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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.
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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

1/1



Japan Geoscience Union Meeting 2012 ~® ,
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]p

Geoscience
Union

SSS38-17 0 0:303 00:50 230 15:00-15:15

Jooo-gdooofdootdoodgdoddn
Complex Space-Time Pattern of Great and Larg

Kurile Subduction Zones

goooodogdn
e Earthquakes in the Northern Japan 1

oooo ™ ooo0t,oooo?
HARADA, Tomoya*, SATAKE, Keniji', ISHIBASHI, Katsuhikd

'ooooooooo,?2oo
IEarthquake Rsearch Institute, The Univ. of Tok¥pne

000000o0o0ooo0oD-00000000 19130-2010000 1000000000 M7O00D00O0OOOOOODOO
00000000000 00000oDo00ooo0oooooooooooo1eeOo0 DD DOOoDDOODoDOong
gooo0o0oboooOooOOobOooOoO0ooOOooOdoOdbOOobOdbOobOoO0ooo0oo00ooDOooDgobOoboooooo M7TODOO
ooodoboobooboboboboooboobooboobooboobooboo

gooooo-oooboboooooM8eObOoObOOoOOODODOODOUOOODODObDODOOODODODOO
O0O00ooooooi1972019840 0 0000000000000 o0ooo0ooooooooM7oooDoogooon
odoM700000000000O0O0O0O0ODOO000O0O0O0O0OOOOODODOO00000OOODOoDOoODODODOO-000
00000 19130-2010000 1000000000 M7O0000OD0OOO0OOODOODOOODOODODOODOODOODOOOOO
O0000000000000000000000D000Schweitzern 200300 HYPOSATO O OO OOOOOOoOooOO
00000000 Hurukaw&l 199510 00000000000MIHDOOODOOOOOO0OODODOOOOOOOOOO
O0000000o0o0oooooon019e40 0000000000 1S9 International Seismological Summaryl BCIS
0 Bureau Central International de Sismolddie 0 00 0000000000000 OO0 1SAT International Seismological
Cenre] 000000 ODOODOO

gobooli1eeo000nooOoooM7O00D0OO00ODOOO0OODODOO0ODOOOODOOODODODOOODOOOODO
000000000000 00000000000000Kikuchiand Kanamofi 2003 0 0000000000000
o00o000O0obOOooooOobOooboDOoowwssSNOOOOoooooboooboobooobooooo IrRis-bMCcOOO
goooooooobooooooog

gooobooooooobbboooo-0bbooooobb bbb oo buoooo
g00d000obOooooo1yy200nodoogoboooz0040000boooooM8Oooogoboooooog
ooooooooM70000CO0O0OO0OO0OOOO0OOOOOODOOODOOOODOOD G300 O0O0ODOOnODnDMwS.50
O00000D00D00O00 199100199500 Mw7.e0Mw790 000000000 DOODOO1963001991001995
OO00000000D19630 000000000000 1990 0000000000000 00DoOOoOO19900MO
oo oo b bbb b o-ooooobbbuoooooon
3000000D00oooooooooon

019780019940 00 000000D0O0ODOOOO0O0OOODOODODOOUOUODOODODObO20b0bO0O0b0ODOT
193900 M7O000000COODOODOODODOOOOOODODODOCDOOO 19150000DbD0DbD0OO9180 9
O700000000C000DOOCO0OOM8O0DOOODO0ODOODODOUOODODOUOODODOOO

000000000000 0000000000193300200700 M8OOODOODOOODOODOO191900 19630 O
19820020090 0 M7O00000O0DOOOOODOOODOOODOOM7OOODOODOOODOOOOODOO 19180 110 8
00000000000 0DO0DOO0DbOO0bOO0bDOoDbDz0070000000000000DO0ODO0ODODOO 20090000
O00O0d00O00bO0o0oO0oO0obOOoO0bOoOooOoo2007000bO00bDOODOObD20090 0 0bD00ODOOODOODOd
oo000obO0oDb1ee3000bboooonolo7s0oooooooboboooooooon

O000OO00O0OHYPOSATUMIHDOOOOOOODOODODOOO FORTRANODODODODOOOOOOODOO
agog

ocoooo:oobbooo-oooo,M>»y000ooooOfoo,000ooO,000o0o00ooboooo,b00o

Keywords: Northern Japan - Kurile subduction zones, space-time patterrs éfddrthquakes, hypocenter relocation, teleseismic
body-wave inversion, seismic gap

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

SSS38-18 0 0:303 00:50 230 15:30-15:45

00000000000000-000000000000 _
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,

tsunami inundation area and heights
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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
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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.
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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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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

1/1



Japan Geoscience Union Meeting 2012 < ,
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“‘P““

Geoscience
Union

SSS38-29 0 0:303 00:50 240 10:45-11:00

goooooooooooooooooboooobbbbbbg-oog 4
oooogooo

Change in physical properties of sediments in seismogenic depth along subduction zon:
The Cretaceous Shimanto Belt
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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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3Department of applied science, Faculty of Science, Kochi Univefsitgtitute For Research on Earth Evolution, Japan Agency
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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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