost.

The BBOBS-NX system is a powerful tool for ocean bottom seismic studies, although, the current system
has intrinsic limitation in opportunity of observations due to the necessary use of the submersible vehicle
for the deployment and recovery. If we can use this system at almost any kind of vessels, like as the
BBOBS (self pop-up system), it should lead us a true breakthrough of ocean bottom observations in
geodynamics. Hereafter, we call the new autonomous BBOBS-NX as NX-2G in short. There are two main
problems to be cleared to realize the NX-2G system. The first one is a tilt of the sensor unit on landing,
which is larger than the acceptable limit of the sensor (£8°) in about 50% after our 16 free-fall landings of
the BBOBS-NX. As we had no evidence at which moment the tilt occurred, we tried to observe it during
the BBOBS-NX landing in 2015 by attaching a video camera and an acceleration logger. This result shows
that the tilt on landing would be determined by the final posture of the BBOBS-NX system just before the
penetration into the sediment. The second problem is a required force to extract the sensor unit from the
sticky sediment, which was about 80 kgf in maximum from several in-situ measurements. This value is not
so large to realize the self pop-up recovery system. The function of the NX-2G system is based on 3 stage
operations like as the current BBOBS-NX system as shown in the figure. The core mechanism to perform
these operations has been developed for the ultra-deep OBS system in 2012, already. It was also
examined that we can place any object close to the sensor unit as far as they were mechanically
decoupled, in the sense of the seismic band noise induced by the bottom current in 2012, too. Additional
glass floats are aimed not only for obtaining large buoyancy to extract of the sensor unit, but also for
suppressing the rotation (oscillating tilt) of the main part of the NX-2G system in descending.

In Oct. 2016, we made the first in-situ test of the NX-2G system near the observation node (YOB3) of the
new off Kamaishi ocean floor cable system by using a ROV, where the water depth is 1570 m. Same as the
deployment of the BBOBS-NX in 2015, the video camera and the acceleration logger were equipped with
the NX-2G system, and then, it was dropped from the sea surface. The ROV was used to watch the
operation of the NX-2G system at the seafloor. The landing looked well with small tilt, and it was
examined from the acceleration data in descending. The maximum tilts measured this time was about +
2.5°, whereas that of the BBOBS-NX in 2015 was more than £12°. So that, the additional glass float
effectively worked to suppress the rotation of the main part of this system, which is almost same design as
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the BBOBS-NX. The extraction of the sensor unit, which had been penetrated well, was also succeeded
with the total buoyancy of about 75 kgf, although it took more than 2 minutes to finish the extraction
completely. As the final experiment, we will start one-year-long observation of this NX-2G system in this
April, with the BBOBS-NX and the BBOBS, to obtain simultaneous data for comparison of the noise level.

F—U— K BEMES. LEEMES. HERR

Keywords: ocean bottom seismometer, broadband seismology, instrument development
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Structural interpretation of the hydrothermal activity area by the
Multi-source ACS survey method
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Seafloor Massive Sulfide (SMS) deposits have been recognized to be formed at the hydrothermal vent site
in the submarine volcano. They typically show abundant chimney structures, massive sulfide mounds and
highly hydrothermal altered host rock. Active seafloor hydrothermal systems, related to forming the SMS
deposits, are good natural laboratories for understanding the genesis of ancient Volcanogenic Massive
Sulfide (VMS) deposits. While studies on these active hydrothermal sites have been progressing, the
inactive hydrothermal sites are not well studied because of few efficient methods to detect and
characterize them.

Therefore, we proposed a multi-source Autonomous Cable Seismic (ACS) survey system using a
deep-towed autonomous cable and multiple sound sources with different acoustic characteristics. With
this high-resolution acoustic survey system, we focused on the detection of physical (e.g., density)
anomaly in volcanic sediments caused by hydrothermal alteration. The main objective of this study is to
identify the variations in the acoustical characteristics of volcanic sediments with respect to SMS deposits
and hydrothermal alteration.

Izena Hole is one of the most studied fields of SMS deposits around Japan. We conducted the
multi-source ACS survey in the Izena Hole, using the Koyo-maru, in November 2016. We used three
different sound sources of air gun, sparker and Sub-Bottom Profiler (SBP) in order to demonstrate the
resolution and efficiency of our technique and describe the hydrothermal alteration of different stages
and their acoustic characteristics. We obtained seven profiles running through the hydrothermal
active/inactive area, caldera floor and outside of caldera wall. As a result of the survey, we obtained a
cross-section of the internal caldera that enabled us to study the area from the viewpoint of seismic
stratigraphy, and the resulting classifications of sedimentary features on the section suggested the
possibility of restricting fluid circulation. In addition, penetration of high frequency components of sound
sources suggested the potential existence of low-porosity layers in the shallow part of the sub-seafloor.
From these results and discussion, it was suggested that the hydrothermal alteration zone in the volcanic
caldera could be identified by the seismic data.
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Potential of Hydrothermal activity around the northern part of Sumisu
Submarine Caldera, Izu-Ogasawara Arc

T NE. REA R, ERAM. O wX. REH. R IME. =8 EHR'. AKHEE. E
 BA®. Wi EER®

*Matsushita Koharu', Izumi Sakamoto', Taiki Uehara', Yuta Shinomiya1, Kosuke Tutumi’, Nagisa
Nakao1, Marin Miura1, Masatoshi Yagi1, Satoshi Okamura?, Michio Tanahashi®

1.RBARZFE. 2. LHBKRALIR, 3. BFScimaft
1. Tokai University, 2. Hokkaido Univ.Edu, 3. OHTI

BARGEBR LT Z K OFERBDANLFIHAEEL, BAPZNICHEI BRKELNZ VL, —ATER - HhEE
HPBKERREKNUFENICLZ2RBEEZR/TCE I, EEBFICB T 2UMEROFANEE I N, FITBEER
KELER IR E - NERIIHBIIE R & W2 EEIC T, BEMNICERE RO TYPERFEEDHER E DR
BN fThhTW3,

RBAZTIHFLRIEEHORR 2 BIZIC2014FE LY. REMNSEICHKA70kmICAIE L TWBF
2 -MERMORAIZRAINTZICEVWT, BBRELNET 2RAEMEEN AV THIEHN - thEMRE%
ToTC&ER, KHFERIE. 2016 FEDFEN SR L K ZFEFAEOHER E AMEBORBHEREZMHREL. R
SRANTZIAEARUICS T ZEKEFEORREEEAMET 22 &2 BMNE L,

AEICEWRAIZAANTZIEIEL. ABUOAILTSRMNEICHEREZ L) v VDRENEREIN
oo ESICAMBOARILILTEEICE WTEHRANAKMICHZ> TERKET I KPZFEEEAEHREL, T
DoHIEE [EEsite] EIRML7E, EEsite RARTOIEN S, KRB E EHICZEDHREBEIRB S H R
Ihiz, ERINAREERBEOBETEYORLXIEDILN S, REYHICIEEWVAILYA NARA)EBE
fEHEN’ME I N, SHITERBRTIIREYRIN S, BRERAILTA M ERBBICEELZAKDA
YA PDER. BILBOBEFTEBRONIZHKBEDIK, I S5ICT7VRAMTA NDOERIRD LN, XiR
i Cld. SHERIIBOHONABDI LD, ALY MBELT IV A IS A MBIk, —RICHRA
E7IAVBYORUZEERICTEREL, 7V ZAMI A MILBEHEBR(T00CH ) LB EE R ICERT
3, LEDZEDDS, RAIRAAINTFIAEOEEsiteTIE., ALY A MNEFERTZT7ILAVFTYOHULEES
RS BEKITEENL TWED, RALHDIREZ(NRELZIEICEY., BRECBEEETZEKT 2
BROEBTHY ., FRELRKESOHKNNMNIBETEHINFHL WD EHELEL, £, IILFE—LT
LEHEICKPFEREE M REBSI NI &M E, REDHKEFEICL >T. BERELZE LD L O BRENEE
HETEETWSEEZILND,

F—T7—R:RAIRANTS, KPEEEE, FEGBHREE. 2K

Keywords: Sumisu Submarine Caldera, Acoustic water scolumn anomaly, Reddish brown clastic rock,
Hydrothermal activity

©2017. Japan Geoscience Union. All Right Reserved. -SCG71-08 -



SCG71-09 JpGU-AGU Joint Meeting 2017

Three-dimensional seismic structure of the Rainbow area, Mid-Atlantic
Ridge, at 36°14’ N: Fault development, crust-mantle transition, core
complex formation, and mantle alteration at slow spreading ridges
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Oceanic lithosphere formed along slow-spreading mid-ocean ridges is structurally and compositionally
heterogeneous due to spatial and temporal variations in tectonic extension and magmatic accretion.
While mid-ocean ridges with greater magma supply host a greater abundance of hydrothermal systems,
the relative roles of magmatic input, heat advection and faulting in controlling ridge structures are still
poorly understood. The MARINER (Mid-Atlantic Ridge INtegrated Experiments at Rainbow) seismic and
geophysical mapping experiment was designed to examine the relationship between tectonic rifting,
heat/melt supply, and oceanic core complex formation at a non-transform offset of the Mid-Atlantic
Ridge, 36°14’ N, the site of the Rainbow core complex and its associated hydrothermal vent field. Using
the seismic refraction data from this experiment, we constructed three-dimensional tomographic images
of the crust and upper mantle around the Rainbow area. The seismic velocity images reveal clear
stripe-like structures with alternating high- and low-velocity patterns aligned in the ridge-parallel direction
which correlate with the locations of large normal faults and the variation in lower crustal thickness. This
structure suggests that the entire crust has been rotated by semi-vertical faulting during tectonic
stretching. Throughout the experiment area, there is little evidence in the wide-angle data for persistent
reflected arrivals from the Moho discontinuity (PmP). This implies that the crust-mantle transition occurs
gradationally in the vertical direction rather than forming a sharp seismic boundary. At the Rainbow
massif, where mantle rocks have been recovered by direct sampling, seismic velocities near the seafloor
(the upper 2 km of the lithosphere) are lower than expected for mantle rocks and have a sharp contact
with higher-velocities below. The velocity boundaries are consistent with reflectors within the Rainbow
massif revealed by MCS reflection data [Canales et al., Geology, in press] and probably represent
alteration and cracking fronts of the mantle lithosphere. These results suggest that fluid circulation
channeled by dense faults alter the whole massif efficiently and enhances the active hydrothermal system.

F—7— K : Mid-Atlantic Ridge. Seismic refraction. Normal faults. Hydrothermal vents, Mantle

alteration
Keywords: Mid-Atlantic Ridge, Seismic refraction, Normal faults, Hydrothermal vents, Mantle alteration
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Seismicity and 3D seismic velocity structure at the Kairei hydrothermal
vent field near the Rodriguez Triple Junction in the Indian Ocean
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massifCHd EEHLNTWVWE, HhUONMWRAKIFICEWT, FBHREANESIDHLTVWEDL, £, RKER
DEDIR>TVWEDONZRARZHIC, BEMEFTORWHMERE & MBBEDREEIT o7

2016 FEEAKRKETIE, DVWNWRKIFDOILFE 3-5km D& 2 A ICBERMELH Y, FEIH4-TkmETDEZ
BICERALTWVWT, ZOXAAZXALIIEMBE THSZ Z &P, BEMIMOBERMEIL. FEIH6-8kmDEZ 3
ICEFRL., ZOR/HMIELTIC2DICHINTWVWT, MEEEHICAHICEO-7T0MER L TVWE I &R EERE L,
SO, LVEERLRERSHE#EELERO B8, TomoDD(Zhang and Thurber, 2003)2 AW T ALER
CEARAMEOEMAEZAVWTIRTHEREE#EL KD, AFICEROBREEIT >/,

2. B8R - TR

2013F1B278A 53R 19RICMNF TBFRERFARKE, SRREEMR (L2 3H] ZRVWTAIRREER
EHLUVBAMEE R E1T o7z (YKI13-01fE. YK13-03#iiE). FHLIBEMESIILET21ATH S, £
iz, BROHEEEBEDRERENTTZ 2TomoDD(Zhang and Thurber, 2003)% ALz, BAME %
WBZEICK YR CBETFSkm 5 WET) OREREN LK ARo7,

3. MR

Mo WEKIE A H 5 HEER & Yokoniwa Rise D T 1-2 km {8 TEE6.0 km/s%& B X % =& E B T
& N7, Yokoniwa RiseE FDEEEEE ILYokoniwa Rise2{KICIEA > TW3, BEETIZED L WEED
PPESIIRDEEETBLTWS, BEROGIEEIEI A Y MBS T PRKEMIICEHRLTL
T. AICO-70°ERODHEMNMEREEL TVWS, DI EIFEHORBAES L TLWTNTO massif O IC
AELTWREIICRA S, DONWEKIEODILTE 3-5km D & 2 2 DEFEMEIL, BKENSEVWE ZBIC
FWHEASHBELTWT, BKORYIAHZODLSICERZ %,

HEE

SRAICAL T, BEERERBOBAREMR (K29 OMRERHEEDAL4DHHERETLL, F
R IGRHAE I FM9HIH20109002D B = Z 13 TiTbh F L7,
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Mantle heterogeneity across segment at southern segment of Central
Indian Ridge
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Recent petrological and geochemical investigations of MORB at the southern segments of Central Indian
Ridge (CIR) reveal the heterogeneous distributions of MORB-source mantle (Sato et al., 2015). Sato et al.
(2015) concluded that MORB from off-ridge area at the CIR-S1 segment are depleted trace element
compositions than typical MORB. Furthermore, depletions of trace element geochemistry of off-ridge
MORB from CIR-S1 segment decrease toward present spreading ridge. Because off-ridge MORB was
recovered from several dredge sites parallel to the flow line, these distributions might indicate spatial
distributions of mantle heterogeneity beneath CIR-S1 segment. Newly analyzed isotope compositions
suggest that MORB depleted in trace element is enriched in radiogenic Sr and Nd. Machida et al. (2014)
proposed that "Radiogenic Depleted component (RD)" contributes to the genesis of basalts from CIR-15
segment at 20 degree south and CIR-18 segment at 16 degree south. We suggest that RD component
widely spreads along CIR.

F—U— R hRBEIHE, FRA Y NFEBE YV MNURHBE
Keywords: Mid-ocean ridge basalt, Central Indian Ridge, Mantle heterogeneity
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Unraveling the oceanic serpentinization reaction from
aluminum-zoning in mesh textures
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Serpentinization (hydration of mantle peridotite) gives significant changes to both chemical and physical
properties of lithosphere. Mesh texture was usually observed in serpentinized peridotite, and is a key to
understand the dynamics of oceanic lithosphere. Serpentine minerals in mesh texture commonly contain
subtle amounts of aluminum, but the influences of Al on kinetics of serpentinization is poorly understood.
In this study, we conducted hydrothermal experiments in olivine (Ol)-plagioclase (Pl)-H,O system at 230 *
C and a vapor-saturated pressure of 2.80 MPa for understanding the effect of Al on the mechanism of
olivine replacement. By using unique tube-in-tube type hydrothermal experiments vessel (e.g., Oyanagi et
al., 2015), spatial and temporal data were obtained.

We found the systematic difference in olivine replacement textures between Al-metasomatic zone near
the OI-PI contact and isochemical zone far from the contact. In the isochemical zone, lizardite + brucite +
magnetite was formed and original olivine outline was not clear. In contrast, in the metasomatic zone,
Al-rich serpentine + Ca-Saponite aggregate replaced olivine with forming a characteristic zoning of core,
mantle, and rim parts. Microstructual observations revealed that this zoning was produced by initial
formation of mantle part at Al-free solution, subsequent to simultaneous progress of pseudomorphic
replacement at olivine front (core part) and overgrowth (rim part) with migration of Al metasomatic front.
Similar Al zonings of olivine mesh texture were observed in partly serpentinized harzburgite and
Pl-bearing wehrite, suggesting that local mass transfer plays an essential role on replacement progress
and texture development with volume expansions during serpentinization of oceanic lithosphere by onset
of beak down of Al-bearing minerals.

References

Oyanagi, R., Okamoto, A., Hirano, N., and Tsuchiya, N., 2015, Competitive hydration and dehydration at
olivine—quartz boundary revealed by hydrothermal experiments: Implications for silica metasomatism at
the crust-mantle boundary: Earth and Planetary Science Letters, v. 425, p. 44-54, doi:
10.1016/j.epsl.2015.05.046.
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Preliminary results of the CK16-05 Cruise: Scientiﬁc drilling in

Okinawa Trough of coring, logging using geothermal tool and refit of

Long-term monitoring apparatus
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The CK16-05 Cruise by D/V Chikyu was performed at the Izena Hole and lheya Minor Ridge, in the middle
Okinawa Trough from November 16th to December15th, 2016. Aiming to construct the genetic model of
seafloor hydrothermal deposits, the subseafloor polymetallic sulfide ore body and relevant geology were
investigated under an umbrella of Cross-ministerial Strategic Innovation Promotion Program (SIP).
Throughout the cruise, systematic coring partly coupled with logging using a geothermal tool were
conducted at the Hakurei Site, Izena Hole. Within the five of the eight sites, massive sulfide ore-bodies
were successfully drilled and sampled. Owing to an improved sampling tool, a hydraulic piston-coring
system modified to adjustable (short) penetration, the transition zones from sediments to ore bodies were
continuously sampled without significant disturbances. The continuous profiles of natural gamma-ray
together with borehole temperature and pressure were also obtained at the half of the holes. In the
middle of the cruise, installation of a revised long-term monitoring apparatus equipped with sensors to
monitor the secular variation of pressure, temperature, flow rate and precipitation weight within the
apparatus on hydrothermal vents artificially made as Hole C9017A at the very vicinity of the last
installation at the Hole C9017B, at Noho site, in the south of Iheya-Minor Ridge.

In this presentation, we report the preliminary results of operations conducted in the CK16-05 Cruise.

F—7— R : FREBN. WLYORMHERR, BRAT YR RBTE=9I 7

Keywords: Izena Hole, Systematic sampling of sulfide minerals, Natural gamma ray, Long term monitoring
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Estimation of subseafloor environment at active hydrothermal fields in
Okinawa Trough based on mineralogical and geochemical analysis
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A series of drilling campaign was conducted in Okinawa Trough under the framework of the
Next-generation Technology for Ocean Resources Exploration Project. | investigated hydrothermal
alteration, sulfide and sulfate minerals in drill core samples. The study fields of this investigation are the
Ilheya-North hydrothermal field and Noho Site in mid-Okinawa Trough. Deep sea drilling was conducted in
2014 (CK14-04 Cruise) and 2016 (CK16-01 Cruise) using the drilling vessel Chikyu. In total, 7 holes in
the lheya-North hydrothermal field and 3 holes in Noho Site were drilled. The deepest hole reached
208.5 mbsf (meters below seafloor). X-Ray Diffraction analysis of the core samples was performed
onboard for 199 samples to identify mineral species in the cores. 67 polished sections were prepared to
determine rock texture and mineral assemblage. Electron Probe Micro Analysis was applied to determine
chemical composition of the sulfide minerals. Pb isotope ratios were analyzed for 26 representative
sulfide samples using Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry.

Site C9021 is located midway between Natsu Site and Aki Site in the Iheya-North hydrothermal field. The
core sample consisted of a 70 m thick layer of fresh pumice. Sites C9016 and C9023 were drilled in the
vicinity of two active hydrothermal vents. The core samples consisted of abundant anhydrite with clay
minerals associated with minor sulfides (pyrite, sphalerite, galena, and chalcopyrite). K-bearing minerals
such as illite and K-feldspar were also observed. The abundant anhydrite indicates rigorous mixing
between the seawater and hydrothermal fluids beneath the seafloor. Sphalerite was relatively low in Fe
suggesting deposition under an oxidative condition. Pb isotope composition of the sulfide minerals shows
a narrow range indicating deposition from a common hydrothermal fluid. Site C9017 is located in the
Noho Site. The 120 m-long core sample consisted of alternations between basaltic lava and clay-rich
layers. Hydrothermal alteration was not intense but observed over the entire core sample. Ca-bearing
minerals, anorthite, wairakite, and dolomite occur in ascending order of core depth. Minor pyrite,
pyrrhotite, cubanite, sphalerite, and anhydrite were identified. Sphalerite was relatively high in Fe
indicating deposition under a reduced condition.

In the lheya-North hydrothermal field, hydrothermal alteration and sulfide minerals occur under oxidative
condition beneath the seafloor, in the vicinity of the active hydrothermal vents. Indicative of a high
seawater flux entrained through the permeable pumice layer. In contrast, the Noho Site is under a
reduced condition. This may have been generated by the lava layers which act as cap rocks and prevent
seawater penetration. In both fields, a high temperature condition is estimated in the deeper portions,
based on occurrence of alteration minerals. Alteration minerals in the Iheya-North hydrothermal field are
rich in K, whereas those in the Noho Site are Ca-rich. This difference reflects different host rock, dacite
pumice for the former and basaltic lava for the latter. In summary, degree of seawater entrainment,
temperature of the hydrothermal fluid, and chemical composition of the host rock are important
controlling factors that determine environment beneath the active hydrothermal fields in Okinawa Trough.
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Geochemistry of pore fluids collected from active hydrothermal fields
in lheya North Knoll, Okinawa Trough
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We investigated chemical composition of pore fluids extracted from sediment samples collected by
scientific drilling from Iheya North Knoll hydrothermal field in mid-Okinawa Trough. Two drilling
campaigns CK14-04 and CK16-01 were conducted employing Drilling Vessel Chikyu under the framework
of the Next-generation Technology for Ocean Resources Exploration Project. Sediment cores were drilled
from Site C9016 within the hydrothermal field of Aki Site, from Site C9021 about 1 km apart from Aki Site,
and from Site C9023 drilled on an active hydrothermal mound of Aki Site (27°46.1' N, 126°54.1' E; water
depth = 1070 m). Prior to these campaigns, another scientific drilling in lheya North field was conducted
as |ODP (Integrated Ocean Drilling Program) Expedition 331, which targeted at Original Site (27°47.5' N,
126°53.8' E; water depth = 1000 m). After the pore fluid study reported as the result of Expedition 331,
we document geochemical signature of pore fluids, to discuss fluid interactions and migrations within the
sediment layer.

Pore fluid from Site C9021 away from the active field showed approximately same chemical composition
as seawater for whole range of the sampled depth, from O to 66 mbsf (=meters below the seafloor). The
exception was recognized in slight decrease of SO, and increase of alkalinity at the depth from 45 to 58
mbsf. Together with detection of H,S in the same layer, this change is attributed to sulfate reduction
within the sediment. Similar seawater entrainment was recognized in shallow layer (< 11 mbsf) at Site
C9016 located within the active field. Whereas pore fluid in deep layer (>30 mbsf) showed distinctive
chemical composition which showed similarity in several species rather to the vent fluid emanating from
the hydrothermal mound. Pore fluid at Site C9023 collected directly from the active hydrothermal mound
showed complicated profiles, but likely to converge to the vent fluid composition in deep layer (> 40
mbsf).

Occupation of pore fluid in deep sediment layer by the hydrothermal component of vent fluid
composition was already recognized in the Original Site by the previous study. As well as seawater
entrainment into a certain depth, extensive fluid migration would be attributed to distribution of porous
pumiceous sediment piled on Iheya North Knoll. Combination of the lateral migration of the ascending
hydrothermal component and seawater entrainment is responsible for the drastic change in pore fluid
chemistry profiles in subseafloor region of the active hydrothermal field. Given that mixing between these
two components is not obvious in the chemical profiles, separation by an impermeable layer would be
inevitable. Pore fluid chemistry beneath active hydrothermal field in Iheya North Knoll would be
controlled by geologic structure of a stratovolcano as well as hydrothermal structure.

F—T— R BERKR. BKZEERIS. KILEHEY., REBE
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Relationship between Resistivity Characteristics and Mineral Species
of Rock Samples in the Seafloor Hydrothermal Area
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BRE, SBEREAEAEME LT, BEAKEEEICH L TYBZEENTHOATWS., LHMrLAEDS, ¥
EBEFEETHELONZBRICIIRYI»HY, SLKORUS LUVEEIHDOEENBERICIEF - LEMNERIBHET
Hb. ZOEIBEEEBRTZFEROVEDE LT, WHRMZEOWMNE - (LEEKDEREREREHEMAALE
PREaMBRETIVAEETDZEVIFEDBETOLNS., ChiZEAMERICESCEABRTOESELT
moh (BIZIEEHA,2013) , EHOYUBERETIC, BERPEAENRAEDBREAMET 2FETH
3. AARTIEIYBREOEGHENICE > TERETMZ1TO &2 RBHRENE LT, BREKEENEIC
BVWTHERSNZEAOYES S TEZERDRIE - D2 &TV, ThoaRICERNRETILOEESE
To7-.

AFRTHEELLEAMEZETIVE, BEESLUCZOMERDONNTXA—FICEOWTERADLEREZS
ZABEDTHD. ZOEIBHEBRICEREBWZET IV ABELLERE LT, BERKESEHICENT
RBEIBELGEICLHLHENBEOHENEBRERERBICERATH D EVWD T ENETHRTHLERINT
HY (flZILKowalczyk, 2008) , F/BERKIIMAICE VWTEEICR 5N B pyrite’s & DFRALIEM A HESD
TEVWEEREZFOIENMHMONTWVWE I EAEITONS.

BUARETIVEEDEOICIE, BATY TIAEDYIEN - CFHNEEERAONMNITEIIENRETH
5. TITETHAE, BERKEHEE LTHNOSNEZBTHEYM N, FRELENS JVCFERILERE
Wofe, B RS 7RO IMEBASEIMLAZERAY Y TILICH LT, BHOMEDRE, &L ERERDOD
MzfTo7. AEEB & LT, ik, BERE, NFRE, BARBHE, €SBTHR2EEXRTHS. FICk
EBRAEICEWTIE, BREKOBEMICHT ZLLIBEROKEREEZALNCTE8, $HA (2003) 25E
IZ, FRKEFZINaCIARDBEAZLE LI-BHDAEET >/, ThOHDRIE - DL >THELNE
F—HICH L, BADHFALBETILABATSEIET, ETILDENRSIA—FERETDEEHICHOYES
S MEEEMER & DLEEICH W .

BRELT, BELAEETILDOENIA—YERBREDTREERE OBICHEMI BRI N, INILAH
FICBWTHEELEZETILY, LIEREVOIYEBRI SHEMEE WO ILEERBEREMELEZ2EDTHS
EVWHHREMAERBLTWVWS., SEIZCOLMERETIARESE, oYL L CE2ERE EEMICHEA
AL EEBIC, BERICOWTODEILARZIRFTEITO>TWFETHS.

F—7— R BERKIRK 7—F—0R. EXRCEE. EAYEEETIL
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Electrical features of the submarine hydrothermal system around the
lheya-North Knoll area and the Noho Site, Okinawa, Japan, inferred

from resistivity and IP properties of drilling samples from the Chikyu
CK16-0T cruise
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The exploration and exploitation of submarine hydrothermal deposits are becoming increasingly
important for the steady supply of metal resources to Japanese industry. Valuable metal elements are
commonly included as sulfide minerals in these deposits. Most of the sulfide minerals generally exhibit a
high electrical conductivity, and an anomalous signature of the Induced Polarization (IP) effect. Therefore,
electromagnetic investigations have been considered to be effective in finding unidentified sub-seafloor
deposits. Understanding the resistivity and IP properties of rock samples taken from the deposits is
important for the improvement of exploration techniques and the reduction of risks during exploitation.
The present study involved measurements of resistivity and IP properties of drilling samples from the
research program entitled “the Chikyu CK16-01 cruise” from February to March 2016.

The drilling research was conducted in the Iheya-North Knoll and the Noho Site adjacent to the
lheya-Minor Ridge (Kumagai et al., in prep.), where an extensive high-temperature hydrothermal system
was expected based on previous surveys (e.g., Takai et al., 2015). The present study included complex
resistivity measurements with a wide frequency range between 0.01 Hz and 100 kHz, using
non-polarizable electrodes in a four-electrode configuration. Most of the measured sulfide samples are of
hydrothermal origin, including fine-grained pyrite. Some samples consist of other sulfide minerals such as
chalcopyrite, galena, pyrrhotite, and sphalerite. Massive sulfide rocks were rarely sampled, and
disseminated sulfide rocks dominated.

The measurements showed the following results. There is a negative correlation between resistivity and
porosity. However, no significant correlation was found between resistivity and sulfide mineral fractions,
and the measured resistivity values (greater than 1 Qm) are higher than those of typical massive sulfides
(less than 0.1 Qm), suggesting that the resistivity is controlled by the connectivity of the interstitial sea
water filling the pores. Regarding the IP signature, the sulfidic sediments bearing fine-grained pyrite have
low phases at low frequencies, and the values increase with frequency. This feature is consistent with
experiments by Revil et al (2015), which demonstrated that fine-grained sulfide causes anomalous high
phases at high frequencies. According to further data analyses based on the Cole-Cole model, the
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estimated chargeability exhibits a positive correlation with the sulfide content.

In this study area, it was shown that the presence or absence of sulfide minerals is reflected in the IP
properties, rather than in the resistivity values. In general, pore water resistivity decreases with an increase
of temperature, resulting in a reduction of bulk resistivity. Therefore, not only massive sulfides but also
high-temperature hydrothermal fluids maintained in porous sediments could be identified as a
low-resistivity body by seafloor electromagnetic surveys, meaning that more care should be taken in the
interpretation of the resistivity structure.
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Challenge to monitor the nearby hydrological response to the drilling
into hydrothermal venting area: A case for mid-Okinawa Trough Noho
hydrothermal site
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BERKIMARNEDL I ICHRT 20, HTOITITICEZRAOHBEICNZA T, WHICHERL CBKE
BERIY, BAR0OEBREEAMITTEKFIERE WD, KEBEZNFUEIEETHD. INETEER
KB TOEKIESY - BHOER, H2WIIEHIALRSERICKY, HhTORKEZEY ORBELERERIHEIN
TW5. FRCEKEREEY (77 77 ABECHEHMENS 72E) TE, BEHERICHLNSBVEKD
EXHITHRFIHEEINTWS., ZOLD 74 MFIFER] OBR, WTOEAITRIL, ZOHER, HICAHOD
BB SBKDRVIAADIEKRT 2708, BKBRRAOECNDEEZ DI EFBRRICEBETES. #BHICKILS
LOEETHERLREAEZIT>TUONIE, ZOLIRBRBLVAARE, BHICER T EBEEISIRZAZ I EHT
E, TOBRFHISHTOKEBIREIHETEZIEERF Y VA ERD.

FEHB NS 7ICHBFEER/IVEBE (BEYAN) ICBWVWT, 2016F2838IC T5&w S| IC& 2K
HISEHIARES N, Frld, BEIOBERGEBER) 1, BHIFL (C9017) O100mKREROHEY TEHLN
BEIC, BRETO0—THLUBERE - ENEHIERBEARELL. BRESO—TIZRESAD IO T
O—7WEICEKIEIN, POERELZ19BRTEHAIT 3. BEREENREIL2EDREKEEL2EDERE
Fvoiry), BEICIOmEERZR LT, 1WERTEHIZTY. MEEIENIE, 20165FE11 8 ICEERIN
nr-.

CO01 78 TOHEHIIE, 2/16HM53/4% T, 3ATEEIN/A. BHIRICRKIEH L TWEDHERI N
B, 100mBEEN/BESHEBICIIFROZIN R SNAan 7. BAYTAPIC & BIEMEY & DB TIX, E
HEFFITEEEEY (BEENIm) 2Z0FELRHLTVWEEOTHE. —HARECHEHABHFOEHN
BEBRICERRI I N, E5ICHEFBA T+O.IKREDEDNEEREECBKEE)ELELTWS. BEMEDE
KDOBNIZGHDOHNSBRVDTRENRI EIFEZI RV, BZLLITBERIICHIEBRN DY, M2EH
TI2LWERYTSE (DFYKBITLICRNEAEDRNIEBEDO L2 BB S) &EZ, ZOLHA (@
B) ICBREAH D EEZ D EHPAL DB LA,

BRETO—TDREREIE, FRDIKVEEDIRIEMNBRZEL, MEMBELTWS. Zhidtdkodk
IRBIEELTEMM TICAILHTEBEL TWEHEEZ, BEURBILEE (24e-7Tmr2/s)=522% &R
TOEBBENLKHRATEZ MDD o7, TRADLETO—TDERELZLCOERIZ, EBKDBEELHI
HOATHARICEIR LA ETHBEEZOSND. REBONERENSHESINRELERIL6.84(+/-
0.04)K/mEDRYBWMETH 721, BETOT7 7 IIZERKTHY, TORHISEMPORBERKRED
JixIFR Sk,

S, EHALBEKICIRY SN REFT —9RELDOHEBICOWTERETTEIFETHDD, 20X
IREERDE=HICIK, BZESL I LICEEIFLISEWSG TOEANUNETH 2D EHEHT 5.
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Two types of upper crust seismic velocity structure in the
Izu-Bonin-Mariana back-arc basin
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ARARIZFEE - NER - ) 7 FIM(IBMIN) D EUER OAREIEIER L. EEBFHBRDOPREEEED
TENECZELHNICT D, —MRPABFHBROFEBISICIE, REIEAKE < PEREEV,NHEV(HIZ™6
km/s)Elayer2& ., EEAEMNNE KV, 29677 km/sDElayer3hn'dh 3, FRIBIE TN S iz BEMRERD
layer2 E X 139172 kmT# % (e.g., Kearey et al,, 2009), HIERD EERHFRDPREREEE (Llayer2DE X
EBREARICE > TRD2T IV —TFICH T 55 (Sato et al.,, 2015) ; 1R RBE TR I MR E R CIE#E
HAEED T IIL— AT, “EENEE SER), 2)M3 kmDEWayer2%2 15, REAEA/NS WHIZA
CRSTLYEREREBED/IL—FLLTF,. “BEEBEE SHR), “REEBEES BEAHYTILPED
BEEORERIE T 2MBOBEMKRICER TS EEIAONS, BZEROERIE, FlEHIFEHRI N
BIOES ISEARABRBDEEL. AR AT THOSHRINIKESALT IR ETR L IzHEE
#3B X TULW3(Dunn and Martinez, 2011), EX U 7+ bS5 7% 5 VBREDEAHIAHI T ITE WL KETET
X “BEERBE” N"EoSN, KESAEIITITDODEEIREN T WS EHEA XN S (Jacobs et al., 2007 ; Dunn
and Martinez, 2011 ; Sato et al., 2015 ),

AR T, 2RTOBERREEBEEZ AV TIBMOEINERDEMRE T OMERRE & layer2DFES DO
RERTIVST7EFHRL. BEBEE I —T910 L THEEDEEMNELLER S, HALAL2RTDIERE
E#EElE. F2 - /J\:‘E)?%Jﬂ%frﬁtﬂé&td) ARRE <) 7 FIlZEU D1 RADRRRISA > EHEDTHY ., HEIRZER
EEEFREDREITICL YB 5N/ (Takahashi et al., 2015), uhb@ﬁ]‘f\:ﬂi%ﬁﬁﬂk%”) mdt A EO
IBMQ)IW)EL\?IEj(iﬂiﬁﬁi'C&/\,'C\,\60 BRI N/OBEMESH(OBS)DRERMMBHI &R TS kmTH D7
. 777135 kmBEIERT %, layer2DmEZXVATEZRI0OkmET 278, BKBLIUVHBEEEZEAON
DZHEREE N2 km/sLATFDT—4 %<, Sato etal. (2015)ICEVWTHEEDENKELIRNATWS, B
1.5 km, HEREES km/sTOPEREDEETICIIN—T DT %ITI, VI3 I7MERRMEEZBE>TS
U, -2 ZYERBITERVWEDIE “hEEE" ICD%ET 5,

EREEEEDEEMEILIZIORT R TOARRICEWT, BREDOXLUTNIEWERE, SEARN> T K
RE#E . ‘PEEE . “EENEE DIEICENS, SEEFRONABITARICE > TERS, KA
BEEIEHDSIEICSHRINSARROE T2 &, BIERT1 - 2 - 8T, BROEEN 515740 kmD “EEEE
iE” . 30780 km®d “HEEE" . TNLUFEIIILAETEF T “RENBE” NPROLND, AIR3IE “1‘5“11%8’]1‘%
i&” @arc%éo R4 - 5 - 6 - ALBRDEIHEH 530770kmD “EFE#E” . ThLUFEIE “FEEE”

EilILKE{TA £ T “BREMNEE” TR oAV, BIR7IERIEL 5830 kmD “HE#EE”" c‘:%#’LL/l
EOD “REMBE ARL. “BEREEE ERohaw, ARRIOATYTF NI T7E#EY>THY., S
7 DRIHA0 km & FaIRSE5 kmidk “HEEE” 2. ZNLUADOILKEFFEFT100 kmid “BREMEE” 2577,

A 2R sk D AR IR R E S - MEBENEENZ Z NS, IBMIIOEIGERICEWTHLAHAHTDR
BAZ IR SMRSINEHEAIND, “BREERE ¥ “FREBE" PRONZEHRITVINERHRS
NEERIFHVWHRTH D, DI EIE, EAHPAAFTDREE 2T R ITILKEHA R S TITEWE LKA
HICERINZ e %ERd, “BEE#EHES “PRHABE 2RIEMNIRICE >TERZ I LML, LAHAH
FTOREDZITHIFILEKREITA>TEELTWS, FICHEBROPIHE /L ARTBRAICIE “FENE
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Rifting structure in the northern and middle Okinawa Trough deduced
from seismic reflection and refraction data
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*Azusa Nishizawa', Kentaro Kaneda', Mitsuhiro Oikawa', Daishi Horiuchi', Yukari Fujioka1,
Chiaki Okada'
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The Okinawa Trough is an active backarc basin as the Ryukyu (Nansei-Shoto) arc-trench system, to
southwest of Kyusyu, Japan. The length and width of the trough are around 1,000 km and 100-200 km,
respectively, and its rifting stage varies from north to south. Previous seismic surveys demonstrated that
the crust beneath the trough has continental characteristics and the Moho depth shallows southward
from about 25 km at the north to around 15 km at the south. However, the number of the seismic
explorations in the Okinawa Trough was not so many to obtain detailed rifting structure considering the
large dimension of the trough. We, Japan Coast Guard, have conducted extensive seismic reflection and
refraction surveys in the Nansei-Shoto region since 2008 and we compiled the seismic structure in the
northern and middle Okinawa Trough. We will show the results from seven seismic lines in this
presentation: we carried out two lines along the trough strike and five lines perpendicular to the trough.
The two of the five across-trough lines are positioned to the north of the Tokara Gap, the distinctive
topographic depression between the north and middle trough. The other three lines are designed in the
middle trough from the Tokara Gap to the Kerama Gap. These across-trough seismic lines intersect the
along-trough lines at around the center of the trough.

The seafloor topography and multi-channel seismic (MCS) reflection records largely vary in the direction
of the across-trough, in spite of a common feature that many normal faults were observed beneath all the
MCS lines in the Okinawa Trough. The western part of the trough shows a flat topography and the several
intrusions recorded in the MCS profiles do not reach to the seafloor. In contrast, the seafloor in the
eastern part of the trough is characterized by many small-scale lineament structures. The strike of most of
the lineaments is almost parallel to the volcanic front especially in the northern trough. The MCS records
reveal many volcanic intrusions penetrate the seafloor.

The P-wave velocity models beneath the northern and middle Okinawa Trough generally show an
extended arc crust of the Ryukyu Islands which consists of upper, middle, and lower crusts. We estimated
crustal thicknesses below the trough mainly from Moho reflection (PmP) travel times. The along-trough
seismic line in the middle trough demonstrates that the crustal thickness becomes thinner from north to
south due to the decrease in thickness of the lower crust. However, such systematic decrease is not
observed in the northern trough because of very inhomogeneous distribution of the middle and lower
crusts along the seismic line. The across-trough seismic lines show that the crust below the trough is
significantly thinner than the crusts beneath the Ryukyu Islands and the continental shelf of the East
China Sea. The position of the shallowest Moho along the line is not necessary corresponding to the areas
with the deepest water depth.

F—O—RK:BrST, VTV, HEZMES
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GNSS/Acoustic geodetic measurement at the west end of spreading
Okinawa trough back arc basin.
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AEKRTIE. 2012F7AH52016FE58ICH T TITHhNz, BZOERP TOGNSS/FEAEEAARICK
3 BEMBREZEHADERETT,

BN 7IAEAZEOLLBERAICUEBET 2EIERETH L, SHESDILFOMESE L. HEBNSZT7DOFTE
FFICHEIML KD EH TH % (Nakamura(2004)), SHESICH 2GEONETOEFEERD2010FE~2013FD
TEEIGR, 12— 77— baEEICLT, FIFEABIC6~7cm/yrTH B, BEDRRARIIEREZE
MRANBEOMBEINZIRZ Z7-DDADDBEREZ. SPESILHOILKREOFERER L, RH
1200mDIGFICERE L7z ZOBEBOMEDOBEN S, NS 7BMMETOEIMLERKOKFEBERTZ &N
T& %, 2012478, 2013548, 7H. 98. 2014F9H. 2015F6H. 2015%F9AH. 2016%F58, ULE
HMTSEDERMBREBEA I ThNz, AR TIE. TOERMBEBSEN T —9 5. BERDOAER
EAEITW, 2012E7A~2016FE58F COBEROBHEHEL /<,

BERBOMERTEIZ. ¥FRYT 1Y ICPST—%., MOERBT—4., THEOERT—4. CTDT—Y %EH
L T. lkutaetal(2008)DFEEEAWVWTITo/, FRXIT 1 v UGPST—4 DFRHTICIE. NASA/GSFCTRIR X
NE-REBHENY 7 MY 7 I[T(Interferometry Trajectory) 28 A L7z, SEIE. 2ERIHBICEVNTADDE
EROHENMBAZTILLAVWERELT, 420BEROELDBOBEAHE L,

ZOWHRE, BERBODELDEAEEIIERAMICE L Z5.7cm/yr(A—5Y 7 7L — NE#EVTHB T EHH#E
EXINz, BEODKEABADERIIE. 1KDERTI1 v T4 VT LEGE. BRENKRAKTETcmiZE
E. B DEDNEIVWERIER STz, LA L. 2013F9REICRT Yy IHhH B LHICRA DL, BEHOE
BTOT71 v 7147 aRA, AICHRBBERERE)ZAVTIHREZTMLZE 5. RBAICOENNE L
RoDIiE, 2012F78~2013F78 £2013F98 ~2016FE58D2DICD T TC2ERTI A v T4 VI L5
ETHo1,

2RTI74 v T4 VT LGS, 2013FE7ANSIBICH T THI IcmBEABEICKEIL TWS EIRAD T &
N TE S, Andoetal(2015)IC& 2 &, 2013F4RICEMESDOILHT, LR THREMELESS1 IDE
ADRELLZEHEINTWS, EFEHTOREAROBENIL. 2013F4BICRELZZOFIMLERKA RV M
3~55 AN THEABICERELLZZEAERLTVWEDELNE LAV, MAEEEDORELDOGNSSICED &
TIRIFF—EFEEICRATWSHB N 7DIEAA, 8 N T 7EBER TIXhERE 24 H§ ICETHRIICE L
TWHAEEMELA TR INS, BEODORKRIZ —ROERTGELLZIEMIE. BEETH L SBESOHENLRE
ExznrL., REMICRALEIMILKOEFZ A, MAESEAZEDOEATAERTRVWI EERLTWS,
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Mechanism of large earthquakes along the southwestern Ryukyu
subduction zone and the east coast of Taiwan
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714 VEVETL— NOIBEEHETIE. BREERICH > ThHRrH, BEFEETIIERT 5, D
T, BePREERE L EFHEBYORE. BEMBEZESHEMICEDE, HMEEEEIRMOERMEDT 7 b
—ORIDWTERT D,

1. E4B - GEEFTCOEXRER

A Tld, BEBTEICHRZY, BEARERMRVBLEELAEIEAHONTVWS, 4T oRIE
ETOERHBEYOREENS. BE2000FIChY, FIFE00FIC—CIDEETEREERIFRELLIEE
BSMCA 27 (Andoetal.2017) ., TNSHDMEDS> B, KRFDI1771ENEILHEDEICIE. RESNE
TIIMBENAEL, BNITEEVE (FRIEEFNUL) IELAZEBHEBALE, COMEICEL S, 400kmi
NPBABTOEEIL, IVEH#ESINSY (FEE2010) . 1771FEMEIF SERHBE” TlRAL, BED
WETHIAREELN BV, 1T77TFEHEORAITE, JOBEREREFZALAICRE LI EAHSNATYL
%3, T8 (B&8™M) IKIF. BATHRADERRA (FA) I LiFonhTs Y., MOCI4FERBIEIN S,
TR LARE, 1771FLENIC. ERBRICEZ2 DD EHEESIND, COLOLBEREZHRET S &, BitkiBER
FEGAWICIE, RE250kmABAZEAMEREENH D EEZ 51D, Nakamura(2009)D 7' L — MERE
LTONKBHEETILERBATSE, TL—MNOMEYMHY T VU TRIF20BIEE KL 25,

2. BIRBBOKRIER L BREHIF

GPSEAIIC K 2 &, HiBFES(IZ4-6cm/yDREE THE~BRICAN > THRET 5, ZOXEIIHKEENER
ICHBBTB=OICELDEDT, SBEBIX1-3x108 /yDHEEZHIBICH B, ZOBBTICHL T, HIMDHE
NST7TlE. YOXDEANRZDZEDEEAIND, 2013F 4 BICIESIESDILS0kmDHiE NS 7
T, 2AREICHIY T IYHABALI-E#EEI NS (Andoetal, 2015) , 2013FE7EHNH9B DREIC, ZFDith
FHALFI00kmT, RIXEANELE., BEMBEHE NI SHEINLTWS (T - i, 2017) . B
EEBEEAE T, BEI/BERLDD. FTL—MNEFAAHEIEASHEZER L. BEAMEAREIESD
DEEZOLND, Ay TV ITROBEWVRIRIBAZTEHE, BEAENMRYBRLEELD 22 EITFEIND,

3. BEMBEEHAER

201441, KREE (AXREDOmM) ORE60kmIC, BEMBEBHARNFZES N, AN EKEIhTL
%, COERENMS, BASHIAXREICH LEICBEL TWB I ENELMNNIR >, L, SRERIE2E
<. BROGHEMEREALEY, BEMETEMRBETHDIILEENDDICIE. S 5IC3FHOEHRD
WETHD, —H. BERERICIE. BKEENSKEAATTL—MNEAY T VT ORIEZ#BNE LT, 3
AT BERTEEH B SABRBIN, TORD—DOEEHDOER S D2012F~20164F D HAEZ B ER
BEREIMABESMIINE (FEK -, 2017) . Zhil& &, EERI MU, mBEZIZ4cm/y. REZEIC
8cm/y T, 60kmBADEHDEEIE AN TH D, =72 L. BRARNEEISBNBE TS O, TL—FK
Ay TV TOEEARIETBICE>TWVWAREWL, 52, BEBEIOEWVMED 2h S TCOEAI%#iGd 2ED
H3I, S REEH BEHTOEBREHBREHINS, JOMBOERMEDERABREN. BAINE D,

4. &8

BEEERMABOBERMERED A DX ALRBPICIK, FRBEETOMBEEIRUELBEL. N ORZERE
FISEBIGEVBEMBREZEE NG L TITORELH 5,
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Detection of offshore vertical displacements after the 2011
Tohoku-oki Earthquake from GPS-A observations

‘Bl BE N TR AR T’
*Fumiaki Tomita', Chie Honsho?, Motoyuki Kido?

1. RIERZRZREZARR. 2. RIEKRZXENZEEMIFTAR
1. Graduate School of Science and Faculty of Science, Tohoku University, 2. International Research Institute for
Disaster Science, Tohoku University

Postseismic displacements following the 2011 Tohoku-oki Earthquake (Tohoku Eq.) have been detected
by on- and off-shore geodetic observations. Especially offshore GPS/Acoustic (GPS/A) observations
showing an extensive postseismic displacement pattern [Watanabe et al., 2014, GRL; Tomita et al., 2016,
AGU], which have strong constraints on modeling postsesimic deformation processes [e.g., Sun et al.,
2014, Nature]. However, these GPS/A studies have basically detected only in horizontal components.
Potseismic vertical motions are sensitive to the postseismic processes because they show different spatial
pattern from horizontal motions; therefore, detecting vertical motions is quite important. Although
Watanabe et al. [2014] detected vertical motions after the Tohoku Eq., an extensive pattern of the
postseismic vertical motions has not still been obtained.

It has been a difficult work to detect vertical motions by GPS/A observations because a parameter of
calculating vertical motions has the trade-off nature with a parameter of the sound speed in the seawater
(SSS). Sato et al. [2013, J. Geod.] showed acoustic ranging data obtained from numerous and extensive
sea-surface ranging points could constrain the parameters; Watanabe et al. [2014] similarly estimated the
postseismic vertical motions. In contrast to their data collections, we have collected acoustic ranging data
from a fixed ranging point just above the center of a seafloor transponder array (point survey data) based
on the strategy of Kido et al. [2006, EPS]. In this strategy, we can obtain a horizontal seafloor motion
precisely by each ping, but it is difficult to constrain vertical motions. However, we have also collected
less but extensive acoustic ranging data (moving survey data) occasionally to initially configure the
seafloor transponder array. In this study, we challenge to calculate extensive vertical motions after the
Tohoku Eq. using moving survey data obtained from Seq. 2012 to Nov. 2016 at the 20 GPS/A sites in the
Tohoku-oki region.

In our strategy, we initially calculated relative positions of seafloor transponders at each site; then we
simultaneously calculated positions of arrayed transponders (array positions) in both horizontal and
vertical components for each cruise and temporal changes of SSS. In order to accurately calculate vertical
motions, we also have to estimate an offset between a GPS antenna and an acoustic transducer mounted
on each research vessel. Since we have employed a different vessel for each cruise, the transducer offset
values may cause critical biases in the calculated vertical motions. Thus, we iteratively estimated the
transducer offset values and the initial relative positions of seafloor transponders and the array positions.
Then, postseismic displacement rates were calculated from the obtained vertical motions.

The obtained vertical displacement rates show spatially charaterized pattern: subsidence above the
coseismic rupture area and uplift near the trench, but they have 3-15 cm/yr errors in 1 o that are much
larger than the errors in the horizontal components. The worse errors in the vertical component are
probably caused by the trade-off nature with SSS and the shortage of the moving survey data. Some sites
show small errors with “3cm/yr, but we cannot figure that the accurate results are actually obtained
because the larger errors are obtained in the other sites by the same method. Due to the errors, it is
difficult to quantitatively discuss the postseismic deformation processes at the moment. However, this
study successfully showed the potential capability of our data for detecting vertical motions. In order to
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quantitatively discuss the vertical motions, further moving survey data in the future and detailed
evaluation of the errors are required.
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Keywords: Seafloor geodesy, The 2011 Tohoku-oki Earthquake, GPS/Acoustic observation, Postseismic
deformation, Vertical motions

©2017. Japan Geoscience Union. All Right Reserved. -SCG71-23 -



SCG71-24 JpGU-AGU Joint Meeting 2017

An estimation of undersea sound speed structure: a more accurate
strategy of GPS-A seafloor geodesy
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The Hydrographic and Oceanographic Department of Japan Coast Guard has been developing a system
for precise seafloor geodetic positioning with the GPS-Acoustic combination technique and deploying
seafloor observation sites on the landward slope of the major trenches around Japan, such as the Japan
Trench and the Nankai Trough.

The primary purpose of this observation is to detect and monitor the crustal deformation caused by the
subduction of the oceanic plate near the plate boundary.

For the precise GPS-Acoustic seafloor positioning, we are developing analysis software, which combines a
GPS positioning result and undersea acoustic travel times to get a precise position of an array of seafloor
stations.

In this analysis, undersea sound speed structure must be given to convert travel times of acoustic wave
into travel ranges. In order to estimate the seafloor positions accurately, it is necessary to have a
sufficiently accurate sound speed structure. However the sound speed varies with time and space.
Therefore it is practically impossible to cover all these variations in detail.

For positioning at the centimeter level, we are trying to estimate the sound speed variation from the travel
time residuals in the positioning analysis. The travel time residuals include the information of the temporal
variation, spatial variation and systematic difference of sound speed. By taking a proper strategy, the
correction of sound speed based on this estimation improves the final positioning result significantly.

We investigate the behavior of the travel time residuals using spectrum analysis to extract the various
frequency of sound speed variation. Based on the result, we will examine a more accurate analysis
strategy.

F—7— R :GPS-BEHEAAN., BEMBREHHRA. BHPEREEE

Keywords: GPS-Acoustic ranging combination technique, seafloor geodetic observation, undersea sound
speed structure
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