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Afterslips of large earthquakes from the analysis of normal modes may provide useful information for earthquake source pro:
cess as its frequency band fills the gap between geodetic data and higher-frequ8nuoyHg) seismic data. Recent large earth-
guakes, such as the 2010 Chilean earthquake (M=8.8), the 2004 Sumatra earthquake (M=9.3) and the 2005 Nias (N. Sumatl
earthquake (M=8.6), provide us historically unparalleled opportunities to test such an idea because of availability of broadban
seismic instruments.

In this study, we focus on amplitudes of multiplets between 0.2 and 1.85 mHz. There are 20 spectral peaks in this frequenc
range, some of which are simple multiplets like 0S2 and 0S3 but others consist of more than one multiplet like 1S3+3S1 anc
2S5+1S6. Amplitudes of these peaks are the basic information of our approach. We first calculate synthetic seismograms ft
these peaks and calculate amplitude ratios between data and theory. These ratios as a function of frequency give us insight ir
the existence of possible afterslips (or multiple sources). If we compute modal amplitude ratios for the 2004 Sumatra earthquake
the amplitude ratios of data to synthetic spectra for the CMT solution is about 2.5 at about 0.3 mHz, i.e. 0S2 (Stein and Okal
2005). The ratios at frequencies of twenty spectral peaks show systematic, decreasing trend toward 1 at about 2 mHz. The rat
of 1 indicates that the CMT solution is a good solution for seismic data for frequencies higher than 2 mHz.

Application of our technique to the 2010 Chilean earthquake shows that the modal amplitude data are mostly explained by th
Global CMT solution with the exception of about 10 percent moment deficit. Amplitude ratios for the CMT solution are about
1.1 at lower frequency end (0.3 mHz). If we search for an additional source to improve the fit these ratios, we get a solution with
the moment of about 11 percent of the CMT solution (Mo=1.84xP9 dyne cm) and the source duration of 80 seconds.

For the N. Sumatra earthquake (Nias) in 2005, the afterslip must have the moment approximately 20 percent of the CMT
solution with the rise time of about 100 seconds, although constraints on rise time is not tight.

For the Sumatra-Andaman earthquake in 2004, we modified Tsai et al.'s (2005) five point-source solution and were led to the
sixth solution that indicated slow afterslip in the northern part of the Andaman arc.

Somewhat unusual resutls were found for the 2001 Peru earthquake and the 2003 Tokachi-Oki earthquake with no requireme
for afterslips. As we know the Tokachi-oki earthquake had afterslips, derived from geodetic data, we must conclude that the
afterslip for the Tokachi-oki earthquake occurred very slowly, meaning that the slip was so slow that it did not excite normal
modes in the range 0.3-3 mHz.

We will discuss the details of our approach, the underlying assumptions and results for afterslips of large evergsQMmv
the past decade.
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We estimated the spatial and temporal slip distribution for the 27 February 2010 Maule earthquake from teleseismic body
wave data. To obtain a stable inversion solution, we used the data covariance matrix from the observation and modeling error
and incorporated smoothing constraints by using ABIC. The fault rupture can be divided into three stages. For the first 30 s th
rupture started as an elliptical crack elongated in the in-plane direction along dip. After 30 s the rupture propagated bi-laterally
along the strike reaching the maximum moment release at around 50 s near the hypocenter. Finally the rupture propagated mair
to the north reaching another peak of moment release at 80 s and 130 km north-east from the hypocenter. Main rupture lasted f
about 110 s. To evaluate our source model, we calculated the coseismic vertical displacements and compare them with observ
uplift/subsidence values measured along the coastline, as well as displacements obtained from strong ground motion and hig
sampling GPS records in Concepcion. Our model provides good estimations of the static displacements in the northern sourt
region, but under-estimates the observed coseismic uplifts in the southern region. This result suggests that more coseismic fa
slip is required beneath the Arauco peninsula.The main slip in our source model is located in a region near the coastline. Thi
feature is in good agreement with the source model of Delouis et al. (GRL, 2010), but differs from the source model of Lay
et al. (GRL, 2010), in which the main moment release is located near the trench. A recent tomographic study conducted in thi
source area of the Maule earthquake suggests that the updip limit of the rupture zone might be located 30-40 km away fror
the trench (Contreras-Reyes et al., Tectonics, 2010), in agreement with our source model. On the other hand, the high-frequen
radiated seismic energy suggests that the Maule earthquake may be identified as a normal megathrust event having the coseis
slip within the normal seismogenic zone (Newman and Convers, 2010), supporting the rupture near the coast as indicated
our results. The largest slip area of our source model is located near the hypocenter in a region of strong pre-seismic locking ¢
derived from GPS measurements (Moreno et al., Nature 2010). This result supports the idea that slip of future earthquakes
subduction regions might be correlated to inter-seismic coupling.
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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. Possibility of a megathrust earthquake along the Nankai Trough from Tokai to the Hyuga-nada, east
the Kyushu Island, Japan, is recently pointed out.

To know the genuine western end of the Nankai megathrust earthquake, a high-resolution wide-angle seismic survey was col
ducted in the Hyuga-nada region. Moreover, it is important to know the spatial geometry of the subducting Philippine Sea plate
to understand rupture synchronization and segmentation of the Nankai megathrust earthquake.

Layered (or Layered-like) velocity models having velocity interfaces such as Moho are obtained by trial-and-error approach,
ray-tracing technique [Zelt & Smith, 1992] combined with first arrival tomography based on the structural images derived from
first arrival tomography and reflection traveltime mapping [Fujie et al., 2006]. Previously obtained marine seismic data in the
Hyuga-nada region is also used to make precise and detailed geometry of the subducting plate. We also used airgun shot d
observed by HI-NET stations located along the prolongation of across-trough seismic profiles to determine deep subductio
structure and forearc structure.

The spatial geometry of the Philippine Sea plate was estimated from the layered velocity models. The subducting plate is de
formed around the northeastern and southwestern margins of the Kyushu Palau Ridge. Both margins of the Kyushu Palau Ridq
may correspond to the western end of the Nankai megathrust earthquake, southwestern end of the 1968 Hyuga-nada earthqu
and the 1662 tsunami earthquake, respectively.

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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In the Nankai Trough, three major seismogenic zones (Tokai, Tonankai and Nankai) of megathrust earthquake exist. Th
Hyuga-nada region is located on the west of Nankai seismogenic zone and it was distinguished from these seismogenic zon
because of the lack of megathrust earthquake. However, recent studies pointed out the possibility of simultaneous rupture «
the Tokai, Tonankai, Nankai and Hyuga-nada segments. Thus, the seismological structure in Hyuga-nada region is important 1
understand segmentation and synchronization of seismic rupture along the Nankai Trough subduction zone. To understand t
possibility of seismic linkage of Nankai and Hyuga-nada segments, Japan Agency for Marine-Earth Science and Technology he
been carried out a wide-angle active source survey and local seismic observation in the western end of the Nankai seismoger
zone. In the southern west part of observation area, it is considered that the Kyushu-Palau Ridge is subducting. This observatic
is conducted as a part of ‘Research concerning Interaction Between the Tokai, Tonankai and Nankai Earthquakes' funded &
Ministry of Education, Culture, Sports, Science and Technology, Japan. From active source survey, Nakanishi et al [2010, AGU
showed that subducting Philippine Sea Plate can be divided into three zones and there is the zone of the thin oceanic crust
the subducting Philippine Sea Plate between Nankai segment and Kyushu-Palau Ridge segment. However, their imaging range
limited in the shallow part of the offshore region. Deep structure of the subducting slab and the structure of arc/ocean transitiot
zone are also important to consider the possibility of the seismic linkage and the location of the boundary among three zone
described above.

To extend the seismic image to the coastal area and to investigate the fine structure of subducted slab, we performed a thre
dimensional seismic tomography combining the local seismic data recorded on 157 ocean bottom seismographs and 107 la
seismic stations. From the result of hypocenter relocation, microseismicity near the trough axis is active on the western part c
the ‘thin oceanic crust’, whereas inactive on the eastern part. Obtained velocity structure of subducted slab crust indicates thi
the width of ‘thin oceanic crust zone' is narrow and it extends to about 30 km in depth of plate boundary. The continental crust
just above the coseismic slip zone of 1968 Mw7.5 earthquake shows relatively high velocity. Besides, velocity structure of the
uppermost part of the subducting slab mantle shows spatial heterogeneities. In the thin oceanic crust zone, high velocity sle
mantle is imaged from near the trough to coastline. On the other hands, in the Kyusyu-Palau Ridge segment, western part of tt
‘thin oceanic crust’ segment, two low velocity zones are imaged in the slab mantle. Because the locations of these low velocity
zones are corresponding to the low magnetic anomaly area, we consider that these low velocity zone may be related to the su
ducted Kyusyu-Palau Ridge. Focal mechanisms estimated from P-wave first motion indicate that the normal fault earthquake i
dominant in this region.

00000:00000,000,00000,000000000,000A0
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Location of the eastern end of source area of the 1707 Hoei earthquake (2)
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Role of mega-splay faulting in the rupture process of great earthquakes at the Nankze

Trough

ooo>oooot!
Takeshi Sagiy4, Yoshiko Yamanaka
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I'Nagoya University

The latest megathrust events along the Nankai Trough are the 1944 Tonankai and the 1946 Nankai earthquakes. Althouc
the main rupture zone of these earthquakes is the plate boundary megathrust, several authors have argued a possibility of sp
faulting associated with the 1946 Nankai earthquake. The estimated splay fault is located at the western end of the source regi
of the 1946 earthquake and is characterized by a high-angle reverse faulting. Recently, we have investigated the source process
the 1944 Tonankai earthquake. Eastward rupture propagation stopped on the way and did not extend to Suruga Bay, the east
end of the Nankai Trough. Through a scrutiny of seismological and leveling data, we obtained a new fault model for the 1944
earthquake. One peculiar feature of this model is that it has a splay fault at its eastern end, branching from the plate boundal
megathrust at the depth of about 30km. But this splay fault did not reach to the ground surface and the rupture stopped at tt
depth of 10-15km. The model can reproduce the leveling profile quite well. The model suggests that mega-splay faulting may
have an important role of stopping the dynamic rupture of a plate boundary event. Both the 1944 and the 1946 event seem to ha
stopped when and where the mega-splay faulting occurred. In both cases, the areas above the splay fault had severe shaking.
the specification of possible location of mega-splay faulting is an important target in terms of seismic hazard mitigation.

oooobo:0bo000,0o0bo0,00bbbo,00b0bb0,0000
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dimension reduction analysis of microseismicity rate in SW Japan

oooog
mitsuhiro torium#*
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Miroseismic activities ranging from M1 to M2 mean micro-slip of small shear cracks in the rocks of crust and mantle. Con-
sidering that the open cracks associated with shear cracks are sensitive of small change of strain and stress and their orientatic
microseismicity rate represents number of active shear cracks controlled by shear plane orientation. To infer the hidden states a
processes of the plate boundary zone many time series of microseismicity rate of various volumes in the plate and crust shou
be investigated by means of date mining methods with nhon-supervised machine learning.

Therefore, the author studied the dimension reduction method by means of principal component analysis to apply for the higl
dimension vector data sets of time series (1998-2008 data set of JIMA1) of microseismicity rate of various volumes of subductior
slab of Philippine sea plate and overriding crust of southwest Japan arc as shown in the previous paper (1). The original dimer
sion is 104 and reduced dimension becomes 10. Numbers of time series is took as 120, and thus the sample matrix shows 10
120.

Results of dimension reduction of time series of microseismicity rate of the PSP and arc crust represent clearly that the aftel
shock microseismicity associated with large earthquakes can be sharply dissolved as major PCA components and that the ann
periodicity can be observed in the higher order components. It also concluded that the long term changes of several lower ord
components are identified. The resolved shear stress on microcracks by tidal force may be responsible for the annual periodici
of some PCA components but the long term changes should be derived from the plate motion and related local stress concenti
tion.

1) Toriumi, M., 2009, J.D.R,4.

gooobo:0boo,0bbb,0000,00gggd
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Toward seafloor geodetic monitoring of spatial and temporal variation of the seismic cou-
pling in an offshore seismogenic
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Observation of seafloor crustal movement using the seafloor acoustic ranging on Kumanc

nada
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Seafloor borehole observatories for monitoring slip events in the Nankai subducting plate

boundary.
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Eiichiro Araki'*, Achim Kopf®, Demian Saffet, Kazuya Kitadd, Toshinori Kimura, Masataka Kinoshitg Katsuyoshi Kawaguchj
Yoshiyuki Kaneda, Science Party IODP Exp332
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LJAMSTEC,2Penn State Univ3Bremen Univ. *none

Tonankai earthquakes are magnitude 8 class earthquakes known to occur every 100-150 years in the Nankai Trough, soL
of Japan. The last occurrence was in 1944 and we are concerned about the next occurrence. In order to monitor and wat
detailed seismic process in the vicinity of its epicenter, a sea-floor observatory network called DONET was developed and i
started observation from 2010. The DONET is consisted of 20 seafloor observatories linked with submarine cable, covering fron
aseismic seafloor near the trough axis, through the area where episodic slow slip events occur, as well on the Tonankai eart
guake rupture zone. Each DONET seafloor observatory was designed to observe ground motion, seafloor pressure, and seafl
water temperature in wide frequency range and wide dynamic range to cover various types of events expected in the area
the DONET network, such as large earthquakes, micro-earthquakes, episodic slow slip events, and seafloor turbidity current
Some of expected events are very small in amplitude therefore we established very low noise observation environment by con
pletely burying each seismometer in the seabed. By January, 2011, we have successfully installed submarine cable network, a
8 seafloor observatories are operational.

Further low noise and stable observatory may be built using a seafloor borehole penetrating below the sediment on whic
seafloor observatories stand. During IODP Exp 332 in December 2010, we have successfully installed the first planned seaflo
borehole observatories in IODP Hole C0002G. Strainmeter, tiltmeter and seismic sensors were cemented near the bottom
980 m seafloor borehole to ensure stable environment required for these geodetic measurement, where distance to the Tonar
seismogenic fault is approximately 6 km. The borehole observatory in CO002G is currently measuring pore-fluid pressure in the
accrecionary prism, sediment basin, and seafloor. In March, 2011, we plan to start long-term seismic and geodetic observatic
in the C0002G borehole observatory. We plan for installation of another permanent borehole observatory at IODP Hole C0010/
which is located in the south of the C0002G penetrating one of the splay faults in shallower depth. We expect the strainmetel
titmeter, and broadband seismometer installed quiet and stable environment in Hole C0002G and C0010A will produce a ke
observation defining slip behavior of the subducting plate in zone between seismically coupled and decoupled plate interface.
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The development and evaluation of sensors for long-term borehole monitoring system &

C0002 site in Nankai Trough
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Modeling of permeability structure using pore pressure and borehole strain monitoring

oooo,0o0o00°?
Yasuyuki Kand*, Hisao It¢
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Seismic structural and stratigraphic variations of subduction inputs along the Nankai
Trough
Seismic structural and stratigraphic variations of subduction inputs along the Nankai
Trough

ooox,ooooothoootoool
Jin-Oh Park*, Tomoyuki Sasaki, Masayuki HigasHi, Jiyoon Lim!

lopoooooooon
LAORI, University of Tokyo

The Nankai Trough subduction zone, where the Philippine Sea Plate subducts beneath the Eurasian Plate to the NNW, is knov
as one of the best-suited convergent plate margins for studying subduction zone earthquakes. Historically, large earthquakes alo
the subduction zone have occurred with a recurrence interval of 100-200 years. The Nankai subduction zone may be divided in
four or five discrete domains marked by the megathrust earthquake rupture, each of which roughly corresponds to a geological
well-defined forearc basin. Previous works indicate variations in upper plate geometry and plate-boundary decollement charact
along the Nankai Trough. Wedge taper angle of overlying accretionary prism varies significantly along the Nankai subduction
zone. Reflection polarity of plate-boundary decollement has also a regional variation: for example, reverse for Muroto transect
and normal for Kumano transect. Those variations of the Nankai subduction-zone processes may be attributed to variations
subduction inputs composed of oceanic crust and overlying sediments of the Philippine Sea plate.

In order to figure out structural and stratigraphic variations of subduction inputs along the Nankai Trough, we interpreted a
number of 2D and 3D seismic reflection data which have been acquired by JAMSTEC since 1997. For lithologic and age control:
of each seismic reflection unit, we used Ocean Drilling Program and Integrated Ocean Drilling Program NanTroSEIZE drilling
results. Based on seismic reflection characteristics, we identify 5 major seismic units from top to bottom: (1) trough turbidite
fill, (2) upper Shikoku Basin sediments consisting of hemipelagic mud and volcanic ash, (3) middle Shikoku Basin sediment of
volcaniclastics, (4) lower Shikoku Basin sediments consisting of turbidites and hemipelagic mud, and (5) oceanic crust of basall
In particular, we recognize 3 different turbidte sediments within the lower Shikoku Basin (LSB) unit: LSB-T1, -T2, and ?T3.
The shallow LSB-T1 is widely distributed in the east Nankai Trough including offshore Kumano Basin, with pinch-out off Cape
Muroto of Shikoku Island. The middle LSB-T2 is confined to a region off Cape Ashizuri of Shikoku Island. The deep LSB-T3
shows a local distribution off Kumano Basin. Variation of oceanic basement highs appears to have influenced the turbidite sedi
mentation along the Nankai Trough. In this talk, we will present seismic structural and stratigraphic variations of the subduction
inputs and then discuss its implications for the Nankai plate-boundary fault behavior.
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S-wave velocity structure in the accretionary prism beneath the Kumano Basin, Nanka

Trough, Japan, revealed by vertical
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Ryota Hind*, Nathan Bangs Yoshinori Sanadi Jin-Oh Park, Roland von Huerg Gregory Mooré, Takeshi Tsufi, Tetsuo
No?, Eiichiro Araki®, Masataka Kinoshifa
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Tohoku Univ.,2Univ. of Texas>JAMSTEC,*AORI, Univ. of Tokyo,?Univ. of Calfornia,’Univ. of Hawaii,”Kyoto Univ.

The Kumano Basin is a forearc basin located on the landward slope of the Nankai Trough. It lies directly above the large co-
seismic slip area of the 1944 Tonankai earthquake (M 8.1) and directly above the megasplay fault. Although a number of surfac
seismic surveys have been acquired in this area to reveal seismic signatures characterizing an asperity of megathrust earthqual
S-wave velocity structure remains almost unknown. In 2009, we conducted a walk away vertical seismic profiling (VSP) exper-
iment using a large, 7,800 cu. in. airgun array as a sound source and an array of 16 three-component downhole seismomet:
as receivers, during the IODP Exp. 319. P-to-S converted waves were successfully observed on the horizontal component of tt
downhole seismic records. Refracted S waves that were converted at the seafloor from P waves have arrival times that are ¢
plained by assuming Vp/Vs values of 1.73 in the old accretional sedimentary layer overlain by the unconsolidated basin sedimer
with Vp/Vs > 2.0. The obtained Vp/Vs ratio, or equivalent Poisson’s ratio, is somewhat smaller than the value estimated in the
Ashizuri region, southwestern end of the Nankai subduction system, although the observed Vp values are almost the same in tl
two regions. The lower Poisson’s ratio in the old accreted sediment suggests that the layer is highly cemented and therefore in
permeable. The existence of the impermeable layer in the hanging wall side of the mega-splay fault could increase pore presst
along the fault zone where VLF earthquakes are observed frequently.

oo0000:0000,000000
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High resolution shallow structures of splay faults in the Nankai subduction zone off Ku-

mano revealed by ROV NSS
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Juichiro Ashi*, Yasuyuki Nakamury Takeshi Tsuji, Yasutaka Ikedg Hironori Otsuka, KH-10-3 shipboard scientists
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LAORI, Univ. Tokyo,2JAMSTEC,3Grad. School of Engineering, Kyoto Uni¥Grad. School of Science, Univ. Tokyo

Structures of the accretionary prism off Kumano were well investigated by dense seismic reflection survey. IODP Nankai
Trough Seismogenic Zone Experiment (NanTroSEIZE) has been conducted based on these data. However, subbottom profili
(SBP) and surface sediment samplings were limited due to steep and complex topography under strong Kuroshio Current. W
carried out deep-tow subbottom survey and pinpoint core sampling by ROV NSS (Navigable Sampling System) during Hakuho-
maru KH-10-3 cruise. A pilot vehicle of NSS is equipped with four thrusters, observation cameras and a hook for a heavy payload
We introduced a chirp subbottom profiling system of EdgeTech DW-106 for high resolution mapping of shallow structures on
this study.

Megasplay faults at shallow depth around IODP drilling sites were well imaged by 3D seismic survey. One of three SBP data
shows a fault plane at a depth deeper than 10 meter below a seafloor. Surface sediments exhibit continuous stratification althou
reflectors are weak above this blind fault. Chaotic sediments are often observed at a base of a fault scarp suggesting slumping
sliding. Active cold seep at each fault scarp was recognized at the prism slope 30 km southwest of the IODP sites. One of fau
scarps at a water depth around 3300m is characterized by dense traces of bivalves suggesting diffusive methane flux through tt
sediment cover above a fault. SBP reveals a blind fault at the depth deeper than 10m below seafloor. Above the upper terminatic
of this fault, chaotic sediments are found below a stratified cover sequence of five meters thick. It is suggested that diffusive
methane flux occurs through such thin sediment cover. We installed a long-term heat flow meter for monitoring of cold seer
activity.

goooo:0b00,0000b0,000,000
Keywords: active fault, splay fault, cold seep, accretionary prism
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Heat flow anomaly and cold seep activity in the vicinity of the splay fault off the Kii

Peninsula
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Coseismic rupture to the up-dip end of plate subduction zone, the result of IODP NanTro-
SEIZE Exp316
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A material record of slow slip in the shallow accretionary prism
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Recent geophysical observations have shown a great variation in seismicity in a shallow accretionary prism, from the coseismi
slip of a large earthquake such as the 1944 Tonankai earthquake to slow slip of VLF in Nankai Trough. During the Integrated
Ocean Drilling Program (IODP) Nankai Trough Seismogenic Zone Experiment (NanTro SEIZE) Stage 1, the frontal thrust and
a megasplay fault were drilled and cored. The measurements of vitrinite reflectance geothermometry were performed withi
these two major slip zones and revealed the occurrence of the temperature anomaly along the faults. We combined the data w
core-scale structure and interpolated the vitrinite reflectance (Ro) applying Steinman function. The smoothed data showed th:
broad peaks exist within certified slip zones and the peak positions locate in black narrow zones in each fault. We simulated R
distribution using temperature alteration model and a kinetic method of thermal maturation of vitrinite. The results show that
the range of the Ro distribution is expanding relative to the width of heat generate region and the long-term heating ("100 s) i
needed for the proceeding of the maturating reaction rim. Therefore, we concluded that the measured Ro distributions indicat
that the slow slip occurred in the shallow accretionary prism.
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Failure and permeability properties of accretionary mud samples cored at Site C0002 c
the IODP Expedition 315
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Very low frequency earthquakes have recently been found in the accretionary prism along the Nankai Trough (Ito and Obara
2006), which has been ascribed to slow-slip faulting along out-of-sequence thrusts (OSTs). Thus faulting along the OSTs pre
sumably varies from slow slips to seismic ruptures. What controls such difference in seismic faulting along the OSTs? Both
intrinsic and extrinsic factors are likely responsible; intrinsic factors include material and physical properties of sediments (e.qg..
clay-mineral contents and permeability), while extrinsic factors include physical conditions (e.g., pressure, pore-water pressur
and temperature). We will here discuss on pore-water diffusivity possibly affecting the duration time for stress drop after failure.

We have conducted triaxial compression experiments and permeability measurements to investigate what factors affect styls
of brittle failure in accretionary sediments. We used mud samples cored from c.a. 1000 mbsf at site CO002 of the IODP Expedi
tion 315 (#51R06 and #65R02). At room temperature, we first measured the permeability of the specimens of two samples witl
20 mm in diameter and 40 mm in length, then deformed them at a constant axial displacement rate of either 1 micron/sec an
10 micron/sec, and at in situ confining and pore-water pressures, i.e. at the confining pressure Pc of 36 MPa and the pore-wat
pressure Pp of 28 MPa for the sample #51R06 (944 mbsf), while at Pc of 38 MPa and Pp of 29 MPa for the sample #65R0:
(1049 mbsf).

Permeability measurements revealed that sample #51R06 is less permeableXkmithan the sample #65R02 (k ~ 18
m?). Both samples showed a continuous porosity reduction during the deformation, implying a continuous compaction. However
the duration time required for stress drop after failure of the sample #51R06 was almost 10 times longer than that of the sampl
#65R02. Because the less permeable sample requires more time for pore water to diffuse throughout the sample, it also requit
more time for pore-water pressure to stabilize after failure. Thus the duration time required for stress drop after failure is possibly
affected by pore-water diffusivity. We will also discuss on mineral compositions and microstructures of the two samples which
are relevant to the difference in their failure and permeability properties.

Keywords: post-failure curve, permeability, diffusivity
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Frictional properties of megasplay fault materials in the Nankai subduction zone for in-

termediate slip velocities
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Knowledge of frictional properties of fault materials for a wide range of velocities is essential for understanding mechanical
behavior of faults. Here, we present results from a series of frictional experiments over a range of slip velocities from 0.0026
to 260 mm/s, with> 250 mm of displacements on clay-rich fault materials from the major splay fault within the Nankai accre-
tionary complex (a megasplay fault zone) for water saturated condition.

All of the samples tested in this study were collected at Sites C0001 and C0004 during the IODP expedition 316. Friction
experiments were conducted on the samples using a rotary-shear, intermediate- to high-velocity friction testing machine. Th
experimental fault is composed of a 24.9 mm diameter granite cylinder assembled with an intervening thin layer of gouge (initial
gouge thickness were 0.5 or 1.0 mm). A PTFE (Teflon) ring surrounds the fault in order to avoid gouge expulsion during rotation.
The collected samples were disaggregated, oven dried at 50 degrees centigrade for 24 hours and then sieved in order to elimin
clasts larger than about 0.17 mm. Distilled water of 0.5 ml in volume was added to the 0.5 mm-thick gouge layer (1.0 ml for 1.0
mm gouge) in order to prepare saturated (wet) condition of the experimental gouge layer. The assembled gouge has been axia
pre-compacted at the test condition (5 MPa) for half an hour.

Experimental results reveal that there are both velocity-weakening and velocity-strengthening fault materials for slip velocities
from 0.026 to "26 mm/s. The velocity weakening behavior could provide a condition to initiate unstable fault motion at shallow
depths along the splay fault. On the contrary, velocity strengthening behavior may affect to stabilize the propagation process c
earthquake nuclei that emerges in the velocity weakening portion along the fault. For velocitigé® mm/s, friction of all
samples decreases dramatically with increase of the slip velocity.

The tested samples contain clays, quartz, plagioclase and calcite [Expedition 316 Scientists, 2009]. Variation of the clay conter
and composition of the clays may play an important role controlling the frictional velocity dependence of the megasplay fault at
shallow depth conditions. For example, lithological unit that includes abundant ash layers would be a candidate of smectite-ricl
horizon, and this type of compositional variation along the fault may contribute to produce patch-like distribution of the frictional
velocity dependence along the splay fault.

goooo:0bo0,00b000,0000
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Alteration pattern of ocean floor basalt at NanTroSEIZE Site C0012: implication for the

rheology of subduction thrust

0000 ™ooOoLhLoooo2%0oo0oo32000¢1 HenryPierré, 00 00O 2, Kyaw Thu MOE, the Expedition 333
Scientist$

Asuka YamagucHi, Jun Kamedb Yujin Kitamura, Saneatsu Saitp Gaku Kimura, Pierre Henry, Toshiya Kanamatguy
MOE Kyaw Tht?, Scientists the Expedition 333

'0o0o0,?200000000, 3CEREGEAIODP
IThe University of Tokyo2JAMSTEC,>CEREGE,*IODP

The I0ODP Expedition 333, a part of NanTroSEIZE project, was operated during December 2010 to January 2011. To re-
cover cores of oceanic crust as the material of subduction input, three holes were drilled at Site C0012, located at the top ¢
Kashinozaki Knoll on the Philippine Sea Plate just before subduction in the Nankai Trough. Basalts are recovered from 525.7 t
626.44 m CSF in Hole C0012G. They are composed of pillow lavas and massive lavas. Plagioclase and pyroxene (clinopyroxen
phenocrysts in altered volcanic glasses with various amounts of vesicles show intergranular to subophitic textures. Alteration i
entirely strong: i.e., olivine phenocrysts were completely replaced by saponite, and groundmasses (volcanic glasses) were mos
altered to saponite and celadonite. Moreover, plagioclases were replaced by zeolites and clay minerals in some places. Gree
and orange-colored alteration halos develop along red-colored Fe-oxyhydroxide veins below 563 m CSF. The green and orant
alteration halos were overprinted by pyrite precipitation accompanying with strong saponitization (occurs in 525.7 to 563, 601,
613 to 615 m CSF). The two stages of alteration reflect the changes in fluid redox state. Fe-oxyhydroxide veins with orange
alteration halos might be formed by near-axis open-system oxidizing fluid circulation, whereas strong saponitization with pyrite
might be formed by closed-system reducing fluid circulation after oceanic crust was covered with sediments and separated frol
seawater (Alt, 2004).

Strong saponitization encountered in the topmost 40 m of ocean floor basalt may play important role for the rheology of
subduction thrust, especially stepping-down of the decollement. Saponite releases water in response to temperature rise, anc
progressively converted to chlorite (Kameda et al., submitted). In subduction zones, this dehydration reaction can build up higl
fluid pressure within highly saponitized part of oceanic crust so that can reduce effective strength at the topmost part of sub
ducting basalt. If this mechanism works efficiently, inversion of effective strength between sediments and oceanic crust occur:
at some depth of subduction zone. Here we point out the possibility that such strength inversion result in the step-down of th
decollement to oceanic crust, which is figured out by seismic profiles of modern subduction zones (e.g. Park et al., 2002; Kimur:
et al., 2010) and geology of on-land accretionary prisms (Kimura and Ludden, 1995). A compile of metabasalts in on-land accre
tionary complexes indicate that oceanic crusts are often underplated to accretionary prism as slab-like bodies with thickness
less than 300 m (mostl 100 m) (Kimura and Ludden, 1995). This characteristic thickness could be controlled by the thickness
of saponitization just below the sediment. Although seismic fault rocks have been discovered from basalts in on-land accretionar
complexes (Ujiie et al., 2007), frictional properties of altered basalt are not very much considered so far. Experimental investiga
tion on altered basalt is needed to quantify the role of subducting basalt in seismogenic zones.
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Prograde clay minerals reactions along an ancient frontal thrust
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Fossil imbricate thrusts branching from an ancient decollement in the Miura-Boso accretionary prism are exposed in the
southern parts of the Miura and Boso peninsulas in central Japan. A clay mineralogical analysis on the fault rocks of one o
the imbricate thrust faults, the Shirako fault (Boso Peninsula), revealed a local progress of transformation reactions over intac
surrounding rocks; illitization of mixed-layer illite-smectite (I-S), thickening and/or ordering of discrete illite and chlorite pack-
ets, and partial degradation of kaolinite. Shape of 1(001)-S(001) reflection in the X-ray diffraction pattern together with mean
crystallite thickness suggests that illite content in I-S within the fault gouge increases by "10 % from the host rock samples.
Local temperature anomaly possibly caused by frictional high-velocity slips appears a favorable reason to have promoted the:
prograde reactions in the clay assemblage, rather than factors such as rock deformation or specific fluid composition. A the
mal model coupled with kinetic simulation on illitization in I-S suggests that the reaction is facilitated by several repetitions of
high-velocity slips with peak temperatuset00 ?C. Such slips along the Shirako fault might have been potentially tsunamigenic
events.
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Behavior of clay minerals in fault zones - amorphization and recrystallization of kaolinite
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Geochemical evaluation of co-seismic fluid-rock interaction and frictional melting in fault
zones
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Change in deformation mechanisms from pressure solution to brittle faulting at shallow
subduction interfaces: lithificat
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Tectonic melanges predominantly composed of sheared, fluid saturated, trench-fill sediments, and have been considered to
formed along subduction plate boundaries. Those tectonic melanges can include a wide range of seismic deformations as w
as aseismic deformations, as geological evidences. While pseudotachylytes are the direct evidence for seismogenic faults, t
change in deformation mechanisms from pressure solution cleavage to brittle faulting is also a significant geological evidence fo
variety of displacement along subduction plate boundaries. In this study, we focused on pressure solution cleavages and micr
faults within melange zones to understand processes in shallow brittle-ductile transition along subduction interfaces.

Occurrences commonly observed in tectonic melanges that the extension cracks only formed in sandstone blocks and i
jected by shale matrices in part suggest that competence contrast did exist at the time of the melange formation. The matrix flo
might be accommodated by dissolution-precipitation creep, representing pressure solution cleavages. Observation by second:
electron microscope (SEM) shows that the pressure solution cleavages are composed of relatively heterogeneous size of gra
of illites with authigenic pyrite.

Micro-faults are also commonly observed in melagne zones almost parallel to melage foliation but clearly cut the shale
matrices in some parts. Most of micro-fault are accompanied with mineral veins composed of quartz and/or calcite, and slickel
lines and mirror surface are also commonly found on the fault surface, indicating the fault displaced in brittle manner. SEM
observations provide that the mirror surface are composed of very fine graidadi¢ron) chrinoclore with homogenize grain
size.

Pressure temperature conditions for melange formation and micro-faults using fluid inclusion thermometry from some
melange zones, corresponding ~100 degree C - 210 degree C / "80MPa - "150 MPa, and 180 degree C - "250 degree
“150MPa ? “300 MPa, respectively. The brittle-ductile transition can ranges from “180?C to 210?C in temperature. Those resul
indicate that the deformation mechanisms are divided by P-T conditions with the transition zones and change can be one-way
deep in broad sense. In addition to that, the authigenic minerals were also distinguished with the deformation mechanisms.

Change in deformation mechanisms can be related to lithificaion, strain rate and fluid pressure. In the way from ductile tc
brittle, from shallow to deep, lithification can be a significant process. In this process, pressure solution is a role to make shal
matrices lithified. In the brittle-ductile transition zones, the heterogeneous lithification state can be existed.

Change in strain rate can affect on the deformation mechanisms in the transition zone. The seismic cycle model by Wan
and Hu (2006) expects a change in strain rate along subduction interface and a change in stress within the front of accretiona
wedges. Stress changes reported from Yokonami melange and the Nobeoka thrust (Eida and Hashimoto, Yamaguchi et al., tt
meeting) indicate the consistency with the model. The seismic cycle model can adapt not only to accretionary margins but als
to erosional margins such as Costa Rica.

gooob:0oboo,0bb,00oobbbbo0ogg,bbb0go,bbbobooooo
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Faulting process and its heterogeneity on Chelungpu fault during ChiChi earthquake re
vealed by TCDP Hole C cores
Faulting process and its heterogeneity on Chelungpu fault during ChiChi earthquake re
vealed by TCDP Hole C cores
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The Chelungpu fault is an active fault generated a large earthquake (magnitude 7.7) in Chi-Chi, central Taiwan, in 1999. Tai:
wan Chelungpu fault Drilling project (TCDP) drilled two vertical holes (hole A and B) and one side-track hole from the hole B
(hole C). The samples from the hole C preserve whole structures including a possible primary slip zone (PSZ) and other olde
slip zones. Identification of the slip zone by recent earthquake is important to understand slip mechanism with combining seismi
data and geological data. In this presentation we first show microstructures and discuss recent slip zone and its slip mechanisi
Furthermore we discuss heterogeneity on the fault surface by comparing slip zone in hole C with those in holes A and B.

Based on detailed observation, we divided 12 cm fault zone of the hole C into thin 16 layers. All layers are classified into
gouge composed of quartz, feldspar and clay minerals. Results of microstructural observation suggest that the most bottom lay
in the 12 cm fault zone is related to ChiChi earthquake slip layer. Characteristics of the bottom layer is that the slip layer has 2
cm width and its slip zone is localized within thin 2mm zone.

Comparing our results from the hole C samples and previous studies about the holes A and B, slip layer activated by Chi-Ch
earthquake is heterogeneious on the fault zone. Slip zone in the hole C is localized in 2 mm with adjoining drag structure with
grain segregation and that in hole B is also 2 mm thick showing a layering structure with grain segregation and dewatering struc
ture (Aubourg et al., 2010 presentation in WPGM T33B-03; Chou et al., 2010 poster in WPGM T31A-061). In contrast, slip zone
in the hole A is 2 cm thick and shows ramdom fabric (Boullier et al., 2009). These structures may be compared with experimenta
studies under high speed and dry or wet conditions (Ujiie et al., 2010 presentation in JPGU SSS019-15; Boutareaud et al., 200
with fluid pressurization in the slip zone. We show possible slip mechanisms and the heterogeneity of PSZs in HoleA, B and C
by comparing PSZs microstructures in Chelungpu fault with those formed in experiments.

0 0000 : ChiChi earthquake, CheLungPu fault, Accretionary complex of Taiwan
Keywords: ChiChi earthquake, CheLungPu fault, Accretionary complex of Taiwan
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Preliminary results of IODP Expedition 334, Costa Rica Seismogenesis Project (CRISP)
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Characteristics of slip and stress due to interaction between fault segments
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Numerical experiment of sequential data assimilation for crustal deformation between To

nankai and Nankai earthquakes
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A possible estimation procedure for the time interval between the forthcoming Tonankai (Tokai) and Nankai earthquakes is
sequential assimilation for the crustal deformation data which will obtain from hour to hour following the occurrence of the
Tonankai (Tokai) earthquake. We demonstrate the numerical experiment of the assimilation using the surface deformation calct
lated from the results of earthquake generation cycle simulations along the Nankai trough. For the observation noise, we use tt
real ocean bottom pressure gauge data excluding the tidal modulation at a station of the Dense Oceanfloor Network System f
Earthquakes and Tsunamis (DONET) in the Tonankai source area . As a data assimilation method, we use Sequential Importan
Sampling (SIS) which is a kind of particle filter. Data assimilation is done sequentially every 5 hours. As the data increase, the
estimated time interval between Tonankai and Naknai earthquakes becomes closer to the "true” time interval. How early the tru
value is estimated depends at least on the noise level and crustal deformation pattern. It is important to note that the real noi
level of the pressure gauge data of DONET including the long-term drift is small enough to distinguish the simulated crustal
deformation patterns for the different cases in the time interval.
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Fast computational methods for large- and multi-scale earthquake cycle simulations
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