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The recent 2011 Tohoku-oki earthquake occurred in a region where giant megathrust earthquakes were not expected. Tt
earthquake proved the difficulty to assess seismic hazard mainly based on information from historical earthquakes. In this stud
we propose a methodology to estimate the slip distribution of megathrust earthquakes likely to occur in the future, based on
model of interseismic coupling (ISC) distribution in subduction margins obtained from GPS measurements (Chlieh et al. 2011)
as well as information of historical earthquakes, and apply the method to the Central Andes subduction region in Peru. Ou
results indicate that an earthquake of moment magnitude of 8.9 is very likely to occur at this region, as a result of the rapid con
vergence between the Nazca and South American plates and considering a large slip deficit of 15m since the 1746 earthqual
which is the largest and more damaging earthquake and tsunami in Central Andes according to historical information. The slij
model obtained from geodetic data represents the large scale features of asperities within the megathrust, which is appropriate
simulation of long period waves and tsunami modelling. In order to create slip models appropriate for broadband strong grount
motion simulations it becomes necessary to introduce small scale complexities to the source slip that allow the calculation o
high frequency ground motions. To achieve this purpose we profosr@adband source model in which large scale features
of the model are constructed from our geodetic scenario slip, and the small scale heterogeneities are obtained from a spatial
correlated random slip model. This spatial heterogeneity of slip is obtained from the spectral amplitudes at high wave-number
of a Von Karman Pseudo Spectral Density function (PSD) that fits the PSD of our geodetic slip.

Our results indicate that the PSD of a slip model of the (Mw8.8) 2010 Maule earthquake, Chile, (Pulido et al. 2010), is very
similar to the PSD of our geodetic scenario slip for Central Andes, suggesting that our methodology might be appropriate tc
typify megathrust earthquakes at this region.
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Megathrust Earthquakes in Oblique Subduction Zones Part 1. The Sagmi Trough
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In the Nankai Trough, three major seismogenic segments (Tokai, Tonankai and Nankai) of megathrust earthquake exist. Th
Hyuga-nada segment is located on the west of Nankai segment and it was distinguished from these seismogenic segments bece
of the lack of megathrust earthquake. However, recent studies pointed out the possibility of simultaneous rupture of the Tokai
Tonankai, Nankai and Hyuga-nada segments [e. g., Furumura et al., 2011]. To understand segmentation and synchronization
seismic rupture along the Nankai Trough subduction zone, Japan Agency for Marine-Earth Science and Technology has bee
carried out a series of wide-angle active source surveys and local seismic observations in the Nankai Trough seismogenic zon

From the observation data in Hyuga-nada segment, that has been performed from 2008 to 2009, we have clarified the locatic
of subducted Kyushu-Palau ridge as a low-velocity belt with NW-SE strike in the subducted Philippine Sea plate [Yamamoto
et al., 2011]. However, because the boundary area between Hyuga-nada and Nankai segments was located in the eastern en
their study area, we could not obtain enough structural information to discuss the difference between Hyuga-nada and Nank:
segments.

In this study, we added the observation data in western Nankai segment that has been performed from 2009 to 2010, to tt
dataset of Hyuga-nada. Then, to discuss the relationship between structural heterogeneities and coseismic rupture pattern arot
Nankai and Hyuga-nada segments, we performed a three-dimensional seismic tomography for combined dataset.

From our results, high velocity zone is imaged within the continental plate just above the coseismic slip area of 1968 Hyuga-
nada earthquake [Yagi et al., 1998]. This high velocity zone is not imaged beneath the coseismic slip area of 1946 Nanka
earthquake [Sagiya and Thatcher, 1999]. Besides, uppermost slab mantle in the boundary area of Hyuga-nada and Nankai st
ments showed relatively higher velocity than that in eastern area. High velocity slab mantle becomes unclear at the eastern si
of Cape Ashizuri. This result is consistent with the previous active source studies that showed the P-wave velocity of uppermos
slab mantle as 8.0 km/s beneath Cape Ashizuri [Takahashi et al., 2002] and as 7.8km/s beneath Cape Muroto that located ab
100 km eastward from Cape Ashizuri [Kodaira et al., 2000]. The existence of high velocity zone in the continental plate and high
velocity uppermost slab mantle might be a one of the factor of the boundary area between Hyuga-nada and Nankai segments.

This study is conducted as a part of ‘Research concerning Interaction between the Tokai, Tonankai and Nankai Earthquake
funded by Ministry of Education, Culture, Sports, Science and Technology, Japan.
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Spatial distribution of random velocity inhomogeneities around the fault zone of Nankai

Earthquake
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Structural variation and geometry of the Philippine Sea plate of the southwestern Nanka
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In the Nankai Trough subduction seismogenic zone, the Nankai and Tonankai earthquakes had often occurred simultaneous
and caused a great event. It is necessary to understand rupture synchronization and segmentation of the Nankai megathrust ea
guake. For a precise estimate of the rupture area of the Nankai megathrust event, it is important to know the geometry of th
subducting Philippine Sea plate and deep subduction structure along the Nankai Trough.

Based on our latest structural study of Hyuga-nada region, structural boundary between the oceanic crust of the Shikoku Bas
and the crust of the Kyushu Palau Ridge is identified as the western margin of the type of Nankai megathrust event such as tt
Hoei earthquake occurred in 1707. To understand structural factors controlling coseismic rupture of the Nankai earthquake i
1946, the large-scale high-resolution wide-angle seismic study was conducted in 2009 and 2010. It is also important to obtai
structural image and its variation around the deep low frequency earthquakes and tremors area.

In this study, approximately 200 ocean bottom seismographs were deployed for each experiment off the Shikoku Island an
the Kii channel respectively. A tuned airgun system (7800 cu. in.) shot every 200m along 13 profiles. Airgun shots were also
recorded along an onshore seismic profile (prepared by ERI, univ. of Tokyo and NIED) prolonged from the offshore profile off
the Kii Peninsula. Long-term observation was conducted for "9 months by 21 OBSs off the Shikoku area and 20 OBSs off the
Kii channel.

Geometry of the subducting Philippine Sea plate from the Hyuga-nada region to off the Shikoku area, there is no notable
variation in the subducting angle or structure around the western margin of the 1946 Nankai earthquake area. However, differel
structural image around the source area of the deep low frequency earthquakes and tremors is obtained by using the airgun sh
recorded at onshore Hi-net (NIED, Japan) data located along prolongation of the offshore seismic profiles. At the western margi
of the Shikoku Island, the deep low-frequency earthquakes and tremors are estimated to occur at the subducting plate bounde
shallower than the forearc mantle, considering the normal velocity of the forearc mantle.

This research is part of 'Research concerning Interaction Between the Tokai, Tonankai and Nankai Earthquakes’ funded b
Ministry of Education, Culture, Sports, Science and Technology, Japan.

1/1



Japan Geoscience Union Meeting 2012 2 ) ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ gon

Geoscience
Union

SSS38-07 0 0:303 00:50 230 10:45-11:00

Odoodopodooogdootdoodoodgopoogdogd
A simple model reproducing complex behavior of a giant earthquake cycle

oo oo™ o002
MITSUI, Noa'*, SAGIYA, Takesh?

0000000000 00000000000,2000000000000000
LEarthquake and Volcano Research Center, Nagoya Ulisaster Mitigation Research Center, Nagoya Univ.

The 2011 off the Pacific coast of Tohoku Earthquake is giant earthquake estimated as M9.0 and the source region is expand
from off-Miyagi to off-Fukushima. The magnitude is larger than expected one which is M7-M8 (e.g., The Headquarters for
Earthquake Research Promotion, 2002). Some possible causes for reaching M9.0 are proposed in order to understand the me
anism of the earthquake occurrence. They are different on the points: 1) whether the moment of M9 is accumulated before th
earthquake occurred, 2) what is the main cause of M9.0 (e.g., spatio-temporal change of frictional parameters, coseismic linkag
of several asperities). However some interpretations are misled from the method of data analysis or numerical simulations.

Thus we propose a model based on a simple idea that earthquakes occur frequently at the boundary between asperity a
non-asperity area because the incresting rate of the strain energy is large. From this point of view, off-Miyagi M7 source region:
can be considered as the boundary not only in the depth direction but also lateral one, considring several data (past and 20
seismic sources, interseismic activity including repeating earthquake, seafloor geometry, crustal structure, and interseismic sl
deficit distribution estimating from GPS data). On the other hand, the source region of the 2011 off the Pacific coast of Tohokt
Earthquake (mainly off-Fukushima region) can be assumed at lower incresing rate than that at off-Miyagi. We express this
model based on the rate- and state-dependent friction law (Dieterich, 1979). The boundary between asperity and non-asper
in the depth direction is modeled changing the value of A-B from negative to positive, and we set smaller L (characteristic slip
distance) at the off-Miyagi M7 source regions than the other surrounding regions in order to reproduce the reccurence of M7
earthquakes.

As the results, we reproduce the recurrence times, the source region, and the rupture propagation of M7 and M9 earthquake
We analyze the spatio-temporal distribution of slip and shear stress change, and we understand that the moment release rate:
M7 earthquakes are comparable to expected one from the plate convergence rate at the final stage of M9 cycle. This sugge
that the slip deficit of the area seems to be completely canceled by only M7 events, and it can mislead understanding the who
image of the earthquake cycle using only the data in the last stage of the earthquake cycle. Moreover we analyze afterslip of t
M7 events, and we find the area and the cumulated magnitude of the afterslips become larger at the later stage of M9 cycle.
the presentation, we will report the numerical simulation of crustal deformation using this earthquake cycle model.
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Quasi-dynamic earthquake cycle simulation in a layered viscoelastic medium
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Dynamic Simulations for the Seismic Behavior of Shallow Part of the Fault Plane during

Mega-Thrust Earthquakes
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Long-term Changes in Coulomb Failure Function on inland faults in SW Japan due to

plate motion and earthquakes
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Interseismic stress accumulation at the locked zone of Nankai Trough seismogenic fau

off Kii Peninsula
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Since 2007, we accomplished drilling, coring and downhole measurements at 13 sites across the Nankai accretionary compl
off Kii peninsula using D/V Chikyu. Although the deepest hole is well above the seismogenic fault zone, we found that the stress
regime is quite variable across the accretionary prism, and their mechanism is still in discussion.

An important source for such stress variation is the tectonic loading. In order to assess how much stress can possibly
accumulated around the locked zone during one seismic cycle, we conducted a simple 2D plain-strain steady-state elastic moc
using the finite-element method.

We fixed the geometry of plate interface and prohibited a horizontal displacement at one side (above the plate interface) 200k
landward from the trench. Along the plate interface except the locked zone, we allowed free slip only along the fault. The locked
zone is defined at 30-100 km landward of the trench, and is assumed as 100% locked (no differential movement). The moveme
of downgoing lithosphere is given at the landward side boundary 200 km landward of the trench. Since we deal with the total
stress accumulation within one seismic cycle, a displacement of 5 m was given as a slab pull. Young modulus in the Kuman
forearc basin (1 km thick) is set as 4 GPa taken from sonic log data at Site C0009, whereas that in the underlying domain is s
at 50 GPa which would be too high for the accretionary sediment. In that case, estimated stress would be lower than provide
below.

Most of the tectonic stress due to 5m of plate convergence is concentrated near the downdip edge of the locked zone. TF
principal compressional and shear stress on the fault is larger than 5 MPa and 2 MPa, respectively. They roughly agree with tf
stress drop during the M8 events.

These stresses along the fault, however, gradually decrease seaward to zero level. Tectonic compressional stress near the uj
edge is much smaller than near downdip. At Site C0002, it is almost uniform at 0.3-0.5 MPa in the accretionary sediment below
the Kumano Basin. In the Kumano basin, the stress further decreases by one order of magnitude.

Since we neglect gravity load, isostatic rebound and horizontal resistance, we cannot estimate the absolute stress level. Th
the results here cannot be compared to the observed downhole stress data, which implies strike-slip regime in the accretiona
prism at Site C0002. Still, as mentioned by Wang and He (1999), the fault stress will not deviate too much from its average
value. Our results confirm their implication. Furthermore, the small tectonic loading stress suggests that in the shallow part the
orientation of principle stress can easily be rotated by near-surface phenomena such as stretching of sediment caused by thrust
of mega splay fault.

Keywords: NanTroSEIZE, stress, locked zone, Young's Modulus, Poisson’s ratio
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Propagation of slow slip leading up to the 2011 Mw 9.0 Tohoku-Oki earthquake
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Many large earthquakes are preceded by one or more foreshocks, but it is unclear how these foreshocks relate to the nucleat
process of the mainshock. On the basis of an earthquake catalog created using a waveform correlation technique, we identifi
two distinct sequences of foreshocks migrating at rates of 2-10 km/day along the trench axis toward the epicenter of the 2011 My
9.0 Tohoku-Oki earthquake. The time history of quasi-static slip along the plate interface, based on small repeating earthquake
that were part of the migrating seismicity, suggest that two sequences involved slow slip transients propagating toward the initia
rupture point. The second sequence, which involved large slip rates, may have caused substantial stress loading, prompting t

unstable dynamic rupture of the mainshock (Kato et al., 2012, Science).
Keywords: Tohoku-Oki earthquake, slow slip, migration, repeating earthquakes
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Postseismic deformation of the 2011 Tohoku Earthquake using GPS/acoustic observ:

tions
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Interlocking rupture at the weakly coupled plate boundary for the 2011 Tohoku-OKki

megathrust earthquake
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Over the last few decades an asperity model has been developed to characterize the ruptures of large shallow subduction zc
earthquakes in context of the strength of plate coupling [e.g., Ruff and Kanamori, 1980; Lay et al., 1982]. The 2011 Tohoku-Oki
earthquake (Mw9) ruptured a large portion of the boundary between the subducting Pacific and the overriding Okhotsk plate:
where the coupling was considered weak and represented by sparsely distributed small asperities [e.g., Tajima and Kanama
1985a,b]. Thus, such a great earthquake had not been anticipated for this region in the previous scenario, in which a typical a
perity break could produce an event of Mw™7.5 to lower 8, but the driving force of rupture propagation may not be large enough
to break through a broad region, as was in the case of the interlocked Mw9 megathrust event in 2011. A typical large event i
accompanied by a significant expansion of aftershock activity reflecting stress adjustment into the weakly coupled fault zone!
outside the ruptured areas.

The 2011 Tohoku-Oki earthquake sequence started with an Mw7.3 foreshock on March 9th. The 2-day aftershock area of thi
event mainly expanded trenchward until the March 11th main event took place at the western edge of the zone. After the Marcl
11th earthquake ruptured the broad regiofi'tb0 s, however, it is notable that the aftershock area did not show much expansion
over time as compared with the 1-day area in spite of the numerous aftershocks (note that we consider the aftershock area to
linked to the main rupture zone, and the large events §)in Niigata or Shizuoka, which were apparently induced after March
11 as a separate feature). Unlike the previous large earthquakes in this subduction zone, this expansion pattern is similar to tr
of the 1964 Mw9.2 Alaskan earthquake which occurred at the boundary between the Pacific and North American plates.

A recent joint seismic tomography model using both P and S wave arrivals provides an indication of the complex variations in
physical properties of the fault zone [Gorbatov and Kennett, 2003; Kennett et al., 2011]. In the old subducting Pacific plate in the
source region, shear wavespeed variatiafig«(/Vs) dominate variations in bulk-sound speetl/f,, /V,, ) (the wavespeed as-
sociated with bulk-modulus alone). The variations in the wavespeed structure can be enhanced by examining a measure (R) of t
relative variations irdV,,, /V,, anddVs/Vs with respect to th@kl35reference model [Kennett et al., 1995]. The tomographic
images taken on a plane approximately coincident with the March 11 main event fault surface show an anomalous zone of distin
reduction to zero in R, and slightly negative values just up-dip of the mainshock hypocenter. The zone of reduced R is largely
associated with a reduction Vs /Vs with the effects enhanced by the increasell,, /V,,, , and appears to have a strong
influence on plate coupling over the rupture area. A consistent feature determined for the 2011 March 11 source rupture is th
separation of areas associated with dominant high-frequency radiation down-dip and low-frequency up-dip from the hypocente
although the models show notable differences depending on the specific source of information employed. The down-dip edge ¢
the anomalous zone in R corresponds to the separation between the areas of dominant high-frequency radiation and domine
low-frequency radiation. The edges of the anomalous zone we have delineated act as the initiation points for rupture process
the March 2011 sequence starting on March 9 as well as for the 1978 (Mw7.5) and 1981 (Mw7.0) events, and these location
will be where the strongest contrasts exist in physical properties.

In summary we suggest not to preclude a possibility that a weakly coupled plate boundary could produce an interlockec
megathrust event as in the case of March 11th main event, given an effective plate coupling.

Keywords: 2011 Tohoku-Oki megathrust earthquake, Weakly coupled plate boundary, Interlocking rupture
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A plate interface geometry off the southeastern coast of Hokkaido and its relation to

source areas of large earthquake
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In the region off southeastern coast of Hokkaido, Japan, several large interplate earthquakes with magnitudes of 8 have o
curred repeatedly due to a subduction of the Pacific Plate. The source regions of the earthquakes are spatially divided into seve
segments. Revealing a crustal structure in the region is essential to understand the distributions of source region. Seismic e
periments using an airgun array and fifty-nine ocean bottom seismometers (OBSs) were performed along 4 profiles in 2006 ar
2007. The profiles are located to cross the source regions of the earthquakes and an afterslip area following the earthquake.
this study we investigate relations between the source regions of large interplate earthquakes and an upper surface geometry
the subducting Pacific Plate. Combined the result from the wide angle seismic data with the previous seismic studies, we cor
structed a precise geometry of an upper surface of subducting Pacific plate in and around the source regions of large interpla
earthquake. The depth of the plate interface geometry is not uniform along the trenches. A structure of the island arc crust an
the plate interface geometry indicate a folded structure related to the arc-arc collisional tectonics of the Hokkaido region due
to oblique subduction of Pacific plate. We found regions with high concentrated stresses on a fault based on the geometry «
the plate interface. The areas are comparable with the source regions of the 1952 and the 2003 Tokachi-oki earthquake and t
region where large slip was estimated during the 1952 Tokachi-oki earthquake from tsunami waveform inversion. In contrast tc
the stress concentrated regions, we found a region where the stresses are less concentrated. The afterslip of the 2003 Tokachi
earthquakes is distributed to the region. Therefore we suggest that the geometry of the subducting Pacific plate is strongly relate
to the distributions of source areas in the southernmost Kuril Trench. Due to the difference of the stress acting on the plat:
boundary, a wide variety of ruptures can occur for M 8 class earthquakes.

gooobo:0oboo0o,0o0boo,00bb, 0000, 000o,00—0o00od
Keywords: subduction zone, megathrust earthquake, crustal structure, Kuril Trench, Japan Trench, arc-arc collision
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Characteristics of long-term strain buildup in the Kuril-Japan subduction zone: a global

comparison
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Crustal strain is build up in and around a subduction zone in association with interseismic coupling on the plate interface
The elastic component of the crustal strain is released during episodic decoupling events on the plate boundary; the remainder
accommodated as permanent (= inelastic) deformation mainly within the subduction-related orogenic zone. Coseismic deformg
tion is basically elastic, although damped by asthenospheric viscosity and thereby followed by postseismic deformation. Recer
GPS observations have made it possible to detect crustal strain precisely and extensively, but are not sufficient in time to cowve
a whole cycle of strain buildup and release in subduction-related orogens. We propose here that geological methods and de
should be used to evaluate inelastic strain buildup quantitatively, thereby to evaluate present-day elastic strain buildup, whic
may eventually result in gigantic earthquakes.

There has been a discrepancy between long-term (geologic) and short-term (geodetic) strain observations in both horizont
and vertical directions over the Northeast Japan (NEJ) arc. Geodetic observations in the past 100 years have revealed strz
accumulation across the NEJ arc at a rate as high a$ &@ain/yr, whereas geologically observed strain rates are one order
of magnitude slower. A similar discrepancy exists also in vertical movements; tide gauge records along the Pacific coast hav
indicated subsidence at a rate as high as 10 mm/yr during the last "80 years, whereas late Quaternary marine terraces indic
long-term uplift at 0.1-0.4 mm/yr. The ongoing rapid coastal subsidence is due to dragging by the subducting Pacific plate beneat
the NEJ arc. Thus, most of the strain accumulated in the last 100 years at abnormally high rates is elastic, and is to be released
slip on the coupled plate interface. Only a fraction ("10%) of geodetically-observed crustal shortening is accommodated within
the NEJ arc as long-term (inelastic) deformation.

Fairly large (Mw 7-8) subduction earthquakes occurred in the past “100 years on the Kuril-Japan subduction zone, but they ha
nothing to do with strain release or coastal uplift. The 2011 Tohoku earthquake of Mw 9.0, whose rupture surface encompasse
those of previously occurred Mw 7-8 subduction earthquakes, is likely to be such a decoupling event that effectively releases th
elastic strain due to plate coupling. Pattern of interseismic subsidence indicates that, at 507100 km depths down-dip of the 201
rupture, there still exists a coupled part of plate interface, on which a large amount of aseismic after slip may occur in the coming
decades.

A global survey suggests that gigantic (Mw9.0) subduction earthquakes are classified into two types: the NEJ type and the
Chilean type. The Chilean type strain buildup/release process is simple and straightforward in the sense that seismogenic zo
(down to a 40-50 km depth) plays everything. The source areas of the 1960 Chile, 1964 Alaska, and 1700 Cascadia earthquak
lack evidence for interseismic deep coupling. Paleoseismological evidence indicates interseismic uplift around the down-dip edg
of coseismic rupture, where coseismic subsidence is observed. This implies that the deeper plate interface is basically decoupl
in interseismic periods, although subtle postseismic slip could exist on a transition zone down-dip of the coseismic rupture. Ir
contrast, the NEJ type strain buildup/release process seems to be exceptional in that interseismic coupling occurs to a depth
deep as "100 km. Its decoupling process is two-fold: seismic decoupling occurs only on the shallower plate interface while the
deeper interface (507100 km depths) decouples aseismically following the earthquake. A possible cause for such deep couplir
would be thermal; the oceanic lithosphere of the western Pacific is very old and therefore cold, and has subducted beneath tl
NEJ-Kuril arc.

Keywords: interseismic coupling, decoupling event, elastic strain release, inelastic strain buildup, subduction-related orogen
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Reexamination of the 17th century Kuril multi-segment earthquake
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A fault model of the 1703 Genroku Kanto earthquake inferred from coastal movements,
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Crustal movement associated with 1854 Nankai earthquake:Temporal change of damac

caused by storm surge and spring tide
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Evidence for prehistoric large earthquakes in the central Ryukyu Trench ? : Tsunami sec
iments at the Haneji Inner Bay
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e Nankai Trough: Relation to the temperature

Heat flow distribution on the floor of th
structure of the seismogenic zone
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Active structures in the margins of the Kumano Trough revealed by deep-tow subbotton

profiler

0000 ¥ KH-11-9Leg30 0000 1
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LAORI, the University of Tokyo

The Nankai Trough is a convergent margin at which the Philippine Sea plate is subducting to the northwest beneath the
Eurasian plate at a rate of about 4 cm/yr. The area off Kumano is characterized by a well-developed forearc basin called th
Kumano Trough and a NE-SW trending continuous outer ridge. Multichannel seismic survey data demonstrate that megasple
faults branch from the master decollement 50 km landward of the accretionary prism toe to form an outer ridge. A NE-SW
elongated depression is developed between the outer ridge and the forearc basin. The deep-towed sidescan sonar WADATSU
revealed a strong NE-SW lineament on the basin floor of the depression and a swarm of normal faults at the southern margi
of the forearc basin. Bacterial mats, tubeworms and carbonate crusts are also observed at landward slopes of the depress
where the forearc basin strata are partly exposed. Bathymetirc map off Kii Peninsula suggests a dextral displacement of th
axis of Shionomisaki Canyon. In order to know the deformation at the southern margin of the Kumano Trough, we carried out
deep-tow subbottom survey and pinpoint core sampling by ROV NSS (Navigable Sampling System) during Hakuho-maru KH-
11-9 cruise. We introduced a chirp subbottom profiling system of EdgeTech DW-106 for high resolution mapping of shallow
structures on this study. The profile crossing the elongated basin does not reveal a fault plane itself but clearly indicates comple
geometry of the sedimentary strata. The zone where the sidescan sonar imagery shows a distinct lineament correspond to a sn
ridge morphology and exhibits sudden dip changes of the strata. Existence of the continuous ridge and deformation of shallo
formation suggest recent strike slip displacement along this lineament.

godoob:obog,bbb,000,bog,o0bo
Keywords: forearc basin, active fault, strike slip, cold seep, accretionary prism
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Geometry and physical properties of mega-splay fault in the Nankai Trough
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Friction velocity dependence of the shallow parts of faults within the Nankai Trough at a

large displacement
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IGraduate School of Science, Kyoto Universtiyaculty of Science, Kyoto UniversityGraduate School of Science,Chiba Uni-
versity

Frictional velocity dependence of clay-rich fault material collected from the Nankai Trough in IODP Exp.316 at the shal-
low portion of the megasplay system (C0004) and at the frontal thrust site (C0007) were examined in frictional experiments
performed at a normal stress of 5 MPa under water-saturated conditions- @6 mm of displacement. Experimental results
derived for slip velocities from 0.026 to 2.6 mm/s reveal that there exist both velocity-weakening and velocity-strengthening
materials along the megasplay fault. In contrast, all of the tested fault material from the frontal thrust region shows only positive
velocity dependence at the same experimental conditions. The frictional coefficient values for slow slip velocities (v = 0.26 mm/s)
are relatively low (0.2 to 0.35) for velocity-strengthening samples compared to the values for velocity-weakening samples (0.3¢
to 0.49). Microstructural analyses reveal that velocity-strengthening samples generally show homogeneous deformation texture
in which the entire gouge layer is deformed, whereas velocity-weakening materials show evidence of shear localization in whict
deformation is concentrated along narrow subsidiary shears.

Results of XRD analysis shows that each of the tested fault rock samples contains clays (smectite, chlorite, illite and kaoki
nite), quartz, plagioclase and calcite. Low values of friction recorded for the velocity strengthening samples may indicate a highe
content of weak clays in the experimental fault layers [e.g., Summers and Byerlee, 1977; Morrow et al., 1992]. However, a semi
guantitative XRD analysis of the clay fraction performed both on the velocity-strengthening samples and the velocity-weakening
samples reveals that clay composition are rather uniform and the variations are small among the all examined fault materials.

These results may imply that velocity dependence of friction along the shallow parts of the faults within the Nankai Trough
is sensitive to the variation of the clay content of the fault zones. Alternatively, it could be suggested that another property of
the fault material, such as the size distribution of the grains within the fault zone also plays an important role in controlling
deformation processes of the faults, whereby the velocity dependence of friction could be affected.
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Keywords: Nankai Trough, fault, friction, frontal thrust, splay fault
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Hydrological and mechanical properties of hemipelagic and turbidite muds from the shal-

low Nankai accretionary prism
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Estimation of Peak stress, Fracture energy and Critical distance from natural fault
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SAKAGUCHI, Arito!*
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New methods based on the technique of calcite twin piezometer can estimate seismic frictional parameters of peak stres
fracture energy (Gc), critical distance (Dc). Though these are fundamental parameters of fault friction, it has been hard to knov
from a fault rock.

The calcite records paleo-stress as stress dependent intracrystalline deformation of mechanical twinning. Calcite grains, inte
leaving between rigid grain aggregate, will deform during elastic deformation of the whole body. The record of stress may be
preserved by the indicator after elastic rebound of the whole body. This concept was documented by tri-axial sandstone expel
ment and numerical simulation of discrete element method (Sakaguchi et al., 2011).

This method is applied to natural fault at Pseudotachylyte bearing ancient seismic Okitsu fault, Cretaceous Shimanto comple;
High peak stress of 350 MPa was found at center of fault zone, and it drops to 260 MPa with short distance of several 10 m pel
pendicular to the fault. Such a localized high stress may result in stress-concentration at rupture front. If dynamic fracture energ
is close to concentrated strain energy at rupture front, fracture energy can be estimated from paleo-stress and elastic modules
the fault rock. In fault energy model, peak stress, critical distance and fracture energy are plotted at simple triangle diagram. Th
critical distance can be assumed from other two parameters.

Keywords: seismic fault, paleo-stress, calcite twin, Dc, Gc
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Change in physical properties of sediments in seismogenic depth along subduction zon:
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A comparison of the modern Nankai megasplay fault and the exhumed ancient megasple

fault, the Nobeoka thrust
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KIMURA, Gaku'*, YAMAGUCHI, Asuka!, SAITO, Saneatsy HAMAHASHI, Mari!, FUKUCHI, Ring&, KAMEDA, Junt,
HAMADA, Yohei!, FUJIMOTO, Koichir¢, HASHIMOTO, Yoshitakd, HINA, Shokd, EIDA, Mio*, KITAMURA, Yuijin 2,
MIZUOCHI, Yukihiro®, Kazunori Has®, Takayuki Akashi

!opooo0,?00000000000000,3000000,40000,%0000000000
LEarth and Planetary Science, The University of ToRIEREE, JAMSTEC *Tokyo Gakugei University!Kochi Univesity,
5Sumiko Resources Exploration & Development Co., Ltd.

Megasplay fault branched from plate boundary megathrust in subduction zone is located around the border between out
and inner wedges and is considered to cause great earthquake and tsunami such as 1960 Alaska earthquake, 1944 and 1
Nankai-Tonankai earthquakes, and 2004 Sumatra earthquakes. Therefore, understanding the fault mechanics of the megasy
faults is essential toward assessing their role in the plate boundary processes and seismo-tsunamigenesis. Seismic reflect
studies for the megasplay faults in 2D and 3D in the Nankai forearc present the reflector with negative or positive polarities
of various amplitude for the megasplay fault, and suggest complicated petrophysical properties and condition of the fault anc
its surroundings. The Nankai megasplay fault at a depth of "5km is going to be drilled and cored by Integrated Ocean Drilling
Program, NantroSEIZE experiments and is expected for great progress of understanding of the fault mechanics. Deep portion:
the megasplay fault and its connection to the plate boundary megathrust is, however, impossible to be accessed by direct drillin
Far and near field geophysical observation is therefore only way to access the modern and active megasplay fault. On-lar
exhumed and fossilized megasplay faults, on the other hand, give a clue for the fault mechanics when they were active in dep
although the exhumation and fossilization process modifies their primary properties due to physico-chemical weathering an
crack opening by unloading. Our previous studies from the Nobeoka thrust in Kyushu, southwest Japan present well-preservatic
of primary faulting processes and clear contrast of physical property between the hanging wall and footwall.

We have conducted the seismic, drilling, coring and logging investigation into the Nobeoka thrust to the depth of 250 m
including "40m hanging wall and “210 m footwall. The coring was "99% recovery and full logging was successful. The result
of the logging together with triangular S-wave vibro-seismic array investigation presents a clear contrast between the hangin
wall and footwall. The results indicate how the fossilized megasplay fault is useful to investigate the primary properties in depth,
excluding the secondary effects associated with exhumation and surface weathering.
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Continuous coring and logging dataset obtained from fossilized megasplay fault
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YAMAGUCHI, Asuka*, KIMURA, Gaku', HAMAHASHI, Mari!, FUKUCHI, Rin&, KAMEDA, Jun', HAMADA, Yohei!,
FUJIMOTO, Koichir¢, HASHIMOTO, Yoshitakd, HINA, Shokd, EIDA, Mio?, SAITO, Saneatsy KITAMURA, Yuijin 4,
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!Department of Earth and Planetary Science, the University of Tokiyaculty of Education, Tokyo Gakugei University,
3Department of applied science, Faculty of Science, Kochi Univefsitgtitute For Research on Earth Evolution, Japan Agency
for Marine-Earth Science and Technologgumiko Resources Exploration & Development, Co., Ltd.

Mechanics and evolution of large thrust faults along subduction plate boundaries are one of the essential topics in eart
sciences because of their potential for causing catastrophic geohazards. Megasplay faults, large landward-dipping thrust fat
braching from plate boundary megathrusts, are one of the candidates for the source of large tsunamis. Deep portion ("5200 mb:
of the megasplay fault in the Nankai Trough is listed for the next drilling target of the NanTroSEIZE project. In such depths, the
megasplay fault is recognized as strong reflector of seismic profiles, however, the thickness, architecture, deformation styles «
the fault zone is still ambiguous. To evaluate the status of modern megasplay fault before drilling, we projected drilling, coring
and logging to the Nobeoka thrust, Japan, a fossilized on-land analog of such megasplay fault and its basic setting has bet
constrained (Kondo et al., 2005): Nobeoka Thrust Drilling Project (NOBELL).

Drilling operation continued from July to September, 2011. Coring was operated up to 255 m depth with excellent recovery
(99.82%). Visual core descriptions including detail sketch, lithological and structural characterization, measurements on 3,78
structural elements, were performed on the whole core. Subsequently, geophysical logging (temperature, spontaneous poten
logging, natural gamma-ray, resistivity, P/S-wave velocity, neutron porosity, caliper) and borehole imaging (optical and ultrasonic
wave) were operated and continuous dataset from 12 to 252 m-depth were obtained. Cores were stored in Kochi Core Cent
(KCC) at Kochi University, and gamma-ray density, magnetic susceptibility measurements were performed by a multi-sensol
core logger.

Although analyses of core description and logging dataset are now in progress, various cataclasites and slip zones possik
reflecting protolith type and deformation mechanisms, and many spikes on logging data have been recognized. The results
NOBELL would provide new insights on not only the architecture but mechanics and evolution of ancient and modern megasplay
faults.
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The possibility of seismic slip in the shallow and deep extensions of the seismogenic zon

in the Nankai Trough
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Correlation between the interplate coupling and the spherical oceanic lithosphere bucklin

at subduction zones
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We present a hypothetical model of mechanical stress change on the plate interface due to the slab age increases or decre
after the major spherical buckling.

Here, we assume that the absolute plate motion velocity of the overriding lithosphere is approximately zero at a subductiol
zone concerned.

Spherical tectonics suggests that, in the case of both edges of the single trench segment having been fixed with the man
frame, if the slab age is gradually increasing or decreasing, the normal stress on the plate interface, i.e., interplate coupling, wi
be strengthened or weakened to some extent, respectively.

In the case of the abrupt increase or decrease in the slab age, the spherical slab segment might follow the mechanical buckli
theory.

The buckling sequence of the trench segment(s) during morphological transformation is not like as a step function but as
gentle curve of some short period.

This is mainly because of the rheology response for the materials concerned, not only the slab segment itself but also th
passive viscous flow regime within the surrounding upper mantle layer as well as the overriding lithosphere.

Jodobo:0b0000oooo,0o00o
Keywords: interplate coupling, spherical shell buckling
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M=9.0 Tohoku Earthquake and tsunami; a new interpretation
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M=9.0 Earthquake:

M=9.0 earthquake occurred at 3.11, 2011 and its unusually large magnitude has been discussed since then. Here | propc
a different process from the Benioff plane origin, but along a spray-fault that destroyed the fore-arc region. This is a proces:
of tectonic erosion to break the hanging wall of overriding lithosphere, and transport it into deep mantle, presumably in mantle
transition zone to develop the 2nd Continents through time.

Origin of spray faults is a manifestation of physically unstable triangular region between material boundary (trench) and
physical boundary (spray fault). The tightly connected Benioff thrust dragged down the frontal part of overriding plate to reacti-
vate the spray fault to form M=9.0 earthquake.

Tsunami:

The spray fault occurs right below the trench-slope break which is a turning point of slope change from shallow to deep
trench inner wall. Right above the fault, sedimentary basin is present. Huge-scale submarine landslide occurred by the collap:
of fulfilled sedimentary basin, which caused the tsunami off Sendai.

The river drainage system on NE Japan is remarkably different from SW Japan. Two major rivers, one from the north and
another from the south to transport the eroded sediments on NE Japan meet in Sendai to carry them in the sedimentary basin |
Sendai. This basin will periodically collapse, say, every 1000 years, to trigger tsunami.
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Have the prior afterslip areas been barriers to the 2011 Tohoku earthquake?
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Active faults and large earthquakes around the Japan Trench
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Preliminary report on paleotsunami deposits survey in Higashidori Village, Aomori Pre-

fecture, northern Japan
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Simons et al. 2011. The 2011 magnitude 9.0 Tohoku-Oki Earthquake: Mosaicking the
megathrust from seconds to centuries. Science 332, 1421-1425,
doi: 10.1126/science.1206731.
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Reexamination of the tsunami trace of Hachijo Island in the 1605 Keicho earthquake
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Two historical tsunami deposits recognized in the core sediments along the Hamana Rive
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Petrophysical properties of fossilized seismogenic megasplay fault
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To understand the evolution and fault mechanism of subduction zone megasplay fault branching from plate boundary, Nobeok
Thrust Drilling Project (NOBELL) was carried out in 2011. Nobeoka Thrust is known to be a fossilized megasplay fault (out-of-
sequence thrust) in ancient accretionary complex, located onland in Kyushu, Japan. In this project, coring and wireline logging
were conducted down to 255m in total depth across the Nobeoka Thrust. Continuous logs of resistivity, density neutron porosity
natural gamma ray, and optical/sonic images were successfully acquired along the borehole wall.

In this study, we focus on the interval of 20-60m, including the main fault core (at 41m), and compare the physical properties
among hanging wall, footwall, and fault core, correlating logging datasets and core description. Structure of hanging wall is
characterized by phyllite and relatively stable foliation. Stronger deformation and boudinage can be seen from “38m toward faul
core. Random fabric cataclasite characterizes fault core, while cataclasite / foliated cataclasite are spread throughout footwall.

Footwall presents higher values of neutron porosity (4.6-10.5%) compared to hanging wall (2.3-8.7%), while porosity is low-
est (3.2-10.2%) around fault core. Resistivity is higher at hanging wall (SN: 138-622 ohm-m), followed by drop near fault core
(151-203 ohm-m) and stably lower footwall (163-323 ohm-m). P-wave velocity is highly fluctuated and slightly higher at hanging
wall and higher values at fault core (3.3-5.0m/s) and values are stable at footwall (3.8-4.6m/s). Local decreases in natural gamn
ray (91.9-134 API) and spontaneous potential (39.4-57mV) are characteristic around fault core, while values are nearly constal
at hanging wall (81-158 API, 18.7-64.2mV) and footwall (91.1-152 API, 53.3-59.7mV). Density log is fluctuated and does not
show significant changes throughout depth (2.4-2.9g/cc).

Crossplots of these logging data are useful to examine relationship between the logs and extract different responses with dep
A resistivity-porosity plot clearly illustrates that the fault core, hanging wall, and footwall show different trend. We also apply
empirical formulas (such as Archie’s formula and Wyllie's formula) to evaluate relationship between physical properties and in-
ternal structure and characterize hydrological properties. Permeability derived from porosity and resistivity show highest value:
around fault core, despite the lowest porosity value at the interval. These results provide important suggestions to understar
structural and hydrological properties associated with fault activities and to connect modern and ancient seismogenic megaspl:
faults.
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Abstract

Enormous earthquakes repeatedly occur in subduction zones, and the slips along megathrusts, in particular those propagat
to the toe of the accretionary prism, generate ruinous tsunamis. Although quantitative evaluation of slip parameters (i.e., slij
velocity, rise time and slip distance) of past slip events for the shallow, tsunamigenic part of a fault is a critical component of
characterizing such earthquakes, it is very difficult to constrain these parameters. Here we quantify these parameters for sl
events that occurred along the shallow part of a megasplay fault and a plate boundary decollement in the Nankai Trough, of
Japan. We applied a kinetic approach to profiles of vitrinite reflectance data obtained from Integrated Ocean Drilling Prograrr
(IODP) cores that intersected the slip planes of the two thrusts, and identified extremely slow and long-term slips in the megas
play fault and the frontal decollement.

The chemical kinetic method is useful to evaluate fault temperature and slip parameters. This has been introduced into var
ous natural faults, however, this contains uncertainly due to its sensitivity to temperature which is dependent on various nature
properties complicatedly. Therefore, we also discussed the effect of temperature dependence of thermal property or dynam
weakening mechanism for temperature calculation. We assessed the sensitivity of the calculation results to the measured thern
property and dynamic weakening effect caused by thermal pressurization.
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Analyzing fluid flow within naturally fractured samples under in-situ stress conditions is desirable. The present study first
focuses on the feasibility of a precise 3D numerical modeling coupled with X-ray computed tomography (CT), which enables
simple analysis of heterogeneous fracture flows within core samples, as well as the measurement of porosity and permeability.
numerical modeling was developed and applied to two fractured granite core samples having either an artificial single fracture ¢
natural multiple fractures. With a linear relationship between the CT value and the fracture aperture, 3D distributions of the CT
value for the samples were converted into fracture-aperture distributions in order to obtain fracture models for these samples. Tt
numerical porosities reproduced the experimental porosities within factors of approximately 1.3 and 1.1 for the single fracture
and the multiple fractures, respectively. Using the fracture models, a single-phase flow simulation was also performed. The
numerically obtained permeabilities reproduced the experimental permeabilities within factors of 1.3 and 1.6 at for the single
fracture and the multiple fractures, respectively. Consequently, a precise numerical modeling coupled with X-ray CT is essentially
feasible. Furthermore, the development of preferential flow paths (i.e., channeling flow) was clearly demonstrated for multiple
fractures, which is much more challenging to achieve by most other methods.

The method was then applied to two granite core samples having either a mated artificial or a mated natural fracture at confinin
pressures of 5 to 50 MPa. Numerical results were evaluated by a fracture porosity measurement and a solution displaceme
experiment using NaCl and Nal aqueous solutions. The numerical results coincided only qualitatively with the experimental
results, primarily due to image noise from the aluminium liner of the core holder. Nevertheless, the numerical results revealec
flow paths within the fractures and their changes with confining pressure, whereas the experimental results did not provids
such results. Different stress-dependencies in the flow paths were observed between the two samples despite the similar stre
dependency in fracture porosity and permeability. The changes in total area of the flow paths with confining pressure coincide
gualitatively with changes in breakthrough points in the solution displacement experiment. Although the data is limited, the
results of the present study suggest the importance of analyzing fluid flows within naturally fractured core samples under in sitl
conditions in order to better understand the fracture flow characteristics in a specific field. X-ray CT-based numerical analysis i
effective for addressing this concern.

Finally, a novel core holder with a carbon fiber reinforced polyetheretherketone (CFR PEEK) body has been proposed an
developed. Medical CT scans for granite and sandstone samples containing a saw-cut fracture revealed that the core holder f
no adverse influence on image quality due to the small X-ray attenuation. Moreover, with medical CT scans using the new
core holder, a numerical analysis of single-phase flow was successfully completed on a fractured granite sample at confinin
pressures of 3-10 MPa, where real fracture porosities and permeabilities could be predicted within factors of 1.2-1.3 and 1.4-1.!
respectively. Although the maximum available confining pressure and sample size are currently limited due to the design, th
novel core holder with the CFR PEEK body enables CT scans on fractured samples under confining pressure without image noi
problem. Consequently, with the new core holder or a core holder having similar X-ray attenuation, the X-ray CT based numerica
analysis can be successfully conducted on naturally fractured samples under confining pressure, which should contribute to bett
understanding of fluid flow characteristics in the crust.

0o0000:XOCT,oboo,oooooo,0ooooo,on
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Accretionary prisms and forearc basins are developed in the Nankai Trough, SW Japan. Many active faults are recognized ar
classified into five fault systems in the eastern Nankai Trough. The Enshu Faults System, the most landward one, runs over 2(
km along the northern edge of the Tokai, Enshu and Kumano forearc basins. Structural investigation of this area is important fo
earthquake disaster mitigation as well as understanding of oblique subduction tectonics. However, activity and distributions o
faults has not been well clarified.

The Enshu Faults System has a general trend of ENE-WSW, on the basis of swath bathymetry and side-scan sonar imagery, &
shows dextral strike slip inferred from displacement of the canyon axis across the landward-most fault. Seismic reflection profile:
partly exhibit landward dipping faults. These observations suggest that this area is tectonically affected by oblique subduction o
the Philippines Sea Plate.

We picked continuous reflectors and divided the formation into five units on the multichannel seismic profiles obtained by
JOGMEC, and carefully studied thickness changes of the units across the faults, which reflect fault activities. Approximate
positions of faults are estimated by discontinuities of seismic reflectors although fault planes are hardly recognized. Moreovel
geometry of formations beneath the lineaments identified on the sidescan sonar imagery suggests existence of flower structui
along fault zones. The formation thicknesses above the acoustic basement occasionally change across these fault zones
most cases, the formation thickness seaward of the fault zones is thicker than that landward of them suggesting transpressi
deformation. However, time and space distribution of unit thickness changes imply that fault displacements are not uniform
along each fault zone. In order to know the recent fault activity, we carried out deep towed chirp subbottom profiler survey. In
the base of the steep slope corresponding to the strong lineament, the shallow sedimentary sequence exhibits seaward diverg
shape of reflectors. These depositional styles indicate recent activity of crustal movement by faulting although a fault plane i
not recognized in the shallow sediment. In contrast, the dimmed seismic reflectors with tiny displacements were observed in th
upper part of the slope. Shallow extension of the fault planes and existences of cold seep previously observed by a submersit
survey suggest that these fault systems are still active at present.
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Accumulation process of earthquake-induced turbid layer in the slope basin -An exampile

from the Nankai Trough off Kuman-
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SAWADA, Ritsuko'*, ASHI, Juichird
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LAori, Univ. Tokyo

Earthquake shaking is one of triggers for submarine slope failures and causes sediment redeposition in the base of the sloj
Sedimentary section of the slope basin in an accretionary prism continuously and well records past activity of earthquakes fo
a long term and with a high accuracy. Therefore, it is one of useful proxy to understand coseismic geological phenomenon
However, it is inferred that earthquake-induced turbid mud settles out so fast. In this study, because sedimentation processes
earthquake-induced sediment are not well illustrated so far, | am anaryzing settling processes of earthquake-induced turbid mt
in deep sea.

Muddy deposits in a deep-sea region generally show slow sedimentation rate. The velocity is several mm to several doze
mm per one thousand years. However, the observation by ROV "NSS” during KH-10-3 drAlgéiekuho-mary illustrated
that thick turbid layers in the prism slope completely settled six years after the 2004 off Kii peninsula. Therefore, it is inferred
that earthquake-induced turbid mud settles out during short period. Two turbid layers specifying different degrees of turbidity are
composed of upper dilute suspension layer and bottom dense suspension layers. The measured water depth at the slope basi
2010 shows high variation suggesting seafloor undulation. In contrast, the measured water depth in 2004 by NSS during KY04
11 cruise R/V Kaiyo) was very constant. This observation indicates that the measured water depth corresponds to the uppe
boundary of a dense suspended layer as a pseudo-seafloor.

A chirp subbottom profiler (SBP) surveys were carried out during the KH-10-3 and KH-11-9 cruises. We successfully
obtained high resolution structural images down to a maximum of about 30m. Sedimentary reflectors of the slope basin ar
mostly flat-lying and laterally coherent. Moreover, three transparent layers are developed at a depth shallower than about 1
meter below a seafloor. Observation of dense turbid layers after the 2004 earthquake and existence of distinct transparent lay:
in the slope basin suggest periodic accumulation of earthquake-induced turbid layer.

gooob:0bo,00b, 000 b,00gd
Keywords: turbid layer, redeposition, earthquake-induced sediments, sedimentary structure
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Closely-spaced heat flow measurements in the vicinity of the splay fault on the the Nanka

accretionary prism
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Back-ground seismicity within the Philippine Sea Plate off Shiono-misaki based on ocean

bottom seismographic observation
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Fine-scale Seismicity of the subducting PHS plate around the Kii Peninsula
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Introduction

In southwestern Japan, the Philippine Sea (PHS) plate subducts along the NNW direction beneath the Eurasian plate. Th
plate has been known for its complex shape, less seismic activity and occurrences of megathrust earthquakes. Although ma
seismological studies have been done, their resolutions at the ocean area are still poor, mainly because these studies are be
on on-land observations. Mochizuki et al. (2010) investigated the seismicity around the Kii peninsula using ocean bottom seis
mometers (OBSs), and revealed stepwise changes of seismic characteristics along the Nankai trough. In this study, we do r
only extend the study area of Mochizuki et al. (2010) using on-land observations, but we applied waveform cross correlation
analysis to relocate hypocenters with better resolution. As a result, we obtained some linear alignment of earthquakes.

Data

We deployed at most 27 long-term OBSs for repeating one-year observations around the Kii peninsula by changing sites amor
32 locations from November, 2003 to November, 2007. In addition, we included arrival time data from 45 land stations during
the same period.

Relocation and Tomography Method

We first located events using P and S-wave first arrival times. During this process, we assumed station-specific 1-D velocit
structures, and determined the station corrections simultaneously to compensate for systematic errors mainly originating fror
slow S-wave velocities in the sediment layers. We located 3931 events, which included microearthquakes that were not listed i
the JMA catalog. Then, we applied a Double-Difference tomography method [Zhang and Thurber, 2003] to the above results an
obtained relocated hypocenters and 3-D velocity structures for both P- and S-waves. Because of the limited seismic activity i
this area, it is important to make full use of the present marine data set. Therefore, we applied non-linear grid search method [Lc
max et al., 2009] to the events whose hypocenter was not stably determined through the above processes. This method searc
hypocenters and origin times using 3-D grid velocity model so that the Equal Differential Time (EDT) likelihood function can be
maximum. We obtained 1059 events by this grid search. Finally, we calculated waveform cross-correlation for measuring arriva
time differences, and applied the Double-Difference tomography method again.

Results

We obtained the seismic velocity structure of the subducting PHS and overriding Eurasian Plates and seismicity from aroun
the Kii Peninsula to the Nankai Trough axis. The dip angle of subduction increases from west to east. The seismicity in the slal
varies between the east and west. In the west, earthquakes occurred in shallow part of the slab mantle (30735 km depth), whi
they did not occur in the east. We found some linear alignments of earthquakes in this western shallow mantle. These alignmen
are oriented in NNE-SSW. We also revealed a large alignment of intra-slab earthquakes just below the Nankai trough. It is ori:
ented N-S and dipping southwards.

Keywords: PHS plate, seismicity, subduction, OBS, waveform cross-correlation, tomography
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Progress of borehole seimo-geodetic observation above the rupture zone of the Tonank
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Operation and Construction of Dense Oceanfloor Network System for Earthquakes an

Tsunamis (DONET/DONET?2)
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Investigation into source depth of mud volcano in the eastern Mediterranean: A case stud

of Medee-Hakuho Mud Volcano

000000032 0002,0000300003,0000440000 2
KIOKA, Arata'*, ASHI, Juichird, MURAOKA, Satori#, SAKAGUCHI, Arito?, NAKAMURA, Yasuyuki?, SATO, Tokiyuki,
TOKUYAMA, Hidekazl?

lopoooo0,?200000000,300000000,4000000000000
IDept. EPS, Univ. Tokya?AORI, Univ. Tokyo,?IFREE, Jamsted,Engr. Resource Sci., Akita Univ.

Present-day geodynamic framework in the Eastern Mediterranean Sea and the surroundings is characterized by a compl
pattern of active thick-skin crustal tectonics resulting from various plate and microplate interactions [e.g., McKenzie 1972].
Moreover, thick impermeable barrier of the Messinian evaporates exists below the entire Eastern Mediterranean foredeeps e
ceeding 3 km in thickness [e.g., Polonia et al. 2002]. These geological frameworks result in the Mediterranean Ridge (MedRidge
differing from other accretionary complexes around the world, coupled with formation of mud volcano and brine lake.

Ten-day PENELOPE Cruise in January/February 2007 (KH-06-4 Leg06 survey of the R/V Hakuho-Maru) made detailed map-
ping and piston/multicores sampling at newly-discovered Medee brine lake and its westward neighboring Medee-Hakuho Muc
\Volcano (MHMYV) in the western branch of the MedRidge. The MHMV has an almost circular dome structure in diameter of
~7km and reaching “130m high showing very gentle slope, standing on the backstop boundary thrust in water depths of 2260 n
It was initially roughly-recognized during Medee Cruise conducted in 1995 on the basis of its distinct backscatter intensity. The
MHMV is interpreted to be active because of existence of many pebbles in the obtained core samples and the high backscatteril
characteristics.

Little has been clarified the relationship between undergoing collisional tectonics and mud volcanism, although these processt
are strongly associated [Kopf 2002]. Mud volcanism in the Eastern Mediterranean Sea is known to be present on contiguous be
along the MedRidge, which is referred to as the “Mediterranean Ridge mud diapiric belt” [Limonov et al. 1996], but mud fields
in the western branch of the MedRidge remain poorly solved. This study includes vitrinite reflectance (VR) measurement of the
clasts from the pinpoint piston cores obtained from MHMV by means of ROV NSS (Navigable Sampling System), in order to
evaluate experienced maximum paleotemperature of the clasts. Some nannofossil ages of the clasts from the MHMV core shc
~100 Ma corresponding to the period when Hellenic subduction initiated [Stampfli and Borel 2002]. The subduction system in
the eastern Mediterranean has developed dramatically since the period [Ring et al. 2010]. Preliminary results show high VF
values suggesting these clusts come from deeper areas as compared with reported results from mud volcano at Kumano Trou
[e.g., Muraoka et al. 2011]. Estimating the sediment source and burial depth of MHMV will contribute to qualitatively indicate
elevated pore pressure in this subduction zone, or presumably to reveal characterization of the mud volcano coupled with brir
lake at the prism-backstop contact.

gogoob:oboo,0booboo,obboboo,obb,0oooboboboo
Keywords: Eastern Mediterranean, Mediterranean Ridge, accretionary prism, mud volcano, vitrinite reflectance
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The source depth of the mud volcano develoed in the Kumano Trough
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Submarine mud volcanoes are formed as conical mounds composed of erupted unconsolidated or partially consolidated se
ments from mud diapirs which are induced by high pore-fluid pressure and buoyancy developed in the deep underground. Most «
them were discovered around subduction zones. Mud diapir that brings deep underground materials to seafloor has an importe
role for material circulations in subduction zones. Moreover, methane seepages at mound summits are suggested by existen
of chemosynthetic biological communities, and accumulation of methane hydrate is expected from core samples and seism
reflection studies. Therefore, mud volcano is also significant in terms of global warming and energy resource.

In order to understand material circulations by mud volcanoes, information about formation mechanism, source layer and it
depth is important. In addition, despite mud diapir is generally regarded as rising phenomenon by buoyancy and abnormal hig
pore pressure, those physical properties are not well investigated. In this study, we discuss the formation mechanism and sour
depth of mud diapir by using of samples derived form mud volcanoes.

We obtained drilling samples from two sites at the summit of the mud volcano in the Kumano Trough, off Kii Peninsula, SW
Japan, during CK09-01 using Deep-Sea Drilling Vessel CHIKYU, in March, 2009. Those sites are near the central part of the
vent of the mud volcano.

To understand formation process of mud volcano, anisotropy of magnetic susceptibility, vitrinite reflectance, density, geolog-
ical description of breccia are conducted. Anisotropy of magnetic susceptibility shows particle arrangement within samples tc
understand sedimentation and deformation fabrics. While muddy sediments usually exhibit the ellipsoidal body characterize
by oblate shape, the samples from the mud volcano show prolate shape rather than oblate shape. Moreover, long axis of t
ellipsoidal body shows mostly vertical direction. Therefore, we expected that the drilling site is influenced by vertical material
flow.

Porosity of the matrix from the mud volcano is almost constant around 50%. In contrast, the porosity from deposits of the nor-
mal basin sediment decreases with the depth and show larger values than those of the mud volcano within 20 m below seafloc
Constant value of porosity of mud volcanoes indicates recent eruption without gravitational compaction. On the other hand, the
porosity of breccias shows 20-40 %. These values are smaller than those of the surface basin sediment and the matrix of the m
volcano.

Finally, the measured reflectance of vitrinites included in breccias derived from one formation under the seafloor and the ag
estimated by previous studies give us absolute maximum temperature of breccias. We calculated the depth of one formation t
using the value of temperature and the geothermal gradient of this area before mud diapir brought in the formation as breccia
The depth is about 1900 meters under the seafloor. We expect that the source depth of the mud volcano is more depth than 19
meters depth.
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Subduction structure revealed by seismic experiments at the southern Ryukyu Trench
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The geological structures to the south of the Yaeyama Islands deduced from submarin

topography and MCS reflection data
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Subbottom structures in the region causing the huge tsunami during the 2004 Sumatr:

Andaman Earthquake
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On 26th December 2004, the Sumatra-Andaman Earthquake (Mw 9.2) nucleated offshore northwestern Sumatra Island ar
then ruptured the megathrust for over ~ 1,300 km mostly to the north along the Sunda Trench. The great tsunami spread over tt
Indian Ocean and more than the 220,000 people died. Several international marine geological and geophysical surveys have be
conducted in this area, especially the Sunda Trench and the Aceh Basin areas. Based on the results from the surveys, five worki
hypotheses have been proposed for the tsunami source fault model. Among them, Hirata et al. (2008, 2010) suggested that t
secondary tsunami source is located around the Middle Thrust of Sibuet et al. (2007). If the 2004 coseismic rupture reached tt
seafloor along the Middle Thrust, seafloor deformation contributing the great tsunamis would be recorded in the shallow part o
the sediment layer.

To image the detailed shallow structure and to map distribution of active faults, we conducted a high-resolution Multi-Channel
Seismic (MCS) survey with ship-board Subbottom Profiler (SBP) in the areas during KH-10-5 cruise (using R/V Hakuho-Maru).
KH-10-5 MCS survey was carried out in November 2010. Total length of the survey lines was "484.3 nautical miles. In this MCS
survey, a Gl gun with a total volume of 150 cubic inch (G: 45 cubic inch, I: 105 cubic inch) and 1200m-long, 48 ch streamer
cable were used (steaming at 4 knots, 10 seconds shot interval).

The survey provided fine structural images down to 1.5 sec (TWT) in the trench and to a maximum of 2.0 sec (TWT) in the
forearc high region. In the trench region, many landward-vergences (seaward-dipping) faults were identified. These faults reac
the seafloor. In general, the trench region seems to suffer active deformation. Additionally, the landward-vergences uplift and de
form the oceanic and trench-fill sediments of the Sunda trench. This deformation system has developed the kink folding systen
and has also played the role of the accretionary process. In the forearc high area, many of faults and folds were also recognize
A number of ridges in this area are made by many thrust-anticlines. Between the anticline ridges, the syncline and the synclin
(or piggyback) basins are also recognized. The sedimentary layers of syncline basins can be usually imaged down to a maximu
of 0.5 sec (TWT) below the seafloor. In the deep part of these basins, sediment is often tilted landward. These tilted layers forr
a proto-deformation related to the shortening of the forearc and the development of the anticline ridges. In contrast, the shallo\
part of these basins is mostly flat-lying and laterally coherent. It indicates that the recently deformation activity of this area is
relatively low. Along the Middle thrust, however, we found evidence in both MCS and SBP data of recent deformation in the
near-surface layer. This active deformation area is almost coincident with the position of the predicted secondary tsunami sourc
fault predicted by Hirata et al. (2008). However, only the high-resolution MCS and shipboard SBP data alone cannot decide i
this deformation was activated coseismically during the 2004 event. Also, the deeper structure of the Middle Thrust could not be
recovered by our MCS data. Additional survey will be required, such as the high-resolution deep-tow SBP and piston coring will
be required in near future as well as a large-scale MCS survey with lager volume air-gun and much long streamer.
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