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Initial break-up process of Gondwana around the Natal Valley and the Mozambique Ridge, off
South Africa.
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The Natal Valley and the Mozambique Ridge are considered to be formed during the initial break-up
stage of Gondwana, however the detailed opening process is not well defined because of the poor
geophysical survey data set in this region. To understand the crustal nature and history of the
Natal Valley and the Mozambique Ridge, vector magnetic data are obtained during R/V Pelagia cruise
2009. Vector magnetic anomalies and magnetic boundary strikes are calculated from vector magnetic
data. The total magnetic anomalies around this region are compiled by using those calculated by
vector magnetic anomalies and marine magnetic anomalies from National Geophysical Data Center
(NGDC) as well as the EMAG2 digital magnetic anomaly data set. Intensity of the crustal
magnetization is deduced from the total magnetic anomalies incorporated with ETOPO1 topography data
and offshore global sedimentation model. 2D magnetic block models are also estimated along some of
the magnetic anomaly profiles. Moreover, crustal thickness is estimated from satellite derived
gravity anomalies using with ETOPO1 topography and offshore global sedimentation model.

It is unlikely that the total magnetic anomalies in the northern Natal Valley (NNV) indicate the
magnetic lineations proposed by previous studies. Low intensity of crustal magnetization similar to
that of adjacent African continental area is observed on the area of the thick crust (about 14km)
that is predominant in the NNV. The thick crust (about 14km) with the low intensity of
magnetization most likely shows stretched continental crust. Areas of high intensity of crustal
magnetization (more than +3A/m) with thin crust (about 12km) would represent the basaltic crust,
and account for about 30% in the NNV. Magnetic boundary strikes obtained in the NNV most likely
indicate the boundaries between basaltic intrusion and the stretched continental crust. The
basaltic intrusion might be related to Karoo volcanism. In the southern part of the southern Natal
Valley (S-SNV), NW-SE magnetic boundary strikes along the total magnetic anomaly profiles show the
magnetic isochrones M10-M@ proposed by previous studies. Several fracture zones are suggested from
the magnetic boundary strikes and intensity of crustal magnetization along observation lines. In
the northern part of the southern Natal Valley (N-SNV), low intensity of crustal magnetization with
the 9~11km crustal thickness are observed and these imply the stretched continental crust similar
to the stretched continental crust area of the NNV. The N-SNV most likely shows the edge of the
stretched continental crust, and seafloor spreading in the S-SNV started at the time of M10. In the
northern part of the Mozambique Ridge (N-MOZR), features of intensity of crustal magnetization and
crustal thickness are also similar to those in the NNV, suggesting the same formation process of
the NNV. In contrast, high intensity of crustal magnetization is dominated in the southern part of
the Mozambique Ridge (S-MOZR). The magnetic boundary strikes show the clear NW-SE trend however the
magnetic anomaly pattern is not clear and crustal thickness is thicker more than 11km. High
intensity of crustal magnetization and thick crust probably indicates that the S-MOZR was formed
with excessive volcanism such as hotspot. NW-SE trend of magnetic boundary strikes may represent
the trend of the spreading ridge. These results suggest that there is continental ocean boundary
between the N-MOZR and the S-MOZR.
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We will present the crustal features deduced from magnetic anomalies and gravity anomalies in the

Natal Valley and the Mozambique Ridge, and discuss about the initial break-up process of Gondwana
in this region.
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Seismicity at the Kairei Hydrothermal Vent Field Near the Rodriguez Triple Junction in the
Indian Ocean: Part 2
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KH-15-5 R/V Hakuho-maru cruise was conducted from 17" to 26™, January, 2016 along the Central
Indain Ridge 13°-18°S. The objective of this cruise is to elucidate the contribution of long
oceanic transform faults to global water flux and to explore the magmatic and hydrothermal
activities along the ridge north of 18°45'S. During the cruise, we conducted geophysical mapping,
deep-tow magnetic survey, rock samplings and CTD hydrocasts along the Marie Celeste transform
fault, Argo transform fault and northern part of Seg-18 of the Central Indian Ridge under the
collaboration with Mauritius Oceanographic Institute and Korean Institute of Ocean Science and
Technology. The principal results of the cruise are summarized as follows.

1. Two deep-tow magnetic profiles across two active transform faults are done. A proton
magnetometer and two three-component magnetometers were attached to the system. We succeeded to
recover the variation of total magnetic filed intensity along ~45km profiles.

2. Along the Marie Celeste transform fault, we conducted 3 dredge hauls and 3 CTD hydrocasts. We
recovered various kinds of rocks constituting oceanic crust, gabbroic lower crust to basaltic lava.
CTD profiles and water sampling were successfully done from 5000m water depth, mainly for deep-sea
microbiological studies. A turbidity meter attached to the dredge wire detected anomaly near the
bottom on the median ridge.

3. Along the northern part of the CIR-Seg18, we conducted 6 dredge hauls. Two sites are located at
the neo-volcanic zone within ridge axial valley, where we recovered very fresh lava. Three sites
are designed to collect samples from off-axis area and slightly altered basalt samples are
recovered. Last dredge haul was done at the lower part of an oceanic core complex, where an altered
gabbro was recovered.

4. Four CTD hydrocasts were done along the ridge axis of Seg-18. We detected turbidity and
transmissiometer anomalies, indicating the hydrothermal activity.
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Seismic structure of continental rift and off-axis volcanism in the Okinawa trough
back-arc basin
Seismic structure of continental rift and off-axis volcanism in the Okinawa trough
back-arc basin
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Back-arc basins are a primary target to understand lithospheric evolution in extension associated
with plate subduction. Most of the currently active back-arc basins host well-developed spreading
centers where active seafloor spreading and creation of the oceanic crust have already occurred.
However, rift structure at its initial stage, a key to understand how the continental lithosphere
starts to break in a back-arc setting, is poorly documented. The Nansei-Shoto subduction zone forms
a trench-arc-back-arc system from Kyushu, SW Japan, to Taiwan and provides a superb site for
studying the interaction between the plate subduction and the rifting process in a continental
back-arc basin. Behind this ~1,200-km-1long subduction zone, the Okinawa trough forms an active
continental rift zone along the southeastern end of the Eurasian plate. Although the total length
of extension is estimated no more than 80 km (Sibuet et al., 1995), its rifting style is
significantly variable along the trough: The northern and middle Okinawa trough is characterized by
shallow bathymetry (< 1000 m) and has a wide (up to 230 km) basin structure. In the southern
Okinawa trough, on the other hand, the maximum seafloor depth exceeds 2,000 m and a relatively
narrow (60-100 km wide) topographic depression is formed along left-stepping en echelon rift axes.
Early seismic studies suggest that crustal separation and active seafloor spreading has occurred in
the central and southern Okinawa trough, whereas recent studies reveal that there exists
over-15-km-thick crust beneath the rift axes even in the southern part where the deepest seafloor
occurs, indicating that the whole part of the Okinawa trough is still at a stage of continental
rifting (Hirata et al., 1990; Sibuet et al., 1998). Yet the fault system accommodating the crustal
extension and its along-trough variation are little documented. The Okinawa trough is also known
for active hydrothermal system discharging high temperature fluids, implying that the crustal
rifting enhances the transfer of high-temperature magmatic bodies from the deep mantle up to near
the seafloor. However, the relative roles of magmatic input and tectonic stretching in controlling
the whole rifting system remain poorly understood.

Toward understanding the tectonic and volcanic processes associated with the continental back-arc
rifting, JAMSTEC has been carrying out active-source seismic experiments in the Okinawa Trough.
Multichannel seismic (MCS) reflection data and OBS refraction data were collected in the southern
Okinawa trough (24-269N) in 2013 and in the northern Okinawa trough (29-309N) in 2015. Based on the
data set, we present structural models of the Okinawa trough The MCS reflection data in the
southern part show an almost symmetric rift system across the rift axis: Within the basin the
sedimentary layers are highly cut by inward-dipping normal faults. Just beneath the rift axis a
narrow intrusive structure is imaged, but a stable magma chamber is not observed on axis. Instead,
a possible melt lens is found ~10 km horizontally away from the rift axis towards the arc. The rift
structure over the possible magmatic body is disturbed, suggesting the off-axis volcanism is young
or probably still active. Associated with the rifting process, the crust thins significantly from
the original thickness of ~25 km and the thinnest crust of ~1@ km occurs just beneath the rift
axis. We interpret that the southern part of the Okinawa trough is at a transitional stage from
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continental rifting to seafloor spreading. The northern part of the Okinawa Trough, on the other
hand, exhibits much wider deformed zone. This structural variation may be influenced by the
southward increase in rifting rate along the Okinawa trough from ~2 cm/yr to ~5 cm/yr (Argus et
al., 2011).

F—"—F : Continental rift. back-arc. active-source study
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Bathymetry and crustal structure of Taisho Bank and its vicinity in the southern Okinawa
Trough
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Spatial distribution of faults and their features in the middle Okinawa Trough on the
western offshore region of Amami Oshima island.
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Occurrence and formation process of kaolin minerals in seafloor hydrothermal fields in the
Okinawa Trough
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Bathymetric survey and indicators of hydrothermal activity in the Amami Calderas using
autonomous underwater vehicle
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Magmatic activity around Iotori-shima Island in the Central Ryukyu, based on geophysical
characteristics
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The Ryukyu Arc extends approximately 1,200 km between the islands of Kyushu and Taiwan, where the
Philippine Sea Plate subducts northwestward under the Eurasian Plate. From east to west, the arc
consists of the Ryukyu Trench, the Ryukyu Islands, the volcanic front (Tokara Islands), and the
Okinawa Trough. Volcanic front and the Okinawa Trough are the main volcanic active area in the
Ryukyu arc. It is widely considered that these two magmatic activities are separated in the North
Ryukyu, but toward to the Central Ryukyu, these convergent with Okinawa Trough [e.g., Geshi and
Ishizuka, 2007]. We conducted marine geophysical surveys around Iotori-shima Bank in the Central
Ryukyu. The Iotori-shima Bank is a huge volcanic construction located west of Iotori-shima Island
[Ishizuka et al., 2014], but the detail is still unclear. Based on the seafloor morphology,
magnetic anomaly, and gravity anomaly, we will describe magmatic and tectonic activities of the
Central Ryukyu around Iotori-shima Bank.

Many submarine volcanoes are identified in the southwest of Iotori-shima Island. The extension of
volcanic front southwest of Iotori-shima Island is already pointed out [Sato et al., 2014] and this
implies that the two kinds of magmatic activities in the volcanic front and Okinawa Trough do not
necessarily converge at the Central Okinawa Trough. In addition, submarine volcanoes which would
belong to the ancient volcanic front [Sato et al., 2014] are also observed just north of Igyo-Sone
Bank. This suggests that the ancient volcanic front is limited in the southern part of Central
Ryukyu.

West of the volcanic front, many submarine volcanoes including Iotori-shima Bank are identified.
Southwest of Iotori-shima Bank, ENE-SSW trending many seafloor lineaments are observed. These would
be normal faults caused by back arc tectonic activity, but are not observed in the Iotori-shima
Bank. Higher Bouguer anomaly is observed at where lineaments are observed; therefore, this gravity
anomaly would imply crustal thinning caused by back arc rifting, although the main back-arc rifting
is centered far west of the survey area. Iotori-shima Bank is characterized by a caldera structure
and many submarine volcanic knolls. Dipole magnetic anomalies are observed on relatively-small
submarine knolls, on the other hand, the largest submarine knoll located southwestern part of the
caldera is not accompanied by dipole magnetic anomaly. The relatively low magnetization intensity
inside the caldera suggests that collapse of volcanic knoll, destruction of magnetic minerals,
and/or originally low magnetization. Upward-continued Bouguer anomaly shows NE facing transition
over the Iotori-shima Bank. This suggests that the Bank is under the influence of back-arc rifting,
however, seafloor lineaments are not observed on its surface.

F—OU—F BEME. WRRERE. ENRE. HREKN
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Discussion on the relationship between the shallow geological condition around the
northern Okinawa trough area and a magnitude (M) 7.1 earthquake offshore west of Satsuma
peninsula on November 14 2015
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Active shallow structures of the Nankai forearc region off Hyuga
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Active deformation structures have been well investigated by swath bathymetry survey, submersible
dive, MCS survey and deepsea drilling in the Nankai subduction zone. However, few studies have
focused on the structure off Hyuga, the western tip of the Nankai Trough, due to limited research
activity. The general trend of the Nankai accretionary prism is NE-SW to ENE-WSW from off Tokai to
off Ashizuri. In contrast, the trend of the forearc basin and the prism slope off Hyuga is NNE-SSW,
which is the same trend as the Ryukyu trench. The Hyuga basin located between the Ashizuri spur and
the Kyushu-Palau Ridge apparently shows no distinct trenchward limit such as the outer ridges
observed at the other regions of the Nankai margin. Our objective of this study is to obtain high
resolution subsurface structures of the Hyuga forearc region and to evaluate recent tectonic
activity.

We carried out deep-towed subbottom profiler (SBP) survey by ROV NSS (Navigable Sampling System)
during R/V Hakuho-maru KH-15-2 cruise. High resolution profiling was successfully conducted by a
chirp system of EdgeTech DW-106. The first target is the NNE-SSW trending Oyodo Knoll developed
eastward of the Hyuga basin. The SBP shows the almost symmetrical ridge morphology cut by active
flexures on both sides suggesting compressional deformation. Although faults are not detected at
the surface sequence at least down to 60 meter except for two minor reverse faults, sediment
thickness changes across the flexures indicate continuous deformation to the present. The second
target is the western margin of the Hyuga basin where steep slopes suggestive of fault control are
distributed from north to south. Two transects of SBP surveys are conducted at the southern and
central regions of the western margin. SBP records of both transects show active flexures with
relative landward uplift. The southern site is characterized by a V-shaped depression landward of
the flexure and its sediment fill indicative of transtensional deformation. The central site also
shows undulation of basin sedimentary layers landward of the flexure suggesting strike slip
deformation. Our high-resolution subbottom profiles of the Hyuga forearc region revealed that the
topographic framework have been formed by ongoing active deformations under high sedimentation
rate.

F—O—R I YITRLTOT 70 >—. EEMH. ENE
Keywords: subbottom profiler, active flexure, active fault
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Crustal structure from the Wakasa Bay to the western Yamato Basin, Japan Sea, deduced from
marine seismic survey
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13 year continuous observation of ambient gamma ray at cold seepage site on deep seafloor
with a multidisciplinary cabled observatory off Hatsushima Island in Sagami Bay
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Observation of sea floor vertical motion at the Boso slow slip region
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Development of on-demand buoy observation system for crustal displacement
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We have developed an on-demand buoy observation system for crustal displacement and tsunami since
2012 in collaboration with Japan Agency for Marine Earth Science and Technology, Tohoku University
and Japan Aerospace Exploration Agency. This system has some characteristics, which are use of
pressure sensor on the sea bottom and precise point positioning system on the buoy to detect
vertical crustal displacement, acoustic measurement between the buoy and seafloor transponders,
slack mooring for realtime observation in high speed sea current with the velocity of over five
knots. In addition, we adopted double pulse for acoustic data transmission of the pressure sensor
data from sea bottom. Collected data from the sea bottom and through the acoustic measurement is
sent to the land station using iridium satellite. We succeeded observation of micro tsunami
propagated from the Iqique tsunami, Chile, in the Nankai Trough area. We collect pressure sensor
data on the seafloor pressure unit with a sampling of 15 seconds in tsunami mode via a wire-end
station below 1000 meters from the sea surface, and carry out above acoustic measurement with the
sampling of one week. A buoy station on the buoy controls all actions related to the collection of
the data for the observation and navigation, saving data, and data transmission to the land
station. However, we need to revise to realize long term observation of one or two years and
improvement of the reliability for the observation. We have issues on a rate of the data recovery,
due to inhomogeneous of the acoustic characteristic of the seafloor pressure unit, contamination of
reflection signals from the sea surface into the data transmission signals from the seafloor
pressure unit to the wire-end station, troubles on the wire line between the wire-end station and
the buoy by buoy rotation, and so on. Therefore, we revised the observation buoy system, which
includes change of the flame of the seafloor pressure unit to improve acoustic characteristic,
installation of the precise point positioning systems using MADOCA system and MB-ONE to derive
vertical crustal displacement from seafloor pressure data, improvement of the control system on the
buoy station to enable to start observation according to orders from the land station, and
attachment of a fin to control the buoy rotation. And we tuned action flow to decrease electrical
consumption and adopted solar panels as the batteries of the entire of the system. To improve
accuracy of the acoustic measurement, we need to decrease the slack ratio. We succeeded it from 1.6
to 1.58 at this moment. We try to decrease the slack ratio more to realize accurate acoustic
measurement. In this presentation, we report the current sea trials, which started in January,
2016.
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4-D active monitoring of time-variant ocean bottom structure including a gas chimney type
deposit methane hydrate by using seismic wave simulations
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Development of database system for integrating various models of seismic velocity
structure and geometry of the subducting plate around Japan
Development of database system for integrating various models of seismic velocity
structure and geometry of the subducting plate around Japan
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To estimate strong motions caused by earthquakes that could occur in Japan in future and predict
seismic hazards, it is necessary to create an accurate model of geometry of the subducting plate
and seismic velocity structure, particularly obtained by offshore seismic survey and observations.
Most of various kinds of seismic velocity structure models including plate boundary around Japan
are presented. However, they are managed individually by each organization constructing the model.
To create a new and accurate model of geometry of the subducting plate and seismic velocity
structure model, first we need to integrate existing models and clarify the spatial distribution of
models regardless of their kinds. Here we have developed database system to store the data of
various kinds of velocity structure and plate geometry around Japan. In this database system,
various seismic structure models are stored as data, which are three-dimensional (3D) seismic
velocity models obtained by seismic tomography, plate geometry, 2D seismic velocity structure
models, 2D plate geometry obtained by offshore seismic survey, and hypocenter distribution
determined by offshore observation and JMA. Using this database system, users can obtain several
structure models at once. This database system can provide not only original data of models but
also equal interval grid data, and KML data. The equal interval grid data is output as the text
file and have the same scale for all kinds of models, which are produced by bicubic-interpolation
of original data. On GUI of the database system, users can know what kind of models and hypocenter
distribution exist around the Japanese Islands graphically, and obtain the data of different kinds
of models existing in the rectangle region specified by users. The region is specified by setting a
profile and the distance from the profile in the map on GUI. The equal interval grid data of 3D
seismic velocity model is prepared for the vertical cross section cut by the profile specified by
user, which show the distribution of seismic velocity or velocity perturbation. The equal interval
grid data of plate geometry are created for the region specified by user. The equal interval grid
data of 2D seismic velocity structure model and 2D plate geometry model are created from all data
of the models crossing the region and selected by user. Using KML files provided by the database,
the data of different kinds of models are visualized in Google Earth at once. Therefore this
database system with Google Earth will enable us to create a new accurate model of geometry of the
subducting plate and seismic velocity structure around Japan. Acknowledgement: This study is
carried out as ‘Research project for Development of seismological information database for modeling
seismic velocity structure offshore around Japan’ funded by MEXT, Japan. We are grateful to all who
have kindly agreed to the incorporation of their model and data into our system. The earthquake
catalog used in this study is produced by the Japan Meteorological Agency, in cooperation with the
Ministry of Education, Culture, Sports, Science and Technology. The catalog is based on seismic
data provided by the National Research Institute for Earth Science and Disaster Prevention, the
Japan Meteorological Agency, Hokkaido University, Hirosaki University, Tohoku University, the
University of Tokyo, Nagoya University, Kyoto University, Kochi University, Kyushu University,

©2016. Japan Geoscience Union. A1l Right Reserved. - SCG59-P19 -



SCG59-P19 HAMERSER S EA2016EAS

Kagoshima University, the National Institute of Advanced Industrial Science and Technology, the
Geographical Survey Institute, Tokyo Metropolis, Shizuoka Prefecture, Hot Springs Research
Institute of Kanagawa Prefecture, Yokohama City, and Japan Agency for Marine-Earth Science and
Technology. We are grateful to Zhu Riming, Co. Ltd. VisCore, for his skill to develop this database
system and data conversion system from the original data to KML.

©2016. Japan Geoscience Union. A1l Right Reserved. - SCG59-P19 -



